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Abstract. This study investigated the expression of 
programmed cell death protein 4 (PDCD4) in rat models of 
coronary atherosclerosis (AS) and analyzed its role and mech-
anism. A total of 80 Wistar rats were selected and divided into 
the control group (n=40) and research group (n=40) according 
to the principle of similar body weight, of which coronary AS 
models were established in rats in the research group. PDCD4 
expression in coronary artery tissues was detected using 
western blotting, and the expression of interleukin-6 (IL-6) and 
IL-8 in the coronary artery tissues were measured by means 
of reverse transcription-polymerase chain reaction (RT-PCR). 
The apoptotic rate of coronary artery smooth muscle cells was 
determined via terminal deoxynucleotidyl transferase-medi-
ated dUTP nick end labeling (TUNEL). The relative expression 
of PDCD4 in coronary artery tissues in the research group was 
obviously higher than that in the control group, and the differ-
ence was statistically significant (t=6.121, P<0.01). In terms of 
the relative expression of messenger ribonucleic acid (mRNA) 
of IL-6 in the coronary artery tissues, the research group had a 
remarkably higher level than the control group, with a statisti-
cally significant difference (t=21.03, P<0.01). The difference 
in the relative expression of IL-8 mRNA between the research 
group and the control group was statistically significant, of 
which a much higher level was detected in the research group 
(t=19.96, P<0.01). The apoptotic rate of smooth muscle cells 
in the research group was increased notably compared with 
that in the control group, and the difference was statistically 
significant (t=5.985, P<0.01). PDCD4 may participate in the 
formation of coronary AS plaque, and its possible function in 

the process is to inhibit the proliferation of vascular smooth 
muscle cells and promote the upregulation of IL-6 and IL-8.

Introduction

Acute coronary syndrome (ACS) is a severe type of coronary 
heart disease, which is a pathological symptom caused by 
obstructed coronary arteries. It occurs primarily in older 
people and is a leading cause of poor prognosis and sudden 
death of patients with coronary heart disease. ACS patients 
often die suddenly without any sign, so it causes great 
harms (1). As a common type of cardiovascular system disease, 
atherosclerosis (AS) is a chronic inflammatory disease of the 
arterial wall induced by lipid metabolism disorder in the 
body (2). AS is the major pathological basis of ACS which 
is a clinical pathological syndrome resulting from total and 
non-total occlusive thrombus secondary to coronary AS 
plaque rupture or invasion. Vascular inflammation reactions 
triggered by inflammatory factors are the main reason of ACS 
occurrence, which destroys the stability of the coronary AS 
plaque and causes rupture and hemorrhage of the plaque, thus 
leading to thrombus (3,4).

The pathogenesis of coronary AS has not been clarified 
thus far, and studies have demonstrated that both immune 
cells and inflammatory factors are involved in the process of 
coronary AS formation (5). Programmed cell death protein 
4 (PDCD4) is a novel suppressor gene discovered in recent 
years, which cannot only control the proliferation of tumor 
cells but also suppress the generation of tumor cells, having 
a close correlation with the occurrence and development of 
tumors (6). According to the study by Liang et al (7), PDCD4 
is expressed in myocardial cells and vascular smooth muscle 
cells, and it can inhibit the expression of the inflammatory 
factor interleukin-10 (IL-10) by activating nuclear factor-
kappa B (NF-κB) in vascular smooth muscle cells. In addition 
to its inhibitory effects in the occurrence and development 
of multiple tumors, PDCD4 also participates in immune 
response, inflammatory reaction and other pathophysiological 
processes.

Research on PDCD4 in recent years was mainly focused 
on the mechanism of tumors, but there are rare studies on its 
role in coronary AS. This study aimed to analyze the function 
and mechanism of PDCD4 in the process of coronary AS 
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formation by means of observing the PDCD4 expression in 
coronary AS plaque of rats.

Materials and methods

Laboratory animals. A total of 80 healthy, clean and specific 
pathogen-free (SPF) Wistar rats, aged 6-8 weeks, with a body 
mass of 170-190 g, were purchased from Shanghai Jia Ke 
Biotechnology Co., Ltd. (Shanghai, China) [animal certifica-
tion no. SCXK(Shanghai)2016-18]. The rats were maintained 
in a clean environment, with indoor temperature of 21-25˚C 
and humidity of 52-57%. All the rats were fed adaptively for 
2 weeks prior to the experiment. This animal experiment was 
approved by the Ethics Committee of Yidu Central Hospital of 
Weifang (Weifang, China).

Main instruments and reagents. Rabbit anti-rat PDCD4 
and glyceraldehyde- 3-phosphate dehydrogenase (GAPDH) 
monoclonal antibodies were purchased from Cell Signaling 
Technology, Inc. (cat nos. 9535 and 2118;  Danvers, MA, USA), 
bicinchoninic acid (BCA) protein assay kit was obtained from 
Beijing Solarbio Science & Technology Co., Ltd. (Beijing, 
China), and terminal deoxynucleotidyl transferase-mediated 
dUTP nick end-labeling (TUNEL) apoptosis assay kit was 
purchased from Beijing Jiamay Biotech Co., Ltd. (Beijing, 
China). Real-time quantitative polymerase chain reaction 
(PCR) instrument as well as real-time quantitative PCR 
kits for interleukin-6 (IL-6) and IL-8 were purchased from 
Shanghai HuaGen Biotech Co., Ltd. (Shanghai, China). 
Total ribonucleic acid (RNA) extraction kit (TRIzol reagent 
method) was obtained from Thermo Fisher Scientific Inc. 
(Waltham, MA, USA). Promega reverse transcription kit was 
from ABclonal Biotech Co., Ltd. (Woburn, MA, USA) and 
the internal reference primers for IL-6, IL-8 and β-actin in 
reverse-transcription quantitative PCR were purchased from 
Shanghai Gefan Biotechnology Co., Ltd. (Shanghai, China). 
Primer sequences are listed in Table I.

Construction and grouping of animal models. The healthy 
SPF Wistar rats with similar body weight were selected and 
divided into control group (n=40) and research group (n=40), 
and rats in the control group were fed with normal diet. 
By reference to the modeling methods in the literature by 
Ganzetti et al (8), the rats in the research group were injected 
with vitamin D3 from the right lower extremity and raised 
with high-fat diet (recipe: 0.2% propylthiouracil, 10% lard, 
1.5% sodium cholate, 4% cholesterol and 84.3% basic diet) 
provided by Guangzhou SeBiona Bio-Tech Co., Ltd. at 30 days 

before the modeling. At 3 and 6 weeks of feeding, 10% bovine 
serum albumin (250 mg/kg) was injected into the rats from 
the tail veins for immune damage. At 15 weeks after feeding, 
the rats were sacrificed by decapitation. In the research group, 
the tissues of coronary plaque were extracted to examine the 
cardiac pathology, and the existence of AS plaque suggested 
successful model establishment. The harvested coronary 
artery tissues of all the rats were placed into liquid nitrogen 
immediately and then stored in a refrigerator at -80˚C.

Index detection
PDCD4 detection. Western blotting was utilized to measure 
the PDCD4 in the coronary arteries. The coronary artery 
tissues were taken and fully ground into tissue homogenates, 
followed by centrifugation at 3,000 x g at 4˚C for 8 min and 
preparation of 50 µg protein extracts. Next, proteins with 8% 
loading sample were extracted for polyacrylamide gel electro-
phoresis experiment, and were transferred to a polyvinylidene 
fluoride (PVDF) membrane at the end of electrophoresis. 
Then the proteins were blocked in 5% skim milk powder for 
1 h, followed by incubation with PDCD4 primary antibody 
(1:1,000) and GAPDH polyclonal antibody (1:1,000) at 4˚C 
overnight. Subsequently, goat anti-rabbit horseradish peroxi-
dase (HRP)-labeled secondary polyclonal antibody (1:1,000; 
cat. no. 7074; Cell Signaling Technology, Inc.) was added and 
reacted at 37˚C for 1.5 h, and diaminobenzidine was used for 
staining and development. Images were captured and stored 
for analysis and processing. The gel analysis software Quantity 
One 4.6.2 (Bio-Rad Laboratories, Inc., Hercules, CA, USA) 
was applied to measure the relative expression of PDCD4.

Detection of IL-6 and IL-8. Reverse transcription PCR 
(RT-PCR) was performed to detect IL-6 and IL-8 in the 
coronary arteries, of which the primer and probe sequences 
are shown in Table I. Experimental procedures involved use 
of phenol method (TRIzol reagent method) to extract the total 
RNA in the coronary artery tissues in strict accordance with 
the TRIzol kit instructions. The concentration and purity of the 
total RNA were measured using a micro-spectrophotometer 
(Bio-Rad Laboratories, Inc.), and the integrity was detected 
by virtue of denaturing agarose gel electrophoresis. The RNA 
was reverse transcribed into complementary deoxyribonucleic 
acid (cDNA) via the Promega reverse transcription kit strictly 
according to the steps in the instructions. The PCR system 
was prepared as described in the instructions. Reaction condi-
tions were: 35 cycles of pre-denaturation at 94˚C for 10 min, 
denaturation at 94˚C for 30 sec, annealing at 60˚C for 45 sec, 
extension at 72˚C for 45 sec and final extension at 65˚C for 

Table I. Primer sequences for IL-6, IL-8 and β-actin genes.

Genes Forward primer sequence Reverse primer sequence

IL-6 5'-CTCTCCGCAAGAGACTTCCA-3' 5'-TGGTCTTCTGGAGTTCCGTT-3'
IL-8 5'-CTTTGTCCATTCCCACTTCTGA-3' 5'-TCCCTAACGGTTGCCTTTGTAT-3'
β-actin 5'- TGAAGTGTGACGTGGACATC-3' 5'-TAGAAGCATTTGCGGTGGAC-3'

IL-6, interleukin-6.
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10 min. The software offered by manufacturers was applied to 
analyze the amplification data, and the relative expression of 
internal references of IL-6, IL-8 and β-actin were calculated 
by using the formula of 2-ΔΔCq (9).

Apoptosis rate of coronary artery smooth muscle cells. A 
portion of coronary artery tissues was fixed in 4% formalde-
hyde solution and then embedded in paraffin. After dewaxing 
and rehydration, TUNEL assay was conducted to detect the 
apoptosis rate of smooth muscle cells in the coronary artery 
in strict accordance with the instructions of TUNEL assay 
kit. Five consecutive high-power fields were examined using 
a light microscope (Olympus, Tokyo, Japan), and the apoptotic 
cells were counted in every 100 cells, to calculate the apop-
tosis rate as per the formula: (Number of apoptotic cells/total 
number of cells) x 100% = apoptosis rate.

Statistical analysis. Statistical Product and Service Solutions 
(SPSS) 17.0 software (Tianjin Ksoft Tech. Co., Ltd., Kerala, 
India) was used for statistical analysis. Measurement data were 
presented as mean ± standard deviation (SD). The Student's 
t-test was performed for comparison of measurement data, and 
the Chi-square test was used for comparison of enumeration 
data. P<0.05 was considered to indicate a statistically signifi-
cant difference.

Results

General conditions of rats in the control group and the 
research group. In this experiment, coronary AS models were 
established in the Wistar rats, and all 40 rats in the research 
group were sacrificed by decapitation at 15 weeks after 
feeding. There were 36 successful models, with a success rate 
of 90.00% (36/40). The sex, age and body mass of the rats, 
indoor temperature and indoor humidity had no impacts on the 
experiment (P>0.05) (Table II).

PDCD4 expression in coronary artery tissues of rats in the 
control group and research group. The relative expression 

of PDCD4 in coronary artery tissues was 2.16±1.24 in the 
control group and 5.37±3.05 in the research group. The 
relative expression of PDCD4 in coronary artery tissues 
in the research group was obviously higher than that in 
the control group, and the difference was statistically 
significant (t=6.121, P<0.01) (Fig. 1).

Messenger RNA (mRNA) expression of IL-6 and IL-8 in coro-
nary artery tissues of rats in the control and research groups. 
The relative expression of IL-6 mRNA in coronary artery 
tissues was 1.01±0.31 in the control group, and it was 5.69±1.37 
in the research group. The research group had a significantly 
higher level of IL-6 mRNA relative expression than that of 
the control group, with a statistically significant difference 
(t=21.03, P<0.01). The relative expression of IL-8 mRNA in 
coronary artery tissues were 0.93±0.35 and 4.68±1.13 in the 
control and research groups, respectively. The difference in the 
relative expression of IL-8 mRNA between the two groups was 
statistically significant, and a much higher level was evident in 
the research group (t=19.96, P<0.01) (Fig. 2).

Figure 1. Expression of PDCD4 protein in coronary artery tissue of the 
control and study groups. Results of western blotting showed that relative 
expression level of PDCD4 protein in coronary tissue of the study group was 
significantly higher than that of the control group (t=6.121, P<0.01). *P<0.01, 
compared with the control group.

Table II. General information of rats in the two groups.

 Control Research
 group group
Category (n=40) (n=36) t/χ2 P-value

Sex (%)   0.038 0.846
  Male  22 (55.00) 19 (52.78)
  Female  18 (45.00) 17 (47.22)
Age (weeks)   0.261 0.650
  ≤8 19 (47.50) 15 (41.67)
  >8 21 (52.50) 21 (58.33)
Body mass (g)   2.880 0.121
  ≤180 21 (52.50) 22 (61.11)
  >180 19 (47.50) 14 (38.89)
Indoor 23.12±1.63 22.89±0.98 0.735 0.464
temperature (˚C)
Indoor  54.45±1.03 54.16±1.37 1.049 0.297
humidity (%)

Figure 2. Expression of IL-6 and IL-18 mRNA in coronary artery tissues in 
the control and study groups. RT-PCR results showed that expression level of 
IL-6 mRNA in coronary artery tissues of the study group was significantly 
higher than that of the control group (t=21.03, P<0.01). Expression level of 
IL-8 mRNA in coronary artery tissues of the study group was significantly 
higher than that of the control group (t=19.96, P<0.01). *P<0.01, compared 
with the control group.
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Apoptotic rates of smooth muscle cells in the control and 
research groups. The apoptosis rate of smooth muscle cells 
was 12.56±9.63% in the control group and 28.36±13.26% in 
the research group. The apoptosis rate of smooth muscle cells 
in the research group was increased notably compared with 
that in the control group, and the difference was statistically 
significant (t=5.985, P<0.001) (Table Ⅲ).

Discussion

Approximately 18 million individuals succumb to athero-
sclerotic cardiovascular diseases annually worldwide, and 
ACS is the primary cause of sudden cardiac death of patients. 
ACS is mainly a consequence of coronary occlusion caused 
by AS plaque rupture and thrombosis (10). Therefore, AS is 
a non-linear process alternating between stable phase and 
unstable phase, and the vulnerability of AS plaque is an 
initiating agent of ACS (11). Current treatments of AS tend 
to eliminate the plaques and control vulnerable ones (12). The 
rupture of unstable AS plaques is one of the causes for ACS, 
and inflammatory responses are vital factors for the rupture 
of AS plaques and thrombosis (13). Several theories of the AS 
pathogenesis have been put forward successively, of which 
the inflammation theory was the most acceptable, suggesting 
that inflammatory response plays an important role in various 
stages of an AS event (14).

As a kind of apoptosis-related gene, PDCD4 can bind to 
eukaryotic initiation factor-4A (eIF4A) via the functional 
domain of MA3 protein and repress the combination of eIF4C 
with eIF4A, thus suppressing the synthesis of ribosome and 
protein (15). A study indicated that PDCD4 is involved in 
the reaction of pro-inflammatory Toll-like receptor 4 (TLR4) 
signaling pathway induced by lipopolysaccharide (LPS); thus, 
PDCD4 is also considered as a pro-inflammatory protein that 
may have functions in inflammatory diseases (16). It has been 
proven in recent years that IL-6 and IL-8 are cytokines closely 
associated with the pathological progression of ACS. IL-6 
is a category of inflammatory factors capable of promoting 
the proliferation and differentiation of B lymphocytes, which 
participates in the reaction processes of multiple inflamma-
tory diseases. IL-6 can act as an inflammatory marker for 
local and peripheral blood circulations of AS. In addition, 
its expression level may reflect the degree of instability of 
AS plaque (17). IL-8, one of the cytokines with the highest 
chemotactic activity, can accelerate local thrombosis around 
the AS plaque and enhance a series of mechanisms of the AS 
plaque, such as local oxidative stress response (18). The early 
pathological changes of AS involve in a series of reactions, 

including changes in endothelial function and aggregation of 
monocytes and T cells. Moreover, with the progression of the 
disease, the vascular smooth muscle cells are getting involved. 
The proliferation and apoptosis always play a crucial role in 
the formation of plaques (19). Apoptosis of vascular smooth 
muscle cells participates in the pathological processes of 
plaque and thrombus formation. Moreover, it can lead to 
release of various inflammatory factors, including IL-1, IL-6 
and IL-8, thus aggravating inflammation symptoms of the 
AS plaque (20). Research by Green et al (21) manifested that 
PDCD4 is downregulated remarkably in the arterial smooth 
muscle cells of rats with acute balloon injury, thus facili-
tating the proliferation of these cells. Yu and Li (22) argued 
that high PDCD4 expression can inhibit the proliferation of 
vascular smooth muscle cells. Apoptosis of vascular smooth 
muscle cells is significantly decreased in PDCD4 knockout 
rats, while the highly expressed PDCD4 can increase such 
apoptosis notably. Therefore, PDCD4 can regulate the 
proliferation and apoptosis of smooth muscle cells. However, 
the results of this research indicated that the relative expres-
sions of PDCD4, IL-6 and IL-8 in coronary artery tissues 
in the research group were elevated remarkably compared 
with those in the control group, suggesting that PDCD4 
may participate in the formation of AS plaque. The research 
group had a significantly higher apoptosis rate of smooth 
muscle cells than that of the control group, and it was consid-
ered through further analysis that PDCD4 may increase the 
expression of inflammatory factors and then upregulate the 
IL-6 and IL-8 expression by means of suppressing the prolif-
eration of vascular smooth muscle cells during the formation 
of AS plaque.

Considering the repeatability and reliability of animal 
experiment, the rats in this study were screened strictly to 
control the differences in age, body mass, health and other 
aspects of the Wistar rats. It was shown that the sex, age and 
body mass of the rats, indoor temperature and humidity had 
no impacts on the experiment. Since PDCD4 knockout was 
not performed for the rats and the expression of inflammatory 
factors in PDCD4 knockout rats were not analyzed, there were 
certain limitations in this experiment. Therefore, it is expected 
that the experiment should be conducted in the rats next time, 
so as to provide more evidence for these findings.

In conclusion, PDCD4 may participate in the formation of 
coronary AS plaque, and its possible function in the process is 
to inhibit the proliferation of vascular smooth muscle cells and 
promote the upregulation of IL-6 and IL-8.
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