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Abstract. This study was designed to investigate the long
non‑coding RNA (lncRNA)‑metastasis associated lung adeno‑
carcinoma transcript 1 (MALAT1) expression in patients with
coronary atherosclerosis and its predictive value for in‑stent
restenosis. Ninety‑five patients with coronary heart disease who
came to our hospital for treatment and underwent stent implan‑
tation were selected as a research group (RG), and 95 volunteers
undergoing physical examination who did not suffer from coro‑
nary heart disease during the same period were selected as a
control group (CG). MALAT1 of subjects in both groups before
and after treatment were detected by RT‑qPCR, and N‑terminal
pro‑brain natriuretic peptide (NT‑proBNP), high sensitivity
C‑reactive protein (hs‑CRP), lactate dehydrogenase (LDH), and
creatine kinase isoenzyme (CK‑MB) of them in the RG before
treatment were detected. The level was evaluated and detected,
and its correlation with MALAT1 was analyzed. Then, the
predictive value of MALAT1 for in‑stent restenosis in patients
with coronary heart disease was analyzed. MALAT1 expres‑
sion in patients with coronary heart disease was higher than
that of normal subjects (P<0.05); after treatment, the expression
levels of MALAT1, NT‑proBNP, hs‑CRP, LDH, and CK‑MB
in the serum of patients were significantly lower than those
before treatment (P<0.05); MALAT1 expression was positively
correlated with the expression levels of NT‑proBNP, hs‑CRP,
LDH, and CK‑MB (P<0.05). Receiver operating characteristic
of MALAT1 for predicting in‑stent restenosis in patients with
coronary heart disease was over 0.8; the number of lesions,
MALAT1, diabetes, NT‑proBNP and hs‑CRP were independent
risk factors for in‑stent restenosis. MALAT1 is highly expressed
in the serum of patients with coronary heart disease, and it has
high value in its diagnosis and the prediction of in‑stent reste‑
nosis. It is also an independent risk factor for in‑stent restenosis
in patients with coronary heart disease.
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Introduction
Coronary heart disease is one of the most common cardiovas‑
cular diseases at present. In recent years, with the changes of
social environment and living habits, the incidence of coronary
heart disease is also getting higher and higher. It has been
called one of the main causes of human death in cardiovas‑
cular diseases, which poses a serious threat to human life and
health (1,2). The gold standard for the diagnosis of coronary
heart disease has been coronary angiography, which has high
sensitivity and specificity. However, due to its complicated oper‑
ation, high economic cost and invasive detection, many patients
have low acceptance (3). At present, coronary stent implanta‑
tion is a vital interventional method in treating coronary heart
disease, which mainly improves myocardial blood supply by
reconstructing narrow lumen, thus achieving the purpose of
treatment (4). However, in‑stent restenosis after stent therapy has
always been a difficult point in coronary interventional therapy.
Although the occurrence of drug‑coated stents has reduced the
occurrence of in‑stent restenosis recently, it's still impossible to
completely avoid its occurrence (5,6). Therefore, if the occur‑
rence of in‑stent restenosis can be predicted through detection
of serum molecular markers, it can improve the basis for clinical
intervention, thus improving the prognosis of patients.
In recent years, the role of long non‑coding RNA (LncRNA)
in cardiovascular diseases has also been paid more and more
attention. For example, research (7) has found that LncRNA
ANRIL has high diagnostic value for coronary heart disease.
Some research (8) also has verified that LncRNA can be used as
a new regulator of cardiac electrophysiology and arrhythmia.
LncRNA‑MALAT1 is a highly conserved LncRNA located on
chromosome 11q13.1 (9). In the past, it was found to act as
an oncogene in tumors. For example, research (10) indicated
that when MALAT1 expression was knocked down, the
progression of thyroid cancer could be inhibited by regulating
miR‑200a‑3p/FOXA1. Recently, there have also been many
studies on the expression and function of MALAT1 in coro‑
nary heart disease. For example, some studies (11) have found
that MALAT1 SNP rs619586 AG/GG genotype can prevent
the occurrence of coronary heart disease. However, the predic‑
tive value of MALAT1 for in‑stent restenosis in patients with
coronary heart disease has not been studied and discussed.
N‑terminal pro‑brain natriuretic peptide (NT‑proBNP), high
sensitivity C‑reactive protein (hs‑CRP), lactate dehydrogenase
(LDH) and creatine kinase isoenzyme (CK‑MB) are all vital
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evaluation indexes in cardiovascular diseases (12,13). We also
analyzed the correlation between MALAT1 and these indexes.
In order to provide more biological indicators for the
prediction of in‑stent restenosis, we investigated the MALAT1
expression in the serum of patients with coronary heart
disease, correlation with cardiovascular related indexes and
the predictive value for in‑stent restenosis.
Patients and methods
General information. Ninety‑five patients with coronary
heart disease who came to The Second Hospital of Shandong
University (Jinan, China) for treatment and underwent stent
implantation were selected as a research group (RG), including
51 male patients and 44 female patients, and their average age
was (65.26±8.15) years. Ninety‑five volunteers undergoing
physical examination who did not suffer from coronary heart
disease during the same period in our hospital were selected as
a control group (CG). Inclusion criteria: Patients diagnosed as
coronary heart disease by coronary angiography were included
in the RG; patients aged 55‑75 and those with tolerance to stent
implantation were included. Exclusion criteria were as follows:
Patients with malignant tumors; patients with severe liver and
kidney dysfunction; patients with other infectious or immune
diseases; patients with communication and cognitive dysfunc‑
tion. All patients and their families agreed to participate in
the experiment and sign an informed consent. This experiment
was approved by the Ethics Committee of the The Second
Hospital of Shandong University.
Treatment methods. After all patients were admitted to
hospital, the department director performed the stent implan‑
tation operation. According to the specific situation of the
patients, the appropriate stent, matching balloon and umbrella
were selected, and the operation was performed according
to the conventional stent implantation operation procedure.
Besides, antiplatelet therapy was given after surgery.
Index detection
MALAT1 expression detected by RT‑qPCR. Altogether
5 ml venous blood was collected from patients on an empty
stomach before treatment and 1 month after treatment,
and it was centrifuged for 5 min at 3,000 x g at 4˚C. After
extraction, and the supernatant was taken for detection after
centrifugation. TRIzol was added to the serum to extract total
RNA, and the purity, concentration and integrity of total RNA
were detected by ultraviolet spectrophotometer and agarose
gel electrophoresis. Then cDNA reverse transcription and
MALAT1 detection were performed according to the kit
instructions (TransGen Biotech, Beijing, China). MALAT1
amplification system were as follows: cDNA 1 µl, upstream
and downstream primers 0.4 µl each, 2X SYBR‑Green
mixture 10 µl, Passive Reference Dye (50X) 0.4 µl, ddH 2O
added to 20 µl. Amplification conditions were as follows:
PCR reaction conditions: Pre‑denaturation at 95˚C for 30 sec,
denaturation at 95˚C for 10 sec, annealing extension at 60˚C
for 20 sec, a total of 40 cycles. GAPDH was used as internal
reference, and primer sequence was shown in Table I. The
experiment was repeated 3 times and we took the average of
three experiments.

Detection of other relevant indicators. The biochemical indexes
related to other coronary heart diseases of the patients in the
RG before and 1 month after treatment were detected. First,
3 ml venous blood was drawn on an empty stomach, sodium
citrate was added to the test tube for anticoagulation, and all
biochemical indexes were detected by Hitachi 7600 automatic
biochemical analyzer. The biochemical indexes included
N‑terminal pro‑brain natriuretic peptide (NT‑proBNP), high
sensitivity C‑reactive protein (hs‑CRP), lactate dehydrogenase
(LDH) and creatine kinase isoenzyme (CK‑MB).
Coronary angiography. One year after surgery, the patients
were followed up by angiography. The right radial artery and
femoral artery were punctured by Judikins method and arte‑
riography was performed. The degree of in‑stent restenosis
was evaluated according to computer quantitative analysis.
Evaluation criteria for in‑stent restenosis (14): Coronary angi‑
ography was performed 12 months after surgery. The diameter
of the vessel at the distal end of the stent was taken as the CG.
In‑stent restenosis was considered when the diameter of the
lumen in the vessel was 5 mm or more in the stent and the
distal and proximal edge of the stent was 50 mm or more.
Statistical methods. In this study, the collected data were
statistically analyzed via SPSS19.0, and the required pictures
were drawn via GraphPad 6. The counting data were
expressed in the number of cases/percentage n (%), and their
comparison between groups was expressed in chi‑square test.
The measurement data were expressed in the mean ± standard
deviation (SD). Comparison between the two groups was under
independent‑samples t test, comparison before and after treat‑
ment was under paired t‑test, and that among multiple groups
was under one‑way analysis of variance. LSD/t‑test was used
for back testing, Pearson was used for correlation analysis,
and the risk factors of in‑stent restenosis were assessed via
Logistic single‑factor and multi‑factor regression analysis.
P<0.05 was considered to indicate a statistically significant
difference.
Results
General information. There was no significant difference in
gender, age and BMI between the two groups (P>0.05), which
was comparable (Table II).
Expression of serum MALAT1 before and after treatment and
its diagnostic value for coronary heart disease. The MALAT1
expression in the RG was significantly higher than that in the
CG before treatment (P<0.05); the expression in the RG after
treatment was significantly higher than that before treatment,
but still higher than that in normal people (P<0.05). After
receiver operating characteristic (ROC) curve was drawn, it
was found that the sensitivity, specificity and area under curve
(AUC) of MALAT1 expression in serum for coronary heart
disease diagnosis were 86.32%, 82.11% and 0.863, respectively,
which had higher diagnostic value (Fig. 1).
Comparison of other related indexes before and after
treatment and correlation analysis with serum MALAT1
in patients from the RG. After testing other related indexes
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Table I. Primer sequences.
Genes
MALAT1
GAPDH

Upstream primers

Downstream primers

5'‑AAAGCAAGGTCTCCCCACAAG‑3'
5'‑GAAGGTGAAGGTCGGAGTC‑3'

5'‑GGTCTGTGCTAGATCAAAAGGCA‑3'
5'‑GAAGATGGTGATGGGATTTC‑3'

Table II. General information [n (%), mean ± SD].
Characteristics

Research group
n=95

Control group
n=95

χ2

Sex			
0.022
Male
51 (53.68)
50 (52.63)		
Female
44 (46.32)
45 (47.37)		
Age, years			
0.021
≥65
47 (49.47)
46 (48.42)		
<65
48 (50.53)
49 (51.58)		
BMI, kg/m2			
0.085
≥22
53 (55.79)
51 (53.68)		
<22
42 (45.26)
44 (46.32)		
Family history of coronary heart disease			
0.024
Yes
31 (32.63)
30 (31.58)		
No
64 (67.37)
65 (68.42)		
Diabetes			
0.202
Yes
61 (64.21)
58 (61.05)		
No
34 (35.79)
37 (38.95)		
Hypertension			
0.198
Yes
59 (62.11)
56 (58.95)		
No
36 (37.89)
39 (41.05)		
HbA1 (%)
7.09±0.46
5.24±0.34
31.52
TG (mmol/l)
1.86±0.23
1.61±0.21
6.885
TC (mmol/l)
4.46±0.39
4.21±0.34
4.710
HDL (mmol/l)
1.16±0.31
1.59±0.23
10.86

P-value
0.884
0.885
0.771
0.877
0.653
0.656
<0.001
<0.001
<0.001
<0.001

BMI, body mass index; HbA1, hemoglobin A1c; TC, total cholesterol; TG, triglyceride; HDL, high-density lipoprotein.

of patients before and after treatment, we found that their
NT‑proBNP, hs‑CRP, LDH, and CK‑MB after treatment were
significantly lower than those before treatment (P<0.05).
Serum MALAT1 and NT‑proBNP, hs‑CRP, LDH, CK‑MB
levels of coronary heart disease were positively correlated
(r=0.727, P<0.001; r=0.749, P<0.001; r=0.733, P<0.001;
r=0.732, P<0.001) (Fig. 2).
Predictive value of MALAT1 for in‑stent restenosis from
patients. The patients were divided into restenosis group
(RG) (23 patients) and non‑stenosis group (NSG) (72 patients)
according to their efficacy; the MALAT1 expression in the RG
was significantly higher than that in the NG (P<0.05); after
ROC curve was drawn, it was found that the sensitivity, speci‑
ficity and AUC of MALAT1 expression in the serum of patients
in January after surgery were 91.67%, 74.65% and 0.905,

respectively for in‑stent restenosis in patients with coronary
heart disease, which had high predictive value (Fig. 3).
Univariate analysis of in‑stent restenosis of patients. After
carrying out univariate analysis of patients in the restenosis
group (RG) and non‑stenotic group (NSG), we found that there
were no significant differences in gender, age, hypertension,
history of smoking, LDH, CK‑MB and other aspects between
the two groups (P>0.05), but there were significant differences
in number of lesions, diabetes, MALAT1, NT‑proBNP, and
hs‑CRP levels (P<0.05) (Table III).
Multivariate analysis of in‑stent restenosis of patients. The
number of lesions, MALAT1, diabetes, NT‑proBNP, and
hs‑CRP were analysed, and listed as dependent variables for
assignment (Table IV), considering whether in‑stent restenosis
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Figure 1. Expression of serum MALAT1 before and after treatment and its diagnostic value for coronary heart disease. (A) Expression of serum MALAT1
before and after treatment. (B) Diagnostic value analysis of serum MALAT1 for coronary heart disease. *P<0.05. MALAT1, metastasis associated lung
adenocarcinoma transcript 1.

Figure 2. Comparison of other related indexes before and after treatment and correlation analysis with serum MALAT1 of patients from the RG. (A) Comparison
of other related indexes of patients before and after treatment in the RG. (B) Correlation analysis of serum MALAT1 and NT‑proBNP in patients with coronary
heart disease. (C) Correlation analysis of serum MALAT1 and hs‑CRP in patients with coronary heart disease. (D) Correlation analysis of serum MALAT1
and LDH in patients with coronary heart disease. (E) Correlation analysis of serum MALAT1 and CK‑MB in patients with coronary heart disease. *P<0.05.
MALAT1, metastasis associated lung adenocarcinoma transcript 1; RG, research group; hs‑CRP, high sensitivity C‑reactive protein; LDH, lactate dehydroge‑
nase; CK‑MB, creatine kinase‑MB.

Figure 3. Predictive value of MALAT1 for in‑stent restenosis. (A) Serum MALAT1 expression in patients with different stenosis. (B) ROC of MALAT1 for
predicting in‑stent restenosis. *P<0.05. MALAT1, metastasis associated lung adenocarcinoma transcript 1; ROC, receiver operating characteristic.
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Table III. Univariate analysis of in‑stent restenosis of patients [n (%), mean ± SD].
Restenosis group
n=23

Factor

Non‑stenosis group
n=72

t/χ2

Sex 			
0.098
Male
13 (56.52)
38 (52.78)		
Female
10 (43.48)
34 (47.22)		
Age, years			
0.089
≥65
12 (52.17)
35 (48.61)		
<65
11 (47.83)
37 (51.39)		
Hypertension
14 (60.87)
45 (62.50)
0.020
Diabetes
22 (95.65)
39 (54.17)
13.05
History of smokinga
12 (52.17)
35 (48.61)
0.125
Number of lesions			
10.09
Single‑vessel disease
3 (13.04)
29 (40.28)		
Double‑vessel disease
6 (26.09)
24 (33.33)		
Multi‑vessel disease
14 (60.87)
19 (26.39)		
MALAT1
1.41±0.29
1.12±0.26
4.528
NT‑proBNP (ng/l)
854.21±119.75
746.29±104.33
4.165
hs‑CRP (mg/l)
7.64±0.83
6.57±0.85
5.285
LDH (IU/l)
258.79±25.64
152.61±21.54
19.64
CK‑MB (IU/l)
67.41±11.62
35.71±4.88
18.69

P-value
0.754
0.766
0.874
<0.001
0.724
0.006

<0.001
<0.001
<0.001
<0.001
0.506

History of smoking was defined as at least one cigarette per day for one consecutive year. MALAT1, metastasis associated lung adenocarcinoma
transcript 1; NT‑proBNP, N‑terminal pro‑brain natriuretic peptide; hs‑CRP, high sensitivity C‑reactive protein; LDH, lactate dehydrogenase;
CK‑MB, creatine kinase‑MB.
a

Table IV. Assignment.
Factor

Assignment

No. of lesions
Diabetes
MALAT1
NT‑proBNP (ng/l)
hs‑CRP (mg/l)

Single‑vessel and double‑vessel disease=1, multi‑vessel disease=2
No=1, yes=‑2
The data belong to continuous variables and are analyzed with original data.
The data belong to continuous variables and are analyzed with original data.
The data belong to continuous variables and are analyzed with original data.

MALAT1, metastasis associated lung adenocarcinoma transcript 1; NT‑proBNP, N‑terminal pro‑brain natriuretic peptide; hs‑CRP, high sensi‑
tivity C‑reactive protein.

Table V. Multivariate analysis of poor prognosis in patients with heart failure.
Factor
No. of lesions
Diabetes
MALAT1
NT‑proBNP (ng/l)
hs‑CRP (mg/l)

β

SE

Wald

OR

95% CI

0.063
0.017
0.037
1.013
0.204

0.015
0.055
0.112
0.327
0.415

3.172
3.689
0.051
9.405
7.171

1.231
1.424
1.422
2.751
1.219

1.085‑1.404
1.043‑1.716
1.107‑2.416
1.433‑5.217
1.185‑4.405

P-value
<0.05
<0.05
<0.05
<0.05
<0.05

OR, odds ratio; β, regression coefficient; SE, standard error; Wald, Chi‑square value; OR, risk value; CI, confidence interval; MALAT1, metastasis
associated lung adenocarcinoma transcript 1; NT‑proBNP, N‑terminal pro‑brain natriuretic peptide; hs‑CRP, high sensitivity C‑reactive protein.
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occurred as dependent variables; Logistic regression model
was used for multivariate analysis; we found that the number
of lesions, MALAT1, diabetes, NT‑proBNP, and hs‑CRP were
independent risk factors for in‑stent restenosis (Table V).
Discussion
Coronary heart disease is one of the most common athero‑
sclerosis diseases. Its high morbidity and mortality have posed
a serious threat to the life and health of modern people (15).
At present, coronary stent implantation is the main treatment
for coronary heart disease, but in‑stent restenosis is one of the
main causes of death of patients after stent therapy, and its
specific pathogenesis has not been studied and elaborated in
detail (16,17). Finding effective molecular indicators that can
predict in‑stent restenosis is of great clinical significance for
patients undergoing stent implantation.
In our study, in order to provide molecular direction
for the prediction of in‑stent restenosis, we analyzed the
MALAT1 expression in the serum of patients with coronary
heart disease and the predictive value in‑stent restenosis. First
of all, we found that the MALAT1 expression in the serum
of patients with coronary heart disease was significantly
higher than that of subjects without coronary heart disease,
and the serum MALAT1 of patients with coronary heart
disease after treatment was significantly lower than that
before treatment. In recent years, research on MALAT1 in
cardiovascular diseases have been quite popular. For example,
some studies (18) have found that MALAT1 is very sensitive
in the peripheral matrix and can regulate the proliferation
and migration of coronary artery vascular smooth muscle.
Previous studies (19) have discovered that the MALAT1
expression in myocardial infarction has increased signifi‑
cantly, but few studies have been conducted on the expression
and mechanism of MALAT1 in coronary heart disease. Then
we further carried out ROC analysis and confirmed that
the AUC of MALAT1 for coronary heart disease diagnosis
was over 0.8, which suggested that MALAT1 had certain
value for it. Then, in order to further analyze the correlation
between MALAT1 and coronary heart disease, we detected
other coronary heart disease related indexes like NT‑proBNP,
hs‑CRP, LDH, and CK‑MB before and after treatment and
analyzed the correlation between them and MALAT1; we
verified that NT‑proBNP, hs‑CRP, LDH, and CK‑MB in the
serum of coronary heart disease patients after treatment were
significantly lower than those before treatment. Moreover, the
expression levels of NT‑proBNP, hs‑CRP, LDH, CK‑MB and
MALAT1 in serum of patients with coronary heart disease
were positively correlated. NT‑proBNP is the product of BNP
premise cleavage, which is mainly excluded by the kidney and
has a high half‑life, it often increases significantly in patients
with myocardial ischemia and it's a vital clinical evaluation
index for in‑stent restenosis of coronary artery (20). Hs‑CRP
is an acute phase reaction protein synthesized and secreted
by liver, which can evaluate the degree of inflammatory reac‑
tion (13). In the past, studies have proved that hs‑CRP can
activate endothelial cell function in atherosclerotic sites, thus
leading to intimal damage and thrombosis and further leading
to stenosis of the lumen (21). However, LDH and CK‑MB are
classic myocardial injury indicators, which can effectively

reflect the myocardial injury of patients (22). The correlation
analysis between MALAT1 and NT‑proBNP, hs‑CRP, LDH,
CK‑MB also proved that MALAT1 might be closely related
to vascular stenosis.
Then we divided the patients into the RG and NSG
according to the coronary angiography results one year later.
Comparing the serum MALAT1 expression of patients in the
two groups one month after stent implantation, we found that
their serum MALAT1 expression in the RG was significantly
higher than that in the NSG, and ROC analysis found that
MALAT1 had higher predictive value for predicting AUC>0.8
of in‑stent restenosis. This suggested that we could predict the
discovery of in‑stent restenosis by detecting the MALAT1
expression in the serum of patients after stent therapy, thus
taking early intervention measures to effectively predict the
occurrence of in‑stent restenosis. Then we further analyzed
the risk factors of in‑stent restenosis, and discovered that
the number of lesions, MALAT1, diabetes, NT‑proBNP, and
hs‑CRP were independent risk factors of in‑stent restenosis.
Previous studies (23) have pointed out that the increase of
hs‑CRP has certain predictive value for the occurrence of
in‑stent restenosis, which is consistent with our research results.
Some research (24) also have explained that NT‑proBNP has
certain value for poor prognosis of patients with coronary
artery lesions after coronary intervention, which is also of
certain reference significance for us.
To sum up, MALAT1 is highly expressed in the serum of
patients with coronary heart disease, and it has high value in
the diagnosis of coronary heart disease and the prediction of
in‑stent restenosis, and it is also an independent risk factor for
poor prognosis of those with coronary heart disease. However,
there are still some limitations in this study. For example,
because the study of lncRNA in coronary heart disease is still
at a preliminary stage, the relevant literature supports less,
and a large number of experiments and data are still needed
to support the research results in the later stage. Secondly,
because this study is still an exploratory experiment, the
sample size included is small, and we have not conducted in
vitro cell experiments, the molecular mechanism of MALAT1
in coronary heart disease is still unclear, which requires us to
further explore.
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