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MicroRNAs (miRNAs) are deregulated in various vascular ailments including abdominal aortic aneurysm (AAA). MiR-103 is
involved in vascular, metabolic, and malignant diseases, but whether it participates in the pathogenesis of AAA remains elusive.
ADAMIO plays a vital role in the formation of aneurysm, but whether miRs modulate its activity during AAA formation is totally
unknown. In this study, we detected the significantly increased protein expression of ADAMIO in angiotensin II induced murine
AAA specimens, while the mRNA expression of ADAMI0 was similar between AAA and control, suggesting the posttranscriptional
regulation. The ADAMIO specific inhibitor GI254023X dramatically reduced the macrophage infiltration of murine abdominal
aorta. Bioinformatic predictions suggest that ADAMIO is the target of miR-103a/107 but the binding site is exclusive. At the cellular
level, miR-103a-1 suppressed the protein expression of ADAMI0, while antisense miR-103a-1 increased its expression. Particularly,
with the progression of murine AAA, the mRNA expression of miR-103a/107 substantially decreased and the protein expression of
ADAMIO greatly increased. Together, our data afford the new insight that miR-103a inhibited AAA growth via targeting ADAMIO,
which might be a promising therapeutic strategy to alleviate AAA.

1. Introduction

MicroRNAs (miRNAs) are highly conserved, 22-nucleotide-
long noncoding RNAs that negatively regulate gene expres-
sion at the posttranscriptional level [1]. MiRNA exerts
the regulatory activity by interacting with complementary
sequences (frequently in the 3'-untranslated region (3'-
UTR)) of mRNA targets. These interactions may lead to the
protein translation inhibition or target mRNA degradation
depending on whether miRNAs and their targets are per-
fectly complementary. MiRNAs are dysregulated in various
vascular diseases and they play an essential role in aneurysm
pathogenesis [2, 3]. A number of miRNAs have been inferred
to participate in the aneurysm formation [4, 5]. In recent
years, miRNAs have been recognized as critical regulators in
development and progression of abdominal aortic aneurysm
(AAA) [6,7].

An aortic aneurysm is a balloon-like bulge in the aorta,
the large artery that carries blood from the heart through the
chest and torso. Aortic aneurysms were the primary cause
of 9,863 deaths in 2014 and a contributing cause in more
than 17,215 deaths in the United States in 2009 [8]. Although
imaging and surgical techniques have substantial progress
in the last decades, no effective drug therapy is available
until recently [4], and AAA is still life-threatening, especially
among elders. It is vital to develop early detection method and
efficient drug-based therapies for AAA patients [9, 10].

MiR-103 is a member of the miR-15/107 family [11].
Accumulating data indicate that the deregulation of miR-103
contributes to various diseases, such as myocardial infarction
[3], cancer [12], and diabetes [13]. However, whether it is
involved in the pathogenesis of AAA has never been reported.
The principal TNF-a (tumor necrosis factor-«) converting
enzyme, a disintegrin and metalloproteinase 17 (ADAMI7),
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TABLE 1: Primers for plasmid construction, qRT-PCR, and oligonucleotide.

Primer name

Nucleotide sequence

Plasmid construction
ADAMI0Xhol
ADAMIONotI
mutADAMI0
mutADAMIO

qPCR
ADAMIO
ADAMIO0
miR103a
miR107
snRNAU6
snRNAU6
GAPDH
GAPDH
pri-miR-103a-1

~ m &= ™

5'CCGCTCGAG CTGCAGCTTTTGCCTTGGTTCTTC 3'

5' ATAAGAATGCGGCCGC TTTTTGGGTGTTTTAAAAAGGTTTATTG 3’
5'CGTGTTCCCTGTTCTTCGTCAACAAATTTTCTTCACTTGCAGGCA 3'
5'TGCCTGCAAGTGAAGAAAATTTGTTGACGAAGAACAGGGAACACG 3’

5'CGTGTTCCCTGTTCTTCGTT 3'
5'TAGCCTTGATTGGCAGTTGA 3'

5' AGCAGCAUUGUACAGGGCUAUGA3'
5' AGCAGCAUUGUACAGGGCUAUCA3'
5'GCTTCGGCAGCACATATACTAAAAT3'
5'CGCTTCACGAATTTGCGTGTCAT3'
5'TGACTTCAACAGCGACACCCA3'
5'CACCCTGTTGCTGTAGCCAAA3'
5'TGCTCACCACTATACCACCAG3'

pri-miR-103a-1
pre-miR-103a-1

=~ m ™”X m=xX ™%X ™ ™ X ™

pre-miR-103a-1

5'CAAAGAATCCCAACTATATGGTC3'
5'CCCTCGGCTTCTTTACAGTG3'
5'CAATGCCTTCATAGCCCTG3'

is involved in the development of human AAA [9]. No study
suggests the involvement of some other members of ADAM
family, for example, ADAM9 and 12, in the formation of AAA.
In recent years, ADAMIO has been found to participate in
the development of AAA [14] and thoracic aortic aneurysm
[15], but its regulatory factor is elusive. Could ADAMIO
be regulated by miRs? Does miR-103 suppress the AAA
formation by directly interacting with its targets of aortic
tissues? To date, there is no study reporting the implication
of miR-103 in the progression of AAA.

In the present study, we determined the potential effect of
miR-103 on murine AAA progression. Our data confirmed
the direct interaction between miR-103a-3p and ADAMI0
and showed that miR-103a-3p has lower expression level
in AAA samples, accompanied by the increased expres-
sion of ADAMIO proteins. We found that miR-103a, whose
expression could be increased by its SNP, inhibited ADAMI10
protein expression in vitro. Given that the ADAMIO0 inhibitor
reduced the inflammation of murine aortic wall and the for-
mation of AAA and enhanced expression of miR-103a and/or
interfering with ADAMIO0 function might be a promising
AAA therapeutic strategy.

2. Materials and Methods

2.1. Angiotensin (Ang) II Infusion Model and Murine Samples.
Osmotic pumps (Alzet model 2004) containing Ang II
(1 ug/kg per minute; Sigma-Aldrich) were implanted in 10-
week-old apoE—/— male mice (day 0; C57BL/6] background).
The aorta diameter was determined by ultrasonic imaging [7].

AAA samples and their adjacent normal tissues were
collected from AAA mouse in the First Affiliated Hospital
of Harbin Medical University and immediately stored in
liquid nitrogen until use. No mice had been treated with

radiotherapy or chemotherapy before surgery. The study
was approved by the Ethics Committee of the 1st Affiliated
Hospital of Harbin Medical University.

2.2. Cell Culture. Smooth muscle cells (SMCs) were grown
in RPMI1640 medium (GIBCO Laboratories, NY, US)
and HEK293T cells were grown in DMEM medium. All
media were supplemented with 10% fetal bovine serum
(Sigma), 100 U/mL penicillin G, and 100 yg/mL streptomycin
(GIBCO). All cells were cultured at 37°C in a humidified
incubator containing 5% CO,.

2.3. Vectors Construction, Oligonucleotide Synthesis, and
Transfection. Table 1 listed all related DNA sequences. Cells
were plated at 60% to 70% confluency on the day before trans-
fection. Human microRNA mimics and the corresponding
antisense RNAs were synthesized by Takara (Dalian, China).
The microRNAs and antisense RNAs were transfected at a
final concentration of 20 nmol/L, using lipofectamine 2000
(Invitrogen) according to the manufacturer’s recommenda-
tions.

2.4. Quantitative Real-Time PCR (qRT-PCR). Quantitative
real-time RT-PCR was conducted similar to that described
previously [9, 16, 17]. Total RNA, including >18 nt miRs,
was isolated using miRNeasy Mini Kit (Qiagen, Germany)
according to the manufacturer’s instructions. Afterwards,
RNA was reverse transcribed, using ReverTra Ace qPCR RT
Master Mix with gDNA Remover (Toyobo, Shanghai; for
ADAMI0) and miScript I RT Kit (Qiagen; for miRs), respec-
tively. Subsequent qRT-PCR was performed using SYBR
Green Real-Time PCR MasterMix-plus (Toyobo), miScript
SYBR Green PCR Kit, and miScript Primer Assay (Qiagen),
on a CFX96 Real-Time PCR System (Bio-Rad, US) as follows:
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95°C for 30s and then 40 cycles of 95°C for 5s and 60°C
for 30s and one step of 95°C for 15s. Each amplification
reaction was performed in triplicate in a final volume of 20 yL
containing 2 uL of the cDNA. Fluorescence was detected
at the end of each cycle. The expression levels of miRNAs
were normalized to U6 and were calculated using the 2744
method.

2.5. Western Blot Analysis and Immunohistochemistry (IHC).
To determine the level of ADAMIO and other protein
expressions, total cell or tissue extracts were extracted in
cell lysis buffer (Millipore), followed by SDS-PAGE and
Western blot analysis. Equal quantities of tissue lysates
were resolved by SDS-PAGE, transferred onto PVDF mem-
branes (Roche Diagnostics, Indianapolis, IN, USA) using
electroblotting, probed with specific primary antibodies,
followed by horseradish peroxidase- (HRP-) conjugated sec-
ondary antibodies, and then analyzed. The primary anti-
bodies used were rabbit polyclonal to ADAMI0 ADAMI0
(1:1,000; Abcam, ab1997, Cambridge, UK), rabbit polyclonal
to ADAM17 (Abcam, ab2051), rabbit polyclonal to ADAM9
(Abcam, ab186833), rabbit polyclonal to ADAMI2 (Abcam,
ab39155), and monoclonal rabbit anti-human GAPDH anti-
body (1:500; Santa Cruz Biotechnology, Inc., CA, USA) and
were detected using HRP-conjugated goat anti-rabbit IgG
antibody (1:500; Millipore) in blocking solution. The 75kDa
band was used to analyze changes in ADAMIO expression
in all the experiments. Immunoreactive protein bands were
visualized using a Luminata Crescendo Western HRP Sub-
strate (Millipore), scanned, and quantified for pixel density
by the optical density (OD) method, using the Tanon 5200
automatic chemiluminescence imaging system (Shanghai,
China).

For detecting CX3CL1, TNF-«, IL-6R, and VE-cadherin
in aorta tissues and cultured cells, the rabbit polyclonal
to CX3CLI (Abcam, ab25088), rabbit polyclonal to TNEF-
« antibodies (Abcam, ab9739), rat monoclonal to IL6R
(Abcam, ab83053), and rabbit monoclonal to VE-cad-
herin (Abcam, ab205336) were used as the primary
antibodies, followed by the procedures as described
above.

Immunohistochemical analysis was performed to deter-
mine ADAMIO protein localization and expression. The
primary antibody (rabbit anti-human ADAMI0; Abcam)
was diluted at 1:500 and ADAMIO binding was visualized
using the standard avidin/biotinylated enzyme complex-HRP
staining procedure, with 3,3'-diaminobenzidine as a chro-
mogen and a HRP-conjugated goat anti-rabbit IgG antibody
(1:500; Millipore). The sections were examined using an
optical microscope (BX40; Olympus Corporation, Tokyo,
Japan). Cells that contained brown-yellow stained granules in
the membrane and cytoplasm were considered positive. Next,
five hundred cells in five randomly selected fields under high
magnification were counted. Presence of <5% of positive cells
was classified as (), then 5-50% as (+), 50-75% as (++), and
>75% as (+++).

For detecting Mac-2 in aorta tissues, the purified
monoclonal anti-mouse Mac-2 antibody (BioLegend,

US) was used, followed by the procedures as described
above.

2.6. Luciferase Reporter Assay. To construct the psiCHECK2-
ADAMI0-3'UTR plasmid that contained the potential bind-
ing sites of the ADAMIO 3'-UTR downstream of the fire-
fly luciferase gene, a 2346 bp sequence was amplified and
inserted into the Xhol and Notl sites of the psiCHECK-
2 Luciferase vector (Promega, Madison, WI, USA). The
plasmid with the ADAMI0 3'-UTR, where the miR-103 target
site was subjected to the site-directed mutagenesis, was also
constructed. Site-directed Gene Mutagenesis Kit was used
for site-directed mutagenesis of ADMAIO mutated clone
(Beyotime NO.D0206). HEK293T cells were used to measure
luciferase activity. When they grew to 60-70% confluence,
cells were cotransfected with 100 ng luciferase plasmid and
50 ng Renilla luciferase plasmid (Ambion, Austin, TX, USA)
along with 650 ng miR-103 mimic or NC as described above.
After incubation for 48 h at 37°C, the luciferase activity was
quantified with the Dual-Luciferase Reporter Assay System
(Promega). The Renilla luciferase activity was used as internal
control and the firefly luciferase activity was calculated as
the mean + SD after being normalized by Renilla luciferase
activity.

2.7 The Effect of SNP on the Expression Level of miR-103a-1.
Search the SNP site of miR-103-1 from Mfolg program version
3.5 (http://mfold.rna.albany.edu/?q=mfold/RNA-Folding-
Form) to predict pre-miR-103a-1 rs760057865(C) and pre-
miR-103a-1 rs760057865(G) secondary structure. Determine
the effect of SNP on miR-103a in vitro cell model, the first,
cell transfection. Logarithmic growth phase cells, according
to Invitrogen lipofectamine 2000, were transfected into the
plasmid and transfection reagent. After 4 to 6 hours, we
observed the cell condition that changed the culture medium.
After 24 h, we observed the fluorescent, when the rate of
fluorescent was more than 80%, took the picture, and than
added 500 uL medium. The cells were harvested for RNA
isolation. And then we did the Real-Time PCR and collected
the cells, total RNAs were extracted with TRIzol, cDNA
synthesis was performed using the dNTP, M-MLV-RTase
(Promega), and quantitative PCR was performed using the
SYBR Master Mixture (Takara). The statistics were analyzed
use F = 2744Ct

2.8. Bioinformatics and Statistical Analysis. MiRs interact-
ing with ADAMI0 3' UTR were predicted by Targetscan
(http://www.targetscan.org), RNAhybrid (http://bibiserv
.techfak.uni-bielefeld.de/rnahybrid/), and miRanda (http://
www.microrna.org) software.

The software SPSS version 20.0 was used for statistical
analysis. All values are expressed as mean + SEM and all
data have been repeated at least three times. Student’s ¢-tests
were used to determine the statistical significance of differ-
ences between groups. Spearman’s correlation was applied
to identify the correlation between miR-103a expression and
ADAMIO expression. Differences with p < 0.05 were
considered significant.
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3. Results

3.1. ADAMIO Was Upregulated in Murine AAA. On day 21
of angiotensin (Ang) II infusion, the expression of ADAMI0
protein in AAA was more than twice that in control tissues
(Figure 1(a)), accompanied by the significantly increased
expression of ADAMY, 12, and 17 (p < 0.05) (Figures
1(b)-1(d)). Immunohistochemistry (IHC) showed abundant
ADAMIO protein (red color) in the aneurysmal aorta (Fig-
ure1(e)). The ADAMIO index of AAA was significantly higher
than that of normal aorta (p < 0.05). Intriguingly, the
mRNA expression of ADAMI0 was not different between
AAA and control (p > 0.05) (Figure 1(f)), implying the
posttranscriptional regulation of ADAMIO.

3.2. ADAMIO Was Involved in the Formation of Murine AAA.
GI254023X is a specific inhibitor of ADAMIO [18] and was
used here to study the correlation between ADAMIO and
murine AAA. On day 14 of angiotensin II infusion, the
administration of GI254023X significantly reduced the size of
the AAA (Figure 2(a)), and the aorta diameter was decreased
from 0.74 mm (no inhibitor) to 0.4l mm (Figures 2(b) and
2(c)), which was comparable to that of control (0.37 mm)
(esote MyLab-60, probe 6-18 hz). On day 21, the inhibitory
effects of GI254023X were still significant. The MSBP (mean
systolic blood pressure) was similar between control group
and GI254023X group (Figure 2(d)), which was substantially
lower than that of angiotensin II group.

Correspondingly, GI254023X noticeably inhibited the
macrophage infiltration within the murine aortic walls, which
is supported by the reduced Mac-2 protein (red color) [19]
of the macrophage surface in IHC (Figure 2(e)). Western
blot analysis confirmed that the ADAMIO protein level
in Angll group was nearly four times that in GI254023X
group (Figure 2(f)). Moreover, GI254023X suppressed the
protein expression of (C-X3-C motif) ligand 1 (CX3CLI)
(Figure 2(h)), IL-6R (Figure 2(i)), and VE-cadherin (Fig-
ure 2(j)), an endothelial proinflammatory chemokine that
binds monocyte CX3C chemokine receptor 1 (CX3CRI) [20,
21], while it did not decrease the expression of TNF-«
(Figure 2(g)), a substrate of ADAMI7. These data suggest
that ADAMIO could enhance the macrophage infiltration,
exacerbate the inflammatory response, and promote the AAA
formation in mice.

3.3. ADAMIO Is the Direct Target of miR-103a/107. All three
software programmes identified targeting sites for miR-103a-
3p and miR-107 in the 3'-untranslated region (3'-UTR) of
ADAMIO (Fig. SIA-C, in Supplementary Material available
online at https://doi.org/10.1155/2017/9645874). The 3'UTR
sequence of ADAMIO0 was amplified from human genomic
DNA and cloned into the dual-luciferase reporter vector.
The reporter plasmid with the mutated binding site of
miR-103a/107 was also constructed. In HEK 293T cells,
transfection of human miR-103a-3p led to the significant
decrease of luciferase activity (58% of the blank, Figure 3(a);
p = 0.000155, Figure 3(b)), while transfection of miR-103a
inhibitor did not result in the reduction of luciferase activity.

BioMed Research International

Comparing miR-103a group and negative control (NC) group,
we found the significantly higher luciferase activity in the
latter (p = 0.004107), indicating that miR-103a influenced
the fluorescence by binding ADAMI10 3'UTR. The luciferase
activity of 103a inhibitor group was substantially higher
than those of blank group and NC inhibitor group (p =
0.002351 and 0.011695, resp.), suggesting that the endogenous
miR-103a of 293T cells could inhibit the Renilla luciferase
of reporter plasmid, and 103a inhibitor suppressed both
endogenous and exogenous miR-103a. These data support
that miR-103a bound ADAMI0 3'UTR, inhibited target gene
expression, and suppressed the luciferase activity. Moreover,
there could be only one binding site.

In comparison, transfection of either miR103a/inhibitor
or NC/inhibitor did not elicit any significant change of
luciferase activity (Figures 3(a) and 3(b)), as compared with
the blank group. These results suggest that the mutated
ADAMI0 3"UTR could not bind miR-103a and the latter’s
inhibitory activity of luciferase was abolished.

As human miR-103a and miR-107, abundantly expressed
in vasculature [13, 22] (see below), are evolutionarily closely
related and belong to the same miR family [11], we also
transfected miR-107 and reporter plasmid into 293T cells
and found that the exogenous miR-107 led to the significant
decrease of luciferase activity (61% of the blank, Figure 3(c);
p = 0.001753, Figure 3(d)). The reported activity of miR-
107 group was much lower than that of NC group (p =
0.000443), indicating that miR-107 influenced the fluores-
cence by binding ADAMI0 3'UTR. The luciferase activity of
107 inhibitor group was substantially higher than those of
blank group and NC inhibitor group (p = 0.020667 and
0.013883 resp.), suggesting that the endogenous miR-107 of
293T cells could inhibit the Renilla luciferase of reporter
plasmid, and 107 inhibitor suppressed both endogenous and
exogenous miR-107. In contrast, miR-107 could not bind
the mutated ADAMI0 3'UTR and its inhibitory effect of
luciferase was abolished (Figure 3(d)).

Taken together, these data identified ADAMIO as the
direct target of miR-103a/107.

3.4. MiR-103a Suppressed the ADAMIO Expression In Vitro.
The overexpression and inhibition of miR-103a in SMCs were
performed to determine its role in AAA. The overexpression
of miR-103a apparently inhibited the protein expression of
ADAMIO in vitro (p < 0.05) (Figure 4(a)). In contrast, the
overexpression of miR-107 marginally decreased ADAMI0
in SMCs. The anti-miR-103a inhibited miR-103a and subse-
quently significantly upregulated the ADAMIO protein level
(p < 0.05) (Figure 4(b)). The anti-miR-107 caused the
increase of ADAMIO to a lesser degree.

3.5. Temporal Expression of ADAMIO and miR-103a/107
in Murine AAA. We measured miR-103 level, using qRT-
PCR, in the murine AAA tissues (Figure 5(a)). MiR-103
was downregulated in AAA and closely associated with
AAA formation and progression. We reveal that miR-103
expression was inversely correlated with ADAMI0 in murine
AAA samples. In aortas of apolipoprotein E-deficient mice on
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(b) ADAMI7 (control, 1.71+£0.33; Angll, 5.89+0.45; p, 0.000); (c) ADAMY (control, 2.10+0.49; AnglI, 7.12+0.60; p, 0.000); and (d) ADAMI2
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group, n = 18, and AnglI + GI254023X group, n = 6; (¢) examples of IHC staining of Mac-2 in AAA macrophages with/without GI254023X
(scale bar 10 ym) (AnglI, 0.017+0.002; AngII + GI254023X, 0.004+0.003; p, 0.0151), AnglI group, n = 4, and AnglI + GI254023X group, n = 8;
(f) comparison of ADAMIO protein expressions with/without GI254023X by Western blot analysis (AnglI, 0.98 + 0.44; AngII + GI254023X,
0.26 £ 0.12; p, 0.002), AnglI group, n = 5, and AnglI + GI254023X group, n = 4; (g) comparison of TNF-« protein expressions with/without
GI254023X by Western blot analysis (AngII, 0.08 +0.03; AngII + GI254023X, 0.38+0.11; p, 0.06), AnglI group, n = 6, and AngII + GI254023X
group, n = 6; (h) comparison of CX3CLI protein expressions with/without GI254023X by Western blot analysis (AngII, 2.40 + 0.41; AnglI
+ GI254023X, 1.62 + 0.22; p, 0.02), Ang II group, n = 6, and AnglI + GI254023X group, n = 6; (i) comparison of IL-6R protein expressions
with/without GI254023X by Western blot analysis (AngII, 0.99 +0.33; AngII + GI254023X, 0.32+0.07; p, 0.04), AngII group, n = 5, and AngII
+ GI254023X group, n = 4; (j) comparison of VE-cadherin protein expressions with/without GI1254023X by Western blot analysis (AngII,
421.18 + 110.00; AnglI + GI254023X, 230.48 + 62.72; p, 0.04). GAPDH is the reference protein; *p < 0.05, ** P < 0.01, AnglI group, n = 5,
and AnglI + GI254023X group, n = 4.

angiotensin II infusion, the mRNA expression of miR103a-  the precursor microRNA (pre-miR). The expression level of
3p was significantly decreased on day 14 as compared with ~ pre-miR-103a-1 in WT103 + WT67 was 4792513.1 times that
control group (p < 0.01). MiR103a-3p expression on day  of NC (Figure 6(b)), and MU103 + WT67 further increased
28 was still substantially lower than control (p < 0.01),  its expression (p < 0.01, compared to WT103 + WT67
although it was a little higher than that on day 14. The mRNA  or NC). Consequently, the transfection of mutant pri-miR-
expression of miR107-3p was also dramatically decreased on ~ 103a-1, containing the SNP rs760057865 (C>T), significantly
day 14 as compared with control (p < 0.05) (Figure 5(b)), but enhanced the expression of human miR-103a-1 in HEK293T
its expression on day 28 was not substantially different from  (p < 0.01, Figure 6(c)). These results suggest that SNP of the
that of control. The protein expression of ADAMIO0 gradually ~ miRNA might influence its expression level, followed by the
increased between day 0 and day 14 (Figure 5(c)), and the altered modulation of ADAMI0 expression.

expression level on day 14 was noticeably higher than that
of control (p < 0.05). Although the ADAMIO0 expression on
day 28 decreased, it was still considerably higher than that of
control group (p < 0.05). These results suggest the negative
modulation of ADAMI0 by miR-103a-3p.

4. Discussion and Conclusion

Several studies have addressed the involvement of miRs in
aneurysm formation and complications [4]. For instance,
miR-195 targets a cadre of extracellular matrix proteins and
3.6. The Effect of rs760057865 (C>T) on the Expression Level ~ displays significant inverse correlation with aortic diameter
of miR-103a-1. SNP site of miR-103-1 was shown in Fig. S2. [23]. MiR-24 limits aortic vascular inflammation and murine
In HEK293T cells, the expression level of pri-miR-103a-1in ~ abdominal aneurysm development [7]. Downregulating
NC + WT67 was 45.4% of NC group (Figure 6(a)). The miR-98 increased the chemotaxis of THP-1 macrophages and
expression level of pri-miR-103a-1 in WT103 + WT67 was ~ MCP-1 induced IL-6 expression in THP-1 cells [6]. Notwith-
150501.5 times that of NC, and MU103 + WT67 expressed  standing, ADAM family members are not the target of these
much higher level of pri-miR-103a-1 (p < 0.01, compared  antianeurysm miRs, and whether miR103a/107 is involved
to WT103 + WT67 or NC). The pri-miRis processed to form  in the pathogenesis of AAA has never been revealed. We
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FIGURE 3: The dual-luciferase reporter assay indicates that ADAMIO is the direct target of miR-103a/107. (a) Luciferase activities on the
cotransfection of the reporter plasmid with normal ADAMIO 3'UTR (blank, 3.503+0.0697; hsa-mir-103a-3p, 2.048 +0.0587; hsa-mir-103a-3p
inhibitor, 4.196 +0.0924; NC, 3.453 + 0.1123; NC inhibitor, 3.453 +0.0513; p, 3'UTR ADAMIO + hsa—mir—103a—3p/3'UTR ADAMI0, 0.000155;
3'UTR ADAMIO + hsa-mir-103a-3p/3'UTR ADAMI0 + NC, 0.004107; 3'UTR ADAMIO + hsa-mir-103a-3p inhibitor/3 UTR ADAMIO,
0.002351; 3'UTR ADAMIO0 + hsa-mir-103a-3p inhibitor/3' UTR ADAMI0 + NC inhibitor, 0.011695); (b) the effect of mutated ADAM10 3'UTR
on the luciferase activity when cotransfecting blank, human miR-103a-3p, 103a inhibitor, NC, or NC inhibitor (blank, 5.071+0.0938; hsa-mir-
103a-3p, 5.061 £ 0.0910; hsa—mir—103a-3p inhibitor, 5.146 + 0.1471; NC, 5.164 + 0.0577; NC inhibitor, 5.135 + 0.0961; p, 3'UTR mut ADAMI0
+ hsa—mir—lO3a—3p/3'UTR mut ADAMI0, 0.933656; 3’ UTR mut ADAMI0 + hsa-mir—103a-3p/3'UTR mut ADAMI0 + NC, 0.346206; 3'UTR
mut ADAMIO + hsa-mir-103a-3p inhibitor/3' UTR mut ADAMIO0, 0.177698; 3' UTR mut ADAMIO + hsa-mir-103a-3p inhibitor/3' UTR mut
ADAMIO + NC inhibitor, 0.811131); (c) luciferase activities on the cotransfection of the reporter plasmid with normal ADAMI0 3'UTR (blank,
3.503 + 0.0697; hsa-mir-107, 2.139 + 0.0671; hsa-mir-107 inhibitor, 3.892 + 0.0292; NC, 3.453 + 0.1123; NC inhibitor, 3.425 + 0.0982; ps 3'UTR
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thus investigated the mechanisms underlying the role of miR-
103 in AAA formation and progression and provide the first
batch of evidence that miR-103a/107 may contribute to the
pathogenesis of aortic aneurysm via suppressing ADAMIO0.
ADAMs are a family of transmembrane and secreted
metalloendopeptidases. All ADAMs are characterized by a
particular domain organization featuring a prodomain, a
metalloprotease, a disintegrin, a cysteine-rich, an epidermal-
growth factor like, and a transmembrane domain, as well as a
C-terminal cytoplasmic tail [24]. Nonetheless, not all human
ADAMs have a functional protease domain. Those ADAMs
which are active proteases are classified as sheddases because
they cut off or shed extracellular portions of transmembrane
proteins [25]. Among these ADAMs, ADAM17 was the first
sheddase to be identified and plays a crucial role in cell-
cell communication, being able to release not only TNF-
« but also several other transmembrane proteins, including
cytokines, adhesion molecules, receptors, and growth fac-
tors [8]. ADAMIO is another important membrane-bound
sheddase of ADAM family, which is required for the proper
functioning of Notch, Eph/ephrin, HER2 receptor, or classic
cadherins [24, 26]. During the last decade, ADAMI2 emerged
as the most strongly functional ADAM in human tumor
development. Upregulation of ADAMI2 has been described
in numerous cancers, including breast, colon, hepatocellular
carcinomas, glioblastomas, stomach, oral cavity, esophagus,

bladder, lung, and giant cell tumors of bone [27-30]. It
has been found that, besides ADAMI2, several ADAMs,
including ADAMY, 10, 17, and 19, are also involved in the
tumorigenesis, invasion, and metastasis of several types of
solid tumors [26, 28, 29, 31-35]. In addition, ADAMI2 is
strongly expressed in the cardiovascular system, erythroid
progenitors, brain, and jaw cartilage during zebrafish devel-
opment [36]. The significant increase of ADAMIO in arteries
may contribute to the progression of atherosclerosis [37]. The
neutrophils of the intraluminal thrombus exposed to tobacco
smoke extract showed increased ADAMIO and 17 content,
cleavage of these molecules into active forms, and release
of membrane microvesicles carrying mature ADAMI0 and
detectable ADAM17, which contributed to the damage of the
underlying aortic wall [38]. As might be expected, we found
that both ADAMI0 and ADAM]Y7 proteins were upregulated
in the murine AAA in the current study, which is similar to
the previous observation that both transmembrane proteases
are also elevated in the rat thoracic aortic aneurysm [39]. The
data also offer new experimental support for the involvement
of ADAMIO in the development of AAA, consistent with
previous study [14].

ADAMIO is involved in the shedding of dozens of sub-
strates, such as CX3CLI [40], IL6-receptor (IL-6R) [40-42],
TNF-a, and vascular endothelial cadherin (VE-cadherin)
(43, 44]. Among these substrates, Notch, CD44, IL-6R,
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CX3CLl1, CXCL16, VEGFR2, and VE-cadherin are of spe-
cial importance for vascular biology [45]. The cleavage
events mediated by ADAMIO play a critical role in various
inflammation-related diseases [46], as well as the pathogen-
esis of vascular diseases [43]. ADAMIO modulates vascular
permeability by cleaving endothelial adhesion molecules
including VE-cadherin [43, 44]. And it is also the main
protease responsible for the ectodomain shedding of var-
ious cell surface molecules including the IL-6R and the
transmembrane chemokines CX3CLI1 and CXCLI6 [40, 41].
Interestingly, endogenous IL-6R of both human and murine
origin is shed by ADAMI7 in an induced manner, whereas

constitutive release of endogenous IL-6R is largely mediated
by ADAMIO [42]. IL-6R concentrations are typically elevated
in a variety of inflammatory disorders [47]. The chemokine
CX3CLL expressed by endothelial cells [21], could interact
with the monocyte C-X3-C motif receptor 1 (CX3CR1) and
attract monocyte into the inflammatory site of aortic walls.
During liver injury, the CX3CL1/CX3CRI signaling pathway
was activated by NF-xB and CD4+, CD8+, and NKT cell infil-
tration increased in the liver [20]. GI254023X potently blocks
the constitutive release of IL-6R, CX3CLl, and CXCLI6,
which is in line with the reported involvement of ADAMIO0
but not ADAMI7 in this process [41]. Thus, GI254023X
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may be of use as a preferential inhibitor of constitutive
shedding events without effecting the inducible shedding
in response to agonists acting [41]. The ADAMIO specific
inhibitor GI245023X downregulated the protein expression
of CX3CLl, IL-6R, and VE-cadherin, suggesting that, for the
first time, ADAMIO could be a key molecule in the formation
and progression of murine AAA.

In view of the important role of ADAMIO in the progres-
sion of AAA, we further focus on the possible mechanism
via ADAMI10. ADAMIO is regulated by various miRs in the
pathological conditions. For instance, miR-140-5p suppresses

tumor cell migration and invasion by targeting ADAMIO-
mediated Notchl signaling pathway in hypopharyngeal squa-
mous cell carcinoma [48]. MiR-144 decreased expression
of Alzheimer disease-related ADAMIO0 [49]. ADAMIO is an
authentic miR-155 target in the anti-HIV-1 effects of Toll-
like receptor 3 stimulation in macrophages [50]. However,
the role of ADAMIO and its regulatory miRs in AAA was
not well defined, and the interaction between ADAMI0 and
miR-103a/107 has never been reported for any pathological
conditions. We further predicted the interacting miRs of
ADAMIO by three stringent software programmes and found
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that the interaction between ADAMIO0 and miR103a/107
was direct and the binding site was unique. The temporal
expression of miR103a/107 and ADAMIO showed the con-
verse trend, further suggesting that miR103a/107, especially
miR103a, could inhibit AAA formation and progression via
inhibiting ADAMIO0.

Of note, GI245023X did not downregulate the protein
expression of TNF-a. Possible reasons are as follows: first,
ADAML17, but not ADAMIO, is a known TNF-« converting
enzyme [9]; second, there might be some unknown regula-
tory factors of TNF-« during AAA development; last but not
least, the specific ADAMIO inhibitor GI245023X might not
be so specific; that is, it could influence the regulatory factors
of TNF-a. In this regard, our results highlight the specificity
of miR103a/107 in inhibiting ADAMI0, which is important in
developing a practical therapeutic agent for clinical settings.

SNPs in genes encoding the miRNA sequence may affect
miRNA transcription, miRNA processing, and/or the fidelity
of the miRNA-mRNA interaction [51]. The functional SNP of
miR-200b might be responsible for the susceptibility to large-
artery atherosclerotic stroke [52]. The deregulated expression
levels of miRs, due to SNPs, have also been observed in
various cancers [53]. In the present study, for the first time, we
found that a SNP of miR-103a-1 significantly upregulated its
expression, which might cause the enhanced suppression of
ADAMIO expression and subsequent increased inhibition of
AAA. This result implies an alternative strategy with regard
to miRNA in AAA diagnosis and therapy. However, before
proposing any definitive strategy, more preclinical studies are
warranted to elucidate the interrelationship between SNPs of
miRNA and AAA.

Therefore, our data collectively demonstrate that miR-
103a is an antianeurysm miRNA that could suppress inflam-
mation of the aortic wall and AAA formation and progression
by downregulating the protease ADAMIO, indicating that
miR-103a may represent a new potential diagnostic and ther-
apeutic target for aortic aneurysm. At the cellular level, miR-
103a-1 suppressed the in vitro protein expression of ADAMIO,
while antisense miR-103a-1 increased its expression. For the
first time, a SNP of miR-103a was found to augment its
expression, implying a novel identification and therapeutic
approach.

Competing Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

Authors’ Contributions

Tong Jiao and Ye Yao contributed equally to this paper.

Acknowledgments

This work is supported by National Natural Science Founda-
tion of China (81300929, 81471294, and 81570424).

BioMed Research International

References

[1] D.-C. Hao, L. Yang, P-G. Xiao, and M. Liu, “Identification
of Taxus microRNAs and their targets with high-throughput
sequencing and degradome analysis,” Physiologia Plantarum,
vol. 146, no. 4, pp. 388-403, 2012.

[2] M. Adam, U. Raaz, J. M. Spin, and P. S. Tsao, “MicroRNAs in
abdominal aortic aneurysm,” Current Vascular Pharmacology,
vol. 13, no. 3, pp- 280-290, 2015.

[3] J.-X. Wang, X.-J. Zhang, Q. Li et al, “MicroRNA-103/107
regulate programmed necrosis and myocardial ischemia/
reperfusion injury through targeting FADD,” Circulation
Research, vol. 117, no. 4, pp. 352-363, 2015.

[4] J. Raffort, E Lareyre, M. Clement, and Z. Mallat, “Micro-RNAs
in abdominal aortic aneurysms: insights from animal models
and relevance to human disease,” Cardiovascular Research, vol.
110, no. 2, pp. 165-177, 2016.

[5] E M. Davis, D. L. Rateri, and A. Daugherty, “Abdominal aortic
aneurysm: novel mechanisms and therapies,” Current Opinion
in Cardiology, vol. 30, no. 6, pp. 566-573, 2015.

[6] Q. Wang, C. Shu, J. Su, and X. Li, “A crosstalk triggered by
hypoxia and maintained by MCP-1/miR-98/IL-6/p38 regula-
tory loop between human aortic smooth muscle cells and
macrophages leads to aortic smooth muscle cells apoptosis via
Statl activation,” International Journal of Clinical and Experi-
mental Pathology, vol. 8, no. 3, pp. 2670-2679, 2015.

[7] L. Maegdefessel, J. M. Spin, U. Raaz et al, “miR-24 limits
aortic vascular inflammation and murine abdominal aneurysm
development,” Nature Communication, vol. 5, article 5214, 2014.

[8] D. Mozaffarian, E. J. Benjamin, A. S. Go et al., “Heart disease
and stroke statistics-2016 update: a report from the American
Heart Association,” Circulation, vol. 133, no. 4, pp. 38-60, 2016.

[9] Y. Li, C. Yang, G. Ma et al., “Analysis of ADAMI17 poly-
morphisms and susceptibility to sporadic abdominal aortic
aneurysm,” Cellular Physiology and Biochemistry, vol. 33, no. 5,
pp. 1426-1438, 2014.

[10] Y. Yao, J. Zhuang, Y. Li et al., “Association of polymorphisms
of the receptor for advanced glycation end products gene and
susceptibility to sporadic abdominal aortic aneurysm,” BioMed
Research International, vol. 2015, Article ID 394126, 10 pages,
2015.

[11] S.Moncini, M. Lunghi, A. Valmadre et al., “The miR-15/107 fam-
ily of microRNA genes regulates CDK5R1/p35 with implications
for Alzheimer’s disease pathogenesis,” Molecular Neurobiology,
pp. 1-14, 2016.

[12] R. Nonaka, Y. Miyake, T. Hata et al., “Circulating miR-103 and
miR-720 as novel serum biomarkers for patients with colorectal
cancer; International Journal of Oncology, vol. 47, no. 3, pp.
1097-1102, 2015.

[13] N.Vatandoost, M. Amini, B. Iraj, S. Momenzadeh, and R. Salehi,
“Dysregulated miR-103 and miR-143 expression in peripheral
blood mononuclear cells from induced prediabetes and type 2
diabetes rats,” Gene, vol. 572, no. 1, pp. 95-100, 2015.

[14] M. Folkesson, C. Li, S. Frebelius et al., “Proteolytically active
ADAMI0 and ADAMI7 carried on membrane microvesi-
cles in human abdominal aortic aneurysms,” Thrombosis and
Haemostasis, vol. 114, no. 6, pp. 1165-1174, 2015.

[15] L. Geng, W. Wang, Y. Chen et al., “Elevation of ADAMIO,
ADAM]I7, MMP-2 and MMP-9 expression with media degen-
eration features CaCl2-induced thoracic aortic aneurysm in a
rat model,” Experimental and Molecular Pathology, vol. 89, no.
1, pp. 72-81, 2010.



BioMed Research International

(16]

(18]

(20]

(21]

(22]

[23

[24]

(27]

[30]

(31]

G. Ma, H. Wang, X. Gu et al., “CARP, a myostatin-downregu-
lated gene in CFM cells, is a novel essential positive regulator of
myogenesis,” International Journal of Biological Sciences, vol. 10,
no. 3, pp. 309-320, 2014.

D. C. Hao, S. L. Chen, A. Osbourn, V. G. Kontogianni, L. W. Liu,
and M. J. Jorddn, “Temporal transcriptome changes induced by
methyl jasmonate in Salvia sclarea,” Gene, vol. 558, no. 1, pp. 41-
53, 2015.

M. J. M. Gooden, V. R. Wiersma, A. Boerma et al., “Elevated
serum CXCLI6 is an independent predictor of poor survival in
ovarian cancer and may reflect pro-metastatic ADAM protease
activity,” British Journal of Cancer, vol. 110, no. 6, pp. 1535-1544,
2014.

W. E. Johnston, M. Salmon, G. Su, G. Lu, G. Ailawadi, and G.
R. Upchurch Jr., “Aromatase is required for female abdominal
aortic aneurysm protection,” Journal of Vascular Surgery, vol.
61, no. 6, pp. 1565-1574.e4, 2015.

J. Ren, S. Meng, B. Yan, J. Yu, and J. Liu, “Protectin DI reduces
concanavalin A-induced liver injury by inhibiting NF-xB-
mediated CX3CL1/CX3CRl1 axis and NLR family, pyrin domain
containing 3 inflammasome activation,” Molecular Medicine
Reports, vol. 13, no. 4, pp. 3627-3638, 2016.

J. Zhang, W. Yang, B. Hu, W. Wu, and M. B. Fallon, “Endothelin-
1 activation of the endothelin B receptor modulates pulmonary
endothelial CX3CL1 and contributes to pulmonary angiogen-
esis in experimental hepatopulmonary syndrome,” American
Journal of Pathology, vol. 184, no. 6, pp. 1706-1714, 2014.

Y. Li, L. Mao, Y. Gao, S. Baral, Y. Zhou, and B. Hu, “MicroRNA-
107 contributes to post-stroke angiogenesis by targeting Dicer-
1 Scientific Reports, vol. 5, 2015.

A. Zampetaki, R. Attia, U. Mayr et al., “Role of miR-195 in aortic
aneurysmal disease;,” Circulation Research, vol. 115, no. 10, pp.
857-866, 2014.

P. C. C. Liu, X. Liu, Y. Li et al., “Identification of ADAMI0 as a
major source of HER2 ectodomain sheddase activity in HER2
overexpressing breast cancer cells,” Cancer Biology and Therapy,
vol. 5, no. 6, pp. 657-664, 2006.

D. R. Edwards, M. M. Handsley, and C. J. Pennington, “The
ADAM metalloproteinases,” Molecular Aspects of Medicine, vol.
29, no. 5, pp. 258-289, 2009.

N. Erin, T. ipekgi, B. Akkaya, I. H. Ozbudak, and M. Baykara,
“Changes in expressions of ADAMY, 10, and 17 as well as a-
secretase activity in renal cell carcinoma,” Urologic Oncology:
Seminars and Original Investigations, vol. 35, no. 1, pp. 36.e15-
36.€22, 2017.

M. Ruff, A. Leyme, E Le Cann et al., “The Disintegrin and
Metalloprotease ADAMI2 is associated with TGF-f-induced
epithelial to mesenchymal transition,” PLoS ONE, vol. 10, no. 9,
Article ID 0139179, 2015.

B. Ma, Q. Ma, C. H. Jin, X. H. Wang, and G. L. Zhang,
“ADAMI2 expression predicts clinical outcome in estrogen
receptor-positive breast cancer;” International Journal of Clinical
and Experimental Pathology, vol. 8, no. 10, pp. 13279-13283, 2015.
T. Kauttu, H. Mustonen, S. Vainionpia et al., “Disintegrin and
metalloproteinases (ADAMs) expression in gastroesophageal
reflux disease and in esophageal adenocarcinoma,” Clinical and
Translational Oncology, vol. 19, no. 1, pp. 58-66, 2016.

7.Li, Y. Wang, L. Kong, Z. Yue, Y. Ma, and X. Chen, “Expression
of ADAMI2 is regulated by E2F1 in small cell lung cancer,’
Oncology Reports, vol. 34, no. 6, pp. 3231-3237, 2015.

B. Ma, H.-Y. Zhang, X. Bai et al., ADAMI0 mediates the
cell invasion and metastasis of human esophageal squamous

(34]

(37]

(38]

(39]

(42]

13

cell carcinoma via regulation of E-cadherin activity;” Oncology
Reports, vol. 35, no. 5, pp. 2785-2794, 2016.

J. Guo, L. He, P. Yuan et al., “ADAMIO0 overexpression in human
non-small cell lung cancer correlates with cell migration and
invasion through the activation of the Notchl signaling path-
way,” Oncology Reports, vol. 28, no. 5, pp. 1709-1718, 2012.

R. Caltabiano, L. Puzzo, V. Barresi et al., “ADAM 10 expression
in primary uveal melanoma as prognostic factor for risk of
metastasis,” Pathology—Research and Practice, vol. 212, no. 11,
pp. 980-987, 2016.

S. Oh, A. Stark, and J. Reichrath, “The disintegrin-metallopro-
teinases ADAMI0 and ADAMI7 are upregulated in cutaneous
squamous cell carcinomas,” Dermato-Endocrinology, vol. 8, no.
1, p. €1228499, 2016.

E.]J. Siney, A. Holden, E. Casselden, H. Bulstrode, G. J. Thomas,
and S. Willaime-Morawek, “Metalloproteinases ADAMI10 and
ADAMI7 mediate migration and differentiation in glioblastoma
sphere-forming cells,” Molecular Neurobiology, pp. 1-13, 2016.

Y. Tokumasu, A. lida, Z. Wang, S. Ansai, M. Kinoshita, and A.
Sehara-Fujisawa, “ADAMI2-deficient zebrafish exhibit retarda-
tion in body growth at the juvenile stage without developmental
defects,” Development Growth and Differentiation, vol. 58, no. 4,
pp. 409-421, 2016.

Z. B. Hu, Y. Chen, Y. X. Gong et al, “Activation of the
CXCL16/CXCR6 pathway by inflammation contributes to
atherosclerosis in patients with end-stage renal disease,” Inter-
national Journal of Medical Sciences, vol. 13, no. 11, pp. 858-867,
2016.

J. Wang, B. Voellger, J. Benzel et al, “Metalloproteinases
ADAMI2 and MMP-14 are associated with cavernous sinus
invasion in pituitary adenomas,” International Journal of Can-
cer, vol. 139, no. 6, pp. 1327-1339, 2016.

P. Cipriani, P. Di Benedetto, P. Ruscitti et al., “Perivascular cells
in diffuse cutaneous systemic sclerosis overexpress activated
ADAMI2 and are involved in myofibroblast transdifferentiation
and development of fibrosis,” Journal of Rheumatology, vol. 43,
no. 7, pp. 1340-1349, 2016.

S. A. OSullivan, E. Gasparini, A. K. Mir, and K. K. Dey,
“Fractalkine shedding is mediated by p38 and the ADAMI0 pro-
tease under pro-inflammatory conditions in human astrocytes,”
Journal of Neuroinflammation, vol. 13, no. 1, article 189, 2016.

A. Ludwig, C. Hundhausen, M. H. Lambert et al., “Metallo-
proteinase inhibitors for the disintegrin-like metalloproteinases
ADAMI0 and ADAM]I7 that differentially block constitutive
and phorbol ester-inducible shedding of cell surface molecules,”
Combinatorial Chemistry and High Throughput Screening, vol. 8,
no. 2, pp. 161-171, 2005.

N. Schumacher, D. Meyer, A. Mauermann et al., “Shedding of
endogenous interleukin-6 receptor (IL-6R) is governed by a
disintegrin and metalloproteinase (ADAM) proteases while a
full-length IL-6R isoform localizes to circulating microvesicles,”
Journal of Biological Chemistry, vol. 290, no. 43, pp. 26059-
26071, 2015.

N. Speck, C. Brandsch, N. Schmidt et al., “The antiatherogenic
effect of fish oil in male mice is associated with a diminished
release of endothelial ADAMI17 and ADAMIO0 substrates,” The
Journal of Nutrition, vol. 145, no. 6, pp. 1218-1226, 2015.

S. Flemming, N. Burkard, M. Renschler et al., “Soluble VE-
cadherin is involved in endothelial barrier breakdown in sys-

temic inflammation and sepsis;,” Cardiovascular Research, vol.
107, no. 1, pp. 3244, 2015.



14

[45]

(48]

(50]

[51

(52]

D. Dreymueller, J. Pruessmeyer, E. Groth, and A. Ludwig,
“The role of ADAM-mediated shedding in vascular biology,”
European Journal of Cell Biology, vol. 91, no. 6-7, pp. 472-485,
2012.

L. Cui, Y. Gao, Y. Xie et al, “An ADAMIO promoter poly-
morphism is a functional variant in severe sepsis patients and
confers susceptibility to the development of sepsis,” Critical
Care, vol. 19, no. 1, article 73, 2015.

S. A. Jones, S. Horiuchi, N. Topley, N. Yamamoto, and G.
M. Fuller, “The soluble interleukin 6 receptor: mechanisms of
production and implications in disease,” FASEB Journal, vol. 15,
no. 1, pp. 43-58, 2001.

P. Jing, N. Sa, X. Liu, X. Liu, and W. Xu, “MicroR-140-5p
suppresses tumor cell migration and invasion by targeting
ADAMI0-mediated Notchl signaling pathway in hypopharyn-
geal squamous cell carcinoma,” Experimental and Molecular
Pathology, vol. 100, no. 1, pp. 132-138, 2016.

C. Cheng, W. Li, Z. Zhang et al., “MicroRNA-144 is regulated
by activator protein-1 (AP-1) and decreases expression of
alzheimer disease-related a disintegrin and metalloprotease 10
(ADAMI0),” Journal of Biological Chemistry, vol. 288, no. 19, pp.
13748-13761, 2013.

G. Swaminathan, E Rossi, L.-J. Sierra, A. Gupta, S. Navas-
Martin, and J. Martin-Garcia, “A role for microRNA-155 modu-
lation in the anti-HIV-1 effects of toll-like receptor 3 stimulation
in macrophages,” PLoS Pathogens, vol. 8, no. 9, Article ID
€1002937, 2012.

P. Vodicka, B. Pardini, V. Vymetalkova, and A. Naccarati, “Poly-
morphisms in non-coding RNA genes and their targets sites
as risk factors of sporadic colorectal cancer;” in Non-coding
RNAs in Colorectal Cancer, vol. 937 of Advances in Experimental
Medicine and Biology, pp. 123-149, Springer International Pub-
lishing, Cham, 2016.

J. Kim, G. H. Choi, K. H. Ko et al., “Association of the single
nucleotide polymorphisms in microRNAs 130b, 200b, and 495
with ischemic stroke susceptibility and post-stroke mortality;’
PLOS ONE, vol. 11, no. 9, Article ID 0162519, 2016.

E. A. Toraih, M. S. Fawz, M. G. Elgazzaz, M. H. Hussein, R.
H. Shehata, and H. G. Daoud, “Combined genotype analyses
of precursor miRNA196a2 and 499a variants with hepatic
andrenal cancer susceptibility a preliminary study, Asian
Pacific Journal of Cancer Prevention, vol. 17, no. 7, pp. 3369-3375,
2016.

BioMed Research International



