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Abstract. Slit homolog 2 (Slit2) is distributed in various 
tissues and participates in numerous cellular processes; 
however, the role of Slit2 in the regulation of angiogenesis 
remains controversial, since it has previously been reported 
to exert proangiogenic and antiangiogenic activities. The 
present study aimed to investigate the effects of Slit2 on 
vascular endothelial cell proliferation and migration in vitro, 
and to reveal the possible underlying signaling pathway. 
Aortic endothelial cells were isolated from Sprague Dawley 
rats and cultured. Cell proliferation assay, cell migration assay, 
immunocytochemistry and small interfering RNA transfec-
tion were subsequently performed. The results demonstrated 
that exogenous Slit2 administration markedly suppressed 
TNF-α-induced endothelial cell proliferation and migration 
in vitro. In addition, TNF-α application upregulated the protein 
expression levels of vascular endothelial growth factor (VEGF) 
and Notch in RAECs, whereas Slit2 administration down-
regulated VEGF and Notch expression in RAECs cultured in 
TNF-α conditioned medium. Further studies indicated that 
knockdown of VEGF suppressed the effects of TNF-α on 
the induction of RAEC proliferation and migration. VEGF 
knockdown-induced inhibition of RAEC proliferation and 
migration in TNF-α conditioned medium was also achieved 
without Slit2 administration. Furthermore, VEGF knock-
down markedly decreased Notch1 and Notch2 expression. 
These results indicated that Slit2 suppresses TNF-α-induced 
vascular endothelial cell proliferation and migration in vitro 
by inhibiting the VEGF-Notch signaling pathway. Therefore, 

Slit2 may inhibit the proliferation and migration of endothelial 
cells during vascular development.

Introduction

Slit homolog 2 (Slit2) was initially identified in the develop-
ment of the central nervous system (1,2). Further studies 
reported that Slit2 was also distributed in the kidney, liver, 
lung, spleen, embryo and bone marrow (3-5). Slit2 has also 
been detected in cardiomyocytes and endothelial cells from 
arterioles and venules (3). Previous studies have indicated 
that Slit2 and its receptor Roundabout (Robo) participate in 
various cellular processes, including cell proliferation, migra-
tion and adhesion (6-9). Studies regarding the Slit gene family 
have reported that secreted Slit2 proteins are able to guide 
neuronal migration (10,11). Due to embryonic Slit2 expression 
it has been hypothesized that Slit2 has potential roles in other 
systems, including the cardiovascular system. Secreted Slit2 
interacts with Robo on the surface of vascular smooth muscle 
cells and monocytes, in order to inhibit migration of these cells 
toward diverse inflammatory chemoattractant cues in vitro and 
in vivo (12-14). Administration of Slit2 to atherosclerosis-prone 
low‑density lipoprotein (LDL) receptor‑deficient mice was 
able to inhibited monocyte recruitment to nascent atheroscle-
rotic lesions, which supports a role for Slit2 in preventing early 
vascular inflammation (15). It is well known that endothelial 
dysfunction is a key step in the initiation of cardiovascular 
diseases, and endothelial cell proliferation, migration and tube 
formation are critical for neovascularization and angiogenesis. 
Angiogenesis has important roles in various physiological 
events, including embryonic development, tissue regeneration 
and wound healing, as well as in pathological processes, such 
as atherosclerotic plaque progression and tumor growth (16). 
Vascular endothelial growth factor (VEGF) is a signal protein 
produced by cells that stimulates vasculogenesis and angio-
genesis. It is the best-characterized proangiogenic factor that 
acts as an upstream signal of Notch, is a key regulator of physi-
ological angiogenesis and neovascularization (17-23). The 
Notch pathway is a highly conserved cell regulatory signaling 
system, which is associated with cell proliferation and migra-
tion. Therefore, the present study aimed to investigate the 
regulatory effects of Slit2 on endothelial cell proliferation 
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and migration in vitro, and to reveal the potential role of 
VEGF-Notch signaling in this process.

Materials and methods

Ethics. All procedures were conducted according to a protocol 
approved by the animal care and use committee of Kunming 
Medical University (Kunming, China). Animals were main-
tained and received care at the Laboratory Animal Care 
Center of Kunming Medical University.

Cell isolation and culture. Aortic endothelial cells were 
isolated from Sprague Dawley rats, which were purchased from 
Silaike Experimental Animal Corporation (Shanghai, China). 
The 20 Sprague Dawley rats (age, 8 weeks, body weight, 
260-280 g) were housed in a standard animal room under a 
12-h light/dark cycle, and were allowed ad libitum access to 
food and water. The temperature and humidity of the animal 
room were maintained at 25˚C and 55%, respectively. Briefly, 
rats were anesthetized with 7.5% chloral hydrate (Aoxin 
Chemical Product Co., Ltd., Shanghai, China) and received 
an intraperitoneal injection of 1,250 units heparin (Yezhou 
BioTechnology, Shanghai, China). Rats were then sacrificed 
by rapid cervical dislocation and an incision was quickly 
made in the abdominal skin, in order to expose the aorta, 
which was perfused with PBS containing heparin and was 
then resected. The aortas were placed in Dulbecco's modified 
Eagle's medium (DMEM) and 2% collagenase II solution was 
injected and maintained inside the aorta for 45 min (Gibco; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA). The 
aortas were then washed with DMEM supplemented with 20% 
fetal bovine serum (FBS) (Gibco; Thermo Fisher Scientific, 
Inc.) and endothelial cells were harvested by centrifugation at 
800 x g for 10 min at 4˚C. Subsequently, rat aortic endothelial 
cells (RAECs) were cultured in DMEM supplemented with 
10% FBS, 100 U/ml penicillin and 100 µg/ml streptomycin in 
an incubator containing 5% CO2 at 37˚C.

Immunocytochemistry. Briefly, cultured cells were fixed using 
95% ethanol for 10 min. Antigen retrieval was performed 
using citrate buffer (pH 6.0) at 121˚C for 2 min. After serial 
blocking with hydrogen peroxide and normal horse serum 
(Gibco; Thermo Fisher Scientific, Inc), the cells were incubated 
with a primary monoclonal antibody against Slit2 (1:500; 
cat. no. ab134166; Abcam, Cambridge, MA, USA) for 16 h at 
4˚C. The cells were then sequentially incubated with perox-
idase-conjugated streptavidin (1:200, cat. no. 35105ES60; 
Shanghai Yeasen Biotechnology Co., Ltd., Shanghai, China) 
and were observed under a microscope (Leica AF6000; Leica 
Microsystems, Wetzlar, Germany).

Cell proliferation assay. RAECs were seeded in 96-well plates 
at a density of 1,500 cells/well. After being washed twice with 
serum-free medium, RAECs were incubated in endothelial 
basal medium, TNF-α conditioned medium (10 ng/ml) or 
Slit2 conditioned medium (100 ng/ml) (R&D System, Inc., 
Minneapolis, MN, USA) in a humidified incubator containing 
5% CO2 at 37˚C for 48 h. Cell viability rate was assessed 
using the Cell Counting Kit‑8 (CCK‑8; ToYongBio, Shanghai, 
China). Briefly, 10 µl CCK‑8 was added to each well and was 

incubated for 2 h at 37˚C in a humidified incubator. Absorbance 
was measured at 450 nm.

Cell migration assay. RAEC migration was determined using 
a Transwell system (Corning, Inc., Corning, NY, USA). RAECs 
(cultured in TNF-α or Slit2 conditioned media) in 96-well 
plates were trypsinized and suspended with endothelial basal 
medium at a density of 5x105 cells/ml. To the upper chamber 
of the Transwell system, 100 µl cell suspension was added. 
Endothelial basal medium, TNF-α conditioned medium or 
Slit2 conditioned medium was added to the lower chamber 
(R&D Systems, Inc.). Cells were incubated for 24 h at 37˚C. 
Non-migrating cells on the top surface of the membrane were 
removed using cotton swabs. Cells that had migrated to the 
lower surface of the membrane were fixed with methanol and 
glacial acetic acid, and were stained with 20% Giemsa solution 
for 30 min at 37˚C. The cells were washed twice with PBS. 
Stained cells were observed under an inverted microscope.

Small interfering (si)RNA transfection. Silencer VEGFA 
siRNA (cat. no. AM16708) and non‑specific negative control 
siRNA (cat. no. AM4641) were purchased from Invitrogen; 
Thermo Fisher Scientific, Inc. All siRNA transfections 
were performed using Lipofectamine® MessengerMAX™ 
Transfection Reagent, according to the manufacturer's 
protocol (cat. no. LMRNA001; Invitrogen; Thermo Fisher 
Scientific, Inc.). Briefly, RAECs were seeded in a 96‑well plate 
at a density of 3x103 cells/well in endothelial basal medium 
containing 2% charcoal stripped FBS. After 24 h at 37˚C, 
the cells were transfected with 200 nM siRNA, using 0.25 µl 
Lipofectamine. A total of 16 h post-transfection, transfection 
reagents were removed, and the cells were treated TNF-α 
conditioned media (10 ng/ml) and Slit2 conditioned media 
(100 ng/ml) for 48 h at 37˚C, as indicated in each experiment. 
VEGF knockdown was verified by western blot analysis. The 
number of viable cells and gene expression were determined at 
the end of the experiment.

Western blot analysis. Briefly, RAECs (cultured in TNF‑α 
or Slit2 conditioned media, and/or transfected with VEGF or 
negative control siRNA) in 10 cm culture dish were harvested 
and total cellular proteins were extracted using lysis buffer 
(62.5 mmol/l Tris-HCl, pH 6.8; 100 mmol/l dithiothreitol; 
2% SDS; 10% glycerol). The protein concentrations were 
then determined using the Bio‑Rad Protein Assay (Bio‑Rad 
Laboratories, Inc., Hercules, CA, USA). Equal amounts of 
protein (25 µg/well) were separated by 15% SDS‑PAGE 
and were transferred to polyvinylidene fluoride membranes 
(Bio‑Rad Laboratories, Inc.). The blots were blocked with 
TBS‑1% Tween (TBST) containing 5% nonfat dry milk, and 
were then incubated with VEGF (1:400; cat. no. ab53465), 
Notch1 (1:500; cat. no. ab52627), Notch2 (1:500; cat. 
no. ab8926) and GAPDH (1:400; cat. no. ab37168) primary 
antibodies (Abcam) in TBST containing 5% nonfat dry 
milk overnight at 4˚C (Epitomics, Burlingame, CA, USA). 
Following secondary antibody (1:5,000; cat. no. A0208; 
Beyotime Institute of Biotechnology, Haimen, China) incuba-
tion for 2 h at room temperature, proteins were detected using 
Amersham ECL Prime Western Blotting Detection Reagent 
(GE Healthcare Life Science, Little Chalfont, UK). Bands 
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were visualized using the ChemiDoc MP Imaging system and 
were semi‑quantified with Quantity One v4.62 software (both 
Bio‑Rad Laboratories, Inc.).

Reverse transcription (RT)‑polymerase chain reaction (PCR). 
RAECs were incubated in endothelial basal medium, TNF-α 
conditioned medium (10 ng/ml) or Slit2 conditioned medium 
(100 ng/ml) in a humidified incubator containing 5% CO2 
at 37˚C for 48 h. Total cellular RNA was extracted using 
the TRIzol® Plus Purification kit (Thermo Fisher Scientific, 
Inc.), according to the manufacture's protocol. cDNA was 
synthesized at 50˚C for 50 min and the reaction was termi-
nated at 85˚C for 5 min using SuperScript III First-Strand 
kit (Invitrogen; Thermo Fisher Scientific, Inc.). PCR was 
conducted in a total reaction volume of 25 µl, containing 
18 µl PCR Master Mix, 5 µl cDNA template and 2 µl primers 
(TaqMan™ Gene Expression Assay; Thermo Fisher Scientific, 
Inc.). The PCR cycling conditions were as follows: Initial 
denaturation at 95˚C for 5 min; 35 cycles at 94˚C for 45 sec, 
59˚C for 45 sec and 72˚C for 60 sec; and a final extension step 
at 72˚C for 5 min. Subsequently, 5 µl amplification product was 
separated by 2% agarose gel electrophoresis to detect mRNA 
expression. Primers were designed, synthesized, purified and 
purchased from Shanghai GenePharma Co., Ltd. (Shanghai, 
China) (Table I). GAPDH was used as an endogenous control. 
The results were analyzed with Quantity One v4.62 software 
(Bio‑Rad Laboratories, Inc.).

VEGF determination. Levels of VEGF in the cell culture 
media were determined by electrochemiluminescence using 
an MSD® 96-Well Multi-Array Rat VEGF Assay kit (cat. 
no. L45RA-1; Meso Scale Diagnostics LLC, Rockville, MD, 
USA). The assay has no significant cross reactivity (<0.6%) 
to basic fibroblast growth factor, placental growth factor 
or soluble VEGF receptor 1. The interassay and intra-assay 
coefficients of variation were <12%. The assay was conducted 
according to manufacturer's protocol.

Statistical analysis. Data are presented as the mean ± standard 
deviation. One-way analysis of variance was used to compare 
the differences among more than three groups. Bonferroni 
post‑hoc test was subsequently used to analyze the differ-
ences between two groups. Statistical analysis was performed 
using SPSS 19.0 statistical software (SPSS IBM, Armonk, 
NY, USA). P<0.05 was considered to indicate a statistically 
significant difference.

Results

TNF‑α stimulates endothelial cell proliferation and migra‑
tion in vitro. RAECs were treated with various doses of 
TNF-α for 48 h. As shown in Fig. 1, treatment with TNF-α, 
at doses ranging between 5 and 15 ng/ml for 48 h, resulted in 
a dose- and time-dependent induction of RAEC proliferation. 
Compared with the control group, the number of viable cells 
was increased by 30, 35 and 42% following treatment with 5, 10 
and 15 ng/ml TNF-α for 24 h, respectively (all P<0.05). After 
48 h of treatment with 5, 10 and 15 ng/ml TNF-α, the number 
of viable cells was increased by 46, 60 and 70%, respectively 
(all P<0.05). A Transwell migration assay was preformed to 

determine the migratory ability of RAECs. As presented in 
Fig. 2, the number of migrated cells increased in the TNF-α 
conditioned medium group compared with the endothelial cell 
medium group (P<0.05).

TNF‑α stimulation upregulates VEGF and Notch expression 
in RAECs. TNF-α administration increased VEGF, Notch1 and 
Notch2 expression in RAECs. In order to determine the effects 
of TNF-α on gene expression in RAECs, RT-semi-quantitative 
PCR was used to determine the mRNA expression levels of 
VEGF, Notch1 and Notch2. To determine the effects of TNF-α 
on protein expression in RAECs, western blotting was used 
to determine VEGF, Notch1 and Notch2 protein expression 
levels. A total of 48 h after treatment with 10 ng/ml TNF-α, 
the protein and mRNA expression levels of VEGF, Notch1 and 
Notch were significantly increased (Fig. 3, all P<0.05). Slit2 
expression was not altered following treatment with TNF-α 
(data not shown).

Slit2 inhibits endothelial TNF‑α‑induced cell proliferation and 
migration. To determine whether Slit2 affects TNF-α-induced 
cell proliferation and migration in RAECs, RAECs were 
treated with various doses of Slit2 for 1 or 2 days. Treatment 
with Slit2, at doses ranging between 25 and 100 ng/ml for 24 
or 48 h, resulted in a dose- and time-dependent decrease in 
TNF-α-induced cell proliferation and migration (Fig. 4; all 
P<0.05). These results indicated that Slit2 may inhibit RAEC 
proliferation and migration in a concentration-dependent 
manner.

Slit2 attenuates TNF‑α‑induced VEGF and Notch overex‑
pression in RAECs. The present study initially indicated that 
TNF-α increased VEGF, Notch1 and Notch2 expression in 
RAECs. To determine the role of Slit2 in VEGF, Notch1 and 
Notch2 expression, various doses of Slit2, between 25 and 
100 ng/ml, were added to RAECs for 48 h. A dose-dependent 
reduction in VEGF, Notch1 and Notch2 expression was 
detected following Slit2 administration (Fig. 5). The greatest 
reduction in VEGF, Notch1 and Notch2 expression was 
observed in the 100 ng/ml Slit2 group, compared with the 
other two doses (Fig. 5, all P<0.05). These results suggested 
that Slit2 inhibited the TNF-α-induced increase in VEGF 
and Notch expression.

Table I. Polymerase chain reaction primers.

Gene Primer sequence (5'-3')

VEGF F:GAGGGCAGAATCATCACGAA
 R:GGCTCCAGGGCATTAGACA
Notch1 F:AGCTACTCCTCGCCTGTGGACAA
 R:ACATTAGAGTGCGGCGACGAGGA
Notch2 F:AAAAATGGGGCCAACCGAGAC
 R:TTCATCCAGAAGGCGCACAA
GADPH F:AGCCACATCGCTCAGACA
 R:TGGACTCCACGACGTACT

F, forward; R, reverse; VEGF, vascular endothelial growth factor.
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Slit2 decreases cell proliferation and migration via the 
VEGF‑Notch pathway. VEGF siRNA transfection was 
performed to investigate the role of VEGF in TNF-α-induced 
RAEC proliferation and migration. The results confirmed that 
VEGF siRNA transfection silenced VEGF expression, and 
reduced Notch1 and Notch2 expression (Fig. 6A and B). The 
present study previously indicated that TNF-α increased cell 
proliferation and migration, and upregulated VEGF expres-
sion. Conversely, VEGF knockdown prevented TNF-α-induced 
cell proliferation and migration (Fig. 6C and D). Therefore, 
these data indicated that TNF-α increased cell proliferation 
and migration via upregulating VEGF expression. In addi-
tion, Slit2 inhibited TNF-α-induced RAEC proliferation and 
migration, and reduced TNF-α-induced VEGF and Notch 
overexpression. These results suggested that Slit2 suppressed 
TNF-α-induced RAEC proliferation and migration via the 
VEGF-Notch pathway.

Discussion

The results of the present study confirmed that TNF‑α induced 
RAEC proliferation and migration, and demonstrated that 
VEGF-Notch signaling mediated TNF-α-induced RAEC 
proliferation and migration. Conversely, administration of 

Slit2 inhibited TNF-α-induced endothelial cell proliferation 
and migration, and the inhibitory effects of Slit2 on endothe-
lial cell proliferation and migration were dependent on the 
VEGF-Notch signaling pathway.

At present, it has yet to be fully elucidated how vessels 
choose specific paths to induce angiogenesis. However, the 
regimented and conserved pattern of the vascular network 
suggests that specific genetic programs are responsible for 
its formation. It is well known that vascular endothelial 
proliferation and migration are required for vascular tube 
formation, neovascularization and angiogenesis. Slit2 
is regarded as a chemorepellent that controls migration 
of growth cones during central nervous system develop-
ment (24). Slit2, which is secreted by midline glia, prevents 
axons from crossing the midline, whereas growth cones that 
express low levels of Robo1 are allowed to cross (24). Slit2 
has previously been reported to not only act as a chemore-
pellent, but also as a chemoattract ant (25). Schmid et al 
demonstrated that Slit2 could exert functions as a chemo-
kine, in order to pro mote breast cancer cell migration (26). 
In retrospective clinical studies, it has been reported that 
the expression of Slit2 in patients with breast cancer and 
pancreatic ductal adenocarcinoma was associated with 
incidence and the extent of lymph node metastasis (27,28). 

Figure 1. TNF-α induced cell proliferation of RAECs. (A) Time-course and dose-response of RAEC proliferation following treatment with TNF-α. (B) Number 
of viable cells at 48 h following treatment with various concentrations of TNF-α. RAECs were seeded in a 96-well plate and were treated with various doses of 
TNF-α for 48 h; the number of viable cells was determined at the end of the experiment. Data are presented as the mean ± standard deviation of 6-10 individual 
samples of independent triplicate experiments. *P<0.05 vs. control group. RAECs, rat aortic endothelial cells; TNF‑α, tumor necrosis factor-α.

Figure 2. TNF-α enhanced migratory ability of RAECs. (A) Migration was detected using a Transwell assay (magnification, x100). (B) Compared with the 
control group, the migratory ability of RAECs was significantly increased in the TNF‑α conditioned medium group. A concentration of 10 ng/ml TNF-α 
was used for the migration analysis. The control group was incubated in endothelial cell medium. Data are presented as the mean ± standard deviation of 6 
individual samples of independent triplicate experiments. *P<0.05 vs. control group. RAECs, rat aortic endothelial cells; TNF‑α, tumor necrosis factor-α.



MOLECULAR MEDICINE REPORTS  15:  1981-1988,  2017 1985

Qin et al demonstrated that Slit2 was involved in brain 
metastasis of breast cancer, and low expression of Slit2 was 
associated with poor prognosis and high morbidity of breast 
carcinoma (24). The role of Slit proteins in the regulation 
of angiogenesis remains controversial. Slit2 can either 
promote or inhibit angiogenesis, depending on the molecular 
context (12,29-36). The present study provided evidence 
to suggest that Slit2 may inhibit vascular endothelial cell 

migration in vitro in a dose-dependent manner, which is 
consistent with the findings of previous studies (12,33-35,37). 
Youngblood et al reported that inhibiting Slit activity rescued 
VEGF-induced angiogenesis in vitro and in vivo, as well 
as VEGF-dependent tumor angiogenesis in EPH receptor 
A2 (EphA2)‑deficient endothelial cells and animals (38). 
Furthermore, suppressing Slit activity or Slit2 expression 
in EphA2‑deficient endothelial cells has been revealed to 

Figure 3. TNF-α increased VEGF, Notch1 and Notch2 expression in RAECs. (A) Protein and mRNA expression levels were determined by western blotting 
and polymerase chain reaction, respectively. (B) VEGF, Notch1 and Notch2 protein expression was significantly increased in RAECs following treatment 
with 10 ng/ml TNF-α for 48 h. (C) Compared with the control group, VEGF, Notch1 and Notch2 mRNA expression levels were also significantly increased 
in RAECs in the TNF-α conditioned medium group. GAPDH was used as an endogenous control and the control group was used as a calibrator sample. 
*P<0.05 vs. control group; n=6/group. The experiment was performed in triplicate. RAECs, rat aortic endothelial cells; TNF‑α, tumor necrosis factor-α; VEGF, 
vascular endothelial growth factor.

Figure 4. Slit2 decreased TNF-α‑induced cell proliferation and migration in RAECs. (A and B) RAEC migration was detected by Transwell analysis 
(magnification, x100). RAEC migratory ability was improved by 10 ng/ml TNF‑α; however, Slit2 attenuated the increase in migratory ability. As the added 
concentration of Slit2 increased, the TNF-α-induced migratory ability of RAECs was markedly inhibited. (C) RAEC proliferation was increased by 10 ng/ml 
TNF-α; however, Slit2 ameliorated proliferation in a dose-dependent manner. *P<0.05 vs. control group; ▲P<0.05 vs. TNF‑α group; ◊P<0.05 vs. 25 ng/ml Slit2 
group; ▼P<0.05 vs. 50 ng/ml Slit2 group. RAECs, rat aortic endothelial cells; TNF‑α, tumor necrosis factor-α; Slit2, Slit homolog 2.
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restore VEGF-induced activation of Src and Rac, which are 
required for VEGF-mediated angiogenesis (38).

The present study indicated that VEGF is a major 
mediator of the inhibitory effects of Slit2 on TNF-α-induced 
endothelial cell proliferation and migration. The VEGF 

family is a subfamily of growth factors, which is required 
for promoting endothelial cell proliferation, initiating angio-
genic sprouting and creating vascular structures (39). VEGFs 
include VEGF‑A, VEGF‑B, VEGF‑C, VEGF‑D, VEGF‑F 
and placental growth factor; VEGF-A is the most important 

Figure 5. Slit2 attenuated TNF-α-induced increases in VEGF and Notch expression. (A) VEGF, Notch1 and Notch2 protein expression, as determined by 
western blotting. (B) VEGF, Notch1 and Notch2 mRNA expression, as determined by polymerase chain reaction. Rat aortic endothelial cells were treated 
with 10 ng/ml TNF- for 48 h, and the protein and mRNA expression levels of VEGF, Notch1 and Notch2 were detected. TNF-α induced VEGF, Notch1 and 
Notch2 overexpression was inhibited by Slit2 administration. *P<0.05 vs. control group; ▲P<0.05 vs. TNF‑α group; ♦P<0.05 vs. 25 ng/ml Slit2 group; ▼P<0.05 
vs. 50 ng/ml Slit2 group. TNF-α, tumor necrosis factor-α; Slit2, Slit homolog 2.

Figure 6. Inhibitory effects of Slit2 on TNF-α-induced cell proliferation and migration were mediated via the VEGF-Notch pathway. (A) VEGF levels. RAECs 
were treated with 10 ng/ml TNF-α or 100 ng/ml Slit2, in the presence or absence of VEGF siRNA (200 nM). TNF-α induced an increase in VEGF levels; 
however, Slit2 and VEGF siRNA reduced the expression levels of VEGF [*P<0.05 vs. TNF-α(+)/Slit2(‑)/VEGF(‑)/NS siRNA (‑)‑transfected cells]. (B) Notch1 
and Notch2 protein expression levels were markedly decreased following VEGF siRNA transfection. (C) RAEC proliferation. Slit2 and VEGF siRNA trans-
fection inhibited TNF-α-induced cell proliferation [♦P<0.05 vs. TNF-α(+)/Slit2(-)/VEGF(-)/NS siRNA(-)-transfected cells]. (D) RAEC migration. Slit2 and 
VEGF siRNA transfection inhibited TNF-α-induced cell migration [♦P<0.05  vs. TNF-α(+)/Slit2(-)/VEGF(-)/NS siRNA(-)-transfected cells]. RAECs, rat aortic 
endothelial cells; TNF-α, tumor necrosis factor-α; Slit2, Slit homolog 2; VEGF, vascular endothelial growth factor; NS, non‑specific.
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factor in mediating endothelial cell proliferation (39). VEGF 
receptor 2 is the main receptor that mediates the actions of 
VEGF-A in endothelial cells, such as endothelial cell prolif-
eration and migration, sprouting activity and the formation 
of tubule-like structures (40). VEGF regulates endothelial 
cell activation, proliferation, migration and morphogenesis; 
however, it does not act in isolation. The present study 
demonstrated that TNF-α-induced VEGF-A expression was 
crucial for vascular endothelial cell proliferation and migra-
tion. Conversely, Slit2 administration attenuated VEGF-A 
expression, and endothelial cell proliferation and migra-
tion. Furthermore, the knockdown of VEGF-A expression, 
using a specific VEGF‑A siRNA, completely suppressed the 
proliferation and migration of endothelial cells. In addition, 
VEGF-A knockdown decreased Notch1 and Notch2 expres-
sion in RAECs, which is consistent with the findings of a 
previous study that revealed that VEGF acts upstream of the 
Notch pathway to determine arterial and venous endothelial 
cell fate (19,41). It has previously been demonstrated that the 
Notch pathway is involved in the regulation of endothelial 
cell proliferation, migration and vascular development, since 
the single gene deletion of Notch1 results in severe defects in 
early arterial development (42-44).

In conclusion, these findings indicated that Slit2, by 
acting as a suppressor of VEGF-Notch signaling, may inhibit 
TNF-α-induced endothelial cell proliferation and migra-
tion. Although the precise steps regarding how Slit2 governs 
vascular endothelial proliferation and migration in vivo are not 
well understood, the present study provided a novel insight into 
the regulatory mechanism underlying vascular endothelial cell 
proliferation and migration. These findings may contribute to 
a novel therapeutic target for the control of vascular endothe-
lial cell proliferation and migration.
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