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Abstract
Aims/hypothesis The aim of this study was to compare the
protein profile of vitreous fluid from diabetic patients with
proliferative diabetic retinopathy (PDR) with that from non-
diabetic patients with idiopathic macular holes (MH). The
mRNA of proteins differentially produced was also assessed
in the retinas from diabetic and non-diabetic donors.
Materials and methods Vitreous humour from type 1
diabetic patients with PDR (n=8) and from non-diabetic
patients with MH (n=10) closely matched in terms of age
were studied. The comparative proteomic analysis was
performed using fluorescence-based difference gel electro-
phoresis (DIGE). Differentially produced proteins (abundance

ratio >1.4, p<0.05) were identified by mass spectrometry.
Expressions of mRNA were measured by real-time RT-PCR
in retinas from ten human eyes obtained at post-mortem (five
eyes from diabetic subjects and five eyes from non-diabetic
subjects).
Results Eight proteins were highly produced in PDR
patients in comparison with non-diabetic subjects: zinc-
α2-glycoprotein (ZAG), apolipoprotein (apo) A1, apoH,
fibrinogen A, and the complement factors C3, C4b, C9 and
factor B). We found three proteins that were underproduced
in PDR subjects: pigment epithelial derived factor (PEDF),
interstitial retinol-binding protein (IRBP) and inter-α-
trypsin inhibitor heavy chain (ITIH2). There was no overlap
in the vitreous levels of the above-mentioned proteins
between PDR patients and non-diabetic control subjects.
The differential production of ZAG, C3, factor B, PEDF
and IRBP was further confirmed by western blot, and was
in agreement with mRNA levels detected in the retina.
Conclusions/interpretation Proteomic analysis by DIGE,
which permits an accurate quantitative comparison, was
useful in identifying new potential candidates involved in
the pathogenesis of PDR.
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DIGE fluorescence-based difference gel
electrophoresis

IRBP interstitial retinol-binding protein
ITIH2 inter-α-trypsin inhibitor heavy chain
MALDI-
MS

matrix-assisted laser desorption ionisation-
mass spectrometry

MH macular holes
PEDF pigment epithelial-derived factor
PDR proliferative diabetic retinopathy
ZAG zinc-α2-glycoprotein

Introduction

Proliferative diabetic retinopathy (PDR) is a leading cause
of blindness and visual impairment among adults aged
<40 years in the developed world [1]. Investigations into
the processes involved in PDR and the testing of new
therapies are limited because of the unavailability of human
retina samples and the lack of diabetic animal models that
faithfully replicate the features of human PDR. In this
regard, vitreous fluid obtained from diabetic patients
undergoing vitreoretinal surgery is currently used as a
surrogate for the retina in clinical research. However, there
are two main confounding factors that could lead to
misinterpretation of the results. First, vitreous haemorrhage,
which often occurs in PDR, can produce a massive influx
of serum proteins, thus precluding the usefulness of the
vitreous fluid when studying the intraocular production of a
particular protein. Second, the disruption of the blood–
retina barrier that occurs in diabetic retinopathy produces an
increase in proteins in the vitreous body of diabetic
patients. Indeed, we have repeatedly detected three- to
fourfold higher levels of intravitreal proteins in diabetic
patients than in non-diabetic subjects [2–4]. Therefore, an
elevated intravitreal level of a particular protein does not
necessarily indicate an increase in intraocular production,
and might simply reflect a non-specific increase in protein
levels due to serum diffusion. In recent years, these
problems have been solved by using a simple methodology
that has enabled us to rationalise the use of vitreous fluid as
a tool for assessing the intraocular production of various
angiogenic and anti-angiogenic factors [5]. Nonetheless, the
volume of vitreous fluid obtained after vitrectomy is
approximately 1 ml and, therefore, only a few peptides
can be analysed simultaneously.

The recent development of proteome analysis has made it
feasible to analyse protein profiles in various cells, tissues and
body fluids with only a small sample [6]. However, few
proteome analyses in human vitreous fluid have been
performed in the setting of diabetic eye disease [7–11], and
no previous quantitative proteomic comparison has been
reported. The aim of the present study was to compare the

protein profile of human vitreous fluid from diabetic patients
with PDR with that of vitreous fluid obtained from non-
diabetic patients with idiopathic macular holes (MH), a
condition in which, in contrast to PDR, the retina is not
affected by neovascularisation. Apart from taking into
account the main confounding factors, discussed above
(vitreous haemorrhage and intravitreal protein concentration)
subjects who had undergone laser photocoagulation in the
preceding 6 months were excluded. This is because a
significant alteration in the balance of intravitreal growth
factors and transcriptional activity in the retina has been
shown following this procedure [12]. To carry out this
comparative proteomic analysis, we used fluorescence-based
difference gel electrophoresis (DIGE) [13]. This technique
provides an accurate quantitative comparison of the two
groups of samples, allowing the identification of proteins
whose levels differ significantly between the two con-
ditions. We also measured the mRNA of proteins differen-
tially produced in retinas from diabetic and non-diabetic
donors.

Subjects and methods

Subjects and sample selection Eight vitreous humours from
type 1 diabetic patients with active PDR and ten vitreous
humours from non-diabetic patients with macular hole
(MH), closely matched in terms of age (48.7±11 vs 48.3±
10 years; p = ns) were selected from our vitreous bank. The
exclusion criteria were as follows: (1) previous vitreoretinal
surgery; (2) photocoagulation in the preceding 6 months; (3)
recent vitreous haemorrhage (<3 months before vitrectomy)
or intravitreous haemoglobin >5 mg/ml; (4) renal failure
(creatinine ≥120 μmol/l); and (5) other chronic diseases apart
from diabetes. Details of vitrectomy and sample collection
have been described previously elsewhere [3].

Five eyes were obtained at post-mortem from diabetic
donors who were free from fundoscopic abnormalities in
ophthalmological examinations performed during the pre-
ceding 2 years. Five eyecups obtained from non-diabetic
donors matched in terms of age were used as the control
group. The time elapsed from death to eye enucleation was
less than 6 h. After enucleation, eyes were snap-frozen in
liquid nitrogen and stored at −80°C.

The protocol for sample collection was approved by the
hospital ethics committee, and informed consent was
obtained from the patients. The study was conducted in
accordance with the principles of the Declaration of
Helsinki.

Vitreous haemoglobin and total protein content Vitreous
haemoglobin and intravitreal protein levels were measured
by spectrophotometry and microturbidimetry, respectively.
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The detailed procedures are described in the Electronic
supplementary material.

Sample preparation for two-dimensional gel electrophoresis
proteomic analysis Samples for the proteomic analysis
were prepared from four vitreous humours from PDR
patients and from six vitreous humours from non-diabetic
patients with MH. Samples were concentrated by ultrafil-
tration. Affinity chromatography was used to remove
albumin and IgG from the samples, which were then
further purified by acetone precipitation. The detailed
procedures are described in the Electronic supplementary
material.

DIGE Protein concentration was adjusted to 2 mg/ml by
the addition of a DIGE labelling buffer (7 mol/l urea, 2 mol/l
thiourea, 4% w/v 3-[(3-cholamidopropyl) dimethylammonio]-
1-propanesulfonate [CHAPS], 30 mmol/l Tris, pH 8.0). A pool
consisting of equal amounts of each of the samples analysed in
the experiment was prepared as an internal standard for
quantitative comparisons [14]. To avoid any possible bias
introduced by labelling efficiency, half of the samples from
each group were labelled with Cy3 dye and the other half with
Cy5 dye. A third fluorescent dye, Cy2, was used to label the
internal standard sample. Labelling was carried out by the
addition of 400 pmol of the required Cy dye in 1 μl of
anhydrous N,N-dimethylformamide per 50 μg of protein.
After 30 min of incubation on ice in the dark, the reaction was
quenched with 10 mmol/l lysine and the samples incubated
for a further 10 min. Samples were combined according to the
experimental design, using 50 μg of protein per Cy dye per
gel, and diluted twofold with isoelectric focusing (IEF) sample
buffer (7 mol/l urea, 2 mol/l thiourea, 4% w/v CHAPS, 2%
dithiothreitol [DTT], 2% pharmalytes, pH 3–10). One PDR
and one MH sample, together with an aliquot of the internal
standard pool, were then separated by two-dimensional
electrophoresis (2-DE) in each of the gels (Fig. 1). This
experimental design allows the accurate quantification and
statistical assessment of the differences in protein abundances
observed between the two sample groups [13].

2-DE was performed using reagents and equipment from
GE Healthcare (Fairfield, CT, USA) (for details see the
Electronic supplementary material).

Fluorescence images of the gels were obtained on a
Typhoon 9400 scanner (GE Healthcare). Cy2, Cy3 and Cy5
images were scanned at excitation/emission wavelengths of
488/520 nm, 532/580 nm and 633/670 nm, respectively, at
a resolution of 100 μm. Both image analysis and statistical
quantification of relative protein levels were performed
using DeCyder v. 5.0 software (GE Healthcare).

Protein identification by mass spectrometry Protein spots
of interest were excised from the gel using an automated spot

picker (GEHealthcare). In-gel trypsin digestion was performed
as described previously [14], using autolysis-stabilised trypsin
(Promega, Madison, WI, USA). Tryptic digests were purified
using ZipTip microtitre plates (Millipore, Billerica, MA,
USA).

Peptide mass fingerprint by matrix-assisted laser desorp-
tion ionisation-mass spectrometry (MALDI-MS) was used
for protein identification. The detailed procedures are
described in the Electronic supplementary material.

Western blot analysis Aliquots of samples used in the
DIGE experiments were analysed by western blotting to
investigate five of the proteins shown by DIGE to be
differentially produced in vitreous fluid from PDR patients
as compared with vitreous fluid from non-diabetic patients
with MH (zinc-α2-glycoprotein [ZAG], C3, factor B,
pigment epithelial-derived factor [PEDF] and interstitial
retinol-l-binding protein [IRBP]). To further evaluate the
reproducibility of DIGE, eight additional vitreous samples
(four PDR and four MH) were analysed by western blot
analysis. For normalisation purposes, an equivalent amount
(5 μg) of soluble protein from vitreous fluid was loaded onto
the gel. The detailed procedures are described in the
Electronic supplementary material. Western blot analysis
of ZAG, C3, factor B, PEDF and IRBP was also performed
in serum obtained during vitrectomy according to this
protocol.

Quantitative real-time RT-PCR Total RNA was extracted
from isolated retinal tissues using the RNeasy Mini Kit with
DNAse digestion (Qiagen Distributors, IZASA, Barcelona,
Spain) according to the manufacturer’s instructions. A 1 μg
sample of total RNA was used directly for reverse
transcription, which was carried out using random hexanu-
cleotide primers and TaqMan Reverse Transcription
Reagents (Applied Biosystems, Madrid, Spain) in a 50 μl
reaction volume, according to the protocol provided by
Applied Biosystems.

Quantitative real-time RT-PCR using specific primers
(TaqMan pre-made gene expression assay Hs0017267;
Applied Biosystems; Gene Bank RefSeq NM 000799.2)
was performed, using 2 μl of the reverse transcription
reaction as a template in a PCR reaction set up with the
TaqMan Universal Mastermix. After 10 min at 95°C, the
amplification reaction was carried out through 50 cycles
(95°C for 15 s followed by 60°C for 60 s) using Applied
Biosystems 7000 equipment. Each sample was assayed in
duplicate, and negative controls were included in each
experiment. Automatic Relative Quantification data were
obtained using ABI Prism 7000 Sequence Detection System
software (Applied Biosystems), using the gene for β-actin as
an endogenous gene expression control (Hs9999903_m1;
Applied Biosystems).
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Statistical analysis All values are expressed as means±SD.
Statistical significance between groups was analysed using
the unpaired Student’s t test. A p value of less than 0.05
was considered statistically significant.

Results

DIGE The mean protein contents were 4.45±1.4 mg/ml for
PDR samples and 1.96±0.5 mg/ml for MH samples.
Following depletion of the two most abundant protein
types—serum albumin and IgG—by affinity chromatogra-
phy, approximately 20% of the total protein was recovered,

with little variation between the different samples. Identical
amounts of the depleted protein mixture were analysed for
each group. It can therefore be reasonably assumed that the
depletion procedure does not significantly alter the abun-
dance ratios between the two groups of samples.

Approximately 1,400 protein spots were detected.
Selecting an abundance ratio of PDR:control of 1.4-fold
as the threshold for study, 41 spots were differentially
produced (p<0.05, Student’s t test) in the vitreous samples
from PDR patients (28 of them showing an increase and 13
a decrease) compared with those from the MH control
group. The corresponding gel spots were excised and
digested in-gel with trypsin. Following MALDI-MS time-

Fig. 1 a Superimposed images in pseudocolour from Cy3 (green,
PDR vitreous proteins) and Cy5 (red, MH vitreous proteins) labelled
samples run on a two-dimensional DIGE gel. The range of the
horizontal dimension is isoelectric point (pI)=3 (left) to pI=10 (right).
The vertical dimension range from ∼15 kDa (bottom) to ∼200 kDa
(top). The positions of the spots corresponding to the three proteins
most increased and decreased in abundance are marked. Flanking the
two-dimensional gel image are the three-dimensional images of these
spots, corresponding to the Cy5 image (control MH, left-hand panel
for each protein), and the Cy3 image (PDR, right-hand panel for each

protein). b–g Standardised abundance plots for ITIH2 (b), IRBP (c),
PEDF (d), factor B (e), apoH (f) and ZAG (g). Each graph displays the
abundance observed for the spot in each of the four gel images
corresponding to control MH samples (blue circles) and PDR samples
(red circles), after standardising the values using the internal standard
pool images (Cy2) of each of the four gels. The line links the average
abundance values for each group of samples (crosses). Calculation of
a Student’s t test for the difference in abundance between each two
groups results in p values of <0.05 in all cases shown
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of-flight/time-of-flight analysis we were able to identify 11
proteins, the levels of eight of which were increased and
three were decreased in the vitreous fluid of PDR patients
compared with the vitreous fluid of MH patients (Table 1).
Most of these proteins were identified in several spots,
consistent with the presence of different post-translational
modification forms, probably resulting from different
glycosylation. Figure 1 shows the positions of the spots
corresponding to the proteins with the highest changes in
abundance. It should be noted that there was no overlap in
vitreal protein levels between the two groups when the
range of levels for each group was considered.

Among the proteins with decreased abundance, we
identified PEDF, a protein with anti-angiogenic properties,
which has previously been reported to be decreased in the
vitreous fluid of PDR patients [15, 16]. The identification
of this protein as decreased in abundance, as would be
expected, provides an internal control for this comparative
proteomic analysis. The other two proteins displaying
decreases in abundance were IRBP and inter-α-trypsin
inhibitor heavy chain-2 (ITIH2).

The proteins showing increases in abundance included
fibrinogen A, ZAG, apolipoprotein (apo) A1, apoH and
several members of the complement system (factor B, C3,
C9 and C4-B). Complement C3 was identified at two
different groups of spots with molecular masses of about
42 kDa and 75 kDa (average ratio PDR/MH 1.64 and 1.30,
respectively), consistent with two of the bands observed by
western blot analysis (see below). Regarding C4, a fragment
of about 42 kDa was observed, which, according to the mass
values of the peptides matching the sequence, can be
assigned to fragment C4d-B (amino acids 957–1325).

Western blot analysis To validate the results obtained in the
proteomic study we selected five candidate proteins differ-
entially produced in PDR patients to be directly assessed by
western blotting. These proteins were ZAG, C3, factor B
(which were overproduced in the vitreous fluid of PDR
patients), PEDF and IRBP (which were underproduced in the
vitreous fluid of PDR patients) (Figs. 2 and 3). These
proteins were analysed in the samples used in DIGE and an
additional set of four PDR and four MH vitreous samples.

Table 1 Proteins presenting significant differences in abundance in PDR vs MH vitreous fluid

Average
ratio
PDR/MHa

No. of
spotsb

Protein
identification

Swiss-
Prot
Access

Theoretical Observed Mascot
scored

Matched
peptidese

Sequence
coverage
(%)

Intensity
coveragef

(%)pI Molecular
mass
(Da)c

pI Molecular
mass
(kDa)

6.23 1 Fibrinogen A,
alpha
polypeptide

P02671 5.79 91358 9.5 22 114 (58) 8 (6) 13.5 68.4

2.16 5 Beta2-
glycoprotein-I
(apoH)

P02749 8.37 36254 6.3 70 175 (44) 17 (16) 69.9 63.9

1.90 3 Complement
factor B

P00751 6.66 83000 6.0 100 181 (60) 27 (47) 44.1 66.4

1.72 4 ZAG P25311 5.58 32144 4.0 41 207 (54) 18 (20) 50.9 70.8
1.64 3 Complement C3 P01024 6.00 184967 4.0 45 238 (88) 24 (17) 12.6 73.7
1.62 1 Complement C9 P02748 5.42 60978 4.6 75 110 (52) 14 (12) 36.4 81.1
1.57g 1 Complement

C4-B (C4d-B
fragment)

P0C0L5 5.03 40620 4.0 42 84 (30) 8 (21) 36.5 28.1a

1.43 3 apoA1 P02647 5.27 28078 4.5 28 154 (44) 12 (8) 48.6 76.0
−2.58 2 ITIH2 P19823 5.75 72425 3.8 130 89 (46) 15 (18) 19.4 70.9
−2.67 5 PEDF P36955 5.90 44418 6.5 50 146 (45) 16 (16) 41.9 80.4
−2.77 4 IRBP P10745 4.98 133415 4.1 137 208 (47) 35 (37) 44.5 79.9

a This is the abundance ratio averaged from the different gels of the DIGE experiment and for the different spots observed for each protein. Only
the spots with a p value of <0.05 in the Student’s t test for the abundance ratio between the different samples have been averaged
b This column refers to the number of spots in each gel corresponding to different forms of the same protein
c The theoretical molecular mass has been calculated from the amino acid sequence reported for the mature protein
dMascot search scores are shown for the top match and, in parenthesis, for the highest ranked hit to a non-homologous protein
e This column shows the number of peptides that matching the ‘top match’ protein and, in parenthesis, the number of unmatched peptides in the
spectra
f Percentage of the total intensity of the spectrum corresponding to the matched peptides
g Complement C4 was identified as a mixture with complement C3. The abundance ratio cannot therefore be considered accurate
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ZAG, C3 (42 kDa fraction) and factor B (93 kDa
fraction) were significantly higher in PDR patient samples
than control group samples (9.57±0.12 vs 6.99±0.73, p=
0.003; 14.12±0.21 vs 7.49±0.29, p=0.018; and 15.11±
3.12 vs 6.98±1.34, p=0.005; Fig. 2). Both C3 and factor B
presented additional fragments, thus indicating the presence
of their activation products. The patterns observed in our
vitreous samples were consistent with the native α and β
chains of C3 (115 and 75 kDa) and the presence of other

smaller bands, with the 42 kDa fragment (corresponding to
the breakdown of C3b [17]) being the most apparent. Factor
B patterns showed a major band of 93 kDa and two
fragments consistent with breakdown fragments of 63 kDa
(Bb) and 30 kDa (Ba) [18].

By contrast, the intravitreous amounts of PEDF and IRBP
were significantly lower in the PDR group than the control
group (6.76±0.97 vs 18.25±8.9, p=0.03; and 6.48±0.79 vs
13.22 ± 4.98, p=0.04; Fig. 3).

The average ratios of abundance determined for all the
proteins assayed by western blot analysis were in very good
agreement with those observed by DIGE proteomic
analysis, as shown by plotting the changes observed by
the two methodologies against each other (Fig. 4). This is
particularly relevant given that one set of samples used for
western blot analysis were different from those used for
proteomic analysis. Additionally, this consistency supports
the assumption that affinity depletion treatment does not
significantly alter the quantitative comparison of the
samples by DIGE analysis.

There were no differences between PDR patients and
control subjects in serum amounts of the proteins analysed
(Figs. 2 and 3). Since IRBP is only intra-ocularly produced,
it was not detected in any serum samples.

Quantitative real-time RT-PCR Comparative mRNA ex-
pression between diabetic and non-diabetic retinas

Fig. 2 Western blot analyses of vitreous (a, c, e) and serum (b, d, f)
samples corresponding to three proteins overproduced in the vitreous
fluid of PDR patients. Vitreous levels of ZAG (a, b), C3 (fragment of
42 kDa) (c, d) and factor B (e, f) were 1.37-, 1.88- and 2.16-fold
higher in PDR patients than the control group (*p<0.01). No
differences in serum abundance were observed. Standard purified
proteins were used as positive controls for analysing C3 (human C3;
Calbiochem, CA, USA) and factor B (human factor B, binding site).
Purified human ZAG was provided by Luís Sánchez (University of
Oviedo, Spain). C control group, D diabetic group, Std standard

Fig. 3 Western blot analyses of vitreous (a, c) and serum (b, d)
samples corresponding to two proteins underproduced in the vitreous
fluid of PDR patients. Vitreous levels of PEDF (a, b) and IRBP (c, d)
were 2.7- and twofold lower in PDR patients than the control group
(*p<0.05). No differences in serum abundance were observed. A
standard purified protein was used as a positive control for analysing
PEDF (Upstate, Charlottesville, VA, USA), and a retina extract was
used as a positive control for measuring IRBP. C control group, D
diabetic group, Std standard
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corresponding to AZGP1, C3, CFB, SERPINF1 and RBP3
(the genes encoding the proteins ZAG, C3, factor B, PEDF
and IRBP, respectively) is shown in Fig. 5. At the retinal
level, the mRNA expression of the proteins that were more
abundant in the vitreous fluid of PDR patients was also
higher in diabetic donors than non-diabetic donors. Howev-
er, the difference was only statistically significant for CFB.
Regarding proteins underproduced in the vitreous fluid of
PDR, both SERPINF1 and RBP3 mRNA expression were
lower in the retinas from diabetic donors than in the retinas
from non-diabetic donors, and the difference was significant
for PEDF.

Discussion

The vitreous provides a means of indirectly exploring the
events that are taking place in the retina. However, there is
little information on the proteomic analysis of the intra-
vitreal proteins differentially produced in PDR patients in
comparison with non-diabetic subjects. In the present study
we have optimised the proteomic analysis of vitreous fluid
in PDR patients in several ways. First, we facilitated the
identification of potential candidates by depleting the two
most abundant proteins (albumin and IgG) prior to electro-
phoresis. It has been reported that albumin and IgG account
for more than 80% of whole-vitreous protein, and the large
spots of these proteins overlap other small spots, cor-
responding to less abundant proteins, so precluding their
identification. Second, DIGE, which permits an accurate
quantitative comparison, was used for the first time to analyse
vitreous samples. Third, the results were validated by western
blotting on a different set of samples. Fourth, blood
contamination was ruled out by selecting vitreous samples
with haemoglobin levels <5 mg/ml. Fifth, the difference in
vitreal protein levels between the PDR patients and control
subjects was determined by loading the same amounts of total
protein onto a gel. Sixth, vitreous samples from PDR patients
were carefully selected so as to minimise biological variation,
which could be erroneously interpreted as being disease-
specific. Using this new approach, 11 proteins were identified
as differentially produced in the vitreous fluid of PDR patients
in comparison with vitreous samples from non-diabetic
subjects; eight were overproduced (ZAG, apoA1, apoH,

Fig. 4 Comparison of the changes in abundance observed by the
DIGE analysis and by western blot (WB) analysis. The average ratio
between PDR and control samples observed in WB analysis is plotted
against the corresponding average ratio observed by DIGE for each of
the indicated proteins
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Fig. 5 Levels of AZGP1
(a), CFB (b), C3 (c), SERPINF1
(d) and RBP3 (e) mRNAs, as
measured by real-time RT-PCR
(TaqMan Assay) in retinas from
non-diabetic (white bars) and
diabetic donors (black bars).
Gene expression data (ΔΔCt)
are shown after normalising
with the gene for β-actin.
Results are presented as the
means±SEM. *p<0.05 vs
control group. C control group,
D diabetic group
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fibrinogen A and several components of the complement
system, namely, C4b, factor B, C3 and C9) and three were
significantly underproduced (PEDF, IRBP and ITIH2). The
differences observed in five of these 11 proteins (ZAG, C3,
factor B, PEDF and IRBP) were analysed and confirmed by
western blotting.

Although no differences were observed between the two
groups in terms of serum levels of the five proteins,
determined by western blotting, and in spite of the above-
mentioned optimisation, it might be claimed that increased
leakage of plasma components through the blood–retina
barrier could account for increased concentrations of certain
proteins in the vitreous. However, we have found that
mRNA expression in retinas from diabetic donors without
clinically detectable retinopathy is consistent with the
results of both DIGE and western blot analyses. Therefore,
eye production rather than serum diffusion seems to be the
main factor accounting for the different protein abundances
detected in diabetic patients. In addition, this result suggests
that the differential production of the five candidates
identified by DIGE is an early event in the development
of diabetic retinopathy. The potential relevance of these
proteins in the pathogenesis of PDR is discussed below.

ZAG is a 41-kDa soluble protein, identified by Sanchez
et al. [19] as a fat-depleting factor, which is related to MHC
class I molecules. Although its biological functions are
incompletely understood, it seems to be a novel adipokine
that may be involved in the local regulation of adipose
tissue function [20–23]. ZAG has been recently identified
by proteomic analysis in vitreous fluid from PDR patients
[8, 9]. In the present study we have confirmed this finding.
In addition, both DIGE proteomic analysis and western
blotting indicated that ZAG production was significantly
higher in the vitreous fluid from PDR patients compared
with that from non-diabetic patients. We do not why ZAG
levels are increased in the vitreous of diabetic patients with
PDR, but it should be noted that hyperglycaemia has been
involved in ZAG production [23], and gene expression of
ZAG has been found to be upregulated in mice with
diabetic nephropathy [24]. In addition, ZAG hinders cell
proliferation and reduces Cdc2 expression (a rate-limiting
step in cell cycle) [25] and may therefore be a reactive
limiting factor for PDR progression. Obviously, the
mechanisms involved in the intraocular production of
ZAG and its role in the pathogenesis of diabetic retinopathy
require further investigation.

In recent years evidence has accumulated indicating that
inflammation is an important event in the pathogenesis of
diabetic retinopathy [26–28]. In the present study, vitreous
levels of several components of the complement system
(C4b, factor B, C3 and C9) have been found, for the first
time, to be simultaneously increased in PDR patients
relative to control subjects. In addition, C3 and factor B,

as well as their activation products, have been confirmed as
increased by western blot analysis. Although complement
activation could be secondary to the inflammatory process,
in recent studies on human and experimental non-prolifer-
ative diabetic retinopathy, Zhang et al. [29] have demon-
strated an early complement activation associated with a
prominent and selective decrease in the levels of CD55 and
CD59, two glycosylphosphatidylinositol-anchored comple-
ment inhibitors. In addition, these authors have shown that
C1q and C4, the complement components unique to the
classical pathway, were not detected in diabetic retinas, thus
suggesting that the alternative pathway is the main
mechanism of complement activation in the early stages
of diabetic retinopathy. In our study, apart from factor B,
which is a specific component of the alternative activation
pathway, higher intravitreal levels of C4 were detected in
PDR subjects. Therefore, classical pathway activation also
seems to be involved in the advanced stages of diabetic
retinopathy. In fact, intravitreal C4 has been found to be
increased in patients with non-diabetic proliferative vitreo-
retinopathy [30]. Activation of the complement cascade can
both compound and initiate thrombosis, leucostasis and
apoptosis, all of which are processes involved in vascular
lesions of diabetic retinopathy. Interestingly, it has been
reported that the inhibition of aldose reductase prevents the
activation of complement in the wall of retinal vessels and
decreased levels of complement inhibitors in diabetic rats [31].
Therefore, since several ways of specifically manipulating the
complement system already exist, they could represent a
possible therapeutic approach in diabetic retinopathy.

PEDF is mainly secreted by retinal pigment epithelial
cells in the eye, as well as by other body tissues [32]. Apart
from its neurotrophic and neuroprotective properties, there
is growing evidence to suggest that PEDF is among the
most important natural inhibitors of angiogenesis, and that
it is the main factor accounting for the anti-angiogenic
activity of the vitreous fluid, where it is found in abundant
quantities [32, 33]. The relevance of PEDF to human
neovascular disease is supported by studies showing that
decreased levels of PEDF in the vitreous are associated
with PDR [15, 16]. We have confirmed a PEDF deficit in
the vitreous fluid of diabetic patients with PDR by both
proteomic analysis and western blotting. In addition, it should
be noted that the upregulation of PEDF in proliferating retinal
pigment epithelial cells may, in part, account for the success of
pan-retinal photocoagulation in reducing neovascularisation
[34]. Therefore, there are good reasons for proposing PEDF as
a serious candidate for diabetic retinopathy treatment.

IRBP is a large glycoprotein (molecular mass ∼140 kDa)
that constitutes approximately 70% of the protein component
of the interphotoreceptor matrix, in which it has a highly
restricted tissue-specific expression [35]. IRBP plays a
major role in the visual cycle [36, 37] and, therefore, the
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lower levels detected in PDR patients could be involved in
the impairment of vision detected in these patients. Further
studies investigating the precise role of IRBP in diabetic
retinopathy are needed.

There are two main limitations to the present study. The
first involves the intrinsic limitations of 2-DE in the analysis
of complex protein mixtures. Proteins of very high or low
molecular mass are frequently precluded from the analysis by
the electrophoresis procedure itself. Conversely, even after
depletion of the very abundant proteins, both detection in 2DE
and identification by MS are limited by the abundance of the
proteins of the mixture, in that minor components will always
escape analysis. Therefore, potential candidates involved in
the pathogenesis of diabetic retinopathy at picogram levels,
such as vascular endothelial growth factor (VEGF), cannot be
identified. The second limitation pertains to the rigorous
selection of vitreous samples, which precludes the inclusion
of an ample set of samples and may consequently impede the
consideration of other potential candidate proteins that exist in
the vitreous fluid of PDR patients. However, although the
number of samples included in this study was relatively low,
the selection process enabled us to minimise the dispersion of
the measurements in each group. The observed differences by
DIGE were further validated by western blot analysis of
samples from different patients, which confirmed the ob-
served differences with good quantitative agreement. There-
fore, although additional differentially expressed proteins
could probably be identified by the analysis of a larger set of
samples, those reported here would probably also be found.

In summary, we have shown that two-dimensional
DIGE, by providing an accurate quantitative comparison,
could facilitate the identification of new potential candidate
proteins involved in the development of PDR. Further
studies are needed to address the precise role of these
candidates in the pathogenesis of PDR and their potential as
therapeutic targets.
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