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Prx1 promotes the proliferation and migration of vascular
smooth muscle cells in a TLR4-dependent manner
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Abstract. The present study aimed to examine the effect
of peroxiredocin 1 (Prxl) on vascular smooth muscle cell
(VSMC) proliferation, invasion and migration abilities, and
to examine the effect of Toll-like receptor 4 (TLR4) gene
silencing on VSMC proliferation, invasion and migration
induced by the overexpression of Prxl. The expression of
Prx1 in rats with vein graft intimal hyperplasia (IH) was
detected using western blot analysis. In addition, VSMCs
were retrovirally transfected to establish stable cell lines
overexpressing Prx1. An MTT assay was used to determine
the effect of the overexpression of Prx1 on VSMC prolif-
eration. A Transwell assay was used to detect the effect of
the overexpression of Prx1 on the invasion of VSMCs and
a wound-healing assay was used to determine the effect of
the overexpression of Prx1 on the migration of VSMCs. The
Prx1-overexpressed cells were then transfected with interfer-
ence plasmids of TLR4, to detect the effect of silencing the
TLR4 gene on the proliferation and migration of VSMCs
using MTT and wound-healing assays. The results showed
that the expression of Prx1 (1.067+0.03) in the IH group
was significantly higher, compared with that in the control
(0.677+0.05). The number of VSMCs able penetrated the
membrane in Prx1-overexpressed group (150+17/visual field)
was significantly higher, compared with that in the control
(40+5/visual field). The VSMCs in the Prx1-overexpressed
group possessed significantly higher migration ability,
compared with those in the control group. The numbers
of viable cells in the Prxl-overexpression groups were
5.625+0.1x10°, 8.9+0.737x10° and 10.635+0.065x10°, respec-
tively, on days 1, 2 and 3 post-transfetion, which were
significantly higher, compared with those in the control
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group (3.0+£0.025x10°, 4.1+£0.035x10° and 5.06+0.023x10°.
The overexpression of Prx1 promoted the proliferation, inva-
sion and migration abilities of the VSMCs. Silencing of the
TLR4 gene attenuated the Prxl-induced proliferation and
migration of the VSMCs. Therefore, the promotion of VSMC
proliferation and migration by Prx1 was dependent on TLR4,
which may become a novel target in the diagnosis, treatment
and prognosis of patients with IH.

Introduction

The proliferation and migration of vascular smooth muscle
cells (VSMCs), and the deposition of extracellular matrix
(ECM) results in intimal hyperplasia (IH) (1-8). The prolifera-
tion and migration of VSMC:s is stimulated and regulated by a
series of factors in the injury response (9-16). Growth factors,
metalloproteinases induced by matrix proteins, white blood
cells, endothelial cells, fibroblasts and plasma are all involved
in the proliferation and migration of VSMCs in response to
injury (10,11,17). Also included are platelet-derived growth
factor (PDGF), basic fibroblast growth factor, acidic fibroblast
growth factor, insulin-like growth factor 1, tumor growth
factor (TGF), epidermal growth factor, connective TGF, and
vascular endothelial growth factor (VEGF) (18-22). Among
these, PDGF may be vital in IH by stimulating the migra-
tion of VSMCs. There are a variety of factors, which affect
VSMC proliferation and migration, however, the underlying
mechanism remains to be fully elucidated, and there remains
no effective therapeutic target for coronary artery bypass vein
graft TH.

Peroxiredoxin-1 (Prx-1), as a member of the Prx family, is
a class of antioxidant enzyme. Previous studies on Prx-1 have
focussed predominantly on its roles in antioxidant activity,
including ROS scavenging, which protect cells from damage
caused by ROS (23,24). Previously, studies have shown that
Prx1 is expressed at high levels in various types of tumor
tissues, including esophageal squamous cell carcinoma (25),
pancreatic cancer (26), astrocytoma (27) and prostate
cancer (28), and it has been reported to be closely associated
with tumor growth, proliferation, differentiation, invasion and
migration (25-33). Although Prx1 has been shown to promote
the proliferation of VSMCs (29), the effects of Prx1 on the
invasion and migration of VSMCs and the underlying mecha-
nisms remain to be fully elucidated.
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The present study was designed to examine the effect of
Prx1 on the proliferation, invasion and migration abilities of
VSMCs, and to reveal the underlying mechanisms. The expres-
sion levels of Prx1 in the rat vein graft IH group were detected
using western blot analysis. Retroviral transfection of the Prx1
plasmid was performed to construct stable VSMCs overex-
pressing Prx1. An MTT assay was used to detect the effect
of overexpressed Prx1 on VSMC proliferation. The effect of
overexpressed Prx1 on VSMC viability was measured using
a Transwell assay. A wound-healing assay was used to detect
the effect of overexpressed Prx1 on VSMC migration ability.
The Prx1-overexpressing cells were then transfected with the
TLR4 interference plasmid, and MTT and wound-healing
assays were used to determine the effect of TLR4-silencing on
the Prx1-induced proliferation and migration of the VSMCs.

Materials and methods

Antibodies and reagents. The rabbit-anti-rat Prx1 antibody
(cat. no. ab208919) and goat anti-rabbit IgG-horseradish peroxi-
dase (HRP) secondary antibody (cat.no.ab6721) were purchased
from Abcam (Cambridge, MA, USA). The rabbit-anti-rat
B-actin antibody (cat. no. sc-130656) was from Santa Cruz
Biotechnology, Inc. (Dallas, TX, USA). The RevertAid™ First
Strand cDNA Synthesis kit and DreamTaq™ Green PCR master
mix were purchased from Fermentas; Thermo Fisher Scientific,
Inc., Waltham, MA, USA), Lipofectamine™ 2000 and TRIzol®
reagent were from Invitrogen; Thermo Fisher Scientific, Inc.).
The gel DNA extraction kit, ribonuclease A and trypsin were
from Takara Bio, Inc. (Otsu, Japan). The plasmid extraction and
purification kit was from TianGen Biotech Co., Ltd. (Beijing,
China). The GeneAmp PCR-System 9600 was from Applied
Biosystems; Thermo Fisher Scientific, Inc.). TheUV-1700 spec-
trophotometer was from Shimadzu Corporation (Kyoto, Japan).
Precooled Matrigel gum was from BD Biosciences (San Jose,
CA, USA). Transwell chambers were purchased from EMD
Millipore (Billerica, MA, USA).

Construction of the rat common carotid artery grafting
model. Healthy, clean, male Sprague-Dawley rats (300-400 g;
10-12 weeks old; n=6) were purchased from the Laboratory
Animal Center of Jilin University (Jilin, China). The rats were
treated according to institutional guidelines of the Labora-
tory Animal Center of Jilin University, and the experimental
protocol was approved by the local ethical committee. The
rats were housed under controlled environmental conditions
with ambient temperature of 25°C, relative humidity of 65%,
and a 12/12-h light-dark cycle. Food and water were provided
ad libitum. Experiments were performed following 1 week
of acclimation. All rats were anesthetized by intraperitoneal
injection of chloral hydrate (30 mg/kg). The rats were fixed
in the supine position and the cervical region were shaved
and sterilized. A 3 cm long longitudinal incision was made
along the median line of the anterior neck under an operating
microscope to exposure the external jugular vein, followed
by the injection of 1.5 mg/kg heparin saline into the common
cardinal vein. The rats were then divided into two groups, the
experimental group (n=3) and the control group (n=3). In the
experimental group, a 0.5-0.8 cm long segment of the vessel
was removed and the vessel was ligated using nylon 6 oligomer.
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The common carotid artery was exposed and a segment of the
same length was cut. Immediately, a segment of the external
jugular vein was anastomosed to the common carotid artery.
No transplantation experiments were performed in the control
group. Subsequently, the incisions in all six rats were closed.
At 4 weeks post-transplantation, the rats were anesthetized
by intraperitoneal injection of chloral hydrate (30 mg/kg).
The graft was harvested, flushed with saline solution, cleaned
of adipose tissue and then was fixed in 4% paraformaldhyde.
Subsequently, the graft was stained with hematoxylin and
eosin solution (Sigma-Aldrich; Merck Millipore, Darmstadt,
Germany). The arterial vasculature at same site and of the
same length, were harvested from the normal rats (n=3), which
had not received transplantation, and were cultured in the same
environment as the experimental group. All animals survived
1 month following transplantation. The rats were sacrificed
by an overdose of pentobarbital sodium (intraperitoneally,
100 mg/kg body weight; Sigma-Aldrich; Merck Millipore). The
degree of IH was assessed and confirmed by morphometric
analysis.

Cell culture and transfection experiments in vitro. The
CRL-1476 rat VSMC line was purchased from the Cell Bank
of the Chinese Academy of Sciences (Shanghai, China).
The cells were cultured at 37°C in a humidified atmosphere
with 5% CO,, and then seeded into six-well plates until the
VSMCs were adherent and at logarithmic growth phase at
24 h. When 60-80% confluent, the cells were transfected
with retrovirus for the overexpression of Prx1 and either the
pGenesil-1 scramble short hairpin RNA or pGenesil-1-small
interfering (si) RNA-TLR4 recombinant plasmid using Lipo-
fectamine™ 2000 according to the manufacturer's protocol.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR) analysis. The mRNA expression level of Prx1 in
the CRL-1476 cells was investigated using RT-qPCR analysis.
Total RNA was extracted from the CRL-1476 cells using
TRIzol reagent according to the manufacturer's protocol. The
RNA preparations were quantified using agarose gel electro-
phoresis, following which the optical density (OD)260/0D280
ratio of the RNA was measured on a spectrophotometer and
then stored at -20°C.

cDNA was synthesized by using 1.25 uM oligo dT (Promega
Corporation, Madison, WI, USA), 0.15 yg random primers
(Invitrogen; Thermo Fisher Scientific, Inc.), and 200 U Super-
Script III reverse transcriptase (Invitrogen; Thermo Fisher
Scientific, Inc.) from 2 pug total RNA in a total volume of
20 ul. The PCR mixture included 2.5 pl Taq buffer (10X), 5 ul
MgCl, (25 mmol/l), 2 1 ANTP (2.5 mmol/l), 0.5 ul upstream
primer (20 gmol/l), 0.5 ul downstream primer (20 pmol/l),
2 ul cDNA template, 0.3 pl Taq (5 U/ul), 0.6 ul TagMan probe
(10 gmol/l) and 11.6 ul double distilled H,O. The sequences of
the primers were as follows: Prx1, forward 5'-CCCGGATGC
TTTTGTTCGAGA-3' and reverse 5'-CATGTGGCAGAA
TAAGTAGCCAT-3"; TLR4, forward 5'-GCCTTGAATCCA
GATGAAAC-3' and reverse 5-CTGTGAGGTCGTTGAGGT
TAG-3'"; p-actin, forward 5'-CACGATGGAGGGGCCGGA
CTCATC-3' and reverse 5-TAAAGACCTCTATGCCAACAC
AGT-3". RT-qPCR analysis was performed at 95°C for 5 min,
followed by 40 cycles at 95°C for 40 sec, 55°C for 40 sec and
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72°C for 40 sec. Fluorescence was detected following each
cycle and analyzed using the ABI PRISM 7000 sequence
detection system (Applied Biosystems; Thermo Fisher Scien-
tific, Inc.). The relative mRNA level was calculated using the
comparative threshold cycle (Cq) method (2-44¢9) (34) normal-
ized by B-actin expression. The PCR products were analyzed
using agarose gel and confirmed by melting curve analyses.

Western blot analysis. Protein was extracted from the cells
and tissue samples from the vein grafts in each group for
western blot analysis. Protein was isolated from cells using
radioimmunoprecipitation assay buffer (Sigma-Aldrich;
Merck Millipore) according to the manufacturer’s instruc-
tions. Following centrifugation at 12,000 x g for 30 min at
-4°C, the supernatant was collected. The protein concentra-
tion was measured by the bicinchoninic acid protein assay
(Sigma-Aldrich; Merck Millipore). Equal quantities of protein
were separated on 12% SDS-PAGE gels, followed by transfer
onto nitrocellulose membranes. The membranes were blocked
with 5% skim milk in phosphate-buffered saline (PBS) with
Tween 20 for 1 h and probed with the rabbit anti-rat primary
antibodies (1:800) overnight at 4°C. Following three washes
with Tris-buffered saline-Tween 20, the membranes were
incubated with goat anti-rabbit [gG-HRP secondary antibody
(1:1,000) for 1 h at room temperature. The blots were visualized
by enhanced chemiluminescence (Santa Cruz Biotechnology,
Inc.). The intensities of the bands were quantified using the
NIH ImagelJ software package (http:/rsb.info.nih.gov/ij/). The
expression level of B-actin served as an internal control for
protein loading.

Transwell assay. VSMCs in logarithmic growth phase were
collected and digested, and then resuspended with serum-free
medium, adjusting the cell concentration to 1x105/100 pl.
Precooled Matrigel gum (BD Biosciences) was diluted with
serum-free Dulbecco's modified Eagle's medium (Invitrogen;
Thermo Fisher Scientific, Inc.), and added to evenly coat the
bottom film of Transwell chambers (50 ul/well), followed
by incubation for 30 min at room temperature. 100 ul cell
suspension was added in each upper chamber of the Tran-
swell chamber, 600 ul medium containing 10% fetal bovine
serum (Gibco; Thermo Fisher Scientific, Inc.) was added in
the lower chambers to avoid the generation of bubbles. The
paved 24-well cell Transwell chamber (8 ym) cell culture
plate was placed in a 37°C incubator of saturated humidity
and 5% CO,, and cultured for 24 h. Following removal of the
chamber, the medium was aspirated, washed twice using PBS,
and a cotton swab was used to remove the cells on the upper
chamber surface. Anhydrous methanol fixing was performed
for 10 min, followed by 30 min staining with 0.05% crystal
violet dye at room temperature. Following washing twice with
PBS, the number of cells in three randomly selected visual
fields per well were counted under a microscope, and the
average calculated. Three replicate wells were used and the
experiment was repeated three times.

Wound healing assay. The migratory ability of the cells was
examined using a wound healing assay. Briefly, the VSMCs
were seeded into six-well plates at a density of 1x10° cells per
well, and were cultured for 48 h to grow to full confluence in
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Figure 1. Analysis of the expression levels of Prx1 in rats with IH. (A) Western
blot analysis was used to detect the expression of Prx1. (B) Relative mRNA
expression levels of Prx1 in the IH and control groups were detected using
reverse transcription-quantitative polymerase chain reaction analysis. Results
are shown as the Prx] mRNA copy number normalized to -actin and are
expressed as the mean + standard deviation of three separate determinations.
“P<0.05 vs. Con mean. Prx1 peroxiredocin 1; IH, intimal hyperplasia; Con,
control.

the plates. Subsequently, the cell layer were wounded using
200 pl pipette tips and washed with PBS to remove detached
cells. The cells were then cultured with 5% CO, at 37°C for
48 h. Photomicrographs of the initial wounds and final wounds
were captured using an inverted microscope. The initial and
final wound sizes were measured using AxioVision Rel.4.7
software (Zeiss GmbH, Jena, Germany).

MTT assay. Cell proliferation was determined using an MTT
assay. The VSMCs were inoculated onto a 24-well plate at
a density of 1x10° cells per well 24 h post-transfection. The
cells were cultured at 37°C in a humidified atmosphere of
5% CO, for 24 h. Subsequently, 20 ml MTT dye was added
(5 mg/ml), and incubation was continued for 4 h. Dimethyl
sulfoxide (100 ul) was added and agitated for 5 min to mix
thoroughly, and the absorbance was detected using ELISA
at 595 nm.

Statistical analysis. Data are shown as the mean + standard
deviation of triplicate determinations, calculated using
SPSS software (version 10.0; SPSS, Inc., Chicago, IL, USA).
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Figure 2. Overexpression of Prx1 enhances the invasion and metastatic abilities of vascular smooth muscle cells. (A) Representative photomicrographs of
cell infiltration of the Transwell membrane in the control and Prx1 overexpression groups. (B) Representative photomicrographs of cell monolayers 48 h
post-wounding. The bar graphs showed the results of quantification, with data shown as the mean + standard deviation of three samples. Magnification, x200.

“P<0.01 vs. Con. Prx1 peroxiredocin 1; Con, control.

Student's 7-test was used for comparison between two groups.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Expression of Prxl in grafted vessels of the IH rat model. The
expression levels of Prx1 in the rat carotid artery bypass graft
model were detected using western blot analysis. Addition-
ally, the mRNA expression levels of Prx1 in each group were
detected using RT-qPCR analysis. Each group was analyzed in
duplicate and in three separate trials. The results showed that
the protein (Fig. 1A) and mRNA (Fig. 1B) expression levels
of Prx1 in the IH groups were significantly higher, compared
with those in the control groups.

Overexpression of Prxl promotes VSMC invasion and
migration. A retroviral vector was transfected into VSMCs,
and the transfection efficiency was detected using western blot
and RT-qPCR analyses. The results showed that the expres-
sion of Prx1 in the retroviral cells was significantly higher,
compared with that in the control group. Date analysis showed
that the relative mRNA expression levels of Prx1 in the IH
groups were increased by almost 50%, compared with those in
the control groups (data not shown), which indicated that the
VSMCs overexpressing Prx1 had been constructed success-
fully.

At 48 h post-VSMC transfection with the Prx1 gene, a
Transwell assay was used to detect the effect of the overex-
pression of Prx1 on the invasion capability of the VSMCs. The
results suggested that, compared with the control group, the
number of cells able to pass through Transwell chamber was
significantly increased from 40+5/visual field to 150+17/visual
field (Fig. 2A), in the Prx1-overexpressed group, indicating that
the overexpression of Prx1 promoted the invasive capability of
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Figure 3. Overexpression of peroxiredocin 1 promotes vascular smooth
muscle cell proliferation in vitro. Cell growth was determined using an MTT
assay at 24 h. The initial cell number was 1x10°. Results are expressed as the
mean = standard deviation of triplicate determinations. "P<0.05, vs. control.

the VSMCs. A wound healing assay was used to detect the
effect of the overexpression of Prx1 on VSMC migration.
The results showed that the VSMC migration ability in the
Prx1-overexpressed group was significantly higher, compared
with that in the control group, with the degree of wound healing
increased from 55 to 100% (Fig. 2B), which suggested that the
overexpression of Prx1 enhanced the invasion and migration
capacities of the VSMCs.

Overexpression of Prxl promotes VSMC proliferation. Cell
viability was determined using an MTT assay. The results
showed that number of surviving cells in the Prx1-overexpressing
group were 5.625+0.1x10°, 8.9+0.737x10° and 10.635+0.065x10°
on days 1, 2 and 3, respectively, which were significantly
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Figure 4. Gene silencing of TLR4 inhibits VSMC proliferation induced by the overexpression of Prx1 in vitro. (A) mRNA expression levels of TLR4 in the
Prxl1-transfected VSMCs either without siRNA transfection (Con), with non-targeting short hairpin RNA transfection (scramble) or co-transfected with
retrovirus of Prx1 and TLR4 siRNA (siRNA). Results are shown as the TLR4 mRNA copy number normalized to (3-actin and expressed as the mean =+ standard
deviations of three separate determinations. (B) Cell growth in the Prx1 overexpression group and in the group of cells co-transfected with retrovirus of Prx1
and TLR4 siRNA were determined using an MTT assay at 24 h. The initial cell number was 1x10°. “P<0.05 vs. Con. Prx1 peroxiredocin 1; TLR4, Toll-like

receptor 4; siRNA, small interfering RNA.
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Figure 5. Gene silencing of TLR4 inhibits vascular smooth muscle cell meta-
static ability induced by the overexpression of Prx1 in vitro. Representative
photomicrographs of cell infiltration of the Transwell membrane in the Prx1
overexpression group and Prx1+TLR4 siRNA group (cells co-transfected
with retrovirus of Prx1 and TLR4 siRNA). The bar graph shows the quantifi-
cation of the results, with data experessed as the mean + standard deviation of
three samples. Magnification, x200. “P<0.01 vs. Prx1. Prx1 peroxiredocin 1,
TLR4, Toll-like receptor 4; siRNA, small interfering RNA.

higher, compared with the number of surviving cells in the
control group, which were 3.0+£0.025x10°, 4.1+0.035x10° and
5.06+0.023x10° on days 1, 2 and 3, respectively (Fig. 3). These
results demonstrated that the overexpression of Prx1 promoted
cell proliferation of the VSMCs.

TLR4 silencing inhibits the PrxI-induced proliferation of
VSMCs. To verify the transfection efficiency of TLR4 siRNA
in the VSMCs, RT-qPCR analysis was performed, and
the mRNA expression levels of TLR4 in the control group,
scramble group and siRNA group were detected. The results
showed that the mRNA expression of TLR4 was effectively

inhibited in the TLR4 siRNA-transfected group, compared
with those in the control and scramble groups (Fig. 4A). An
MTT assay was then used to determine the proliferation of the
Prx1-overexpressed VSMCs following TLR4 gene silencing.
The results showed that the number of surviving cells in
the TLR4 siRNA Prxl-overexpressed group on days 1-3
were 3.824+0.43x10%, 5.395+0.6x10° and 6.456+0.28x10°,
respectively, which were significantly lower, compared with
the numbers in the Prx1-overexpressed group on these days
(5.825+0.12, 9.1+0.5375 and 10.735+0.075x10°, respectively;
Fig. 4B). This suggested that the silencing of TLR4 inhibited
the cell proliferation induced by Prx1.

Silencing of TLR4 inhibits the PrxI-induced migration of
VSMCs. The effect of TLR4 gene silencing on cell migra-
tion in the VSMC was determined using a wound healing
assay. The results showed that, in the TLR4 interference
Prx1-overexpressed group, the migration ability of the cells
was significantly attenuated, compared with that in the
Prx1-overexpressed group without TLR4 interference. The
healing rate was decreased from 95 to 50% (Fig. 5) suggesting
that silencing of TLR4 inhibited the cell migration induced
by Prxl.

Discussion

Previous studies have demonstrated that Prx1 is expressed
at high levels in esophageal squamous cell carcinoma (25),
pancreatic cancer (26), astrocytomas (27) and prostate
cancer (28), which is closely associated with tumor growth,
cell proliferation, differentiation, invasion and migration.
Gong et al (25) found that the downregulation Prx1 inhibits
cell proliferation and invasion of esophageal squamous cell
carcinoma, and promotes apoptosis. Taniuchi et al (26)
revealed that Prx1 promotes pancreatic cancer invasiveness
via the p38/mitogen-activated protein kinase pathway. Prx1
is important in invasion and malignancy in the develop-
ment of astrocytoma, offering potential as a tumor marker
and therapeutic target for astrocytoma (27). As a ligand
of TLR4, Prx1 stimulates the inflammatory reaction, and



350

promotes the proliferation, metastasis and differentiation
of endothelial cells in prostate cancer, whereas suppressing
the expression of Prx1 can induce the expression of vascular
endothelial growth factor and reduce angiogenesis (28,29).
Prx1 has also been reported to promote the development of
malignant lung cancer (30), and reducing the expression of
Prx1 can induce the apoptosis of lung cancer cells (31). A
study by Sun et al (32) showed that Prx1 is closely associ-
ated with tumor size, vascular invasion, edmondson grade,
a-fetoprotein and lymph node metastasis in hepatocellular
carcinoma. The overexpression of Prxl also promotes the
epithelial-mesenchymal transition and migration if non-small
cell lung cancer cells induced by TGF-f1 (33). In the pres-
ence of TLR4, Prx1 promotes the expression of inflammatory
cytokines, IL-6 and tumor necrosis factor-a, and induces the
maturation of dendritic cells (29). Du et al (35) found that
Prx1 is expressed at high levels in thyroid cancer, and the
knockdown of Prx1 promotes apoptosis in thyroid cancer.

There are limited reports on the effect of Prx1 on VSMCs,
and the effect of Prx1 on cell proliferation, invasion and migra-
tion in VSMCs remains to be fully elucidated. Jones et al (36)
reported that denatured type I collagens prompt the expression
of Prx1 and Prx2, and the overexpression of Prx1 promotes
the growth of VSMCs. Denatured collagen protein can also
promote the expression of tenascin-C, resulting in the prolif-
eration of VSMCs, and the expression of Prx1 can activate
the promoter, tenascin-1, with a 20-fold increase in activity.
Jin et al (37) found that lipoma-containing lipoma preferred
partner and the cytoskeleton-associated protein, palladin
enhance the migration and proliferation of cells, which can
be induced by angiotensin II, focal adhesion kinase and
Prx1, further contributing to the migration of VSMCs (38).
Investigations by Pi et al (38) showed that apocynin inhibited
the generation of intracellular ROS, and then significantly
inhibited the expression of TLR4 and pro-inflammatory
cytokines, which inhibited the proliferation and migration
of VSMCs. Knocking down TLR4 inhibited the formation,
proliferation and migration of endometrial epithelial cells in
the damaged carotid, although the inhibitory effect was not
significant. These results showed that ROS offers potential for
use as a therapeutic target in TLR4-associated cardiovascular
inflammation and disease, as it is vital in the TLR4-mediated
pro-inflammatory response and cell proliferation of the
VSMCs.

In the present study, it was demonstrated that Prx1 was
overexpressed in the vein grafts. The overexpression of Prx1
significantly promoted the proliferation, invasion and migra-
tion of the VSMCs. Compared, with the control group, the
numbers of living cells in the Prx1-overexpressed group in
the first 3 days increased 0.875-, 1.17- and 1.10-fold, respec-
tively (Fig. 3). The results of the Transwell assay showed that
the number of penetrating cells in the Prxl-overexpressed
group increased from 40/visual field to 150/visual field
(Fig. 2A), indicating the promoting effects of Prx1 on VSMC
invasiveness. In the Prxl-overexpressed groups, the migra-
tion ability was significantly higher, compared with that in
the control group (P<0.05; Fig. 2B). In further experiments,
TLR4 siRNA vectors and recombinant plasmids of Prx1 were
co-transfected into the VSMCs. The results demonstrated that
Prx1 significantly inhibited the proliferation and migration of
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the VSMCs. Compared, with the Prx1-overexpressed group,
the number of viable cells in the first 3 days decreased by
34, 41 and 40%, respectively, in the co-transfected groups
(Fig. 4), indicating the significant inhibitory effect of TLR4
on Prxl-induced proliferation in VSMCs. The wound-healing
assay demonstrated that the migration ability of the TLR4
siRNA and Prx1 co-transfected cells were attenuated signifi-
cantly, compared with that in the Prx1-overexpressed group
(P<0.05).

In conclusion, Prx1 was overexpressed in the vein graft
IH group, and the overexpression of Prxl significantly
promoted the proliferation, invasion and migration ability of
the VSMCs. Knocking down TLR4 significantly attenuated
the Prx1-induced proliferation, invasion and migration of the
VSMCs, which indicated that Prx1 promoted the proliferation
and invasion of the VSMCs, which was TLR4-dependent.
These results indicate the possibility of TLR4 as a novel target
for the diagnosis, treatment and prognosis in [H.
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