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IntroductIon

Coronary artery disease (CAD) is a complex cardiovascular 
disease with a high mobility.[1] Percutaneous coronary 
intervention (PCI) is the most effective treatment for 
patients with CAD, but restenosis after PCI is one of 
the major limitations.[2] Chronic inflammation has been 
found to be related to the progression of CAD, and PCI 
is associated with vessel wall injuries resulting in the 
activation of an inflammatory process.[3] In addition, 
many studies have reported that inflammatory status 

prior to PCI and inflammatory response to PCI are also 
implicated in restenosis.[3] An inflammatory response, 
with elevation of markers such as high‑sensitivity 
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C‑reactive protein (hs‑CRP) and vascular cell adhesion 
molecule‑1 (VCAM‑1), has been observed in patients with 
acute coronary syndromes (ACSs) who are undergoing 
PCI, and the inflammation caused by PCI has been shown 
to be associated with restenosis.[4] However, the underlying 
mechanisms remain poorly understood.

MicroRNAs (miRNAs), a class of single‑stranded noncoding 
RNA molecules approximately 22 nucleotides in length, 
are posttranscriptional modulators of gene expression in 
various physiological and pathological conditions including 
inflammation and cardiovascular disease.[5] Several lines of 
evidence highlight the role of miRNA‑126 in the regulation 
of inflammation and vascular pathology.[6] miR‑126 has 
been reported to inhibit vascular inflammation by targeting 
VCAM‑1‑mediated leukocyte infiltration.[7] In addition to 
inflammation, miR‑126 also regulates vascular integrity and 
angiogenesis. miR‑126 can promote the vascular endothelial 
cell repair and angiogenesis through upregulating VEGF 
expression, whereas deletion of miR‑126 in mice or zebrafish 
causes vascular leakage.[8,9] However, the specific roles of 
miR‑126 in inflammation following PCI have not yet been 
investigated.

In this study, we investigated the status of serum miR‑126 
and its correlation with the inflammatory markers such as 
hs‑CRP and VCAM‑1 in patients with CAD following PCI.

Methods

Patients
We enrolled 130 patients with CAD in the Second Hospital 
of Jilin University from October 2015 to December 2015. 
Among them, 82 patients with CAD, defined as at least one 
major epicardial vessel with >70% stenosis who planned 
to undergo PCI with stenting, were selected. The 82 CAD 
patients with PCI were divided into ACS group (46 patients) 
and stable angina (SA) group (36 patients). In addition, 
48 patients admitted to the hospital because of chest 
pain, confirmed by coronary angiography who did not 
proceed to coronary stenting, were used as controls. 
Baseline venous blood was collected at the beginning of 
the angiography procedure. In the present study, the basic 
clinical characteristics of patients were quantified by testing 
the levels of total cholesterol, low‑density lipoprotein (LDL) 
cholesterol, triglycerides, and hs‑CRP. Written consent 
was obtained from all patients, and the study protocol was 
approved by the Ethics Committee of Jilin University.

Percutaneous coronary intervention procedure
PCI was performed in the standard fashion and consisted 
of balloon angioplasty and stenting. In brief, patients 
receiving stents were treated with a combination of aspirin 
and clopidogrel for a week. A bolus of 10,000 U heparin 
was administered intravenously before the procedure. 
This was followed by an intravenous injection during the 
procedure to maintain an activated clotting time of 250 s. 
Balloon predilatation and stent implantation were performed 
according to the standard techniques. The use of drug‑eluting 

stents was left to the physician’s discretion. Procedural 
success was defined as optimal position of the stent, residual 
stenosis 30%, forward blood flow of thrombolysis in 
myocardial infarction Class 3, and no serious complications.

Plasma sampling
Repeat venous blood samples were collected 5 min prior 
to stent deployment and 30 min, 24 h, and 72 h after 
stent deployment. Patients who underwent diagnostic 
angiography but did not proceed to coronary stenting 
were included as controls and underwent serial blood 
sampling at the same time points. Blood samples were 
prepared immediately in the laboratory according to the 
following protocol: pyrogen‑free blood collection tubes 
containing  ethylenediaminetetraacetic acid  and plasma 
were immediately immersed in melting ice and centrifuged 
within 20 min at 2500 ×g for 20 min to obtain platelet‑poor 
plasma after coagulation. Plasma aliquots were stored 
at −80°C for subsequent analysis.

Plasma vascular cell adhesion molecule‑1 and 
high‑sensitivity C‑reactive protein levels
Plasmas of all the 130 patients were collected at 
different time points following PCI. We used the human 
VCMA‑1 and hs‑CRP enzyme‑linked immunosorbent 
assay kits (R&D Systems, Minneapolis, MN, USA) 
to measure the plasma levels of VCMA‑1, as per 
manufacturer’s instruction. Absorbance was measured at 
450 nm (primary wave length) (MRX, Dynatech Laboratories 
Inc., Chantilly, VA, USA). Concentrations of human VCMA‑1 
were determined by plotting the absorbance of each sample 
against a standard curve of recombinant human VCAM‑1.

RNA isolation and real‑time quantitative reverse 
transcription‑polymerase chain reaction
For measuring microRNAs, miRNA was extracted from 
plasma samples using the miRcute miRNA isolation 
kit (Tiangen, Beijing City, China). The samples were 
performed both poly‑(A) tailing and reverse transcription 
with the miScript reverse transcription kit (Tiangen, 
Beijing City, China). miR‑126 was quantified by using 
quantitative reverse transcription‑polymerase chain 
reaction (qRT‑PCR) assay according to the protocol of the 
manufacturer (Tiangen, Beijing City, China). Each reaction 
was performed in a total volume of 20 μl containing 2 μl RT 
products, 1 μl 20× microRNA‑126 assay primer, 10 μl 
2× Universal PCR Master Mix, and nuclease‑free H2O to 
adjust the volume. The PCR reaction was performed as 
follows: 95°C for 5 min, followed by 40 cycles of 95°C 
for 15 s and 60°C for 30 s. qRT‑PCR was performed 
using the 7500 FAST Real‑time PCR System (Applied 
Biosystems, Naerum, Denmark). The RT forward 
primers (Sangon, Shanghai, China) used were (1) miR‑126 
forward: 5′‑TCGTACCGTGAGTAATAATGC‑3′ (2) U6 
forward: 5′‑GCTTCGGCAGCACATATACTAAAAT‑3′. 
Analysis of relative gene expression levels was 
performed using the following formula: 2–ΔCT with 
ΔCT = CT (target gene) – CT (control).
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plasma levels of hs‑CRP and VCAM‑1 increased with time 
in the ACS and SA groups. Moreover, plasma hs‑CRP and 
VCAM‑1 levels were significantly higher in the ACS and SA 
groups at 24 h or 72 h after PCI than in controls. Similarly, 
plasma levels of miR‑126 decreased with time post‑PCI 
in the ACS and SA groups. Plasma miR‑126 levels were 
significantly higher in the ACS and SA groups at 72 h after 
PCI [Table 4].

Correlation of high‑sensitivity C‑reactive protein, 
vascular cell adhesion molecule‑1, and balloon time 
and pressure
PCI has been reported to cause vascular damage resulting 
in inflammation.[3] The details of balloon time and pressure 
in the different groups are shown in Table 5. Our data 
also showed that PCI could increase the plasma levels of 
hs‑CRP and VCAM‑1 and reach the highest at 72 h after 
PCI [Figure 1]. We further tested the effect of balloon time 
and pressure on the plasma levels of hs‑CRP and VCAM‑1 
at 72 h after PCI. The results revealed a positive correlation 
between VCAM‑1 and balloon time or pressure (r = 0.462 
and r = 0.427, respectively, P < 0.05). However, no 
significant correlation was observed between hs‑CRP and 
balloon time or pressure.

Correlation of microRNA‑126 levels with high‑sensitivity 
C‑reactive protein and vascular cell adhesion molecule‑1
To test the anti‑inflammatory activity of miR‑126, we 
analyzed the relationship between  miRNA‑126, hs‑CRP, 
and VCAM‑1 levels. As the levels of plasma miR‑126 
only displayed a significant difference at 72 h after PCI, 
we analyzed the correlation at 72 h after PCI. As shown in 
Figure 2, miR‑126 showed a strong negative correlation 
with hs‑CRP and VCAM‑1 in patients with CAD following 
PCI, (r = −0.225 and r = −0.275, respectively, P < 0.01).

dIscussIon

In this study, the inflammation markers such as hs‑CRP and 
VCAM‑1 were found to be elevated in patients with CAD 
prior to PCI, which has been reported to be associated with 
an increased risk of CAD. hs‑CRP is an acute‑phase reactant 
and a marker of inflammation that is released 6 h after a 
coronary event.[10] Elevation of hs‑CRP has been reported 
in ACSs and associated with cardiac events.[11] VCAM‑1, an 
adhesion molecule, has been detected both in atherosclerotic 
plaques and in endothelial cells. VCAM‑1‑mediated 
leukocyte adherence to endothelial cells may contribute to 
the development of atherosclerosis.[12]

PCI has been reported to cause vascular disease resulting 
in inflammation.[3] A positive association has been 
reported between increasing CRP levels and endothelial 
dysfunction. In addition, elevation of VCAM‑1 has been 
reported after balloon injury to the rabbit iliac artery.
[13] In this study, we also found that plasma hs‑CRP and 
VCAM‑1 levels were upregulated after PCI. Furthermore, 
a positive correlation between VCAM‑1 and balloon time 
and pressure was observed in patients following PCI, 

Statistical analysis
Data were shown as mean ± standard deviation (SD) and 
median for the general characteristics of the patients. All 
statistical analyses were performed using the software SPSS 
16.0 (SPSS Inc., Chicago, IL, USA). Differences among 
groups were assessed using the one‑way analysis of variance 
(ANOVA) test followed by post hoc test. Correlations of 
miR‑126 with VCAM‑1 or hs‑CRP were analyzed with 
Spearman’s correlation. A value of P < 0.05 was considered 
statistically significant.

results

Basic clinical characteristics of patients
Patients with CAD were divided into ACS and SA 
groups [Table 1]. There were 46 patients (mean 
age: 57.2 ± 7.2 years, 23 males) in the ACS group, 
36 patients (mean age: 56.7 ± 8.0, 22 males) in the SA 
group, and 48 patients (mean age: 54.2 ± 7.2, 29 males) 
in the control group. Patients showed no differences in 
diabetes, body mass index, blood urea nitrogen, creatinine, 
total cholesterol, LDL cholesterol, triglycerides, history of 
hypertension, diabetes, or smoking (P > 0.05 for all).

Plasma high‑sensitivity C‑reactive protein, vascular 
cell adhesion molecule‑1, and microRNA‑126 in 
patients with coronary artery disease before and after 
percutaneous coronary intervention
To test the effect of PCI on inflammation and its correlation 
with miR‑126, we tested the plasma levels of hs‑CRP, 
VCAM‑1, and miR‑126, before and after PCI. Our results 
confirmed that baseline hs‑CRP and VCAM‑1 were 
significantly higher in the ACS and SA groups than in control 
group [Tables 2 and 3]. In addition, the baseline hs‑CRP 
and VCAM‑1 levels were significantly higher in the ACS 
group than in the SA group [Tables 2 and 3]. In contrast, 
the baseline miR‑126 was significantly lower in the ACS 
and SA groups than in control group. Following PCI, the 

Table 1: Basic clinical characteristics of patients

Characteristics ACS  
(n = 46)

SA  
(n = 36)

Control  
(n = 48)

Age, years 57.2 ± 7.2 56.7 ± 8.0 54.2 ± 7.4
Sex (n)

Male/female 23/13 22/14 29/19
BMI (kg/m2) 25.10 ± 3.82 24.84 ± 3.61 24.72 ± 3.72
BUN (mmol/L) 5.98 ± 1.46 5.77 ± 1.51 5.45 ± 1.23
Creatinine (µmol/L) 80.3 ± 12.9 82.5 ± 11.7 81.7 ± 12.2
LDL cholesterol (mmol/L) 3.44 ± 1.25 3.31 ± 1.28 3.24 ± 1.31
Triglyceride (mmol/L) 1.94 ± 0.76 1.89 ± 0.69 1.82 ± 0.57
Total cholesterol (mmol/L) 4.61 ± 1.31 4.54 ± 1.37 4.42 ± 1.33
Hypertension, n (%) 13 (28.26) 10 (27.78) 11 (22.92)
Diabetes, n (%) 12 (26.08) 9 (25.00) 5 (10.42)
Smoking, n (%) 20 (43.47) 23 (63.88) 15 (31.25)
All data were expressed as mean ± SD or n, n (%). Differences among 
groups were assessed using the one‑way analysis of variance test. ACS: 
Acute coronary syndrome group; SA: Stable angina group; BMI: Body 
mass index; BUN: Blood urea nitrogen; LDL: Low‑density lipoprotein.
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demonstrating that PCI can cause vascular damage and 
result in inflammation.

Inflammation plays a central role in the development 
of restenosis.[14] Several clinical trials have shown that 
restenosis rates are higher in patients who have elevated 
systemic markers of inflammation. High levels of CRP 
and VCAM‑1 predict greater rates of restenosis.[15,16] A 
significant correlation between the vascular occlusion score 
and baseline hs‑CRP levels has been reported.[17] Elevated 
serum levels of inflammatory markers (CRP, interleukin‑6) 
6 months after PCI were associated with a risk of in‑stent 
restenosis.[18] VCAM‑1 participates in neointimal formation, 
as it facilitates monocyte infiltration into injured arteries 

and enhances smooth muscle cell proliferation. Inhibition 
of VCAM‑1 reduces neointimal formation after surgical 
mechanical injury of the rat carotid artery.[13]

By suppressing VCAM‑1 expression, miR‑126 could 
decrease leukocyte interactions with endothelial cells 
and attenuate vascular inflammation after injury.[19] 
Overexpression of miR‑126 could lead to repression 
in tumor necrosis factor‑α‑induced protein expression 
of VCAM‑1 and leukocyte adhesion.[20] Other studies 
confirmed that VCAM‑1 was the target gene of miR‑126, 
knockdown of miR‑126 antisense oligonucleotide could 
lead to upregulating the expression of VCAM‑1. miR‑126 
is one of the noncoding small single‑strand RNAs, which 
inhibit gene expression in posttranscription.[21] In addition, 
a decrease in plasma miR‑126 and high levels of hs‑CRP 
were found in patients with CAD. Notably, miR‑126 
would be decreased in the presence of CRP and in vascular 
injury. It has been reported that plasma concentrations of 
miR‑126 were downregulated in CAD patients. Plasma 
levels of CRP negatively affected the expression levels of 
endothelial‑specific miR‑126, while mild inflammatory 
conditions, as well as ischemia, positively influenced plasma 
concentrations of miR‑126.[18] Consistent with these results, 

Table 2: Plasma sVCAM‑1 levels (μg/L) of different groups before and after PCI

Groups Before PCI 30 min after PCI 24 h after PCI 72 h after PCI
ACS (n = 46) 695.06 ± 145.64*,† 726.00 ± 135.52 898.57 ± 146.45‡,§ 1184.05 ± 142.54‡,§,||

SAP (n = 36) 376.11 ± 69.63* 419.00 ± 82.83 634.25 ± 141.14‡,§ 816.45 ± 138.04‡,§,||

Control (n = 48) 206.24 ± 36.38 220.172 ± 35.61 226.22 ± 43.19 237.03 ± 44.47
All data were expressed as mean ± SD. Differences among groups were assessed using the one‑way analysis of variance test. *P<0.05, the levels of 
sVCAM‑1 in ACS or SAP group versus that in control group prior to PCI; †P<0.05, the level of sVCAM‑1 in ACS versus that in SAP group prior to PCI; 
‡P<0.05, the levels of sVCAM‑1 at different time points after PCI versus that prior to PCI; §P<0.05, the levels of sVCAM‑1 at different time points after 
PCI versus that 30 min after PCI; ||P<0.05, the levels of sVCAM‑1 at different time points after PCI versus that 24 h after PCI. ACS: Acute coronary 
syndrome group; SAP: Stable angina pectoris group; sVCAM: Soluble vascular cell adhesion molecule; PCI: Percutaneous coronary intervention; SD: 
Standard deviation.

Table 3: Plasma hs‑CRP levels (μg/L) of different groups before and after PCI

Groups Before PCI 30 min after PCI 24 h after PCI 72 h after PCI
ACS (n = 46) 15.63 ± 2.42*,† 15.43 ± 2.62 19.88 ± 4.30‡,§ 27.53 ± 3.50‡,§,||

SAP (n = 36) 7.81 ± 1.57* 7.65 ± 1.91 10.37 ± 3.10‡,§ 16.14 ± 1.53‡,§,||

Control (n = 48) 1.26 ± 0.35 1.30 ± 0.34 1.35 ± 0.34 1.35 ± 0.35
All data were expressed as mean ± SD. Differences among groups were assessed using the one‑way analysis of variance test. *P<0.05, the levels of 
hs‑CRP in ACS or SAP group versus that in control group prior to PCI; †P<0.05, the levels of hs‑CRP in ACS versus that in SAP group prior to PCI; 
‡P<0.05, the levels of hs‑CRP at different time points after PCI versus that prior to PCI; §P<0.05, the levels of hs‑CRP at different time points after PCI 
versus that 30 min after PCI; ||P<0.05, the levels of hs‑CRP at different time points after PCI versus that 24 h after PCI. ACS: Acute coronary syndrome 
group; SAP: Stable angina pectoris group; VCAM: Vascular cell adhesion molecule; PCI: Percutaneous coronary intervention; SD: Standard deviation; 
hs‑CRP: High‑sensitivity C‑reactive protein.

Table 4: Plasma miR‑126 level in different groups before and after PCI (fold change)

Groups Before PCI 30 min after PCI 24 h after PCI 72 h after PCI
ACS (n = 46) 0.52 ± 0.14* 0.52 ± 0.12 0.49 ± 0.12 0.40 ± 0.12†

SAP (n = 36) 0.54 ± 0.14* 0.52 ± 0.14 0.50 ± 0.13 0.41 ± 0.13†

Control (n = 48) 1.00 ± 0.21 1.07 ± 0.22 1.05 ± 0.11 1.06 ± 0.17
All data were expressed as mean ± SD. Differences among groups were assessed using the one‑way ANOVA test. *P<0.05, the levels of miR‑126 in 
ACS or SAP group versus that in control group prior to PCI; †P<0.05, the level of miR‑126 at 72 h after PCI versus that prior to PCI in the same group. 
ACS: Acute coronary syndrome group; SAP: Stable angina pectoris group; VCAM: Vascular cell adhesion molecule; PCI: Percutaneous coronary 
intervention; SD: Standard deviation; miR‑126: MicroRNA‑126.

Table 5: Details of balloon times and pressure

Items ACS (n = 46) SAP (n = 36)
Diameter of balloon (mm) 2.67 ± 0.99 2.41 ± 0.61
Times of balloon, n 3.31 ± 2.34 3.66 ± 2.65
Pressure of balloon (atm) 49.15 ± 13.45 51.46 ± 14.40
All data were expressed as mean ± SD. Differences among groups were 
assessed using the one‑way analysis of variance test. 1atm = 101,325 Pa. 
ACS: Acute coronary syndrome group; SAP: Stable angina pectoris 
group; SD: Standard deviation.
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we observed a negative correlation between miR‑126 and 
VCAM‑1 or hs‑CRP in patients with CAD following PCI, 
demonstrating that miR‑126 could affect the inflammation 
caused by PCI.

Possible limitations of the present study are the single‑center 
focus and the small number of patients. In addition, 
patients who underwent primary PCI were treated with a 
baseline combination of aspirin and statins. Statins exert 
anti‑inflammatory activity and could inhibit the expression 
of hs‑CRP and VCAM‑1.[22] Aspirin was found to affect the 
expression of microRNAs, including miR‑126.[23] Other 

factors such as white blood cell count, renal and liver 
function might influence on the results of the study, but we 
did not evaluate those factors. In addition, it was reported 
that inflammation reached its peak at 48 h after PCI.[24] We 
just picked up 30 min, 24 h, and 72 h as the study points to 
test the inflammatory response after PCI. We should check 
48 h and some longer time points.

In summary, our data suggest that PCI could elevate the 
inflammation markers such as hs‑CRP and VCAM‑1. Plasma 
VCAM‑1 levels were associated with balloon time and 
pressure. In addition, we observed a negative correlation 

Figure 1: The correlation between balloon pressure and time with hs‑CRP or VCAM‑1. (a) The correlation between balloon pressure and hs‑CRP. (b) The 
correlation between balloon time and hs‑CRP. (c) The correlation between balloon pressure and VCAM‑1. (d) The correlation between balloon time 
and VCAM‑1. A significant positive relationship was observed between balloon pressure and time and VCAM‑1. Spearman’s correlation =  0.462 
and 0.427, respectively, P < 0.001. 1 atm=101,325 Pa. hs‑CRP: High‑sensitivity C‑reactive protein; VCAM‑1: Vascular cell adhesion molecule‑1.

a

c

b

d

Figure 2: The correlation between miR‑126 and hs‑CRP or VCAM‑1. (a) Circulating levels of miR‑126 were decreased in CAD patients who showed 
higher levels of hs‑CRP (n  =  130). A significant negative relationship of miR‑126 with hs‑CRP was observed. Spearman’s correlation  =  −0.225, 
significance P < 0.001. (b) Circulating levels of miR‑126 were decreased in CAD patients who showed higher levels of VCAM‑1 (n  =  130). A 
significant negative relationship of miR‑126 with VCAM‑1 was observed. Coefficient of correlation =  −0.275, P < 0.001. hs‑CRP: High‑sensitivity 
C‑reactive protein; VCAM‑1: Vascular cell adhesion molecule‑1; CAD: Coronary artery disease; miR‑126: MicroRNA‑126.

a b
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between miR‑126 and hs‑CRP and VCAM‑1 in patients 
with CAD following PCI. We will further investigate the 
underlying mechanism and enroll more patients in future.
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