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Abstract: It is difficult to diagnose pulmonary thromboembolism (PTE) in clinical practice. While microRNAs (miRNAs) 
have been widely investigated as biomarkers for various diseases, their value as biomarkers for PTE remains largely 
unknown. In the present study, 83 miRNAs showed altered expression in an intermediate-risk PTE group when com-
pared with their expression in a low-risk PTE group as detected by miRNA microarray analysis. After reviewing those 
data, hsa-miR-514a-5p was selected as a potential biomarker for PTE progression. Disordered myocardial fibroblast 
arrangements, broadened intercellular spaces, diapedesis of erythrocytes, and lower numbers of nuclei in the right 
ventricular wall were observed in rats in a PTE model group when compared to rats in a normal saline (NS) group. 
Furthermore, hyperexpression of miR-514a-5p exacerbated the morphological characteristics of lung and right ven-
tricular tissues, and caused increased RVHI and lung index values, as well as increased BNP and NT-pro-BNP levels 
in the PTE model rats, possibly by downregulating Chordin-like 1 (CHRDL1) expression. These results suggest that 
MiR-514a-5p helps to exasperate PTE development by promoting several aspects of PTE pathology, including inflam-
mation, lung injury, and right ventricular hypertrophy by targeting CHRDL1.
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Introduction

Pulmonary thromboembolism (PTE) is a com-
mon medical condition associated with signifi-
cant rates of morbidity and mortality caused by 
hypercoagulability, endothelial damage, and 
systemic inflammation [1]. Although diagnostic, 
anticoagulation, and interventional clot-burden 
reduction strategies have been the focus of 
clinical research and care for PE patients, ap- 
propriate risk stratification is crucial for select-
ing the correct treatment for those patients 
after a prognosis is established [2]. Several key 
indicators are used for risk stratification of PTE, 
including hemodynamic parameters, the simpli-
fied pulmonary embolism severity index (sPESI), 
as well as B-type natriuretic peptide (BNP) and 
N-terminal-proBNP levels, especially for PTE 
patients with right ventricular dysfunction (RVD) 
[3-5]. We previously confirmed that the inci-
dence of PTE mortality and adverse events dur-

ing a 14-day prognostic period was significantly 
higher among patients with RVD than among 
patients without RVD [6]. Unfortunately, the 
value of a prognosis for patients with PTE re- 
mains controversial, because of none of the 
indicators are specific for PTE [7]. Therefore, 
there is an urgent need to identify specific prog-
nostic assessment markers that will enable the 
precise clinical management of PTE.

MicroRNAs (miRNAs) comprise a class of en- 
dogenous RNAs that contain ~22 nucleotides. 
These miRNAs are capable of binding to the 
“seed sequences” in the 3’UTR of their target 
mRNAs to drive either RNA translation or degra-
dation [8]. MiRNAs can influence multiple bio-
logical processes, including cellular growth, dif-
ferentiation, apoptosis, and embryonic develop-
ment [9]. Increasing evidence indicates that 
miRNAs can play important roles in diagnosing 
PTE [10-13]. For example, Chen et al [14] found 

http://www.ajtr.org


The role of miR-514a-5p in pulmonary thromboembolism

5515 Am J Transl Res 2019;11(9):5514-5530

that susceptibility to chronic thromboembolic 
pulmonary hypertension may be conferred by 
miR-759 via its targeted interaction with the 
polymorphic fibrinogen alpha gene. Moreover, 
reduced levels of let-7b might be involved in  
the pathogenesis of chronic thromboembolic 
pulmonary hypertension by affecting ET-1 ex- 
pression [15]. It has been demonstrated that 
serum microRNA-1233, microRNA-134, and 
miR-28-3p can serve as specific biomarkers 
and potential plasma biomarkers for use in 
diagnosing acute pulmonary embolism [16-18]. 
These findings provide a scientific basis for the 
important value of miRNAs in establishing a 
prognosis for PTE patients. However, little is 
known about the function of miRNA in PTE. 
Therefore, exploring the key functions of miR-
NAs in PTE is of great significance for the treat-
ment of PTE patients.

In the present study, a miRNA microarray analy-
sis was conducted on tissues from 5 low-risk 
PTE patients, 5 intermediate-risk PTE patients 
and 5 control subjects. MiR-514a-5p, which 
showed higher levels of expression in the inter-
mediate-risk PTE group than in the low-risk PTE 
group, was selected for further analysis. The 
function of miR-514a-5p in PTE and its molecu-
lar mechanism were studied not only to obtain 

stratification guidelines. In brief, low-risk PTE 
was confirmed when all markers of right ven-
tricular dysfunction and myocardial injury were 
negative. Intermediate-risk PTE was confirm- 
ed when at least one right ventricular dysfunc-
tion marker or one myocardial injury marker 
was positive. For comparison, we also enrolled 
5 age- and sex-matched healthy control sub-
jects. Clinical tissues were collected from PTE 
patients. Adjacent normal clinical tissue speci-
mens were obtained from locations far from the 
area of inflammation caused by PTE. Twenty 
pairs of diseased and adjacent normal clinical 
tissue specimens were analyzed by real-time 
quantitative PCR (RT-qPCR) for validation pur-
poses. The protocol for this study was approv- 
ed by the Medical Research Ethics Committee 
of Shandong Provincial Hospital, and each 
enrolled patient provided their written informed 
consent for study participation. 

Blood collection and RNA isolation

Samples of blood (3-5 mL each) were collected 
into EDTA-K2 tubes and mixed by upside down 
rotation. After a two-step centrifugation pro-
cess (1700 g at 4°C for 10 min, followed by 
2000 g at 4°C for 10 min), the supernatant 
fractions were transferred into RNase/DNase-

Table 1. Primers used in the experiments
ID Sequence (5’-3’)
U6 F CTCGCTTCGGCAGCACA
U6 R AACGCTTCACGAATTTGCGT
ALL R CTCAACTGGTGTCGTGGA
hsa-miR-514a-5p RT CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGCATGATT
hsa-miR-514a-5p F ACACTCCAGCTGGGTACTCTGGAGAGTGACAA
hsa-miR-369-3p RT CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGAAAGATC
hsa-miR-369-3p F ACACTCCAGCTGGGAATAATACATGGTTGATC
hsa-miR-885-3p RT CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGTATCCACT
hsa-miR-885-3p F ACACTCCAGCTGGGAGGCAGCGGGGTGTAGTG
hsa-miR-1304-5p RT CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGCACATCTC
hsa-miR-1304-5p F ACACTCCAGCTGGGTTTGAGGCTACAGTGAGA
hsa-miR-147b RT CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGTAGCAGAA
hsa-miR-147b F ACACTCCAGCTGGGGTGTGCGGAAATGCTTCT
hsa-miR-323b-5p RT CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGTGCGAACT
hsa-miR-323b-5p F ACACTCCAGCTGGGAGGTTGTCCGTGGTGAGT
GAPDH F CCTCGTCTCATAGACAAGATGGT
GAPDH R GGGTAGAGTCATACTGGAACATG
CHRDL1 F TTGTGGTCTCAAGACTTGCC
CHRDL1 R CCCTGATGCTTGCTGAGAAT

a better understanding 
of its mechanism in in- 
termediate-risk PTE, but 
also to understand its 
value as a possible tar-
get for intervention. 

Materials and methods

Patients and control 
groups

This study enrolled 10 
patients who had been 
diagnosed with PTE (lo- 
cation of the embolism 
in the pulmonary trunk) 
by CT-pulmonary angio- 
graphy [21]. These 10 
PTE patients were as- 
signed to a low-risk PTE 
group (n=5) and an in- 
termediate-risk PTE gr- 
oup (n=5), respectively, 
based on current risk 
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free tubes and stored at -80°C until further 
analysis. The total RNA was extracted from  
the plasma using Trizol reagent (Invitrogen, 
Carlsbad, CA, USA) and purified using a RNa- 
sey Mini Kit (Qiagen, Hilden, Germany) accord-
ing to the manufacturer’s instructions for plas-
ma samples.

MiRNA chip

After quality testing, the extracted total RNA 
was labeled with reagents in a miRCURYTM 
Array Power Labeling kit (Cat #208032-A, 
Exiqon), and then detected with a visible sp- 
ectrophotometer (NanoDrop 1000; Thermo 
Fisher Scientific, Waltham, MA, USA). Next, the 
labeled samples were hybridized using a miR-
CURYTM LNA Array (v.19.0, Exiqon) chip. After 
being washed with reagents in a wash buffer  
kit (Exiqon, Copenhagen, Demark), the hybrid-
ized chips were scanned using an Axon Gene- 
Pix 4000B microarray scanner; after which,  
the scanned images were processed using 
GenePix Pro 6.0 image software (Axon In- 
struments, San Jose, CA, USA). For each type of 
miRNA, multiple probes were spotted on the 
array, and the average intensity of those pro- 
bes was calculated to represent the expression 
level of a specific miRNA. The relative expres-
sion levels of all the differentially expressed 
RNAs were then clearly displayed on a hierar-
chical clustering heat map. The differentially 
expressed miRNAs were statistically analyzed 
by using the one way ANOVA paired method. 
The thresholds for up- and down-regulated  
miRNAs were a +1.5-fold and -1.5-fold change, 
respectively, and a p-value < 0.05.

Validation of the microarray results 

Among all the miRNAs detected by microarray 
assays, a total 6 miRNAs, (miR-514a-5p, miR-
369-3p, miR-885-3p, miR-1304-5p, miR-147b, 
and miR-323b-5p) were selected for further 
validation by RT-qPCR. Briefly, the extracted 
RNA was reverse transcribed to cDNA. The spe-
cific primers were designed using Primer 5.0 
software and synthesized by the Shanghai 

with a RT-PCR reaction system. The Primers 
used in these experiments are listed in Table 1.

Experimental animals

Seven-week old male Sprague Dawley (SD) rats 
(n=49, 180-250 g) were provided by the Animal 
Experimental Center of Shandong Provincial 
Hospital. A total of 49 rats were used for rat 
model construction and evaluation as follows: 
15 rats were used to establish the rat model, 
15 rats were injected with normal saline and 
served as negative control (NS) animals, and  
3 rats served as blank control animals. The 
remaining 16 rats were used for miRNA func-
tion verification studies. All rats had free ac- 
cess to food and water and were kept in an air-
conditioned room maintained at 20-25°C. All 
experimental protocols were approved by the 
Animal Ethics Committee of Shandong Pro- 
vincial Hospital.

Autologous blood clot preparation

The rats were anesthetized by an intraperito-
neal injection of 10% chloral hydrate solution 
(0.3 g/kg). Next, under sterile conditions, a 
glass capillary tube (inner diameter, 1 mm) was 
used to remove 0.5 mL of blood from the an- 
gular vein of each rat, and five units of throm- 
bin were added to the collected blood. After 
mixing, the blood was immediately pushed into 
a fine polyethylene pipe and let sit overnight to 
form blood clots. The blood was then treated 
with normal saline and converted into autolo-
gous blood clots, which were subsequently 
trimmed to 3~4 mm in length and washed with 
normal saline. After repeated rinsing, the 3~4 
mm clots were converted into cylindrically 
shaped emboli (1~2 mm in diameter and 3-4 
mm in length) and stored for later use.

Establishment of the PTE model

Rats have been regarded as an optimal model 
for use in PTE research [19]. Rats in the experi-
mental group were weighed and then anesthe-
tized with an intraperitoneal injection of sodium 

Kangcheng Biotechnology Com- 
pany. Realtime PCR was perform- 
ed on a Stratagene Mx3000P Re- 
al time PCR System (Agilent, USA) 
with SYBR Green qPCR master Mix 
(DBI Bioscience, Germany). The 
relative expression levels of the 
selected miRNAs were detected 

Table 2. Clinical data for the PTE patients and control subjects
PTE Samples Age Sex NT-Pro BNP Medical history
Intermediate-risk 52.6±8.5 3a/2b 2084.3±297.7 None
Low-risk 56.6±7.5 1a/4b 37.4±5.8 None
Control 53.4±5.7 2a/3b 35.1±5.2 None
Note: a, male; b, female.
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Figure 1. The unsupervised hierarchical clustering of miRNA in different groups. A-C. Volcano plots of all quantified 
miRNAs between low-risk PTE and normal, intermediate-risk and normal and intermediate-risk PTE and low-risk PTE 
groups, respectively. Red indicates the differential expressed miRNAs and the black indicates the miRNAs without 
changes in expression; D-F. Heat map of differential expressed miRNAs between low-risk PTE and normal, inter-
mediate-risk and normal and intermediate-risk PTE and low-risk PTE groups, respectively. Green indicates down-
regulation of the corresponding gene, and red indicates up-regulation. For each type of miRNA, multiple probes 
were spotted on the array, and the average intensity of those probes was calculated to represent the expression 
level of the specific miRNA. The relative expression levels of all the differentially expressed RNAs were then clearly 
displayed on a hierarchical clustering heat map. The thresholds for up- and down-regulated miRNAs were a +1.5-
fold and -1.5-fold change, respectively, and a p-value < 0.05.
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pentobarbital (40 mg/kg). Next, 27~30 emboli 
were injected into the left external jugular vein, 
and the same procedure was repeated at 2 
weeks after the first injection. The second injec-
tion was followed by an intramuscular injection 
of gentamicin (1000 units/kg, once per day) to 
prevent local infection. Rats in the NS group 
underwent the same procedures as those in 
the experimental group; however, they did not 
receive a thrombus injection. Rats in the blank 
control group received no treatment and did 
not undergo any procedures. The rats in the 
various groups were then further divided into 
the following subgroups according to the obser-
vation time: 2 week-NS, PTE subgroup; 4 week-
NS, PTE subgroup; 8 week-NS, PTE subgroup.

Oligonucleotide injection

The miR-514a-5p mimic and negative control 
(NC) oligonucleotides were chemically synthe-
sized by Ribobio (Guangzhou, China). To deter-
mine the function of miR-514a-5p in vivo, 16 
rats were randomly assigned to two NS groups 
(n=3 per group) and two model groups (n=5 per 

group), and the rats in each group were given a 
subcutaneous injection of miR-514a-5p mim-
ics or the NC, respectively. The two NS groups 
were designated as NS + NC and NS + mimics, 
respectively. The two model groups were desig-
nated as PTE + NC and PTE + mimics group, 
respectively. 

Histomorphological observations

To examine the morphology of the right ventric-
ular and lung tissues, the heart and pulmonary 
tissues were surgically removed from anesthe-
tized rats and fixed in 4% paraformaldehyde. 
After dehydration, the tissues were embedded 
in paraffin and cut into 4-μm-thick sections for 
hematoxylin and eosin (H&E) staining. The sec-
tions were photographed using Motic Images 
Advanced 3.0 software (Motic Instruments Inc., 
British Columbia, Canada).

Detection of the right ventricular hypertrophy 
index (RVHI)

After the rats had received their different tre- 
atments, they were anesthetized, and their 
hearts were removed via midline thoracotomy 
and placed into ice-cold saline. Next, the right 
and left ventricles were removed from the heart 
and separately weighed; after which, the RVHI 
value was calculated according to the following 
formula: RVHI = the weight ratio of the right 
ventricle (RV) to left ventricle (LV) and interven-
tricular septum (S): (RV/[LV+S]).

Measurement of cardiac index

To evaluate cardiac function, the rat hearts 
were excised and weighed; after which, the car-
diac index was calculated as follows: cardiac 
index (%) = whole heart weight/body weight × 
100%.

Measurement of lung index

Different variables observed in sections of  
lung tissue (e.g., interstitial inflammation, endo-
thelialitis, pleuritis, and thrombus formation) 
were measured and used to assess the degrees 
of lung injury. The lung index values were sc- 
ored on a scale of 0-4 (0, absent; 1, mild; 2, 
moderate; 3, severe; 4, very severe) as previ-
ously described [22]. The total histopathologi-
cal lung index value comprised the sum of the 
scores for all variables.

Table 3. Alterations in plasma microRNA levels in 
patients with low-risk PTE compared to healthy 
controls (n=20)
MicroRNA Regulation Fold-change p-value
hsa-miR-3976 Up 3.411 0.042
hsa-miR-4793-3p Up 3.088 0.035
hsa-miR-3686 Up 2.807 0.023
hsa-miR-147b Down 2.545 0.006
hsa-miR-3605-3p Up 2.293 0.015
hsa-miR-4302 Up 2.047 0.045
hsa-miR-4478 Up 2.004 0.021
hsa-miR-1827 Down 1.912 0.043
hsa-miR-378c Down 0.48 0.032
hsa-miR-4661-3p Down 0.48 0.003
hsa-miR-148a-3p Down 0.47 0.002
hsa-miR-514a-5p Up 2.145 0.013
hsa-miR-223-5p Down 0.42 0.018
hsa-miR-4446-3p Down 0.42 0.036
hsa-miR-141-3p Down 0.42 0.025
hsa-miR-664a-5p Down 0.41 0.004
hsa-miRPlus-C1110 Down 0.4 0.003
hsa-miR-4796-3p Down 0.36 0.034
hsa-miR-3132 Down 0.3 0.012
hsa-miR-4756-3p Down 0.2 0.032
PTE: pulmonary thromboembolism.
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ELISA assay

For ELISA assays, 1 mL of blood 
was collected from the right ven-
tricle of an anesthetized rat and 
immediately centrifuged at 3000 
g for 15 min. The plasma super-
natant was recovered and stored 
at -80°C. Next, the concentra-
tions of B-type natriuretic pep-
tide (BNP) and the N-terminal 
fragment of pro-BNP (NT-pro-
BNP) were measured by using 
commercially available ELISA 
kits (eBioscience, San Diego, CA, 
USA) according to manufactur-
er’s protocols.

Determination of miR-514a-5p 
and chordin-like 1 (CHRDL1) 
expression

After injection of the miR-514a-
5p mimics, the total RNA and 
proteins were extracted from  
rat tissues using Trizol reagent 
(Invitrogen, Carlsbad, CA, USA) 
or reagents in a protein extrac-
tion kit, respectively. The prim-
ers used for miR-514a-5p, U6 
RNA, CHRDL1, and β-actin in  
the RT-PCR assays were synthe-
sized by GeneCopoeia (Guang- 
zhou, China). The relative expres-
sion of each gene was calculated 
and normalized using the 2-ΔΔCT 
method. For western blot stud-
ies, the total protein concentra-
tion was first determined with a 
BCA protein quantitation kit; 
after which, the proteins were 
separated by electrophoresis on 
a polyacrylamide gel and then 
transferred onto PVDF mem-
branes. The membranes were 
then blocked with 5% skim milk, 
and incubated with anti-CHRDL1 
and anti-GAPDH antibodies. The 
target proteins were detected 
with an ECL system (Millipore, 
Germany) and visualized using a 
ChemiDoc XRS Gel Imaging sys-
tem (Bio-Rad, Hercules, CA, 
USA). All experiments were per-
formed in triplicate and repeat- 
ed three times.

Table 4. Alterations in plasma microRNA levels in patients with 
intermediate-risk PTE compared to healthy controls (n=107)
MicroRNA Regulation Fold-change p-value
hsa-miR-34a-5p Up 8.71 0
hsa-miR-411-3p Up 8.88 0.01
hsa-miR-494-5p Down 0.37 0.01
hsa-miR-3164 Up 8.91 0.01
hsa-miR-5189-5p Down 0.38 0.01
hsa-miR-23b-5p Down 0.38 0.01
hsa-miR-4714-3p Down 0.4 0.02
hsa-miR-628-5p Up 10.1 0.03
hsa-miR-548aa/hsa-miR-548t-3p Up 7.76 0.03
hsa-miR-3156-3p Down 0.38 0.04
hsa-miR-3664-3p Down 0.41 0.05
hsa-miR-3652 Down 0.04 0.03
hsa-miR-323b-5p Down 0.43 0.02
hsa-miR-5091 Down 0.02 0.01
hsa-miR-4491 Down 0.02 0.02
hcmv-miR-UL112-3p Down 0.04 0.03
hsa-miR-3945 Down 0.44 0.02
hsa-miR-4299 Down 0.45 0.02
hsa-miR-4433a-3p Down 0.48 0.01
hsa-miR-1304-5p Down 0.2 0.03
hsa-miR-4756-3p Down 0.11 0.05
kshv-miR-K12-8-3p Down 0.15 0.05
hsa-miR-376a-5p Down 0.49 0.02
hsa-miR-3064-5p Down 0.07 0.02
hsa-miR-1827 Down 0.53 0.03
hsa-miR-297 Down 0.2 0.02
hsa-miR-3924 Down 0.16 0.01
hsa-miR-548ag Down 0.51 0.02
hsa-miR-3689a-3p Down 0.04 0.01
hsa-miR-4499 Down 0.06 0.02
hsa-miR-424-3p Down 0.2 0
hsv1-miR-H3-3p Down 0.04 0.01
hsa-miR-4307 Up 2.1 0.01
bkv-miR-B1-3p/jcv-miR-J1-3p Down 0.51 0.01
hsa-miR-620 Down 0.5 0.01
hsa-miR-181a-3p Up 2.25 0.03
hsa-miR-3148 Down 0.34 0.04
hsa-miR-181c-3p Up 2.29 0.02
hsa-miR-28-5p Up 2.33 0.01
hsa-miR-3135b Up 2.37 0.03
hsa-miR-1293 Down 0.31 0.03
hsa-miR-4759 Up 2.13 0.03
hsa-miR-338-5p Up 2.48 0.03
hsa-miR-4477a Up 2.01 0.03
hsa-miR-3201 Up 2.26 0.03
hsa-miR-381-3p Up 2.73 0.03
hsa-miR-595 Down 0.12 0.03
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Statistical analysis

Quantitative results are expre- 
ssed as the mean ± standard 
deviation (SD) of data obtained 
from at least three experiments. 
All statistical analyses were per-
formed using SPSS Statistics for 
Windows, Version 17.0 (SPSS 
Inc., Chicago, IL., USA). Compa- 
risons between groups were  
performed by using one-way 
analysis of variance (ANOVA) or 
Student’s t-test. The unpaired 
Student’s t-test was used to  
analyze the expression of miR-
NAs in healthy and PTE groups. 
Two-way ANOVA was used to 
analyze the right ventricular 
hypertrophy, cardiac and lung 
index, the levels of BNP and 
NT-pro-BNP expression, and the 
relative expression of miR-514a-
5p and CHRDL1. P-values < 0.05 
were considered to be statisti-
cally significant.

Results

MiRNA signatures discriminated 
PTE tissues from paired normal 
tissues

To identify the miRNA signatures 
associated with PTE develop-
ment, we performed a miRNA 
microarray analysis on tissues 
obtained from 10 PTE patients 
(5 low-risk PTE and 5 intermedi-
ate-risk PTE), as well as from 5 
healthy control subjects (Table 
2). The unsupervised hierarchi-
cal clustering method was used 
to differentiate the diseased tis-
sues from their paired normal 
tissues (Figure 1). A fold-change 
> 1.5 or < 0.5 and a p-value < 
0.05 were chosen as cut-off cri-
teria and visualized using a 
Volcano Plot (Figure 1A-C). In 
total, we found 20 significantly 
expressed miRNAs in the low-
risk PTE group (Figure 1D). 
These 20 miRNAs are listed in 

hsa-miR-3161 Down 0.36 0.03
hsa-miR-5684 Up 2.25 0.03
hsa-miR-4796-3p Down 0.19 0.03
hsa-miR-4483 Down 0.33 0.03
hsa-miR-3120-5p Down 0.27 0.03
hsa-miR-139-5p Up 2.34 0.04
hsa-miR-3613-3p Up 2.38 0.04
hsa-miR-3149 Down 0.27 0.04
hsa-miR-4462 Up 2.14 0.04
hsa-miR-147b Down 0.2 0.04
hsa-miR-494-3p Up 2.38 0.04
hsa-miR-1301-3p Up 2.15 0.04
hsa-miR-125b-5p Up 2.44 0.04
hsa-miR-5704 Up 2.35 0.04
hsa-miR-340-3p Up 2.75 0.04
hsa-miR-378f Up 2.81 0.04
hsa-miR-542-3p Up 2.92 0.04
hsa-miR-4425 Down 0.26 0.04
hsa-miR-3689b-3p/hsa-miR-3689c Down 0.21 0.04
hsa-miR-4678 Down 0.22 0.05
hsa-miR-4668-5p Up 2.9 0.05
hsa-miR-5186 Down 0.31 0.05
hsa-miR-4504 Down 0.32 0.02
hsa-miR-339-3p Up 2.82 0.02
hcmv-miR-US5-2-3p Down 0.37 0.02
hsa-miR-410-3p Up 2.49 0.02
hsa-miR-598-3p Up 2.65 0.02
hsa-miR-4645-3p Up 2.9 0.03
hsa-miR-548e-3p Up 2.74 0.02
hsa-miR-376c-3p Up 2.42 0.02
hsa-miR-1264 Up 4.18 0.02
hsa-miR-3130-3p Up 3.01 0.02
hsa-miR-495-3p Up 3.3 0.02
hsa-miR-3605-3p Up 3.61 0.02
hsa-miR-889-3p Up 2.94 0.02
hsa-let-7d-3p Up 3.34 0.02
hsa-miR-204-5p Up 4.41 0.02
hsa-miR-211-5p Up 3.82 0.02
hsa-miR-409-5p Up 3 0.02
hsa-miR-5004-5p Up 2.94 0.02
hsa-miR-4791 Up 3.43 0.02
hsa-miR-130b-5p Up 3.13 0.02
hsa-miR-342-3p Up 3.41 0.03
hsa-miR-369-3p Up 4.4 0.03
hsa-miR-433-3p Up 5.04 0.03
hsa-miR-885-3p Up 3.47 0.03
hsa-miR-375 Up 5.34 0.03
hsa-miR-140-5p Up 3.55 0.03
hsa-let-7f-1-3p Up 3.24 0.03
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Table 3, and include hsa-miR- 
3976, hsa-miR-4793-3p, and 
hsa-miR-3686. A total of 107 
miRNAs were significantly ex- 
pressed in the intermediate- 
risk PTE group (Figure 1E). The 
changes in miRNA expression 
found in the intermediate-risk 
PTE group when compared with 
the control group are shown  
in Table 4. Furthermore, 83 
mRNAs were differentially exp- 
ressed in the intermediate-risk 
PTE group when compared with 
their expression in the low-risk 
PTE group (Figure 1F and Table 
5). 

Validation of candidate miRNAs

When compared with miRNAs ex- 
pressed in the healthy control 
group, the three most up-regulat-
ed mRNAs (hsa-miR-514a-5p, 
hsa-miR-369-3p, and hsa-miR-
885-5p) and the three most do- 
wn-regulated mi-RNAs (hsa-miR-
1304-5p, hsa-miR-147b, and 
hsa-miR-323b-5p) were found in 
the intermediate-risk PTE group 
(Table 6). Next, these mRNAs 
were validated by using RT-qPCR 
in a total of 20 pairs of PTE and 
adjacent normal clinical tissue 
specimens. As shown in Figure 
2, the expression patterns of 
miR-514a-5p, miR-369-3p, and 
miR-147b were in accordance 
with results from the microarray 
assays. However, there was no 
significant difference in the lev-
els of miR-885-5p, miR-1304-
5p, and miR-323b-5p expression 
in the PTE and healthy control 
specimens. Notably, a microar-
ray analysis of miRNAs revealed 
an obviously higher expression 
of miR-514a-5p in the intermedi-
ate-risk PTE group relative to 
that in the low-risk PTE group. 
Therefore, miR-514a-5p was ch- 
osen as the subsequent resear- 
ch target.

hsa-miR-18b-5p Up 3.03 0.03
hsa-miR-514a-5p Up 4.71 0.03
hsa-miR-9-5p Up 4.45 0.03
hsa-miR-210-3p Up 3.79 0.04
hsa-miR-5094 Up 6.3 0.04
hsa-miR-1273g-3p Up 3.43 0.04
hsa-miR-4775 Up 4.9 0
hsa-miR-382-3p Up 6.01 0
hsa-miR-411-5p Up 4.39 0
hsa-miR-483-5p Up 3.92 0.04
hsa-miR-374a-3p Up 4.95 0

Table 5. Alterations in plasma microRNA levels in patients with 
intermediate-risk PTE compared to low-risk PTE (n=83)
MicroRNA Regulation Fold-change p-value
hsa-miR-411-5p Up 43.19 0
hsa-miR-301a-3p Up 6.82 0.01
hsa-miR-4768-5p Up 4.18 0.01
hsa-miR-4645-3p Up 4.41 0.01
hsa-miR-181a-3p Up 3.75 0.01
hsa-let-7f-1-3p Up 3.4 0.01
hsa-miR-3664-5p Up 2.66 0.01
hsa-miR-5094 Up 4.68 0.01
hsa-miR-4307 Up 2.19 0.01
hsa-miR-4262 Up 2.2 0.01
hsa-miR-410-3p Up 5.53 0.01
hsa-miR-3135b Up 2.74 0.01
hsa-miR-378h Up 3.6 0.01
hsa-miR-889-3p Up 8.34 0.01
hsa-miR-34a-5p Up 7.06 0.02
hsa-miR-885-3p Up 4.7 0.02
hsa-miR-3201 Up 3.39 0.02
hsa-miR-409-5p Up 5.84 0.02
hsa-miR-1264 Up 2.96 0.02
hsa-miR-374a-3p Up 6.95 0.02
hsa-miR-134-5p Up 2.81 0.02
hsa-miR-3183 Up 4.38 0.02
hsa-miR-9-5p Up 7.38 0.03
hsa-miR-411-3p Up 5.33 0.03
hsa-let-7a-3p Up 4.33 0.03
hsa-miR-128-3p Up 6.4 0.03
hsa-miR-340-3p Up 3.15 0.03
hsa-miR-148b-5p Up 2.52 0.03
hsa-miR-211-5p Up 2.8 0.03
hsa-miR-598-3p Up 5.27 0.03
hsa-miR-628-3p Up 3.13 0.03
hsa-miR-5007-3p Up 3.98 0.03
hsa-miR-487a-5p Up 3.23 0.04
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Next, GO and pathway analyses 
were performed. As shown in 
Figure 3A, a cellular component 
analysis showed that Nucleus 
and Cytoplasm accounted for 
66.7% and 53.3%, respectively 
(Figure 3A), while, a biological 
process analysis showed that 
the genes targeted by miR-514a-
5p participated in cell communi-
cation (25%) and signal trans-
duction (25%) (Figure 3B). A 
molecular function analysis sh- 
owed that most of the molecular 
functions were unknown (37.5%), 
and GTPase activity and DNA 
binding accounted for 8.3% and 
8.3%, respectively (Figure 3C). 
Finally, the pathway analysis sh- 
owed that PI3K signaling events, 
the PDGFR-beta signaling path-
way, ErbB1 downstream signal-
ing, and the mTOR signaling pa- 
thway accounted for 71.4% (Fi- 
gure 3D). 

Morphological changes in the 
rat PTE model

We next investigated the mor-
phological changes that occurred 
in the PTE rat model, as based 
on results shown by H&E stain-
ing. As shown in Figure 4, larger 
amounts of inflammatory exu-
date and infiltrated cells were 
accumulated in the lung tissues 
of all the PTE model groups when 
compared with the control group. 
Additionally, we observed disor-
dered arrangements of myocar-
dial fibroblasts, broadened inter-
cellular spaces, diapedesis of 
erythrocytes, and lower num- 
bers of nuclei in the right ven-
tricular tissues of all the PTE 
model groups when compared 
with right ventricular tissues in 
the control group. Furthermore, 
these phenomena became more 
obvious as the thrombus time 
was extended.

Evaluation of the rat PTE model

Right ventricular hypertrophy, 
one of the consequences of  

hsa-miR-454-3p Up 5.04 0.04
hsa-miR-5704 Up 3.36 0.04
hsa-miR-204-5p Up 4.4 0.04
hsa-miR-4704-5p Down 0.22 0.04
hsa-miR-374b-5p Up 7.23 0.04
hsa-miR-378c Up 2.81 0.04
hsa-miR-200a-3p Up 4.11 0.04
ebv-miR-BART4-5p Down 0.2 0.04
hsa-miR-761 Up 2.41 0.04
hsa-miR-374a-5p Up 3.24 0.04
hsa-miR-514a-5p Up 11.05 0.04
hsa-miR-5006-3p Up 2.42 0.04
hsa-miR-4678 Down 0.38 0.04
hsv2-miR-H20 Down 0.35 0.04
hsa-miR-4302 Down 0.03 0.01
hsa-miR-433-5p Down 0.28 0.01
hsa-miR-942-5p Up 3 0.01
hsa-miR-4791 Up 2.97 0
hsa-miR-130b-5p Up 4.85 0.01
hsa-miR-548ag Down 0.49 0.01
hsa-miR-4530 Down 0.42 0.01
hsa-miR-514b-3p Down 0.06 0.01
hsa-miR-342-3p Up 2.92 0.01
hsa-miR-147b Down 0.09 0.01
hsa-miR-3689a-3p Down 0.05 0.01
hsa-miR-4491 Down 0.01 0
hsa-miR-422a Up 2.32 0
hsa-miR-4483 Down 0.4 0
hsa-miR-374c-5p Up 3.62 0
hcmv-miR-UL112-3p Down 0.04 0.01
hsa-miR-3184-3p Up 2.27 0.01
hsa-miR-3120-5p Down 0.19 0.01
hsa-miR-379-5p Up 4.04 0.01
hsa-miR-3148 Down 0.26 0.03
hsa-miR-4499 Down 0.04 0.02
hsa-miR-223-5p Up 2.27 0.02
hsv1-miR-H3-3p Down 0.03 0.02
hsa-miRPlus-A1015 Down 0.39 0
hsa-miR-493-5p Up 2.94 0.02
hsa-miR-4299 Down 0.34 0.03
hsa-miR-148a-3p Up 2.25 0.03
hsa-miR-494-5p Down 0.33 0.03
hsa-miR-595 Down 0.06 0.03
hsa-miR-622 Down 0.49 0.04
hsa-miR-206 Up 2.08 0.05
hsa-miR-3976 Down 0.47 0.05
hsa-miR-4732-3p Down 0.43 0.05
hsa-miR-3689b-3p/hsa-miR-3689c Down 0.13 0.01
hsa-miR-3149 Down 0.25 0
hsa-miR-122-5p Up 2.47 0.02
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injected with the NC (Figure 6A). We consi- 
stently observed reduced numbers of nuclei 
and broader intercellular spaces in samples of 
right ventricular myocardium tissue from the 
NS + mimics group and PTE + mimics group 
when compared with those parameters in the 
NS + NC and PTE + NC groups, respectively 
(Figure 6A). Transfection with miR-514a-5p 
also led to significant increases in the RVHI  
and lung index values and BNP and NT-pro- 
BNP levels in rats when compared with those 
values and levels in rats injected with the con-
trol agents (Figure 6B and 6C, P < 0.05, P < 
0.01). These results demonstrated that overex-
pression of miR-514a-5p could contribute to 
the induction of PTE and exacerbate the dis-
ease in vivo. 

MiR-514a-5p targeted CHRDL1 in the PTE rat 
model

MicroRNAs generally regulate target gene 
expression by directly binding to the 3’UTR 
region of the target gene’s mRNA. Therefore, 
we used Targetscan (http://www.targetscan.
org) to predict the target genes of miR-514a-
5p. Among the various target genes, CHRDL1 
has been reported to be involved in angiogen-
esis by regulating the balance between BMP-4 
and VEGF [23]; this led us to speculate that 
CHRDL1 might be a target of miR-514a-5p. As 
shown in Figure 7A, a bioinformatics analysis 
predicted a miR-514a-5p binding site at the 
3’-UTR of CHRDL1 mRNA, ranging from base 
sites 2888 to 2894. Moreover, the level of miR-
514a-5p mRNA expression was significantly 
increased, but CHRDL1 expression was remark-
ably decreased in the NS and PTE model groups 
after injection of the miR-514a-5p mimics 
(Figure 7B, P < 0.001). The changes in CHR- 
DL1 protein expression were consistently simi-
lar to the trends shown by RT-PCT results 
(Figure 7C, P < 0.05, P < 0.01). Collectively, the 
above evidence suggests that miR-514a-5p 
partially promotes the progression of PTE by 
downregulating CHRDL1 expression.

Discussion

PTE contributes to the global burden of cardio-
vascular disease in terms of morbidity, mortal-
ity, and financial impact on healthcare systems 
[20, 21] Current management strategies are 
tailored to the patient’s risk of early death or 
other serious early complications [22, 23]. Risk 

Table 6. Alterations in plasma microRNA levels in 
patients with PTE compared to healthy controls
MicroRNA Regulation Fold-change p-value
hsa-miR-514a-5p Up 4.713 0.003
hsa-miR-369-3p Up 4.399 0.023
hsa-miR-885-3p Up 3.474 0.013
hsa-miR-323b-5p Down 0.428 0.024
hsa-miR-147b Down 0.204 0.041
hsa-miR-1304-5p Down 0.196 0.015
PTE: pulmonary thromboembolism.

PTE, was assessed in both the model and con-
trol groups by calculating the RVHI. As shown in 
Figure 5A, the RVHI values in the PTE group 
were significantly increased at 4 weeks (1.50± 
0.18, P < 0.01) and 8 weeks of PTE (2.10±0.74%, 
P < 0.001) when compared those values in the 
NS group (1.00±0.20). In addition, when com-
pared with lung index values in the NS group 
(1.00±0.14), the lung index values after 2 
weeks of PTE (1.39±0.11) and 8 weeks of PTE 
(1.34±0.25) were significantly increased (P < 
0.01 and P < 0.05, respectively). However, 
there was no significant difference between the 
cardiac index values in the NS and PTE model 
groups. Next, the expression levels of B-type 
natriuretic peptide (BNP) and the N-terminal 
fragment of pro-BNP (NT-pro-BNP), two well-
studied biomarkers of PTE and heart failure, 
were evaluated by ELISA to further demon-
strate the successful construction of our PTE 
model. As depicted in Figure 4B, the levels of 
both BNP and NT-pro-BNP were significantly 
elevated in the PTE model rats when compared 
with their levels in the NS rats, and these differ-
ences became greater as the PTE time was 
extended (Figure 5B, *P < 0.05, **P < 0.01). 
Together, these results suggested that the 
experimental PTE animal model had been suc-
cessfully con- 
structed.  

Investigation of the function of miR-514a-5p in 
the PTE model rats

Results from our RT-PCR validation studies with 
PTE patients suggested that miR-514a-5p 
plays an important role in the occurrence of 
PTE. Furthermore, after injection of the miR-
514a-5p mimics, the lung tissues from animals 
in both the NS and PTE groups exhibited  
an exacerbation of inflammatory phenomena 
when compared with lung tissues from animals 
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and miR-28-3p could possibly serve as specific 
biomarkers and potential plasma biomarkers 
for diagnosing PTE [16-18]. In addition, increas-
ing numbers of studies have reported that 
miRNA (e.g., microRNA-27a/b and microR-
NA-221) was found in the expressed mRNA of 
PTE patients [29, 30]. In the present study, 
miR-514a-5p was not only significantly differ-
entially expressed in PTE patients when com-
pared with control subjects, but was also dif-
ferentially expressed in low-risk PTE patients 
when compared with intermediate-risk PTE 
patients. PTE is a significant clinical problem 
that can lead to RVD [31]. BNP and NT-pro-BNP 
are considered as good markers for assessing 
RVD [32]. Up to now, miR-514a-5p has been 
primarily studied in cancer research. For exam-
ple, miR-514a was shown to mediate expres-
sion of NF1, a tumor suppressor, and regulate 
the sensitivity of melanoma cell lines to BRAFi 
[33]. However, no study has investigated the 

stratification is essential to drive clinical man-
agement via the prognosis assessment of PTE 
[24]. Some indicators have been used for risk 
stratification of PTE, and especially for PTE 
accompanied by RVD; these indicators include 
sPESI, BNP, and NT-proBNP [25, 26]. However, 
because of the variable clinical manifestations 
of PTE and the poor sensitivity of the indicators, 
those indicators for risk stratification of PTE 
remain controversial. Hence, it is very impor-
tant to look for the key factors to improve the 
prognosis of PTE.

Recent studies have found that miRNAs play 
crucial roles in many cellular processes, such 
as proliferation, differentiation, and apoptosis 
[27]. MiRNAs have been intensively investigat-
ed as noninvasive biomarkers for diseases 
[28]. Recent studies have also explored the 
value of miRNAs as biomarkers for diagnosing 
PTE. Serum microRNA-1233, microRNA-134, 

Figure 2. RT-PCR verification of six differentially expressed miRNAs in the PTE and control groups. A. MiRNAs were 
up-regulated in 20 pairs of diseased and adjacent normal clinical specimens, including miR-514a-5p, miR-369-3p, 
and miR-885-3p; B. MiRNAs were down-regulated in 20 pairs of diseased and adjacent normal clinical specimens, 
including miR-1304-5p, miR-147b, and miR-323b-5p; Data shown are means ± SD; **P < 0.01; ***P < 0.001 vs. 
healthy.
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role of miR-514a-5p in PTE or another lung dis-
ease. In order to determine the value of miR-
514a-5p as a prognostic factor in this study, we 
measured its effect on some indexes of PTE. 
We found that overexpression of miR-514a-5p 
exacerbated the inflammation in PTE rats and 

increased their RVHI and lung index values,  
as well as their BNP and NT-Pro BNP levels. 
Taken together, these results suggested miR-
514a-5p as a candidate molecule for use in  
the prognostic and risk stratification of PTE 
patients. 

Figure 3. Go and pathway analyses of target genes of miR-514a-5p. (A-C) Go analysis including cellular component 
(A), biological process (B) and molecular function (C). (D) Pathway analysis. In the GO analysis, count ≥2 and P≤0.05 
were considered to be statistically significant.



The role of miR-514a-5p in pulmonary thromboembolism

5526 Am J Transl Res 2019;11(9):5514-5530

Previous studies have shown that right ventric-
ular dysfunction is one of the most common 
causes of clinical worsening and death among 
PTE patients [34, 35], and BNP and NT-proBNP 
have been widely used as indicators of heart 
failure [36]. Although the prognostic value of 
RVD for PTE patients remains controversial, 
gaining a better understanding of the mecha-
nism that leads to RVD in intermediate-risk PTE 

patients should improve the interventions for 
used for PTE. However, at present, few studies 
have focused on the mechanism of PTE or the 
mechanism that leads to RVD in PTE patients, 
Sutendra et al. [37] demonstrated that a 
decrease in the levels of angiogenetic factors 
and angiogenesis can potentiate the remodel-
ing of right ventricular hypertrophy in cases of 
pulmonary arterial hypertension. However, no 

Figure 4. Morphological changes were observed in the PTE model rats. H&E staining of lung tissues (A) and right 
ventricular tissues (B) from all PTE model groups and control groups. Representative pictures of histopathology for 
lung tissues and right ventricular tissues were selected for the PTE model rats at 2-, 4-, and 8-weeks, respectively. 
The heart and pulmonary tissues were surgically removed from anesthetized rats and fixed in 4% paraformaldehyde. 
After dehydration, the tissues were embedded in paraffin and cut into 4-μm-thick sections for hematoxylin and eosin 
(H&E) staining. The sections were photographed using Motic Images Advanced 3.0 software. Magnification, × 200.

Figure 5. The established rat PTE model was evaluated in vivo. A. Dynamic changes in the mean right ventricular 
hypertrophy index (RVHI), cardiac index, and lung index in the PTE model rats at 2-, 4-, and 8-weeks, respectively. 
B. Expression of BNP and NT-pro-BNP in the PTE model rats at 2-, 4-, and 8-weeks, respectively, and in the normal 
saline (NS) groups, as detected by ELISA. Data represent the mean ± SD; ns.; not significant; *, ** and *** indicate P 
< 0.05; P < 0.01; P < 0.001, respectively, vs. NS; # and ## indicate P < 0.05 and P < 0.01, respectively, vs. PTE + NC.
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Figure 6. MiR-514a-5p exacerbated the development of PTE in vivo. A. H&E staining of lung tissues and right ven-
tricular tissues from control rats and PTE rats after injection with miR-514a-5p mimics or the NC, respectively. B. 
Dynamic changes in the mean right ventricular hypertrophy index (RVHI), cardiac index, and lung index in the normal 
saline (NS) and PTE model rats after injection with miR-514a-5p mimics or the NC, respectively. C. Expression of 
BNP and NT-pro-BNP in NS rats and PTE model rats, respectively, after injection with miR-514a-5p mimics or the NC. 
Data represent the mean ± SD; *: control + NC vs. control + mimics; #: PTE + NC vs. PTE + mimics; *P < 0.05; ***P < 
0.001; ##P < 0.01; ###P < 0.001.

Figure 7. MiR-514a-5p targets the 3’-UTR of CHRDL1 to inhibit its expression. A. Bioinformatics analyses showing 
the binding of miR-514a-5p to the 3’-UTR of CHRDL1 mRNA. B. The levels of miR-514a-5p and CHRDL1 mRNA as 
measured by qRT-PCR in tissues from rats in the normal saline (NS) group and PTE model group after injection with 
miR-514a-5p mimics or the NC. C. The levels of CHRDL1 protein as measured by western blot and the grayscale 
values as measured by image J in tissues from rats in the normal saline (NS) group and PTE model group after injec-
tion with miR-514a-5p mimics or the NC. GAPDH served as an internal standard. Data represent the ± SD; *: NS + 
NC vs. NS + mimics; #: PTE + NC vs. PTE + mimics; *P < 0.05; **P < 0.01 vs. NS + NC group; ##P < 0.01; ##P < 0.001 
vs. PTE + NC group.
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report has addressed the relationship between 
CHRDL1 and RDV. However, we previously 
found that CHRDL1 is involved in angiogenesis 
by regulating the balance between BMP-4 and 
VEGF [38, 39]. Therefore, we hypothesize that 
CHRDL1 might participate in the development 
of RDV by affecting angiogenesis. In this study, 
BNP and NT-pro BNP levels were found to be 
increased in the PTE and miR-514a-5p gr- 
oups, and were further enhanced in PTE ani-
mals that were administered miR-514a-5p. 
Additionally, these results demonstrated that 
CHRDL1 might be involved in RVD caused by 
PTE. In this study, we identified a miR-514a-5p 
binding site in the 3’-UTR of CHRDL1 mRNA, 
and found that CHRDL1 mRNA levels were sig-
nificantly down-regulated in the miR-514a-5p 
mimics groups, suggesting that CHRDL1 might 
be regulated by miR-514a-5p. However, whe- 
ther miR-514a-5p affects the RVD process of 
PTE by down-regulating CHRDL1 remains to be 
verified. 

Conclusion

In conclusion, miR-514a-5p was able to poten-
tiate PTE development by promoting inflamma-
tion, lung injury, and also right ventricular 
hypertrophy and dysfunction. MiR-514a-5p 
might participate in these processes by regulat-
ing expression of the CHRDL1 gene. Although 
the mechanism of miR-514a-5p requires fur-
ther study, our findings provide a solid founda-
tion for utilizing miRNAs in the prognosis of 
PTE, and suggest miR-514a-5p as a novel tar-
get for intervention in PTE.
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