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Abstract: The purpose of this study is to observe the poten-
tial value and underlying mechanism of the metastasis-
associated lung adenocarcinoma transcript 1 (MALAT1)/
miR-143 axis in ISR. A total of 150 participants were
enrolled, including 100 patients (observation group) with
coronary heart disease who underwent stent implantation
in the Department of Cardiology of our hospital between
January 2018 and January 2020, and 50 healthy people
(control group) concurrently underwent a physical exam-
ination. Serum MALAT1 and miR-143 levels were detected
by quantitative reverse transcription-polymerase chain reac-
tion (qRT-PCR). Tumor necrosis factor-α (TNF-α; 10 ng/mL)
induced human vascular smooth muscle cells (HVSMCs).
MALAT1 increased while miR-143 decreased in the observa-
tion group versus the control group (P < 0.001). The non-
restenosis group had significantly elevated MALAT1 expres-
sion while decreased miR-143 expression than the restenosis
group (P < 0.001). The areas under the curves of the expres-
sion of MALAT1 and miR-143 in predicting restenosis were
0.917 and 0.881, respectively. Following si-MALAT1 trans-
fection, HVSMCmultiplication and invasiveness decreased
significantly (P < 0.05). miR-143-inhibitor was observed to
upregulate the luciferase activity of MALAT1-WT (P < 0.05).
MALAT1 is highly expressed in patients with ISR while

miR-143 is decreased, and the MALAT1/miR-143 axis is a
potential pathway to modulate the multiplication and
invasiveness of HVSMCs.
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1 Introduction

Coronary heart disease (CHD), also known as coronary
atherosclerotic heart disease, is a common cardiovas-
cular disease and a global public health safety issue at
present [1,2]. The latest statistics reveal a global inci-
dence of CHD as high as 36.37% [3]. Coronary stent
implantation, as an important intervention for heart rate
rhythm, is mainly to improve the myocardial blood supply
by reconstructing the narrow lumen to achieve the pur-
pose of treatment [4]. However, in-stent restenosis (ISR)
after stent implantation has always been one of the diffi-
culties in coronary interventional therapy. Despite the
significantly reduced incidence of ISR, thanks to the
advent of drug-coated stents in recent years, ISR cannot
be avoided entirely [5,6].

Long-chain noncoding RNAs (lncRNAs) are noncoding
RNAs of over 200 nt in length, which cannot directly encode
proteins [7,8]. Although the bulk of the human genome is
translated into RNA molecules, only around 2% of these
transcripts encode proteins. As a result, scientists have
begun to investigate the vast universe of noncoding RNAs
(ncRNAs) as critical physiological and pathological cell
activity regulators. Numerous studies have shown the role
of small noncoding RNAs (ncRNAs) such as microRNAs
(miRNAs) in cardiovascular illness. Still, the role of long
noncoding RNAs (lncRNAs) as important regulators in
the genesis and progression of cardiac disorders remains
unknown. Because all ncRNAs with a length of more than
200 nucleotides are arbitrarily classed as lncRNAs, this
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class of molecules is highly diverse, performing a range of
biological activities and interacting with a variety of other
RNAs and proteins [9]. Nonetheless, recent studies have
found that lncRNAs are involved in manymalignant tumors
[10,11] and interfere with the occurrence and progression of
a broad spectrum of cardiovascular diseases and nervous
system diseases [12,13]. Importantly, lncRNAs have also
been shown to play essential roles in embryonic develop-
ment and cardiac lineage commitment (such as Fendrr and
Braveheart [14]), and are important regulators of proper
heart functionality. More details on lncRNAs in organo-
genesis and heart development have been extensively
reviewed elsewhere [15]. Of these, metabolism asso-
ciated lung adenocarcinoma transcript 1 (MALAT1), a
highly conserved lncRNA located on chromosome 11q13.1
[14], is of predictive value in vascular stenosis of CHD
patients [15], despite the fact that it cannot directly encode
proteins as reported by the previous literature [16]. In addi-
tion, in recent years, lncRNAs have been revealed to be able
to regulate microRNAs (miRs) by acting as competitive
endogenous RNAs (ceRNAs) to participate in a variety of
diseases [17]. For example, the MALAT1 has vital functions
in nuclear speckles and the regulation of genes expressions.
Recent research studies have proved thatMALAT1was over-
expressed and oncogenic in some tumors, including lung,
colorectal, bladder, and laryngeal cancers [18]. MALAT1/
miR-15b-5p/MAPK1 axis mediates endothelial progenitor
cell autophagy via the mTOR pathway and affects coronary
atherosclerotic heart disease [19]. miR-31 promotes Th22 dif-
ferentiation in patients with CHR by targeting Bach2 [20],
and lncRNA ANRIL and miR-181b mediate the interaction of
the NF-kappaB axis in inflammation-related coronary artery
disease [21]. miR is a kind of 22 nt-length long noncoding
short-chain RNAs in eukaryotes, which can bind to 3′UTRs
and 5′UTRs of downstream target genes and coding area to
regulate the expression of target genes and participate in
many intercellular signal regulation [22]. miR-143, a classic
miR, has been revealed to be pivotal in the occurrence
and development of CHR via modulating KLLN and its
mechanism [23]. Another literature study has pointed out
that miR-143 is an independent, prognostic, and diagnostic
marker of CHR [24]. In this study, we found that there
were potential targeting sites between lncRNA MALAT1
and miR-143 through online prediction.

Hence, we speculate that the two may be potential
predictors of ISR, with certain regulatory mechanisms
between them.

2 Methods and materials

2.1 Clinical data

One hundred CHR patients (observation group, herein-
after referred to as OG) who received stent implantation
in the Department of Cardiology of our hospital from
January 2018 to January 2020 and 50 healthy controls
(control group, hereinafter referred to as CG) without
CHR who concurrently underwent physical examination
were collected as research participants. Gender and age
were similar in the two cohorts (P > 0.05).

2.1.1 Inclusion criteria for patients

Patients between 55 and 75 years of age who were tolerant
to stent implantation were included. Patients in OG were
all diagnosed with CHR by coronary angiography.

2.1.2 Exclusion criteria for patients

Exclusion criteria included severe liver and kidney dys-
function, other infectious or immune diseases, commu-
nication disorder, cognitive dysfunction, and malignant
tumor(s).

Informed consent: Informed consent has been obtained
from all individuals included in this study.

Ethical approval: The research related to human use has
been complied with all the relevant national regulations,
institutional policies and in accordance with the tenets of
the Helsinki declaration, and has been approved by the
author's institutional review board or equivalent committee.

2.2 Cell source

Human vascular smooth muscle cells (HVSMCs)were pur-
chased from Beijing Bena Culture Collection (BNCC340087).
Cells were cultured in Dulbecco’s modified Eagle’s medium
(DMEM) with 10% fetal bovine serum (FBS), in an incubator
supplemented with 5% CO2 at 37°C and were passaged when
the confluence reached 80%.
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2.3 Cell transfection

HVSMCs were transfected with si-MALAT1 (inhibitory
sequence), si-NC (independent sequence; control), miR-
143-inhibitor (inhibitory sequence), and miR-NC (control)
with the Lipofectamine 2000 transfection kit according to
the kit’s instructions. All the sequences were designed
and synthesized by Shanghai Sangon Biological Co.,
Ltd. Then, the cells were transfected by tumor necrosis
factor-α (TNF-α; 10 ng/mL) for 24 h. The transfection
effect was verified by quantitative reverse transcription-
polymerase chain reaction (qRT-PCR).

2.4 qRT-PCR detection

The total RNA was separated from collected serum and
cells with TRIzol reagent and subjected to purity, concen-
tration, and integrity determination using an ultraviolet
spectrophotometer and gel electrophoresis. cDNA was then
obtained using the reverse transcription kit. Subsequently,
PCR amplification of miRs was carried out with an all-in-
one miRNA first-chain cDNA synthesis kit and all-in-one
miR qPCR kit, while that of lncRNA and mRNA was done
by SYBR Premix Ex Taq kits. RT-qPCR (ABI 7500, ABI) instru-
mentwas used for detection. Amplification conditionswere as
follows: predenaturation at 95°C for 1min, followed by 40
cycles of 95°C for 15 s and 60°C for 1min; 95°C for 15 s,
60°C 1min, and finally, 95°C for 15 s for melting curve ana-
lysis. The amplification system was configured according to
the kit instructions. U6 and GAPDH were used as an internal
reference for miR and lncRNA, respectively, and the target
genes’ expression profiles were calculated using the 2−ΔΔCT

method [25]. The amplified primer sequences are detailed in
Table 1.

2.5 Determination of cell multiplication

This study analyzed cell viability using the cell counting
kit 8 (CCK-8) (Dojindo Molecular Technologies, Inc.,

Kumamoto, Japan). Cells (4 × 103 cells per well) seeded
into the wells of a 96-well plate were cultivated at 37°C
with 5% CO2 in the air and then immersed in a CCK-8
reagent (10 µL) at 0, 24, 48, and 72 h after cultivation,
respectively. After another 2 h of incubation at 37°C, the
cells were processed with a microplate reader for optical
density (450 nm) determination.

2.6 Detection of cell invasiveness

Transwell test was used to detect the changes in cell
invasiveness capacity. After 48 h of transfection, 200 μL
of cell suspension (1 × 108/L) was put into the upper
chamber containing Matrigel (Corning, USA), and 500 μL
of DMEM containing 10% FBS was added into the lower
chamber for 24 h of culture in the cell incubator. Then, the
chamber was subjected to 3 PBS rinses, 10min of fixing
with formaldehyde, and 15min of dyeing with 0.1% crystal
violet solution. After washing 3 times with PSB, the cells
inside the ventricular membrane were gently wiped off
with cotton swabs, and the chamber was taken off and
laid on the slide to count the invasive cells in three visual
fields under a microscope (200×).

2.7 Double luciferase reporter assay (DLRA)

miRs that could bound to MALAT1 were predicted using
online prediction websites StarBase v3.0 and LncBase
Predicted v.2, and it was found that there were targeted
binding sites between MALAT1 and miR-143. Then, the
wild-type (WT) and mutant (MUT) MALAT1 luciferase
reporter plasmid vectors were constructed. HVSMCs were
inoculated into a 24-well plate with 1 × 105 cells per well
and co-transfected with either miR-NC or miR-143-inhi-
bitor after 24 h. DLRA was conducted 24 h later to detect
the activity of Renilla and firefly luciferases, with Renilla
luciferase as an internal reference. The experiment was
repeated 3 times.

Table 1: Primer sequences

Gene name Upstream sequence 5-3 Downstream sequence 5-3

MALAT1 GCCTGGAAGCTGAAAAACGG TGGAAAACGCCTCAATCCCA
miR-143 AGTGCGTGTCGTGGTGT GCCTGAGATGAAGCACGTG
GAPDH CTGACTTCAACAGCGACACC GTGGTCCAGGGGTCTTACTC
U6 TGCGGGTGCTCGCTTCGGCAGC CCAGTGCAGGGTCCGAGGT
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2.8 Statistical analysis

In this study, GraphPad 8 software package was adopted
to draw the required pictures, and the SPSS20.0 software
package was used to conduct statistical analysis on the
collected data. Inter-group comparisons employed inde-
pendent sample t-test, multigroup comparisons adopted
one-way ANOVA (expressed as F) and LSD/t posthoc test,
and multitime point expression comparisons used repeated
measures ANOVA (expressed as F) and Bonferroni posthoc
test. The correlation analysis was performed by Pearson
correlation coefficient, and the diagnostic value of lncRNA
andmiR in restenosis patients was visualized using receiver
operating characteristic (ROC) curves. A P value less than
0.05 was considered statistically significant.

3 Results

3.1 Expression and predictive values of
MALAT1 and miR-143 in patients with
restenosis

To explore the expression of MALAT1 and miR-143 in
patients with stenosis, we first analyzed their levels in CHD
patients. It was found that MALAT1 increased while miR-143
decreased in OG compared with CG (Figure 1a and b,
P < 0.001), indicating that the two interfered with the devel-
opment of CHD. To further study the correlation of MALAT1
and miR-143 with restenosis in CHD patients, we divided 100
patients into the restenosis group (n = 27) and nonrestenosis
group (n = 73) according to the stenosis status after treatment
to further detect the expression of MALAT1 and miR-143 in
patients. By testing, we found that MALAT1 was significantly

increased, and miR-143 was decreased in the restenosis
group compared with the nonrestenosis group (Figure 2a
and b, P < 0.001). Then, we analyzed the predictive value
of the two in patients with restenosis using the ROC curve. It
showed that the areas under the curves (AUCs) of MALAT1
andmiR-143 were 0.917 and 0.881, respectively (Figure 3 and
Table 2), suggesting that the two were of high predictive
value in patients with restenosis.

3.2 Downregulation of MALAT1 suppresses
the multiplication and invasiveness of
HVSMCs

Through the above, we confirmed the clinical value of
MALAT1 and miR-143 in patients with restenosis. However,
we are not clear about the related mechanism, so we treated
HVSMCswith TNF-α for exploration. Through qRT-PCR detec-
tion, we found that MALAT1 elevated significantly in HVSMCs
after intervention (Figure 4a, P < 0.01). Subsequently, si-
MALAT1 was transfected into the intervened HVSMCs and
remarkably reduced MALAT1 was determined (Figure 4b,
P < 0.01). In addition, compared with HVSMCs treated with
TNF-α after transfection of si-NC, the multiplication and inva-
siveness of HVSMCs treated with TNF-α after transfection of
si-MALAT1 reduced evidently, as demonstrated by CCK-8 and
Transwell assays (Figures 4c and d, P < 0.05).

3.3 MALAT1 has a targeted binding
relationship with miR-143

CeRNA is an important way for lncRNA to participate in
various functions of the body. To further determine the
correlation between MALAT1 and miR-143, we conducted

Figure 1: Expression of MALAT1 and miR-143 in CHD patients. (a) QRT-PCR was used to detect the expression level of MALAT1 in the serum of
healthy people and CHD patients (n = 50). (b) QRT-PCR was used to detect the expression level of miR-143 in the serum of healthy people
and CHD patients (n = 50). ***P < 0.001.
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the DLRA. The experimental results showed that the miR-
143-inhibitor could upregulate the luciferase activity of
MALAT1-WT (Figure 5a, P < 0.05). Furthermore, qRT-PCR
showed that miR-143 in cells transfected with si-MALAT1
was significantly increased but that in cells co-transfected
with miR-143-inhibitor and si-MALAT1 was reversed
(Figure 5b, P < 0.05). Moreover, an inverse association was
determined betweenMALAT1 andmiR-143 in CHD patients
(Figure 5c). These experimental results indicate thatMALAT1
has a targeted binding relationship with miR-143.

3.4 Downregulation of miR-143 reverses the
inhibitory action of si-MALAT1 on
multiplication and invasiveness of
HVSMCs

At the end of the study, the relationship between MALAT1
and miR-143 was further verified. The changes of multi-
plication and invasiveness of TNF-α-treated HVSMCs
were analyzed by the co-transfection experiment. CCK-
8 and Transwell experiments demonstrated that, after

Figure 2: Expression of MALAT1 and miR-143 in CHD patients with restenosis. (a) Expression of MALAT1 in CHD patients with restenosis by
qRT-PCR (restenosis group = 27, nonrestenosis group = 73). (b) Expression of miR-143 in CHD patients with restenosis by qRT-PCR (rest-
enosis group = 27, nonrestenosis group = 73). **P < 0.01.

Figure 3: Predictive value of MALAT1 and miR-143 in CHD patients with restenosis. (a) ROC curve analysis of the AUC of MALAT1 in predicting
restenosis in patients with CHD. (b) ROC curve analysis of the AUC of miR-143 in predicting restenosis in patients with CHD.

Table 2: ROC parameters

Variables AUC 95 CI% Specificity (%) Sensitivity Youden index (%) Cutoff value

MALAT1 0.917 0.864–0.989 79.45 100.00% 79.45 >2.108
miR-143 0.881 0.818–0.945 72.60 100.00 72.60 <0.426

Note: AUC: area under the curve, 95 CI%: 95% confidence interval.
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co-transfection of miR-143-inhibitor and si-MALAT1, the
inhibitory action of si-MALAT1 on HVSMC multiplica-
tion and invasiveness was reversed (Figure 6a and b,
P < 0.05). Therefore, the MALAT1/miR-143 axis can reg-
ulate the multiplication and invasiveness of HVSMCs
and may be a potential therapeutic target.

4 Discussion

Recent years have witnessed the great progress made in
the treatment of CHD, a commonly seen cardiovascular
disease in clinical practice [26]. Currently, coronary stent
implantation is the mainstay of treatment for CHR [27].

Figure 4: Downregulation of MALAT1 inhibits the multiplication and invasiveness of HVSMCs. (a) QRT-PCR was used to detect the expression
level of MALAT1 in the cells after TNF-α-induced HVSMCs. (n = 3). (b) QRT-PCR was used to detect the expression level of MALAT1 in HVSMCs
cells induced by TNF-α after si-MALAT1 transfection (n = 3). (c) Changes in multiplication ability of si-MALAT1-transfected HVSMCs after TNF-α
induction by CCK-8 assay (n = 3). (d) Changes in invasiveness ability of si-MALAT1-transfected HVSMCs after TNF-α induction by Transwell
assay (n = 3). *P < 0.05 and **P < 0.01.

Figure 5: Targeted binding relationship between MALAT1 and miR-143. (a) The online prediction website verifies the target prediction of
MALAT1 and miR-143 and the dual-luciferase report (n = 3). (b) qRT-PCR was used to detect the expression level of miR-143 in co-transfected
si-MALAT1 cells (n = 3). (c) Correlation analysis of MALAT1 and miR-143 in CHD patients by Pearson correlation coefficient (n = 50). *P < 0.05.
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However, some patients still suffer from vascular reste-
nosis after treatment, which is one of the causes of death
in patients [28]. In this study, we found that MALAT1 and
miR-143 were differentially expressed in CHD patients
with restenosis, and MALAT1 can participate in the multi-
plication and invasiveness of HVSMCs via modulating
miR-143.

lncRNAs have been reported to play an important
regulatory role in many diseases, especially in metabolic
diseases and cardiovascular diseases. For example, the
research by Liu et al. proposed that insulin resistance of
type 2 diabetes can be effectively reduced by the lncRNA
MALAT1/miRNA-382-3p/resistin axis [29]. In addition,
lncRNA CAIF is shown to suppress autophagy and alle-
viate myocardial infarction by blocking p53-mediated
cardiac troponin transcription [30], and lncRNA H19
can reduce myocardial injury and maladaptive cardiac
remodeling caused by myocardial infarction by regu-
lating KDM3A [31]. MALAT1, an early discovered lncRNA,
is found to be highly expressed in many cancers such as
lung cancer [32], gastric carcinoma [33], and breast cancer
[34]. CeRNA is currently one of the important ways for
lncRNA to participate in the life process [35]. lncRNAs

can also participate in the occurrence of acute myocardial
infarction by regulating the downstream binding of miRs.
For example, MALAT1 knockout can alleviate acute myo-
cardial infarction through the miR-320/Pten axis [36], and
lncRNA Gas5 targets the miR-525-5p/CALM2 axis to regu-
late myocardial infarction [37]. Earlier, a literature study
has reported that miR-143 is involved in the development
of CHD [38]. In this paper, through the database predic-
tion analysis, we found the binding target sites between
miR-143 and MALAT1, indicating a regulatory relation-
ship between the two.

We first analyzed the expression of miR-143 and
MALAT1 in CHD patients and found decreased expression
of miR-143 and increased expression of MALAT1. Further,
we detected miR-143 and MALAT1 in patients with rest-
enosis and observed that MALAT1 was increased while
miR-143 was decreased. Similarly, early studies found
that MALAT1 was increased in patients with ISR, which
verified the consistency of MALAT1 expression [14]. Further-
more, we detected the expression of miR-143. It was found
for the first time that miR-143 was decreased in patients
with ISR; moreover, ROC curve analysis showed that miR-
143 had clinical value in predicting ISR. The above results

Figure 6: Downregulation of miR-143 reverses the inhibition of si-MALAT1 on the multiplication and invasiveness of HVSMCs. (a) Changes of
cell multiplication ability after co-transfection by CCK-8 assay (n = 3). (b) Changes in cell invasiveness ability after co-transfection by
Transwell assay (n = 3). *P < 0.05.
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suggest that miR-143 has a high clinical value for ISR in
CHD patients but the underlying mechanism needs further
verification.

The primary mechanism of ISR is an aggregation of
platelets, leukocytes, and macrophages, which results in
the migration and proliferation of medial smooth muscle
cells [39,40]. Recently, researchers discovered that around
one-third of ISR events were caused by in-stent neoather-
osclerosis (ISNA), a mechanism that is clearly distinct from
the traditional process [41]. However, there is a common
phenomenon that occurs in each of thesemechanisms: ISR
and ISNA inflammation. Mir-143/145 has been demon-
strated to be abundantly and selectively expressed in vas-
cular smooth muscle cells (VSMCs) and to have a critical
role in the proliferation and migration of VSMCs and the
function of arteries, in earlier research [42,43]. Additional
research established a direct link between miR-143/145
and cardiovascular illness in humans and experimental
animal models [44,45]. miR-143/145 was demonstrated to
be downregulated during carotid artery neointimal devel-
opment in rats. Researchers discovered a substantial reduc-
tion in miR-143/145 expression in animal models of
damaged or atherosclerotic arteries, including ApoE mutant
mice’s atherosclerotic aortas, mouse ligation-induced car-
otid artery, and rat carotid balloon-injured carotid artery
[44]. These data imply thatmiR-143/145 plays a role in devel-
oping atherosclerosis and ISR induced by VSMC migration
and proliferation. Additionally, a few recent studies discov-
ered that miR-143/145 might play some inflammatory disor-
ders [46]. From the above experiments, we can see that the
relative expression of MALAT1 and miR-143 was opposite in
CHD patients with ISR, so we speculated that there might be
a targeted regulation relationship between the two. It was
identified by DLRA that MALAT1-WT fluorescence activity
could be upregulated by miR-143-inhibit, and correlation
analysis revealed an inverse connection between MALAT1
and miR-143 in CHD patients, which suggested a targeted
regulatory relationship between them. Then, we found
through experiments that the multiplication and invasive-
ness of TNF-α interfered HVSMCs was significantly inhibited
after MALAT1 knockdown. However, after the co-transfec-
tion of the miR-143-inhibitor and si-MALAT1 into HVSMCs,
the multiplication and invasiveness of cells were not signifi-
cantly different from those transfected with miR-NC + si-NC.
This suggests that theMALAT1/miR-143 axismay be a poten-
tial pathway for restenosis.

Experiments have determined the clinical value and
relevant mechanism of the MALAT1/miR-143 axis in CHD
patients with ISR. However, this study still shows mar-
gins of improvement. First, an in-depth investigation of
the MALAT1/miR-143 axis mechanism in CHD patients

with ISR is warranted. Second, more experiments are
needed to verify the results since we only tested the
impacts of the MALAT1/miR-143 axis on HVSMC multi-
plication and invasiveness. Therefore, we hope that we
will refine our experimental design to improve our research
conclusions in future research.

To sum up, MALAT1 is highly expressed in CHD
patients with ISR while miR-143 expression is decreased.
Besides, the MALAT1/miR-143 axis can be used as a
potential pathway to modulate the multiplication and
invasiveness of HVSMCs.

There are several limitations to this study. We used a
limited number of cell lines as well as we did not evaluate
the effect on the primary cells. However, some restric-
tions should garner more attention. For instance, the
mTOR signaling pathway was not the only one active in
CAD blood samples, as seen by the dot plot of the KEGG
pathway. Although most of the genes involved in the mTOR
signaling pathway were discovered in CAD, the other two
pathways require more investigation. Additional in vivo
investigations are required.

The more vigorous study needs to include numerous
cells lines and human primary cell lines. The area of
lncRNAs as possible therapeutic targets is still in its
infancy. It is not implausible that lncRNAs may emerge
as useful new tools for the treatment of a variety of illnesses,
including CVDs, in the near future, which is worthy of
future investigation. The discovery of lncRNAs revolutio-
nized our knowledge of disease-regulating circuits and
accelerated the development of technological break-
throughs in molecular interrogation methods. As additional
lncRNAs were discovered to be associated with cardiovas-
cular physiology, critical concerns remained unresolved
before we could fully exploit the therapeutic potential of
these new biological modulators. On the other hand, the
mechanism by which lncRNAs are targeted to specific
genomic loci remains unknown. Indeed, the temporal-spa-
tial specificity of lncRNA effects is particularly perplexing in
light of the fact that a substantial number appear to interact
with highly promiscuous variables, such as PRC2 (polycomb
repressive complex 2). The biochemical and structural
reason for retaining specific lncRNAs that mimic mRNAs
in the nucleus is also unknown. Finally, a critical bottom-
line issue is: Can we utilize lncRNA’s diagnostic or thera-
peutic potential to enhance human health? Although this
has been a difficult aim to achieve, promising translational
initiatives are underway.

Funding information: The authors state no funding involved.

Conflict of interest: The authors state no conflict of interest.

1310  Chen Cao et al.



Data availability statement: The datasets generated during
and/or analyzed during the current study are available
from the corresponding author on reasonable request.

References

[1] Khamis RY, Ammari T, Mikhail GW. Gender differences in coro-
nary heart disease. Heart. 2016;102:1142–9.

[2] Wirtz PH, von Kanel R. Psychological stress, inflammation, and
coronary heart disease. Curr Cardiol Rep. 2017;19:111.

[3] Lao XQ, Liu X, Deng HB, Chan TC, Ho KF, Wang F, et al. Sleep
quality, sleep duration, and the risk of coronary heart disease:
a prospective cohort study with 60,586 adults. J Clin Sleep
Med. 2018;14:109–17.

[4] Sukovatykh BS, Sukovatykh MB, Polianskii DV. Effect of the
type of a coronary stent on dynamics of quality of life in
patients with ischaemic heart disease. Angiol Sosud Khir.
2020;26:43–8.

[5] Byrne RA, Joner M, Kastrati A. Stent thrombosis and restenosis:
what have we learned and where are we going? The Andreas
Gruntzig Lecture ESC 2014. Eur Heart J. 2015;36:3320–31.

[6] Nicolais C, Lakhter V, Virk HUH, Sardar P, Bavishi C,
O’Murchu B, et al. Therapeutic options for in-stent restenosis.
Curr Cardiol Rep. 2018;20:7.

[7] Bhan A, Soleimani M, Mandal SS. Long non-coding RNA and
cancer: a new paradigm. Cancer Res. 2017;77:3965–81.

[8] Li J, Li Z, Zheng W, Li X, Wang Z, Cui Y, et al. lncRNA-ATB: an
indispensable cancer-related long non-coding RNA. Cell Prolif.
2017;50:e12381.

[9] Hobuß L, Bär C, Thum T. Long non-coding RNAs: at the heart of
cardiac dysfunction? Front Physiol. 2019;10:30.

[10] Ma Y, Zhang J, Wen L, Lin A. Membrane-lipid associated
lncRNA: a new regulator in cancer signaling. Cancer Lett.
2018;419:27–9.

[11] Wang J, Su Z, Lu S, Fu W, Liu Z, Jiang X, et al. lncRNA HOXA-AS2
and its molecular mechanisms in human cancer. Clin Chim
Acta. 2018;485:229–33.

[12] Liao J, Wang J, Liu Y, Li J, Duan L. Transcriptome sequencing of
lncRNA, miRNA, mRNA and interaction network constructing in
coronary heart disease. BMC Med Genomics. 2019;12:124.

[13] Sun Y, Lin J, Huang S, Xu X, Cai Y, Yang L, et al. Preliminary
verification of lncRNA ENST00000609755.1 potential ceRNA
regulatory network in coronary heart disease. Int J Cardiol.
2021;328:165–75.

[14] Li ZX, Zhu QN, Zhang HB, Hu Y, Wang G, Zhu YS. MALAT1:
a potential biomarker in cancer. Cancer Manag Res.
2018;10:6757–68.

[15] Devaux Y. Braveheart, a long non-coding RNA required for
cardiovascular lineage commitment. Cell.
2013;152(3):570–83; Devaux Y, Surface LE, Bradley RK,
Fields PA, Steinhauser ML, Ding H, et al. Long non-coding
RNAs in cardiac development and ageing. Nat Rev Cardiol.
2015;12(7):415–25.

[16] Qiu S, Sun J. lncRNA-MALAT1 expression in patients with cor-
onary atherosclerosis and its predictive value for in-stent
restenosis. Exp Ther Med. 2020;20:129.

[17] Zhang X, Hamblin MH, Yin KJ. The long non-coding RNA Malat1:
Its physiological and pathophysiological functions. RNA Biol.
2017;14:1705–14.

[18] Zhu J, Zhang X, Gao W, Hu H, Wang X, Hao D. lncRNA/
circRNAmiRNAmRNA ceRNA network in lumbar intervertebral
disc degeneration. Mol Med Rep. 2019;20:3160–74.

[19] Zhu Y, Yang T, Duan J, Mu N, Zhang T. MALAT1/miR-15b-5p/
MAPK1 mediates endothelial progenitor cells autophagy and
affects coronary atherosclerotic heart disease via mTOR sig-
naling pathway. Aging (Albany NY). 2019;11:1089–109.

[20] Ji P, Diederichs S, Wang W, Böing S, Metzger R, Schneider PM,
et al. MALAT-1, a novel non-coding RNA, and thymosin β 4
predict metastasis and survival in early-stage non-small cell
lung cancer. Oncogene. 2003;22(39):8031–41.

[21] Huang R, Chen X, Long Y, Chen R. MiR-31 promotes Th22 dif-
ferentiation through targeting Bach2 in coronary heart dis-
ease. Biosci Rep. 2019;39:BSR20190986.

[22] Guo F, Tang C, Li Y, Liu Y, Lv P, Wang W, et al. The interplay of
lncRNA ANRIL and miR-181b on the inflammation-relevant
coronary artery disease through mediating NF-kappaB sig-
nalling pathway. J Cell Mol Med. 2018;22:5062–75.

[23] Lu TX, Rothenberg ME. MicroRNA. J Allergy Clin Immunol.
2018;141:1202–7.

[24] Liu H, Xiong W, Liu F, Lin F, He J, Liu C, et al. Significant role and
mechanism of microRNA-143-3p/KLLN axis in the development
of coronary heart disease. Am J Transl Res. 2019;11:3610–9.

[25] Lin DC, Lin JB, Chen Z, Chen R, Wan CY, Lin SW, et al.
Independent and combined effects of environmental factors
and miR-126, miR-143, and miR-145 on the risk of coronary
heart disease. J Geriatr Cardiol. 2017;14:688–95.

[26] Livak KJ, Schmittgen TD. Analysis of relative gene expression
data using real-time quantitative PCR and the 2(-Delta Delta C
(T)) method. Methods. 2001;25:402–8.

[27] Malakar AK, Choudhury D, Halder B, Paul P, Uddin A,
Chakraborty S. A review on coronary artery disease, its risk
factors, and therapeutics. J Cell Physiol. 2019;234:16812–23.

[28] Cheng HM, Chiou LJ, Chen TC, Sung SH, Chen CH, Lang HC.
Real-world cost-effectiveness of drug-eluting stents vs. bare-
metal stents for coronary heart disease-a five-year follow-up
study. Health Policy. 2019;123:229–34.

[29] Kokkinidis DG, Waldo SW, Armstrong EJ. Treatment of coronary
artery in-stent restenosis. Expert Rev Cardiovasc Ther.
2017;15:191–202.

[30] Liu SX, Zheng F, Xie KL, Xie MR, Jiang LJ, Cai Y. Exercise reduces
insulin resistance in type 2 diabetes mellitus via mediating the
lncRNA MALAT1/MicroRNA-382-3p/resistin axis. Mol Ther
Nucleic Acids. 2019;18:34–44.

[31] Liu CY, Zhang YH, Li RB, Zhou LY, An T, Zhang RC, et al. lncRNA
CAIF inhibits autophagy and attenuates myocardial infarction
by blocking p53-mediated myocardin transcription. Nat
Commun. 2018;9:29.

[32] Zhang BF, Jiang H, Chen J, Hu Q, Yang S, Liu XP, et al. lncRNA
H19 ameliorates myocardial infarction-induced myocardial
injury and maladaptive cardiac remodelling by regulating
KDM3A. J Cell Mol Med. 2020;24:1099–115.

[33] Feng C, Zhao Y, Li Y, Zhang T, Ma Y, Liu Y. lncRNA MALAT1
promotes lung cancer proliferation and gefitinib resistance by
acting as a miR-200a sponge. Arch Bronconeumol (Engl Ed).
2019;55:627–33.

lncRNA MALAT1/miR-143 axis is a potential biomarker for in-stent restenosis  1311



[34] YiRen H, YingCong Y, Sunwu Y, Keqin L, Xiaochun T, Senrui C,
et al. Long non-coding RNA MALAT1 regulates autophagy
associated chemoresistance via miR-23b-3p sequestration in
gastric cancer. Mol Cancer. 2017;16:174.

[35] Kim J, Piao HL, Kim BJ, Yao F, Han Z, Wang Y, et al. Long non-
coding RNA MALAT1 suppresses breast cancer metastasis.
Nat Genet. 2018;50:1705–15.

[36] Qi X, Zhang DH, Wu N, Xiao JH, Wang X, Ma W. ceRNA in cancer:
possible functions and clinical implications. J Med Genet.
2015;52:710–8.

[37] Hu H, Wu J, Li D, Zhou J, Yu H, Ma L. Knockdown of lncRNA
MALAT1 attenuates acute myocardial infarction through miR-
320-Pten axis. Biomed Pharmacother. 2018;106:738–46.

[38] Zhang Y, Hou YM, Gao F, Xiao JW, Li CC, Tang Y. lncRNA GAS5
regulates myocardial infarction by targeting the miR-525-5p/
CALM2 axis. J Cell Biochem. 2019;120:18678–88.

[39] Minha S, Pichard AD, Waksman R. In-stent restenosis of drug-
eluting stents. Future Cardiol. 2013;9(5):721–31.

[40] Zhou H, Zhang S, Sun X, Yang D, Zhuang X, Guo Y, et al. Lipid
management for coronary heart disease patients: an appraisal
of updated international guidelines applying Appraisal of
Guidelines for Research and Evaluation II-clinical practice
guideline appraisal for lipid management in coronary heart
disease. J Thorac Dis. 2019;11(8):3534–46.

[41] Park SJ, Kang SJ, Virmani R, Nakano M, Ueda Y. In-stent
neoatherosclerosis: a final common pathway of late stent
failure. J Am Coll Cardiol. 2012;59(23):2051–7.

[42] Kohlstedt K, Trouvain C, Boettger T, Shi L, Fisslthaler B,
Fleming I. AMP-activated protein kinase regulates endothelial
cell angiotensin-converting enzyme expression via p53 and
the post-transcriptional regulation of microRNA-143/145. Circ
Res. 2013;112(8):1150–8.

[43] Norata GD, Pinna C, Zappella F, Elia L, Sala A, Condorelli G,
et al. MicroRNA 143–145 deficiency impairs vascular function.
Int J Immunopathol Pharmacol. 2012;25(2):467–74.

[44] Ji R, Cheng Y, Yue J, Yang J, Liu X, Chen H, et al. MicroRNA
expression signature and antisense-mediated depletion
reveal an essential role of MicroRNA in vascular neointimal
lesion formation. Circ Res. 2007;100(11):1579–88.

[45] Cordes KR, Sheehy NT, White MP, Berry EC, Morton SU,
Muth AN, et al. miR-145 and miR-143 regulate smooth
muscle cell fate and plasticity. Nature.
2009;460(7256):705–10.

[46] Pekow JR, Dougherty U, Mustafi R, Zhu H, Kocherginsky M,
Rubin DT, et al. miR-143 and miR-145 are downregulated
in ulcerative colitis: putative regulators of inflammation
and protooncogenes. Inflamm Bowel Dis.
2012;18(1):94–100.

1312  Chen Cao et al.


	1 Introduction
	2 Methods and materials
	2.1 Clinical data
	2.1.1 Inclusion criteria for patients
	2.1.2 Exclusion criteria for patients

	2.2 Cell source
	2.3 Cell transfection
	2.4 qRT-PCR detection
	2.5 Determination of cell multiplication
	2.6 Detection of cell invasiveness
	2.7 Double luciferase reporter assay (DLRA)
	2.8 Statistical analysis

	3 Results
	3.1 Expression and predictive values of MALAT1 and miR-143 in patients with restenosis
	3.2 Downregulation of MALAT1 suppresses the multiplication and invasiveness of HVSMCs
	3.3 MALAT1 has a targeted binding relationship with miR-143
	3.4 Downregulation of miR-143 reverses the inhibitory action of si-MALAT1 on multiplication and invasiveness of HVSMCs

	4 Discussion
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU <FEFF0056006500720073006900740061002000410064006f00620065002000440069007300740069006c006c00650072002000530065007400740069006e0067007300200066006f0072002000410064006f006200650020004100630072006f006200610074002000760036>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


