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Abstract: Diabetic retinopathy (DR) is the most common microvascular complication of diabetes
mellitus. Vascular endothelial growth factor (VEGF) is a major mediator of vascular permeability and
angiogenesis and also an important mediator of retinal ischemia-associated intraocular
neovascularization. Pigment epithelium-derived factor (PEDF) is a strong inhibitor of angiogenesis. The
objective of this study was to demonstrate the correlation between VEGF and PEDF in DR. A total of 117
subjects (healthy, diabetic without retinopathy and diabetic retinopathy) were studied. Serum VEGF and
PEDF were measured. Result revealed a significant positive correlation between PEDF and VEGF
(OR=0.820, p<0.01) in all subjects so the concentrations of PEDF and VEGF predict adverse outcomes,
and their measurement may facilitate risk estimation, and PEDF-based interventions might be considered.
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Introduction

Diabetic retinopathy (DR) is one of the
most common  complications  of
diabetes, affecting millions of working
adults worldwide, in which the retina
progressively damaged leading to
blindness (1).

In the year 2000, there were around 171
million people with diabetes globally,
and by 2030, it is estimated that this
number would increase to 366 million
(2). As the number of persons with
diabetes increases, the development of
microvascular ~ complications  like
retinopathy also rises. DR is responsible
for 4.8% of the 37 million cases of
blindness throughout the world (3). The
mechanisms underlying the
development of DR are not fully
understood; however, with early
detection and treatment, visual loss may
be limited. The magnitude of damage
caused by these  microvascular
complications of diabetes stresses the
need for sensitive markers of screening
for retinopathy. DR is characterized by
gradually progressive alterations in the
retinal microvasculature, leading to
areas of retinal nonperfusion, increased
vasopermeability, and in response to
retinal nonperfusion, pathologic
intraocular  proliferation of retinal
vessels (4, 5).

The two broad categories of DR are:

a. Non Proliferative Diabetic
Retinopathy (NPDR) (6, 7)

b. Proliferative Diabetic Retinopathy
(PDR) (8).

There are many methods to diagnose
DR, such as  ophthalmoscopy,
fluorescent angiography, and fundus
photography but all of these ophthalmic
diagnostic ~ approaches  must  be
conducted by efficient ophthalmologists
and require invasive and expensive
procedures. The identification of
peripheral blood biochemical

parameters including angiogenic profile
for DR could be helpful for early
detection and management of patients
with DR before vision loss.

VEGF is a 45-KDa homodimeric
glycoprotein (9), has initially drawn
much attention as an important mediator
of retinal ischemia-associated
intraocular  neovascularization (10).
VEGF a major mediator of vascular
permeability and angiogenesis (11),
therefore may play a pivotal role in
mediating the  development and
progression of DR. Diabetic retinopathy
IS characterized by vascular
permeability, increased tissue ischemia,
angiogenesis and increase oxidative
stress. VEGF expression is induced by
hypoxia and certain cytokines (12, 13,
14).

VEGF is expressed in multiple cells and
tissues including skeletal and cardiac
muscle (15), osteoblasts, macrophages,
keratinocytes (16), brown adipose
tissue, CD34 stem cells (17),
endothelial cells, fibroblasts, and
vascular smooth muscle cells (18).
VEGF dimers bind to two related
receptor tyrosine kinases, VEGF R1
(also called FItl) and VEGF R2 (FIk-
1/KDR), and induce their
homodimerization and
autophosphorylation (19, 21, 22). These
receptors have seven extracellular
immunoglobulin-like domains and an
intracellular  split  tyrosine  kinase
domain. They are expressed on vascular
endothelial cells and a range of non-
endothelial cells. Although VEGF
affinity is highest for binding to VEGF
R1, VEGF R2 appears to be the primary
mediator of VEGF angiogenic activity
(19, 20).

PEDF is a 50-kDa glycoprotein initially
isolated from fetal human retinal
pigment epithelial cells (23) and was
later found to be expressed in various
tissues and cells (24,25), including
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endothelial cells, osteoblasts (26,27),
plasma (28), and liver(29).PEDF is a
member of the serpin super-family of
serine protease inhibitors(23). However,
unlike many serpins, PEDF does not
inhibit serine proteases(30).It is a
multifunctional secreted protein (23)
that has anti-angiogenic,
antivasopermeability (31),
antiinflammatory (32), antifibrosis (33),
antitumorigenic (34) and neurotrophic
(35) functions.

PEDF inhibit the migration of
endothelial cells in vitro in a dose-
dependent manner and was more
effective than angiostatin,
thrombospondin-1, and endostatin (36).
These results placed PEDF among the
most potent natural inhibitors of
angiogenesis.

PEDF expression is upregulated by
angiostatin (37, 38). Hypoxia leads to
the downregulation of PEDF (38). This
effect is due to the fact that hypoxic
conditions cause matrix
metalloproteinases (MMPs) to
proteolytically degrade PEDF (39).
Secreted PEDF binds a receptor on the
cell surface termed PEDF-R (40). PEDF
enhances gamma-secretase activity,
leading to the cleavage of the VEGF
receptor 1 (VEGFR-1) transmembrane
domain (41). This action interferes with
VEGF signaling thereby inhibiting
angiogenesis (42).

Aims of the Study

Determination the level of VEGF and
PEDF in sera of patients with diabetic
retinopathy.
Assessment the relation between VEGF
and PEDF.

Subjects and Methods

The study was conducted in the city of
Hilla, from December 2011 to February

2013; this case-control study enrolled
117 subjects which attended different
medical centers including Al-Hilla
teaching general hospital, and Marjan
medical city. Informed consent was
obtained from all participants; the
practical side of the study was
performed at general health laboratory
in Hilla and lab of clinic in Al-Hilla
teaching general hospital

64 Patients with DR were divided into 2
groups, group (1): 42 NPDR patients
with age mean 53.8 = 8 years and
group (2): 22 PDR patients with age
mean 51.8 £10 years

those were recruited from the
Ophthalmological Clinic, and had
underwent complete ophthalmological
examination, including best corrected
visual acuity, and slit-lamp examination
with high power condensing lens
(78,90diopter) was done after pupillary
dilation by tropicamide 1% ophthalmic
drops. The examination was performed
by senior ophthalmologist.

Control include 53 subjects : 29 diabetic
non retinopathy(DNR) with age mean
49.3 £13 years and 24 healthy
volunteers (HC) with no history of
diabetes, or any major clinical disorders
with age mean 47.15+13 years.

Serum VEGF and PEDF were measured
using ELISA Kits (BIOO Scientific -
U.S.A and BioProducts MD-U.S.A.

Statistical Analysis

Statistical analysis were performed
using SPSS 17.0 (SPSS Inc, Chicago,
IL, USA) and statistical significance
was defined as P< 0.05
Results

There was a significant difference
in serum VEGF level between studied
groups (P = 0.004), and the highest
level is in PDR group as figure (1)
reveals.
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Serum VEGF Concentration(pg/ml)

HC DMR MNPDR PDR
N VEGF 1236 602.3 604.1 763.8

Figure (1): Mean of serum VEGF concentration in studied groups

Also this study revealed that serum figure (2) and significantly higher in
level of PEDF was significantly PDR group compare to HC group
different between groups (HC, DNR, (p=0.002), DNR group (p=0.002) and

NPDR, PDR) (p=0.001) as shown in NPDR group (P=0.001).
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p=0.003
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Figure (2): Concentration of serum PEDF (mean) in studied groups

In addition there was significant 0.820) in all subjects as figure (3)
positive correlation between serum level shown.
of VEGF and PEDF (P <0.001, r =
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Figure (3): Correlation between serum level of VEGF and PEDF
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Discussion

VEGF plays an important role in
the pathogenesis of diabetic
microvascular complications, as VEGF
involved in the process of new blood
vessel formation. Increased production
of this cytokine (VEGF) can result from
hyperglycemia and subsequent
advanced glycation end products (43,
44).

Hyperglycemia causes an
increased glucose flux through polyol
pathway and generation of AGEs.
Those processes result in enhanced
production of diacylglycerol which is an
activator of protein kinase C (PKC) (45,
46). In the earlier stage of the disease,
this PKC has been implicated in
induction of wvarious cytokines and
angiogenic factors including VEGF
(47 45,46,47,48,49).

Also,  hyperglycemia  causes
alterations of retinal blood flow (50),
loss of pericytes and formation of
microaneurysms which are followed by
the closure of retinal capillaries that
leads to local nonperfusion along with
an increase of vascular permeability and
hypoxia. The hypoxia, in turn, causes
the release of several inflammatory
mediators and angiogenic factors.
VEGF is one of factors that its
expression is induced by hypoxia (51-
53). Both hyperglycemia and hypoxia
are predominant factors in DM which
explain the high levels of VEGF in
DNR and DR groups compared to
healthy control. Those results show a
similarity to Ying Yang et al. result,
Faten et al.,, Sydorova M. et al. and
Hasanain M .et al. results (54-57).

PEDF is synthesized in a wide
range of human tissues including the
lung, brain, kidney, and especially the
liver (29), which may contribute to the
high levels of PEDF in the blood. PEDF
is most likely associated with the
metabolism in patients with diabetes
mellitus and may be associated with

vascular damage. Vascular endothelial
growth factor (VEGF) is a strong
angiogenic factor, and many studies
have demonstrated that VEGF induces
the progression of diabetic retinopathy.

Advanced glycation end
products (AGES) in diabetic patients are
also involved in the leukostasis and
microthrombosis that result in PDR; it
has been suggested that PEDF
counteracts the effects of VEGF (58),
and it also been suggested that PEDF
significantly inhibits AGE activity( 59)
thus, increased levels of PEDF in the
blood of patients with the PDR may be
a response to counteract the activity of
VEGF and AGEs. Previous studies
demonstrated that the level of PEDF
was lower in eyes with diabetic
retinopathy, especially in eyes with
PDR (60-63). These findings indicated
that the decrease of PEDF in the eyes
might be involved in the progression of
diabetic retinopathy and the degree of
retinal  neovascularization  because,
PEDF is a potent anti-angiogenic and
antiinflammatory  cytokine  (64,65),
PEDF may be consumed in the eye with
diabetic retinopathy to counteract the
angiogenic and inflammatory responses
of the endothelial cell. Our study is
consistence with study done by Nahoko
Ogata et al.(66) which found The
plasma level of PEDF in the PDR group
was significantly higher than that of
controls.

In addition presence of positive
correlation between VEGF and PEDF
documents our suggestion that one of
the causes for elevation of PEDF is to
counteract the effects of VEGF (58).

The VEGF and PEDF level in the
blood is elevated in diabetic patients,
especially in those with PDR compared
to healthy control so  their
concentrations predict adverse
outcomes, and their measurement may
facilitate risk estimation, and PEDF-
based interventions might  be
considered.
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