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One of the current therapeutic approaches in coronary artery
stenosis is stent implantation, which is often associated with
in-stent restenosis (ISR).1,2 The restenosis is defined as a
renarrowing process with the rates up to 60% in patients
undergoing percutaneous transluminal coronary angioplasty
(PTCA).3–6 The restenosis events include arterial vessel recoil,
remodeling, and neointimal hyperplasia. In contrast with
neointimal hyperplasia, the arterial vessel recoil and remod-
eling are usually resolved in new stents.7,8 Thus, the intensive
in-stent neointimal hyperplasia is one of the most important
subjects considered to ISR. It is mainly related to vascular
smooth muscle cell (VSMC) proliferation and migration.9

Recent studies suggested that the plasmin activation
system plays a crucial role in the improvement of restenosis.
Several studies reported that the expression levels of uroki-
nase-type plasminogen activator (PLAU) and plasminogen
activator inhibitor-1 (PAI-1) genes relate to the VSMC prolif-
eration and neointima formation. Also, there were the
reports on the PAI-1 deficiency to promote the restenosis
process.10–12 The studies proposed that arginine–glycine–
aspartic acid (RGD) motif on vitronectin (Vtn) protein
sequence plays a key role in the cell migration. The Vtn
promotes the cell migration by interaction with specific
integrin and PLAU receptor (uPAR) (www.hgdb.ir).13 The
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Abstract Neointimal hyperplasia is known as a main factor contributing to in-stent restenosis
(ISR). Monocytes may play a central role in vessel restenosis process after stent
implantation. The aim of this study was to investigate the relationships between the
urokinase-type plasminogen activator (PLAU) and vitronectin (Vtn) gene expression
levels in peripheral blood mononuclear cell samples isolated from whole blood of 66
patients undergoing coronary artery angiography (22 controls, stenosis < 0.05%; 22
with stent no-restenosis and stenosis < 70%; and 22 with ISR and stenosis > 70%). The
Vtn and PLAU gene expression levels were measured by real-time quantitative
polymerase chain reaction technique. The age- and gender-independent increases in
the expression levels of Vtn (17-fold; p < 0.001) and PLAU (27-fold; p < 0.0001) genes
were found in the patients with ISR as compared with the control group. The results
suggested that the Vtn and PLAU genes may be involved in the coronary artery ISR.
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uPAR– PLAU complex binds Vtn and accelerates the cell
adhesion and migration.14,15

The main sources of Vtn and PLAU proteins are unclear in
the ISR process. Previous studies showed that white blood
cells, especially monocytes, increase after stent implanta-
tion. Also, the studies suggested that the monocyte accumu-
lation in the stenting site correlates with VSMC proliferation
and neointimal growth.16 Thus, the aim of this study was to
investigate the Vtn and PLAU gene expression levels in
peripheral blood mononuclear cell (PBMC) samples isolated
from patients with the ISR. It may explain the roles of these
genes in the VSMC activation.

Methods

Subjects
A total of 66 volunteers undergoing coronary artery angiogra-
phy participated in the study. All samples were randomly
selected from Shahid Rajaee Hospital, Tehran (2015–2016).
The subjects were categorized into three groups: 22 healthy
subjects (stenosis < 5%) and 44 patients with coronary artery
stent implantation (stent no-restenosis [SNR], n ¼ 22; steno-
sis < 70%with ISR [ISR], n ¼ 22; restenosis > 70%). Amedical
interviewwas considered to have no clinical problems (meta-

bolic diseases, myocardial infarction, and stroke). The Univer-
sity Ethics Committee has approved the study, and an
informed consent was obtained from all participants.

Sample
The whole-blood samples (10 mL) were collected in ethyl-
enediaminetetraacetic acid vacationers and were transferred
intothelaboratoryusing specialbagscontaining cold icepacks.

Peripheral Blood Mononuclear Cell Isolation
The blood sample was diluted with phosphate buffered
saline (PBS; 1:1 ratio) and was added into Ficoll solution
(3 mL; Sigma-Aldrich). Then, it was gently mixed and was
centrifuged for 30 minutes at 400 � g. The PBMC layer was
separated from the other layers consisting of red blood cells,
granulocytes, and plasma. Afterward, it was washed and
centrifuged with PBS (three times, each time for 10 minutes
at 200 � g).

Ribonucleic Acid Extraction
Total ribonucleic acid (RNA) was prepared from the PBMC
sample (RNA extraction kit, GeneMark, Georgia Institute of
Technology, Atlanta, GA) according to the manufacturer’s
instruction. The RNA concentration was calculated by

Table 1 Gene primers

Gene Forward primer Reverse primer

Actin-β TCCCTGGAGAAGAGCTACG GTAGTTTCGTGGATGCCACA

PLAU TTGCTCACCACAACGACATT ATTTTCAGCTGCTCCGGATA

Vtn CCAGACAGCCCCAGTTCATT GGTGCCATGCCTGAGATGTA

Abbreviations: PLAU, urokinase-type plasminogen activator; Vtn, vitronectin.

Table 2 Demographic and biochemical parameters in the study population

Variable Control
Mean � SD, % (n)

Stent no-restenosis
Mean � SD, % (n)

In-stent restenosis
Mean � SD, % (n)

p-Value

Age (y) 55.18 � 12.022 60.64 � 10.144 59.36 � 9.105 0.205

Gender Male 63.6% (14) 72.7% (16) 72.7% (16) 0.751

Female 36.4% (8) 27.3% (6) 27.3% (6)

BMI (kg/m2) 27.166 � 4.360 27.166 � 4.42 28.38 � 4.437 0.574

HDL-C (mg/dL) 42.55 � 8.101 40.98 � 6.919 41.73 � 6.076 0.174

LDL-C (mg/dL) 75.15 � 37.697 83.43 � 28.003 63.79 � 16.525 0.108

TC (mg/dL) 147.90 � 46.243 156.73 � 38.388 127.68 � 28.800 0.059

LDL-C/HDL-C 1.8287 � 0.93977 2.0476 � 0.65657 1.6795 � 0.38813 0.256

HDL-C/cholesterol 0.3076 � 0.09092 0.2693 � 0.05486 0.3091 � 0.06174 0.125

TG (mg/dL) 120.85 � 57.793 157.27 � 128.376 133.58 � 81.471 0.458

FBS (mg/dL) 114.19 � 33.051 113.05 � 35.170 127.61 � 40.873 0.396

WBC (mg/dL) 6,885.71 � 1,673 7,365 � 2,026 6,831.58 � 1,634 0.587

CPK-MB (mg/dL) 10.96 � 6.711 14.90 � 12.185 16.35 � 5.683 0.295

Abbreviations: BMI, body mass index; CPK-MB, creatinine phosphokinase-myocardial band; FBS, fasting blood sugar; HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol; SD, standard deviation; TC, total cholesterol; TG, triglycerides; WBC, white blood cells.
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nanodrop. The RNA quantity and quality were estimated by
OD260/OD280 ratio and gel agarose electrophoresis (2%).

Complementary Deoxyribonucleic Acid Synthesis
Complementary deoxyribonucleic acid (cDNA) was synthe-
sized with the cDNA Synthesis kit (Prime Script II strand
cDNA Synthesis Kit, Takara, Japan) according to the manu-
facturer’s instructions.

Real-Time Quantitative Polymerase Chain Reaction
Technique
The Vtn and PLAU gene expression levels were measured by
SYBR Green Real-Time qPCR technique (RG-6000 Rotor-
Gene, Corbett Research, Sydney, Australia) andwere normal-
ized with the actin-β gene. The amplification reaction was
performed in a volume (10 μL) containing forward and
reverse primers (0.5 μm) and cDNA sample (1 μL). The
amplification cycles (n ¼ 40) were performed at 95°C for
10 seconds and at 59°C for 30 seconds. The primers were
designed with the Primer-blast tool (►Table 1).

Statistical Analysis
The data were collected using a questionnaire. Statistical
analyses were performed using statistical software package
(SPSS, version 18.0, SPSS Inc., Chicago, IL). The parametric
data were reported as mean � standard deviation and were
evaluated with Student’s t-test and analysis of variance test.
The nonparametric results were evaluated and compared
with Kolmogorov–Smirnov and Kruskal–Wallis tests, respec-
tively. Quality results between the groups were statistically
evaluated using chi-square test. p-Value less than 0.05 was
considered significant. The gene expression levels were
evaluated with 2�ΔΔct formula.

Results

Study Population
►Table 2 shows some demographic and biochemical param-
eters in the study groups. The lipid profile was not signifi-
cantly difference between the groups. Furthermore, the
groups were controlled on age (p ¼ 0.205) and gender
(p ¼ 0.751) parameters.

Urokinase-Type Plasminogen Activator Gene
Expression
The PLAU gene expression level increased in the patients
with coronary artery stent implantation. ►Fig. 1 shows that
the PLAU gene expression elevates up to 27-folds in patients
with coronary ISR (p < 0001). Furthermore, the linear and
multiple regression analyses showed that the PLAU gene
expression levels are not correlated to lipid profile (►Table 3)
and age/gender parameters (►Table 4).

Vitronectin Gene Expression
The Vtn gene expression level increased up to 17-folds in the
patients with coronary ISR (p < 001) (►Fig. 2). However, the
Vtn gene expression was not correlated to lipid profile
(►Table 5). Also, the multiple regression analysis did not

show an association between Vtn gene expression levels and
age/gender parameters (►Table 6).

Discussion

The coronary artery restenosis, known as vessel renarrowing,
is a serious complication in patients undergoing PTCA.17 The
neointimal hyperplasia is themain cause for vessel renarrow-
ing events. It usually occurs due to the proliferation of VSMCs
and their migration into vessel endothelium.3–6 In this field,
some studies reported a positive correlation between circulat-
ingmonocytes andneointimalvolume in thepatientswith ISR.
It is proposed that some factors secreted from circulating
monocytesmay stimulate the VSMCproliferation andmotility
leading to neointimal hyperplasia.18,19 In normal states, the
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Fig. 1 Urokinase-type plasminogen activator gene expression levels
in study groups. Control (stenosis < 5%), stent no-restenosis (SNR)
< 70%, and in-stent restenosis (ISR) >70%. ISR versus control and
SNR; p < 0.0001.

Table 3 Linear regression analyses for PLAU gene regression
level

Parameter r-Value p-Value

HDL-C/cholesterol –0.003 0.97

LDL-C/cholesterol 0.022 0.86

LDL-C/HDL-C –0.009 0.94

CPK-MB (mg/dL) 0.323 0.067

WBC (count/L) –0.035 0.78

FBS (mg/dL) 0.033 0.80

Hb (mg/dL) 0.009 0.94

TG (mg/dL) 0.037 0.77

HDL-C (mg/dL) 0.034 0.79

Cholesterol (mg/dL) 0.000 0.99

VLDL-C (mg/dL) –0.017 0.90

LDL-C (mg/dL) 0.006 0.96

Age (y) –0.008 0.94

Abbreviations: CPK-MB, creatinine phosphokinase-myocardial band;
FBS, fasting blood sugar; Hb, hemoglobin; HDL-C, high-density lipo-
protein cholesterol; LDL-C, low-density lipoprotein cholesterol; PLAU,
urokinase-type plasminogen activator; TG, triglycerides; VLDL-C,
very-low-density lipoprotein cholesterol; WBC, white blood cells.
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studies reported that the activatedmonocytes secrete numer-
ous factors such as cytokines, metalloproteinases, and some
compounds to stimulate the VSMCs. A bibliographic search
predicted the extracellular monocyte proteins (n ¼ 71) in-
volved in VSMC signaling pathways. The study proposed that
the cytokine–cytokine receptor interaction, focal adhesion,
and regulation of actin cytoskeleton pathways may be related
to VSMC proliferation and migration.20 The PLAU is one these
proteins to be related to coronary artery restenosis. Some
studies showed that thePLAU–uPARcomplex is involved in the
proteolytic processes following the tissue remodeling and
cellular migration.21 Moreover, it may activate latent growth
factors.22 The studies also reported that the active PLAU
catalyzes highly specific the plasminogen into plasmin so
that it promotes extracellular matrix degradation and matrix
metalloproteinase (MMP) activation.23 Therefore, the PLAU
overexpression is expected to develop the restenosis after
coronary artery stent implantation due to the increase of
PLAU and uPAR interactions and the improvement of proteo-
lytic events within extracellular space.

On the other hand, uPAR may also interact with other
proteins including Vtn. The RGD motif on Vtn is an interac-
tive site to many adhesive macromolecules.24 PAI-1 binds to
the RGD region, thereby antagonizing the function of Vtn.
Furthermore, the Vtn mediates the interaction of PLAU with
integrins and promotes the cellular proliferation, migration,
focal adhesion, and integrin-mediated pathways.25 More
evidences showed that the Vtn promotes the cellular migra-
tion by competing for the binding of PAI-1. Our results
demonstrated the increase of the Vtn gene expression in
the patients with ISR. These findings suggested that upon
increasing of PLAU, Vtn, and uPAR interactions on the VSMC

membrane, the restenosis process may be developed due to
the VSMC migration into vessel endothelium in stenting
site.26,27 Based on the roles of Vtn and PLAU in VSMC
motility, we suggested that the PBMCs may be a main source
for the secretion of factors that may simulate VSMC prolifer-
ation and migration in patients with ISR.

Conclusion

The results suggested that the PBMCsmay be amain source for
the secretion of PLAU and Vtn. The findings also proposed that
the increaseof thesegenesmaypromote the restenosisprocess.
However, a need for more research may be appropriate.
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