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Abstract: Aim: To investigate the effect of vascular endothelial growth factor (VEGF) on the expression of pigment 
epithelium-derived factor (PEDF) in retina and the protective effect of VEGF on retinal ganglion cells (RGCs) of rats 
with chronic elevated intraocular pressure (EIOP) and it’s potential mechanism. Methods: 30 females Sprague-
Dawley rats were randomly divided into three groups: EIOP + VEGF group (A), EIOP + vehicle group (B) and sham 
operated + VEGF group (C). The EIOP was introduced by obstructing episcleral veins in Group A and Group B. In the 
Group C, only the bulber conjunctiva was opened without obstructing episcleral veins. Immediately after surgery, 
rats in the Group A and Group C were intravitreously injected with 2 μL of VEGF. In the Group B, rats were intravitre-
ously treated with 2 μL of normal saline. At 3 and 14 days after injection, animals were sacrificed and the eyes were 
collected for preparation of frozen sections. Results: After surgery, the IOP increased significantly in the Group A and 
Group B. There was no significant difference in the IOP at day 3 and day 14 after operation. The PEDF expression in 
the Group A and Group B was higher than that in the Group C. TUNEL staining showed the apoptotic RGCs markedly 
reduced after VEGF treatment when compared with rats without treatment. Conclusion: Intravitreal treatment with 
VEGF may reduce the apoptosis of RGCs in rats with chronic intraocular hypertension. 
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Introduction

Intraocular pressure (IOP), as a risk factor espe-
cially to retinal ganglion cells, has made a bad 
infection to the sight not only for rats but other 
life. And to our knowledge, elevated IOP is the 
most significant single risk factor for the devel-
opment and progression of glaucoma and is 
the only modifiable risk factor thus far identi-
fied conclusively. Many states have show that 
episcleral veins play an important role in the 
intraocular pressure which would induce RGCs 
loss and damage of optic nerve [1].

Vascular endothelial growth factor (VEGF), as a 
factor that can promote angiogenesis, has 
been pointed out that it can facilitate the prolif-
eration of endothelial cells. It would increase 
vascular permeability results in increasing 
interstitial pressure and reducing perfusion 
and increasing hypoxia in cancers, which shows 
a critical role for tumor progression and metas-

tasis in tumor-associated angiogenesis [2]. On 
the other side, VEGF could change the extracel-
lular matrix and have many other biological 
effects, which play important roles in angiogen-
esis [2-4]. And many data in depth also reveal 
that VEGF can exert trophic ,which would be 
likely mediated directly by increasing survival 
and decreasing apoptotic proteins and signals 
as well as indirectly by modulating release of 
proteins that affect neuronal viability, and anti-
apoptotic effects on neurons and glial cells [5, 
6]. These data demonstrate that VEGF is a sig-
nificant factor in many several physiological 
processes of vital movement.

Pigment epithelium derived factor (PEDF), as a 
glycoprotein with a molecular weight of 50 kDa 
approximately 15 kbp long and includes 8 
exons interspersed with 7 introns belonging to 
the non-inhibitory serpin family, has been stat-
ed that own many important effects in physio-
logical processes which include protecting neu-
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ronal cells against apoptosis, stimulating of 
retinoblastoma cell differentiation into neuron 
cells, and facilitating of the growth and viability 
of photoreceptor cells [7, 8]. Therefore, PEDF is 
not only a neurotrophic factor, but also a natu-
ral angiogenesis inhibitor. Current research 
shows that PEDF, as a regulatory factor of cell 
and tissue growth, is expressed in almost all 
mammalian and avian tissues and has numer-
ous important functions. It as a protein gener-
ates great interest in clinical disease pathogen-
esis and potential treatment like a promising 
drug for the therapy of a wide range of neurode-
generative, ophthalmological, and oncological 
diseases. All data suggest that PEDF would 
maybe act as an important means in the treat-
ment of neurodegenerative disorders, including 
Parkinson’s disease in a while future.

In the present study, chronic elevated intraocu-
lar pressure (EIOP) was introduced to rats to 
establish animal model of chronic intraocular 
hypertension. Immunohistochemistry and TUN- 
EL staining were employed to detect the protec-
tive effect of exogenous VEGF on retinal gan-
glion cells (RGCs) in rats with EIOP.

At the same time, β-tubulin has been as a mark-
er for neurons. Many studies have stated it and 
show the necessary for the correct number of 
neurites a neuron generates in vivo [9]. Immu- 
nofluorescence staining was employed to ex- 
plore the relationship between pigment epithe-
lium derived factor (PEDF) and RGCs. 

Materials and methods

Materials

Female adult SD rats were purchased from the 
Experimental Animal Center in Forth Military 

+ vehicle group (B) and sham operated + VEGF 
group (C) (n = 10 per group). All SD rats were 8 
weeks of age, and were age-matched across 
the groups. One eye was randomly selected for 
introduction of EIOP. In the Group A and Group 
B, the EIOP was introduced by obstructing epi-
scleral veins according to previously reported 
[1, 2]. When the intraocular pressure was high-
er than 4.0 kPa, rats were used in the following 
experiments. In the Group C, only the bulber 
conjunctiva was opened without obstructing 
episcleral veins. Immediately after surgery, rats 
in the Group A and Group C were intravitreously 
injected with 2 μL of 0.05 μg/μL VEGF 164 iso-
form at 2.0 mm behind the limbus of cornea 
following aspiration of 2 μL of vitreous humor. 
In the Group B, rats were intravitreously treated 
with 2 μL of normal saline. At 3 and 14 days 
after injection, animals were sacrificed. All the 
procedures were in accordance with the Guide 
for the Care and Use of Laboratory Animals. 
The Guide has been approved by the State 
Council in 1988 October thirty-one. Detection 
of intraocular pressure, fixation of samples, 
preparation of sections, immunohistochemistry 
for retinal PEDF and PEDF and cell counting 
were performed according to previously report-
ed [10-12].

Immunofluorescence double staining (PEDF + 
β-tubulin)

At 14 days after injection, 2 sections were col-
lected from each group and dried for 2 hours at 
room temperature. After washing in 0.01 mol/L 
PBS thrice (3 minutes for each), sections were 
treated with Formaldehyde and hydrogen per-
oxide in formaldehyde at room temperature for 
30 minutes. After washing, sections were incu-

Figure 1. Intraocular pressure at two time points in three groups (n = 5). aP 
< 0.05 vs. C group.

Medical University. TUNEL kit 
(Teva, USA), recombinant rat VE- 
GF (Boster Biotech), βIII-tubulin 
(Jingmei Biotech), PEDF anti-
body (Santa Cruz; USA), VEGF 
antibody (Jingmei Biotech), and 
Tonopen XL pen tonometer 
(Jackson, USA) were used in 
the present study.

Grouping and treatment 

A total of 30 female adult SD 
rats weighing 220-250 g were 
randomly assigned into 3 grou- 
ps: EIOP + VEGF group (A); EIOP 
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bated with 3% goat serum for 1 hour. Following 
incubation with primary antibody (goat anti-rat 
PEDF: 1:50; mouse anti-rat β-tubulin: 1:2500) 
at room temperature over night, sections were 
washed with 0.01 mol/L PBS thrice (3 minutes 
for each). After incubation with secondary anti-
body (donkey anti-mouse secondary antibody 
[red fluorophore]: 1:1000; donkey anti-goat 
secondary antibody [green fluorophore]: 1:400) 
at room temperature for 4 hours in dark, mount-
ing was performed and sections were observed 
under a fluorescence microscope. Positive cells 
presented yellow. Five fields were randomly 
selected at a magnification of ×400, and the 

positive cells were counted. The proportion of 
positive cells was calculated as follow: propor-
tion of positive cells = (∑positive cells/∑total 
cells) ×100%.

TUNEL staining

At room temperature, sections were washed 
with normal saline for 5 minutes. After washing 
in 0.01 mol PBS at room temperature for 5 min-
utes, sections were treated with 100 μL of 10 
μg/mL proteinase K for 5 minutes. Following 
treated with 0.01 mol PBS for 5 minutes at 
room temperature, sections were incubated 

Figure 2. PEDF expression in retina after intravitreous injection of VEGF (×400). A: Group C, day 3; B: Group C, day 
14; C: Group A, day 3; D: Group A, day 14; E: Group B, day 3; F: Group B, day 14.
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with 100 μL of balance buffer at room tempera-
ture for 5 minutes. Then, sections were incu-
bated with 100 μL of TdT reaction compound 
(biotinylated nucleotide, TdT and balance buf-
fer [1:1:98]) in the presence of a plastic cover 
at 37°C for 2 hours. After recovery to room tem-
perature, sections were treated with 2× SSC. 
Reaction was stopped by washing with 2× SSC 
for 15 minutes at room temperature. After 
washing with 0.01 mol PBS at room tempera-
ture twice (5 minutes for each), sections were 
treated with 0.3% H2O2 at room temperature for 
3 minutes to inactivate the endogenous peroxi-
dase. Streptavidin peroxidase HRP was diluted 
with 0.01 mol PBS at 1:500. Sections were 
incubated with 100 μL of incubation buffer for 
30 minutes. After washing in 0.01 mol PBS at 
room temperature twice (5 minutes for each), 
visualization was done with DAB. Following 
washing in deionized water several times, dehy-
dration and mounting were performed. Sections 
were observed under a light microscope. TUNEL 
positive cells presented yellow brown granules 
and the positive cells were counted under a 
microscope as abovementioned.

Statistical analysis

Statistical analysis was done with SPSS version 
12.0. Data were expressed as mean ± stan-
dard deviation (

_
x  ± s). The intraocular pressure 

at two time points was compared with analysis 
of variance, and comparisons between two 
groups were done with Dunnett t test. 
Comparisons of TUNEL positive cells were per-
formed with factorial analysis of variance, and 
comparisons of means between two groups 
were done with LSD-t test. A value of P < 0.05 
was considered statistically significant. 

PEDF expression was observed in the retina of 
three groups. PEDF positive cells were mainly 
found in the retinal pigment epithelium (RPE), 
outer plexiform layer (OPL), inner nuclear layer 
(INL), inner plexiform layer (IPL), retinal ganglion 
cell layer (RGCL) and retinal nerve fiber layer 
(RNFL). The PEDF expression in the Group A 
and Group B was higher than that in the Group 
C and mainly found in the RGCL and RNFL. The 
positive cells were clear and had protrusions 
which extended to the inner nuclear layer. 
Significant changes were also found in the 
Group B and Group A. In the Group B, the num-
ber of PEDF positive cells was larger than that 
in the Group A, and PEDF positive cells were 
mainly found in the RGC and RNFL. In addition, 
marked difference was also noted in the PEDF 
expression at day 3 and day 14 in the same 
group. Moreover, the number of PEDF positive 
cells at day 14 was larger than that at day 3 
(Figure 2).

PEDF positive RGCs

Significant difference was found in the number 
of PEDF positive RGCs between Group A and 
Group B (P < 0.05) and between Group B and 
Group C (P < 0.05). The changes in number of 
PEDF positive RGCs over time were similar in 
Group A and Group B, and the number of PEDF 
positive RGCs at day 14 was larger than that at 
day 3 (P < 0.05). There was no marked differ-
ence in the number of PEDF positive RGCs in 
Group C at two time points (P > 0.05) (Figure 3). 

Immunofluorescence double staining (PEDF + 
β-tubulin)

Under a fluorescence microscope, the PEDF 
positive cells were green, and β-tubulin positive 

Figure 3. Number of PEDF-positive RGCs after intravitreous treatment 
in three group (n = 5). aP < 0.05 vs. all other groups.

Results

Changes in intraocular pressure

Statistical analysis showed the in- 
traocular pressure in the Group A 
and Group B increased dramatically 
after surgery (P < 0.05) when com-
pared with Group C, and there was 
no significant difference in the intra-
ocular pressure at day 3 and day 14 
(Figure 1).

Detection of PEDF expression in 
retina by immunohistochemistry
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Figure 4. Immunofluorescence double staining of PEDF + β-tubulin at retina at 14 days after surgery (×400). A: 
β-tubulin staining (Group C, day 14); B: PEDF staining (Group C, day 14); C: β-tubulin and PEDF double staining 
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cells were red. In the Group C, the cells with 
green fluorescence and red fluorescence were 
found in the ganglion cell layer. The cell protru-
sions extended to the inner plexiform layer, and 
the number of cell body and protrusion was 
small, but they were evenly distributed. There 
was overlapping between green fluorescence 
and red fluorescence. In the Group A, the cells 
with green fluorescence were mainly found in 
the ganglion cell layer, inner nuclear layer, inner 
plexiform layer and pigment epithelium layer. In 
the ganglion cell layer, PEDF positive cells were 

observed, had a large number and evenly dis-
tributed. Cells with red fluorescence were main-
ly found in the ganglion cell layer, and cell body 
was present. The cell protrusion extended to 
the inner plexiform layer and there was overlap-
ping in the red and green fluorescence. In the 
Group B, the cell body and protrusion of cells 
with red and green fluorescence were similar to 
those in the Group A, but the number of cell 
body and protrusion was smaller than that in 
the Group B and higher than that in the Group C 
(Figure 4).

(Group C, day 14); D: β-tubulin staining (Group A, day 14); E: PEDF staining (Group A, day 14); F: β-tubulin and PEDF 
double staining (Group A, day 14); G: β-tubulin staining (Group B, day 14); H: PEDF staining (Group B, day 14); I: 
β-tubulin and PEDF double staining (Group B, day 14).

Figure 5. TUNEL staining of retina after intravitreous injection of VEGF (×400). A: Group C, day 3; B: Group C, day 14; 
C: Group A, day 3; D: Group A, day 14; E: Group B, day 3; F: Group B, day 14.
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TUNEL staining

In the Group B, a large number of TUNEL posi-
tive cells were found in the ganglion cell layer, 
inner and outer nuclear layer, and there was no 
difference in these cells at day 3 and day 14. In 
the Group C, only a small number of TUNEL pos-
itive cells were found in the ganglion cell layer, 
inner and outer nuclear layer, and there was no 
difference in these cells at day 3 and day 14. In 
the Group A, a large number of TUNEL positive 
cells were found in the ganglion cell layer, inner 
and outer nuclear layer, but the number of 
TUNEL positive cells in the ganglion cell layer 
was smaller than that in the Group B. Moreover, 
the number of TUNEL positive cells at day 14 
was smaller than that at day 3 (Figure 5). 

Discussion

VEGF can exert protective effect on the retina 
at elevated intraocular pressure, which is char-
acterized by reduction in apoptotic RGCs. In 
early studies, VEGF was regarded as a cytokine 
whose expression is induced by ischemia and/
or hypoxia and it can promote angiogenesis 
especially in tumor tissue [12]. Studies have 
confirmed that VEGF can facilitate the prolifera-
tion of endothelial cells, promote angiogenesis 
and increase vascular permeability [13, 14]. 
Recently, a variety of studies demonstrate that 
VEGF can exert neurotrophic and neuroprotec-
tive effects. VEGF could protect endothelial 
cells against apoptosis [15]. Currently, some 
studies reveal that VEGF has neurotrophic 
effect [16] and can prolong the survival time of 
cells by inducing angiogenesis which then 
attenuates the brain edema after cerebral isch-
emia/reperfusion and neuron injury. The neuro-
protective effect of VEGF has been a hot topic 
in studies. Our results showed exogenous could 
reduce the apoptotic RGCs in retina at elevated 
intraocular pressure, leading to the attenuation 
of EIOP induced damage to retina. This protec-
tive effect could last for at least 2 weeks. At 14 
days after injection, animals were sacrificed 
and we can find the protective cells and the pro-
tective effect at day 14 was more obvious than 
that at day 3. This might be attributed to that 
the apoptosis of RGCs in the retina is not obvi-
ous, and thus the protective effect of VEGF is 
not evident at this time point. In addition, VEGF 
could also inhibit the degeneration of RGCs in 
the retina at elevated intraocular pressure. In 
the present animal model, the damage to RGCs 

in the retina may cause apoptosis and degen-
eration/death of RGCs. VEGF exerts dual pro-
tective effects to inhibit the apoptosis and 
degeneration.

VEGF can stimulate the growth of neuron and 
simultaneously induce angiogenesis. This chal-
lenging issue is imperative to resolve. 
Oosthuyse et al. [17] proposed that the neuro-
protective effect of VEGF was unrelated to its 
angiogenic effect. VEGF can promote the regen-
eration of neurons after stimulation by regulat-
ing the functions of endothelial cells and neu-
rons. The regeneration of neurons together 
with angiogenesis may improve the repair after 
injury. VEGF may facilitate the regeneration of 
neurons after ischemia [18, 19]. Louissaint et 
al. [20] proposed that VEGF was a factor bridg-
ing the neural growth, neural migration and 
angiogenesis. In the present study, intravitre-
ous injection was done with 2 μL of 0.05 μg/μL 
VEGF, but angiogenesis was not observed, 
which might be related to low dose of VEGF or 
the purity or quality of VEGF or the short-term 
observation. In addition, in rats with elevated 
intraocular pressure, the retinal ischemia due 
to elevated intraocular pressure is a major 
cause of damage to RGCs in the retina. On the 
basis of angiogenic effect of VEGF, VEGF can 
improve the nutrient supply, which is consistent 
with its neurotrophic effect and neuroprotec-
tive effect.

Intravitreous injection of VEGF can induce the 
PEDF expression in the retina. PEDF is another 
neurotrophic factor which is extensively investi-
gated in studies [21, 22]. PEDF can promote 
the survival and differentiation of neurons, and 
specifically protect neurons against apoptosis 
and H2O2 or glutamate induced cytotoxicity. Our 
results showed the neuroprotective effect 
might be partially attributed to the up-regula-
tion of PEDF expression. Of note, we cannot 
exclude that the PEDF expression might act as 
an acute response and thus is not associated 
with neuroprotective effect of VEGF.
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