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The effect of anagliptin on intimal hyperplasia
of rat carotid artery after balloon injury
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Abstract. The present study evaluated the effect of anagliptin
on intimal hyperplasia following carotid artery injury
in Sprague-Dawley rats. Sprague-Dawley rats weighing
280-300 g were injured using a 2F Fogarty balloon embolec-
tomy catheter. The rats were divided into injury-(saline) and
anagliptin-(10 mg/kg/day) treated groups. vascular injuries
were induced in the left carotid artery, followed by evalu-
ation of neointima formation at 28 days. The right and left
carotid arteries were harvested and evaluated with histological
evaluation, and the plasma activity of glucagon-like peptide
1 receptor (GLP-1), stromal cell-derived factor (SDF)-1a,
interleukin (IL)-6, IL-1f3 and tumor necrosis factor (TNF)-a
were detected by ELISA analysis. Treatment with anagliptin
decreased balloon injury-induced neointima formation,
compared with the injury group (P<0.01). Body weight and
food consumption did not alter following treatment with
anagliptin. Anagliptin caused an increase in the serum active
GLP-1 concentration, compared with the injury group. In
addition, serum SDF-1a was significantly decreased by treat-
ment with anagliptin (P<0.001). Anagliptin altered the serum
activity of IL-6, IL-1p and TNF-a (P<0.01). The results of
the present study demonstrated that anagliptin appeared to
attenuate neointimal formation by inhibiting inflammatory
cytokines and chemokines following balloon injury, and that
treatment with a dipeptidyl peptidase 4 inhibitor may be useful
for future preclinical studies and potentially for the inhibition
of thrombosis formation following percutaneous coronary
intervention.
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Introduction

Balloon angioplasty, stenting and coronary arterial bypass
grafting (CABG) are common interventions for the treatment
of coronary artery disease (CAD), which is the leading cause
of death globally and is expected to account for 14.2% of
all deaths by 2030 (1). However, these interventions are not
always successful, due to the development of stent thrombosis
and excessive intimal hyperplasia formation, narrowing the
lumen (2). latrogenic trauma and damage that occurs in the
vascular endothelium during angioplasty, stenting and bypass
graft surgery causes the development of remodeling, which
leads to the migration of proliferated smooth muscle cells
(SMCs) from media to intima and connective tissue accumula-
tion in the vasculature (3).

Endothelial cell (EC) injury is considered to be the first
step towards postoperative intimal hyperplasia formation. The
injured site is less capable of producing antiproliferative prod-
ucts and the regulation of vascular homeostasis in the vessel
wall is further disturbed. The damaged area is coated with
platelets and macrophages which release thrombotic factors
(fibrinogen and von Willebrand factor) and growth factors
(platelet-derived growth factor and transforming growth
factor) (4). According to the response-to-injury theory, the
mechanism that initiates intimal thickening is that the growth
factors which are released from platelets and ECs adhering to
the damaged vessel wall stimulate the proliferation of SMCs
within the first 24 h (5), and subsequently induce the prolifer-
ated SMCs in the medial layer to migrate to the intima during
the 3rd and 4th days, ultimately leading to intimal hyperplasia.
A previous study demonstrated that acute injury to the intima
and media may produce hyperplasia and SMC proliferation,
which occur at a rate proportional to the degree of injury (6). It
has been additionally observed that intimal hyperplasia forms
around the injury sites following balloon angioplasty (7).

Dipeptidyl peptidase 4 (DPP-4), also termed CD26, is a
widely-expressed serine peptidase that exists on the surface of
various cell types, although its expression level differs among
cells (8). However, in different organs and tissues, including
the lung, muscle and heart, approximately all tissue DPP-4
activity is due to its presence in the microvasculature (9). In
the immune system, DPP-4 is associated with T-cell signal
transduction as a co-stimulatory molecule.
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Anagliptin, a specific DPP-4 inhibitor, is a novel oral
anti-hyperglycemic agent which has been used to treat type
2 diabetes mellitus by improving glycemic control (10). A
previous study suggested that anagliptin may exert anti-athero-
sclerotic effects by suppressing inflammatory reactions of
monocytes and stimulating the mobilization of endothelial
progenitor cells (EPCs) (11). An additional study demonstrated
that anagliptin may suppress plaque formation in coronary
arteries with a marked reduction in macrophage accumulation,
likely via its anti-inflammatory properties, while not affecting
body weight (12). However, whether or not anagliptin has the
effect of suppressing intimal hyperplasia following balloon
injury remains to be elucidated.

The present study aimed to investigate the effects of
anagliptin on the formation of intimal hyperplasia following
surgical procedures performed on the left carotid artery of
Sprague-Dawley rats, using the method of balloon injury.

Materials and methods

Carotid balloon injury model. Male Sprague-Dawley rats
weighing 280-300 g (age, 10 weeks; n=20.) were obtained from
the Animal Center of The Second Affiliated Hospital of Harbin
Medical University (Harbin, China), and were maintained in
groups of five animals per cage. Rats had free access to water
and food and were housed with a 14-h light and 10-h dark cycle
under controlled conditions (23+1°C and 55+5% humidity). Rats
were randomized to the injury group (n=10) and the anagliptin
group (n=10). The experimental protocol was designed in
accordance with Institutional Laboratory Animal Care and
Use Committee standards, and all experimental procedures
performed in studies involving animals were approved by
the Institutional Animal Care and Use Committee of Harbin
Medical University. Animals were anesthetized by intraperito-
neal injection of chloral hydrate (4%). The left common carotid
artery was exposed and a 2F Fogarty balloon embolectomy
catheter (Edwards Lifesciences, Irvine, CA, USA) was inserted
via an external carotid arteriotomy incision. The catheter
was advanced to the aortic arch, inflated with 0.2 ml air, and
drawn back to the arteriotomy three times. When the catheter
had been withdrawn, the proximal external carotid artery was
ligated and blood flow was restored. The surgical incision was
closed and the rats were allowed to recover from anesthesia.
The right uninjured artery was used as control tissue.

Drug administration. Anagliptin (10 mg/kg per day;
MedChem Express China, Shanghai, China) or vehicle (saline)
was administered by oral injection twice daily to the rats for
28 days. The body weight of each group was measured at base-
line. Food consumption was monitored daily, and treatment
was begun 1 day prior to surgery, and continued for 28 days
following surgery.

Tissue preparation and histological evaluation. A total of
28 days post-injury, rats were euthanized by a sodium pento-
barbital overdose. The left and right carotid arteries were
removed. Tissues were fixed in 4% paraformaldehyde for
30 min at 4°C, embedded in paraffin and then four sections
(5 um) were cut at multiple levels. Tissues were then dewaxed
with xylene, rehydrated with decreasing concentrations of
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ethanol and washed with tap water. The sections were stained
with hematoxylin-eosin (hematoxylin, 3 min; eosin, 3 min) and
elastic van Gieson stain (Weigert, 3 min; van Gieson, 3 min; cat.
no.4033-4037; Muto Pure Chemicals Co., Ltd., Tokyo, Japan) at
room temperature. Following staining, the sections were dehy-
drated with increasing concentrations of ethanol and xylene.
Sections were examined microscopically (magnification, x200)
with an optical microscope (Olympus Corporation, Tokyo,
Japan), and the cross-sectional areas of the lumen, neointima
and media were determined using digital microscopy with
SPOT Advanced software v5.3 (SPOT Imaging; Diagnostic
Instruments, Inc., Sterling Heights, MI, USA). Intimal hyper-
plasia was defined as the formation of a neointimal layer medial
to the internal elastic lamina. The medial area represents the
area between the external elastic lamina and the internal elastic
lamina. The intima-to-media ratio was calculated as the intimal
area divided by the media area.

ELISA analysis. Blood samples were collected in anticoagu-
lant-free tubes pre-operatively, and at 1, 7, 14, 21 and 28 days
post-surgery in the control and anagliptin groups. Plasma was
separated by centrifugation at 1,000 x g and 4°C for 10 min
and was stored at -20°C for a maximum period of 1 month
according to the manufacturers' protocols for the ELISA kits.
Glucagon-like peptide 1 receptor (GLP-1; cat. no. ZK-R3375;
Shenzhen Ziker Biological Technology Co., Ltd., Shenzhen,
Guangdong, China) and stromal cell-derived factor (SDF)-1a
(cat. no. ZK-R3591, Shenzhen Ziker Biological Technology
Co., Ltd.) activity in plasma was measured using a double-anti-
body sandwich ELISA method. Interleukin (IL)-1p (cat.
no. SEA563Ra), IL-6 (cat. no. SERO79Ra), tumor necrosis
factor (TNF)-a (cat. no. SEA133Ra) in serum were deter-
mined using commercial ELISA kits (Uscn Life Sciences,
Inc., Wuhan, China). Blood samples (100 ul) were added to a
96-well plate, which was covered with an adhesive strip and
incubated for 2 h at room temperature on a horizontal orbital
microplate shaker. Each well was washed three times with
wash buffer. A total of 200 ul GLP-1, IL-1p, IL-6, TNF-a
and SDF-1a conjugate was added to each well, covered with a
fresh adhesive strip, and incubated for 2 h at room temperature
on the shaker. The washing steps were repeated, and 200 ul
substrate solution was added to each well and incubated for
30 min at room temperature in the dark. Stop solution (50 ul)
was added to each well and the optical density of each well
was determined within 30 min using an Infinite 200PRO
microplate spectrophotometer (Tecan Group, Ltd., Mannedorf,
Switzerland) set at 450 nm. All samples were run in duplicate.

Statistics. Obtained data are expressed as the mean + standard
deviation. Data were assessed using SPSS 15.0 (SPSS, Inc.,
Chicago, IL, USA) by one-way analysis of variance with post
hoc Bonferroni test for multiple comparisons. P<0.01 was
considered to indicate a statistically significant difference.
Results are expressed as the mean + standard error of the mean.

Results
Neointima formation following balloon injury. For these

experiments, the right common carotid artery did not undergo
balloon injury procedures, which meant the intimal/media
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Figure 1. Neointimal hyperplasia formation following balloon injury. (A) Tissues were evaluated by hematoxylin and eosin staining (magnification, x200) at
28 days subsequent to balloon injury. The (B) ratio of intima/media (normalized to the uninjured tissue), (C) area of the intima and (D) area of the media were
calculated and between the right and left carotid artery in the balloon injury group. Data are presented as the mean + standard error of the mean.

ratio and the intimal area were equal to 0. Thus, the right
common carotid artery served as the loading control. Rat
left carotid artery injuries were performed and neointima
formation was evaluated at 28 days post-surgery. The left
carotid artery was injured and exhibited a decreased lumen
area (Fig. 1A and B) which corresponded to increased intimal
thickening. The intima/media ratio was also increased in the
left arteries compared with right arteries (Fig. 1C). However,
there was no difference in the medial area between left and
right carotid arteries (Fig. 1D).

Effect of anagliptin on the degree of neointimal thickness
following balloon injury. In the histological sections obtained
from the rats which were given anagliptin (10 mg/kg) twice
daily, compared with the injury group, no significant differ-
ences between the right carotid arteries were observed. It was
observed that the lumen area, intimal area and intima/media
ratio was decreased at 28 days compared with the injury group
(Fig. 2A). Notably, the medial area in the left carotid artery of
both groups was same (Fig. 2B).

It has been hypothesized that the structural integrity of
the IEL may be essential in the internal elastic lamina (IEL)
rupture mechanism, in order to minimize intimal hyperplasia
following vascular injury. The right carotid artery did not
undergo vascular injury, and hence no intimal hyperplasia or
IEL rupture was detected in the right carotid arteries of the
injury and anagliptin groups. IEL rupture was subsequently
analyzed in rat left carotid arteries, which were subjected to
balloon injury in each group. Notably, balloon injury using the
2F Fogarty catheter did not result in any fractures in the whole

IEL circumference, although intimal hyperplasia was still
observed in the two groups (Fig. 2C). Intimal hyperplasia was
decreased in the anagliptin group (Fig. 2C). The results of the
present study indicated that there was no association between
IEL rupture and intimal hyperplasia following balloon injury.

Effect of food consumption and body weight following balloon
injury.In order to examine the systemic influence of anagliptin
on metabolism, the food consumption and body weight of
all the animals were determined at different time points.
Following surgery, the body weight of both groups decreased
at 4 days, and gradually recovered from 12 days until normal
body weight was attained 28 days in the two groups (Fig. 3A).
Daily analyses of food consumption illustrated decreased food
intake at 4 days subsequent to balloon injury and recovery at
12 days, and this phenomenon was accordance with the loss of
body weight observed in the groups (Fig. 3B). The results of the
present study indicated that anagliptin attenuated neointima
formation, independent of the glucose-lowering effect and
body weight reduction among the groups.

Detection of the activity of plasma GLP-1 and SDF-la in a
balloon injury model following treatment with anagliptin.
GLP-1 is one of the substrates of DPP-4 in vivo which is
rapidly degraded by the enzyme DPP-4 under normal condi-
tions. Therefore, the concentration of GLP-1 may reflect the
activity of DPP-4. ELISA analysis was employed for the detec-
tion of serum GLP-1 content which was collected from injury
and anagliptin rats at the chosen time points (pre-operatively,
and at 1, 7, 14, 21 and 28 days). The results demonstrated that
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Figure 2. Anagliptin attenuates neointimal hyperplasia following balloon injury. (A) Tissues were evaluated by hematoxylin and eosin staining (magnification,
x200) at 28 days following the commencement of treatment with anagliptin. (B) The intima/media ratio (normalized to injury), and the area of the intima and
media were calculated in the injury and anagliptin groups. (C) Histological sections of injured and anagliptin-treated arteries were stained with elastic van
Gieson (magnification, x200). “P<0.01 vs. injury. Data are presented as the mean + standard error of the mean. Ana, anagliptin.

serum GLP-1 content in anagliptin group was significantly
increased compared with the control group and peaked at
28 days (Fig. 4A) which suggested the activity of DPP-4 was
decreased.

SDF-1a, one of the DPP-4 substrates that is degraded by
DPP-4 through its cleavage, is a chemokine which induces
EPCs to differentiate into ECs in order to protect the injured
artery. Therefore, the serum SDF-la concentration was
measured. Anagliptin decreased the serum SDF-la level
(Fig. 4B). These data suggested that anagliptin increased the
serum active GLP-1 concentration, and altered serum factors
associated with EPC migration.

Detection of the serum activity of inflammatory cytokines
following administration of anagliptin. Inflammatory cyto-
kines are among the most important accelerators of intimal
hyperplasia. Therefore, the present study assessed the inflam-
matory response following balloon injury. The serum levels of
IL-1pB, IL-6 and TNF-a were measured using ELISA analysis.
The serum levels of IL-6, IL-1p, and TNF-a in the injury
group were significantly increased compared with the group
treated with anagliptin at 7 days (Fig. 5).

Discussion

CAD is the leading cause of mortality and morbidity in the
developed world (13). Numerous improvements have been
made in coronary angioplasty, including balloon angioplasty,
stenting and CABG, although a metallic scaffold device, alone
or in combination with drug eluting stents (DESs) is consid-
ered to be the most effective method of treating CAD (14).
However, studies have suggested that DESs delay re-endothe-
lialization, which is important for the prevention of restenosis
and stent thrombosis. Intimal hyperplasia develops as a result
of SMC migration and proliferation, and the accumulation of
the extracellular matrix, which is a normal adaptive response
in arteries against hemodynamic stress and is a characteristic
feature of arterial injury healing (15,16).

ECs regulate vascular physiology by producing a variety
of small molecules which have been identified, and regulate
vascular homeostasis, including inhibiting the formation of
thrombosis, coagulation, vasomotor tone and blood flow (17).
It has been demonstrated that defects in endothelial integrity
and dysfunction may be the initial steps leading to the adhe-
sion of phagocytic cells (18) and proliferation of SMCs (19)
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Figure 3. Comparison of the differences in (A) body weight and (B) food
consumption in the injury group and the anagliptin-treated group. Data are
presented as the mean + standard error of the mean. Ana, anagliptin.

in an injured artery, and may further induce atherosclerotic
lesion and neointima formation (20). Therefore, EC loss is a
factor that is a primary contributor to remodeling (21), and
strategies to protect the endothelium and/or stimulate its repair
following injury have been sought to reduce intimal hyper-
plasia formation.

Excessive intimal hyperplasia causes a decrease in blood
flow, narrowing of the lumen and thrombosis formation by
impairing the release of anticoagulants from ECs. A number
of studies have been conducted using drugs to prevent intimal
hyperplasia following balloon injury or stenting (22,23).
Various mechanisms, including growth factors, inflammation,
metabolic disorders and blood flow disturbances may cause
intimal hyperplasia (24). Studies about the use of anagliptin
for preventing intimal hyperplasia are novel and have not been
published previously, however, positive results were obtained
in the present study by using anagliptin in the prevention of
intimal hyperplasia.

The intimal/medial ratio of the left carotid artery and
the intimal area where the artery was injured were thicker
compared with the right carotid artery in the injury group,
although the medial area was the same. These results indicated
that the model system used in the present study was successful
and stable. In a previous study, it was observed that intimal
hyperplasia began to form within 5 days following balloon
injury and continued to thicken for 8 weeks until a maximum
intima/media ratio was attained (25). From these observations,
it is likely that the time course of intimal hyperplasia formation
following balloon injury is complex and may involve a number
of signaling pathways, although the beginning of intimal
hyperplasia formation following injury may be reproducible. In
the group treated with anagliptin, the intimal/medial ratio and
intimal area were decreased compared with the group in which
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Figure 4. Measurement of the serum concentration of GLP-1 and SDF-1la
following treatment with anagliptin. (A) The serum concentration of GLP-1
in the injury and anagliptin groups. (B) Serum level of SDF-1a in the injury
and Anagliptin groups. ““P<0.001 vs. Injury + vehicle group. Data are
presented as the mean =+ standard error of the mean. Ana, anagliptin; GLP-1,
glucagon-like peptide 1 receptor; SDF-1a, stromal cell-derived factor la.

saline was used. Anagliptin alleviated the intimal hyperplasia
on the injured side and decreased the intimal area. However,
in the present study it was observed that anagliptin exerted no
effect on medial area compared with the control group. The
results of the present study only exhibited the intimal/medial
ratio at 28 days following balloon injury whether.

A previous study indicated that the IEL may act as a
physical barrier to SMC migration or inhibit paracrine commu-
nication between cells of the intima and media, and that IEL
may disrupt the development of intimal hyperplasia (26). In
support of this, elastic van Gieson staining was used in the
present study to detect the rupture of the IEL in the model and
anagliptin groups. Notably, the IEL remained intact in the two
groups, meaning that the effect of anagliptin inhibiting intimal
hyperplasia following balloon injury may not be mediated by
maintenance of the IEL.

DPP-4 inhibitors, including anagliptin, are a novel class of
drug which were introduced in the treatment of type 2 diabetes
mellitus. DPP-4 inhibitors decrease blood glucose levels
through inhibition of the degradation of GLP-1, which results
in reduced secretion of glucagon and increased secretion of
insulin (27). A previous study demonstrated that sitagliptin, a
DPP-4 inhibitor, has protective properties against restenosis
following carotid injury in an animal model of type 2 diabetes
and in vascular cell lines, indicating that sitagliptin may be
a novel agent for the treatment of macrovascular-related
complications in patients with type 2 diabetes (28). With the
results of the histological analysis performed in the present
study, it may be demonstrated that anagliptin inhibited
intimal hyperplasia in vivo. However, the present study sought
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to elucidate whether the effect of anagliptin on neointimal
hyperplasia was mediated by a decrease in the activity of
DPP-4. Therefore, the plasma concentration of GLP-1, which
may reflect the plasma activity of DPP-4, was measured.
Serum GLP-1 concentrations rose with anagliptin treatment at
the different time points indicating that anagliptin may inhibit
the plasma activity of DPP-4 in vivo, with no difference being
observed in the model group. Although the plasma levels of
DPP-4 and GLP-1 were altered, body weight and food intake
were not markedly different in the two groups. Notably,
the active GLP-1 levels tended to increase in the anagliptin
group compared with the injury group, although there was no
significant difference preoperatively. A previous report indi-
cated that the daily glucose levels of rats that were fasted for
4 h were similar in a group treated with vildagliptin compared
with the control group, although they significantly decreased
between week 2 and week 5 (29); it was hypothesized that this
may be associated with tissue or circulating DPP-4 enzyme
activity (30). The DPP-4 expression and enzyme activity in
other tissues remain unknown and its role requires future
investigation. It may be that there exist other pathways which
control the process of intimal hyperplasia apart from the
metabolic pathway.

The C-X-C chemokine SDF-1a, which is important for
cell mobilization/homing (31), is highly expressed in human
atherosclerotic plaques and effectively activates platelets
in vitro (32). There are two SDF-1 isoforms which are derived
from a single SDF-1 gene that is encoded and produced by
alternative splicing (33). The two SDF-1 isoforms are cleaved
by soluble or cellular DPP-4, which has been demonstrated
to inactivate their antiviral and chemotactic properties in
cell-based assays in vitro (34). SDF-1la is constitutively
expressed in a number of tissues and has been observed to
be a chemoattractant for many types of cell. In the present
study, it was observed that serum levels of SDF-1a did not
notably fluctuate in the model group. However, SDF-1a
expression significantly decreased at 1 day post-balloon
injury and peaked at 28 days following treatment with
anagliptin. The results of the present study were in contrast
to those of a previous study which reported an increase in
plasma SDF-la within 24 h following vascular injury in
mice (35). A previous study demonstrated that anagliptin did
not increase the serum SDF-1a level within atherosclerotic
lesions in apolipoprotein E-deficient mice (36). DPP-4 is a
membrane-bound exopeptidase that rapidly degrades GLP-1.
A previous study demonstrated that a soluble form of DPP-4

(s-DPP-4) that lacks the short intracellular tail and the trans-
membrane regions is present in serum and other bodily fluids
which exhibit DPP-4 enzyme activity (37). High serum levels
of s-DPP-4 have been described in various conditions (38).
It may therefore be hypothesized that anagliptin may only
inhibit the activity of s-DPP-4, whilst preserving the func-
tion of DPP-4 in the membrane. However, the underlying
mechanism of this action remains unknown. A previous
study demonstrated that systemic treatment of mice with a
SDF-1a blocking antibody reduced injury-induced neointima
formation (39). Therefore, neutralizing SDF-1o. may have the
effect of diminishing plaque formation and reducing smooth
muscle progenitor cell recruitment and neointima formation
following vascular injury (40). In the present study, following
treatment of the balloon injury model with anagliptin, the
intimal area and intimal/medial ratio was reduced. Notably,
the plasma level of SDF-1a was decreased. This indicated
that SDF-1a may serve an important role in the process of
vascular remodeling, particularly the formation of intimal
hyperplasia. The major new insight provided by the results of
the present study in terms of mechanism is that administering
anagliptin may reduce the level of SDF-1a, which is associ-
ated with inhibition of the formation of intimal hyperplasia.
It may be hypothesized that reducing the plasma level of
SDF-la may promote leukocyte adhesion and migration,
and hence stimulate migration and proliferation of ECs from
the adjacent non-injured endothelium via additional factors
released from the site of injury. These factors may drive
vascular re-endothelialization, which may inhibit platelet
aggregation and adhesion, and recovery of the function of the
injured artery.

A previous study demonstrated that another DPP-4 inhib-
itor, alogliptin, was able to inhibit intimal hyperplasia in rats
by inhibiting inflammation (20 mg/kg/day for 14 days; oral
injection) (41). Although this previous study and the present
study used the same source drug (alogliptin vs. anagliptin)
and obtained the same results (inhibition of intimal hyper-
plasia), there remain certain differences: i) The two types
of animal model may reflect the different pathological
processes of intimal hyperplasia, although the balloon injury
model is considered to be a priority in the study of arterial
restenosis following mechanical injury [which is the primary
complication of percutaneous luminal coronary angioplasty
(PTCA)]; and ii) the balloon injury model may be useful for
the discovery of drugs which have the ability to inhibit the
formation of intimal hyperplasia. However, it is thought that
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inhibiting the activity of DPP-4 may be a potential therapy
to inhibit the process of intimal hyperplasia, and thus, this
may also be a novel therapy for inhibiting restenosis following
PTCA. A previous study reported that DPP-4 is released
as an adipokine from visceral fat, and stimulates vascular
(V) SMC proliferation through extracellular signal-regulated
kinase/mitogen-activated protein kinase phosphorylation in
VSMCs (40). Other DPP-4 substrates, including BNP (42),
were not measured in the present study due to sample limi-
tation. It was not possible to investigate all the mechanisms
through which anagliptin may attenuate neointima formation
following vascular injury. Further studies are required to
clarify the vasculoprotective effect of anagliptin and to detect
other DPP-4 substrates.

In conclusion, the results of the present study demonstrated
that anagliptin was able to inhibit intimal hyperplasia by
reducing the plasma level of SDF-1a., rather than by altering the
process of metabolism. It was hypothesized that the potential
mechanism involves decreasing the plasma level of SDF-1a to
inhibit leukocyte adhesion and the migration of SMCs, and
hence stimulate the migration and proliferation of ECs from
the adjacent non-injured endothelium via additional factors
released from the site of balloon injury. Future studies in the
field of vascular biology following injury may positively affect
the quality of life of patients who have undergone cardio-
vascular surgery by providing an improved understanding
of endothelial functioning and recovery from injury, which
is primarily responsible for intimal hyperplasia. The preven-
tion of the intimal hyperplasia response may be effective in
increasing lifespan following vascular reconstructive interven-
tions, including surgical graft bypass or balloon angioplasty.
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