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Abstract. In‑stent restenosis (ISR) can pose serious challenges
for cardiologists following coronary stent implantation. Early
identification of patients at high risk of ISR is considered to be
effective for its prevention. However, factors that can reliably
predict the risk of ISR remain elusive at present. The present
study aimed to investigate the possible association between
plasma long non‑coding RNA (lncRNA) levels and ISR. A
total of 410 patients with single‑vessel lesion who received
drug‑eluting stents (DES) were included in the present study.
After 12‑36 months of follow‑up, coronary angiography was
performed and ISR was defined as >50% diameter stenosis at
follow‑up. RT‑qPCR was used to measure lncRNA expression.
Expression of the lncRNA RNA antisense non‑coding RNA at
the INK4 locus (ANRIL) was found to be upregulated whereas
the lncRNA homeobox A11 antisense (HOXA11‑AS) was
downregulated in the plasma of patients with ISR compared
with that from patients without ISR (P<0.001). Logistic regres‑
sion analysis revealed that ANRIL [odds ratio (OR)=2.95;
95% confidence interval (CI)=1.68‑8.08] was an indepen‑
dent risk factor for ISR, whilst HOXA11‑AS (OR= 0.58;
95% CI= 0.48‑0.71) was found to be an independent protec‑
tive factor for ISR. Receiver operating characteristic (ROC)
analysis demonstrated that high ANRIL expression [area
under the ROC (auROC)= 0.755; 95% CI= 0.702‑0.803] and
low HOXA11‑AS levels (auROC=0.712; 95% CI=0.657‑0.763)
predicted a high risk for ISR, and the combined score of ANRIL
and HOXA11‑AS (auROC= 0.844; 95% CI= 0.798‑0.884)
was more efficient at predicting ISR than either ANRIL or
HOXA11‑AS alone (P<0.001). In conclusion, increased ANRIL
and decreased HOXA11‑AS expressions were associated with
ISR. However, combined ANRIL and HOXA11‑AS plasma
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levels proved to be more effective at predicting ISR compared
with either ANRIL or HOXA11‑AS alone, suggesting that the
multiplex detection of lncRNAs could be used to predict ISR
in the future.
Introduction
Coronary heart disease (CHD) poses a serious threat to human
life and health. The number of patients with CHD in China
has reached 11 million and is still increasing (1). Since the first
successful percutaneous transluminal coronary angioplasty
was performed by Gruentzig in 1977 (2), coronary artery inter‑
vention has undergone >40 years of development. However,
after coronary stent implantation, in‑stent restenosis (ISR)
continues to be a serious obstacle faced by cardiologists (3).
Early identification of patients at high risk of ISR and strength‑
ening antiplatelet management, coupled with effective risk
factor (smoking, diabetes, hypertension and hyperlipidemia)
management for these patients, are considered to be effective
in preventing ISR (4). However, factors that can effectively
predict the risk of ISR have remained elusive.
Long non‑coding RNAs (lncRNAs) belong to a family
of functional RNA molecules that are >200 nucleotides long
and do not encode proteins (5). Despite being non‑coding,
lncRNAs have been reported to regulate a number of cellular
and tissue processes, including growth and development,
organ formation, bone marrow hematopoiesis, cell apoptosis
and cell proliferation (5,6). In addition, lncRNAs have been
reported to serve a key role in a number of pathophysiological
mechanisms, such as renal artery stenosis and renal failure (7).
In the cardiovascular field, lncRNAs play a key regulatory role
in the occurrence and development of CHD, hypertension and
cardiac insufficiency (5). Ballantyne et al (6) previously found
that the expression of lncRNA smooth muscle cell‑enriched
was increased in plaques and plasma from patients with CHD,
which could accelerate the progression of atherosclerotic
plaques by promoting the proliferation and migration of
vascular smooth muscle cells (VSMCs). In addition, a previous
study used gene chip technology to study heart tissues from
six patients with congenital heart defects and indicated that
the lncRNA forkhead box F1 adjacent non‑coding devel‑
opmental regulatory RNA interacted with trithorax‑group
proteins/mixed lineage leukemia complexes, leading to
H3K27 trimethylation and reduction in the expression of
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target genes in the heart and cardiac dysplasia (5). In addi‑
tion, a previous study by Wang et al (8) revealed that plasma
levels of the lncRNA antisense non‑coding RNA at the INK4
locus (ANRIL) were significantly increased in patients with
ISR compared with patients without ISR, suggesting that
ANRIL may be a prognostic factor for ISR.
In the present study, plasma samples were collected from
three patients with ISR and another three patients without
ISR. RNA sequencing was used to identify lncRNAs that
were significantly differentially expressed between the two
groups. From these, ANRIL and homeobox A11‑antisense
(HOXA11‑AS) were selected for their dysregulation in patients
with ISR compared with patients without ISR for further
investigation of their potential to predict ISR in patients with
single‑vessel lesions who received drug‑eluting stents (DES).
Materials and methods
Patients. The inclusion criterium in the present study was
patients with single coronary artery vessel lesions who
received DES treatment. The exclusion criteria were: i) Patients
with tumors; ii) patients who died during the follow‑up; and
iii) patients could not undergo another coronary angiography
because of other diseases; or iv) patients who refused to
undergo a coronary angiography review. The patients were
followed up for 2‑5 years.
A total of 410 patients with single‑vessel lesions who
received DES at The Affiliated Hospital of Shaoxing University
and Shaoxing People's Hospital (Shaoxing, China) between
September 2015 and September 2017 were included in the
present study. The following 114 patients were excluded:
i) 20 patients died during the follow‑up period; ii) 6 patients
were diagnosed with tumors; iii) 24 patients could not undergo
another coronary angiography because of other diseases, such as
leukemia and thrombocytopenia; and iv) 64 patients refused to
undergo a coronary angiography review. Following angiography
results, ISR was defined as stenosis >50%. A total of 244 indi‑
viduals were enrolled into the control group and 52 patients
were enrolled in the ISR group. Written informed consent was
obtained from all patients and the study protocol was approved
on February 1, 2015 by the Ethics Committee of the Affiliated
Hospital of Shaoxing University (approval no. 2015002).
Data collection. Health habits and medical history of the
patients were recorded by a Dr ZJ. The age, sex, weight (body
mass index), smoking history, systolic and diastolic blood
pressure (SBP and DBP), in addition to other clinical diseases,
such as diabetes and myocardial infarction, were also recorded
and presented in Table I. Echocardiography was performed by
ZJ and LL. The levels of N‑terminal pro B‑type natriuretic
peptide (cat. no. JN19299; Shanghai Jining Shiye), high‑sensi‑
tivity C‑reactive protein (hs‑CRP; cat. no. JN18144; Shanghai
Jining Shiye) and creatinine (cat. no. JN17987; Shanghai Jining
Shiye) were tested by enzyme immunoassay in the central
laboratory of The Affiliated Hospital of Shaoxing University
(Shaoxing, China).
Sample collection. A total of 6 h later after percutaneous coro‑
nary intervention (PCI), 5 ml whole blood was collected from
each participant. The separation procedure was performed

immediately after sample collection. Blood samples were
centrifuged at 1,000 x g for 10 min at 4˚C to separate the blood
cells. The supernatant was then centrifuged at 13,000 x g for
10 min at 4˚C to completely remove all cellular contaminants.
The plasma was aliquoted into microcentrifuge tubes and
stored at ‑80˚C until further analysis.
RNA sequencing. Equal volumes of serum were collected
from three patients with ISR and three patients without ISR
in six separate pools. Total RNA was extracted with TRIzol®
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the
manufacturer's instructions, and its quality and quantity were
assessed using NanoDrop™ 2000c (NanoDrop Technologies;
Thermo Fisher Scientific, Inc.). The following RNA sequencing
protocol was performed by Lianchuan BioTech Co., Ltd.
Following DNase treatment (Invitrogen; Thermo Fisher
Scientific, Inc.) according to the manufacturer's instructions,
cDNA libraries were constructed in a strand‑specific manner
from 4 µg of DNase‑treated RNA using TruSeq Stranded
Total RNA Library Prep kit (cat. no. 20020597; Illumina, Inc.)
according to the manufacturer's instructions. The samples
were denatured to single‑stranded DNA with 0.1 M NaOH
(final density, 8 pM; concentrations measured by RT‑qPCR)
and amplified using TruSeqSR Cluster Kit v3‑cBot‑HS (cat.
no. GD‑401‑3001; Illumina, Inc.) according to the manufac‑
turer's instructions. The libraries were pooled and sequenced
on the Illumina NovaSeq 6000 system (Illumina, Inc.) using
150 cycles of paired‑end sequencing. High‑quality reads
were obtained by trimming adapter sequences, invalid and
low‑quality reads from the raw reads (quality control). The
clean reads were then mapped to the human genome by
HISAT2 software (v2.1.0; http://ccb.jhu.edu/software/hisat2)
using default parameters. Next, transcript assemblies were
constructed using StringTie software (v1.3.6; The Center for
Computational Biology at Johns Hopkins University) to merge
transcripts, and DESeq2 software (v2.11.40.2; Bioconductor,
Inc.) was used to compute differential expression.
RT‑qPCR. RNA was extracted from the serum of all patients.
Total RNA was extracted with TRIzol® (Invitrogen; Thermo
Fisher Scientific, Inc.), and its quality and quantity were
assessed using NanoDrop™ 2000c (NanoDrop Technologies;
Thermo Fisher Scientific, Inc.). RNA was then reverse tran‑
scribed into cDNA with a PrimeScript RT Reagent kit according
to the manufacturer's protocol (cat. no. RR047A; Takara
Biotechnology Co., Ltd.) according to the manufacturer's
protocol. RT‑qPCR was performed with SYBR™ Green PCR
Master Mix kit (cat. no. 4368702; Applied Biosystems; Thermo
Fisher Scientific, Inc) using a LightCycler® 480 Real‑time PCR
System [Roche Diagnostics (Shanghai) Co., Ltd.]. GAPDH was
used as an internal control. The following primers were used:
ANRIL forward, 5'‑TGCTCTATCCGCCAATCAGG‑3' and
reverse, 5'‑GGGCCTCAGTGGCACATACC‑3'; HOXA11‑AS
forward, 5'‑CGGCTAACAAGGAGATTTGG‑3' and reverse,
5'‑AGGCTCAGGGATGGTAGTCC‑3' and GAPDH forward,
5'‑AGCCACATCGCTCAGACAC‑3' and reverse, 5'‑GCCCAA
TACGACCAAATCC‑3'. The thermocycling conditions for
qPCR were as follows: 95˚C for 10 min; followed by 40 cycles
of 95˚C for 15 sec and 60˚C for 60 sec on an LightCycler® 480
Real‑time PCR System. Relative lncRNA expression levels
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Table I. Baseline characteristics of patients with drug-eluting stent implantation.
Parameter

Total (n=296)

Male, n (%)
Age, years
Body mass index, kg/m2
Systolic blood pressure, mmHg
Diastolic blood pressure, mmHg
Acute coronary syndrome, n (%)
Diabetes, n (%)
Smoking, n (%)
High-sensitivity C-reactive protein (mg/l)
Low-density lipoprotein (mmol/l)
Lnc ANRIL relative expression
Lnc HOXA11-AS relative expression

155 (52.4)
66.1±6.3
21.4±2.3
142.5±18.2
84.8±9.5
82 (27.7)
124 (41.9)
92 (31.1)
4.5±0.7
2.8±0.36
1.68±0.05
9.04±0.36

Non-ISR (n=244)

ISR (n=52)

P-values

123 (50.8)
65.4±7.2
21.9±2.9
132.5±16.5
82.9±7.3
58 (23.8)
88 (36.1)
79 (32.3)
5.4±0.5
2.4±0.4
1.55±0.08
9.28±0.3

32 (61.5)
69.2±5.1
20.8±2.5
148.2±17.0
94.5±9.5
24 (46.2)
36 (69.2)
13 (25.0)
4.2±0.5
3.0±0.3
2.44±0.1
7.53±0.4

0.169
0.231
0.301
<0.001
0.042
0.002
<0.001
0.327
0.311
0.048
<0.001
<0.001

Values are presented as n (%) or the mean ± SD. Lnc, long non-coding RNA; ANRIL, antisense non-coding RNA at the INK4 locus;
HOXA11-AS, homeobox A11-antisense; ISR, in-stent restenosis.

were calculated using the 2 ‑ΔΔCq method normalized to
GAPDH (9). Each blood sample was analyzed in duplicate, and
all analyses were repeated three times.
Statistical analysis. Continuous variables are expressed as the
mean ± SD, whilst categorical variables are presented as counts
or percentages. Kolmogorov‑Smirnov test was used to ensure that
the variables were normally distributed. The differences between
continuous variables were tested with unpaired Student's t‑test,
and the differences between categorical variables were examined
by χ2 test. All statistical analyses were performed using MedCalc
(v2016; MedCalc Software Ltd). P<0.05 was considered to indi‑
cate a statistically significant difference.
A logistic regression model performed on MedCalc was
used to test the association between the levels of ANRIL
and/or HOXA11‑AS along with other known risk factors for
ISR using univariate and multivariate models. The multivari‑
able model was adjusted for SBP, DBP, sex, age, diabetes, acute
coronary syndrome (ACS), smoking, hs‑CRP, low‑density
lipoprotein (LDL), ANRIL and HOXA11‑AS levels.
To assess differences in prognostic efficiency involving
ANRIL and HOXA11‑AS, the area under the curve of a
receiver operating characteristic analysis (auROC) using
MedCalc, which is a measure of discrimination, was calcu‑
lated. ISR was used to evaluate the diagnostic performance
of the scoring systems for patients who underwent PCI.
Furthermore, standard indices of validity, such as the Youden
index, specificity and sensitivity, were calculated according to
the ROC results.
Results
Study population. The smallest sample sizes were calcu‑
lated using the respective HOXA11‑AS and ANRIL values.
RT‑qPCR quantification indicated that, for HOXA11‑AS,
the mean and standard deviation for the control group were
9.2850 and 3.020, whereas the mean and standard deviation
for the ISR group were 6.18 and 4.4. The α was set as 0.05 and

the β as 0.1, therefore the smallest sample size for each group
was 30. For ANRIL, the mean and standard deviation for the
control group were 1.535 and 0.8717, whereas the mean and
standard deviation for the ISR group were 2.69 and 1.0044.
The α was set as 0.05 and the β as 0.1, therefore the smallest
sample size for each group was 14. In conclusion, the sample
size of the present study was sufficient and did not affect the
interpretation or generalization of the data.
A total of 410 patients with single‑vessel lesions who
received a DES at The Affiliated Hospital of Shaoxing
University and Shaoxing People's Hospital (China) between
September 2015 and September 2017 were included in the
present study. After excluding those who did not meet the
follow‑up criteria, 296 patients remained. Baseline character‑
istics for each patient were collected from the medical records.
As presented in Table I, the mean age of the patients was
66.1±6.3 years, where 52.4% of all patients were male. A total
of 17.6% patients (n=52) developed ISR during the follow‑up
coronary angiography review. SBP, DBP and LDL levels in
the ISR group were significantly higher compared with those
in the non‑ISR group (P<0.05). There were no differences in
terms of body mass index, age and hs‑CRP between the two
groups. In addition, the rate of history of ACS and diabetes
was significantly higher in the ISR group (P<0.05).
Expression of ANRIL and HOXA11‑AS. To identify potential
lncRNAs involved in the development of ISR, RNA sequencing
was used to analyze and sequence lncRNAs isolated from the
serum of three patients with ISR and three patients without ISR
(accession no. GSE182225). As presented in Fig. 1, >30 lncRNAs
exhibited differences in expression between the two groups. As
ANRIL value for predicting ISR was reported by Wang et al (8)
and HOXA11‑AS was identified as potentially involved in
ISR in our previous work (10), ANRIL and HOXA11‑AS
were selected for further analysis. ANRIL and HOXA11‑AS
expression levels were subsequently analyzed in all the patients
(including 52 patients with ISR and 244 patients without ISR)
using RT‑qPCR, which revealed that ANRIL expression was
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Figure 1. Serum RNA sequencing results of patients with or without ISR. Serum samples were collected from three patients with ISR and three patients
without ISR. RNA sequencing results indicated that the levels of several long non‑coding RNA expression were different between the two groups. ISR, in‑stent
restenosis. ANRIL, antisense non‑coding RNA at the INK4 locus; HOXA11‑AS, homeobox A11‑antisense.

significantly increased in the ISR group compared with that in
the non‑ISR group, whilst HOXA11‑AS expression was signifi‑
cantly decreased (P<0.001), as shown in Fig. 2.
Risk factor analysis for ISR. As shown in Table II, univariate
logistic regression revealed that SBP (odds ratio (OR)=1.22;
95% confidence interval (CI)=1.03‑1.98), DBP (OR=1.09;
95% CI=1.03‑1.88), ACS (OR=1.36; 95% CI=1.06‑4.89),

diabetes (OR=1.92; 95% CI=1.61‑4.19), LDL (OR=2.44;
95% CI=1.46‑8.04) and ANRIL expression (OR=2.95;
95% CI=1.68‑8.08) were significantly associated with ISR
(P<0.05). In addition, HOXA11‑AS expression was negatively
associated with ISR (OR= 0.62; 95% CI= 0.48‑0.71; P<0.05).
All variables were then entered into the multivariate logistic
regression analysis. As reported by Table II, SBP (OR=1.31;
95% CI=1.06‑2.01), DBP (OR=1.05; 95% CI=0.99‑1.96),
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Table II. Logistic regression analysis for patients with drug-eluting stent implantation, with or without in-stent restenosis.
Univariate analysis
Multivariate analysis
	-----------------------------------------------------------------------	----------------------------------------------------------------------Variables
OR
95% CI
P-value
OR
95% CI
P-value
Male
Age
Body mass index
Systolic blood pressure
Diastolic blood pressure
Acute coronary syndrome
Diabetes
Smoking
High-sensitivity C-reactive protein
Low-density lipoprotein
Lnc ANRIL relative expression
Lnc HOXA11-AS relative expression

0.99
0.94
1.09
1.22
1.09
1.36
1.92
1.05
1.14
2.44
2.95
0.62

0.49-1.94
0.68-1.44
0.29-1.99
1.03-1.98
1.03-1.88
1.06-4.89
1.61-4.19
0.53-1.60
0.78-1.56
1.46-8.04
1.68-8.08
0.48-0.71

0.722
0.223
0.485
0.007
0.034
0.041
0.004
0.692
0.265
<0.001
0.001
0.001

0.96
0.98
1.09
1.31
1.05
1.39
1.88
1.02
1.09
2.74
2.68
0.58

0.41-2.07
0.88-1.68
0.30-1.85
1.06-2.01
0.99-1.96
1.14-3.27
1.42-6.21
0.24-1.38
0.42-1.95
1.78-9.69
1.62-7.82
0.45-0.72

0.603
0.245
0.502
0.002
0.046
0.002
0.009
0.416
0.301
0.001
0.001
0.001

OR, odds ratio; 95% CI, 95% confidence interval; Lnc, long non-coding RNA; ANRIL, antisense non-coding RNA at the INK4 locus;
HOXA11-AS, homeobox A11-antisense.

Figure 2. ANRIL and HOXA11‑AS expression in the serum of patients with or without ISR. Relative expression of (A) ANRIL and (B) HOXA11‑AS in patients
with and without ISR, obtained by reverse transcription‑quantitative PCR. ***P<0.001. ISR, in‑stent restenosis; ANRIL, antisense non‑coding RNA at the INK4
locus; HOXA11‑AS, homeobox A11‑antisense.

ACS (OR=1.39; 95% CI=1.14‑3.27), diabetes (OR=1.88;
95% CI=1.42‑6.21), LDL (OR=2.74; 95% CI=1.78‑9.69) and
ANRIL expression (OR=2.68; 95% CI=1.62‑7.82) were found to
be independent risk factors for ISR (P<0.05), whilst HOXA11‑AS
expression (OR=0.58; 95% CI=0.45‑0.72; P<0.001) was found
to be an independent protective factor for ISR.
ROC analysis of ANRIL and HOXA11‑AS for ISR. The
ability of ANRIL and HOXA11‑AS to predict ISR in patients
with single‑vessel lesions who received a DES is presented
in Fig. 3 and Table III. The performance of ANRIL with an
auROC of 0.755 (95% CI=0.702‑0.803) was higher than that of
HOXA11‑AS with an auROC of 0.712 (95% CI=0.657‑0.763),
although the difference was not statistically significant
between the two lncRNAs (data not shown). When using the
best ANRIL cut‑off value of 2.25, the sensitivity was 67.3%

and the specificity was 75.8%. By contrast, when using a cut‑off
value for HOXA11‑AS of 7.07, the sensitivity was 67.31% and
the specificity was 79.1%. ANRIL and HOXA11‑AS were
then combined to obtain the ANRIL and HOXA11‑AS scores
[ANRIL and HOXA11‑AS score = ‑2.3517 + 1.12065 x A
NRIL + (‑0.17024) x HOXA11‑AS], for which coefficients
were calculated by multivariate logistic regression, with only
ANRIL and HOXA11‑AS included. The score revealed an
auROC of 0.844 (95% CI= 0.798‑0.884), which was signifi‑
cantly higher than that of ANRIL or HOXA11‑AS (P<0.01).
When a cut‑off value of ‑1.67 was used for this score, the sensi‑
tivity was 82.7% and the specificity was 73.8%. Therefore,
the combined ANRIL and HOXA11‑AS score exhibited a
better performance than either ANRIL or HOXA11‑AS alone
in predicting ISR in patients with single‑vessel lesions who
received a DES.
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Table III. ROC analysis of using ANRIL and HOXA11-AS for predicting ISR in patients with drug-eluting stent implantation,
with or without in-stent restenosis.
Parameter
ANRIL
HOXA11-AS
ANRIL and HOXA11-AS

auROC

95% CI

P-valuea

0.755
0.712
0.844

0.702-0.803
0.657-0.763
0.798-0.884

<0.001
<0.001
<0.001

P-valueb Youden
0.008
0.002
N/A

Cut-off

0.431
2.25
0.464
7.07
0.564	-1.67

Sensitivity (%) Specificity (%)
67.3
67.31
82.7

75.8
79.10
73.8

ANRIL and HOXA11-AS score = -2.3517+1.12065 x ANRIL + (-0.17024) x HOXA11-AS. aP<0.05 compared with 0.5 (auROC critical
value); bP compared with auROC of ANRIL and HOXA11-AS. ROC, receiver operating characteristic; auROC, area under the curve of a ROC
analysis; 95% CI, 95% confidence interval; ANRIL, antisense non-coding RNA at the INK4 locus; HOXA11-AS, homeobox A11-antisense.

Figure 3. ROC analysis of the potential of ANRIL and HOXA11‑AS to predict
ISR. ROC analysis was used to test the values of ANRIL and HOXA11‑AS
for the prediction of ISR. High ANRIL (auROC= 0.755; 95% CI= 0.702‑0.803)
expression (g reen line) a nd low HOX A11‑AS (au ROC= 0.712;
95% CI= 0.657‑0.763) expression (yellow line) predicted high risk for ISR
(P<0.05). Combined scores of ANRIL and HOXA11‑AS (auROC= 0.844;
95% CI=0.798‑0.884) expression (blue line) had a better performance for the
prediction of ISR than ANRIL or HOXA11‑AS alone (P<0.05). auROC, area
under the curve of a receiver operating characteristic analysis; ISR, in‑stent
restenosis; Lnc, long non‑coding RNA; ANRIL, antisense non‑coding RNA
at the INK4 locus; HOXA11‑AS, homeobox A11‑antisense.

Discussion
ISR occurrence is the result of a number of factors. Several
studies have shown that the type of coronary vascular lesions,
length of the lesions, diameter and length of the implanted
stent, types of stent, tandem stent and technical proficiency of
doctors can all affect the occurrence of ISR (11,12). In addi‑
tion, previous studies have revealed that smoking, diabetes and
hyperlipidemia are independent risk factors for ISR (13). Sex
and age can also affect ISR occurrence (14). Early assessment
of the risks of ISR in patients after PCI and controlling the risk
factors have been considered to be one of the most effective
means to prevent and treat ISR (8,15).
lncRNAs are highly conserved molecular sequences that are
also relatively stable in the circulatory system, rendering them

potentially reliable molecular markers for disease identifica‑
tion (16). Previous studies have confirmed that some lncRNAs
have diagnostic value for CHD (15,17). For example, expression of
the lncRNA long intergenic noncoding RNA predicting cardiac
remodeling was found to be downregulated during the early
phases after a cardiac event, but remained elevated during latter
stages after an acute myocardial infarction (AMI) (18). In addi‑
tion, myosin heavy‑chain‑associated RNA transcript, a recently
described lncRNA that was found to protect the heart from hyper‑
trophic remodeling, demonstrated a positive correlation with the
cardiac injury marker cTnT in patients with AMI (5). However,
to the best of our knowledge, only one study has addressed the
association between plasma lncRNAs and ISR (8). In the present
study, plasma samples were collected from patients with and
without ISR for analysis. RNA sequencing results indicated
that ANRIL expression was upregulated, whilst HOXA11‑AS
was downregulated in plasma samples from patients with ISR
compared with patients without ISR. In addition, the present
results identified ANRIL to be an independent risk factor for ISR,
whereas HOXA11‑AS was an independent protective factor for
ISR. Therefore, high ANRIL expression and low HOXA11‑AS
expression are proposed to be predictors of high ISR risk.
Furthermore, the present data identified that the combined score
of ANRIL and HOXA11‑AS was a superior predictor for ISR
compared with either ANRIL or HOXA11‑AS alone.
Consistent with the present findings, the value of ANRIL
for predicting ISR was previously reported by Wang et al (8).
Accumulating evidence has demonstrated that ANRIL is
expressed in vascular endothelial cells, VSMCs, mononuclear
phagocytes and atherosclerotic plaques (19‑21). ANRIL can
not only regulate protein expression, but also participate
in post‑translational modifications (20). Abnormal ANRIL
expression has been revealed to result in vascular endothelium
injury, proliferation, migration, senescence and apoptosis of
VSMCs, in addition to mononuclear cell adhesion and prolifer‑
ation, glycolipid metabolism disorders and DNA damage (21).
ANRIL accelerates atherosclerosis development and is a
known risk factor for CHD and ISR (8).
HOXA11‑AS is a newly discovered lncRNA that has
been studied mainly in the context of tumor biology (22).
Wang et al (23) reported that HOXA11‑AS was associated
with cell cycle progression in glioma, associated with tumor
grade and lead to a poorer prognoses. In another study,
Chen et al (24) proposed that HOXA11‑AS may participate
in the occurrence of cervical cancer by regulating HOXA11.
Furthermore, two previous studies revealed that HOXA11‑AS
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expression was associated with metastasis, invasion, staging
and prognosis in human ovarian cancer and lung adenocarci‑
noma (25,26). These studies also proposed that suppression of
ovarian cancer by HOXA11‑AS did not occur by regulating the
HOXA11 gene (25,26). In 2017, a number of studies reported
that HOXA11‑AS could promote the proliferation of tumor
cells by regulating the expression of microRNA (miR)‑140‑5p,
large tumor suppressor kinase 1, miR‑124 and peptidyl arginine
deiminase 2 (27‑31). However, to date, the role of HOXA11‑AS
in the cardiovascular field has not been previously reported.
The present study reported that HOXA11‑AS expression was
decreased in patients with ISR and can therefore function as a
protective factor for ISR.
Multiplex detection demonstrated better predictive
performance than individual factors alone, which has also
been demonstrated in a number of previous studies (32,33).
Tesche et al (33) demonstrated that a combination of coronary
CT angiography‑derived non‑calcified plaque volumes, lesion
length and remodeling index had a higher predictive value
for ISR than each aforementioned alone, which was clinically
valuable for the prediction of ISR. Consistent with this, the
present results indicated that the combination of ANRIL and
HOXA11‑AS significantly improved the predictive accuracy
for ISR compared with each lncRNA alone. With the rapid
development in technology and equipment, it is now possible
to simultaneously detect several different lncRNAs from a
single sample using multiplex microbead‑based assays (34).
Therefore, multiplex detection of lncRNAs could represent a
promising assay for predicting ISR.
In conclusion, the present results demonstrated that
HOXA11‑AS expression was downregulated in the plasma of
patients with ISR, whereas ANRIL expression was upregu‑
lated. ANRIL was found to be an independent risk factor
for ISR, whilst HOXA11‑AS was an independent protective
factor for ISR. In addition, high ANRIL expression and low
HOXA11‑AS expression predicted a higher risks of ISR. The
present study subsequently revealed that the combined score for
ANRIL and HOXA11‑AS proved to be superior at predicting
ISR compared with that for either ANRIL or HOXA11‑AS
alone. Therefore, despite its limitations (lack of in vivo inves‑
tigations to confirm the role ANRIL or HOXA11‑AS in ISR),
the present results support the use of the multiplex detection of
lncRNAs as a test for predicting ISR in the future.
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