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Abstract Vitronectin, an integrin- 
binding a-l-glycoprotein with po- 
tent cell-adhesion and prolifera- 
tion-mediating properties, has been 
shown to be incorporated in surgi- 
cally removed membranes from pa- 
tients with proliferative vitre- 
oretinopathy (PVR), proliferative 
diabetic retinopathy (PDR) and 
macular pucker. Therefore we de- 
veloped an ELISA technique to 
quantify levels of vitronectin in hu- 
man vitreous and plasma samples 
in order to be able to evaluate the 
significance of vitronectin in these 
different vitreoretinal diseases. Our 
results indicate a significant in- 
crease of vitronectin in all prolifer- 
ative disorders except idiopathic 
macular pucker. Adjustment of all 
probes to equal total protein con- 

tent yielded a significant increase 
only in PDR (type II diabetes). 
Plasma samples demonstrated a 
significant increase of vitronectin in 
patients with type II diabetes suf- 
fering from PDR. Therefore, break- 
down of the blood-retina barrier 
appears to be the most likely ex- 
planation for the increased levels of 
vitronectin in the vitreous. Our re- 
sults indicate that vitronectin may 
not only be involved in the regula- 
tion of epiretinal membrane forma- 
tion at significantly higher levels in 
patients with type II diabetes, but 
the increase of vitronectin in dia- 
betic plasma may also help to ex- 
plain the pathological alteration of 
the coagulation cascade in diabet- 
ics. 

Introduction 

The glycoprotein vitronectin, also described as serum 
spreading factor, promotes the attachment and prolifer- 
ation of a variety of cells in vitro. It is a regulator of the 
complement cascade [26] and the coagulation system 
[27, 28]. Vitronectin is synthesized by platelets and 
found in the extracellular matrix of surgically removed 
membranes from patients with proliferative vitreoreti- 
nal disorders [40]. Because of its complex functions we 
quantified levels of vitronectin in vitreous and plasma 
samples from patients undergoing vitrectomy for a vari- 
ety of vitreoretinal pathologies. 

Material and methods 

Vitreous samples were obtained from patients suffering from trau- 
matic proliferative vitreoretinopathy (PVR; n=10), idiopathic 
PVR (PVR following rhegmatogenous retinal detachment; 
n = 10), proliferative diabetic retinopathy (PDR; type I diabetes - 
n = 5, type II diabetes - n = 10) and macular pucker (n = 10) by 
aspirating 100 ml of vitreous from the center of the vitreous cavity 
prior to vitrectomy. Patients with apparent intraocular bleeding 
at the time of surgery were excluded from the study. Control 
samples (n = 10) were taken from keratoplasty donor eyes within 
24 h post mortem. Plasma samples were obtained prior to surgery. 
Immunoreactive vitronectin in vitreous and plasma was measured 
using a noncompetitive ELISA method originally described by 
Gomez-Lechon and Castell [12] and especially designed for adhe- 
sion-promoting proteins, with the necessary modification [34] for 
the use of vitreous quantification [38] of vitronectin. In brief, mi- 
cro-ELISA plates were coated with vitreous (1:50) and plasma 
(1:500) samples and vitronectin standards (1 mg/ml) in triplets 
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serially diluted over eight steps. After incubation overnight at 
+4 ° C and rinsing with PBS-Tween (0.1%, Serva) the plates were 
exposed to rabbit-derived anti-human vitronectin (Calbiochem 
681110) for 1 h at 37 ° C. Following the addition of anti-rabbit- 
IgG-F(ab)2-alkaline-phosphatase-conjugated (1:1000, Sigma 
0407) for 1 h, the plates were covered with 50 ml/well 4-nitro- 
phenyl-phosphate (0.5 mg/ml, Merck 6850). Optical density (OD) 
readings were obtained after 30 min using an ELISA reader (MR 
5000, Dynatech). Vitronectin levels were calculated by plotting the 
OD curves of samples against standards. Statistical analysis was 
performed by means of the Mann-Whitney U-test. Protein levels 
were measured using the method described by Lowry et al. [21]. In 
addition to the ELISA we performed sodium dodecylsulfate poly- 
acrylamide gel electrophoresis (SDS-PAGE; Multiphor II elec- 
trophoresis unit, LKB 2117-001) [12] with subsequent western 
blotting after protein transfer to nitrocellulose [35]. The same an- 
tibodies and detection system were used as described above. 
Naphthol AS-MX phosphate (0.4 mg/ml in H20, Sigma N4875) 
and Fast Red TR-Salt (6 mg/ml in 0.2 M Tris, pH 8.2) served as 
substrate for the alkaline phosphatase. 

Results 

S A S - P A G E  and western blott ing 

Vitreous samples of  h u m a n  p o s t m o r t e m  eyes did not  
contain enough vitronectin to be visualized by the as- 
say. However,  all samples f rom patients  with prolifera- 
tive vitreoretinal  disorders (Fig. 1, lanes B E) displayed 
the typical double  band  at 65 and 75 k D a  with a varying 
degree of staining indicative of a different concentra t ion 
of the glycoprotein in the samples. Similarly, vi t ronect in 
could be detected in h u m a n  p lasma from normal  pa-  
tients (lane F) and patients  with diabetes (lane G). 

Table 1 Vitronectin levels (mean ± SD) in vitreous samples (PVR 
proliferative vitreoretinopathy, PDR proliferative diabetic 
retinopathy) 

n Concentration Significance 
(rag/l) (P) 

Controls 10 4.22 + 2.34 
Macular pucker 10 10.77_+ 9.10 NS (0.58) 
Idiopathic PVR 10 27.20-t-17.10 _<0.01 
Traumatic PVR 10 21.34_+ 8.60 _<0.01 

PDR 
Type I diabetes 5 49.88+ 5.75 _<0.01 
Type II diabetes 10 64.53_+26.70 <0.01 

Table 2 Ratio of vitronectin to total vitreal protein 

Total Vitronectin/ Significance 
protein total protein (P) 
(mg/1) 

Controls 10 1.0 4.21 
Macular pucker 10 2.61 4.12 NS (0.65) 
Idiopathic PVR 10 7.18 3.79 NS (0.59) 
Traumatic PVR 10 5.08 4.20 NS (0.87) 

PDR 
Type I diabetes 5 8.78 5.68 NS (0.73) 
Type II diabetes 10 6.53 9.88 _<0.01 

Table 3 Vitronectin levels (mean __+ SD) in plasma 

n Concentration Significance 
(mg/1) (P) 

Controls 10 347.3 _± 114.1 
Macular pucker 10 320.2__ 124.6 NS (0.71) 
Idiopathic PVR 5 321.6_+ 83.8 NS (0.73) 
Traumatic PVR 10 372.4_+ 72.8 NS (0.91) 

PDR 
Type I diabetes 5 422.2_+131.1 NS (0.37) 
Type II diabetes 10 573.5 __ 154.0 _< 0.01 

Fig. 1 Western blot: a double band at 65 and 75 kDa indicates 
vitronectin. A Molecular weight standard, B macular pucker, C 
idiopathic PVR, D traumatic PVR, E PDR (type II diabetes), F 
normal plasma, G diabetic plasma 

Vitronectin levels in vitreous 

There was a significant increase in vitronectin concen- 
t ra t ion in mos t  of the different proliferative disorders 
compared  with h u m a n  p o s t m o r t e m  eyes; macula r  
pucker  was an exception. In control  samples only minor  
amoun t s  of vitronectin could be detected. 

Since the concentra t ion of a vitreal protein is influ- 
enced not  only by local synthesis but  also by p lasma 
exudat ion due to disturbances of the blood-eye barrier, 
we determined the ratio between total  vitreal protein 
content  and vitronectin levels. Protein levels were ele- 
vated in all disorders. However,  a significant relative 
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increase of vitronectin levels could be detected only in 
the vitreous derived from patients with type II diabetes 
and PDR. 

Vitronectin levels in plasma 

Compared with healthy control groups and patients 
with nondiabetic proliferative vitreoretinal disorders, all 
diabetics displayed an increase of plasma vitronectin 
levels, but only in patients suffering from PDR with type 
II diabetes was this difference statistically significant. 

Discussion 

In 1967, Holmes described an adhesion-promoting 
protein with a molecular weight of 65 75 kDa in human 
serum [15]. Because of its high affinity to plastic surfaces 
and its effects on spreading of various cultured cells (e.g. 
epithelial cells, fibroblasts), it has been named vitronect- 
in, S-protein or serum spreading factor [1, 2, 13]. Plasma 
vitronectin is predominantly derived from the liver [30], 
but platelets [25, 30], megakaryocytes and mesothelial 
cells also have been shown to synthesize vitronectin [18]. 
This a-l-glycoprotein belongs to the family of integrin- 
binding proteins such as fibronectin, fibrinogen, von 
Willebrand factor and thrombospondin, which feature 
similar cell-surface receptors [4, 17, 19, 31]. 

We have recently described the colocalization of vit- 
ronectin and fibronectin in the extracellular matrix of 
membranes surgically removed from patients with dif- 
ferent proliferative vitreoretinal disorders [40]. Fi- 
bronectin and vitronectin receptors were also equally 
distributed on cellular surfaces in intravitreal mem- 
branes [9, 41]. However, the amount of immunoreactive 
vitronectin appeared to be higher in patients with PDR 
than in those with PVR. Since the methods used in this 
study were qualitative rather than quantitative, our goal 
was to demonstrate the actual differences by measuring 
the vitronectin concentration in vitreous. The average 
level for vitronectin in healthy individuals (347.3 mg/1 +_ 
114.1 mg/ml) correlated well with the results of other 
authors [30, 34] who reported plasma levels of 250- 
450 mg/1, indicating the validity of our test. 

Vitronectin levels were significantly increased in 
traumatic and idiopathic PVR but not in eyes with mac- 
ular pucker. Possible sources of elevated vitronectin lev- 
els in the vitreous include local production and break- 
down of the blood-retina barrier. Although vitronectin 
has predominantly been associated with platelets, some 
authors describe the possibility of vitronectin synthesis 
by monocytes and macrophages [13]. These cells are 
thought to be involved in cellular spreading and prolif- 
eration as a characteristic feature of the eye's reaction 
towards vitreoretinal trauma [22, 42] and have been im- 

munohistochemically demonstrated in epiretinal mem- 
branes [14, 36, 39]. In macular pucker, only few 
macrophages are detected [10] and our finding of a non- 
significant increase of vitreal vitronectin correlates with 
the slow progression of this disease. To prove intraocu- 
lar synthesis of vitronectin, however, further investiga- 
tions such as in situ hybridization will have to be carried 
out. 

The low level of total vitreal protein reflects the min- 
imal breakdown of the blood-retina barrier in macular 
pucker. In traumatic and idiopathic PVR, blood-retina 
barrier breakdown is much more pronounced, as indi- 
cated by the high levels of intravitreal protein. Similary, 
vitronectin levels are elevated in these groups. 
Campochiaro and co-workers noted that vitreous aspi- 
rates from patients with proliferative vitreoretinal disor- 
ders stimulate retinal pigment epithelial cell migration 
[5]. Other authors demonstrated the chemoattractant 
activity of pathological vitreous to human scleral fi- 
broblasts [43]. The detection of high vitronectin levels in 
our study and the findings of elevated fibronectin levels 
in PVR in another study [37, 38] could in part account 
for these stimulatory effects. However, only absolute 
levels of fibronectin were elevated in the latter study. In 
comparison with total vitreal protein relative fibronect- 
in levels were not significally elevated, as was true in our 
study for vitronectin in most disease entities. However, 
in patients with type II diabetes and PDR the relative 
rise in vitronectin was significant (P <__0.01). Although 
fibronectin is a high-molecular-weight protein (220- 
440 kDa), a selective breakdown of the blood-retina 
barrier for the much smaller (75 kDa) vitronectin 
molecule only in patients suffering from PDR with type 
II diabetes and not in the other group seems rather un- 
likely, pointing to an additional source of damage. A 
possible explanation is given by the high plasma level of 
vitronectin in patients with type II diabetes (Table 3). 
Musso and co-workers reported a similar increase for 
fibronectin levels in the plasma of patients with diabetes 
mellitus; however, no distinction was made between 
type I and type II diabetes and the occurrence of PDR. 
The increase was explained as being due to increased 
vascular endothelial synthesis and release [24]. Since 
neovascularization is a dominant feature of PDR, the 
description of vitronectin synthesis and secretion by 
mesothelial and arterial smooth muscle cells [27] points 
to a vascular source of intravitreal vitronectin in addi- 
tion to the breakdown of the blood-retina barrier as the 
most likely explanation for the increased levels of vit- 
ronectin in the vitreous. 

Diabetes mellitus has long been associated with in- 
creased fibrinogen turnover and high risk of throm- 
boembolic complications due not only to micro- or 
macroangiopathy but also to a shift in coagulation 
parameters [16]. The reason for this has not yet been 
determined. Alteration of coagulation parameters, espe- 
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cially increased levels of ant i thrombin  III, in patients 
with diabetes mellitus have been reported by many au- 
thors [6, 20]. Our findings of elevated plasma levels of 
vitronectin in diabetic patients is important ,  since vit- 
ronectin has been shown to inhibit the heparin-cata- 
lyzed inhibition of thrombin  by ant i thrombin I l l  [29]. 
Vitronectin has also been shown to stabilize type 1 plas- 
minogen act ivator  inhibitor (PAI-1), a physiological in- 
hibitor  of both  tissue-type plasminogen act ivator  and 
urokinase-type plasminogen activator, key enzymes in 
the initiation of fibrinolysis [23]. Also, the binding of 
PAI-1 to the extracellular matrix is mediated by serum- 
derived vitronectin [32]. Acquired deficiencies of vit- 
ronectin have been found in patients with disseminated 
intravascular coagulat ion [7]. In vitro studies indicate 
increased fibrinogen turnover  in diabetes and heparin 
infusion restorat ion of fibrinogen survival [16]. The dif- 
ference between levels of vitronectin in patients with 
type II diabetes and those in type I diabetes may in part  

be explained by the sometimes highly significant corre- 
lation of coagulat ion factors with age [6]. Setiadi and 
co-workers have demonstra ted the increase of endothe- 
lial cell growth by sera from diabetic patients with pro- 
liferative ret inopathy [33]. A possible explanation of 
these findings may be found in the elevated vitronectin 
level, since vitronectin may regulate the organization of 
its respective A r g - G l y - A s p  adhesion receptor in cul- 
tured human endothelial cells [8]. In conclusion, vit- 
ronectin may not  only be involved in the regulation of 
epiretinal membrane  formation at significantly higher 
levels in patients with type II diabetes; the increase of 
vitronectin in diabetic plasma may also help to explain 
the pathological  alteration of the coagulat ion cascade in 
diabetes [3]. 
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