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Abstract

Background Biomarker-assisted diagnosis of acute aortic dissection (AAD) is important for diagnosis and treatment. However, iden-
tification of biomarkers for AAD in blood is a challenging task. The aim of this study is to search for new potentially microRNA (miRNAs)
biomarkers in AAD. Methods The miRNAs expression profiles in ascending aortic tissue and plasma were examined by microarray analy-
sis in two sets or groups. The tissue group was composed of four patients with AAD and four controls of healthy male organ donors. The
plasma group included 20 patients with AAD and 20 controls without cardiovascular disease. Bioinformatics was used to analyze the poten-
tial targets of the differentially expressed miRNAs. Results  Our study revealed that in AAD patients, the aortic tissue had 30 differentially
expressed miRNAs with 13 up-regulated and 17 down-regulated, and plasma had 93 differentially expressed miRNAs, of which 33 were
up-regulated and 60 were down-regulated. Four miRNAs were found to be up-regulated in both aortic tissue and plasma in AAD patients.
The predicted miRNA targets indicated the four dysregulated miRNAs mainly targeted genes that were associated with cell-cell adhesion,
extracellular matrix metabolism, cytoskeleton organization, inflammation, and multiple signaling pathways related to cellular cycles. Con-
clusons Four miRNAs, which are up-regulated both in aortic tissue and in plasma in AAD patients, have been identified in this study.
These miRNAs might be potential diagnostic biomarkers for AAD. Larger sample investigations are needed for further verification.
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1 Introduction diagnosis and treatment and despite advances in imaging
methods to identify the disease, misdiagnosis occurs in
25%—50% of patients on initial evaluation with symptoms
mimicking acute myocardial infarction and other cardio-
vascular disorders."* Currently, computed tomography,
magnetic resonance imaging, and transthoracic or transe-
sophageal echocardiography are the commonly used mo-
dalities for diagnosing AAD. However, they are usually
time-consuming or limited by unavailability at bedside.
Blood testing is widely used to diagnose various diseases in
clinical practice due to the rapid, easy and convenient op-
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tional Center for Cardiovascular Diseases, Chinese Academy of Medical 5] th 1 i h hai [6.7] BB-i
Sciences & Peking Union Medical College, 167 Beilishilu, Beijing 100037, mer,”" Smooth muscle myosin heavy chain, -1sozyme

Acute aortic dissection (AAD) is the most frequent and
catastrophic manifestation of the acute aortic syndrome
characterized by acute onset and rapid progress. Mechani-
cally, circulating blood flows into the media of the aorta
through the rupture of the intima and forms true and false
lumens. Since AAD is highly lethal and requires prompt
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been able to meet the requirements of a ‘gold standard’
biomarker including adequate sensitivity and specificity, in
addition to a favorable time course of release that covers a
time window necessary for non-ambiguity in the clinical
setting.'?) Therefore, novel biomarkers characterized by
high sensitivity and specificity, as well as suitable for early
diagnosis, are highly desirable for the diagnosis of AAD.

MicroRNAs (miRNAs) are endogenous non-coding
RNA molecules that regulate gene expression on the
post-transcriptional, or transcriptional level by targeting
mRNAs for cleavage or translational repression.!"”! The
circulating miRNAs have been reported to be the bio-
markers for diagnosis and treatment of diseases."' In recent
years, growing evidence suggest that miRNAs not only play
crucial roles in physiological processes of cardiovascular
development, but also in pathologic processes of cardio-
vascular diseases.">'' However, there are also limited
studies focused on miRNAs in AAD and the results were
inconsistent.!''"®! Here, we analyzed the differential expres-
sion profile of miRNAs in aortic tissue and plasma between
AAD patients and healthy control subjects by microarray
experiments and our results may provide useful evidence for
identifying novel biomarkers of AAD.

2 Methods

Study protocols were approved by the ethical committees
of Fuwai hospital and complied with the declaration of Hel-
sinki. All persons gave their informed consent prior to their
inclusion in the study.

2.1 Aortictissue samples

The dissecting tissue samples of ascending aorta were
collected from four male patients (mean age 49 years) with
type A AAD, who were identified without Marfan syn-
drome, Loeys-Dietz Syndrome, and familial aortic dissec-
tion. All patients received surgical operation within 24 h in
the Department of Vascular Surgery of Fuwai Hospital
(Beijing, China). Four normal aortic tissue samples were
collected from organ donors (mean age 48 years) without
aortic disease. The aortic tissue samples were placed in
freezing tubes and frozen immediately in liquid nitrogen and
then stored at —80°C until RNA extraction.

2.2 RNA extraction and miRNA microarray analysis

Total RNA was extracted and purified using mirVana™
miRNA Isolation Kit (Ambion, Austin, TX, US) following
the manufacturer’s instructions and checked for a RIN
number to inspect RNA integration by an Agilent Bioana-
lyzer 2100 (Agilent technologies, Santa Clara, CA, US).

Then miRNA in the total RNA was labeled by miRNA
Complete Labeling and Hyb Kit (Agilent technologies,
Santa Clara, CA, US) followed the manufacturer’s instruc-
tions. Each slide was hybridized with 100 ng Cy3-labeled
RNA using miRNA Complete Labeling and Hyb Kit
(Agilent technologies, Santa Clara, CA, US) in a hybridiza-
tion Oven (Agilent technologies, Santa Clara, CA, US) at
55°C, 20 r/min for 20 h according to the manufacturer’ s
instructions. After hybridization, slides were washed in
staining dishes (Thermo Shandon, Waltham, MA, US) with
Gene Expression Wash Buffer Kit (Agilent technologies,
Santa Clara, CA, US). Slides were then scanned by Agilent
Microarray Scanner (Agilent technologies, Santa Clara, CA,
US) and Feature Extraction software 10.7 (Agilent tech-
nologies, Santa Clara, CA, US) with default settings.
Raw data were normalized by Quantile algorithm, Gene
Spring Software 11.0 (Agilent technologies, Santa Clara,
CA, US).

2.3 PlasmamiRNAsanalysis

The blood samples were collected from 20 patients with
type A AAD and 20 age- and gender-matched healthy con-
trols. A venous EDTA-treated blood sample was taken from
each patient within 24 h after symptom onset before any
surgical procedure. The blood samples were collected from
each healthy control after overnight fasting. After centri-
fuging at 2,000 g for 10 min at 4°C, the plasma was ali-
quoted and stored at —80°C until detection. The forty
plasma of the two groups were mixed, then divided, to ob-
tain two pooled samples. The processes of RNA extraction
and miRNA microarray analysis were identical to that de-
scribed above.

2.4 Target geneprediction

Prediction of miRNA target gene was performed by
computational algorithms according to their base-pairing
rules between miRNA and mRNA target sites, location of
binding sequences within the target’s 3’UTR, and conserva-
tion of target binding sequences within genomes. The target
genes of differentially expressed miRNAs were predicted by
online tools including TargetScan v5.1 (http:/www.target-
scan.org/), Sanger (http://www.sanger.ac.uk/), Pictar (http://
pictar.bio.nyu.edu/), and Miranda v5 (http://miRNA sanger.
ac.uk/).

25 Statistical analysis

Continuous variables are presented as mean + SD and
categorical data are presented as numbers and proportion.
The statistically significance of the microarray result was
analyzed by fold change and the Student t test. The thresh-
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old value we used to screen differentially expressed
miRNAs is a fold change > 2.0 or < 0.5 (P < 0.01).

3 Reaults

3.1 Basdine characterigtics of participants for aortic
tissue miRNAs microarray analysis and the differen-
tially expressed miRNAs

Table 1 shows the baseline characteristics of participators
for aortic tissue miRNAs microarray analysis. Participators
in the two groups were comparable for age and gender. One
AAD patient had concomitant hypertension and none of the
patients in the two groups had atherosclerosis.

Table 1. Basdline characteristics of participators for aortic
tissue miRNAs microarray analyss.

AAD (n=4) Control (n=4)
Tissue sample Ascending aorta Ascending aorta
Age, yrs 49.1+49 479+6.7
Male 4 (100%) 4 (100%)
Hypertension 1 (25%) 0"
Atherosclerosis 0 0

Data are presented as mean = SD or n (%). P > 0.05; AAD: acute aortic

dissection.

Figure 1 shows the main differentially expressed
miRNAs and 30 miRNAs were found to be dysregulated, of
which 13 were up-regulated and 17 were down-regulated in
AAD patients compared with healthy control subjects.
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Figure 1. Volcano plots showing the differentially expressed
mMiRNAs in AAD patients. The X axis represents the log 2 fold
change compared with healthy control subjects and the Y axis
represents —logl0 P-values obtained from the t test comparing
the mean normalized miRNA signal in AAD patients to that in
healthy control subjects. Top righted dots represent up-regulated
miRNAs with a fold change >2, while left righted dots represent
down-regulated miRNAs with fold change >2 in dissection patients
compared with that of healthy control subjects. AAD: acute aortic
dissection.

Table 2 displays the details of differentially expressed
miRNAs. Has-miR-31 was the most up-regulated miRNA
with nearly 500-fold increase in AAD patients, while the
most down-regulated miRNA was has-miR-936 with over a
thousand-fold decrease compared with healthy control sub-
jects.

3.2 Basdine characterigtics of participators for plasma
miRNAs microarray analysis and the differentially ex-
pressed miRNAs

The baseline characteristics of participators for plasma
miRNAs microarray are displayed in Table 3. The two
groups were comparable for age and gender, however, most
of AAD patients (70%) have concomitant hypertension and
one patient (5%) had atherosclerosis.

Table2. Differentially expressed miRNAsin AAD patients by
aortic tissue microarray analyss.

Differential miRNAs Fold change P value

Upregulated miRNAs
has-miR-31 496.48 0.034
has-miR-513b 46.81 0.011
has-miR-221* 16.73 0.016
has-miR-7 12.87 0.001
has-miR-933 10.35 0.02
has-miR-139-5p 8.07 0.049
has-miR-224 7.50 0.028
has-miR-30c-1* 5.99 0.026
has-miR-718 2.16 0.02
has-miR-1281 1.74 0.02
has-miR-4313 1.50 0.011
has-miR-425 1.50 0.035
has-miR-1238 1.28 0.041

Downregulated miRNAs
has-miR-198 0.45 0.015
has-miR-623 0.25 0.014
has-miR-3652 0.23 0.029
has-miR-658 0.20 0.016
has-miR-648 0.17 <0.0001
has-miR-501-3p 0.07 0.04
has-miR-3180-5p 0.07 0.045
has-miR-3605-5p 0.02 0.01
has-miR-1307 0.02 0.006
has-miR-3202 0.01 0.02
has-miR-4314 0.01 0.03
has-miR-3614-5p 0.01 <0.001
has-miR-B4 0.01 <0.001
has-miR-659 0.01 0.002
has-miR-3621 0.01 <0.001
has-miR-3660 0.01 <0.001
has-miR-936 0.00 <0.002

AAD: acute aortic dissection.
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Table 3. Basdline characteristics of participators for plasma
microarray.

AAD (n=20) Controal (n = 20)
Age (years) 533+13.5 519+11.2"
Male 14 (70%) 14 (70%)"
Hypertension 14 (70%) 0
Atherosclerosis 0 0

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

Table4. Differentially expressed miRNAswith change fold >
20in AAD patients by plasma microarray analyss.

Up-regulated Down-regulated
) Fold change ) Fold change

MiRNAs MiRNAs
has-miR-4313 42.39 has-miR-5703 0.03
has-miR-1825 39.16 has-miR-4505 0.03
has-miR-4725-5p 3532 has-miR-630 0.03
has-miR-4749-3p 32.02 has-miR-3663-3p 0.02
has-miR-425-3p 31.37 has-miR-371b-5p 0.02
has-miR-4652-3p 30.01 has-miR-5787 0.02
has-miR-933 26.75 has-miR-4530 0.02
has-miR-4769-3p 24.88 has-miR-6068 0.02
has-miR-4323 21.43 has-miR-144-3p 0.01
has-miR-122-5p 20.54 has-miR-4454 0.01

AAD: acute aortic dissection.

Table 5. Differentially expressed miRNAs in both aortic tis-
sue and plasmain AAD patients.

. . Fold change
miRNAs miRNA NO.
AortictissuemiRNA Plasma miRNA
has-miR-4313 MIMAT0016865 1.5 424
has-miR-933 MIMAT0004976 10.4 26.8
has-miR-1281 MIMAT0005939 1.7 17.8
has-miR-1238 MIMAT0005593 1.3 13.8

AAD: acute aortic dissection.

A total of 93 miRNAs were found to be dysregulated in
the plasma, of which 33 were up-regulated and 60 were
down-regulated in AAD patients compared with that of
healthy control subjects.

Differentially expressed miRNAs with fold change > 20
are shown in Table 4. Among these miRNAs, 10 were
up-regulated and 10 were down-regulated. The most up-re-
gulated miRNA was has-miR-4313 with 42.39-fold increase,
while the most down-regulated miRNA was has-miR-4454
with 100-fold decrease in AAD patients compared with that
of healthy control subjects.

3.3 Differentially expressed miRNAs in both aortic
tissueand plasma

Table 5 shows the differentially expressed miRNAs both

in aortic tissue and in plasma. Four miRNAs were included,
all of which were up-regulated in AAD patients. The rela-
tively higher up-regulated miRNAs were has-miR-4313 and
has-miR-933, the former with 1.5- and 42.4-fold increase in
aortic tissue and in plasma, and the latter with 10.4- and
26.8-fold increase in AAD patients.

34 Potential targetsof thefour differentially expressed
mMiRNAs

The predicted target genes of the four differentially
expressed miRNAs are shown in Figure 2. Computational
algorithms show that has-miR-4313 mainly targeted genes
related to cell-cell recognition and adhesion, notch signaling,
and TGFB2-ERK signaling pathway that involved in cell
proliferation. Has-miR-933 mainly targeted genes related to
collagen metabolism, morphogenesis, and cell apoptosis,
while the predicted targeted genes of has-miR-1281 and
has-miR-933 participate in cytoskeleton organization, in-
flammation, cell adhesion, and multiple signaling pathways
associated with cellular proliferation, differentiation, and
apoptosis.

4 Discussion

The present study analyzed the differentially expressed
miRNAs by microarray between patients with AAD and
healthy control subjects, and further detected four dysregu-
lated miRNAs in both aortic tissue and plasma. Predicted
miRNA targets indicated the four dysregulated miRNAs
mainly targeted cell-cell adhesion, extracellular matrix me-
tabolism, cytoskeleton organization, inflammation, and
multiple signaling pathways related with cellular processes.

In recent years, it was confirmed that circulating miRNA,
in contrast to mRNA, is strikingly stable in plasma.!"” Mul-
tiple studies have reported circulating miRNAs may be used
as biomarkers for clinical diagnosis,”™ novel targets for
treatment,””'! drug sensitivity/resistance testing,”” as well as
prognosis judgment.”” In the cardiovascular field, it also
found dysregulation of miRNAs was associated with many
clinically relevant cardiovascular conditions including my-
ocardial infarction,**, heart failure®’, arrhythmia[%], etc.

AAD is the most lethal vascular emergency and there is a
lacking of ideal biomarkers for early diagnosis. Although
D-dimer is widely used to screen patients with AAD in
clinical practice, the pooled specificity for diagnosing AAD
by meta-analysis is 0.56 (95%CI: 0.51-0.60).*” Therefore,
a search for novel biomarkers specifically associated with
AAD is of great importance for initiation of treatment and
improved survival. MiRNAs have been recently found to
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Figure2. Predicted target genesof thefour differentially expressed miRNAs by bioinformatics analysis.

play an important role in the regulation of vasculature. Both
miR-143 and miR-145 are highly expressed in vascular
smooth muscle cells (VSMCs) and in vitro experiments
indicate the miR-143/145 cluster is required for maintaining
VSMC tone.”™ In contrast, miR-145-null mice exhibited
blood vessels with a reduced medial layer, abnormalities in
actin stress fiber formation and phenotype switch in re-
sponse to vascular injury.” The miR-26a is down
-regulated in mouse models of abdominal aortic aneu-
rysm.”” And over-expression of miR-21, another miRNA
that is critical for VSMC phenotype regulation, protects
against abdominal aortic aneurysm progression. Conversely,
inhibition of miR-21 further augments ongoing abdominal
aortic aneurysm formation.®") These results suggest that
some miRNAs perform an important role in the patho-
logic processes of aorta disease. whether
miRNAs could be used as biomarkers for diagnosing AAD
in clinical practice remains unclear.

Ideal biomarkers should be characterized as tissue- or
organ-specific in plasma and, indeed, some miRNAs were
reported to be heart- and vascular-specific miRNAs, such as
miR-499, produced almost exclusively in the heart.*”
Therefore, we screened the differentially expressed
miRNAs in both aortic tissue and plasma with the aim of
detecting miRNAs specifically associated with AAD. Four
miRNAs in AAD patients were found to be up-regulated in
both aorta tissue and plasma; moreover, the fold change was

However,

striking ranging from over 10- to 40-fold increase in plasma
compared with healthy control subjects, making the dis-
crimination between AAD cases and disease-free cases ac-
cessible. Furthermore, displays of bioinformatics analyses
that the four differentially expressed miRNAs mainly target
genes related to collagen metabolic, cytoskeleton organiza-
tion, inflammation, cell adhesion, and multiple signaling
pathways associated with cellular proliferation, differentia-
tion, and apoptosis, all of which have been considered to be
involved in the pathogenesis of AAD. Our study suggests
the four miRNAs may not only participate in the pathologi-
cal processes of AAD, but also be the potential biomarkers
for AAD.

Limited studies on the differential expression of miRNAs
between aortic dissection patients and healthy control sub-
jects have been reported. In the report of Liao, et al.'” 18
miRNAs were up-regulated and 56 down-regulated in dis-
section patients and seven selected miRNAs were verified
by quantitative reverse transcription polymerase chain reac-
tion (QRT-PCR) with consistent expression of microarray
analysis. Target gene-related pathway analysis showed a
significant change in the focal adhesion and the mito-
gen-activated protein kinase signaling pathways in patients
with aortic dissection. Hu, et al.'¥ also analyzed the differ-
entially expressed miRNAs in aortic dissection and normal
aorta tissue and found five miRNAs were dysregulated,
however, only one miRNA was verified by qRT-PCR to be
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consistent with the results of microarray analysis. This sug-
gests that although microarray technology has an advantage
of high throughput screening, it still has relatively high false
positive results. Therefore, studies with large sample sizes
are needed to reduce the chances of a false positive conclu-
sion. Moreover, the differentially expressed miRNAs were
inconsistent, possibly in part due to genetic heterogeneity
and the limited sample sizes, while also a reflection of the
complexity of pathogenesis in AAD.

In conclusion, our study analyzed the differentially ex-
pressed miRNAs between patients with AAD and healthy
control subjects, and detected four miRNAs that were
up-regulated in both aortic tissue and plasma in AAD pa-
tients compared with healthy control subjects. Currently, we
are verifying the validity and sensitivity of the four miRNAs
in a large sample of AAD patients and controls by
gRT-PCR. Meanwhile, we are also testing the specificity of
the four miRNAs in AAD by measuring the expression of
these miRNAs in a wide spectrum of diseases. It is antici-
pated some miRNAs will be validated as novel biomarkers
for early diagnosis of AAD.
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