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Plasma levels of miR-143 and miR-145 are associated with 
coronary in-stent restenosis within 1 year of follow-up after drug-
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Background: ISR remains the major adverse outcome after percutaneous coronary intervention (PCI). 
MicroRNAs have been demonstrated to be associated with coronary plaque and stable in the blood and can 
be used as biomarkers/predictors. This study aimed to investigate whether circulating microRNAs could 
predict in-stent restenosis (ISR).
Methods: MicroRNA array was used to detect differently expressed microRNAs between 30 ISR patients 
and 30 non-ISR patients in the derivation cohort. Quantitative real-time polymerase chain reaction (qRT-
PCR) was used to validate the microRNA array results and to detect levels of target microRNAs in the 
validation cohort. All patients were followed up for at least 1 year, and major adverse cardiac events (MACEs) 
were recorded. Univariate and multivariate logistic regression analysis were applied to find factors associated 
with ISR. Receiver operating characteristics (ROC) and Kaplan-Meier survival curves were used to analyze 
the predictive ability of the microRNA score for ISR. 
Results: MicroRNA array and qRT-PCR showed that miR-143, 145, 425, 208, and let-7g were differently 
expressed between ISR patients and non-ISR patients. Multivariate analysis demonstrated that lower levels 
of mir-143 (OR =2.36, 95% CI: 1.43–3.67) and mir-145 (OR =2.12, 95% CI: 1.56–3.48) were associated 
with ISR. MicroRNA scores differed statistically between ISR patients and non-ISR patients (49.18±2.05 
vs. 52.10±2.41, P<0.01) and has predictive ability for ISR with an area under the curve (AUC) of 0.8206 
(95% CI: 0.7155–0.9256, P<0.01). In the validation cohort, Kaplan-Meier survival curves demonstrated that 
patients with higher microRNA scores have better prognosis in 1 year of follow-up. 
Conclusions: A lower plasma level of mir-143/145 predicts a higher risk of ISR and a worse outcome.
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Introduction

Stent implantation is a milestone treatment for patients 
with coronary heart diseases (1,2), but 17–32% of patients 
treated with bare metal stents (BMS) will develop in-
stent restenosis (ISR) after the procedure (3). With the 
introduction of drug-eluting stents (DES), the incidence of 
ISR has decreased to about 3.4% to 12% (4-6). However, 
the absolute number of stenting cases have increased 
dramatically in recent years. As a result, the cases of 
ISR have concurrently risen. Considering this problem, 
researchers have identified several risk factors of stent 
restenosis, including diabetes, age, minimum stent 
diameter, total stent length, etc. Progress has also been 
made in the treatment of ISR, such as the use of drug-
eluting balloon, stent-in-stent technology. Recent studies 
have demonstrated that some microRNAs could serve as 
predictive or diagnostic biomarkers for diseases or adverse 
events (7). For example, miR-126 could predict myocardial 
infarction (8), while a combination of miR-375 and miR-
142-5p could predict the recurrence of gastric cancer (9). 
Based on this information, we conducted a study aimed at 
identifying the circulating microRNAs in blood samples 
extracted before percutaneous coronary intervention (PCI) 
as predictors for ISR. 

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-4227).

Methods 

Study population

In this study, to find those circulating microRNAs 
with predictive value for ISR, we enrolled patients who 
had received drug-eluting stent (DES) implantation 
for symptomatic coronary heart disease in our center 
from January 2009 to June 2012 (derivation cohort). 
Furthermore, to validate this result and investigate the 
relationship between circulating microRNAs and major 
adverse cardiac events (MACEs), we prospectively 
enrolled patients who had undergone DES implantation 
in another two centers from January 2011 to June 2012 
(validation cohort). Data including demographic, clinical, 
and treatment variables were collected from in-hospital 
and follow-up medical records. The inclusion criteria for 
this study were the following: received DES implantation, 
received regular follow-up for at least 1 year (11 to  
13 months), a blood sample taken before stent implantation, 

and a detailed and traceable medical record. The exclusion 
criteria were the following: repeated stent implantation 
before restenosis identification, tumor, heart failure, 
dialysis, and connective tissue disease. For clinical relevance, 
ISR was identified as target lesion revascularization (TLR). 
In this study, TLR was defined as repeat PCI or bypass 
graft placement for a stenosis in the DES placed at index 
PCI, or occurring within 5 mm of the stent (“edge effect”) 
as determined by the interventional cardiologists in each 
center (4). Patients with missing follow-up data or those 
who died during follow-up (without having TLR before 
death) were included in the analysis but were counted 
as having no TLR events. The study was conducted in 
accordance with the Declaration of Helsinki and the 
protocol of this study was approved by the ethics committee 
of each center, and all patients gave their written informed 
consent before blood extraction. 

Plasma isolation and storage

Blood samples were taken via direct venous puncture 
into 10 mL sodium citrate–containing tubes. Plasma was 
isolated within 4 hours after collection of whole blood by 
centrifugation at 1,800 g for 10 min at room temperature and 
was aliquoted into RNAse/DNAse-free Eppendorf tubes and 
stored at −80 ℃ before RNA isolation. To minimize the effect 
of repeat freeze-thawing on circulating microRNAs, we only 
used plasma samples which had not been previously thawed, 
and results from this method have proven to be reliable (7).

RNA extraction

RNA was isolated as described previously (7). In brief, 
plasma was thawed on ice, and RNA was isolated using 
the miRNeasy RNA isolation kit (Qiagen) according to 
the manufacturer’s instruction for serum and plasma. For 
microRNA array, six pools were created by mixing plasma 
samples from 30 TLR patients (10 plasma samples per pool) 
and 30 sex- and age-matched controls (10 plasma samples 
per pool) for triple biological repeat (one microRNA 
array chip for one pooled sample). After binding to the 
membrane of the RNeasy Mini spin column and subsequent 
washing, RNA was eluted with 40 μL of RNase-free water. 
For all quantitative real-time polymerase chain reaction 
(qRT-PCR) experiments, RNA extracted from 200 μL of 
plasma was eluted with 14 μL of RNase-free water. To 
normalize the sample-to-sample variation in RNA isolation, 
synthetic Caenorhabditis elegans microRNAs, cel-miR-39, 
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and cel-miR-54 (Qiagen) were added as controls before acid 
phenol–chloroform extraction. 

MicroRNA array

Pooled total RNA was dephosphorylated and labeled with 
pCp-Cy3 (Agilent Technologies) and T4 RNA ligase (GE 
Healthcare). Then, the labeled sample was purified using 
Micro Bio-Spin 6 columns (Bio-Rad) and hybridized to 
Human miRNA Microarray V3 kit (Agilent Technologies) 
platform containing 866 human and 89 human viral 
microRNAs documented in the Sanger miRbase (version 
12.0). After 20 hours of hybridizations carried out at 
55 ℃, microarrays were washed and scanned using an 
Agilent scanner controlled by Agilent Scan Control 
software (version 7.0) and then analyzed with Agilent 
Feature Extraction software (version 9.5.3.1). The raw 
microRNA expression data were normalized using quantile 
normalization and analyzed with GeneSpring GX (Agilent 
Technologies, version 11.5) according to recommendations 
from Agilent Technologies. 

Quantitative reverse transcription-polymerase chain 
reaction (qRT-PCR)

Plasma levels of target microRNAs were further tested by 
quantitative reverse transcription-polymerase chain reaction 
using the TaqMan method [TaqMan miRNA Reverse 
Transcription Kit and microRNA-specific stem-loop primers 
(Applied Bio Systems)] in a small-scale RT reaction for 
primers sequence, see Supplementary file. The RT reaction 
consists of a fixed volume of 1.67 μL total RNA solution 
of each sample as input, 1.387 μL of H2O, 0.5 μL of 10× 
reverse-transcription buffer, 0.063 μL of RNase-inhibitor  
(20 U/μL),  0 .05 μL of  100 mM deoxynucleot ide 
triphosphates (dNTPs) with deoxythymidine triphosphate 
(dTTP), and 0.33 μL of MultiScribe Reverse-Transcriptase 
(50 U/μL). The 5 μL reactions were incubated in an Applied 
Biosystems 7500 Real Time PCR System in a 96-well plate 
at 16 ℃ for 30 min, 42 ℃ for 30 min, and 85 ℃ for 5 min, 
and held at 4 ℃. All RT reactions were run in duplicate. The 
levels of the synthetic spiked-in RNAs were measured in each 
of the samples and showed no signs of abnormal RNA loss 
during the extraction process of any of the samples. 

Data processing and statistical analysis

Continuous variables were expressed as mean ± standard 

deviation (SD) and compared using the Student’s t-test. 
Categorical variables were expressed as numbers and 
percentages and were compared using the χ2 test.

In microarray analysis, the independent-samples t-test 
was performed to determine the expression differences 
between the ISR group and the non-ISR (NISR) group. 
An adjusted P value was obtained using the Benjamini-
Hochberg false discover rate (FDR) for multiple 
comparisons.

Quantitative RT-PCR data were normalized by scaling 
with the mean Ct of the samples: for each sample the 
average Ct of all miRNAs measured in the sample was 
subtracted from the Ct of each miRNA. In order to 
return the signals to a scale which is easier to interpret, a 
constant (the average Ct over the entire sample set) was 
added back. Normalized signals were compared between 
the groups in order to find those miRNAs which were 
differently expressed between the groups. The significance 
of differences was assessed by a two-sided unpaired t-test. 
The Benjamini-Hochberg FDR method was used to control 
for multiple hypothesis testing, using an FDR of 0.05. Fold 
change was calculated as 2−ΔΔCt, where ΔCt is the absolute 
difference in the mean normalized Ct of a given miRNA 
and the mean of cel-miR-39 and cel-miR-54 in the ISR 
group or NISR group, yielding ΔCtISR and ΔCtNISR. ΔΔCt is 
the difference of ΔCtISR and ΔCtNISR. 

Inverted-normalized signals were calculated for each 
miRNA by subtracting the normalized Ct from 50, so that 
high values represented high levels. The sum of inverted-
normalized Ct of validated microRNAs were used as 
a microRNA score for analysis of the relationship of 
microRNAs with ISR. Univariate and multivariate logistic 
regression analysis were used to identify factors associated 
with ISR. This method has been proved to be solid and 
reliable. P values <0.05 were considered statistically 
significant.

To determine the predictive value and optimal cut 
point of a microRNA score for ISR, receiver operating 
characteristic (ROC) curves were generated. When the 
optimal cut point was determined, two groups in the 
validation cohort were categorized according to microRNA 
score: patients with a higher microRNA score and patients 
with a lower microRNA score. Then, the Kaplan-Meier 
survival curves were generated to further analyze the 
predictive value of this microRNA score for TLR and 
MACEs after PCI.

Statistical analysis was carried out using SPSS17.0 
software (SPSS, Inc., IL, USA). P values <0.05 were 
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considered statistically significant.

Results

Baseline clinical and procedural characteristics of patients 
with or without ISR

From January 2009 to June 2012, 3,485 patients received 
PCI for coronary heart diseases in our center. Among these 
patients, 3,271 underwent DES implantation. According 
to the inclusion and exclusion criteria, 3,046 patients 
were included into this study (derivation cohort) while  
225 patients were excluded. In the final study population, 
163 patients received TLR (ISR Group, 5.4%) within 1 year  
after initial DES implantation. Baseline characteristics 
of patients in the ISR Group and NISR Group (NISR 
Group, n=2,883, 94.6%) are shown in Table 1. Meanwhile, 
in another two centers, we included 1,034 patients  
(1,137 patients of which 103 were excluded) into the 
validation cohort for final analysis. In this validation cohort,  
63 patients (6.1%) received TLR within 1 year of follow-
up. Baseline characteristics of this validation cohort are 
displayed in Table 2. There was no statistical difference in 
the rate of TLR between these two cohorts (5.4% vs. 6.1%, 
P=0.3677).

MicroRNA array and plasma level of selected microRNAs

The characteristics of 60 patients (30 ISR patients vs. 30 
NISR patients) in the derivation cohort are summarized 
in Table 3. MicroRNA array revealed that a total of 5 
miRNAs were significantly differentially expressed between 
the ISR group and NISR group (Table 4). This result was 
further validated by qRT-PCR. The fold change of these 5 
microRNAs in qRT-PCR is also displayed in Table 4. 

Relationship of microRNA score with ISR

Univariate and multivariate logistic regression analysis 
revealed that along with six clinical factors, plasma levels 
of miR-143 (OR =2.36, 95% CI: 1.43–3.67) and mir-
145 (OR =2.12, 95% CI: 1.56–3.48) were statistically 
associated with ISR. MicroRNA scores were calculated to 
represent the cumulative plasma level of microRNA-143 
and microRNA-145. The mean microRNA score in the 
ISR Group was significantly lower than that in the NISR 
Group (49.18±2.05 vs. 52.10±2.41, P<0.01), as shown in 
Figure 1 and Table 5. The relationship of microRNA score 

Table 1 Baseline characteristics of patients in the ISR group and 
NISR group 

Items
ISR group 

(n=163)
NISR group 
(n=2,883)

P value

Age (years old) 59.3±10.2 61.7±12.4 0.1573

Gender (male, %) 127 (77.9%) 2,343 (81.3%) 0.2872

History, n (%)

Hyperlipidaemia 69 (42.3) 1,147 (39.8) 0.5184

Hypertension 77 (47.2) 1,421 (49.3) 0.6106

Current smoking 45 (27.6) 868 (30.1) 0.4979

Current alcohol 62 (38.0) 1,049 (36.4) 0.6701

Diabetes 57 (35.0) 1,075 (37.3) 0.5513

PE findings on admission

BMI (kg/m2) 27.2±6.7 26.5±5.4 0.1125

HR (bpm) 73.8±12.6 72.3±14.7 0.2019

SBP (mmHg) 133.6±26.2 131.4±30.5 0.3670

DBP (mmHg) 75.2±10.9 73.8±9.6 0.0723

On admission tests

Blood glucose  
(mmol/L)

6.2±4.1 5.1±3.6 0.0002

LDL-C (mmol/L) 2.8±0.9 2.3±0.8 0.0000

HDL-C (mmol/L) 0.9±0.4 1.0±0.6 0.0357

TG (mmol/L) 2.3±2.1 2.1±1.9 0.1938

Medication at follow-up, n (%)

ACEI 68 (41.7) 1,254 (48.5) 0.6558

ARB 34 (20.9) 528 (18.3) 0.4152

BB 49 (30.1) 1,043 (36.2) 0.1132

Statins 163 (100.0) 2,883 (100.0) 1.0000

ASA 163 (100.0) 2,883 (100.0) 1.0000

CLOP 163 (100.0) 2,883 (100.0) 1.0000

CCB 56 (34.4) 908 (31.5) 0.4449

Procedural parameters

Total stent length (mm) 37.5±8.6 31.6±7.9 0.0000

Minimum stents 
diameters (mm)

2.7±0.6 2.9±0.8 0.0017

BMI, body mass index; HR, heart rate; SBP, systolic blood 
pressure; DBP, diastolic blood pressure; LDL-C, low-density 
lipoprotein cholesterol; HDL-C, high-density lipoprotein 
cholesterol; TG, triglyceride; PE, physical examination; ACEI, 
angiotensin convert enzyme inhibitor; ARB, angiotensin 
receptor blocker; BB, β-receptor blocker; ASA, aspirin; CLOP, 
clopidogrel; CCB, calcium channel blocker.
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Table 2 Baseline characteristics of patients in validation cohort

Items
ISR group 

(n=63)
NISR group 

(n=971)
P value

Age (years old) 60.6±11.8 61.8±12.8 0.4690

Gender (male, %) 51 (81.0%) 763 (78.6%) 0.6555

History, n (%)

Hyperlipidaemia 25 (39.7) 401 (41.3) 0.8007

Hypertension 29 (46.0) 458 (4.2) 0.8610

Current smoking 19 (30.2) 270 (27.8) 0.6868

Current alcohol 23 (36.5) 341 (35.1) 0.8229

Diabetes 21 (33.3) 303 (31.2) 0.7421

PE findings on admission

BMI (kg/m2) 26.1±6.9 26.7±7.3 0.5261

HR (bpm) 71.6±13.1 70.8±12.9 0.6338

SBP (mmHg) 135.3±27.6 134.5±29.1 0.8321

DBP (mmHg) 75.2±10.9 73.8±9.6 0.0083

On admission tests

Blood glucose 
(mmol/L)

5.8±3.9 5.3±3.5 0.2756

LDL-C (mmol/L) 2.6±0.9 2.1±0.8 0.0000

HDL-C (mmol/L) 0.9±0.5 1.0±0.6 0.1960

TG (mmol/L) 2.2±2.1 2.0±2.0 0.4434

Medication at follow-up, n (%)

ACEI 30 (47.6) 448 (46.1) 0.8193

ARB 12 (19.0) 180 (18.5) 0.9196

BB 17 (27.0) 251 (25.8) 0.8422

Statins 63 (100.0) 971 (100.0) 1.0000

ASA 63 (100.0) 971 (100.0) 1.0000

CLOP 63 (100.0) 971 (100.0) 1.0000

CCB 20 (31.7) 292 (30.1) 0.7791

Procedural parameters

Stent length (mm) 36.7±9.1 30.4±8.2 0.0000

Stent diameters (mm) 2.6±0.7 2.9±0.9 0.0096

BMI, body mass index; HR, heart rate; SBP, systolic blood 
pressure; DBP, diastolic blood pressure; LDL-C, low-density 
lipoprotein cholesterol; HDL-C, high-density lipoprotein 
cholesterol; TG, triglyceride; PE, physical examination; ACEI, 
angiotensin convert enzyme inhibitor; ARB, angiotensin 
receptor blocker; BB, β-receptor blocker; ASA, aspirin; CLOP, 
clopidogrel; CCB, calcium channel blocker.

Table 3 Baseline characteristics of 30 ISR patients and 30 NISR 
patients

Items ISR group (n=30)
NISR group 

(n=30)
P value

Age (years old) 60.1±10.4 62.8±11.2 0.3373

Gender (male, %) 22 (73.3%) 24 (80.0%) 0.5416

History, n (%)

Hyperlipidaemia 11 (36.7) 9 (30.0) 0.5839

Hypertension 14 (46.7) 15 (50.0) 0.7961

Current smoking 5 (16.7) 4 (13.3) 0.7177

Current alcohol, 10 (33.3) 8 (26.7) 0.5731

Diabetes 9 (30.0) 2 (6.7) 0.0453

PE findings on admission

BMI (kg/m2) 27.2±5.2 25.3±4.7 0.1430

HR (bpm) 73.8±11.4 70.6±11.1 0.2752

SBP (mmHg) 135.5±21.9 131.2±20.5 0.4356

DBP (mmHg) 77.4±11.6 72.4±10.1 0.0802

On admission tests

Blood glucose 
(mmol/L)

6.8±2.9 5.1±2.5 0.0181

LDL-C (mmol/L) 2.6±0.8 2.1±0.8 0.0186

HDL-C (mmol/L) 0.9±0.5 1.1±0.6 0.1661

TG (mmol/L) 2.4±2.1 2.1±2.0 0.5732

Medication at follow-up, n (%)

ACEI 9 (30.0) 10 (33.3) 0.7814

ARB 4 (13.3) 5 (16.7) 0.7177

BB 7 (21.2) 9 (30.0) 0.5593

Statins 30 (100.0) 30 (100.0) 1.0000

ASA 30 (100.0) 30 (100.0) 1.0000

CLOP 30 (100.0) 30 (100.0) 1.0000

CCB 11 (36.7) 12 (40.0) 0.7906

Procedural parameters

Stent length (mm) 36.9±8.6 29.8±6.2 0.0005

Stent diameters 
(mm)

2.6±0.7 3.0±0.8 0.0438

BMI, body mass index; HR, heart rate; SBP, systolic blood 
pressure; DBP, diastolic blood pressure; LDL-C, low-density 
lipoprotein cholesterol; HDL-C, high-density lipoprotein 
cholesterol; TG, triglyceride; PE, physical examination; ACEI, 
angiotensin convert enzyme inhibitor; ARB, angiotensin 
receptor blocker; BB, β-receptor blocker; ASA, aspirin; CLOP, 
clopidogrel; CCB, calcium channel blocker.
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with in-future ISR is shown in Figure 2. The ability of this 
microRNA score to discriminate those who would develop 
ISR from those who would not is suggested by an area 
under the curve (AUC) of 0.8206 (95% CI: 0.7155–0.9256, 
P<0.01).

Validation of the predictive value of microRNA score 

in a new cohort and its relationship with MACEs. To 
validate whether the microRNA score was fitted to patients 
from other centers or not, we enrolled 1,034 patients, 
including 63 patients who had received TLR, from 
another two hospitals. Plasma levels of microRNA-143 
and microRNA-145 were also detected by qRT-PCR in 
the validation cohort, and the microRNA score of each 
patient was calculated according to the methods described 
above. From this validation cohort, we also established two 
groups: the ISR group (n=63) and the NISR group (n=63). 
These two groups were also age- and sex-matched. The 
results revealed that in validation cohort, there was also a 
significant difference of microRNA score between the ISR 
group and the NISR group (48.78±1.97 vs. 51.51±2.06, 
P<0.01) as shown in Figure 3. The ROC also gave us an 
AUC of 0.8396 (95% CI: 0.7669–0.9122, P<0.01; Figure 4).  
The ROC also showed that the optimal cutoff point of 
microRNA to identify patients with a higher risk of in-
future ISR was 50.16 with a sensitivity of 80.33% and a 
specificity of 78.69% (P<0.01). According to this cutoff 
value of microRNA score, we divided all patients in the 
validation cohort into two groups: the microRNA score 
≥50.16 group and the microRNA score <50.16 group. 
Kaplan-Meier survival curves (Figure 5) demonstrated that 
patients with a higher microRNA score (≥50.16, n=663, 
MACEs =43, 6.5%) had better outcomes with a 35.0% 
reduction in total MACEs compared with those patients 
with a lower microRNA score (<50.16, n=371, MACEs =37, 
10.0%).

Discussion

Table 4 Fold change (ISR vs. NISR) of selected microRNAs in 
microRNA array and qRT-PCR

MicroRNA
MicroRNA array qRT-PCR

Fold change Adjusted P value Fold change P value

miR-143 0.28 0.0037 0.37 0.0076

miR-145 0.32 0.0042 0.39 0.0052

miR-425 1.63 0.0081 1.71 0.0138

miR-208 1.89 0.0163 1.84 0.0185

let-7g 2.01 0.0209 2.13 0.0318

ISR, in-stent restenosis; qRT-PCR, quantitative real-time 
polymerase chain reaction.

Table 5 Correlation of microRNAs with ISR

microRNA OR value 95% CI P value

miR-143 2.36 1.43–3.67 0.0068

miR-145 2.12 1.56–3.48 0.0079

miR-425 1.29 0.86–1.57 0.1035

miR-208 1.37 0.94–1.76 0.0824

let-7g 1.13 0.81–1.62 0.1352

ISR, in-stent restenosis.

Figure 1 MicroRNA score in ISR group and NISR group in the 
derivation cohort. ISR, in-stent restenosis; NISR, non-ISR.

Figure 2 ROC of the microRNA score with ISR in the derivation 
cohort. ROC, receiver operating characteristic; ISR, in-stent 
restenosis.
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Clinical and basic research on ISR has been conducted, 
and significant progress in risk prediction, prevention, and 
therapy has been subsequently achieved in recent years. 
Despite these advancements, ISR is still the main adverse 
outcome after PCI. Intensive antiplatelet and statin therapy 
and strict post-procedural management appears to fail 
to effectively prevent ISR in some patients. The rate of 
recurrent ISR after DES or drug-eluting balloon (DEB) 
for first ISR is relatively high. All these facts suggest that, 
for some patients, the genetic background needs to be 
considered for ISR. MicroRNA provides a convenient 
method to detect genetic background difference because 
of its stability in circulating blood and relative cell/
tissue specificity. For the first time, the present study 
demonstrated that patients with a lower plasma level of mir-
143/145 are at higher risk for ISR after DES implantation, 

independent of other factors.
The basic mechanism of ISR involves aggregation of 

platelets, leucocytes, and macrophages leading to medial 
smooth muscle cell migration and proliferation (5,6,10). 
Lately, researchers have found that about one-third of ISR 
incidents were due to in-stent neoatherosclerosis (ISNA) 
which is obviously different from the classic mechanism (11).  
However, there does exist a common phenomenon across 
these mechanisms which is the inflammation of ISR and 
ISNA. In previous studies, mir-143/145 has been confirmed 
to be highly and specifically expressed in vascular smooth 
muscle cells (VSMCs) and to play an important role in the 
process of proliferation and migration of VSMCs and in the 
function of arteries (12-14). Further studies demonstrated 
a direct association of mir-143/145 with cardiovascular 
disease in human and experimental animal models (15-17).  
Mir-143/145 was shown to be downregulated during 
neointimal formation in the rat carotid artery (17). In 
animal models of injured or atherosclerotic vessels, such 
as atherosclerotic aortas of ApoE knockout mice, mouse 
ligation-induced carotid artery, and rat carotid balloon-
injured carotid artery, researchers found a significant 
decrease in the expression of miR-143/145 (15,16). All these 
findings suggest that mir-143/145 is involved in the process 
of atherosclerosis and ISR caused by VSMC migration 
and proliferation. Besides this, a few recent studies also 
found that mir-143/145 may possibly play an important 
role in some inflammatory diseases (18,19). In patients 
with allergic rhinitis, the authors found that the mir-143 
level was downregulated compared to that in non-allergic 
patients (18). In another study, the authors showed that mir-
143/145 was also downregulated in ulcerative colitis (19). 

Figure 5 Kaplan-Meier survival curves of free from MACEs 
within 1 year of follow-up in the validation cohort according to 
microRNA score. P=0.0441. MACEs, major adverse cardiac events.

Figure 3 MicroRNA score in ISR Group and NISR Group in the 
validation cohort. ISR, in-stent restenosis; NISR, non-ISR.

Figure 4 ROC of the microRNA score with ISR in the validation 
cohort. ROC, receiver operating characteristic; ISR, in-stent 
restenosis.
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These findings give us reason to believe that mir-143/145 
is probably critical in ISR/ISNA-related inflammation. A 
pathology study also exists showing that, during restenosis 
progression, the quantity of mir-143/145 decreases in the 
media and intima of the coronary artery (20). 

Our study, for the first time, demonstrated that in some 
patients with confirmed coronary heart disease, plasma 
levels of mir-143/145 are relatively lower than those in 
other coronary heart disease patients before PCI. This 
result suggests that plasma levels of mir-143/145 are part 
of the innate genetic background of some coronary heart 
disease patients. Furthermore, our results indicate that 
patients with lower plasma levels of mir-143/145 are prone 
to develop ISR after DES implantation and that this is 
independent of other factors. Actually, in some ISR patients 
with a lower plasma level of mir-143/145, we found that 
there were no reported risk factors for ISR (4-6,11,21,22). 
This finding supports the notion that a lower plasma level 
of mir-143/145 is an independent risk factor for ISR and 
that the detection of mir-143/145 before PCI may help us 
to identify patients with a high risk of ISR. 

In this study, we defined ISR as restenosis needing 
TLR. In our clinical practice, the incidence of follow-
up angiographic restenosis is about 10% and is relatively 
higher than the rate of TLR due to restenosis. This 
phenomenon suggests that some angiographic restenosis 
is stable and of little clinical importance. Further Kaplan–
Meier survival analysis demonstrated that patients with a 
higher microRNA score have a better prognosis after PCI 
with a 35.0% reduction in total MACEs. In clinical practice, 
we should take these risk factors, along with the levels of 
miR-143 and miR-145, into consideration when deciding 
whether to implant DES. Accordingly, we should pay more 
attention to patients with these risk factors, and intensive 
therapy and follow-up should be initiated immediately after 
PCI procedure. 

There are certain limitations to our study. First, we could 
not establish a direct, molecular relationship of mir-143/145 
with ISR. For now, we only know that patients with lower 
plasma levels of miR-143 or miR-145 are at higher risk of 
ISR, while the exact and precise mechanism for this remains 
unclear, and needs to be elucidated in the future. Second, we 
could not determine the influence of drug therapy on the 
levels of these microRNAs, whether certain therapies could 
upregulate or downregulate these microRNAs, and their 
relationship to outcomes. Further study should aim to reveal 
the relationship of certain drug therapies with the change of 
plasma levels of microRNAs and the related prognosis.

Conclusions

A lower plasma level of mir-143/145 predicts a higher risk 
of ISR and a worse outcome. 
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Supplementary

Specific primers

miR-143 Forward primer 5'-CCTGGCCTGAGATGAAGCAC-3' 
Reverse primer 5'-CAGTGCTGGGTCCGAGTGA-3' 
miR-145 Forward primer 5'-GGCGTCCAGTTTTCCCAG-3' 
Reverse primer 5'-CAGTGCTGGGTCCGAGTGA-3' 
miR-425 Forward primer 5'-GCTACTGCGCAGGAAGTAAC-3' 
Reverse primer 5'-CGCTTGAGTCGAGCGAGGT-3'
miR-208 Forward primer 5'-CGGCTCCGATGATAGAGACC-3' 
Reverse primer 5'-CCTGTGGCGGCAGTGATGA-3'
let-7g Forward primer 5'-CCTGCTGAGCTGAGAGCAAC-3' 
Reverse primer 5'-CTGGTGCGGATCAGTCGGA-3'
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