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Abstract: Objective: To investigate the expression and role of microtubule-associated protein 1A/1B-light chain 3-II 
(LC3II) and inflammatory cytokines in in-stent restenosis after percutaneous coronary intervention (PCI) in patients 
with coronary heart disease (CHD). Methods: We recruited 64 CHD patients with in-stent restenosis in the obser-
vation group and an additional 64 CHD patients without in-stent restenosis as the control group. The expression 
levels of LC3II in the two groups were measured and compared. Changes in the serum levels of interleukin-6 (IL-6) 
and interleukin-8 (IL-8) were evaluated. The levels of nitric oxide (NO) and vascular endothelial growth factor (VEGF) 
were also compared between the two groups. Results: The serum levels of IL-8, IL-6, NO and VEGF in the observa-
tion group were higher than those in the control group (all P < 0.05). The expression level of LC3II in the observation 
group was higher than that in the control group (P < 0.05). The correlations were positive between LC3II levels and 
the levels of IL-8, IL-6, NO, and VEGF (all P < 0.001). Conclusion: The serum levels of IL-8, IL-6, NO, and VEGF in CHD 
patients with in-stent restenosis after PCI were significantly different from those in CHD patients without in-stent 
restenosis. These changes are involved in the pathophysiological process of in-stent restenosis and may be associ-
ated with autophagy mediated by the expression of LC3II.
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Introduction

Studies have confirmed that coronary heart dis-
ease (CHD) is the leading cause of human 
death. Although it is decreasing in developed 
countries, the occurrence of CHD shows an 
upward trend in developing countries on an 
annual basis [1]. In China, the incidence of CHD 
is rising as the issue of population aging 
increases. Studies have shown that CHD 
caused approximately 100 deaths in every 
100,000 Chinese people in the past ten years 
and was the major cause of death among 
Chinese residents. In addition, CHD can result 
in disability, posing a heavy economic burden 
on the society [2].

Percutaneous coronary intervention (PCI) is the 
major treatment for CHD. PCI can treat CHD by 
restoring the blood supply from coronary arter-

ies, thereby relieving clinical symptoms or pre-
venting the occurrence of adverse events [3, 4]. 
However, a previous study showed that reste- 
nosis or even occlusion would occur in one 
quarter to half of the patients within 5-10 years 
after PCI, degrading their prognosis and quality 
of life [5]. Currently, research has confirmed 
that diabetes, endothelial cell injury, and inflam-
matory response are the major reasons for the 
occurrence of stenosis in PCI patients, but the 
specific mechanisms have not been described 
[6].

Recent studies have shown that autophagy 
plays an important role in the in-stent resteno-
sis caused by vascular endothelial injury after 
PCI treatment, and have confirmed that there is 
excessive levels of autophagy, instead of physi-
ological levels of autophagy that would effec-
tively protect the vascular endothelium, but 
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instead aggravates vascular endothelial injury 
[7, 8]. Moreover, autophagy can affect vascular 
endothelial injury through its effect on the 
inflammatory response. Therefore, this study 
explored the role of LC3II-mediated autophagy 
and inflammatory cytokines in in-stent resteno-
sis of PCI patients, providing new theoretical 
basis for the long-term prevention of in-stent 
restenosis in PCI patients and identifying 
potential therapeutic targets.

Materials and methods

General information

We recruited 64 patients with in-stent resteno-
sis (6 months after PCI) who underwent PCI 
from January 2016 to December 2017, in the 
Department of Cardiology at The First Hospital 
of Qiqihar as the observation group, and an 
additional 64 patients without in-stent resteno-
sis who underwent surgery in the same period 
as the control group. Inclusion criteria: Patients 
whose follow-up angiography showed that the 
in-stent restenosis was ≥ 50% stenosis (< 50% 
stenosis was not considered as in-stent reste-
nosis, and one or more coronary arteries with ≥ 
50% stenosis was diagnosed as in-stent reste-
nosis); patients who had never received PCI 
before the study; patients had no history of 
myocardial infarction; patients whose left ven-
tricular ejection fraction ≥ 55%; patients aged < 
80 years old. Exclusion criteria: Patients com-
plicated with valvular disease; patients who 
failed to regulate blood glucose levels within a 
normal range; patients complicated with other 
organ dysfunction; patients with poor treat-
ment compliance; patients complicated with 
immune system diseases; patients who took 
steroid hormones; patients who had infections 
in the two weeks before the study. This study 
was approved by the Ethics Committee of The 

The specimens were then centrifuged at 3,000 
r/min to collect the supernatant as serum. 
Protein extraction solution (Protein Extraction 
Kit, BestBio, Shanghai, China) was added to the 
serum samples. After mixing evenly, the sam-
ples were placed at 4°C for 5 min, then centri-
fuged at 1,400 r/min for 10 min. The superna-
tant, which was serum protein, was collected 
into pre-cooled sterilized centrifuge tubes and 
stored at -80°C. The enzyme-linked immuno-
sorbent assay kit (Santa, USA) and Infinite F50 
Absorbance Microplate Reader (Tecan, Switzer- 
land) were used in the two groups to detect the 
serum levels of interleukin-8 (IL-8), interleu-
kin-6 (IL-6), nitric oxide (NO) and vascular endo-
thelial growth factor (VEGF) according to the 
manufacturers’ instructions. The reagent kit 
(Jiangsu Jianglai Biotechnology Co., Ltd., China) 
was used to detect the serum levels of LC3-II in 
the two groups.

Statistical analysis

All the data were statistically processed using 
SPSS 22.0 software package. Measurement 
data are expressed as mean ± standard devia-
tion (

_
x  ± sd). Comparison of measurement 

data between the two groups was based on the 
t-test. Comparison of rates between the two 
groups was based on the chi-square test. 
Pearson correlation analysis was applied to 
evaluate the correlations between the level of 
LC3II and the levels of IL-6, NO, VEGF and IL-8. 
P < 0.05 was considered statistically signi- 
ficant.

Results

Comparison of baseline characteristics

The results of this study showed that there 
were no significant differences between the 

Table 1. Comparison of baseline characteristics
The observation 

group
The control 

group t/χ2 P

Age (years) 60.6 ± 7.8 60.5 ± 7.9 0.175 0.861
Gender (male/female) 34/30 36/28 0.782 0.377
Diabetes 18 21 0.148 0.701
Hypertension 38 40 0.033 0.856
Number of lesioned coronary arteries
    One 21 22 0.136 0.934
    Two 24 22
    Three 19 20

First Hospital of Qi- 
qihar and all partici-
pants signed informed 
consent before partic-
ipating in the study.

Measurements

From each patient, 
fasting peripheral ve- 
nous blood (6-8 mL) 
was drawn into blo- 
od collection tubes 
with anticoagulants. 
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two groups in age, gender, cases of diabetes, 
the number of lesioned coronary arteries and 
cases of hypertension (all P > 0.05). Therefore, 
the two groups were comparable. See Table 1.

Comparison of serum levels of LC3II protein

The serum level of LC3II in the observation 
group was significantly higher than that in the 
control group (P < 0.05), indicating that the 
level of autophagy in the observation group 
was higher than that of the control group. See 
Figure 1.

Comparison of IL-6 and IL-8 levels

The serum levels of IL-6 and IL-8 in the observa-
tion group were significantly higher than those 

in the control group (both P < 0.05), indicating 
that the inflammatory response was possibly 
involved in the development of in-stent reste-
nosis in PCI patients after the surgery. See 
Figure 2.

Comparison of serum levels of NO and VEGF

The results of this study showed that the se- 
rum levels of NO and VEGF in the observation 
group were higher than those in the control 
group (both P < 0.05), indicating that intra- 
vascular injury in CHD patients complica- 
ted with diabetes was more severe than that  
in the control group, as shown in Figures 3 and 
4.

Figure 1. Comparison of serum levels of LC3II pro-
tein. The serum level of LC3II protein in the observa-
tion group was higher than that in the control group 
after surgery, *P < 0.05. LC3II: microtubule-associat-
ed protein 1A/1B-light chain 3-II.

Figure 2. Comparison of IL-6 and IL-8 levels. The se-
rum levels of IL-6 and IL-8 in the observation group 
was higher than those in the control group aftersur-
gery, *P < 0.05. IL-6: interleukin-6; IL-8: interleukin-8.

Figure 3. Comparison of serum levels of NO. The se-
rum level of NO in the observation group was higher 
than that in the control group after surgery, *P < 
0.05. NO: nitric oxide.

Figure 4. Comparison of serum levels of VEGF. VEGF: 
vascular endothelial growth factor.
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Correlation analysis between LC3II level and 
levels of IL-8, IL-6, NO and VEGF

The results of this study showed that there 
were significant positive correlations between 
the LC3II level and the levels of IL-8, IL-6, NO 
and VEGF (all P < 0.001). See Table 2.

Discussion

Prevention of in-stent restenosis after PCI is  
a common challenge facing both physicians 
and patients. Although PCI patients currently 
receive aspirin and antiplatelet drugs and other 
such measures as lowering cholesterol and 
controlling blood pressure and glucose levels to 
prevent in-stent restenosis, a number of CHD 
patients still suffer restenosis after PCI [9, 10]. 
Consequently, the chest tightness, chest pain 
and other symptoms occur again due to isch-
emia, affecting the patient’s health while reduc-
ing the effect of PCI. Moreover, these clinical 
symptoms pose greater psychophysiological 
and economic burdens on the patients. To this 
end, it is of great significance to study the 
occurrence of in-stent restenosis in CHD 
patients after PCI [11-14].

Studies have shown that autophagy plays an 
important role in the development of cardiovas-
cular disease. Autophagy, the process by which 
cells recycle cytoplasm, dispose of excess or 
defective organelles, and convert them into 
energy supply, helps relieve myocardial isch-
emic and hypoxic injury. However, excessive 
levels of autophagy can lead to cell damage, 
indicating that there are both benefits and risks 
to the process of autophagy [15, 16]. Recent 
studies have shown that autophagy is impor-
tant in the development of coronary artery ste-
nosis and restenosis after PCI. It may be 
involved in the above pathophysiological pro-
cesses via the aggravation of local inflamma-

tory response and vascular injuries [17]. 
Nevertheless, autophagy is associated with the 
inflammatory response and vascular injury to a 
certain extent. Therefore, this study explored 
the role of autophagy in restenosis in CHD 
patients after PCI.

LC3II is one of the proteins representative of 
autophagy in the body. The results of this study 
showed that the LC3II levels in the observation 
group were higher than that in the control 
group, indicating that the level of autophagy 
was higher in PCI patients with in-stent reste-
nosis than that in PCI patients without in-stent 
restenosis, which is consistent with the conclu-
sions of previous studies [18].

Furthermore, autophagy inhibits the function-
ing of neutrophils. At the early stage of revascu-
larization, the inflammatory response height-
ens, resulting in the increase of inflammatory 
cytokines, IL-6 and IL-8. Autophagy can effec-
tively reduce the levels of inflammatory cyto-
kines, but over-elelvated autophagy worsens 
the inflammatory response as a result of dam-
age to endothelial cells. The results of this 
study showed that the levels of IL-6 and IL-8 in 
the observation group were significantly higher 
than those in the control group, indicating that 
over-elevated autophagy increases the levels 
of inflammatory cytokines and thus partici-
pates in the pathophysiological process of in-
stent restenosis after PCI, which is consistent 
with the results of previous studies [19].

Studies have confirmed that functional damage 
of the coronary endothelium is also an impor-
tant factor for the formation of in-stent resteno-
sis, and the related literature has also con-
firmed that autophagy can engage in vascular 
endothelial injury by affecting the levels of NO 
and VEGF [20]. Our study showed that the lev-
els of NO and VEGF in the observation group 
were significantly higher than those in the con-
trol group, indicating that autophagy in CHD 
patients engages in the process of coronary 
restenosis after PCI, which corroborates the 
results of previous studies [21].

By further analyzing the correlations between 
levels of autophagy and inflammatory response 
and VEGF, our study found that there are posi-
tive correlations between LC3II and the above-
mentioned indicators. Autophagy could be con-
sidered as a potential therapeutic target for the 

Table 2. Correlation analysis between LC3II 
level and other related factors
Measurements Correlation coefficient P
IL-8 0.901 < 0.001
IL-6 0.929 < 0.001
NO 0.907 < 0.001
VEGF 0.912 < 0.001
Note: LC3II, microtubule-associated protein 1A/1B-light 
chain 3-II; IL-8, interleukin-8; IL-6, interleukin-6; NO, nitric 
oxide; VEGF, vascular endothelial growth factor.
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prevention of in-stent restenosis. However, this 
study is a single-center study with a small sam-
ple size. Therefore, the verification is to be per-
formed in the future by conducting multi-center 
studies with enlarged sample size. The moder-
ate levels of autophagy also warrant assess-
ments by more accurate indicators.
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