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Abstract
Diabetic retinopathy (DR) is the most common microvascular complication of diabetes
mellitus. Pigment epithelium-derived factor (PEDF) is a strong inhibitor of angiogenesis. Our aim was
to address the predictive value of anti-angiogenic marker(PEDF) for progression of DR.
A total of 118 subjects (healthy, diabetic without retinopathy and diabetic retinopathy) were
studied.Serum angiogenic inhibitor PEDF were determined and the relationship between the DR, levels
of PEDF, age, HbA1c, and duration of diabetes were evaluated.
The mean of PEDF in sera of patients with proliferative diabetic retinopathy (6.74±2.20
Pg/ml) was significantly higher (p=0.01) than that of healthy control (4.25 ± 0.81 Pg/ml);So The levels
of PEDF increases with progress of diabetic retinopathy and thus, increased levels of PEDF in the
blood indicate microvascular damages in diabetic patients and may be predictor of the progression of
DR.
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مستوى عامل الصباغ في مصل مرضى اعتالل الشبكية السكري المتقدم
اعتالل الشبكية السكري هي احدى مضاعفات االوعية الدموية الدقيقة األكثر شيوعا في مرض السكري و عامل الصباغ

الخالصة

)هو مثبط قوي لتولد أوعية دموية غير طبيعية لذلك الهدف من الدراسة هومعرفة وتحديد القيمة التنبؤية للعالمات المضادةPEDF(
.للوعائية لتطور اعتالل الشبكية السكري
 شخص منهم اصحاء واخرون مصابون بمرض السكري دون اعتالل الشبكية السكري وبوجود اعتالل118 شملت الدراسة
 نسبة, العمر,PEDF مستويات,  تم قياس عامل الصباغ في المصل وجرى تقييم العالقة بين اعتالل الشبكية السكري.الشبكية السكري
. ومدة المرض,HbA1c
/  بيكوغرام6,47(  في المرضى الذين يعانون اعتالل الشبكية المتقدمPEDF اظهرت النتائج ان متوسط مستوى المصل
.) مل/  بيكوغرام7,52( مل) أعلى بكثير من االشخاص االصحاء
 في الدمPEDF  يزيد مع تقدم اعتالل الشبكية السكري وبالتالي فان زيادة مستوياتPEDF من ذلك نستنتج ان مستويات
. وربما يكون مؤش ار لتقدم اعتالل الشبكية السكري,تشير إلى أضرار االوعية الدموية الدقيقة في مرضى السكري

. عامل الصباغ, اعتالل الشبكية السكري:الكلمات الدليلية
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affecting millions of working adults
worldwide, in which the retina
progressively damaged leading to
blindness [1].

Introduction
iabetic retinopathy (DR) is one
of
the
most
common
complications of diabetes,

D
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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.
 The two broad categories of DR
are:
a. Non Proliferative Diabetic
Retinopathy (NPDR)
Non proliferative diabetic
retinopathy is characterized by retinal
micro-aneurysms (Ma), intraretinal
hemorrhages (blot, dot, or flame), hard
exudates, soft exudates (cotton wool
spots), venous looping, and/or venous
beading (VB). Moderate to severe
hemorrhage
or
micro-aneurysms
(H/Ma) are significant risk factors for
progression to PDR [4].
b. Proliferative Diabetic Retinopathy
(PDR)
The most severe form of DR is
PDR. Most patients with PDR are at
significant risk for vision loss.
Characteristics of the disease include
new vessels on or within one disc
diameter (1 DD) of the optic disc
(NVD) or new vessels elsewhere in the
retina outside the disc and 1 DD from
disc [5].
There are many methods to
diagnose DR, such as ophthalmoscopy,
fluorescent angiography, and fundus
photography but all of these
ophthalmic diagnostic approaches must

1023 - العدد الرابع- المجلد العاشر-مجلة بابل الطبية

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.
PEDF is a 50-kDa glycoprotein
initially isolated from fetal human
retinal pigment epithelial cells [6] and
was later found to be expressed in
various tissues and cells [7,8],
including endothelial cells, osteoblasts
[9,10], plasma [11], and liver[12].
PEDF is a member of the serpin superfamily of serine protease inhibitors[6].
However, unlike many serpins, PEDF
does not inhibit serine proteases[13].it
is a multifunctional secreted protein [6]
that has anti-angiogenic, antivasopermeability [14], antiinflammatory [15],
antifibrosis [16], antitumorigenic [17]
and neurotrophic [18] functions.
PEDF inhibit the migration of
endothelial cells in vitro in a dosedependent manner and was more
effective
than
angiostatin,
thrombospondin-1, and endostatin
[19]. These results placed PEDF
among the most potent natural
inhibitors of angiogenesis.
PEDF
expression
is
upregulated by angiostatin [20, 21].
Hypoxia leads to the downregulation
of PEDF [21]. This effect is due to the
fact that hypoxic conditions cause
matrix metalloproteinases (MMPs) to
proteolytically degrade PEDF [22].
Secreted PEDF binds a receptor on the
cell surface termed PEDF-R [23].
PEDF enhances gamma-secretase
activity, leading to the cleavage of the
VEGF
receptor
1
(VEGFR-1)
transmembrane domain [24]. This
action interferes with VEGF signaling
thereby inhibiting angiogenesis [25].
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Control include fifty four
subjects:
29
diabetic
non
retinopathy(DNR) with age mean 49.3
±13 years and 25 healthy volunteers
(HC) with no history of diabetes, or
any major clinical disorders with age
mean 47.15±13 years.
 Exclusion criteria
I.
Any acute illness and chronic
disease that may interfere with
the
result
of
measured
parameters
II.
Evidence of nephropathy
III.
Neuropathy
IV.
Coronary heart diseases
V.
Hypertension.
VI.
Smoking and alcohol.
Serum PEDF was measured using
ELISA Kit (BioProducts MD-U.S.A),
blood sugar and glycated Hb
(quantitative colorimetric method in
whole
blood
by
Stanbio
Glycohemoglobin
(Pre-Fil®)
kitTexas) also measured.
Statistical analysis
Statistical
analysis
were
performed using SPSS 17.0 (SPSS Inc,
Chicago, IL, USA), clinical data were
compared by one-way analysis of
variance (ANOVA) and statistical
significance was defined as P< 0.05

Aims of the Study
1- Determination the level of PEDF in
sera of patients with diabetic
retinopathy.
2- Study the relevance between the
level of PEDF and DR.
3- Assessment the relation between
PEDF, duration of diabetes, age, and
HbA1c.
Subjects and Methods
The study was conducted in the
city of Hilla, from December 2011 to
February 2013, this case-control study
enrolled 118 subjects which attended
different medical centers including AlHilla 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
Sixty four 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.

Results
 Characters of patients
The baselines characteristics of
studied groups are summarizes in table
(1).
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Table 1 Clinical parameters of the Study Subjects
Parameters
HC
DNR
NPDR
25
29
42
No.
Age (years)*

47.15
±13

Duration
(years)*
HbA1c (%)

PDR
22

P-value

49.35
±13
5.7
±4

53.81
±8
9.8
±7

51.80
±10
12.2
±6

0.276

9.2
±4
27%

7.3
±2
57%

7.1
±1
71%

0.167

0.003

Patients on
0.082
insulin
therapy (%)
*Values are given as mean ± S.D.,HC: healthy control, DNR: diabetic non retinopathy,
NPDR: non proliferative diabetic retinopathy, PDR: proliferative diabetic retinopathy.

Age (years)

The results of this study revealed
no significant difference in age between
all diabetic groups (DNR, DNPR, PDR)
P value > 0.05 as demonstrated in fig.

(1), and there is significant difference in
duration of diabetes between diabetic
and retinopathy groups (P= 0.003) as
shown in fig. (2).

54
53
52
51
50
49
48
47
46
45
44
43
HC

DNR

DNPR

Figure 1 age in years express as mean of all studied groups
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12

Duration (years)

10

8
6
4
2
0
DNR

DNPR

PDR

Figure 2 Duration of diabetes (mean) in all diabetic groups

Incidence of Retinopathy (%)

Meanwhile there is no significant
difference in HbA1c mean between
DNR, DNPR and PDR groups
(P=0.167) but at the same time the
incidence of retinopathy is higher in

uncontrolled diabetes (HbA1c >7%)
than controlled (HbA1c <7%) as
revealed in fig. (3).

56
54
52
50
48
46
44
42
40
<7%

>7%

HbA1c

Figure 3 Incidence of retinopathy (%) by glycated hemoglobin value
Also those patients on insulin treatment
were found to be 4.5 times more likely
to develop retinopathy than those on
dietary treatment alone (95% C.I. 0.8324.18).
 PEDF
This study shows that the
plasma
level
of
PEDF
was
significantly different between groups
(HC, DNR, NPDR, PDR) (p=0.001) as

shown in fig. (4) and significantly
higher in PDR group compare to HC
group(p=0.002), DNR group (p=0.002)
and NPDR group (P=0.001)
An insignificant relation ship
between PEDF , HbA1c, age, duration,
and insulin treatment (p>0.05) is
detected which indicate that PEDF is
an independent factor in pathogenesis
of diabetes.
887
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7
6.5
6
5.5
5
4.5
4
3.5
3
2.5
2
PEDF

HC
4.25

DNR
4.28

NPDR
4.51

PDR
6.74

Figure 4 Concentration of serum PEDF (mean) in studied groups
was lower in eyes with diabetic
retinopathy, especially in eyes with
PDR [28-31]. 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 [32-33],
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.[34] which
found The plasma level of PEDF in the
PDR group was significantly higher
than that of controls.
The first line in treatment of
diabetic patients is diet regime but
most patients not obey the rules and
doctors will in turn describe drugs
(oral glycemic therapy) and when there
is no or little response or complication
occur insulin treatment will added .
We found that patients on
insulin treatment were 4.5 times more
likely to develop retinopathy than
those on dietary treatment alone. It is
understandable that those on insulin
were more likely to develop diabetic
retinopathy. For type 2 diabetics,

Discussion
If PEDF concentration predicts
adverse outcomes, its measurement
may facilitate risk estimation, and
PEDF-based interventions might be
considered.
PEDF is synthesized in a wide range of
human tissues including the lung,
brain, kidney, and especially the liver
[12], 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 [26],
and it also been suggested that PEDF
significantly inhibits AGE activity[ 27]
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
888
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insulin therapy is typically an
indication that an individual has had
poor blood sugar control on oral
hypoglycemics and, as such, it is also
an indication of more advanced
disease. Diabetic retinopathy would be
expected to be more prevalent under
these circumstances and this result
similar to the results of Xiufen Yang et
al and Hanan Fouadi et al [35,36].
American Diabetes Association
considers HbA1c one of depending
criteria for diagnosis of diabetes and its
measuring became important for
monitoring glycemic control, in this
study we found no significant
difference in HbA1c mean between
diabetic and retinopathy groups (P=0
.167) which is similar to the findings
of many studies :Mojca Globočnik
Petrovič, Ying and Takuya Awata
[37,38,39] And contrast to finding of
other studies like Mostafa Feghhi, and
Manaviat MR[ 40-43] but the
incidence of retinopathy is higher in
uncontrolled diabetes (HbA1c >7%)
than controlled as demonstrated
documented that good glycemic
control remains crucial in prevention
of late diabetic complications . Lastly
the study revealed that with increment
of the duration the risk of retinopathy
increase (p=0 .001) as most of studies
revealed such as those done by Jacek
P. Szaflik, Shinko Nakamura and
Sotoodeh Abhary [37,39,41,43,44]so
duration considered as risk factor for
diabetic retinopathy[45] which may
belong to that when duration of disease
increase, exposure to pathological
factors increase and development of
complication become more likely, in
spite that other studies reveal no
significant difference in duration
between DNR and DR [40,36].
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control. However, the results of our
present study show that the plasma
PEDF levels were significantly higher
in patients with PDR. Furthermore,
studies with paired sets of plasma and
ocular PEDF levels in diabetic patients
may reveal the correlation more
clearly.
References
1. Mohamed Q, Gillies MC, Wong TY.
"Management of diabetic retinopathy:
systematic review". JAMA 2007;
298:902–916.
2. Wild S, Roglic G, Green A, Sicree
R, King H." Global prevalence of
diabetes: estimates for the year 2000
and projections for 2030". Diabetes
Care 2004, 27:1047-1053.
3. WHO."Magnitude and causes of
Visual impairment". 2010.
4.
Early
Treatment
Diabetic
Retinopathy Study Research Group.
"Fundus photographic risk factors for
progression of diabetic retinopathy".
ETDRS
Report
No.
12.
Ophthalmology 1991;98:823-33.
5.
Early
Treatment
Diabetic
Retinopathy Study Research Group.
"Fluorescein angiographic risk factors
for
progression
of
diabetic
retinopathy". ETDRS Report No. 13.
Ophthalmology 1991;98:834-40)
6. Filleur S, Nelius T, de Riese W,
Kennedy RC. "Characterization of
PEDF: a multi-functional serpin family
protein". J. Cell. Biochem. 2009,106
(5): 769–75.
7. Karakousis PC, John SK, Behling
KC,
Surace
EM,
Smith
JE,
HendricksonA, Tang WX, Bennett J,
Milam AH " Localization of pigment
epithelium derived factor (PEDF) in
developing and adult human ocular
tissues". Mol Vis 2001, 7:154-163.
8. Ogata N, Wada M, Otsuji T, Jo N,
Tombran-Tink J, Matsumura M"
Expression of pigment epitheliumderived factor in normal adult rat eye
and
experimental
choroidal

Conclusion
The PEDF level in the blood is
elevated in diabetic patients, especially
in those with PDR compared to healthy
889

Medical Journal of Babylon-Vol. 10- No. 4 -2013

1023 - العدد الرابع- المجلد العاشر-مجلة بابل الطبية

Matsumura, “Expression of pigment
epithelium derived factor and vascular
endothelial growth factor in choroidal
neovascular neovascular membranes
and
polypoidal
choroidal
vasculopathy,” British Journal of
Ophthalmology, 2004; 88. 6, 809–815.
17. H. Yang and H. E. Grossniklaus,
“Constitutive
overexpression
of
pigment epithelium-derived factor
inhibition of ocular melanoma growth
and
metastasis,”
Investigative
Ophthalmology & Visual Science,
2010; 51, 1. 28–34.
18. T. Yabe, D. Wilson, and J. P.
Schwartz, “NFκB Activation Is
Required for the Neuroprotective
Effects of Pigment Epithelium-derived
Factor (PEDF) on Cerebellar Granule
Neurons,” Journal of Biological
Chemistry, 2001; 276, 46, 43313–
43319.
19. Dawson DW, Volpert OV, Gillis P,
Crawford SE, Xu H, Benedict W,
BouckNP " Pigment epitheliumderived factor: a potent inhibitor of
angiogenesis".Science. 1999 285:245–
248.
20. Yang H, Xu Z, Iuvone PM,
Grossniklaus
HE.
"Angiostatin
decreases cell migration and vascular
endothelium growth factor (VEGF) to
pigment epithelium derived factor
(PEDF) RNA ratio in vitro and in a
murine ocular melanoma model". Mol
Vis 2006;12: 511–7.
21. Gao G, Li Y, Gee S, Dudley A,
Fant J, Crosson C, Ma JX. "Downregulation of vascular endothelial
growth factor and up-regulation of
pigment epithelium-derived factor: a
possible mechanism for the antiangiogenic activity of plasminogen
kringle 5". J Biol Chem 2002;277
(11): 9492–7.
22. Notari L, Miller A, Martínez A,
Amaral J, Ju M, Robinson G, Smith
LE, Becerra SP. "Pigment epitheliumderived factor is a substrate for matrix
metalloproteinase type 2 and type 9:

neovascularization" Invest Ophthalmol
Vis Sci 2002, 43(4):1168-1175.
9. Tombran-Tink J, Barnstable CJ"
Therapeutic prospects for PEDF:more
than a promising angiogenesis
inhibitor". Trends Mol Med 2003,
9(6):244-250.
10.
Tombran-Tink
J"
The
neuroprotective and angiogenesis
inhibitory serpin, PEDF: new insights
into
phylogeny,
function,
and
signaling".
Front
Biosci
2005,
10:2131-2149.
11. Petersen SV, Valnickova Z,
Enghild JJ." Pigment-epitheliumderived factor (PEDF) occurs at a
physiologically relevant concentration
in human blood: purification and
characterization". Biochem J 2003;
374:199–206.
12.Sawant S, Aparicio S, Tink AR,
Lara N, Barnstable CJ, Tombran-Tink
J. "Regulation of factors controlling
angiogenesis in liver development: a
role for PEDF in the formation and
maintenance of normal vasculature".
Biochem Biophys Res Commun 2004;
325:408–13.
13. Becerra SP, Sagasti A, Spinella P,
Notario V" Pigment epitheliumderived
factor behaves like a noninhibitory
serpin. Neurotrophic activity does not
require the serpin reactive loop". J Biol
Chem 1995; 270(43):25992-25999.
14. H. Liu, J. G. Ren, W. L. Cooper, C.
E. Hawkins, M. R. Cowan, and P. Y.
Tong,
“Identification
of
the
antivasopermeability effect of pigment
epithelium-derived factor and its active
site,” Proceedings of the National
Academy of Sciences of the United
States of America, 2004; 101, 17,
6605–6610.
15. S. X. Zhang, J. J.Wang, G. Gao, C.
Shao, R.Mott, and J. X.Ma,“Pigment
epithelium-derived factor (PEDF) is an
endogenous antiinflammatory factor,”
FASEB Journal, 2006; 20, 2, 323–325.
16. M.Matsuoka, N. Ogata, T. Otsuji,
T. Nishimura, K. Takahashi, and M.
890

Medical Journal of Babylon-Vol. 10- No. 4 -2013

implications for downregulation in
hypoxia". Invest. Ophthalmol. Vis. Sci.
2005;. 46 (8): 2736–47.
23. Notari L, Baladron V, ArocaAguilar JD, Balko N, Heredia R,
Meyer C, Notario PM, Saravanamuthu
S, Nueda ML, Sanchez-Sanchez F,
Escribano J, Laborda J, Becerra SP.
"Identification of a lipase-linked cell
membrane receptor for pigment
epithelium-derived factor". J. Biol.
Chem. 2006; 281 (49): 38022–37.
24. Cai J, Jiang WG, Grant MB,
Boulton M ."Pigment epitheliumderived factor inhibits angiogenesis via
regulated intracellular proteolysis of
vascular endothelial growth factor
receptor 1". J. Biol. Chem. 2006; 281
(6): 3604–13.
25. Bernard A, Gao-Li J, Franco CA,
Bouceba T, Huet A, Li Z ."Laminin
receptor involvement in the antiangiogenic activity of pigment
epithelium-derived factor". J. Biol.
Chem. 2009; 284 (16): 10480–90.
26. Liu H, Ren JG, Cooper WL,
Hawkins CE, Cowan MR, Tong PY."
Identification
of the antivasopermeability effect of
pigment epithelium-derived factor and
its active site". Proc Natl Acad Sci
USA 2004; 101:6605–6610
27. Inagaki Y, Yamagishi S, Okamoto
T, Takeuchi M, Amano S ." Pigment
epithelium-derived factor prevents
advanced glycation end productsinduced monocyte chemoattractant
protein-1 production in microvascular
endothelial cells by suppressing
intracellular reactive oxygen species
generation". Diabetologia 2003; 46:
284–287.
28. Spranger J, Osterhoff M, Reimann
M, Mohlig M, Ristow M, Francis MK,
Cristofaro V, Hammes HP, Smith G,
Boulton M, Pfeiffer AF ." Loss of
antiangiogenic pigment epitheliumderived factor in patients with
angiogenic eye diseases". Diabetes
2001 50:2641–2645.

1023 - العدد الرابع- المجلد العاشر-مجلة بابل الطبية

29. Ogata N, Tombran-Tink J,
Nishikawa M, Nishimura T, Mitsuma
Y, Sakamoto T, MatsumuraM."
Pigment epithelium-derived factor in
the vitreous is low in diabetic
retinopathy
and
high
in
rhegmatogenous retinal detachment".
Am J Ophthalmol , 2001. 132:378–382
30. Ogata N, Nishikawa M, Nishimura
T, Mitsuma Y, Matsumura M
."Unbalanced vitreous levels of
pigment epithelium-derived factor and
vascular endothelial growth factor in
diabetic
retinopathy".
Am
J
Ophthalmol 2001.134:348–353
31. Boehm BO, Lang G, Volpert O,
Jehle PM, Kurkhaus A, Rosinger S,
Lang GK, BouckN." Low content of
the natural ocular anti-angiogenic
agent pigment epithelium-derived
factor (PEDF) in aqueous humor
predicts progression of diabetic
retinopathy".
Diabetologia
2003.
46:394–400.
32. Zhang SX, Wang JJ, Gao G, Shao
C, Mott R, Ma JX." Pigment
epithelium-derived factor (PEDF) is an
endogenous antiinflammatory factor".
FASEB J 2006; 20:323-5.
33. Tombran-Tink J, Barnstable CJ.
PEDF:" a multifaceted neurotrophic
factor". Nat Rev Neurosci 2003; 4:62836.
34. Ogata N, Matsuoka M, Matsuyama
K, Shima C, Tajika A,Nishiyama T,
Wada M, Jo N, Higuchi A, Minamino
K,Matsunaga H, Takeda T, Matsumura
M. Plasmaconcentration of pigment
epithelium-derived factor in patients
with diabetic retinopathy. J Clin
Endocrinol Metab2007; 92:1176-9.
35. Xiufen Yang, Yu Deng, Hong Gu,
Apiradee
Lim,
Ariunzaya
Altankhuyag, Wei Jia, Kai Ma, Jun
Xu, Yanhong Zou, Torkel Snellingen,
Xipu Liu, Ningli Wang, Ningpu Liu
Polymorphisms in the vascular
endothelial growth factor gene and the
risk of diabetic retinopathy in Chinese

891

Medical Journal of Babylon-Vol. 10- No. 4 -2013

patients with type 2 diabetes Molecular
Vision 2011; 17:3088-3096 .
36.Hanan Fouad1; Mona A. Abdel
Hamid2; Amira A. Abdel Azeem*3;
Hany M. Labib4 and Nervana A.
Khalaf. Vascular Endothelial Growth
Factor (VEGF) Gene Insertion /
Deletion Polymorphism and Diabetic
Retinopathy in Patients with Type 2
DiabetesJournal of American Science,
2011;7(3).
37.Mojca Globočnik Petrovič,1 Peter
Korošec,2 Mitja Košnik,2 Joško
Osredkar,3 Marko Hawlina,1 Borut
Peterlin,4 Daniel Petrovič5Local and
genetic determinants of vascular
endothelial growthfactor expression in
advanced
proliferative
diabetic
retinopathyMolecular Vision 2008;
14:1382-1387.
38. Ying Yang1,2, Bradley T
Andresen2,3, Ke Yang1,4, Ying
Zhang1, Xiaojin Li1,4, Xianli Li1 and
Hui Wang5Association of vascular
endothelial growth factor 2634C/G
polymorphism and diabetic retinopathy
in type 2 diabetic Han Chinese
Experimental Biology and Medicine
2010, 235:1204-1211
39.Takuya Awata, Kiyoaki Inoue,
Susumu Kurihara, Tomoko Ohkubo,
Masaki Watanabe,Kouichi Inukai, Ikuo
Inoue, and Shigehiro Katayama. A
Common Polymorphism in the 5_Untranslated Region of the VEGF
Gene Is Associated With Diabetic
Retinopathy in Type 2 Diabetes
DIABETES , 51, 2002.
40. Mostafa Feghhi, Abdolrahim
Nikzamir, Alireza Esteghamati, Touraj

1023 - العدد الرابع- المجلد العاشر-مجلة بابل الطبية

Mahmoudi,
and
Mir
saeed
Yekaninejad. Relationship of vascular
endothelial growth factor(VEGF) 1405
G/C polymorphism and proliferative
retinopathy in patients with type 2
diabetes.
Translational
Research
2011;158:85–91.
41.Shinko Nakamura & Naoko Iwasaki
& Hideharu Funatsu & Shigehiko
Kitano &Yasuhiko IwamotoImpact of
variants in the VEGF gene on
progressionof proliferative diabetic
retinopathyGraefes Arch Clin Exp
Ophthalmol (2009) 247:21–26
42. Manaviat MR, Afkhami M, Shoja
MR.
Retinopathy
and
Microalbuminuria in Type 2Diabetic
PatientsInt J Endocrinol Metab 2005;
4: 153-157
43.Sotoodeh Abhary,1 Kathryn P.
Burdon,1 Aanchal Gupta,2 Stewart
Lake,1
Dinesh
Selva,2Nikolai
Petrovsky,
3
and
Jamie
E.
Craig1Common Sequence Variation in
the VEGFA GenePredicts Risk of
Diabetic
RetinopathyInvestigative
Ophthalmology & Visual Science,
2009, 50. 12.
44. Jacek P. Szaflik & Tomasz
Wysocki &Michal Kowalski &
Ireneusz Majsterek & Anna I. Borucka
&Janusz Blasiak & Jerzy SzaflikAn
association
between
vascular
endothelial
growth
factorgene
promoter polymorphisms and diabetic
retinopathy Graefes Arch Clin Exp
Ophthalmol 2008; 246:39–43.
45. "Causes and Risk Factors".
Diabetic Retinopathy. United States
National Library of Medicine. 2009.

892

