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CD146 mediates the anti-apoptotic role of Netrin-1
in endothelial progenitor cells under hypoxic conditions
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Abstract. Modulating the biological status of endothelial
progenitor cells (EPCs), such as function and survival, is
essential for therapeutic angiogenesis in ischemic vascular
disease environments. This study aimed to explore the role and
molecular mechanisms underlying Netrin-1 in the viability
and angiogenic function of EPCs. EPCs were isolated from the
bone barrow of adult C57/BL6 mice. The apoptosis and various
functions of EPCs were analyzed in vitro by manipulating the
expression of Netrin-1. The TUNEL assay was performed
to detect apoptotic EPCs. Cell migration and tube forma-
tion assays were performed to detect EPC function. Trypan
blue staining was performed to detect cell viability. Western
blot analysis was performed to detect the protein expression
levels of Netrin-1, CD146 and apoptotic factors. Quantitative
PCR analysis was performed to detect the expression levels
of Netrin-1 receptors. The results demonstrated that treat-
ment with exogenous Netrin-1 promoted EPC migration and
tube formation, whereas transfection with small interfering
(si)RNA targeting Netrin-1 exhibited the opposite effects.
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Exogenous Netrin-1 protected EPCs from hypoxia-induced
apoptosis, whereas the interruption of endogenous Netrin-1
enhancement under hypoxia by Netrin-1-siRNA exacerbated
the apoptosis of EPCs. Furthermore, CD146, one of the immu-
noglobulin receptors activated by Netrin-1, was screened for
in the present study. Results demonstrated that CD146 did not
participate in Netrin-1-promoted EPC function, but mediated
the anti-apoptotic effects of Netrin-1 in EPCs. In conclusion,
Netrin-1 enhanced the angiogenic function of EPCs and
alleviated hypoxia-induced apoptosis, which was mediated
by CD146. This biological function of Netrin-1 may provide a
potential therapeutic option to promote EPCs for the treatment
of ischemic vascular diseases.

Introduction

Endothelial progenitor cells (EPCs) are used as an important
source of autologous cell therapy for the treatment of ischemic
diseases (1,2). EPCs, which are derived from hematopoietic
stem cells, have significant angiogenic functions and are
mainly located in the bone marrow. EPCs are also found in
the fetal liver, umbilical cord blood and skeletal muscle (3).
When stimulated by various physiological or pathological
factors, such as vascular development, diabetes, myocardial
infarction and hypertension, EPCs are mobilized from the
bone marrow to the peripheral blood, participating in the
repair and angiogenesis of damaged blood vessels (4). In
animal models of experimental ischemic injuries, the trans-
plantation of EPCs exhibits an ischemic neovascularization
capacity, thereby improving the perfusion and function of
ischemic tissue (5,6). In pilot clinical trials, treating patients
with severe limb ischemia and acute myocardial infarction
with EPCs was beneficial for neovascularization and blood
supply (7). However, numerous studies have indicated that
most of the transplanted EPCs are unable to survive when they
are injected into the ischemic site due to the harsh conditions
of the living environment, including ischemia, hypoxia and
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nutrient deficiencies (8-10). These issues limit the clinical
development of EPCs in the treatment of ischemic diseases.
Therefore, the mechanism underlying EPC damage in an isch-
emic microenvironment should be explored to find suitable
targets and improve the function and survival of EPCs.

Netrin-1 is a multifunctional secreted protein that belongs
to the Netrin family and is best known for guiding the move-
ment of neurons in the development of the central nervous
system (11). Netrin-1 contributes to the nervous system via
axonal guidance, Schwann cell proliferation and migration,
nerve regeneration and functional recovery, and participates
in the pathology of several diseases, such as the myocardial
ischemia, cerebral ischemia, acute kidney injury, blood
vessels, liver, acute and chronic kidney injury, pathogenic
bone degradation and diabetic retinopathy (12). The role of
Netrin-1 in vessel formation is mostly associated with endo-
thelial cells (13). EPCs are the progenitors of endothelial cells,
and the results of a previous study indicated that Netrin-1
attenuates neointimal formation partly by enhancing EPC
homing and proliferation, and by producing nitrous oxide (14).
However, the effects of Netrin-1 on the pro-angiogenic func-
tion of EPC and survival under hypoxic conditions are yet to
be fully elucidated. The present study aimed to investigate the
status of EPCs in hypoxic condition.

Materials and methods

Animals. A total of 35 C57/BL6 adult (8 weeks, 22 g) mice
purchased from the Animal Center of Southern Medical
University were used in the present study. All animal proce-
dures were in accordance with the National Institutes of
Health guidelines (15). All animal procedures were performed
complying with the Institutional Animal Ethics Committee
of Guangzhou Medical University (Guangzhou, China), and
approved by the Institutional Animal Ethics Committee of
Guangzhou Medical University (approval no. GY2018-092).
Mice were maintained at 21-23°C, with a humidity of
40-55% and a 12-h light cycle (lights on 06:00-18:00), with
free access to food and water.

Isolation, culture and treatment of mouse-derived bone marrow
EPCs. The following procedures were carried out according to
previously used methods (16-18). Briefly, adult male C57/BL6
mice were sacrificed by intraperitoneal injection with an
overdose of sodium pentobarbital (100 mg/kg), followed by
cervical dislocation. Mononuclear cells were isolated from the
bone marrow of the tibias and femurs of mice. Bone marrow
was flushed out of the tibias and femurs with Endothelial Cell
Growth Basal Medium-2 (EBM-2; Lonza Group, Ltd.) using
a 25-gauge needle, separated with vigorous pipetting and
subsequently centrifuged for 5 min at 400 x g at 4°C. Red
blood cells were lysed using ammonium chloride solution
(Beyotime Institute of Biotechnology) and washed three times
in Endothelial Cell Growth Medium-2 (EGM-2, Lonza Group,
Ltd.), and subsequently centrifuged for 5 min at 400 x g at
4°C. Cells were cultured at 37°C in fibronectin (Corning,
Inc.)-coated 6-well plates in EGM-2 [EBM-2, vascular
endothelial growth factor (VEGF), hydrocortisone, human
fibroblastic growth factor, IGF, ascorbic acid, human epidermal
growth factor, heparin and 5% FBS; Lonza Group, Ltd.]. After

3 days, non-adherent cells were removed by rinsing with PBS.
Subsequently, EGM-2 was changed daily. The 7-day EPCs
were subjected to the following treatment options: a) 100 or
200 ng/ml Netrin-1 (delivered according to the concentration
of Netrin-1 in endothelial cells from previous studies (19-22):
i) Control; ii) Netrin-1 (100 ng/ml) and iii) Netrin-1
(200 ng/ml); b) oxygen and glucose deprivation (OGD) stimu-
lation (applied according to our previous studies): i) Control;
ii) OGD 2 h; iii)OGD 4 h; iv) OGD 6 h; v) OGD 12 h (1,14);
or ¢) Netrin-1-small interfering (si)RNA or CD146-siRNA:
i) Control; ii) Netrin-1-siRNA-1; iii) Netrin-1-siRNA-2;
iv) Netrin-1-siRNA-3; v) CD146-siRNA-1; vi) CD146-siRNA-2
and vii) CD146-siRNA-3.

Transwell migration assay. Transwell assays (Corning,
Inc.) were used to evaluate the migration of EPCs. EPCs
were divided into four groups: i) Control; ii) Netrin-1
(200 ng/ml); iii) Netrin-1-siRNA; and iv) Netrin-1
(200 ng/ml) + CD146-siRNA. A total of 5x10* cells/well
were seeded into the upper chambers in EBM-2 (Lonza
Group, Ltd.), while human VEGF (R&D Systems, Inc.) and
EBM-2 were added into the lower chambers. After 24 h of
culture at 37°C, cells were fixed in 4% paraformaldehyde for
20 min and stained with crystal violet for 30 min at 37°C. The
number of migrated cells was observed and recorded under
an inverted light microscope (Nikon Corporation), quantified
and averaged by examining five random microscopic fields
(magnification, x100).

Tube formation assay. EPCs were divided into four groups:
i) Control; ii) Netrin-1 (200 ng/ml); iii) Netrin-1-siRNA;
and iv) Netrin-1 (200 ng/ml) + CD146-siRNA. EPCs were
seeded in 48-well culture plates (5x10* cells/well) coated with
Matrigel (Corning, Inc.), which was precoated for 1 h at 37°C,
and EGM-2 was added. After incubation at 37°C for 24 h, tube
formation was counted in 4 random fields at x40 magnifica-
tion, with a Nikon 2000 anatomical lens (Nikon Corporation).

EPC viability assay. EPCs were divided into three groups:
i) Control; ii) Netrin-1 (200 ng/ml); and iii) Netrin-1
(200 ng/ml) + CD146-siRNA. EPCs were seeded at an initial
density of 1x10° cells/well in 12-well plates and incubated
at 37°C in a 5% CO, incubator. Following overnight incuba-
tion to allow cells to attach to the bottom of the plates, cells
were starved with 2% FBS (Lonza Group, Ltd.) containing
EBM-2 for 12 h at 37°C. Subsequently, cells were treated with
CD146-siRNA for 24 h, and incubated with or without Netrin-1
(200 ng/ml in 5% FBS containing EBM-2) for a further 24 h
at 37°C. At the end of the incubation, cells in each well were
resuspended at room temperature in EBM-2 following trypsin-
ization and counted using a hemocytometer.

siRNA transfection. EPCs were divided into seven groups:
i) Control; ii) Netrin-1-siRNA-1; iii) Netrin-1-siRNA-2;
iv) Netrin-1-siRNA-3; v) CD146-siRNA-1; vi) CD146-siRNA-2;
and vii) CD146-siRNA-3. Netrin-1-siRNA (Guangzhou
RiboBio Co., Ltd.) and CD146-siRNA (Thermo Fisher Scientific,
Inc.) were transiently transfected into cells using RNAIMAX
reagent (Thermo Fisher Scientific, Inc.). Briefly, siRNA
(60 nM) was diluted in serum-free EBM-2, then transfection
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reagent was added to the diluted siRNA, mixed by vortexing
and left to form complexes for 5-10 min at room temperature.
The complexes were subsequently added onto the cells in
drops for 6 h at 37°C, after which the media were replaced with
EGM-2 (Lonza Group, Ltd.). Non-targeting siRNA was used
as negative control (NC-siRNA of Netrin-1 from Guangzhou
RiboBio Co., Ltd.; NC-siRNA of CD146 from Thermo Fisher
Scientific, Inc). At 48 h post-transfection, the cells were used
for subsequent experiments. The siRNA sequences were as
follows: CD146-siRNA-1 (cat. no. MSS234801; 5'-CCAUU
GUUCUGAAGCUGGUCACUUU-3"), CD146-siRNA-2
(cat. no. MSS234802; 5'-CCAAACUGGUGUG CGUCUUC
UUGUU-3"), CD146-siRNA-3 (cat. no. MSS294552; 5'-CCAC
AGACAGUAGUGAGCACCUUGA-3"), Netrin-1-siRNA-1
(5-GCAGGGCACAAGTCGTATT-3'"), Netrin- 1-siRNA-2
(5'-GGAAGACTGTGACTCCTAT-3") and Netrin-1-siRNA-3
(5'-GCGCGACTCCTATTACTAT-3").

TUNEL staining. EPCs were divided into five groups:
i) Control; ii) OGD 6 h; iii) OGD 6 h + Netrin-1 (200 ng/ml);
iv) OGD 6 h + Netrin-1-siRNA; and v) OGD 6 h + Netrin-1
(200 ng/ml) + CDI146-siRNA. EPCs were fixed with
4% paraformaldehyde at room temperature for 5 min, and
subsequently incubated in Triton X-100 for 25 min at room
temperature. After washing the cells three times with PBS with
0.1% Tween-20 (PBST), TUNEL reagent (Roche Diagnostics
GmbH) was added to EPCs in drops and incubated for 1 h
at 37°C avoiding exposure to light. Cells were subsequently
washed three times with PBST, and DAPI (10 yg/ml, Beyotime
Institute of Biotechnology) was added to each well for 5 min
at room temperature. EPCs were captured using a confocal
fluorescence microscope (Nikon Al; Nikon Corporation), and
quantified and averaged by examining five random micro-
scopic fields (magnification, x200).

Western blot analysis. EPCs were divided into the following
nine groups: i) Control; ii) OGD 2 h; iii) OGD 4 h; iv) OGD 6 h;
v) OGD 12 h; vi) OGD 6 h + Netrin-1 (100 ng/ml); vii) OGD
6 h + Netrin-1 (200 ng/ml); viii) OGD 6 h + Netrin-1-siRNA;
and ix) OGD 6 h + Netrin-1 (200 ng/ml) + CD146-siRNA.
EPCs were harvested in lysis buffer (CST Biological Reagents
Co., Ltd.) for protein extraction. The amounts of protein
samples were analyzed viai the BCA assay. Equal amounts
(30 pg) of protein samples were treated with 5X loading
buffer (Beyotime Institute of Biotechnology) and heated at
100°C, then separated by 12% SDS-PAGE electrophoresis
and transferred to a PVDF membrane (MilliporeSigma). The
membranes were subsequently blocked with 5% non-fat milk
for 1 h at room temperature and incubated with primary anti-
bodies against Netrin-1 (1:1,000; cat. no. ab126729; Abcam),
cleaved caspase-3 (1:1,000; cat. no. 9664; CST Biological
Reagents Co., Ltd.) caspase-3 (1:1,000; cat. no. 9662; CST
Biological Reagents Co., Ltd.) cleaved poly (ADP-ribose)
polymerase-1 (parp-1; 1:1,000; cat. no. ab32064; Abcam),
parp-1 (1:1,000; cat. no. ab191217; Abcam), Neogenin
(NEOI; 1:1,000; cat. no. NBP1-89651; Novus Biologicals,
Ltd.), CD146 (1:1,000; cat. no. ab75769; Abcam) or [-actin
(1:2,000; cat. no. AP0O060; Bioworld Technology, Inc.) at 4°C
overnight. Following primary incubation, membranes were
incubated with horseradish peroxidase-conjugated secondary
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antibodies anti-mouse (cat. no. BS13278; 1:5,000; Bioworld
Technology, Inc.) or anti-rabbit (cat. no. BS13278; 1:5,000;
Bioworld Technology, Inc.) at room temperature for 1 h after
standard washing procedures by washing 3 times with PBS
and 0.1% Tween-20. Finally, the bands were visualized using
the chemiluminescence kit (Cell Signaling Technology, Inc.)
and X-ray films (Kodak). The band densities were quantified
using ImagelJ software (version 1.48u; National Institutes of
Health).

Reverse transcription-quantitative (RT-q)PCR. Total RNA
was extracted from EPCs without any treatment using TRIzol®
(Invitrogen; Thermo Fisher Scientific, Inc.). Total RNA was
reverse transcribed into cDNA using an M-MLV Reverse
Transcription kit (Takara Bio, Inc.) according to the manufac-
turer's protocol. qPCR of known receptors of Netrin-1 was
performed using a SYBR Green PCR Mix (Takara Bio, Inc.).
The following thermocycling conditions were used for qPCR:
Initial denaturation at 95°C for 1 min; followed by 40 cycles of
95°C for 10 sec and 60°C for 15 sec. The 224¢1 method (23)
was used to measure the fold-change between samples, and
GAPDH was used as a normalization control. The primers
were as follows: Netrin receptor UNC (UNC)5A forward,
5'-ACCTCTGAGGCTGAGGACTTC-3' and reverse, 5'-GGCT
TGTGCAGAGTGAGGTAG-3"; UNCS5B forward, 5'-AGTGTC
AGCGGCACCTTT-3' and reverse, 5'-GGCTCAATACTGTC
TGGGAAC-3"; UNC5C forward, 5-AACTCTCTT GGGGGT
CACCT-3'andreverse,5-TGCAG AGTGAGGATGACAGG-3";
UNCS5D forward, 5-CCTGAGTCCTGAAGTCACCTG-3' and
reverse, 5-ATGTGGACTCATCCTCCACTG-3'; Netrin receptor
DCC forward, 5'-AGTCGCTTTGTCCGTTTG-3' and reverse,
5-TCCCTGTTGTCACCCTCT-3"; NEOI1 forward, 5'-AGT
TAGAGGCTCTTCTGTTAT-3' and reverse, 5-GTCCCATC
TTTCTTCCAT-3'"; Down syndrome cell adhesion molecule
(DSCAM) forward, 5-~AACGCTAACCTGCTTCCT-3' and
reverse, 5'-CTCCCTCGTCAACTTCTTT-3"; and CD146
forward, 5'-ATACCTGACTCCAGCCAAAC-3' and reverse,
5'-ACAGCCACGATGACCACA-3"; and GAPDH forward,
5'-ACTCCACTCACGGCAAATTC-3' and reverse, 5'-TCT
CCATGGTGGTGAAGACA-3'.

Statistical analysis. All data are presented as the mean + stan-
dard error of the mean. Differences between two groups were
analyzed using an unpaired Student's t-test for continuous vari-
ables, and one-way ANOVA followed by a Tukey's post hoc test
were used when multiple groups were compared. Four inde-
pendent experiments were performed. P<0.05 was considered
to indicate a statistically significant difference. All statistical
analyses were performed using GraphPad Prism 8.0.1
(GraphPad Software, Inc.).

Results

Effects of Netrin-1 on the function of EPCs. EPCs isolated
from the bone marrow of C57/BL6 mice were cultured, and the
physiological concentration of Netrin-1 in EPCs was detected
at 108.15+7.74 pg/ml according to an ELISA assay (data not
shown). Thus, EPCs were treated with Netrin-1 (200 ng/ml)
or Netrin-1-siRNA to determine the effects of Netrin-1 on
the function of EPCs. Following treatment with Netrin-1,
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Figure 1. Exogenous Netrin-1 enhances EPC function and endogenous Netrin-1 silencing inhibits EPC function. The 7-day-cultured EPCs were treated with
(A) Netrin-1 (200 ng/ml) for 24 h, or (B) Netrin-1-siRNA for 48 h. EPC function was examined by cell migration and tube formation assays. Values are

presented as the mean + standard error of the mean (n=4 per group). “P<0.01,

the tube formation and cell migration of EPCs was signifi-
cantly increased compared with those in the control group
(Fig. 1A). Moreover, the tube formation and cell migration
of the Netrin-1-siRNA-treated EPC group were significantly
decreased compared with those in the control group (Fig. 1B).
These results suggested that endogenous Netrin-1 was essential
for maintaining EPC function, which was further enhanced
following treatment with exogenous Netrin-1.

Effects of Netrin-1 on the apoptosis of EPCs under hypoxic
stimulation. The changes in endogenous Netrin-1 were
detected under conditions of hypoxia stimulated by OGD for
2,4, 6 and 12 h. Results of the present study demonstrated
that the protein expression levels of Netrin-1 under hypoxic
stimulation increased from 2-12 h, compared with control
EPCs (Fig. 2A). Results of our previous study (16) demon-
strated that hypoxic stimulation for 6 h resulted in significant,
but not excessive injury in EPCs. In the present study, Netrin-1
protein expression was significantly increased under condi-
tions of hypoxic stimulation for 6 h compared with control
EPCs (Fig. 2A). Thus, 6 h of hypoxic stimulation was used for
subsequent experiments.

Subsequently, EPCs were treated with Netrin-1 or
Netrin-1-siRNA, and the protein expression levels of
cleaved caspase-3 and cleaved parp-1, and the number of
TUNEL-positive EPCs were detected. Following incubation
with Netrin-1 (100 and 200 ng/ml) for 24 h and hypoxic stimu-
lation for 6 h, the protein expression levels of cleaved caspase-3
and cleaved parp-1, and the number of TUNEL-positive
EPCs were significantly decreased when compared with
control EPCs (Fig. 2C and E). Following transfection with

P<0.001. EPC, endothelial progenitor cell; si, small interfering.

Netrin-1-siRNA-1, Netrin-1-siRNA-2 and Netrin-1-siRNA-3,
transfection efficiency was determined (Fig. 2B). Due to the
highest level of transfection efficiency, Netrin-1-siRNA-2
was chosen to silence Netrin-1 in subsequent experiments.
Following transfection with Netrin-1-siRNA-2, the intracellular
concentration of Netrin-1 was reduced to 34.66+6.28 pg/ml,
according to the results of an ELISA assay (data not shown)
compared with control EPCs (108.15+7.74 pg/ml). Results
of the present study demonstrated that the protein expres-
sion levels of cleaved caspase-3 and cleaved parp-1, and the
number of TUNEL-positive EPCs were significantly increased
in the Netrin-1-siRNA group, compared with those in the
OGD group (Fig. 2D and E). These results suggested that
endogenous Netrin-1 induced by stress under hypoxia may
perform a protective action against hypoxia environments, as
the apoptosis of EPCs was exacerbated following transfection
with Netrin-1-siRNA, but this was reversed following treat-
ment with exogenous Netrin-1.

CDI46 is screened out from receptors of Netrin-1. The
expression levels of known receptors of Netrin-1 (Fig. 3A)
were screened via RT-qPCR. Results of the present study
demonstrated that UNC5B, NEOI and CD146 were expressed
at markedly higher levels in EPCs (Fig. 3B) compared with
the other five ones. UNC5B mediates the inhibitory effects
of Netrin-1 at high doses in other organs and tissues, such as
endothelial cells and neurons (24), and the results of the present
study further revealed the inhibitory action of high-dose
Netrin-1 (1,000 ng/ml) in EPCs (data not shown). The present
study focused on the roles of NEO1 and CDI146 following
treatment with Netrin-1, and western blot analysis revealed
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Figure 2. Exogenous Netrin-1 reduces EPC apoptosis and endogenous Netrin-1 silencing exacerbates EPC apoptosis under conditions of hypoxia. The
7-day-cultured EPCs were treated with Netrin-1 (100 or 200 ng/ml) for 24 h, or Netrin-1-siRNA for 48 h, and subsequently stimulated by OGD for 6 h to induce
hypoxia. (A-D) Western blot analysis of Netrin-1, cleaved caspase-3, caspase-3, cleaved parp-1 and parp-1. (E) Representative images and quantitative analysis
of TUNEL-positive cells (red) and DAPI-stained cell nuclei (blue). Values are presented as the mean + standard error of the mean (n=4 per group). ‘P<0.05,
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NC, negative control.

that the protein expression of NEOI in EPCs was significantly
reduced following treatment with Netrin-1 compared with the
OGD group (Fig. 3D-F). Thus, CD146 was selected for subse-
quent analyses.

Anti-apoptotic role of Netrin-1 mediated by CDI46 in EPCs.
EPCs were transfected with CD146-siRNA-1,CD146-siRNA-2
and CD146-siRNA-3, and CD146-siRNA-1 was selected for
use in subsequent experiments due to the highest level of
transfection efficiency (Fig. 3C). Following transfection with
CDI146-siRNA-1, the intracellular concentration of CD146
was reduced to 175.80+23.70 ng/ml, according to the results
of an ELISA assay (data not shown) compared with control
EPCs (804.72+56.33 ng/ml). Results of the present study
demonstrated that transfection with CD146-siRNA exhibited

no significant effects on Netrin-1-induced tube formation,
EPC migration or viability (Fig. 4A-E) compared with the
NC-siRNA group. Following transfection with CD146-siRNA
under conditions of hypoxia, CD146 expression in the
CD146-siRNA group significantly decreased compared with
the control group, and CD146 expression in the Netrin-1 plus
CD146-siRNA group significantly decreased compared with
the Netrin-1 group (Fig. 5A). The protective effect of Netrin-1
(200 ng/ml) on EPCs was significantly impaired after delivery
of CD146-siRNA, as indicated by the increased protein expres-
sion levels of cleaved caspase-3 and cleaved parp-1, and an
increased number of TUNEL-positive EPCs (Fig. 5A and B).
Collectively, the results of the present study implied that
CD146 may play a role in mediating Netrin-1 in the apoptosis
of EPCs, rather than overall EPC function.
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Figure 3. Screening Netrin-1 receptors. (A) Structure of Netrin-1 and the associated receptors. (B) Reverse transcription-quantitative PCR analysis of the
mRNA expression levels of Netrin-1 receptors. (C-F) Western blot analysis of NEO1 and CD146. Values are presented as the mean + standard error of the
mean (n=4 per group). “P<0.01; ““P<0.001. LN, laminin-like domain (also known as domain VI); EGFI1-3, epidermal growth factor repeats (EGF1, EGF2
and EGF3 also known as domain V); NTR, C-terminal Netrin-like domain; Ig, immunoglobulin; FNIII, fibronectin type III domain; TSP, thrombospondin
type 1 (TSP-1) domain; ZUS, zona occludens 5 (ZUS) domain; DB, DCC-binding domain; DD, death domain; NEOI, neogenin; DSCAM, down syndrome cell
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Discussion

Results of the present study demonstrated that Netrin-1 regu-
lated EPC function and hypoxia-induced cell injury. Silencing
of endogenous Netrin-1 impaired the proangiogenic function
and survival of EPCs. Conversely, treatment with exogenous
Netrin-1 enhanced the angiogenic activity of EPCs, and
reduced the levels of apoptosis under hypoxic conditions. The
CD146 receptor mediated the anti-apoptotic role of exogenous
Netrin-1, rather than the overall proangiogenic function.
Collectively, these findings suggested a novel biological role
of Netrin-1 in EPC therapy associated with ischemic vascular
disease.

The discovery of EPCs resulted in a paradigm shift in
vascular biology, highlighting that adult vessels are repaired
not only by the local proliferation, migration and remodeling
of endothelial cells, but also by the incorporation of EPCs in
developing new blood vessels (25-27). Numerous studies have
demonstrated that EPCs are recruited to the site of vascular
damage, where they migrate and adhere to the vessel wall,
promoting the re-endothelialization of damaged vessels and
inducing vasculogenesis in ischemic areas (28-30). In the
present study, Netrin-1 sequentially participated in EPC migra-
tion and vessel formation, as indicated not only by treatment
with exogenous Netrin-1, but also by the interference of endog-
enous Netrin-1 expression. This result implied the positive role
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of Netrin-1 in the angiogenic function of EPCs. Notably, a high
dose of Netrin-1 (1,000 ng/ml) led to a decrease in the levels of
EPC migration and tube formation, which may have resulted
from the initiation of the UNC5B receptor, similar to the role
of high-dose Netrin-1 in endothelial cells (31).

Under ischemic conditions, the injury of EPCs should be
emphasized rather than the function of EPCs, as the latter
is closely associated with EPC viability. Results of previous
studies have demonstrated that most cells (>80%) die at
<3 days after delivery (32,33), thereby impacting the associ-
ated therapeutic effect. Under ischemia, organs develop
protective mechanisms to resist a harmful environment (34).
However, such protective mechanisms are insufficient, so an
artificial design is required to reinforce this effect. Results
of the present study revealed that Netrin-1 expression was
significantly increased under hypoxic conditions, and Netrin-1
silencing markedly exacerbated EPC apoptosis compared
with control EPCs, indicating that an increase in endogenous
Netrin-1 protected against hypoxia-induced EPC damage.
Thus, treatment with exogenous Netrin-1 suppressed EPC
apoptosis, highlighting the protective effect of endogenous
Netrin-1.

Receptors of Netrin-1, including DCC, UNCS5, NEOI,
DSCAM and CD146, belong to the immunoglobulin super-
family. These receptors are stimulated by Netrin-1 and play
key roles in a number of different diseases, such as cancer,
heart failure, ischemic stroke, spinal cord injury, diabetic
retinopathy and lung fibrosis (12). In EPCs, the receptor manip-
ulated by Netrin-1 remains to be elucidated. Thus, RT-qPCR
and western blot analyses were performed to screen for CD146
in EPCs in the present study. CD146, a melanoma cell adhe-
sion molecule, is highly expressed in tumors and a number of
cell types, such as endothelial cells, pericytes, smooth muscle
cells, fibroblasts and mesenchymal stem cells (35). Results of
previous studies have demonstrated that CD146 is not only
an adhesion molecule, but also a cellular surface receptor
stimulated by miscellaneous ligands, including extracellular
matrices and growth factors (36,37). By binding to its corre-
sponding ligands, CD146 closely participates in a number of
cell processes, such as proliferation, migration (38), hyper-
trophy (39), angiogenesis (40) and apoptosis (40,41). CD146 is
mostly involved in the development and injury of organs, and
the progression of various cancer types to metastases, such as
oral cancer, ovarian carcinoma, hepatocellular carcinoma and
acute lymphocytic leukemia (42).

Netrin-1is aligand of CD146 in endothelial cells, promoting
angiogenesis and vascular development (22,43,44). However,
in the present study, CD146 participated in the anti-apoptotic
role of Netrin-1 in hypoxia-induced EPCs, but did not mediate
the angiogenic effect of Netrin-1 in EPCs.

Alternative receptors involved in the proangiogenic
function of Netrin-1 in EPCs remain to be fully elucidated.
Numerous studies have reported that DCC, UNC5B and
NEOI1 are associated with vessel formation (45-47).
Previous studies reported that UNC5B is highly involved in
anti-angiogenesis (24), and DCC and NEOI are associated
with angiogenesis (14,21,48). Although the expression levels
of DCC and NEOI1 were low compared with CD146 expres-
sion in the present study, the specific role of DCC and NEOI1
remain to be elucidated in association with Netrin-1 in EPC

function. Moreover, alternative unknown receptors may be
involved in the role of Netrin-1 in EPCs, and should be further
investigated.
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