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Plasma miR-21-5p and miRNA-93-5p Levels as Early Assessment
Tools for In-Stent Restenosis Following Endovascular Stenting
Treatment in Patients with Lower Extremity Atherosclerotic
Disease
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In-stent restenosis (ISR) still remains a leading cause of failure of interventional therapy in patients with
lower extremity atherosclerotic disease (LEAD). Sensitive and reliable biomarkers to predict ISR should be
identified. This study aims to investigate predictive values of two microRNAs, miR-21-5p and miR-93-5p
for ISR following endovascular stenting treatment. A total of 128 LEAD patients receiving endovascular
stenting treatment were included into the study and their restenotic status followed up by computed
tomography angiography after 6 months to examine the incidence of ISR. The results of two-way ANOVAs
showed a significant effect of ISR presence, time, and ISR x time interaction on the plasma level of
miR-21-5p and miR-93-5p among LEAD patients, which reduced at the postoperative 14" day. The
following multiple comparisons test showed higher plasma level of miR-21-5p and miR-93-5p at the
postoperative 14" day in the ISR than the non-ISR (P < 0.0001). The plasma levels of miR-21-5p and
miR-93-5p at 14 days after surgery used alone or combination as a test to predict ISR occurrence 6 months
after surgery produced an AUC of 0.845, 0.839, and 0.906, respectively. Multiple logistic regression
analysis revealed the plasma levels of miR-21-5p and miR-93-5p at 14 days after surgery were risk factors
for LEAD patients developing ISR at 6 months after surgery (P < 0.001). Our results suggest that plasma
miR-21-5p and miR-93-5p levels at 14 days after surgery may serve as potential biomarkers for developing
ISR following endovascular stenting treatment among LEAD patients.
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Introduction

Lower extremity atherosclerotic disease (LEAD), also
known as lower extremity peripheral artery disease, is char-
acterized by sclerotic stenosis or obstruction of the large
arteries in the lower limbs, often caused by atherosclerotic
plaque (Polonsky and McDermott 2021). The prevalence
of LEAD exceeds 230 million adults across the globe and
leads to a significant morbidity and mortality (Criqui et al.
2021). The most common clinical outcomes of LEAD
include rest pain, impaired functional capacity, and tissue
loss in the distal limbs that may result in lower extremity
amputation (Levin et al. 2020). LEAD involves a broad

spectrum of disease from asymptomatic to intermittent
claudication or chronic limb-threatening ischemia
(Shishehbor et al. 2023). LEAD similarly affects men and
women, while women exhibit more atypical symptoms and
receive revascularization at their older ages than men
(McDermott et al. 2023). Revascularization procedures,
such as angioplasty, stenting, and bypass grafting, are indi-
cated in those with severe disease or those being not
improved after non-surgical interventions (Annex and
Cooke 2021). Accordingly, a new clinical entity of in-stent
restenosis (ISR) become apparent. ISR is defined as > 50%
narrowing in the stent lumen following stent implantation
and occurs in as many as 30% of all patients with place-
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ment of bare metal stents, leading to stent failure, repeated
interventions, and even a significant morbidity (Nicolais et
al. 2018; Muller et al. 2023). Even with drug-eluting stents,
a considerable portion of patients experience ISR after stent
implantation, create a critical need of non-invasive bio-
markers to follow-up patients at an increased risk of devel-
oping ISR following endovascular stenting and tailor man-
agement strategies (Montelione et al. 2022).

Much evidence indicates that microRNAs (miRNAs)
appear to hold promise in the identification of LEAD
patients at increased risk of ISR following stent implanta-
tion due to their extraordinary stability in several bodily
fluids (Stojkovic et al. 2018). The formation of ISR is
largely associated with the migration and proliferation of
vascular smooth muscle cells (VSMCs) (Clare et al. 2022).
VSMCs migrate from the medial and adventitial layers into
the intimal layer and accumulate within neointimal lesions,
leading to the incidence of neointimal hyperplasia in the
blood vessel wall and ultimately contributing to restenosis
(Tang et al. 2022). miRNAs have long been recognized as
potent regulators of VSMC intracellular or extracellular
signaling during phenotypic switching, senescence, calcifi-
cation, and neointimal hyperplasia (Sufianov et al. 2023).
MiRNA-21-5p (miR-21-5p) was previously demonstrated
with a significantly elevated expression in peripheral mono-
cytes from patients with coronary artery disease and mouse
atherosclerotic plaques (Gao et al. 2019). Compared to
non-atherosclerotic left internal thoracic arteries, the miR-
21-5p was found to be enriched in atherosclerotic arteries
(Raitoharju et al. 2011). Interestingly, miRNA-93-5p (miR-
93-5p) was revealed with a high expression in patients with
peripheral arterial disease (Shu et al. 2019). Of note, miR-
93-5p has also been studied as a consistently changed
miRNA in ISR compared to non-ISR after coronary stent
implantation (O’Sullivan et al. 2019). However, the sensi-
tivity and stability of miR-21-5p and miR-93-5p as early
biomarkers to identify patients at an increased risk of ISR
after stenting is currently limited. In this study, we pro-
spectively recruited LEAD patients scheduled to undergo
surgery and determine changes of plasma levels of miR-
21-5p and miR-93-5p at different evaluation times after sur-
gery, in a bid to uncover their discriminatory abilities
between ISR and non-ISR among LEAD patients after stent
implantation.

Materials and Methods

Participant selection

The prospective observational study consecutively
recruited symptomatic patients scheduled to undergo sur-
gery for LEAD at our hospital. Participant recruitment
started in January 2020 until the end of June 2023 and
approved by the Ethics Committee of our hospital. The
diagnosis of LEAD was confirmed by the cardiologist with
the aid of computed tomography angiography (CTA) and
according to the ACC/AHA 2005 Practice Guidelines for
the management of patients with peripheral arterial disease

(Hirsch et al. 2006). The disease severity was assessed
based on the Fontaine stage including stage I (asymptom-
atic), stage II (intermittent claudication), stage III (rest
pain), and stage IV (severe ischemia, anabrosis and necro-
sis). Eligible participants should be at their first diagnosis
of LEAD and aged > 18 years. The following patients were
excluded: patients unwilling or unable to take anti-platelet
aggregation drugs; patients lost to follow up; patients with
liver or renal dysfunction; patients diagnosed with malig-
nant tumor diseases; patients with hemophilia or autoim-
mune disease; pregnancy or women in lactation. Eligible
participants were split into ISR and non-ISR groups accord-
ing to their restenotic status at 6 months after surgery. ISR
was defined as > 50% diameter narrowing within the
stented segment and confirmed by the CTA (Lian et al.
2021). All participants have signed the informed consent.

Surgical protocols

The same team of surgeons were responsible for endo-
vascular procedures tailored according to the preoperative
CTA imaging. The femoral artery puncture was performed
using the modified Seldinger method. The femoral artery
puncture was performed through ipsilateral anterograde
access when the stenosis or occlusion was found in the
middle or distal third segment of the superficial femoral
artery or in the popliteal artery. If the stenosis or occlusion
was found in the common femoral artery, proximal third
segment of the superficial femoral artery, or the iliac artery,
the intracavitary therapy was required and retrograde or
crossover femoral access was conducted for femoral artery
puncture. When the bilateral femoral arteries were not
applicable to puncture in this way, a brachial artery access
was used. After femoral artery puncture, a sheath pipe was
inserted. According to different approaches and forming
methods, different types of guidewires were selected. The
ev3 NanoCross and Bantam were selected for percutaneous
transluminal angioplasty (PTA) microballoon. The endo-
vascular stenting was performed using Viabahn covered
stents (W.L. Gore and Assoc. Inc., Flagstaff, AZ, USA).
Technical success was defined as < 30% residual stenosis
assessed at the narrowest point of the treated vascular seg-
ment, absence of evident artery dissection, or no serious
complication. After interventional treatment, patients were
administered with aspirin (Guangzhou Baiyunshan
Pharmaceutical Holdings Co., Ltd., China) (100 mg/day)
combined with clopidogrel (75 mg/day) within 1 year.

Blood sample collection and mRNA measurements

Each participant was required to provide venous blood
(5 mL) after overnight fasting before surgery, 7 days and 14
days after surgery. The plasma was obtained after centrifu-
gation (3,000 x g for 10min) of venous blood and stored
until measurement with quantitative real time polymerase
chain reaction (QRT-PCR). The collected plasma was sub-
mitted for extraction of total RNA by using the Trizol
reagents (Invitrogen, Carlsbad, CA, USA), with synthetic
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cel-miR-39 (1.6 x 10* copies/uL, Sigma Aldrich,
Zwijndrecht, The Netherlands) spiked-in. The following
cDNA synthesis was completed by the TagMan microRNA
Reverse Transcription kit (Invitrogen). The TaqMan
MicroRNA Assays were employed to quantify hsa-miR-
21-5p (Assay ID 000397), hsa-miR-93-5p (Assay ID
001090), cel-miR-39 (Assay ID 000200), and hsa-miR-
16-5p (Assay ID 000391) (Life Technologies, USA).
Amplification was performed on a Roche Lightcycler 480
(Roche, Diagnostics, Indianapolis, IN, USA). The expres-
sion levels of miR-21-5p and miR-93-5p were relative to
that of hsa-miR-16-5p according to the 2-44Ct formula
(Maren et al. 2023).

Statistical analysis

We did descriptive statistics for collected data and data
analysis in the GraphPad Prism version 8.0 for Windows
(GraphPad Software, San Diego, CA, USA) and the SPSS
version 20 (IBM, New York, NY, USA). Box-plot methods
were applied to identify the outlying data and no outlying
data existed in this study. The distribution of continuous
data was determined by the Shapiro-Wilk normality test.
When the data were described as mean + standard deviation
(s.d.), unpaired t test was carried out for demographic and
clinical characteristics between ISR vs. non-ISR at baseline,
and two-way ANOVAs with Tukey’s multiple comparisons
test for plasma miR-21-5p and miR-93-5p levels between
ISR vs. non-ISR according to the presence of ISR and eval-
uation times. When the data were described as frequency
or percentage, Fisher’s exact test was carried out for ISR
vs. Non-ISR. Regression analysis was used to determine
the risk factors for ISR at 6 months after surgery. Area
under the curve (AUC) using receiver operating character-
istic (ROC) method were used to define cut-off points, sen-
sitivity, and specificity, which is the Youden’s index for the
optimization criteria, for estimating the diagnostic values of
miR-21-5p and miR-93-5p for developing ISR at 6 months
after surgery. All tests were two-tailed with the probability
less than 0.05 (P < 0.05) indicating significant difference.

Results

Demographic and lesion characteristics of patients

A total of 141 LEAD patients were recruited into this
study, with 6 patients failing at screening. Resulting 135
patients underwent surgery and were followed up at 6
months after surgery. During the study period, 7 patients
were lost to follow-up and excluded. Finally, 128 patients
completed the study and were split into ISR (n = 45) and
non-ISR (n = 83) groups according to their restenotic status
at 6 months after surgery (Fig. 1). Demographic and lesion
characteristics of patients are outlined in Table 1. The ISR
and non-ISR groups were comparable due to no significant
difference noted on their demographic and lesion character-
istics before surgery (P > 0.05). The ISR group had a
higher proportion with complete stenosis than the non-ISR
group (P = 0.026). Among patients with ISR, there were 6

being symptomatic. Reinterventions were indicated for
recurrent symptoms associated with CTA evidence of ISR.
Patients with asymptomatic restenosis were followed with
repeat duplex ultrasound. Patients with asymptomatic
restenosis in need of reinterventions were based on pro-
gressed lesions (peak systolic velocity > 500 cm/s and distal
tardus-parvus waveform). The type of reintervention was
left at the discretion of the physician performing the proce-
dure without predefined algorithm, but most often, balloon
angioplasty alone or repeated stent placement. In this
study, there were 10 patients (22.2%) undergoing reinter-
vention with balloon angioplasty alone and 26 (57.8%)
undergoing repeated stent placement.

The plasma level of miR-21-5p between ISR and non-ISR
The plasma levels of miR-21-5p and miR-93-5p were
analyzed before surgery, 7 days, and 14 days after surgery
according to ISR or non-ISR 6 months after surgery among
LEAD patients. The mean values of miR-21-5p level
before surgery, 7 days, and 14 days after surgery were 5.16,
4.52, and 4.06 in the ISR group, 5.02, 4.26, and 3.42 in the
non-ISR group. The results of two-way ANOVAs for the
plasma level of miR-21-5p before surgery and at 7 days
after surgery according to ISR or non-ISR 6 months after
surgery among LEAD patients were as follows: Pz <
0.0001; Pgime = 0.036; Piieraction = 0.528. No significant ISR
X time interaction was observed concerning the miR-21-5p
expression level at the postoperative 7" day. The results of
two-way ANOVAs for the plasma level of miR-21-5p
before surgery and at 14 days after surgery according to
ISR or non-ISR 6 months after surgery among LEAD
patients were as follows: Pz < 0.0001; Py < 0.0001;

Participant screening
(n=141)

Patient screen failures (n=6):
4 refused to participate
2 not fulfilling the inclusion criteria

[ Eligible patients ]
(n=135)

l—)lBIood sample collection

[ Underwent surgery ]

l—) Lost to follow up (n=1)

Blood sample collection
1 week after surgery (n=134)

—)lLost to follow up (n=1) |

Blood sample collection
2 week after surgery (n=133)

J[—)lLost to follow up (n=5) |

[6 months after surgery]

(n=128)

v
v v
[ 1srR(=45) | [ Non-isr (n=83) |
| ]
|

Blood sample collection

Fig. 1. Flow chart of patient selection.
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Table 1. Demographic and lesion characteristics of LEAD patients undergoing surgery.

Characteristic ISR (n=45) Non-ISR (n=283) P
Age (year, mean * s.d.) 73.2+94 70.6 £ 9.5 0.147
Gender distribution (male, n/%) 33 (73.3%) 52 (62.7%) 0.245
BMI (kg/m’, mean + s.d.) 225+22 222+2.1 0.506
Current smoker (n/%) 30 (66.7%) 52 (62.7%) 0.703
Comorbidity: diabetes (n/%) 16 (35.6%) 21 (25.3%) 0.229
Comorbidity: hypertension (n/%) 21 (46.7%) 31 (37.4%) 0.306
Hyperlipidemia 12 (26.7%) 16 (19.3%) 0.334
Location of lesion (n/%) 0.356
Unilateral 28 (62.2%) 56 (67.5%)

Bilateral 17 (37.8%) 27 (32.5%)

Lesion length (mm, mean + s.d.) 51.0+£24.0 454+255 0.233
Presence of calcification (n/%) 22 (48.9%) 35 (42.2%) 0.465
Fontaine stage (n/%) 0.155
11 15 (33.3%) 18 (21.7%)

11 25 (55.6%) 60 (72.3%)

v 5(11.1%) 5(6.0%)

Target vessel (n = 243) 0.435
Femoropopliteal artery 56 (59.8%) 95 (65.1%)

Iliac artery 25 (23.7%) 34 (23.3%)

Infrapopliteal arteries 16 (16.5%) 17 (11.6%)

TASC II classification (n = 243) 0.216
A 11 (11.3%) 28 (19.2%)

B 20 (20.6%) 31 (21.2%)

C 29 (29.9%) 47 (32.2%)

D 37 (38.2%) 40 (27.4%)

Complete stenosis (n/%) 15 (33.3%) 13 (15.7%) 0.026
Stent mean diameter (mm, mean =+ s.d.) 69+13 6.5+1.1 0.060

TASC, TransAtlantic Inter-Society Consensus

Pinteraction = 0.005, showing a significant reduction of miR-
21-5p expression level at the postoperative 14" day. In
addition, the two-way ANOVA test showed a significant
interaction between group (ISR, non-ISR) and time (7 days
post-surgery, 14 days post-surgery) (Pisg < 0.0001; Pype <
0.0001; Piperaction = 0.006), revealing a lower miR-21-5p
expression level from 7 days to 14 days post-surgery. The
following multiple comparisons test showed a higher
plasma level of miR-21-5p in the ISR than the non-ISR
before surgery vs. 14 days post-surgery and 7 days post-
surgery vs. 14 days post-surgery (P < 0.05; Fig. 2A).

The plasma level of miR-93-5p between ISR and non-ISR
The mean values of miR-93-5p level before surgery, 7
days, and 14 days after surgery were 1.57, 1.38, and 1.25 in
the ISR group, 1.48, 1.31, and 1.02 in the non-ISR group.
The results of two-way ANOVAs for the plasma level of
miR-93-5p before surgery and at 7 days after surgery
according to ISR or non-ISR 6 months after surgery among
LEAD patients were as follows: Pigzg < 0.0001; Py = 0.011;
Pinteraction = 0.747. There was no significant effect of ISR x
time on the miR-93-5p expression level at the postoperative

7™ day. The results of two-way ANOVAs for the plasma
level of miR-93-5p before surgery and at 14 days after sur-
gery according to ISR or non-ISR 6 months after surgery
among LEAD patients were as follows: Pigg < 0.0001; Pype
< 0.0001; Piperacion = 0.013, indicating a significant effect of
ISR x time on the miR-93-5p expression level, which
decreased at the postoperative 14" day. The two-way
ANOVA test for time points of 7 days and 14 days post-sur-
gery also revealed a significant interaction between group
and time (Pisg < 0.0001; Py < 0.0001; Pieraction = 0.001),
revealing a lower miR-93-5p expression level from 7 days
to 14 days post-surgery. The following multiple compari-
sons test showed a higher plasma level of miR-93-5p in the
ISR than the non-ISR before surgery vs. 14 days post-sur-
gery and 7 days post-surgery vs. 14 days post-surgery (P <
0.05; Fig. 2B).

Early prediction of ISR according to plasma levels of miR-
21-5p and miR-93-5p

To determine the discriminatory abilities of plasma
levels of miR-21-5p and miR-93-5p at 14 days after surgery
between ISR and non-ISR among LEAD patients, ROC
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Fig. 2. The plasma level of miR-21-5p and miR-93-5p in ISR and non-ISR groups.
The plasma levels of miR-21-5p (A) and miR-93-5p (B) were determined by qRT-PCR before surgery, 7 days and 14
days after surgery according to ISR or non-ISR 6 months after surgery among LEAD patients. Results were displayed
as scatter plot and box plot, respectively. Two-way ANOVAs with Tukey’s multiple comparisons test were performed

for statistical analysis. d, days.

methods were carried out to plot the curve and obtain the
AUC. When applied as a tool to predict the incidence of
ISR at 6 months after surgery, the plasma level of miR-
21-5p produced an AUC of 0.845 (95% CI: 0.774 - 0.916),
with sensitivity: 82.2%, specificity: 75.9%, cut-off point:
3.67, and Youden’s index: 0.581 (Fig. 3A). When applied
as a tool to predict the incidence of ISR at 6 months after
surgery, the plasma level of miR-93-5p produced an AUC
of 0.839 (95% CI: 0.756 - 0.921), with sensitivity: 80%,
specificity: 78.3%, cut-off point: 1.12, and Youden’s index:
0.583 (Fig. 3B). The plasma levels of miR-21-5p and miR-
93-5p combining together to predict the incidence of ISR at
6 months after surgery produced an AUC of 0.906, with a

sensitivity of 84.4% and a specificity of 88.0% after assign-
ment of weight coefficients calculated by entropy methods
and multicollinearity evaluation (Fig. 3C).

Plasma levels of miR-21-5p and miR-93-5p as risk factors
for developing ISR at 6 months after surgery

Multiple logistic regression analysis including complete
stenosis, the plasma levels of miR-21-5p and miR-93-5p was
carried out to risk factors for LEAD patients developing ISR
at 6 months after surgery. The results revealed the plasma
levels of miR-21-5p and miR-93-5p at 14 days after surgery
were risk factors for LEAD patients developing ISR at 6
months after surgery (P < 0.001; Table 2).
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Fig. 3. Early prediction of ISR according to plasma levels of miR-21-5p and miR-93-5p.
ROC methods were carried out to plot the curve and obtain the AUC when the plasma levels of miR-21-5p and miR-93-
5p at the postoperative 14" day alone or combining together were used to predict the incidence of ISR among LEAD
patients at 6 months after surgery. (A) The plasma level of miR-21-5p at the postoperative 14" day was applied as a
tool to predict the incidence of ISR at 6 months after surgery. (B) The plasma level of miR-93-5p at the postoperative
14™ day was applied as a tool to predict the incidence of ISR at 6 months after surgery. (C) The plasma levels of miR-
21-5p and miR-93-5p at the postoperative 14th day combining together as a tool to predict the incidence of ISR at 6
months after surgery.
Table 2. Multiple logistic regression analysis including complete stenosis, the plasma levels of miR-21-5p and
miR-93-5p to identify risk factors for LEAD patients developing ISR at 6 months after surgery.
Variable p SE Wald P OR 95% CI
Complete stenosis 0.434 0.418 2.316 0.265 1.523 1.198-2.028
miR-21-5p 6.159 0.863 37.077 <0.001 32.470 15.792-78.058
miR-93-5p 4.769 0.717 30.578 <0.001 28.485 13.270-73.250
stent placement. Of note, Wang et al. (2015) and McDonald
Discussion

This study aims to investigate predictive values of two
microRNAs, miR-21-5p and miR-93-5p, for ISR following
endovascular stenting treatment. The findings obtained
from the current study support miR-21-5p and miR-93-5p
could aid in early prediction of ISR incidence among LEAD
patients 6 months after surgery.

Earlier work showed that miR-21-5p has been one of
miRNAs highly expressed in the vascular wall after balloon
injury and promoted the proliferation and migration of
VSMCs (Ji et al. 2007, Jia et al. 2019). In addition to regu-
lating phenotypic switch of VSMCs, the overexpression of
miR-21-5p also contributed to the progression of athero-
sclerosis by weakening macrophage infiltration and reduc-
ing smooth muscle cell hyperplasia as well as collagen con-
tent (Gao et al. 2019, Sun et al. 2019). Overexpression of
miR-21-5p facilitated the spread cell area, enhanced the
proliferation of human saphenous vein smooth muscle cells,
and induced switch phenotypes from contractile to syn-
thetic, promoting aberrant remodeling and intimal hyper-
plasia (Alshanwani et al. 2018). Our results presented a
reduced expression of miR-21-5p in LEAD patients at the
14 days after stent treatment, but the ISR exhibited a higher
expression of miR-21-5p compared to non-ISR, indicating
upregulated miR-21-5p may be implicated in the process of
LEAD. Consistent with our study, Zhang et al. (2017) dem-
onstrated upregulated miR-21-5p the circulation of LEAD
patients with predictive value for vascular restenosis after

et al. (2015) demonstrated a significant inhibiting effect of
modulating aberrantly elevated miR-21 levels on neo-inti-
mal lesion formation, and the implementation of miRNAs,
such as with an anti-miR-21-coated stent, effectively reduce
the progression of ISR.

Previously, miR-93-5p was extensively studied as an
oncogenic miRNA (Dong et al. 2023). During atherogene-
sis, miR-93-5p exhibited a big epigenetic change in smooth
muscle cells and macrophages, highlighting its significant
role in the pathogenesis of atherogenesis (Schiano et al.
2020). He et al. (2015) in their previous study provided
clear evidence that serum miR-93-5p was positively corre-
lated with the serum cholesterol level and its upregulation
contributed to coronary atherosclerosis pathogenesis. As
shown in our study, although LEAD patients exhibited a
declined expression of miR-93-5p after stent treatment, it
was elevated in ISR compared to non-ISR, suggesting miR-
93-5p may be a new target for preventing ISR. Similar with
our results, Feng et al. (2019) miR-93-5p was reported as a
target for treating ISR as its expression was increased in
VSMCs after carotid artery injury and its inhibition could
reduce neointimal formation after carotid artery injury.

For both miRNAs, there was no significant effect of
ISR x time interaction on the miR-21-5p and miR-93-5p
expression levels at the postoperative 7" day, which sug-
gests the plasma levels of miR-21-5p and miR-93-5p at the
postoperative 14th day rather than those at the postopera-
tive 7th day may be associated with the incidence of ISR 6
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months after surgery among LEAD patients. In addition, a
significant ISR x time interaction was observed on the
plasma levels of miR-21-5p and miR-93-5p for time points
of 7 days and 14 days post-surgery. Perhaps the cause for
absence of ISR X time interaction at the postoperative 7"
day is relatively small sample size. More importantly, our
Multiple logistic regression analysis found that plasma lev-
els of miR-21-5p and miR-93-5p at the postoperative 14"
day as risk factors for developing ISR at 6 months after sur-
gery.

There are several limitations needed to be taken into
account. First, relatively sample size due to the difficulty of
recruiting patients with ISR 6 months after surgery from a
single hospital creates a need of a large-scale and multi-
center study. Secondly, the definition of ISR was > 50%
diameter narrowing within the stented segment rather than
> 70% in other reports and the definition of successful
interventional treatment was < 30% diameter narrowing
rather than 10% in other reports, which may lead to a rela-
tively high rate of ISR among LEAD patients 6 months
after interventional therapy. Thirdly, the specific roles of
miR-21-5p and miR-93-5p has not been analyzed with
regard to the regulation of gene expression in human arter-
ies. Finally, long-term prediction of circulating miR-21-5p
and miR-93-5p for developing ISR among LEAD patients
such as 1 year after stenting treatment should be further
studied.

In conclusion, our study reveals miR-21-5p and miR-
93-5p detected 14 days after stenting treatment has further
circulating biomarker potential as a predictor of ISR among
LEAD patients. These two miRNAs would help us to fully
understand the clinical treatment and prognosis judgment in
the treatment of LEAD patients and implies a miRNA-
related mechanism common to development of ISR in the
context of LEAD, which needs to be further explored.
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