
Research Journal of Medicine and Medical Sciences, 3(2): 111-114, 2008

© 2008, INSInet Publication

Corresponding Author: Lekaa, A. Moemen, Medical Biochemistry Unit, Egypt.

111

Contribution of Vascular Cell Adhesion Molecule 1 (VCAM-1) And Erythropoietin
(EPO)  In the Pathogenesis of Proliferative Diabetic Retinopathy (PDR)

Lekaa, A. Moemen Mona A. Abd Elhamid and Tarek, A. El Belltagi1 1 1

Medical Biochemistry Unit, Ophthalmology unit Research Institute of Ophthalmology, Egypt.1 2

Abstract: Diabetic retinopathy is characterized by increased vascular permeability, ischaemia and

neovascularization that often result in loss of vision. This study tries to clarify the potential role of soluble

vascular cell adhesion molecule (SVCAM-1), and erythropoietin (EPO) levels in pathogenesis of

proliferative diabetic retinopathy. Serum and vitreous samples of sVCAM-1 and EPO were obtained at

the onset of vitrectomy from 20 patients with PDR and 10 patients with macular hole and/or giant tear

were served as controls. sVCAM-1 & erythropoietin were estimated by enzyme-linked immunosorbent

assay (ELISA). A statistically high significant increase of serum and vitreal levels of sVCAM-1 in PDR

patients compared to controls was detected. Also, a highly significant increase of vitreous levels of EPO

in PDR patients compared to controls was detected. A significant decrease  in EPO levels was detected

in PDR patients compared to controls. This study proposed a potential contribution of vitreal levels of

sVCAM-1 and EPO as potentiating effects on aggravating the neovascular pathology on PDR patients.
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INTRODUCTION

Proliferative diabetic retinopathy (PDR) is caused

by structural and functional disorders of retinal vessels.

Complex pathological mechanisms of this process have

not been clearly explained so far .[1]

Diabetic retinopathy is a common and progressive

complication of diabetes mellitus. It is characterized by

the loss of pericytes, hypertrophy of basement

membrane, microaneurysms formation, increased

va scu la r  p e rm ea b i l i ty ,  cap i l la ry  o cc lus io ns ,

neovascularization and fibrovascular proliferation .[2]

Neovascularization  in the retina represents an

advanced stage of severe diabetic retinopathy.

Neovascularization is regulated by complex interaction

among angiogenic growth factor, angiostatic factors and

adhesion molecules . Vascular cell adhesion molecule[3]

(VCAM-1), a member of immunoglobulin supergene

family of cellular adhesion molecules, is involved in

the recruitment of leukocytes; their adhesion to vascular

endothelium, and their migration into surrounding

tissues .  Extracellular domains of VCAM-1 are often[4]

found as soluble  from in serum and body fluids after[5]

cleavage by metalloproteinases.

sVCAM-1 is recognized to be angiogenic in vivo

and in vitro; it is possible that these molecules play a

role in pathogenesis of PDR. 

Erythropoietin (EPO) is a glycoprotein which acts

as major factor for erythropoiesis, stimulating the

formation of red cell by differentiation and by

preventing apoptotic death of EPO responsive erythroid

precursor cells . Hypoxia is the major signal that[6]

stimulates EPO gene expression. EPO is expressed in

adult mammalian retina, which also expresses EPO

receptors . EPO has angiogenic activity in vascular[7]

endothelial cells in vitro, probably by means of EPO

receptor expressed in these cells .  Such angiogenic[8]

activity involves several transduction cascades such as

extracellular signal regulated kinase, signal transducer

and activator of transcription 5 .  The angiogenic role[9]

of EPO in pathogenesis of PDR should be clarified.

Aim of the work: This study tries to clarify the

potential role of sVCAM and EPO levels in

pathogenesis of proliferative diabetic retinopathy.

MATERIALS AND METHODS

This study included 20 male patients who

underwent vitrectomy in Research Institute of

Ophthalmology; females were excluded from the study

to avoid sex variation. 

C Patients and controls are age matched (ranged 45-

65 years) and with the duration of diabetes. All

diabetics are controlled by oral hypoglycemic

drugs.
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C Full ophthalmolgical examination and medical

history was taken for each subject including:

C Measurements of intraocular pressure by

applanation tonometry.

C Slit lamp examination to detect anterior chamber

depth and presence of iris neovascularization. 

C Indirect ophthalmoscopy and biomicroscopy to

evaluate the grade of vitreous proliferation and

detect the presence and nature of macular edema.

C Electroretinogram ERG, Flash ERG used RETI

system, program ISCEV-ERG GF parameter of

background and stimuli of the steps correspond

with minimum standard ISCEV. 

C Flash ERG was subnormal in amplitude and

oscillatory potentials was found in all PDR

patients.

C Oscillatory potentials (OPs) are very sensitive to

ischaemia in localized retinal areas. Therefore, in

situations where the a- and b-waves remain normal

in waveform and amplitude, OP recordings can

indicate mild retinal ischaemia in the inner retina

such occurs in diabetic retinopathy. Thus OP

recordings have sometimes been used as an

indicator of proliferative diabetic retinopathy .[10a]

C Preoperative findings were clarified and clinical

severity was assayed; according to presence and

extent o f fib rovascu la r  t issues ,  vitreous

hemorrhage, tractional retinal detachment.

C Recent vitreous hemorrhage was excluded to avoid

affecting the vitreous samples.

C Fundus fluorescein angiography was done using a

50 field fundus camera, 5 ml of 10% sodium

fluorescein was injected in the anti cubital vein

and photography was carried out.

C Angiography was performed to differentiate

proliferative and non-proliferative retinopathy.

C Patients with previous intraocular surgery were

excluded from the study.

C Also, patients have any other major systemic

disease like hypertension, cardiac diseases or any

other ocular diseases were excluded from the

study. 

C Ten subjects were served as control, they

underwent vitrectomy for macular hole or giant

tear as long as no vitreo-retinal proliferation, nor

ischaemia or inflammation.

C Undiluted vitreous samples were obtained at

surgery, standard 3 port pars plana vasectomy with

sclerotomy for a 4mm infusion canula and the

other 2 sclerotomies for the exchange of

instrument.

C After the sclerotomy ports were placed, the

vitreous cutter was introduced into vitreous body

and a sample undiluted vitreous (0.2 – 0.5 ml) was

aspirated manually into a disposable tuberculin

syringe before turning on the infusion and

completing the surgical procedure.

C Vitreous samples were transferred to sterile tubes,

centrifuged at 10.000 rpm for 5 minutes to remove

contaminating cells. The supernatants were frozen

at -80 c until assay.o 

C Simultaneous venous samples were also obtained

at time of surgery.

C Blood samples were collected in tubes; part on

1EDTA to estimate HBA C, the other part

centrifuged and serum was separated and stored at

-80 c until assay. o

C Routine laboratory investigations were performed,

including kidney function test  and complete[10b]

lipid profile. Triacylglycerol , LDL Cholesterol ,[11] [12]

HDL - cholesterol .[13]

1C Glycosylated hemoglobin (HBA C was determined

by kit provided by BIO – MIDI using ion

exchange chromatography .[14]

C The concentration of VCAM-1 ng/ml in vitreous

and serum samples were measured by enzyme

linked immunosorbent assay (ELISA) Boehringer

Mannheim Germany.

C Estimation of vitreal and surum levels of EPO

mIu/ml was done using also ELISA technique .[15]

Statistical analysis: Statistical analysis was performed

via SPSS package version 9. Mean ± SD were used for

data description. T test dependent and independent

variable. KrusKal Walis ANOVA test analysis of

variance was also performed (Single factor test). P

value < 0.05 is considered significant. Pearson’s

correlation coefficient was also detected . [16]

RESULTS AND DISCUSSION

Results: Results of this study are summarized in table

(1), the results identified:

A statistically high significant increase of serum

and vitreal sVCAM-1 levels in PDR patients compared

to controls P<0.001.

A statistically high significant increase of vitreous

erythropoietin levels in PDR patients compared to

control. P< 0.001.

On the other hand, a statistically significant decrease of

serum erythropoietin levels in PDR patients compared

to controls (P<0.01).

No significant correlation is detected between

serum nor vitreal sVCAM and erythropoietin levels in

PDR patients. (P>0.05).
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Table 1: Mean Levels of serum and vitreous levels (±SD) of sVCAM-1 & Erythropoietin in controls and PDR patients.

Studied group No Serum levels of Vitreous levels of Serum levels of Vitreous levels of
VCAM-1 ng/ml VCAM-1 ng/ml erythropoietin (mIu/ml) erythropoietin mIu/ml

Controls 10 389.7 ± 41 6.1 ± 0.8 24.1 ± 1.2 32.8 ± 1.5
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
PDR Patients 20 662.4 ± 75.9 25.4 ± 4.89 14.5 ± 1.1 365.2 ± 17.1
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
P value < 0.001 < 0.001 < 0.01 < 0.001

P< 0.05 significant
P< 0.01 ¡ < 0.001 highly significant. 

Discussion: In this study; a high significant increase in

serum and vitreal levels of sVCAM-1 in PDR patients

compared to controls. These results were in agreement

with Adamiec J. & OFicjalska-Mlynezak et al , and[1]

Hernández et al . Also Soedamah-Muthu et al.[17] [18]

detected increased serum & vitreous levels of VCAM-1

in PDR patients. These levels were increased with the

progression of retinopathy. Koch et al  demonstrated[19]

a link between cellular adhesion molecules and

angiogensis, they suggested a noval function for

sVCAM-1 in angiogenesis.

The findings of Adamiec & OFicjalska-Mlynezak.

et al  proved remarkable role of immunological and[1]

inflammatory response in the pathogenesis of PDR.

Upregulation of VCAM is critical for leukocyte

migration through endothelial junction into the luminal

surface of vessels in PDR membrane . They also,[20]

suggested that enhanced expression of sVCAM-1 may

play an important role in the development of

proliferative phase of PDR . Chen et al, detected[20] [21] 

induction of VCAM expression in human retinal

vascular endothelial cells via activation of nuclear

factor (NF) kappa B pathway. Thus, sVCAM-1 is

proposed to be involved in aggravation of PDR.

In this study, increased vitreal levels of EPO in

PDR patients compared to controls were detected.

These results are accepted with those of Inomata et

al  and Ismail & Salah Eldin . The role of EPO in[22] [23]

the vitreous fluid of diabetics can be explained by the

fact that EPO promotes the proliferation and

differentiation of erythroid precursors through induction

of antiapoptotic protein and inhibition of apoptosis .[24]

EPO also protects retinal ganglion cells from ischaemia

and reperfusion injury through an antiapoptotic

mechanism . Aiello,  reported that EPO has the[25] [26]

same angiogenic potential on endothelial cells as

angiogenic growth factors.

Diasuke et al.  detected no correlation between[27]

vitreal and serum levels of EPO in PDR patients and

this was accepted by the result of the present study.

The elevated EPO vitreal levels are probably due to

local production in the retina. This elevation is

probably not only due to the breakdown of blood

retinal barrier, but may also due to stimulants other

than ischaemia, such as hyperglycemia, oxidative

stresses, other growth factors. While, Hernández et

al  detected upregulation of EPO expression in human[28]

retina in diabetic without retinopathy.

This study proposed a potential contribution of

vitreal VCAM-1 and EPO on aggravating neovascular

pathology in PDR patients.
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