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Abstract: Diabetic retinopathy is characterized by basement membrane thickening and damage and

proliferation of endothelial cells. Hyperplasia and damage in the microvascular system of the eye.

Preretinal neovascularisation with its complications (proliferative diabetic retinopathy (PDR), rubeosis

iridis) and diffuse and localised retinal oedema are the two threatening complications of diabetic

retinopathy. The purpose of this study was to evaluate the serum and vitreous levels of vascular cell 

adhesion molecule (VCAM)-1 and vascular endothelial growth factor (VEGF) in diabetic patients with  

proliferative diabetic retinopathy (PDR). Also, to determine if there is any correlation between VCAM-1

and (VEGF). Serum and vitreous fluid samples were obtained simultaneously at the onset of vitrectomy  

from 20 diabetic patients with PDR and 12 non-diabetic control subjects with macular hole. VCAM-1 and  

VEGF were determined by enzyme-linked immunosorbent assay (ELISA). Serum and vitreous levels of 

VECAM-1 and VEGF were significantly elevated in PDR patients compared to control subjects. A direct

correlation between VCAM-1 and total vitreous proteins was detected in diabetic patients. Also, a positive  

correlation was detected between vitreous levels of VEGF and VECAM. These results suggest that

intraocular production of VECAM might be more important in mediating inflammatory and

fibroproliferative processes than angiogenesis itself. In addition, the direct correlation detected between 

VCAM-1 and VEGF suggests that cellular adhesion and neovascularization may be linked processes.  
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INTRODUCTION

Proliferative diabetic retinopathy (PDR) is

characterized by neovascularization and vessel intrusion 

into the vitreous body, with subsequent bleeding and 

fibrosis surrounding new vessels, leading to severe 

visual impairment . Ischemic areas of the retina seem[1  

to be essential stimuli for the angiogenic process 

mediated by specific growth factors. This includes the

expression of vascular endothelial growth factor

(VEGF) by retinal glial cells and vascular endothelial 

cells . It is thought that capillary occlusion by[2]  

increased adhesion of leukocytes and macrophages to 

the endothelium has a crucial role in the process of 

retinal ischemia . In addition, monocytes exposed to[3]  

glycated collagen show increased adhesiveness, and

several studies indicate that circulating leukocytes are 

activated in diabetic patients . [4]

Vascular cell adhesion molecule (VCAM)-1, a

member of the immunoglobulin super-gene family of 

cellular adhesion molecules, is involved in the 

recruitment of leukocytes, their adhesion to vascular

endothelium, and their subsequent migration into

surrounding tissue . Interestingly, the expression of [5]

VCAM-1 has been found in epiretinal membranes from 

diabetic patients with PDR. In addition, it has been 

demonstrated that VCAM-1 promotes angiogenesis both 

in vitro and in vivo and its relationship with VEGF has 

been reported . [6]

VEGF has been cloned and identified as a factor

that causes proliferation of endothelial cells. Four

subtypes (VEGF121, VEGF 165, VEGF 189 and VEGF

206) have been classified by differences in splicing .[7]

VEGF is related to capillary permeability and increase

concentration of plasma VEGF have been suggested as

a predisposing factor for microalbuminuria in type I

diabetes . Also VEGF administered into the vitreous[8]

humor in primates can induce changes similar to

diabetic retinopathy, such as, capillary aneurysm, retinal

hypoxia, increased permeability of retinal vessels,

leakage and rubeosis iridies . Increased VEGF gene[9]

expression has also been reported in background

retinopathy, even before new blood vessels emerge .[10]

The aim of this work is to evaluate the serum and
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vitreous levels of vascular cell adhesion molecule 

(VCAM)-1 and vascular endothelial growth factor

(VEGF) in diabetic patients with proliferative diabetic  

retinopathy (PDR) and the relationship of VCAM- and 

(VEGF).

MATERIALS AND METHODS

The studied subjects were 20 patients with PDR

with type 2 diabetes. Full ophthalmological examination

and medical history was taken for each patient

including: 

C Slit lamp biomicrscopy to determine anterior

c h a m b e r  d e p th  a n d  p r e s e n c e  o f  i r i s

neovascularization . 

C Intraocular pressure measurement by applanation

tonometry.

C Indirect ophthalmoscopy to evaluate the grade of

vitreous proliferation.

C Fundus fluorescein angiography (FFA) 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 The pre-operative findings were recorded and the

clinical disease severity was classified, according

to the presence and extent of active fibro-vascular

tissue, vitreous hemorrhage, tractional retinal

detachment (with or without retinal tears). Recent

vitreous hemorrhage was excluded to avoid

affecting the vitreous samples. 

C FFA was performed in patients with diabetic

re tinopa thy to  d ifferentiate  be tween non

proliferative and proliferative retinopathies and

determine the presence and nature of macular

oedema.  

The control group included 12 patients who were

undergoing vitrectomy for idiopathic macular hole,

since this disorder is caused by vitreo-macular traction

occurring before posterior vitreous detachment occurs

and there are no signs of ischemia, proliferation or

inflammation. Therefore, it is believed that vitreous

fluid samples from patients with macular holes is most

similar in constitution to that of normal eyes.

Sample Collection: The technique used is the standard

three port parsplana vitrectomy with one sclerotomy for

a 4 mm infusion canula and the other 2 sclerotomies

for the exchange of instruments. After the sclerotomy

ports were placed, the viteous cutter was introduced

into the vitreous body and a sample of undiluted

vitreous (0.2-0.5ml) was aspirated manually into a

disposable tuberculin syringe before turning on the

infusion and completing the surgical procedure.

The vitreous samples were transferred to a sterile

tube, placed immediately on ice and centrifuged for 5

min, the samples were rapidly frozen at-80 c until

assayed. Samples of venous blood were collected in a

1tube, part on EDTA to estimate HbA c, and the other

part centrifuged and serum was separated and stored at

– 80 C until assayed.o

Laboratory Assays:

VCAM-1 Method Assay: Concentrations of VCAM-1

(ng/ml) in vitreous and serum samples were measured 

by enzyme-linked immunosorbent assay (ELISA)

(Boehringer Mannheim, Germany) .   (11)

VEGF M ethod: The VEGF concentration was

measured by an enzyme linked immunosorbent assay

(ELISA) using kit supplied by (Biosource International,

Inc, USA) . [12]

Protein Method Assay: Using the Bradford method .[13]

This is a widely sensitive colorimetric method that

quantifies proteins based on the principle of protein dye

binding.

1M easuring HbA c:  with a cation exchange

chromatography method assessed recent glycaemic

control. The procedures is a micro-chromatographic

methodology for the quantitation of glycosylated

hemoglobin (non diabetic reference 5.5%- 7.7%) Glyco-

HbQuick Column procedure (Helana) .              [14]

Statistical Analysis: Data was expressed as mean ±SD.

The two groups were compared using the Anova;

single factor test .The degree of association between

the variables was assessed using Pearson’s correlation

coefficient (r), where values of p < 0.05 were

considered significant.

RESULTS AND DISCUSSION

Table 1: Characteristics of PDR patients and controls

included in this study. 

Table 2: Results of all measurements made in serum

and vitreous fluid of diabetic patients with PDR and 

control subjects.

Serum VECAM 1 levels in PDR patients were

significantly elevated than that of controls 260±103 and

207±71.7 p>0.05 respectively. Also, Serum VEGF

levels in PDR patients were significantly elevated than

that of controls 30.2± 11.8and 22.1 ±9.2 p>0.05

respectively.

Vitreous  protein levels were significantly higher

in  patients  with PDR  than in control subjects 

(5.8±3.2  mg/ml  vs.  1.35±0.3  mg/ml, (P  > 0.001).
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Table 1: Characteristics of PDR patients and controls.

    PDR Controls

Number (n)      20   12

Sex (M /F)     9/11   5/7

M ean age ± SD  69.1 ±  8.3 56.4 ± 8.4

Duration of diabetes  12.6 ± 8.4    -

Treatment  Insulin or oral    -

 hypoglycemic drugs.

1Table 2: Levels of H bA c% , VCAM -1, VEGF, and total proteins

in diabetic patients with PDR and control subjects. 

PDR patients Controls   P

Serum

1HbA c% 9.5 ± 2.1 4.5± 2.01 < 0.05

VCAM -1 (ng/ml) 260±103 207±71.7 < 0.05

VEGF (pg/ml) 30.2± 11.8 22.1 ±9.2 <0.05

Vitreous

VCAM -1 (ng/ml) 57.1±5.9 32±2.5 <0.01

VEGF (pg/ml) 833.7±281.3 32.9±.18.1 <0.001

Proteins (mg/ml) 5.8±3.2 1.35±0.3 <0.001

Fig. 1:

Fig. 2:

vitreous concentration of VCAM-1 was significantly 

higher in the diabetic patients with PDR than in the 

control subjects (57.1±5.9 ng/ml  vs. 32±2.5 ng/ml, P>

0.01). Furthermore, a direct correlation between 

VCAM-1 and vitreous proteins was detected in diabetic

patients, but not in control subjects (Fig. 1). The

vitreous VEGF concentrations were significantly higher

in diabetic patients with PDR than in control subjects 

(833.7±281.3pg/ml vs. 32.9±.18.1pg/ml, P  > 0.001). No  

correlation between VEGF and vitreal protein 

concentration was detected in either the diabetic 

patients with PDR or the control subjects. Vitreous 

concentration of VEGF was significantly higher  than 

that obtained from serum in diabetic patients

(833.7±281.3pg/ml vs. 30.2± 11.8pg/ml, p>0.001. In 

contrast, serum concentrations of VCAM-1 were higher 

than vitreous levels in diabetic patients (260±103ng/ml 

vs. 57.1±5.9 ng/ml, p>0.001. There was no significant

1relationship between HbA c% and the vitreous or

serum levels of VEGF and VECAM.Finally, a

correlation  between  vitreous  levels  of  VCAM-1 

and VEGF was observed in diabetic patients with PDR 

(r = 0.74, P >0.01), (Fig 2). 

Discussion: Vitreous fluid obtained from diabetic

patients with PDR, during vitrectomy, is a unique

material for indirectly exploring the retinal synthesis of 

several proteins, such as growth factors and soluble 

adhesion molecules . However, the vitreous increase[15]

of a particular protein does not necessarily signal

intraocular production; it could reflect only the 

unspecific increase of total vitreal proteins observed in 

these patients caused by the disruption of the blood- 

retinal  barrier. In this regard, it was previously 

reported that the concentrations of vitreous proteins

were higher in diabetic patients with PDR than in

control subjects . Also it must be kept in mind that[15]

serum levels could influence the vitreous concentration 

of a particular protein . To circumvent this problem, [16]

in the present study, diabetic patients and control 

subjects were matched by serum levels of both VCAM- 

1 and VEGF. 

In the present study, vitreous and serum VCAM-1

levels were increased in diabetic patients in absolute 

terms. Soedamah et al.  detected increased serum[17]

levels of VCAM-1 in diabetic patients with PDR. 

Moreover, circulating levels of various adhesion 

molecules increase in patients with progressively

worsening retinopathy, presumably as a result of

shedding from both activated leukocytes and injured 

epithelium. However, systemic levels of VCAM-1 do 

not reflect the local production of VCAM-1 by the 

retina. Vitrectomy fluid samples obtained from diabetic

patients with PDR are currently being used to explore

indirectly the retinal synthesis of several proteins, 

including growth factors, cytokines, and adhesion 

molecules. Two previous studies demonstrated that 

soluble VCAM-1 is increased in the vitreous cavity of 

diabetic patients with PDR compared with the vitreous

of patients undergoing macular hole repair . [18 ,19]

Also, the positive correlation between VCAM-1in

the vitreous and total vitreal proteins in diabetic

patients with PDR suggests intraocular production of

VCAM-1 in those patients, however, there is relevant 

information arguing the contrary . To explain these (20)

opposing data, it is tempting to hypothesize that 

VCAM-1 is quenched by the retina in the passage from 

the blood stream to the vitreous fluid. In addition, 
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locally produced VCAM-1 might also remain in the 

retina by virtue of its adhesive properties. Therefore,

both serum-derived and intraocular-synthesized VCAM-

1 might be partly retained in the retina, thus developing 

its pathogenic action .  [19]

VEGF is a potent stimulus of vascular permeability

and p lays a  major  ro le  in  the  in traocular 

neovascularization in PDR. W e found higher 

intravitreous concentrations of VEGF in diabetic

patients with PDR than in control subjects. In addition, 

vitreous levels of VEGF in patients with PDR were

strikingly higher than serum VEGF concentrations. Our

results are in agreement with that of Funatsu et al[21]

who postulated that intraocular synthesis of VEGF, not 

serum diffusion, is the primary contributing factor to 

the high VEGF concentration observed in vitreous fluid

from patients with PDR.  

We detected a direct correlation between VCAM-1

and VEGF concentrations in patients with PDR. The  

relationship between VEGF and VCAM-1 has not 

previously been directly investigated in vivo, and there 

are few in vitro studies with divergent results .[22]

However, there is growing evidence in favor of the

direct participation of soluble adhesion molecules in the 

angiogenic process . In this context, our results are[23]

not  surprising, but they deserve confirmative studies. 

It must be noted that there are common pathways, i.e., 

hyperglycemia, advanced glycosylation end products,

and hypoxia involved in the synthesis of both VEGF

and VCAM-1 . In addition, hypoxia has been shown[22]

to increase leukocyte adhesion to the endothelium. 

However, we could not demonstrate any correlation

between glycated hemoglobin and serum or vitreous

levels of VECAM and VEGF. This is because some

patients underwent tightening of their glycemic control

1before surgery, so the HbA c% level at the time of

operation may not necessarily indicate their long term

glycemic control . [22]

Recently, it has been suggested that inflammatory 

cells, such as macrophages and lymphocytes, may be a 

relevant source of both VEGF and VCAM-1,

particularly when activated . These exogenous cells[24]  

may be the main source of both VGEF and VCAM-1

within the ischemic retina. Certainly, macrophages and 

lymphocytes have been identified in epiretinal 

membranes from patients with PDR and activated 

macrophages have been detected in a model of human 

retinal angiogenesis . Altogether, these observations[24]  

support the concept that cellular adhesion and

angiogenesis may be linked processes. 

In conclusion, the higher proportion of VCAM-1

detected in diabetic patients with PDR in comparison 

with that of control subjects suggests that VCAM-1 is 

quenched by diabetic retina. In addition, the direct

correlation observed between VCAM-1 and VEGF 

further supports the concept that cellular adhesion and 

angiogenesis may be linked processes.
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