
Introduction
Autoimmunity implies the loss of tolerance in the B or T cell
compartment towards particular autoantigens, followed by an
adaptive tissue-damaging immune response. In autoimmune
diseases, like multiple sclerosis (MS) and autoimmune uveitis
(AU), the immune response is directed against autoantigens that
are hidden behind physical barriers, respectively, the blood-brain

barrier (BBB) and the blood-ocular barrier. In the initial stages of
MS and AU, physical barriers are compromised so that, by
confrontation of immune cells with autoantigens, immunological
ignorance is abolished as a mechanism of peripheral tolerance.
Matrix metalloproteinases-2 (MMP-2) and -9 (MMP-9) and
tissue plasminogen activator (t-PA) have been shown to be
involved in the breakdown of physical barriers by degrading
basement membranes and proteins associated with tight junc-
tions or other membrane protein complexes [1, 2].

A previously unexpected role of extracellular proteolysis in
autoimmunity is the release of sequestered epitopes from intact
autoantigens, in other words the breakdown of molecular barriers.
Protein degradation products and short peptides may indeed be
presented by antigen-presenting cells through the classical pathway
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of uptake, endosomal loading into major histocompatibility complex
(MHC) class II, cross-presentation into MHC class I and cell mem-
brane presentation, and also by non-classical extracellular binding
in MHC class II grooves, skipping the classical intracellular route
[3]. For myelin proteins, it has been shown that the extracellular
proteolysis by gelatinase B releases a burden of immunodominant
epitopes that may act as encephalitogens in MS [4]. For rheuma-
toid arthritis, collagen type II degradation was suggested as a
source for disease-promoting peptides [5].

AU is a clinically heterogenous group of diseases [6]. Behçet
disease, Vogt-Koyanagi-Harada disease, ankylosing spondylitis,
chronic endophthalmitis after cataract surgery and idiopathic uveitis
are different presentations of eye inflammations. The exact cause of
Vogt-Koyanagi-Harada disease remains unknown, but evidence
suggests that it involves a T lymphocyte-mediated autoimmune
process directed against one or more antigens found on or associ-
ated with melanocytes. Recently, it was demonstrated that proteins
of the tyrosinase family are the antigens specific to Vogt-Koyanagi-
Harada disease, and that Vogt-Koyanagi-Harada disease is charac-
terized by a T helper type 1 cell-mediated immune response [7, 8].
Behc̨et disease is a systemic vasculitis with unclear aetiology and
pathogenesis. High prevalence of HLA-B51, T helper type 1 cell-
mediated immune response, neutrophil hyperfunction and
increased expression of heat shock protein 60 in the patients are
considered important in the pathogenesis [9]. Ankylosing spondyli-
tis is an autoimmune disease, associated with the expression of
class I MHC antigen HLA-B27 [10]. Chronic postoperative bacterial
endophthalmitis is most often observed after cataract surgery [11],
whereas idiopathic uveitis forms a clinically heterogenous group of
other diseases with eye inflammation of unknown origin.

For the activation of T cells, an inflammatory context is
required, which induces the expression of essential co-stimulatory
signals. Inflammatory sites are characterized by a pro-inflamma-
tory cytokine profile and up-regulated proteolytic activity.
Gelatinase B, alias MMP-9, is one of these extracellular proteases
and is released in tissues in response to pro-inflammatory stimuli.
In endotoxin-induced uveitis, MMP-9 activity was shown to corre-
late with neutrophil accumulation [12]. The sensitive detection of
gelatinase B/MMP-9 by gelatin zymography analysis makes it a
suitable marker for objective scoring of eye inflammation with the
use of microlitre samples from the vitreous or the aqueous
humour. The fact that gelatinase B is a prototypic activation prod-
uct of various leukocyte types ensures that gelatinolytic analysis
can be used for evaluation of acute or chronic inflammation, involv-
ing myeloid or lymphoid cells.

Interphotoreceptor retinoid-binding protein (IRBP) is a dominant
autoantigen in AU [13]. We detected IRBP proteolysis in the eye and
analysed aqueous humour samples from patients with active uveitis
associated with Behçet disease, Vogt-Koyanagi-Harada (VKH) dis-
ease, ankylosing spondylitis, chronic endophthalmitis and from
patients with idiopathic uveitis, using Western blot analysis for
IRBP. Our results indicate that the breakdown of IRBP is associated
with clinical inflammatory scores and with innate (MMP-9) and
adaptive (immunoglobulin G, IgG) immunological parameters.

Materials and methods

Patients

Twenty-eight patients with active uveitis seen at the outpatient clinic of
King Abdulaziz University Hospital were included in this observational
study. The patients were 18 males and 10 females. The mean age was
30.2 ± 12.2 years (range, 14–54 years). All the patients were investigated
to determine the nature of their disease and associated systemic illnesses.
Eleven patients had VKH disease, 10 had Behçet disease, two had anky-
losing spondylitis, three had idiopathic uveitis and two had chronic
endophthalmitis caused by Propionibacterium acnes after extracapsular
cataract extraction and intraocular lens implantation. All the patients had
panuveitis except those with ankylosing spondylitis who had anterior
uveitis. Two patients (52 and 57 years old, respectively) who had under-
gone elective cataract extraction, with no prior history of uveitis, served
as controls. Patients were examined using slit-lamp biomicroscopy, indi-
rect ophthalmoscopy and fluorescein angiography. In each patient, the
uveitis activity was graded as previously described [14, 15]. Anterior
chamber cells were clinically graded on a 0–5 scale as follows: 0 = <5
cells/field, 1+ = 5 to 10 cells/field, 2+ = 11 to 20 cells/field, 3+ = 21 to 50
cells/field, 4+ = >50 cells/field, 5+ = hypopyon formation. None of the
patients was on topical or systemic therapy on presentation. 

Aqueous humour (100–200 �l) was aspirated from each patient by
means of limbic paracentesis using a 27-gauge needle attached to a tuber-
culin syringe, after the application of topical local anaesthetic oxybupro-
caine hydrochloride 0.4% (Benoxinate, Chauvin Pharmaceuticals Ltd.,
Kingston, England). The procedure was performed under a surgical micro-
scope. The samples were snap-frozen and maintained at –70°C until use.
All aqueous humour samples from patients with uveitis were obtained
before therapy. In two patients, repeated aqueous humour samples were
obtained after treatment.

Post-mortem donor eyes, also used for corneal transplantations, were
used to purify human IRBP to homogeneity. This donor tissue was
obtained from the Ophthalmology Department of the University Hospital
Leuven, Belgium.

All procedures followed the tenets of the Declaration of Helsinki, and
informed consent was obtained from all patients and the control subjects. The
study was approved by the Research Center, College of Medicine, King Saud
University.

Gel zymography and Western blot analysis

The presence of gelatinase B/MMP-9 in aqueous fluids was determined by
zymography according to standardized laboratory protocols [15]. For
immunoblot analysis, equal volumes of aqueous fluid were mixed with
sample buffer and separated on 12% SDS-polyacrylamide gels. After elec-
trophoresis was complete, the proteins were transferred from the gels to
polyvinylidene difluoride (PVDF) membranes. The membranes were
blocked with 5% non-fat dry milk in Tris-buffered saline containing 0.1%
Tween 20 and then probed with a mouse monoclonal antibody raised
against human IRBP, developed at the Wills Eye Hospital and kindly pro-
vided by Dr. L. Donoso [16]. After washing, the membrane was incubated
with peroxidase-conjugated secondary antibody at room temperature for 
1 hr. Finally, the proteins were detected using a chemiluminescence kit
(ECL, Amersham Biosciences).
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ELISA

IgG concentrations in aqueous fluids were determined using a commer-
cially available ELISA (Immundiagnostik AG, Bensheim, Germany). The
solution optical density in individual wells was determined with an iEMS
Reader MF (Labsystems, Helsinki, Finland) spectrophotometer. 

Purification of human IRBP

First, we established the purification procedure with bovine material. Bovine
eyes were collected, the retinas removed and extracted as described [17].
Human IRBP purification was done on post-mortem donor retinas. Retinas
were pooled in 0.14 M NaCl, 10 mM Tris solution (pH 7.0) (1ml/retina), stirred
at low speed (20 rpm) and filtered through plastic mesh (0.8 mm pore size).
Material from the internal surface of the retinal pigment epithelium (RPE), still
in the eyecup, was extracted by rinsing with the same buffer. Filtered (0.2 �m)
crude extract was then stirred with 5 ml ConcanavalinA-Sepharose beads
(Pharmacia) for 1 hr at room temperature. The supernatant was discarded and
the beads washed two times with five volumes of carrier beads. IRBP was
eluted by stirring the beads in 20 ml of 50 mM �-methyl-D-mannoside (Sigma,
St. Louis, MO, USA) in the same buffer. The supernatant from methylmanno-
side treatment was applied to a Pharmacia mono-Q column for anion exchange
chromatography. Elution was carried out with a 0.1–0.5 M NaCl gradient in 10
mM Tris buffer (pH 7.5). IRBP, identified by SDS-PAGE and Western blot analy-
sis, eluted at approximately 0.33 M NaCl and was about 90% pure. Further
purification was accomplished by gel filtration chromatography on a Superose
75 column in 20 mM Tris/HCl pH7.4, 0.15 M NaCl.

Preparation of neutrophilic degranulate

Neutrophils were isolated from human blood, re-suspended in degranula-
tion buffer (20 mM Tris/HCl, pH 7.4, 113 mM NaCl, 10 mM CaCl2) at 107

cells per ml and stimulated to degranulate with 0.5 �m formyl-methionyl-
leucyl-phenylalanine (fMLP) at 37°C for 20 min. Subsequently, the cells
were removed by centrifugation.

Statistical analysis

Because of the large variances in the raw data for gelatinase B, IgG and
IRBP, the correlations between these variables and the disease activity
were investigated using Spearman’s rank correlation coefficient. The differ-
ences were considered significant if the P value was <0.05.

Results

The presence of IRBP in aqueous humour samples
is related to uveitic activity, gelatinase B content
and blood-ocular barrier integrity

We measured IRBP immunoreactivity by Western blot analysis in
aqueous humour samples. In parallel, gelatinase B/MMP-9 and

IgG levels were measured in aqueous humour samples, as
parameters of immune cell activation and integrity of the blood-
ocular barrier, and clinical disease activity was scored. Table 1
gives an overview of the data. In addition, on each zymography or
Western blot analysis, a control aqueous humour sample and
molecular weight standardization were included. Figure 1A shows
the immunoreactivities of IRBP (top part) and IgG (lower part) in
Western blot analysis and the gelatin zymographic analysis of
MMP-9 (middle part). Gelatinase B and IgG were absent in con-
trol samples and gelatinase B zymolysis gradually increased with
clinically increased disease activity. IgG levels increased in aque-
ous humour samples from patients with disease activity 4 and 5.
Aqueous humour samples from control eyes and eyes with low
disease activity showed positive immunoreactivity for intact IRBP.
The IRBP signal weakened or disappeared with higher disease
activity. In fact, patients with disease activity of 4 or 5 had
markedly decreased intact IRBP. This disappearance substanti-
ates proteolysis of IRBP. 

With the use of scanning densitometry and appropriate stan-
dardization, we quantified gelatinase B/MMP-9 nM concentra-
tions and levels of immunoreactive intact IRBP (expressed as
scanning units), whereas IgG levels (�g/ml) were titrated by
ELISA. Figure 1B summarizes these data and illustrates that the
highest clinical uveitis scores (4 and 5) were associated with
increased levels of MMP-9 and IgG and with decreased levels of
intact IRBP. Table 2 shows Spearman’s rank correlation coeffi-
cients between the studied variables. The levels of IgG and
gelatinase B in aqueous humour samples from patients with
uveitis were positively and significantly correlated with the dis-
ease activity. Significant negative correlations were found
between the levels of IRBP and disease activity, the levels of IgG
and of gelatinase B. A significant positive correlation was found
between the levels of gelatinase B and IgG.

Degradation of IRBP in vitro

Gelatinase A (MMP-2), elastase and cathepsin G activity were pre-
viously found in subretinal fluid of retinal detachment (RD)
patients and were hypothesized to be important for the loosening
of RPE cells from their monolayer [18]. Since IRBP is a secreted
protein, we tested each of these enzymes as candidate proteases.
Pure enzyme preparations were added to crude vitreous fluid con-
taining full-length IRBP. Neutrophil elastase cleaved IRBP more
efficiently compared to MMP-2 and cathepsin G (data not shown).
Therefore, further characterization of the cleavage of IRBP by neu-
trophil elastase was performed. The degradation of human IRBP
in function of time was investigated by sampling a 10 �l reaction
mixture containing 400 nM IRBP and 8 nM elastase (enzyme :
substrate ratio = 1:50; incubation at 37°C). A Western blot analy-
sis of 1 �l samples, which were taken at various time-points, is
shown in Fig. 2A. Almost complete degradation of full-length IRBP
was obtained within 80 min. After 160 min., only a 55 kD fragment
was detected in the reaction mixture. At other time-points, also
other molecular weight degradation products were detected.
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As a representation of leukocyte protein release and a natural
source of extracellular proteases, we used conditioned medium of
human neutrophils that had been stimulated to degranulate with
the bacterial formylpeptide fMLP. IRBP (400 nM) was incubated
with 0.4 �l neutrophilic degranulate which is a physiologically rel-
evant amount since it yields a final MMP-9 concentration that is
comparable to that of aqueous humour samples from patients
with uveitis (~1 nM). By the presence of other proteases in the
neutrophil degranulate, IRBP was completely proteolysed, similarly
as observed in vivo.

Effect of treatment

The biological links between the used parameters were tested fur-
ther by analysis of aqueous humour samples from two patients
with systemic autoimmune disease with eye infliction, before and
after treatment. One patient had uveitis (clinically scored 3) asso-
ciated with ankylosing spondylitis before treatment (Fig. 1A, lower
part, first lane from left). One week after topical corticosteroid
treatment, MMP-9 disappeared (Fig. 1A, lower part, second lane
from left). The other patient with Behc̨et disease had hypopyon
before treatment, high IgG and MMP-9 levels and no detectable
intact IRBP. The presence of the covalent complex between MMP-
9 and neutrophil gelatinase B-associated lipocalin is a further indi-
cation of high neutrophil counts in the aqueous humour of this
patient with Behc̨et disease (Fig. 1C). We could evaluate two addi-
tional serial samples after initiation of topical and systemic corti-
costeroids combined with cyclosporine A therapy in this patient.
During this therapy, the MMP-9 and IgG levels gradually and pro-
gressively disappeared and intact IRBP reappeared. The re-
appearance of intact IRBP in the aqueous fluid, concomitant with
clinical improvement, further substantiates that IRBP breakdown is
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Table 2 Spearman’s correlation coefficients between clinical
disease and laboratory parameters

rs correlation coefficients and P values for the paired variables.
MMP-9, matrix metalloproteinase-9; IgG, immunoglobulin G;
IRBP, interphotoreceptor retinoid binding protein.
*Statistically significant at 5% level of significance.

Disease 
activity

MMP-9
(SU/ml)

IgG (�g/ml)

MMP-9 (SU/ml) rs = 0.713

P < 0.001*

IgG (�g/ml) rs = 0.580 rs = 0.696

P = 0.001* P < 0.001*

IRBP (SU/ml) rs = –0.520 rs = –0.727 rs = –0.834

P = 0.005* P < 0.001* P < 0.001*

Table 1 Clinical features and matrix metalloproteinase-9
(MMP-9), immunoglobulin G (IgG) and interphotoreceptor
retinoid-binding protein (IRBP) levels

Diagnosis Disease
activity

MMP-9
SU/ml

IgG µg/ml IRBP
SU/ml

VKH 1+ 0 0 25

VKH 1+ 332 26 34

I 3+ 778 0 194

I 4+ 536 36 106

B 3+ 272 0 175

VKH 4+ 1320 158 0

VKH 4+ 1145 225 0

B 2+ 0 0 272

B Hypopyon 1532 152 0

VKH 3+ 1316 142 0

B 3+ 205 0 126

B 4+ 656 0 162

AS 3+ 452 0 312

VKH 2+ 152 0 161

VKH 2+ 465 0 125

VKH 1+ 538 0 97

VKH 1+ 0 0 387

I 1+ 0 0 212

B Hypopyon 198 3 29

B Hypopyon 4400 13 0

AS 2+ 526 116 0

CE 4+ 2812 77 0

B 3+ 183 0 198

B 1+ 0 0 212

VKH 3+ 0 201

VKH 3+ 71.6 0 245

CE 4+ 1072.4 14 0

B Hypopyon 1532 152 0

VKH, Vogt-Koyanagi-Harada disease; I, idiopathicuveitis; B, Behçet dis-
ease; AS = ankylosing spondylitis; CE = chronic endophthalmitis; MMP-9
= matrix metalloproteinase-9; IgG = immunoglobulin G; IRBP = interpho-
toreceptor retinoid-binding protein.
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Fig. 1 Interphotoreceptor retinoid-binding protein (IRBP) degradation in uveitis (A) Analysis of patient samples and controls. The upper part shows
the Western blot analyses of the �140 kD IRBP protein. The central part with dark background is the gelatin zymography test and the lower part visu-
alizes immunoglobulin G (IgG) immunoreactivity. The diagnoses of patients are abbreviated as follows: VKH, Vogt-Koyanagi-Harada; B, Behçet; I, idio-
pathic uveitis; AS, ankylosing spondylitis; CE, chronic endophthalmitis; con, control sample. (B) Parametric analysis according to clinical scores of
uveitis. Gelatinase B/MMP-9 scanning units were titrated by zymography analysis and compared with a pure preparation of human MMP-9 to convert
the data to nM concentrations. IgG was assessed by ELISA and expressed in mg/ml, whereas IRBP levels were densitometrically scanned and are
expressed as arbitrary scanning units per �l. * denotes significant difference (p � 0.05) from group with clinical score 0. (C) Effect of topical and
systemic corticosteroids and cyclosporine A therapy in a patient with Behçet disease and hypopyon. The first lane shows the analysis before treat-
ment was started, that is complete absence of IRBP immunoreactivity, high levels of MMP-9 and covalent neutrophil gelatinase B-associated lipocalin
(NGAL) complex and of IgG. The second lane illustrates that, 1 week after the initiation of treatment, IRBP reappears, while MMP-9 and IgG levels
decrease. Finally in the third lane, 2 weeks after treatment, IRBP remains prominently visible, while MMP-9 is barely and IgG is not detectable.
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a useful marker of uveitic inflammation, whereas regaining intact
IRBP may be a sign of effective treatment.

Discussion

An important trigger for the loss of tolerance towards autoanti-
gens is the conversion – by some means – of the hidden nature of
a particular autoantigen to a more accessible nature, which facili-
tates antigen presentation and subsequent activation of autoreac-
tive T cells. With reference to AU, the anatomical blood-ocular bar-
rier makes the eye an immunoprivileged organ, masking IRBP and
other AU-related autoantigens. Breakdown of the blood-ocular
barrier is therefore a crucial step for the development of autoim-
munity. In addition, the extracellular degradation of autoantigens
themselves abolishes a molecular barrier, which may hide immun-
odominant epitopes inside the molecule. 

IRBP is a 136 kD glycoprotein synthesized in photoreceptors
and secreted into the interphotoreceptor matrix (IPM). It has
been suggested that IRBP plays a role in the trafficking of
11-cis retinal and all trans retinol between photoreceptors and
the RPE, as a part of the rod visual cycle. IRBP was originally
considered to be unique for the IPM but recently, IRBP (among
other components of the rod visual cycle) was also shown to be
expressed in the ciliary epithelium, distributed along the
non-pigmented epithelial cells, and secreted into the aqueous
humour [19]. This may shed new light on the hidden nature of
IRBP and its role of dominant autoantigen [6, 20]. The aqueous

is indeed less safe for antigens to stay hidden, since it is
constantly renewed by the ciliary body and irrigated via the
trabecular meshwork into the serum. Yet, IRBP was never
detected in serum and was suggested to accumulate in the
aqueous [19].

We confirmed intact IRBP to be present in normal aqueous
humour, but meanwhile demonstrate its absence in a uveitic
context. Seeing the correlation between uveitic activity both with
gelatinase B levels and IgG levels, we may think of two factors
that may determine the disappearance of IRBP from the aqueous
humour. First, blood-ocular barrier integrity may be important
for IRBP not to leak to the plasma, similar to retention of IgGs
on the other side of the barrier. Second, the proteolytic activity
in the aqueous may result in IRBP degradation, considering
gelatinase B as a measure and marker for total proteolytic activ-
ity released upon activation of leukocytes. In concordance, we
showed IRBP to be highly susceptible to cleavage by neu-
trophilic degranulate, as a representation of leukocyte-released
proteinase. The neutrophil is a predominant infiltrating cell in
ocular diseases as demonstrated for endotoxin-induced uveitis
[21, 22] and experimental autoimmune uveoretinitis [23, 24].
Moreover, neutrophil accumulation correlates with MMP-9 activ-
ity in endotoxin-induced uveitis [12]. Both pure leukocyte elas-
tase and, to a lesser extent, pure gelatinase B (data not shown)
can degrade IRBP, but only the cleavage pattern generated by
neutrophilic degranulate resembled the data from in vivo sam-
ples. Together, this suggests that leukocyte elastase is an IRBP
degrading protease and that other proteases may participate in
the further degradation of IRBP. IRBP-peptides may then reach
secondary lymphoid organs and thus initiate (or exacerbate) the
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Fig. 2 IRBP is cleaved in vitro by neutrophil
enzymes (A) Human IRBP was purified and
incubated for different time intervals with
neutrophil elastase. Samples were analysed
by Western blot with an IRBP-specific anti-
body. The arrow indicates the 55 kD cleavage
product. (B) When degranulates of fMLP-
stimulated human neutrophils were used as
source of enzymes, the 55 kD reaction prod-
uct of IRBP generated by neutrophil elastase
(arrow) is degraded by other proteinases. In
this instance, the disappearance of
immunoreactivity at �140 kD is a measure
of IRBP proteolysis. Incubation times are
indicated in minutes; at the left a molecular
mass standardization is included in kD.
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immune response against IRBP, according to the REGA concept
or remnant epitopes generate autoimmunity [25]. In addition to
the relevance of proteolysis in autoantigen processing in the het-
erogenous groups of AU conditions [6–10, 26], the concept is
also applicable in other forms of eye inflammation, including
chronic endophthalmitis, infections and idiopathic forms of eye
inflammation [27].

Finally, our study also demonstrates that reversal of IRBP
degradation, and hence avoidance of a positive autoimmune feed-
back loop, is obtained after immunosuppressive therapy. We
show that corticosteroids, known to reduce cellular MMP-9 and
MMP-2 production in vitro [28], also reduce MMP-9 levels in
vivo, diminish IgG levels, which might indicate a restoration of

the blood-ocular barrier, and result in the re-appearance of intact
IRBP. The analysis of intact IRBP is thus not only a marker of
absence of inflammation, but also of regression of disease by
adequate treatment.
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