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ABSTRACT

It recently has been reported that the in-stent restenosis
(ISR) of expanded area after percutaneous coronary inter-
vention (PCI) within six months can become a serious post-
operative complication. A real-time quantitative PCR was
used to analyze the expression of serum miR-21 in 33 ISR
and 37 non-ISR patients after PCI. Expression of miR-21
was significantly higher in the ISR group compared with
that in the NISR group, and a similar trend also occurred in
factor- (TNF-a) level, Interleukin -6 (IL-6) level, and plaque
area (PLA). However, a contrary trend occurred in the exter-
nal elastic membrane area (EEM) and minimal lumen area
(MLA). This study suggests that the increased expression of
serum miR-21 is related to ISR after PCI, and miR-21 can be
a new predictor of ISR.

INTRODUCTION

Coronary stenting is one of the important methods to
treat coronary artery stenosis caused by ischemic heart dis-
ease, including angina or acute coronary events [Li-Sha 2015;
Ren 2008]. In recent years, PCI has been widely used in the
treatment of coronary heart disease in China. However, ISR
after PCI is still an unsolved clinical problem.

It has been reported that the clinical incidence of ISR after
bare metal stent implantation is about 20-35%. The use of
drug-eluting stents further reduced the incidence of ISR to
5-10% [Kim 2011]. Known risk factors for ISR include diabe-
tes mellitus, renal insufficiency, small vessel diameter (3 mm),
treatment of complex lesions (B2/C) [Ryan 1988], chronic
total occlusion, venous bypasses, ostial or bifurcated lesions,
stent undersizing or underexpansion, and necessary implanta-
tion of more stents [Kim 2011].

MicroRNAs (miRNAs, miRs) are small (22-nucleotide)
noncoding RNAs. They regulate gene expression at the post-
transcriptional level by binding to the target mRNA, leading
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either to mRNA degradation or to translational repression
[Small 2011]. MiRNAs have emerged as important regulators
of several physiological and pathophysiological processes in
cardiovascular disease [Fichtlscherer 2011].

Some reports have shown that miRNAs may present diver-
sity of expression in ischemic heart disease and be involved
in the pathophysiological process [Qiang 2013]. So far, more
than 1,000 miRNAs have been discovered [Bentwich 2005].
In patients with stable coronary heart disease, the circulating
levels of miR-126, miR-17 and miR-92a were significantly
lower than those in healthy subjects [Fichtlscherer 2010].
Recent studies have shown that miRINA-21 level is related
to the degree of coronary artery stenosis. MiRINA-21 level

Figure 1. A, Coronary angiogram show severe ISR at proximal Left cir-
cumflex (blue arrow) with no flow, proximal Ramus intermedius (green

arrow) with slow flow, and mid Left anterior descending artery (red
arrow); B, Dilation of the Ramus intermedius coronary artery with 2.5
mm x 22 mm Non-compliant balloon with 22 atm inflation pressures
was done; C, IVUS imaging of the underexpanded stent in the proximal
left circumflex lesion show stent struts (red arrow) with evidence of
neointimal hyperplasia (yellow star); D, IVUS imaging of the underex-
panded stent in the proximal Left circumflex lesion show small stent
cross-sectional area of only 3.6 mm?.
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Figure 2. Comparison of Clinical characteristics and the parameters of IVUS for the patients after PCl between the ISR group and the NISR group. [l [l
l.P<.01; AAA, P> .05 TG: triglyceride; LDL-C: low density lipoprotein cholesterol; TC: high density lipoprotein cholesterol; TNF-oi: Tumour necrosis
factor-oy; IL-6: interleukin-6; TC:Total Chol; IVUS: Intravascular ultrasound; EEM: external elastic membrane; PLA: plaque area; MLA: minimal lumen area

in the acute myocardial infarction group was significantly
higher than those in the control group [Yang 2015]. There
is evidence that silencing miRNNA-21 expression reverses the
protective effect of trimetazidine on myocardial ischemia-
reperfusion injury [Ma 2016].

The purpose of this study is to explore whether miR-21
can be used as a biological index to determine coronary artery
stenosis after PCI.

MATERIALS AND METHODS

Study population: We included 70 patients with acute
coronary syndrome who underwent PCI in our hospital car-
diology department between March 2018 and March 2020.
Within six months after PCI, 33 cases were diagnosed as
ISR and 37 cases as non-ISR. The diagnosis of ISR was con-
firmed by coronary angiography. ISR was defined as recurrent
diameter stenosis at the stent segment more than 50% of the
determined vessel diameter [Bentwich 2005; Mitchell 2008].

Intravascular ultrasound (IVUS) was used to evaluate the
changes of pathological vessels. Acute coronary syndrome
was confirmed in the patient's medical records, including
all available clinical records (electrocardiograms, noninva-
sive imaging studies, coronary angiography, and cardiotho-
racic surgical reports). The excluded diseases included severe
hepatorenal insufficiency, infection, tumor and immune defi-
ciency. After PCI, patients took aspirin (300 mg/d) and Plavix
(75 mg/d) for one month. The study was approved by the
ethics committee of our hospital and informed consent was
obtained from all patients.

Methods: The expression of miR-21 in serum of patients
after PCI was detected by real-time quantitative PCR.
According to the manufacturer's instructions (ELISA kit; R
& D system, Minneapolis, Minnesota), the serum concentra-
tions of IL-6 and TINF-o. were detected by ELISA. IVUS was
used to evaluate the effect of PCI, ROC curve was drawn,
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and AUC was calculated for assessing the predictive value of
miR-21 to ISR.

Intravascular ultrasound: IVUS is considered a basic coro-
nary imaging method to evaluate ISR and can easily evaluate
the characteristics of stent and operation [Alraies 2017]. All
subjects received IVUS examination at the sixth month after
PCI. IVUS examination was performed on the vascular seg-
ment implanted with stent and used a catheter diameter of
2.5F as well as the probe frequency of 40MH. The external
elastic membrane (EEM), minimal lumen area (MLA), and
plaque area (PLA) of stent placement location were mea-
sured. IVUS analyses were performed through the agreement
of two independent cardiologists (Dr. Yang and Dr. He). The
IVUS images are shown in Figure 1.

Specimen collection: Blood samples of patients were col-
lected on the day of IVUS and centrifuged at 3000 rpm at
4°C for 15 minutes. The supernatant was transferred to ster-
ile Eppendorf tubes and stored at -80°C.

Quantitative real-time polymerase chain reaction (qRT-
PCR): Total RNA was extracted from serum using the miR-
NAeasy kit (Qiagen, NV, Finlow, Netherlands). The RNA
samples (5pl) were diluted 20 times with ultrapure water. The
purity of RNA was determined by the ratio of the ultraviolet
absorbance at 260 and 280 nm. The ratio of 1.7 to 2.1 showed
that the samples had high purity and could meet the needs
of further research. The cDNA template was generated by
reverse transcription with a PCR amplifier. qRT-PCR was
conducted by ABI 7500 quantitative PCR System (Thermo
Fisher Scientific, Waltham, MA, USA) for detection of
miR-21 expression. The reaction conditions were as follows:
initial denaturation at 95°C for 10 min and 40 cycles of dena-
turation at 95°C for 10 s, annealing at 60°C for 20 s, and
extension at 72°C for 34 s. B-actin was used as an internal con-
trol. The primer sequences of miR-21 and B-actin are illus-
trated in Table 1. The length of amplified product of miR-21
was 350 bp, and that of B-actin was 650 bp. The target gene
fragments were amplified by gel electrophoresis, and the Ct
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Table 1. The Primer Sequences

Target Primer Sequences

miR-21 Forward: 5-GTGCAGGGTCCGAGGT-3’
Reverse: 5-GCCGCTAGCTTATCAGACTGGT-3"

B-actin Forward: 5-CTCGCTTCGGCAGCACA-3’

Reverse: 5-AACGCTTCACGAATTTGCGT-3’

value was obtained by scanning the ultraviolet imaging system
to calculate the relative expression of miR-21 using the 24
method via the formula: *Ct=(target gene CT - B-actin CT).
2-2Ct is the relative expression quantity of miR-21.

Clinical follow up: A six-month clinical follow up after
PCI was completed for all patients to evaluate whether there
were presences of ISR.

Statistical analysis: SPSS 21.0 statistical software (SPSS
Inc., Chicago, IL, USA) was applied for statistical analysis.
The measurement data were expressed by mean and standard
deviation () = s). Least significant difference t-test was used in
comparison of two groups or averages. Pearson method was
used to analyze the correlation between miR-21 expression
and risk factors of ISR. The clinical significance of miR-21
expression in ISR was evaluated by establishing receiver
operating characteristic (ROC) curve, calculating sensitivity,
specificity, and AUC. P < .05 was considered to indicate a sta-
tistically significant difference.

RESULTS

Clinical characteristics and IVUS parameters of coronary
artery lesions for all patients: Basic demographic and clini-
cal and biochemical characteristics of the cohort are listed
in Table 2 and Figure 2. The patients between the ISR and
NISR groups did not significantly differ in the main demo-
graphic parameters (age and gender) or clinical risk factors
(diabetes mellitus, AMI/UA), who had a similar extent of
coronary disease (multi-vessel disease [2VD/3VD]) and simi-
lar lesion characteristics (complex lesion B2/C and diameter
of implanted stents). Furthermore, they had similar main
iochemical parameters (creatinine, triglyceride (TG) and
HDL-cholesterol). However, total cholesterol (T'C) and
LDL cholesterol, TNF-a, as well as IL-6 was significantly
higher for the ISR patients.

Comparison of the parameters of IVUS between groups:
The parameters for EEM, PLA, and MLA revealed the statis-
tically significant differences in the ISR group compared with
those in the NISR group, respectively (Table 2).

Comparison of expression quantity of miRNA-21 between
groups: The evidences of RT-PCR showed the increased
expression of miR-21 in the ISR group compared with those
in the NISR group (Figure 3).

Correlation analysis: In the ISR group, the expression of
serum miR-21 had a positive correlation with PLA and had a
negative correlation with EEM and with MLA. Furthermore,
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Table 2. Clinical characteristics and IVUS parameters of
coronary artery lesions for all patients

Group ISR NISR P

Age (years) 55.7 £ 12.6 52.3+13.2 >.05
Male/Female 24/9 27/10 >.05
Diabetes mellitus (%) 29.75 28.37 >.05
Creat (umol/L) 78.3 £23.9 75.1+22.6 >.05
TC (mmol/L) 4.73 £ 0.56 4.17 £ 0.45 <.01
TG (mmol /L) 1.87 £0.37 1.79 £ 0.36 >.05
LDL-C (mmol/L) 3.02 £0.29 2.37+0.23 <.01
HDL-C (mmol/L) 1.19 £0.15 1.15 £ 0.13 >.05
TNF-o. (pg/ml) 73+2.6 5.5+2.2 <.01
IL-6 (ng/L) 0.52 +0.05 0.40 + 0.04 <.01
AMI/UA 15,18 17,20 >.05
Multi-vessel disease (%) 53.5 52.7 >.05
B2/C lesions (%) 67.3 66.2 >.05
Stent diameter (mm) 3.0+0.79 3.0+ 0.66 >.05
EEM (mm?) 9.97 £2.17 13.66 +2.28 <.01
PLA (mm?) 1.28 £2.75 6.13 £ 1.90 <.01
MLA (mm?) 3.78 + 1.87 6.07 =2.07 <.01

Abbreviations: LDL-C: low density lipoprotein cholesterol; HDL-C: high
density lipoprotein cholesterol; TNF-o: Tumour necrosis factor-o;; IL-6: in-
terleukin-6; AMI: acute myocardial infarction; UA: unstable angina pectoris;
EEM: external elastic membrane; PLA: plaque area; MLA: minimal lumen
area; TG: triglyceride; TC: total cholesterol

a positive correlation also has been confirmed between
TNF-o. and miR-21, as well as between IL-6 and miR-21.
The scatter diagrams on correlation were shown in Figure 4.

ROC curve analysis: The effect of miR-21 on diagnosing
restenosis was presented in Figure 5. The under area (AUC)
of ROC curve was 0.867 (95% confidence interval (CI: 0.752-
0.9577). The Youden index was 0.797 and the sensitivity and
specificity were 89.5% and 90.2%, respectively.

In this study, we explored the possible association between
miR-21 expression in blood samples from patients who suc-
cessfully received PCI and the incidence of ISR six months
later. Our data showed that the presence of miR-21 was
associated with ISR and that TNF-o and IL-6 levels were
significantly higher in the ISR group than those in the NISR
group. The analysis for IVUS revealed that EEM and MLA
significantly decreased, and PLA significantly increased for
the ISR patients. More importantly, the miRINA-21 expres-
sion had a significant correlation with EEM, PLA, MLA,
TNF-a, and IL-6 | in the ISR group, respectively. An AUC
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of 0.867 (95% confidence interval (CI): 0.752-0.957) with
Youden index of 0.797, sensitivity of 89.5%, and specificity
of 90.2% was described.

VSMC proliferation and miRINA-21: Currently, coronary
stenting intervention is used for the treatment of ischemic
heart disease caused by coronary stenosis. The early diagnosis
of ISR has become the focus of current research. The mecha-
nisms of restenosis are not fully understood yet. It is widely
accepted that vascular inflammation plays a central role in the
pathogenesis of ISR. This condition stimulates excessive vas-
cular smooth muscle cells (VSMCs) proliferation and migra-
tion as well as extracellular matrix remodeling, resulting in
neointimal hyperplasia and eventually ISR [Donners 2003;
Drachman 2005; Schillinger 2005].

Similar study also has shown that the persistence of vascular
damage during PCI and bare-metal stent implantation lead to
complex inflammatory and repair processes. This inflamma-
tory response promotes the release of some leukocyte related
growth factors, which leads to the further proliferation of vas-
cular smooth muscle cells, migration to neointima, and then
the formation of extracellular matrix. Excessive VSMC pro-
liferation and extracellular matrix formation lead to neointi-
mal hyperplasia, which represents the major pathophysiologic
mechanism of ISR [Pleva 2015].

MiR-21 is a subtype of miRNA family, which has a typi-
cal gene coding region and is not affected by other coding
region gene promoters and has its own promoter region, it
shows over expression under various pathological conditions
(such as cancer, cardiovascular disease, etc.) [Cai 2004; Fujita
2008; Lagos-Quintana 2002]. Current research suggests that
miR-21 has different roles in different heart diseases because
they are expressed in vascular smooth muscle, endothelial
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cells, cardiac myocytes, and cardiac fibroblasts [Song 2012;
Sabatel 2011; Qin 2012; Liang 2012].

Increasing evidences indicated that adenovirus-mediated
miR-21 sponge could significantly decrease the expression of
miR-21 in cultured VSMCs and VSMC proliferation. The
further analysis revealed that the phosphatase and tensin
homolog (PTEN) was a potential target gene and involved
in the miR-21-mediated effect on neointimal hyperplasia in
vein grafts. Overexpression of miR-21 induced the prolif-
eration of VSMCs in the aortic wall predominantly through
the inhibition of PTEN [Wang 2017]. It previously has been
demonstrated that the gene expression of miR-21 raised obvi-
ously after aortic balloon angioplasty in some rats [Ji 2007].
In the experiment, researchers removed miR-21 from smooth
muscle cells and found that cell proliferation decreased
with the increase of apoptosis. Therefore, it is thought that
miRNA-21 plays an important role in promoting prolif-
eration and anti-apoptosis in smooth muscle cells, thereby
affecting the formation of neointima and participating in the
pathological process of vascular stenosis.

In the present study, the expression of miR-21 increased
significantly in the ISR group than those in the NISR group
(P < .01). These findings suggest that coronary interven-
tion cause proliferation for the intima of the blood vessels
and that ISR patients are more likely to suffer from intimal
damage than those without stenosis patients. The above evi-
dence indicates that increased miR-21 levels contribute to
the effect of ISR.

Inflammation and miRNA-21: Many cytokines have
been shown to increase the incidence of recurrent stenosis
in the dilated segment of the coronary artery [Libby 2003;
Casscells 1994; Danenberg 2003]. TNF-a, as one of the most
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E760

c o =

o o C

[ ]
\
|
\
|
!

sensitivity

o
IN
I

o
N
]

o
o

T T T T
02 04 06 0.8 1.0

1 - specificity

o
o

Figure 5. The ROC curves of miRNA-21

contributing inflammatory cytokines, is involved in the devel-
opment of heart failure, myocardial ischemia/reperfusion
injury, and coronary micro-embolization [Skyschally 2007;
Schulz 2004; Chen 2014]. The elevated TNF-o concentra-
tions in the myocardia following ischemia, during coronary
micro-embolization or other conditions, correlate with the
development of contractile dysfunction [Cao 2015]. In a
recent study, TNF-o was chosen as a downstream target of
miR-21. The study demonstrated that miR-21 regulated the
expression of TNF-a in HeLa cells of cervical cancer cells
[Xu 2017].

An increase in IL-6 level within several hours after the pro-
cedure was observed for PCI patients. However, after the first
month following PCI, a decrease in IL-6 level was observed.
This revealed that PCI improved myocardial ischemia and
confirmed the effect of PCIL. As time goes on, the decline in
I1.-6 level could be reversed, which also had been shown to
stimulate restenosis with PCI [Hojo 2000; Szkodzinski 2009;
Ikeda 2001]. Another study showed significant differences in
TNF-o, IL-6, and CRP levels between patients with tropo-
nin t-positive and those with troponin t-negative after selec-
tive PCI [Bonz 2003]. Shen et al. found with miR-21 upregu-
lation, IL-6 could stimulate the anti-apoptotic IL-6/Stat3
pathway, increase cellular proliferation, and reduce apoptosis
[Shen 2009].

In the present study, the levels of TNF-a and IL-6
increased more significantly in the ISR group. Further analy-
sis revealed that the expression of miR-21 had a positive cor-
relation with the levels of TNF-o and IL-6. This evidence
confirms that the pathogenesis of ISR might be related to
inflammation, and miRNA-21 played a controlling role in the
pathogenesis of ISR.

Ischemic heart disease and miRNA-21: Restenosis
after PCI often is accompanied by recurrence of angina
and myocardial ischemia [Alraies 2017]. Ischemia-driven
target lesion revascularization (TLR) was also the same in
patients randomly assigned to sirolimus-eluting stents or
paclitaxel-eluting stents (13.1% versus 15.1%) in the study
[Riber 2011].
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In the evaluation of ischemic heart disease, intravascular
ultrasound (IVUS) is a method that can directly show the
stenosis of the coronary artery and accumulation of plaque,
and with the least invasion [Lindsey 2016]. Conventional
grayscale (B-mode) IVUS imaging helps to determine the
extent and shape of plaque [Mintz 2001], guide percutane-
ous coronary intervention (PCI), and evaluate stent place-
ment in subsequent imaging [Maehara 2009]. Previous
study has shown that the release of vascular and myocardial
miRNAs into the circulation in patients with stable CAD
depend on the prevalence of significant coronary stenosis
with coronary ischemia. Patients with a significant coro-
nary stenosis showed significantly increased levels of cir-
culating miR-21, miR-126, and miR-222 [Jansen 2017]. In
a murine ischemia-reperfusion model, myocardial miR-21
was upregulated in the infarct zone and triggered fibrotic
infarct remodeling by phosphatase and tensin homolog
[Roy 2009]. Ischemia-induced upregulation of miR-21
could present a possible underlying mechanism in patients
with significant coronary stenosis and cardiac ischemia
[Huang 2016].

Here, we presented evidence of IVUS for PCI
patients, in which these parameters of IVUS, includ-
ing EEM, MLA and PLA, presented significant differ-
ences for ISR patients. In our findings, the expression of
miR-21 had significant correlation with EEM, MLA, and
PLA. These findings suggested that the obvious resteno-
sis of the coronary artery after PCI regulated the expres-
sion of circulating miRNA-21, which may be related to
myocardial ischemia.

According to our results of ROC curve, AUC of serum
miR-21 expression was 0.867, associated with 89.5% sensitiv-
ity and 90.2% specificity, suggesting that miRNNA-21 may be
an effective marker to distinguish ISR after PCIL.

The above findings indicated that miR-21 was closely
related to the development of ISR after PCI and may be
involved in the pathogenesis of restenosis.

The patients between the ISR and NISR groups did not
significantly differ in the main demographic parameters
(age and gender) or clinical risk factors (diabetes mellitus,
AMI/UA), who had a similar extent of coronary disease
(multi-vessel disease [2VD/3VD]) and similar lesion char-
acteristics (complex lesion B2/C and diameter of implanted
stents). Furthermore, they had similar main iochemical
parameters (creatinine, TG and HDL-C). However, total
TC and LDL cholesterol was significantly higher for the
ISR patients.

Our results showed that the expression of miR-21 were
significantly associated with ISR in the patients after PCI.
The detection of the expression of serum miR-21 for fore-
casting of ISR is of great importance, creating a new way in
the diagnosis and treatment of ISR.

Limitations: This study could be limited by a single
miRNA research and relatively small sample size.
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