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Abstract

Objectives: MicroRNA (miR)-1260 was identified to be down-regulated in vascular smooth muscle cells (VSMCs) from human abdominal aortic aneurysm 
(AAA) tissues in our previous microarray profiling assay. MiR-1260 was predicted to target and down-regulate collagen type 1 alpha 1 (COL1A1), which is 
closely related to AAA formation, from a bioinformatics analysis. However, the role of miR-1260 in VSMCs for AAA formation still remains uncertain. This study 
aims to investigate the role of miR-1260 in human VSMCs. 

Methods: Stable overexpression and knockdown of miR-1260 using lentivirus were performed in VSMCs cultured from human abdominal aortic tissues. 
Expression of COL1A1 protein was investigated, followed by investigating the expressions of several key components involved in AAA pathogenic features: 
monocyte chemoattractant protein-1 (MCP-1) for inflammation; matrix metalloproteinase (MMP)-2, MMP-9, tissue inhibitor of matrix metalloproteinase (TIMP)-
1 and TIMP-2 for elastin fragmentation. Apoptosis of VSMCs was also examined. 

Results: Both COL1A1 and MCP-1 were significantly down-regulated upon miR-1260 overexpression, whereas they were significantly up-regulated 
upon miR-1260 knockdown. Neither protein expressions of MMP-2, MMP-9, TIMP-1 and TIMP-2 nor apoptosis were significantly different between miR-1260 
overexpression/knockdown and corresponding controls.

Conclusions: Our findings suggested suppression of miR-1260, which was previously found associated with AAA VSMCs, may promote up-regulation of 
COL1A1 and MCP-1 in human VSMCs, possibly promoting compensatory collagen synthesis and inflammation for AAA formation.

INTRODUCTION 
The formation of abdominal aortic aneurysm (AAA) is 

believed to be multifactorial as several key pathogenic features 
have been prominently identified in AAA, such as elastin 
fragmentation, compensatory collagen synthesis, inflammation, 
and apoptosis of vascular smooth muscle cells (VSMCs) [1]. 
Complex regulation of the key pathogenic features is believed 
to determine the formation and progression of AAA. MicroRNA 
(miR/miRNA), a short non-coding RNA of 21-25 nucleotides in 
length, is a type of gene expression regulators promoting down-
regulation of specific messenger RNAs (mRNAs) in cells [2]. It 
has been discovered to participate in regulating expressions of 
various disease-related genes, recently suggested to play a role 

in AAA pathogenesis [3]. In search of possible involvement of 
miRNAs in AAA, VSMCs, the major cell type in the aortic wall, 
were harvested from human AAA and non-aneurysmal tissues 
for a miRNA microarray profiling assay [1,4]. MiR-1260 was 
identified to be significantly down-regulated in AAA compared 
with non-aneurysmal VSMCs, with validation from another set of 
human samples [4]. It was thus suggested that a down-regulation 
of miR-1260 in VSMCs may be associated with the formation of 
AAA. 

MiR-1260 has not been widely reported in the literature 
except a few studies reporting its down-regulation in several 
human tissues, such as inflamed gingival, glioblastoma and 
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gastric cancer tissues [5-7]. There are no reports on the 
expression or function of miR-1260 in AAA. To understand 
the role of miR-1260 in AAA, prediction of its target from a 
bioinformatic tool was done [4]. Several aortic diseases-related 
targets were shortlisted, and collagen type 1 alpha 1 (COL1A1), 
which is a crucial component in the aortic wall for vascular wall 
integrity, was identified [4]. The function of collagen is to provide 
tensile strength to the aortic wall to resist against the high blood 
pressure from pulsation of heart [1]. However, a dysregulation 
of such key component is believed to disrupt the vascular wall 
integrity, hence resulting in AAA. Collagen synthesis was found to 
be increased during aneurysm formation and progression. This 
increment is suggested to act as compensatory repair, aiming to 
increase as much tensile strength and resistance as possible in 
response to elastin fragmentation [8,9]. The increase in collagen 
synthesis together with the reduction of elastin will inevitably 
lead to a disruption of physiological ratio of elastin to collagen, 
resulting in aortic stiffness and weakening of the aortic wall 
[1,8-11]. In the later stage of AAA, collagen degradation became 
prominent, leading to rupture [9]. Therefore, it is hypothesized 
that miR-1260 may take part in the pathogenesis of AAA through 
direct targeting and regulating the expression of COL1A1.

This study aims to investigate the role of miR-1260 in 
human VSMCs for the pathogenesis of AAA. MiR-1260 was stably 
overexpressed and knocked down in VSMCs explant cultured from 
human abdominal aortic tissues, followed by analysis of COL1A1 
protein expression. Levels of several key components involved in 
other AAA pathogenic features will also be investigated, including 
monocyte chemoattractant protein-1 (MCP-1) for inflammation; 
matrix metalloproteinase (MMP)-2, MMP-9, tissue inhibitor 
of matrix metalloproteinase (TIMP)-1 and TIMP-2 for elastin 
degradation; and apoptosis, in order to understand more about 
the role of miR-1260 in AAA pathogenesis.

MATERIAL AND METHODS

Collection of human abdominal aortic tissue 
specimens

Infrarenal non-aneurysmal abdominal aortic tissues of full 
thickness were harvested from six organ donors (mean age 
± standard deviation (SD) =48.50 ± 13.59; all male) without 
known connective tissue disorders, i.e. Marfan Syndrome and 
Ehlers Danlos Syndrome, or cardiovascular diseases during liver 
transplantation. All relevant clinical data was obtained from the 
clinical medical system. All experiments were performed with 
approval from the Institutional Review Board of the University of 
Hong Kong/Hospital Authority Hong Kong West Cluster. Written 
informed consents were obtained. 

Explant culture of VSMCs

VSMCs were cultured from human abdominal aortic tissues 
by explant culture [12]. A segment (~2mm x 2mm) of aortic 
tissue was incubated in complete cell culture medium containing 
Dulbecco’s modified eagle medium, 10% fetal bovine serum, 
2mM L-alanyl-L-glutamine dipeptide, 100units/ml penicillin, 
100ug/ml streptomycin and 20mM 4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid (Life Technologies, Carlsbad, 
CA) at 37°C in a humidified 5% CO2 atmosphere for about 1-2 

weeks. The culture medium was regularly changed every 3 
days. Subculturing was done by trypsinization using 0.025% 
trypsin/ethylenediaminetetraacetic acid (Life Technologies, 
Carlsbad, CA) when cells were 80% confluent. The homogenity 
of cultured VSMCs was confirmed by immmunocytochemical 
staining of smooth muscle α-actin (Cat. No.: M0851; 1:200) 
(DakoCytomation, Glostrup, Denmark). VSMCs of 3-5 passages 
were used for experiments.

Stable overexpression and knockdown of miR-1260 

Stable overexpression and knockdown of miR-1260 in 
cultured VSMCs were performed with the use of lentivirus 
[12]. Overexpression (miRNA-precursor sequence; cat. no.: 
PMIRH1260-PA-1) and knockdown (anti-miRNA sequence; cat. 
no.: MZIP-1260-PA-1) lentivectors of miR-1260, together with 
their corresponding scramble controls, were purchased from 
System Biosciences (System Biosciences, Mountain View, CA). 
Propagation and purification of lentivectors by NucleoBond® 
Xtra Midi EF Endotoxin-free Plasmid DNA Purification Kit 
(Macherey-Nagel, Düren, Germany) were done. Co-transfection 
of lentivectors and lentivirus packaging plasmids in 293TN 
cell line using PureFectionTM Transfection Reagent (System 
Biosciences, Mountain View, CA) was followed. The generated 
lentivirus in supernatant was then concentrated by PEG-itTM Virus 
Precipitation Solution (System Biosciences, Mountain View, CA) 
and titered using Global Ultra Rapid Lentiviral Titer Kit (System 
Biosciences, Mountain View, CA). Transduction of lentivirus 
into cultured VSMCs at a multiplicity of infection of 150 in the 
presence of 5ug/ml polybrene (Sigma Aldrich, St. Louis, MO) was 
done. The green fluorescent reporter signal could be examined 4 
days after transduction under fluorescence microscope (CKX41) 
(Olympus, Tokyo, Japan). 

Real-time quantitative reverse transcription-
polymerase chain reaction (qRT-PCR)

Expression of miR-1260 in the infected VSMCs was analyzed 
by qRT-PCR [12]. Extraction of total RNA from infected VSMCs 
by miRNeasy® Mini kit (QIAGEN, Venlo, Netherlands) was done, 
followed by the RT reaction using miScript® RT kit (QIAGEN, 
Venlo, Netherlands) in 2720 Thermal Cycler (Applied Biosystems, 
Foster City, CA). qPCR was carried out using primers specific to 
miR-1260 and RNU6-2 as internal control (Invitrogen, Carlsbad, 
CA) in 7900HT Fast Real-Time PCR System (Applied Biosystems, 
Foster City, CA) following the protocol of miScript SYBR® Green 
PCR kit (QIAGEN, Venlo, Netherlands) [13]. The experiment was 
run in duplicate, and the data was analyzed by the 2-ΔΔCT method 
[14,15]. 

Western blotting (WB)

Protein expressions of COL1A1, MCP-1, MMP-2, MMP-9, 
TIMP-1 and TIMP-2 in the infected VSMCs were analyzed by 
WB [12]. Proteins were first extracted from infected VSMCs by 
radioimmunoprecipitation lysis buffer (Cell Signaling Technology, 
Danvers, MA) with 1mM phenylmethanesulfonylfluoride (Sigma 
Aldrich, St. Louis, MO), followed by electrophoresis in a sodium 
dodecyl sulfate-polyacrylamide gel (Bio-Rad, Laboratories, 
Hercules, CA) under a reducing condition. Electroblotting to 
polyvinylidene difluoride membrane (GE Healthcare, Little 
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Chalfont, UK) was done at a voltage of 100V for 2hrs at 4˚C, 
followed by probing with the following primary antibodies: 
COL1A1 (Cat. No.: sc-28657; 1:200) (Santa Cruz Biotechnology, 
Dallas, TX); MCP-1 (Cat. No.: 2027; 1:1000) (Cell Signaling 
Technology, Danvers, MA); MMP-2 (Cat. No.: sc-13595; 1:200) 
(Santa Cruz Biotechnology, Dallas, TX); MMP-9 (Cat. No.: NBP1-
40610; 1:5000) (Novus Biologicals, Littleton, CO); TIMP-1 (Cat. 
No.: sc-365905; 1:100) (Santa Cruz Biotechnology, Dallas, TX); 
TIMP-2 (Cat. No.: sc-5539; 1:100) (Santa Cruz Biotechnology, 
Dallas, TX); glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) (Cat. No.: 2118; 1:10000) (Cell Signaling Technology, 
Danvers, MA) as internal control. Horseradish peroxidase-
conjugated goat anti-rabbit or mouse IgG (Invitrogen, Carlsbad, 
CA) at a dilution of 1:10000 for 1hr at room temperature was 
incubated. Chemiluminescent signal was captured with X-ray 
film (Fujifilm, Tokyo, Japan) after incubation with ECLTM Prime 
detection system (GE Healthcare, Little Chalfont, UK). Band 
intensity was evaluated by Image J software (v1.46) (National 
Institutes of Health, Bethesda, MD). 

Terminal deoxynucleotidyl transferase dUTP nick 
end labeling (TUNEL) assay 

The level of apoptosis of the infected VSMCs was detected by 
TUNEL assay [12]. The infected VSMCs were first cytospinned 
on polysine microscrope slides (Thermo Scientific, Waltham, 
MA) prior to detection of apoptotic signal using the ApopTag® 
Peroxidase In Situ Apoptosis Detection Kit (Chemicon 
International Inc, Billerica, MA). The apoptotic level was 
evaluated by the proportion of TUNEL-positive cells in all cells.

Statistical analysis

Statistical analysis was performed in SPSS 20.0 (IBM Corp, 
Armonk, NY). Normalization of the expression, represented in 
mean±SD, in the experimental group (miR-1260 overexpression 
or knockdown) with the control group (corresponding scramble 
controls) was done prior to evaluation of the statistical difference 
by Wilcoxon signed-rank test. The level of significance was set at 
0.05. 

RESULTS

Stable overexpression and knockdown of miR-1260 in 
human VSMCs 

The effects of miR-1260 overexpression and knockdown by 
means of lentiviral system in the VSMCs explant cultured from 
human abdominal aortic tissues were examined by quantifying 
the endogenous level of miR-1260 using qRT-PCR (Figure 1). 
VSMCs infected with lentivirus carrying miR-1260 precursor 
sequence (3.65 ± 0.71) expressed a significantly higher level 
of miR-1260 than that carrying corresponding scramble 
sequence (1 ± 0) (n=6, P<0.05) (Figure 1A). VSMCs infected 
with lentivirus carrying anti-miR-1260 sequence (0.28 ± 0.05) 
expressed a significantly lower level of miR-1260 than that 
carrying corresponding scramble sequence (1 ± 0) (n=6, P<0.05) 
(Figure 1B). These suggested that miR-1260 was successfully 
overexpressed and knocked down in VSMCs.

Up-regulation of COL1A1 protein expression upon 
miR-1260 knockdown

The relative protein expression of COL1A1 in VSMCs with 
miR-1260 overexpression and knockdown compared with 
corresponding controls was investigated by WB (Figure 2). A 
significant decrease of COL1A1 protein expression was observed 
in miR-1260-overexpression VSMCs (0.28 ± 0.03) compared 
with control VSMCs (1 ± 0) (n=6, P<0.05). A significant increase 
of COL1A1 protein expression was observed in miR-1260-
knockdown VSMCs (3.04 ± 0.42) compared with control VSMCs 
(1 ± 0) (n=6, P<0.05).

Up-regulation of MCP-1 protein expression upon miR-
1260 knockdown

The relative protein expression of MCP-1 in VSMCs with 
miR-1260 overexpression and knockdown compared with 
corresponding controls was investigated by WB (Figure 3). 
Due to the low basal expression of MCP-1 in uninduced VSMCs, 

Figure 1 Detection of microRNA (miR)-1260 expression level in infected vascular smooth muscle cells (VSMCs) by real-time quantitative reverse 
transcription-polymerase chain reaction. (A) VSMCs infected with lentivirus carrying miR-1260 precursor sequence (3.65 ± 0.71) expressed a 
significantly higher level of miR-1260 than that carrying scramble sequence (1 ± 0) (n=6, P<0.05). (B) VSMCs infected with lentivirus carrying anti-
miR-1260 sequence (0.28 ± 0.05) expressed a significantly lower level of miR-1260 than that carrying scramble sequence (1 ± 0) (n=6, P<0.05). Data 
is expressed as mean ± standard deviation (SD). The error bars show the SD. * denotes P<0.05. 
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100ng/ml tumor necrosis factor alpha (TNF-α) was added 
24hrs prior to the analysis of MCP-1 protein expression [16]. A 
significant decrease of MCP-1 protein expression was observed 
in miR-1260-overexpression VSMCs (0.27 ± 0.18) compared with 
control VSMCs (1 ± 0) (n=6, P<0.05), while a significant increase 
of MCP-1 protein expression was observed in miR-1260-
knockdown VSMCs (3.13 ± 1.32) compared with control VSMCs 
(1 ± 0) (n=6, P<0.05).

No effect on MMP-2, MMP-9, TIMP-1 and TIMP-2 
protein expressions or apoptosis upon miR-1260 
overexpression or knockdown

The relative protein expressions of MMP-2, MMP-9, TIMP-
1 and TIMP-2 in VSMCs with miR-1260 overexpression and 
knockdown compared with their corresponding controls were 
investigated by WB (Table 1). Protein expressions of MMP-2, 
TIMP-1 and TIMP-2 in miR-1260-overexpression/-knockdown 
VSMCs were not significantly differed from the corresponding 
control VSMCs (P>0.05). On the other hand, due to the low basal 
expression of MMP-9 in uninduced VSMCs, 100ng/ml TNF-α was 
added 24hrs prior to the analysis of MMP-9 protein expression 
[17]. Protein expression of MMP-9 in miR-1260-overexpression/-
knockdown VSMCs was not significantly differed from the 
corresponding control VSMCs (P>0.05).

The level of apoptosis in VSMCs with miR-1260 overexpression 
and knockdown compared with their corresponding controls 
was investigated by TUNEL assay (Table 1). The level of 
apoptosis in miR-1260-overexpression/-knockdown VSMCs was 
not significantly differed from the corresponding control VSMCs 
(P>0.05). 

DISCUSSION
The aim of this study is to investigate the role of miR-1260, 

which was found to be down-regulated in human AAA VSMCs from 
a previous miRNA microarray profiling assay, in human VSMCs for 
AAA pathogenesis [4]. Firstly, this study investigated the protein 
expression of COL1A1, which is one of the key components 
involved in AAA pathogenesis and, more importantly, a predicted 
target of miR-1260 from previous bioinformatics analysis, upon 
miR-1260 overexpression and knockdown in human VSMCs [4]. A 
significant decrease in COL1A1 protein expression was observed 
upon overexpression of miR-1260, while a significant increase 
in COL1A1 protein expression was observed upon knockdown 
of miR-1260 in VSMCs. These suggested that miR-1260 may 
play a role in targeting and down-regulating COL1A1 protein 
expression in VSMCs. Secondly, the expressions of several key 
components involved in other typical AAA pathogenic features 
were also investigated. Protein expression of MCP-1 upon miR-
1260 overexpression and knockdown in cultured TNF-α-induced 

Figure 2 Analysis of protein expression of collagen type 1 alpha 1 (COL1A1) in vascular smooth muscle cells (VSMCs) with microRNA (miR)-
1260 overexpression and knockdown by western blotting. (A) Representative western blot of an individual sample of VSMCs with miR-1260 
overexpression and knockdown compared with corresponding controls, probing for COL1A1 and glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) as internal control. (B) A significant decrease of COL1A1 protein expression was observed in miR-1260-overexpression VSMCs (0.28 ± 
0.03) compared with control VSMCs (1 ± 0) (n=6, P<0.05) (left), while a significant increase of COL1A1 protein expression was observed in miR-
1260-knockdown VSMCs (3.04 ± 0.42) compared with control VSMCs (1 ± 0) (n=6, P<0.05) (right). Data is expressed as mean ± standard deviation 
(SD). The error bars show the SD. * denotes P<0.05. 
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Figure 3 Analysis of protein expression of monocyte chemoattractant protein-1 (MCP-1) in 100ng/ml tumor necrosis factor alpha-induced vascular 
smooth muscle cells (VSMCs) with microRNA (miR)-1260 overexpression and knockdown by western blotting. (A) Representative western blot 
of an individual sample of VSMCs with miR-1260 overexpression and knockdown compared with corresponding controls, probing for MCP-1 and 
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as internal control. (B) A significant decrease of MCP-1 protein expression was observed 
in miR-1260-overexpression VSMCs (0.27 ± 0.18) compared with control VSMCs (1 ± 0) (n=6, P<0.05), while. (left), while a significant increase of 
MCP-1 protein expression was observed in miR-1260-knockdown VSMCs (3.13 ± 1.32) compared with control VSMCs (1 ± 0) (n=6, P<0.05) (right). 
Data is expressed as mean ± standard deviation (SD). The error bars show the SD. * denotes P<0.05.

Figure 4 Hypothesis of the role of microRNA (miR)-1260 in regulations of (A) collagen type 1 alpha 1 (COL1A1) and (B) monocyte chemoattractant 
protein-1 (MCP-1) in human vascular smooth muscle cells for abdominal aortic aneurysm (AAA) formation. Under healthy condition, miR-1260 may 
be up-regulated for targeting and suppression of the expressions of both COL1A1 and the activator protein for MCP-1 expression. Neither COL1A1 
nor MCP-1 is activated (top). However, a down-regulation of miR-1260 may allow up-regulation of COL1A1 expression, resulting in stiffening and 
weakening of aortic wall for aneurysm formation. The activator protein for MCP-1 expression may also be up-regulated upon miR-1260 down-
regulation, resulting in activation of MCP-1 expression. Infiltration of inflammatory cells and proteolytic degradation of elastin may be promoted, 
followed by weakening of aortic wall for AAA formation (bottom).
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Table 1: Summary of results from western blotting analysis of matrix metalloproteinase (MMP)-2, MMP-9, tissue inhibitor of matrix metalloproteinase 
(TIMP)-1 and TIMP-2 protein expressions and from terminal deoxynucleotidyl transferase dUTP nick end labeling assay of apoptosis in vascular 
smooth muscle cells (VSMCs) with microRNA (miR)-1260 overexpression and knockdown compared with their corresponding controls. Protein 
expressions of MMP-2, MMP-9, TIMP-1 and TIMP-2, or apoptosis of miR-1260-overexpression/-knockdown VSMCs was not significantly differed 
from the corresponding control VSMCs. Data is expressed as mean ± standard deviation.

miR-1260 
overexpression control

P-value
miR-1260 knockdown control

P-value
           (n=6)          (n=6)

MMP-2 1.18±0.29 1±0 0.25 0.98±0.20 1±0 0.60

MMP-9* 1.03±0.14 1±0 0.35 1.00±0.07 1±0 0.75

TIMP-1 1.10±0.15 1±0 0.17 1.07±0.12 1±0 0.25

TIMP-2 1.11±0.22 1±0 0.25 1.07±0.19 1±0 0.17

Apoptosis 1.02±0.17 1±0 0.92 1.10±0.20 1±0 0.17
* Protein expression was investigated in VSMCs treated with 100ng/ml tumor necrosis factor alpha for 24hrs as the basal expression level was low 
in uninduced VSMCs.

VSMCs was found altered. A significant decrease in MCP-1 
protein expression was observed upon overexpression of miR-
1260, while a significant increase in MCP-1 protein expression 
was observed upon knockdown of miR-1260. These suggested 
that miR-1260 may regulate MCP-1 protein expression in VSMCs. 
No significant difference in the MMP-2, MMP-9, TIMP-1 and 
TIMP-2 protein expressions or apoptosis was observed between 
miR-1260-overexpression/-knockdown and the corresponding 
control VSMCs, suggesting that miR-1260 may not regulate 
MMP-2, MMP-9, TIMP-1, TIMP-2 or promote apoptosis in human 
VSMCs. 

A down-regulation of miR-1260 was previously observed in 
AAA VSMCs from the miRNA microarray assay [4]. This current 
study showed an up-regulation of COL1A1 expression when miR-
1260 was specifically knocked down in human VSMCs, which 
mimicked the situation observed in AAA VSMCs from the previous 
microarray assay [4]. This suggested that miR-1260 may play a 
role in the pathogenesis of AAA through compensatory collagen 
synthesis. Moreover, taken together with the widely accepted 
concept of collagen re-synthesis during aneurysm formation 
and collagen degradation during rupture, it is suggested miR-
1260 may be responsible for the formation and progression of 
AAA but not rupture [9]. Therefore, a pathogenic mechanism 
involving miR-1260 in AAA is proposed (Figure 4A). Under 
healthy condition, the miR-1260 was up-regulated in VSMCs for 
suppression of COL1A1 expression as it may not be necessary 
to re-synthesize collagen. However, when there is a presence 
of elastin fragments, miR-1260 may be down-regulated. The 
expression of COL1A1 may be increased in an aim to repair the 
aortic wall by increasing tensile strength. Therefore, the aortic 
wall will become not only less elastic due to elastin fragmentation 
but also stiffer due to increased collagen synthesis. Weakening 
of the aortic wall may eventually lead to aneurysm formation. 
This hypothesis has to be tested in in-vivo model with miR-1260 
knockdown, followed by investigation of whether an aneurysm 
is resulted accompanied by an increased collagen content at the 
abdominal aortic wall. In addition, it is still uncertain whether the 
miR-1260 down-regulation for compensatory collagen synthesis 
in VSMCs is stimulated by the increasing wall stress due to the 
loss of elasticity of aortic wall although a prior in-vitro study 
reported an increased collagen synthesis in rabbit aortic smooth 
muscle cells in response to mechanical stretching of elastin wall 

[18]. Therefore, further investigation of whether increasing 
mechanical stress induces miR-1260 down-regulation and 
COL1A1 up-regulation in human VSMCs subcultured on elastin 
membrane is necessary.

Apart from miR-1260, there was another miRNA reported to 
regulate collagen synthesis [19]. An inhibition of miR-29b by anti-
miR-29b significantly increased COL1A1 mRNA expression in 
murine AAA, suggesting miR-29b can negatively regulate collagen 
synthesis [19]. This brings out a possibility that both miR-1260 
and miR-29b are cooperating in regulation of compensatory 
collagen synthesis in AAA. Therefore, further investigation of 
COL1A1 expression upon miR-29b down-regulation in human 
VSMCs is also necessary. 

Inflammation is one of the key pathogenic features in 
AAA, with observations indicating a significant infiltration of 
inflammatory cells from the circulation into the aortic wall [20-
23]. More importantly, the infiltrated inflammatory cells are 
well-known sources of a variety of aortic wall matrix-degrading 
proteases, which can result in proteolytic degradation of elastin 
and aneurysm formation [24,25]. Therefore, inflammation, which 
is a key pathogenic process in promoting formation of AAA, has 
been widely investigated. The infiltration of inflammatory cells 
has been suggested to be triggered by chemokines. One example 
that has been reported in AAA is MCP-1, which can attract and 
recruit monocytes to the site [26-28]. There were findings 
showing an increased MCP-1 expression in AAA tissues from 
humans and experimental mouse model [27,28]. In agreement 
with these findings, our current finding showed an up-regulation 
of MCP-1 when miR-1260 was knocked down in VSMCs which 
mimicked the situation observed in AAA VSMCs from the previous 
microarray assay, further corroborating the involvement of MCP-
1 in AAA pathogenesis possibly mediated by miR-1260 [4]. A 
pathogenic mechanism involving miR-1260 is thus proposed 
(Figure 4B). Under healthy condition, the miR-1260 may be 
up-regulated in VSMCs for suppression of MCP-1 expression 
to promote inflammation. However, the down-regulation of 
miR-1260 in VSMCs may allow up-regulation of an unknown 
intermediate component, possibly an activator protein for MCP-
1 gene expression as MCP-1 is not bioinformatically predicted 
as target of miR-1260. An activation of MCP-1 expression may 
be resulted for triggering the infiltration of inflammatory cells 
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into the aortic wall, hence inducing proteolytic degradation 
of elastin and AAA formation. This hypothesis is necessary to 
be investigated in in-vivo model with miR-1260 knockdown, 
followed by detection of aneurysm formation, MCP-1 expression, 
macrophage, and elastin structure in abdominal aortic wall. 
Moreover, the unknown intermediate component directly 
regulated by miR-1260 for downstream MCP-1 regulation can 
be identified from gene expression profiles between miR-1260-
overexpression/-knockdown and corresponding control VSMCs.

 Our results also showed that miR-1260 may not regulate MMP-
2, MMP-9, TIMP-1 and TIMP-2 protein expressions or promote 
apoptosis in VSMCs. However, these findings are still necessary to 
be validated in in-vivo model as the current study conducted in an 
in-vitro setting inevitably lacks an interaction with extracellular 
environment, especially elastin fibre microstructure. According to 
a prior study reporting elastin degradation peptides from human 
AAA tissues triggered inflammatory cell recruitment, there is a 
possibility that presence of elastin degradation peptides are the 
key essential for triggering other AAA pathogenic components 
[29]. Therefore, further study in in-vivo model is necessary.

MiR-1260 was previously found to be down-regulated in 
VSMCs from human AAA tissues [4]. However, circulating level 
of miR-1260 in blood of AAA patients has not been investigated. 
Further study of circulating miR-1260 might bring out a possible 
clinical implication of identifying patients at risk for AAA or 
predicting the severity of aneurysm through a suppressed level 
of miR-1260 in blood.

The molecular mechanisms of how miR-1260 functions can 
be further investigated, such as figuring out whether miR-1260 
down-regulates its targets through mRNA cleavage or translation 
repression, and whether the bioinformatically identified 
seed regions of miR-1260 are critical for its function through 
mutation/deletion studies.

A limitation of this study is small sampling size due to the 
limited availability of human abdominal aortic tissues under 
the fact that the concept of organ donation is not widespread in 
Chinese culture. On-going collection of human VSMC samples for 
a large-scale study may validate the current findings. Another 
limitation is that the current findings, which were concluded 
from non-aneurysmal VSMCs, may not be translatable to AAA 
VSMCs. Due to the major constraint of VSMCs from AAA patients 
which is a shorter proliferative capacity than non-aneurysmal 
VSMCs, the limited amount of proliferative AAA cells would not 
be sufficient for such study with a series of complex experimental 
procedures and analyses [30]. In addition, this in-vitro study 
suggested the important role of miR-1260 at the cellular level. 
It is still uncertain if it reflects in in-vivo situation. Therefore, 
animal study with overexpression and knockdown of miR-1260 
is necessary to validate the current findings, hence providing a 
possible clinical implication of therapeutic strategy by miR-1260 
overexpression for preventing AAA.

CONCLUSION
This study investigated the role of miR-1260, which was 

found down-regulated in VSMCs from human AAA tissues 
previously, in human VSMCs for the pathogenesis of AAA. The 
current findings showed up-regulation of both COL1A1 and 

MCP-1 protein expressions in human VSMCs with miR-1260 
knockdown, suggesting that miR-1260 may contribute to AAA 
through compensatory collagen synthesis and inflammation. This 
novel finding brings out that miR-1260 has a role in regulation 
of the key pathogenic events in AAA, providing an insight on 
the therapeutic manipulation of miR-1260 for preventing the 
formation and progression of AAA.

DATA AVAILABILITY
The data used to support the findings of this study are 

available from the corresponding author upon request.

ACKNOWLEDGEMENTS
We are grateful for colleague surgeons in the hepato-biliary/

liver transplant division, Department of Surgery, University of 
Hong Kong Medical Centre, for obtaining human aortic tissues 
from organ donors. This study was supported by the division 
fund from Division of Vascular Surgery, Department of Surgery, 
The University of Hong Kong.

REFERENCES
1. Kotze CW, Ahmed IG. Etiology and Pathogenisis of Aortic Aneurysm. 

In: Grundmann R, editor. Etiology, Pathogenesis and Pathophysiology 
of Aortic Aneurysms and Aneurysm Rupture. Rijeka, Croatia: InTech. 
2011; 1-24.

2. He L, Hannon GJ. MicroRNAs: small RNAs with a big role in gene 
regulation. Nat Rev Genet. 2004; 5: 522-531.

3. Jiang Q, Wang Y, Hao Y, Juan L, Teng M, Zhang X, et al. miR2Disease: 
a manually curated database for microRNA deregulation in human 
disease. Nucleic Acids Res. 2009; 37(Database issue): D98-104.

4. Cheuk BL, Cheng SW. Identification and characterization of microRNAs 
in vascular smooth muscle cells from patients with abdominal aortic 
aneurysms. J Vasc Surg. 2014; 59: 202-209.

5. Niyazi M, Zehentmayr F, Niemöller OM, Eigenbrod S, Kretzschmar 
H, Schulze-Osthoff K, et al. MiRNA expression patterns predict survival 
in glioblastoma. Radiat Oncol. 2011; 6: 153.

6. Stoecklin-Wasmer C, Guarnieri P, Celenti R, Demmer RT, Kebschull 
M, Papapanou PN. MicroRNAs and Their Target Genes in Gingival 
Tissues. J Dent Res. 2012; 91: 934-940.

7. Ma XQ, Wang LP, Luo QC, Cai JC. Relationship between 
the expression level of miR-29c and biological behavior of gastric 
cancer. Zhonghua Zhong Liu Za Zhi. 2013; 35: 325-330.  

8. Thompson RW, Geraghty PJ, Lee JK. Abdominal aortic aneurysms: 
basic mechanisms and clinical implications. Curr Probl Surg. 2002; 39: 
110-230. 

9. Choke E, Cockerill G, Wilson WR, Sayed S, Dawson J, Loftus I, et al. A 
review of biological factors implicated in abdominal aortic aneurysm 
rupture. Eur J Vasc Endovasc Surg. 2005; 30: 227-244.

10. Dobrin PB, Mrkvicka R. Failure of elastin or collagen as possible critical 
connective tissue alterations underlying aneurysmal dilatation. 
Cardiovasc Surg. 1994; 2: 484-488.

11. Halloran B, Baxter B. Pathogenesis of aneurysms. Semin Vasc Surg 
1995; 8: 85-92.

12. Chan CYT, Cheuk BLY, Cheng SWK. Abdominal aortic aneurysm-
associated microRNA-516a-5p regulates expressions of 
methylenetetrahydrofolate reductase, matrix metalloproteinase-2 
and tissue inhibitor of matrix metalloproteinase-1 in human 
abdominal aortic vascular smooth muscle cells. Ann Vasc Surg. 2017; 
42: 263-273.

https://www.intechopen.com/books/etiology-pathogenesis-and-pathophysiology-of-aortic-aneurysms-and-aneurysm-rupture/etiology-and-pathogenisis-of-aortic-aneurysm
https://www.intechopen.com/books/etiology-pathogenesis-and-pathophysiology-of-aortic-aneurysms-and-aneurysm-rupture/etiology-and-pathogenisis-of-aortic-aneurysm
https://www.intechopen.com/books/etiology-pathogenesis-and-pathophysiology-of-aortic-aneurysms-and-aneurysm-rupture/etiology-and-pathogenisis-of-aortic-aneurysm
https://www.intechopen.com/books/etiology-pathogenesis-and-pathophysiology-of-aortic-aneurysms-and-aneurysm-rupture/etiology-and-pathogenisis-of-aortic-aneurysm
https://www.ncbi.nlm.nih.gov/pubmed/15211354
https://www.ncbi.nlm.nih.gov/pubmed/15211354
https://www.ncbi.nlm.nih.gov/pubmed/18927107
https://www.ncbi.nlm.nih.gov/pubmed/18927107
https://www.ncbi.nlm.nih.gov/pubmed/18927107
https://www.ncbi.nlm.nih.gov/pubmed/23746831
https://www.ncbi.nlm.nih.gov/pubmed/23746831
https://www.ncbi.nlm.nih.gov/pubmed/23746831
https://www.ncbi.nlm.nih.gov/pubmed/22074483
https://www.ncbi.nlm.nih.gov/pubmed/22074483
https://www.ncbi.nlm.nih.gov/pubmed/22074483
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3446831/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3446831/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3446831/
https://www.ncbi.nlm.nih.gov/pubmed/24054006
https://www.ncbi.nlm.nih.gov/pubmed/24054006
https://www.ncbi.nlm.nih.gov/pubmed/24054006
https://www.ncbi.nlm.nih.gov/pubmed/11884965
https://www.ncbi.nlm.nih.gov/pubmed/11884965
https://www.ncbi.nlm.nih.gov/pubmed/11884965
https://www.ncbi.nlm.nih.gov/pubmed/15893484
https://www.ncbi.nlm.nih.gov/pubmed/15893484
https://www.ncbi.nlm.nih.gov/pubmed/15893484
https://www.ncbi.nlm.nih.gov/pubmed/7953454
https://www.ncbi.nlm.nih.gov/pubmed/7953454
https://www.ncbi.nlm.nih.gov/pubmed/7953454
https://www.ncbi.nlm.nih.gov/pubmed/7670668
https://www.ncbi.nlm.nih.gov/pubmed/7670668
https://www.ncbi.nlm.nih.gov/pubmed/28288890
https://www.ncbi.nlm.nih.gov/pubmed/28288890
https://www.ncbi.nlm.nih.gov/pubmed/28288890
https://www.ncbi.nlm.nih.gov/pubmed/28288890
https://www.ncbi.nlm.nih.gov/pubmed/28288890
https://www.ncbi.nlm.nih.gov/pubmed/28288890


Central

Tung CHAN CY, et al. (2020)

Ann Vasc Med Res 7(1): 1103 (2020) 8/8

Tung CHAN CY, Yee CHEUK BL, Keung CHENG SW (2020) Knockdown of Microrna-1260 Promotes Up-Regulation of Both Collagen Type 1 Alpha 1 and Mono-
cyte Chemoattractant Protein-1 in Vascular Smooth Muscle Cells from Human Abdominal Aortic Tissues. Ann Vasc Med Res 7(1): 1103.

Cite this article

13. miRBase: the microRNA database. 2013.

14. Livak KJ, Schmittgen TD. Analysis of Relative Gene Expression Data 
Using Real-Time Quantitative PCR and the 2-ΔΔCT Method. Methods. 
2001; 25: 402-408.

15. Schmittgen TD, Livak KJ. Analyzing real-time PCR data by the 
comparative CT method. Nat Protoc. 2008; 3: 1101-1108.

16. Nelken NA, Coughlin SR, Gordon D, Wilcox JN. Monocyte 
chemoattractant protein-1 in human atheromatous plaques. J Clin 
Invest. 1991; 88: 1121-1127.

17. Lee SO, Jeong YJ, Yu MH, Lee JW, Hwangbo MH, Kim CH, et al. Wogonin 
suppresses TNF-α-induced MMP-9 expression by blocking the NF-
kB activation via MAPK signaling pathways in human aortic smooth 
muscle cells. Biochem Biophys Res Commun. 2006; 351: 118-125.

18. Leung DY, Glagov S, Mathews MB. Cyclic stretching stimulates 
synthesis of matrix components by arterial smooth muscle cells in 
vitro. Science. 1976; 191: 475-477.

19. Maegdefessel L, Azuma J, Toh R, Merk DR, Deng A, Chin JT, et al. 
Inhibition of microRNA-29b reduces murine abdominal aortic 
aneurysm development. J Clin Invest. 2012; 122: 497-506. 

20. Holmes DR, Liao S, Parks WC, Thompson RW. Medial neovascularization 
in abdominal aortic aneurysms: a histopathologic marker of 
aneurysmal degeneration with patholhysiological implications. J Vasc 
Surg. 1995; 21: 761-771.

21. Rijbroek A, Moll FL, von Dijk HA, Meijer R, Jansen JW. Inflammation of 
the abdominal aortic aneurysm wall. Eur J Vasc Surg. 1994; 8: 41-46.

22. Brophy CM, Reilly JM, Smith GJ, Tilson MD. The role of inflammation in 
nonspecific abdominal aortic aneurysm disease. Ann Vasc Surg. 1991; 
5: 229-233.

23. Anidjar S, Dobrin PB, Eichorst M, Graham GP, Chejfec G. 
Correlation of inflammatory infiltrate with the enlargement of 
experimental aortic aneurysms. J Vasc Surg. 1992; 16: 139-147.

24. Ailawadi G, Eliason JL, Upchurch GR. Current concepts in the 
pathogenesis of abdominal aortic aneurysm. J Vasc Surg. 2003; 38: 
584-588.

25. Eagleton MJ. Inflammation in abdominal aortic aneurysms: cellular 
infiltrate and cytokine profiles. Vascular 2012; 20: 278-283.

26. Matsushima K, Larsen CG, DuBois GC, Oppenheim JJ. Purification and 
characterization of a novel monocyte chemotatic and activation factor 
produced by a human myelomonocyte cell line. J Exp Med. 1989; 169: 
1484-1490.

27. Colonnello JS, Hance KA, Shames ML, Wyble CW, Ziporin SJ, Leidenfrost 
JE, et al. Transient exposure to elastase induces mouse aortic wall 
smooth muscle cell production of MCP-1 and RANTES during 
development of experimental aortic aneurysm. J Vasc Surg. 2003; 38: 
138-146.

28. Koch AE, Kunkel SL, Pearce WH, Shah MR, Parikh D, Evanoff HL, et 
al. Enhanced production of the chemotactic cytokines interleukin-8 
and monocyte chemoattractant protein-1 in human abdominal aortic 
aneurysms. Am J Pathol. 1993; 142: 1423-1431.

29. Hance KA, Tataria M, Ziporin SJ, Lee JK, Thompson RW. Monocyte 
chemotactic activity in human abdominal aortic aneurysms: role 
of elastin degradation peptides and the 67-kD cell surface elastin 
receptor. J Vasc Surg. 2002; 35: 254-261.

30. Liao S, Curci JA, Kelley BJ, Sicard GA, Thompson RW. Accelerated 
replicative senescence of medial smooth muscle cells derived from 
abdominal aortic aneurysms compared to the adjacent inferior 
mesenteric artery. J Surg Res. 2000; 92: 85-95.

http://www.mirbase.org/
https://www.ncbi.nlm.nih.gov/pubmed/11846609
https://www.ncbi.nlm.nih.gov/pubmed/11846609
https://www.ncbi.nlm.nih.gov/pubmed/11846609
https://www.ncbi.nlm.nih.gov/pubmed/18546601
https://www.ncbi.nlm.nih.gov/pubmed/18546601
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC295565/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC295565/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC295565/
https://www.ncbi.nlm.nih.gov/pubmed/17052690
https://www.ncbi.nlm.nih.gov/pubmed/17052690
https://www.ncbi.nlm.nih.gov/pubmed/17052690
https://www.ncbi.nlm.nih.gov/pubmed/17052690
https://www.ncbi.nlm.nih.gov/pubmed/128820
https://www.ncbi.nlm.nih.gov/pubmed/128820
https://www.ncbi.nlm.nih.gov/pubmed/128820
https://www.ncbi.nlm.nih.gov/pubmed/22269326
https://www.ncbi.nlm.nih.gov/pubmed/22269326
https://www.ncbi.nlm.nih.gov/pubmed/22269326
https://www.sciencedirect.com/science/article/abs/pii/S0950821X05801185
https://www.sciencedirect.com/science/article/abs/pii/S0950821X05801185
https://link.springer.com/article/10.1007/BF02329378
https://link.springer.com/article/10.1007/BF02329378
https://link.springer.com/article/10.1007/BF02329378
https://www.jvascsurg.org/article/0741-5214(92)90101-D/fulltext
https://www.jvascsurg.org/article/0741-5214(92)90101-D/fulltext
https://www.jvascsurg.org/article/0741-5214(92)90101-D/fulltext
https://www.ncbi.nlm.nih.gov/pubmed/12947280
https://www.ncbi.nlm.nih.gov/pubmed/12947280
https://www.ncbi.nlm.nih.gov/pubmed/12947280
https://www.ncbi.nlm.nih.gov/pubmed/23091264
https://www.ncbi.nlm.nih.gov/pubmed/23091264
https://www.ncbi.nlm.nih.gov/pubmed/2926331
https://www.ncbi.nlm.nih.gov/pubmed/2926331
https://www.ncbi.nlm.nih.gov/pubmed/2926331
https://www.ncbi.nlm.nih.gov/pubmed/2926331
https://www.ncbi.nlm.nih.gov/pubmed/12844103
https://www.ncbi.nlm.nih.gov/pubmed/12844103
https://www.ncbi.nlm.nih.gov/pubmed/12844103
https://www.ncbi.nlm.nih.gov/pubmed/12844103
https://www.ncbi.nlm.nih.gov/pubmed/12844103
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1886921/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1886921/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1886921/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1886921/
https://www.ncbi.nlm.nih.gov/pubmed/11854722
https://www.ncbi.nlm.nih.gov/pubmed/11854722
https://www.ncbi.nlm.nih.gov/pubmed/11854722
https://www.ncbi.nlm.nih.gov/pubmed/11854722
https://www.ncbi.nlm.nih.gov/pubmed/10864487
https://www.ncbi.nlm.nih.gov/pubmed/10864487
https://www.ncbi.nlm.nih.gov/pubmed/10864487
https://www.ncbi.nlm.nih.gov/pubmed/10864487

	Knockdown of Microrna-1260 Promotes Up-Regulation of Both Collagen Type 1 Alpha 1 and Monocyte Chemo
	Abstract
	Introduction 
	Material and Methods 
	Results
	Figure 1
	Figure 2
	Discussion
	Figure 3
	Figure 4
	Table 1
	Conclusion
	Data Availability 
	Acknowledgements
	References

