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Abstract: Acute aortic dissection (AAD) is a life-threatening cardiovascular disease with the high morbidity and mor-
tality. Imaging modalities are the gold standard for the diagnosis of AAD; however, they are not always available in
emergency department. Biomarker-assisted diagnosis is important for the early treatment of AAD. The aim of the
present study was to identify potential microRNA (miRNA) biomarkers for AAD. Differentially expressed plasma miR-
NAs between AAD patients and age-matched healthy volunteers were analyzed by miRNA microarray. Quantitative
RT-PCR was further performed to verify the expression of selected miRNAs (miR-4787-5p and miR-4306) with an
increased number of samples. Receiver operating characteristic (ROC) analysis was used to assess the diagnostic
value of miR-4787-5p and miR-4306 as biomarkers for distinguishing AAD. Using TargetScan and miRanda, miR-
4787-5p and miR-4306 were selected to predict target gene related to cytokines detecting by dual luciferase assay
and western blotting. Nine upregulated and twelve downregulated miRNAs were identified in the circulating plasma
of AAD patients. gRT-PCR verified statistically consistent expression of two selected miRNAs with microarray analy-
sis. ROC analyses demonstrated that miR-4787-5p and miR-4306 were specific and sensitive for the early diagnosis
of AAD. Bioinformatic predictions and dual luciferase assay suggested that polycystin-1 (PKD1) and transforming
growth factor-B1 (TGF-B1) were respectively direct target of miR-4787-5p and miR-4306. Furthermore, the protein
expression of the downstream targets of PKD1 and TGF-B1 were significantly reduced following overexpression of
miR-4787-5p and miR-4306. These results revealed that miR-4787-5p and miR-4306 could be developed as diag-
nostic potential biomarkers for AAD, and they could be involved in the pathogenesis of AAD.

Keywords: MiRNA-4787-5p, miRNA-4306, plasma, acute aortic dissection, polycystin 1, transforming growth
factor-B1

Introduction 50% and 80% of patients with AAD fail to be

timely diagnhosed and die within 3 days and 2

Acute aortic dissection (AAD) is a life-threaten-
ing disease, due to the suddenly onset, prog-
ress rapidly, high mortality. Mechanically, circu-
lating blood flows into the media of the aorta
through the rupture of the intima and forms
true and false lumens. The death rate from AAD
increased from 2.49 per 100,000 to 2.78 per
100,000 inhabitants between 1990 and 2010,
with men more often affected than women
[1-5]. Although the incidence of AAD is increas-
ing, most cases of AAD remain unidentified or
misdiagnosed owing to the silent and polytropic
nature of the disease and the lack of a specific
clinical phenotype [6]. Delayed diagnosis is
closely linked to the prognosis; approximately

weeks, respectively [2]. Therefore, early and
correct diagnosis is essential for controlling
the development of AD and initiating the app-
ropriate therapy to reduce the mortality rate
and improve prognosis. AD can be diagnosed
correctly by multiple spiral computed tomogra-
phy, transthoracic or transesophageal echocar-
diography, and magnetic resonance angiogra-
phy; however, these tests are expensive and
complicated, and they sometimes cannot be
performed at the emergency room or the resu-
Its are delayed. The value of biomarkers for the
diagnosis of AD is increasingly being recognized
because of their rapid, easy, and convenient
operation at bedside. Several plasma markers
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Table 1. Clinical characters of AAD and con-
trol groups

Characteristics AAD (n=98)  Control (n=56)
Age (year) 51.2 +10.9 52.3+11.0
Male 79 (80.6%) 43 (76.7%)
Smoking 35 (35.7%) 7 (12.5%)
Alcoholic 26 (26.5%) 4 (7.1%)
Hypertension T4 (76.3%)* 0

Atherosclerosis 42 (42.9%) 19 (37.3%)
D-dimmer 4.41 + 6.40* 0.14 £ 0.07

Data are presented as mean + SD or n (%). *P < 0.05;
AAD: acute aortic dissection.

such as D-dimer, calponin, elastin, CD40L,
MPO, MMP-1 and TIMP-1 have been investigat-
ed as potential candidates for use as biomark-
ers of AAD [7, 8]. However, these biomarkers
have not been adopted into routine clinical
practice mainly because of inadequate sensi-
tivity and specificity. Therefore, novel biomark-
ers with high sensitivity and specificity are high-
ly desirable for the diagnosis of AAD [9].

MicroRNAs (miRNAs) is a sort of short, single-
stranded, noncoding RNA that plays a role in
gene regulation by binding to the target miRNA
directly and forming base pairing guide silenc-
ing complex [10]. miRNAs play an important
role in many physiological and pathological
processes, such as cell growth, apoptosis, cel-
lular differentiation, metabolism, tumorigene-
sis, angiogenesis, and heart damage and pro-
tection [11-13]. In recent years, growing evi-
dence suggests that miRNAs not only play cru-
cial roles in the physiological processes of car-
diovascular development, but also in the pa-
thologic processes of cardiovascular disea-
ses. mMiRNAs are abundantly present in plas-
ma/serum in a remarkably stable form and can
be detected using real-time PCR assays [14,
15]; in addition, the expression profiles of cir-
culating miRNAs can change in various disea-
ses. Therefore, circulating miRNAs could be
used as novel and potential biomarkers for the
diagnosis and prognosis of diseases, such as
cancer, heart disease, pregnancy abnormali-
ties, diabetes, psychosis, and various infec-
tious diseases [16-21]. Recently, circulating
miRNAs have been detected in a variety of car-
diovascular diseases, suggesting their value as
biomarkers for improving the diagnostic ac-
curacy of cardiovascular disease [22-24] and
as predictors of cardiovascular events [25].
However, few studies have investigated circu-
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lating miRNAs in AAD and the results are in-
consistent [26-28]. The present study analyzed
the differential expression of circulating miR-
NAs between AAD patients and healthy control
subjects using microarray technologies to pro-
vide evidence of the value of miRNAs as new
diagnostic biomarkers for AAD, and predicted
their downstream targets to suggest primarily
the roles on the pathogenesis of AAD.

Materials and methods
Ethics statement

The study protocol was approved by the Ethics
Committee of the First Affiliated Hospital of
Zhengzhou University, and complied with the
declaration of Helsinki. All participants gave
their informed consent for the acquisition and
use of patient plasma, aorta samples and ano-
nymized clinical data prior to their inclusion in
the study.

Clinical specimens

A total of 98 patients with AAD (including 47
type A and 51 type B) and 56 age- and gender-
matched healthy volunteers without AAD were
enrolled from the First Affiliated Hospital of
Zhengzhou University between January 2015
and March 2016. Inclusion guidelines included
a time interval between symptom onset and
hospital admission of <24 h and AAD diag-
nosed by aortic computed tomography angio-
graphy (CTA), transoesophageal echocardiogra-
phy or MRA. AAD was classified according to
the Stanford classification. Exclusion criteria
were patients under 18 years of age, Marfan’s
syndrome, Ehlers-Danlos syndrome, Turner sy-
ndrome, familial thoracic or abdominal aortic
aneurysm, aortic ulcers or aortic intramural
hematoma formation, dissection caused by
trauma, pregnancy, and postoperative patients.
A detailed description of the clinical character-
istics of the study population is presented in
Table 1.

Plasma and aorta samples of collection

Peripheral venous blood samples (5 ml) were
drawn into tubes containing EDTA. The AAD
blood samples were collected within 24 h af-
ter symptom onset before surgery or interven-
tional therapy. Blood samples from volunteers
were collected in the morning on an empty
stomach. The blood was then centrifuged at
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1200 g for 10 min at 4°C. The supernatant
(plasma) was separated from the cellular layer
by pipetting, centrifuged at 12,000 g for 10 min
at 4°C and transferred into RNase/DNase-free
tubes. Furthermore, ascending aorta specimen
were obtained from AAD patients (type A, n=
13) undergoing surgical replacement and from
age- and gender-matched multi organ donors
(n=5) without aortic diseases. The plasma and
aorta samples were prepared as described
previously and stored at -80°C in liquid nitro-
gen until RNA extraction. A maximum of 2 h
between the blood draw and separation into
plasma was the standardized protocol in this
study.

RNA extraction and miRNA microarray analysis

Total RNA was extracted and purified from
plasma samples using the mirVana™ miRNA
Isolation Kit (Ambion, Austin, TX, USA), follow-
ing the manufacturer’s instructions and che-
cked for a RIN number to inspect RNA integra-
tion by an Agilent Bioanalyzer 2100 (Agilent
Technologies, Santa Clara, CA, US). miRNA in
total RNA was labeled with miRNA Complete
Labeling and Hyb Kit (Agilent Technologies)
following the manufacturer’s instructions, la-
beling section. Each slide was hybridized with
100 ng Cy3-labeled RNA using miRNA Com-
plete Labeling and Hyb Kit (Agilent Technolo-
gies) in a hybridization oven (Agilent Techno-
logies) at 55°C with agitation at 20 rpm for
20 h according to the manufacturer’s instruc-
tions, hybridization section. After hybridization,
slides were washed in staining dishes (Ther-
mo Shandon, Waltham, MA, US) with Gene
Expression Wash Buffer Kit (Agilent Techno-
logies,). Slides were then scanned with Agil-
ent Microarray Scanner (Agilent Technologies,)
and Feature Extraction software 10.7 (Agilent
technologies) with default settings. Raw data
were normalized by Quantile algorithm, Gene
Spring Software 12.6 (Agilent Technologies).
The mean normalized signal from biological
replicates was used for differential expression
analysis. miRNAs with a change in expression
levels of at least 2-fold (P < 0.05) between
groups were selected for further analysis. The
experiment was repeated three times.

miRNA analysis by quantitative reverse tran-
scription polymerase chain reaction

In order to get a more reliable result, we
increased the number of samples. The expres-
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sion levels of individual miRNAs were measur-
ed using quantitative reverse transcription
polymerase chain reaction (gqRT-PCR) using
Maxima SYBR Green qPCR Master Mix kit (Th-
ermo Fisher, Pittsburgh, PA, US). After select-
ing, we got the two up-regulated miRNAs (miR-
4787-5P and miR-4306) in accordance with
the result of miRNA microarray analysis. The
differentially expressed miRNAs between AAD
and Control groups were selected for further
verification in plasma and aorta samples. The
relative expression was calculated using the
ACt method. Briefly, total RNA was reverse tran-
scribed to cDNA using a cDNA Synthesis Kit
(Thermo Fisher). The Bulge-Loop™ miRNA gRT-
PCR Primer Set (Shanghai Genepharma Co.
Ltd, Shanghai, China) was used to detect and
quantify the expression of miR-4787-5P and
miR-4306 according to the manufacturer’s
instructions; miR-16 was used as the internal
control for the plasma samples. The cDNA
was amplified in duplicates on the ABI PRISM
7900HT Real-time PCR System with prime-
rs (mMiRNA-4787-5P: F5'-GGCGGGGGTGGCG-3';
R5-TATGGTTGTTCTCTGCTCTGTCTC-3’; miRNA-
4306: F5-AAAGCGCCGCTGGAGAGA-3; R5-
TATGGTTGTTCACGACTCCTTCAC-3’; miRNA-16
F5-AAGCACCTAGCAGCACGTAAATA-3’; R5-TAT-
GGTTTTGACGACTGTGTGAT-3’) and probes ac-
cording to the manufacturer’s instructions.
The expression levels of target miRNAs in plas-
ma and aorta samples were normalized to the
endogenous control. Data were analyzed by
the ACt method as follows: ACt = Ct value
mirae ~ CtVAlUE o cineresy: All data were repre-
sented by 2t value.

Target gene prediction

Prediction of miRNA target genes was per-
formed by computational algorithms according
to the base-pairing rules between miRNA and
MRNA target sites, location of binding sequenc-
es within the 3’ untranslated region (3’-UTR) of
the target, and conservation of target binding
sequences within genomes. TargetScan and
miRanda were used to predict miR-4787-5p
and miR-4306 targets related to proteins
detected in this study. The target genes of dif-
ferentially expressed miRNAs were predicted
by online tools including TargetScan v5.1
(http://www.targetscan. org/), Sanger (http://
www.sanger.ac.uk/), Pictar (http://pictar.bio.
nyu.edu/), and Miranda v5 (http://miRNA.
sanger.ac.uk/).
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Dual luciferase assay

Human polycystin 1 (PKD1) fragments contain-
ing putative binding sites for miR-4787-5p were
amplified by PCR from human genomic DNA
with the following primers: forward 5-AAC-
GAGCTCGGCTCCCAGGGTGGAGGAAGGTGA-
3’, reverse 5’-CTGCTCGAGGCAGTCAGACAGCTC-
TTTTATTGA-3". Mutant PKD1 3’-UTRs were con-
structed with the ACCCCCG to TGGGGGC muta-
tion and obtained by overlap extension PCR.
Fragments (215 bp) were cloned into a pmir-
GLO reporter vector (Promega, Madison, WI,
US) with Sacl and Xhol sites, downstream of the
luciferase gene, to generate the recombinant
vectors pmir-GLO-PKD1-wt and pmir-GLO-PK-
D1-mut. Human transforming growth factor-p1
(TGF-B1) fragments containing putative binding
sites for miR-4306 were amplified by PCR from
human genomic DNA with the following prim-
ers: forward 5-ATCGAGCTCACATGATCGTGCGC-
TCCTGCAAGTG-3’, reverse 5-ACTCTCGAGGCA-
TCTCAGAGTGTTGCTATGGTGA-3". Mutant TGF-
B1 3-UTRs were constructed with the TCTCTCC
to AGAGAGG mutation and obtained by overlap
extension PCR. Fragments (420 bp) were clo-
ned into a pmirGLO reporter vector (Promega)
with Sacl and Xhol sites, downstream of the
luciferase gene, to generate the recombinant
vectors pmir-GLO-TGF-B1-wt and pmir-GLO-TGF-
B1-mut. Gels were run under the same experi-
mental conditions. For the luciferase reporter
assay, 293T cells were transiently co-transfect-
ed with miRNAs (miR-4787-5p/miR-4306 mi-
mic or scrambled miR-4787-5p/miR-4306 ne-
gative control) and reporter vectors (wild-type
or mutant-type reporter vectors) using Lipo-
fectamine 2000. Luciferase activities were
measured using a Dual Luciferase Assay Kit
(Promega) according to the manufacturer’s in-
structions at 48 h post-transfection.

Western blotting

In order to further confirm the results of tar-
get gene prediction, we chose the PKD1 (PC1)
and TGF-B1 for Western blotting verification in
aortic sample. Aortic tissue were dissolved in
sample buffer at 37°C for 10 minutes and
electrophoresed in SDS gels for transfer onto
nitrocellulose membranes. Membranes were
probed with primary antibodies against PC1
(1:2000, Millipore, Billerica, MA, USA) and TGF-
B1 (1:1000; Santa Cruz, CA, USA) in phosphate-
buffered saline (PBS). After washing, mem-
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branes were incubated with horseradish pe-
roxidase-labeled secondary antibody (Santa
Cruz Biotechnology, 1:1000 dilution in PBS).
Protein-antibody reactions were detected by
chemiluminescence using Kodak X-Omat films.
The relative amount of proteins on the blots
was determined by densitometric analysis us-
ing a HP 3c laser scanner and the program
SigmaGel. Protein standards were included in
each blot to normalize the densitometric data
to a known amount of protein loaded.

Statistical analysis

The Statistical Package for Social Sciences,
version 19.0 (SPSS, Chicago, IL, US) was used
for the statistical analysis. Continuous vari-
ables were expressed as the mean + standard
deviation (SD) and categorical data were ex-
pressed as numbers and proportions. The sta-
tistically significance of the microarray results
were analyzed by fold change and the Student’s
t test. The threshold value used to screen dif-
ferentially expressed miRNAs was a fold chan-
ge >2.0 or <0.5 (P < 0.01). The diagnostic value
for differentiating between AAD patients and
the control was assessed by calculating the
area under the receiver-operator characteristic
(ROC) curve (AUC). Validation of ROC results
was performed by the leave-one-out cross-vali-
dation method. In the validation, first, by using
the subset of all but one sample, a ROC model
was built, and the cut-off value was defined to
maximize the sum of sensitivity and specificity.
Then, using the cut-off value, the model was
used to predict the left-out recorded samples.
A P-value of < 0.05 denoted the presence of a
statistically significant difference.

Results
Patient characteristics

In the present study, 98 patients with AAD
(including 47 type A and 51 type B) and 56 con-
trols were enrolled. The clinical characteristics
of each group are listed in Table 1. Age and
gender were comparable between the two
groups. There were no statistically significant
differences in clinical characteristics between
the AAD and control groups except for D-dimer
and hypertension. Most AAD patients (76.3%)
had concomitant hypertension and almost half
of patients (42.9%) had atherosclerosis. Typical
images of AAD patients are shown in Figure 1,

Am J Transl Res 2017;9(11):5138-5149



The role of miRNA in AAD

Figure 1. The typical images in AAD. A: Image A1-3 are typical pictures in type A aortic dissection with aortic com-
puted tomography angiography; B: Image B1-3 are typical pictures in type B aortic dissection with aortic computed

tomography angiography.

which shows the vessel sections involved and
type.

Differentially expressed miRNAs between two
groups in miRNA microarray analysis

Four patients with AAD and four normal con-
trols were selected for miRNA microarray analy-
sis. The miRNA expression profiles in the AAD
and control groups were first analyzed. After
normalization and logarithmic transformation
of the miRNA microarray data, a Box Plot graph
was constructed to observe the overall charac-
teristics and to evaluate the distribution and
dispersion of the data. The expression profiles
of 21 miRNAs differentially regulated between
the AAD and control groups were used to sepa-
rate samples into biologically interpretable
groups (Figure 2). Among these, nine miRNAs
were upregulated by more than two-fold in the
AAD group compared with the control group,
while 12 miRNAs were downregulated by more
than two-fold. Table 2 shows the differentially
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expressed miRNAs and fold changes in expres-
sion in the plasma of AAD patients.

gRT-PCR analysis of differentially expressed
miRNAs between the two groups

To further determine the expression levels of
selected miRNAs, we respectively examined
the levels of miR-4787-5p and miR-4306 in
both plasma (AAD=98, controls=56) and aortic
samples (AAD=13, controls=5) with qRT-PCR.
As shown in Figure 3, circulating miR-4787-5p
expression was higher in the AAD group (1.15 +
0.87) than in the control group (0.26 + 0.22);
and circulating miR-4306 expression was high-
er in AAD patients (1.27 + 0.96) than in the
control group (0.39 + 0.24). The differences
in miR-4787-5p and miR-4306 expression be-
tween the two groups were statistically signifi-
cant (P < 0.01). In addition, there were higher
tissue expression of miR-4787-5p in the AAD
group (6.67 + 1.76) than in the control group
(1.85 £ 0.45); and higher tissue expression of
miR-4306 in AAD patients (4.90 + 1.61) than in
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Figure 2. The miRNAs profiles differentiate the AAD group from the control group. Hierarchical clustering of 9 miR-
NAs whose expression was significantly altered (fold change > 2, P < 0.041, FDR < 0.05) in the AAD and control
groups. The color stands for the intensity of the signal.

Table 2. Differentially expressed miRNAs in AAD pa-

tients by plasma microarray analysis

AAD, ROC analysis was performed in the
two recruited cohorts. The diagnostic per-

formances of miR-4787-5p and miR-4306
for AAD were assessed. As shown in Figure

hsa-miR-126-3p 7.421 hsa-miR-4486 0.453
hsa-miR-4787-5p 6.210 hsa-miR-4463 0.441
hsa-miR-4800-5p 5.477 hsa-miR-4778-5p 0.426
hsa-miR-4306 4.251 hsa-miR-8072 0.413
hsa-miR-6803-5p 4.474  hsa-miR-30e-5p  0.403
hsa-miR-628-5p 3.457 hsa-miR-6785-5p 0.395
hsa-miR-590-3p 3.307 hsa-miR-4433a-3p 0.394
hsa-miR-1914-3p 2.425 hsa-miR-144-3p  0.388
hsa-miR-101-3p 2.378 hsa-miR-939-5p  0.386
hsa-miR-320a 0.236

hsa-miR-3937 0.231

hsa-miR-185-5p  0.175

4A and 4B, the AUC values for miR-4787-
5p and miR-4306 were 0.898 (95% con-
fidence interval [CI], 0.847-0.948) and
0.874 (95% Cl, 0.820-0.927), respectively.
This result demonstrated that miR-4787-
5p and miR-4306 had marked sensitivity
and specificity for AAD. In Figure 4C, the
AUC for the combination value of miR-
4787-5p and miR-4306 was 0.961 (95%
Cl, 0.820-0.927), whereas the AUC mea-
sured for D-dimmer was 0.958. This result
demonstrated that the combination value
of miR-4787-5p and miR-4306 was si-
milar or superior to that of D-dimmer for

AAD, acute aortic dissection.

the control group (1.92 + 0.62). The differences
between the two groups were statistically sig-
nificant (P < 0.05).

Diagnostic performance of miR-4787-5p and
miR-4306 in AAD

To investigate the possibility that these miRNAs
may serve as new and potential biomarkers for
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the early diagnosis of AAD.

PKD1 is a direct target of miR-4787-5p
and TGF-B1 is a direct target of miR-4306

Bioinformatics analysis using the Target-
Scan and miRanda algorithms predicted that
the 3-UTR of PKD1 contains binding sites for
miR-4787-5p (Figure 5A). To determine wheth-
er PKD1 is a direct target of miR-4787-5p,
recombinant vectors were digested using Sacl
and Xhol and a dual luciferase reporter system

Am J Transl Res 2017;9(11):5138-5149
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Differential expression of the circulating miR-4306 between the AAD patients and controls. The plasma levels of
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sion of the tissue miR-4787-5p and miR-4306 between the AAD patients and controls. The tissue levels of miR-
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Figure 5. PKD1 and TGF-B1 are respectively direct target of miR-4787-5p and miR-4306. PKD1 was identified as
a target of miR-4787-5p in 293T. A. Putative miR-4787-5p binding sequences in the PKD1. B. Dual luciferase re-
porter co-transfection with miR-4787-5p and wild-type or mutant 3’-UTRs of PKD1. C. Putative miR-4306 binding
sequences in the TGF-B1. D. Dual luciferase reporter co-transfection with miR-4306 and wild-type or mutant 3’-UTRs
of TGF-B1. The reporter containing the wild-type 3’-UTR significantly suppressed luciferase activity. *P < 0.01, com-
pared with Scramble/Wt PKD1 3’-UTR group.
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Figure 6. Validation for the expression of PKD1 (A) and TGF-B1 (B) in the aortic tissue by Western blotting. In the AAD
group compared with control, PKD1 and TGF-B1 are underexpressed.

containing either wild-type or mutant 3’-UTR of
PKD1 was used for analysis. Co-transfection
with miR-4787-5p significantly suppressed the
luciferase activity of the reporter containing the
wild-type 3’-UTR, whereas it had no effect on
the activity of the reporter containing the
mutant 3’-UTR (P < 0.01, Figure 5B). This result
indicated that PKD1 is a direct target of
miR-4787-5p.

Similarly, the 3’-UTR of TGF-B1 contains binding
sites for miR-43086, as predicted by TargetScan
and miRanda (Figure 5C). Co-transfection with
miR-4306 significantly suppressed the lucifer-
ase activity of the reporter containing the wild-
type 3’-UTR but not that of the mutant reporter
(P < 0.01, Figure 5D). This indicated that TGF-
B1 is a direct target of miR-4306.

Western blotting analysis of predicted target
proteins between the two groups

To further confirm the relationship between
miRNAs and predicted target proteins, we
examined the protein levels of PKD1 and TGF-
B1 by western blotting. As shown in Figure 6,
protein expression level of PKD1 was lower in
the AAD group (1.03 + 0.23) than in the control
group (0.30 *+ 0.14); and protein expression
level of TGF-B1 was lower in AAD patients (1.09
+ 0.24) than in the control group (0.25 + 0.12).
The differences in PKD1 and TGF-B1 protein
expression between the two groups were sta-
tistically significant (P < 0.05). The PKD1 and
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TGF-B1 original western blot image for Figure
6A and 6B could be found in Supplementary
Data at the end of this article.

Discussion

AAD is a common condition that results from
the weakening of the arterial wall and is charac-
terized by the separation of the aortic media
caused by the flow of extraluminal blood, which
can cause death from aortic rupture. The
pathogenesis and gene regulatory networks
involved in this disease remain unclear. In the
early stages of AAD, pathological changes such
as the rupture of the aortic intima result in the
flow of circulating blood into the media of the
aorta; this is followed by the formation of true
and false lumens and the release of gene regu-
latory products, such as smooth muscle myo-
sin heavy chain [29, 30], BB-isozyme of cre-
atine kinase [31], calponin [32], elastin, and
D-dimer into the bloodstream. These potential
biomarkers have not met the requirements of a
‘gold standard’ because of inadequate sensitiv-
ity and specificity. Therefore, it is important to
identify new biomarkers with high sensitivity
and specificity for the early diagnosis of AAD.

Based on their tissue specificity, rapid release
Kinetics, and stability in plasma, circulating
miRNAs have been proposed as potentially
useful and novel biomarkers for detecting vari-
ous cardiovascular diseases [33], including
heart failure [23], myocardial infarction [34],
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coronary artery disease, hypertension [19],
and pulmonary arterial hypertension [35]. In-
creasing evidence has confirmed that miRNAs
are important factors controlling gene expres-
sion. Circulating miRNAs are not only novel bio-
markers for the diagnosis of cardiovascular dis-
eases, but also play an important role in the
pathogenesis, development, and prognosis of
diseases.

In recent years, studies evaluated the miRNA
expression profile of aortic tissues or plasma in
AAD patients. However, only partial AAD types
(type A AAD or thoracic aortic dissection) were
assessed, which is not representative of the
general status of AAD patients. Therefore, in
the present study, we evaluated the miRNA
expression profile in the plasma of all AAD
patients (including type A and type B) and
healthy volunteers for the first time to reveal
the potential diagnostic value of miRNAs in
AAD. Microarray techniques revealed a set of
differentially expressed miRNAs, with 9 upregu-
lated and 12 downregulated miRNAs in the
plasma of AAD patients compared with that of
controls. qRT-PCR of miR-4787-5p and miR-
4306 further validated the reliability of the
microarray result. In our study, we found that
the levels of miR-4787-5p and miR-4306 were
significantly higher in patients with AAD than in
the control group. The findings of the present
study have not been reported in previous stud-
ies. Prediction of miRNA targets indicated that
the two dysregulated miRNAs mainly target
genes associated with cell-cell adhesion, extra-
cellular matrix metabolism, inflammatory fac-
tors, ion channels, cytoskeleton organization,
cancer, and multiple signaling pathways related
to cellular processes [36-38]. These target
genes are associated with cellular prolifera-
tion, differentiation, and apoptosis, which are
involved in the pathogenesis of AAD. The pres-
ent results indicate that the two miRNAs identi-
fied may not only participate in the pathological
processes of AAD, but could also be potential
biomarkers for AAD.

In the present study, we analyzed the concen-
tration of D-dimer in the AAD and control
groups. Although D-dimer is a sensitive marker
for patients with AAD and is widely used in clini-
cal practice, the pooled specificity is 0.56 (95%
Cl: 0.51-0.60) by meta-analysis result from
abnormal increasing in other diseases such as
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pulmonary embolism (PE) [39]. We performed
ROC curve analyses to determine the diagnos-
tic value of miR-4787-5p and miR-4306 in com-
parison with D-dimer. We found that although
the diagnostic performance of D-dimer was
superior to that of either of the two miRNAs, the
combination value of miR-4787-5p and miR-
4306 was similar to that of D-dimer for the
early diagnosis of AAD. The results of these
analyses indicated that circulating miR-4787-
5p and miR-4306 are specific and sensitive for
AAD and may be promising novel biomarkers
for the early diagnosis of AAD.

To further study the role of miRNAs in the pa-
thogenic mechanism of AAD, we performed bio-
informatics analysis using Target Scan and
miRanda, which predicted that the 3-UTRs of
PKD1 and TGF-B1 contain binding sites for miR-
4787-5p and miR-4306. We thus hypothesized
that the direct target of miR-4787-5p is the cell-
cell adhesion protein PKD1, while the direct
target of miR-4306 is TGF-B1. This hypothesis
was confirmed using a dual luciferase reporter
system. Furthermore, we confirmed the nega-
tive regulation relationship by western blotting
between PKD1 and miR-4787-5p, TGF-B1 and
miR-4306. The PKD1 gene product, PC1, is a
very large protein consisting of 4302 amino
acids with a 3074 amino acid extracellular ami-
no-terminus, 197 amino acid cytosolic carboxy-
terminus and eleven transmembrane domains.
PC1 is expressed in a variety of cell types and
tissues including renal epithelium, hepatic bile
ducts, pancreatic ducts, vascular smooth mus-
cle cells (SMCs), and endothelial cells [40, 41].
At the subcellular level, PC1 is localized to the
primary cilium on the apical surface of epitheli-
al cells, in addition to other reported locations
in the cell such as the lateral membrane at
sites of intercellular adhesion and at desmo-
somes [42]. Mutation of the PKD1 gene is a
major cause of autosomal dominant polycystic
kidney disease (ADPKD), which is associated
with cardiovascular complications such as hy-
pertension and dissecting aortic aneurysms
[43]. The previous studies showed that PKD1 is
downregulated in the dissected aorta [44, 45],
leading to dysfunction of cell-cell adhesion,
which could be caused by the upregulation of
miR-4787-5p. The recent work by Feng et al
demonstrated that PKD1 downregulation might
induce AAD formation by modulating the phe-
notype of VSMCs. These study suggest that the
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pathology of aortic dissection results from a
loss of gene function. Therefore, miR-4787-5p
may be involved in the pathogenesis of AAD.
Similarly, studies showed that the dysregula-
tion or mutation of TGF-B1 and activation of the
TGF-B signaling pathway are involved in aortic
aneurysms and dissections [46-49]. Therefore,
we inferred that miR-4306 may be an impor-
tant factor in the pathogenesis of aortic aneu-
rysm and aortic dissection. However, further
research is necessary to clarify the role of miR-
NAs in the pathogenesis of AAD.

In summary, our study analyzed differentially
expressed miRNAs between patients with AAD
and healthy control subjects, and detected two
miRNAs that were upregulated in the circulating
plasma of AAD patients. Currently, we are veri-
fying the validity and sensitivity of the two miR-
NAs in a large sample of AAD patients and con-
trols by gRT-PCR. Furthermore, we are also
testing the sensitivity and specificity of the two
miRNAs in AAD by ROC analysis. We identified
the direct targets of miR-4787-5p and miR-
4306 by dual luciferase reporter assay and
western blotting. These results indicated miR-
4787-5p and miR-4306 not only might be the
potential novel biomarkers for the early diagno-
sis of AAD, but also might be involved in the
pathogenesis of AAD. The present study had
some limitations, including the small sample
size and the lack of other disease controls.
Therefore, additional studies with larger cohorts
of healthy volunteers and other patients are
needed to demonstrate the diagnostic value of
miR-4787-5p and miR-4306 as biomarkers for
AAD.
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Supplement Figure 1. PKD1-original western blot image.

Supplement Figure 2. TGF-B1-original western blot image.



