1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

o WATIG,

HE

M 'NS;))\

D)

NS

NIH Public Access

Author Manuscript

Published in final edited form as:
Graefes Arch Clin Exp Ophthalmol. 2012 March ; 250(3): 349-359. doi:10.1007/s00417-011-1856-9.

Proteomic profiling of human retinal pigment epithelium
exposed to an advanced glycation-modified substrate

J. V. Glenn,
School of Medicine, Dentistry and Biomedical Science, Queen’s University Belfast, Northern
Ireland, UK

H. Mahaffy,
School of Medicine, Dentistry and Biomedical Science, Queen’s University Belfast, Northern
Ireland, UK

S. Dasari,
School of Medicine, Dentistry and Biomedical Science, Queen’s University Belfast, Northern
Ireland, UK

M. Oliver,
Waters MS Technology Centre, Atlas Park, Manchester, UK

M. Chen,
School of Medicine, Dentistry and Biomedical Science, Queen’s University Belfast, Northern
Ireland, UK

M. E. Boulton,
Department of Anatomy and Cell Biology, University of Florida, Gainesville, FL, USA

H. Xu,
School of Medicine, Dentistry and Biomedical Science, Queen’s University Belfast, Northern
Ireland, UK

W. J. Curry, and
School of Medicine, Dentistry and Biomedical Science, Queen’s University Belfast, Northern
Ireland, UK

Alan W. Stitt
School of Medicine, Dentistry and Biomedical Science, Queen’s University Belfast, Northern
Ireland, UK

Abstract

Purpose—The retinal pigment epithelium (RPE) and underlying Bruch’s membrane undergo
significant modulation during ageing. Progressive, age-related modifications of lipids and proteins
by advanced glycation end products (AGES) at this cell-substrate interface have been implicated
in RPE dysfunction and the progression to age-related macular degeneration (AMD). The
pathogenic nature of these adducts in Bruch’s membrane and their influence on the overlying RPE
remains unclear. This study aimed to identify alterations in RPE protein expression in cells

© Springer-Verlag 2011

A. W. Stitt (=) Centre for Vision and Vascular Science, Queen’s University Belfast, Royal Victoria Hospital, Belfast, BT12 6BA
Northern Ireland, UK a.stitt@qub.ac.uk.
J.V. Glenn and H. Mahaffy contributed equally to the research

None of the authors have conflicts of interest or requirement for financial disclosure.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Glenn et al. Page 2

exposed to AGE-modified basement membrane (AGE-BM), to determine how this “aged”
substrate impacts RPE function and to map the localisation of identified proteins in ageing retina.

Methods—Confluent ARPE-19 monolayers were cultured on AGE-BM and native, non-
modified BM (BM). Following 28-day incubation, the proteome was profiled using 2-dimensional
gel electrophoresis (2D), densitometry and image analysis was employed to map proteins of
interest that were identified by electrospray ionisation mass spectrometry (ESI MS/MS).
Immunocytochemistry was employed to localise identified proteins in ARPE-19 monolayers
cultured on unmodified and AGE-BM and to analyze aged human retina.

Results—Image analysis detected altered protein spot densities between treatment groups, and
proteins of interest were identified by LC ESI MS/MS which included heat-shock proteins,
cytoskeletal and metabolic regulators. Immunocytochemistry revealed deubiquitinating enzyme
ubiquitin carboxyterminal hydrolase-1 (UCH-L1), which was upregulated in AGE-exposed RPE
and was also localised to RPE in human retinal sections.

Conclusions—This study has demonstrated that AGE-maodification of basement membrane
alters the RPE proteome. Many proteins are changed in this ageing model, including UCHL-1,
which could impact upon RPE degradative capacity. Accumulation of AGEs at Bruch”s
membrane could play a significant role in age-related dysfunction of the RPE.
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Introduction

The retinal pigment epithelium (RPE) plays a key role in retinal function by transferring
retinoids to the photoreceptor layer as part of the visual cycle, phagocytosing spent
photoreceptor outer segments and acting as a selective filtration barrier between the dense
vascular network of the choriocapillaris and the RPE. At this interface, the RPE rests on
Bruch’s membrane, and this complex pentalaminar matrix plays a critical role in RPE
function and maintenance of outer retinal integrity [1].

During ageing, Bruch’s membrane undergoes a series of structural and physiological
changes that increase its thickness and induce an ill-defined re-configuration of its chemical
composition [2, 3]. Crosslinking of component collagens and decreased solubility with age
[4] occur in unison with the accumulation of granular, membranous, filamentous, and
vesicular material, and characteristic changes in membrane lipid composition [5]. Human
Bruch’s membrane lipid content increases throughout life [6], and an exponential age-
related increase in phospholipids, triglycerides, fatty acids, and free cholesterol content has
been reported [7]. These changes are linked to the development of various forms of
extracellular material, termed drusen, that can alter RPE function and serve as a precursor of
age-related maculopathy (ARM) and progression to age-related macular degeneration
(AMD) [8]. AMD is a degenerative retinal disorder characterised by sub-RPE drusen
deposition, lipofuscin accumulation, RPE cell death and subsequent choroidal
neovascularisation. AMD constitutes the leading cause of blindness in Western societies, yet
its precise pathogenesis is uncertain, and therapeutic options for treating the variant forms of
AMD remain severely limited [1].

Studies suggest that lipid and protein modification by Maillard chemistry during the ageing
process leads to significant accumulation of AGEs at the Bruch’s membrane—RPE axis [9—
13]. AGEs form from the reaction of e—amino groups with glucose, lipid peroxidation
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products, or various a-oxaloaldehydes; they accumulate principally, but not exclusively, on
long-lived structural proteins such as collagens and lens crystallins [14], and may act as
important pathogenic agents in age-related pathology by causing crosslinking, altering
protein interactions, and inducing pro-oxidant/pro-inflammatory AGE-receptor signalling in
cells [10, 15-18]. AGE concentrations are elevated in RPE, drusen, and Bruch’s membrane
from aged human eyes [19, 20], especially those with AMD [9-12]. AGE crosslinks on the
RPE substrate are known to have impact on the photoreceptor outersegment degradative
function of these cells, and this causes significantly enhanced lipofuscin accumulation [21].
The potential pathogenic impact that Bruch’s membrane-immobilized AGEs have on the
RPE requires further investigation. The current investigation utilised a well-characterised
AGE-modified substrate to examine its impact on RPE proteome and to begin to
characterise the putative pathogenic role for these adducts in age-related dysfunction.

Materials and methods

RPE culture and preparation of AGE-modified BM

The human ARPE-19 cell line, obtained from ATCC (Rockville, MD, USA), was
maintained as detailed previously [21]. RPE substrate was prepared according to a method
outlined by Stitt et al. [22], in which Matrigel™ BM extract (Becton Dickinson, Oxford,
UK) was AGE-modified to mimic ageing of the innermost face of Bruch’s membrane.
Briefly, non-modified Matrigel™ was designated control BM, while AGE-modification was
induced by exposure to glycolaldehyde (Sigma-Aldrich Company Ltd., Dorset, UK) (50—
200 mM in PBS) for 4 hr at 37°C. The degree of AGE modification and crosslinking on this
model substrate has been previously described [22].

Protein extraction and 2-dimensional gel electrophoresis (2DGE)

ARPE-19 cells were plated onto unmodified native BM or AGE-BM substrates and
maintained for 1 month in medium supplemented with 2% (v/v) foetal calf serum (FCS).
RPE monolayer cultures were extracted in ice-cold PBS, centrifuged (13,000xg, 15 min) and
dialyzed using Slide-A-Lyzer cassettes (3500 kDa, Pierce, Rockford, IL, USA); the
dialyzate was lyophilised to aid protein concentration, and samples were reconstituted in 2D
rehydration buffer (8 M urea, 2% CHAPS w/v) and protein content determined (2D-Quant
kit, Amersham Biosciences Ltd., Buckinghamshire, UK).

Extracts were standardised to 450 .l (2 mg protein) in immobilised pH gradient (IPG) buffer
in the relevant pH range. IPG strips (IPG, 18 cm, pH 3-10 and 4—-7 NL: Amersham
Biosciences Ltd., Buckinghamshire, UK) were rehydrated for 18 hours and isoelectric
focusing (IEF) performed. Strips were placed on precast bisacrylamide gels (dimensions of
255 x 196 x 1 mm) and SDS-PAGE (12.5%) performed using the Ettan DALTSix vertical
system (Amersham Biosciences Ltd., Buckinghamshire, UK), with gels electrophoresed at
600 V for 30 min, then 600 V for 4 hours. Colloidal Coomassie Blue (Sigma-Aldrich
Company Ltd., Dorset, UK) was routinely used to visualise protein spots.

The gels were scanned using a GS-800 calibrated densitometer (Bio-Rad Laboratories Inc.,
Hercules, CA, USA) and image analysis was performed using Progenesis PG220 (Nonlinear
Dynamics Ltd., Newcastle upon Tyne, UK). Gels were imported, and spot detection and
matching was performed automatically in Progenesis, followed by manual adjustment to
correct for potential differences in protein loading between gels, as previously described
[23]. To analyse protein expression changes, only filtered spots exceeding an intensity
threshold of 1.5- to 2-fold increase or decrease between the two ages were subjected to
further analysis; the threshold regulation factor for the significance level was set at p<0.05.
Spots altered beyond the factor required for significance were considered as candidate spots,
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and subsequently subjected to manual verification. Spots displaying significant expression
changes were subsequently identified by MS.

Protein spot identification by mass spectrometry (MS)

Protein spots of interest were excised, washed and destained until all Coomassie Blue was
removed. Gel spots were dehydrated in 25 pl acetonitrile at room temperature, dried in a
HT-4 series Il centrifugal evaporator (GeneVac Ltd., Ipswich, UK) for 30 min and subjected
to tryptic digestion (Promega Corporation, Madison, WI, USA) to extract peptide fragments.
Following tryptic digestion, 30 pl 5% (v/v) trifluoroacetic acid (TFA), 50% (v/v)
acetonitrile in deionised H,O was added to the samples to extract the peptide fragments
prior to lyophilisation.

Liquid chromatography electrospray tandem mass spectrometry (LC-ESI-MS/MS) was
completed at Micromass (Waters Ltd., Manchester, UK). The dried digested proteins were
analysed by LC-ESI-MS/MS using a Waters Micromass modular CapLC connected to the
source of a Waters Micromass Q-TOF Ultima API tandem mass spectrometer, as described
previously [24]. Mass spectra and tandem mass spectra were analysed using the Applied
Biosystems GPS Explorer (Applied Biosystems, Foster City, CA, USA). Sequence tag
searches and protein identifications were completed using an in-house MASCOT server
searching against the Swiss-Protein and NCBI protein sequence databases.

Immunocytochemistry & immunoblotting of RPE cell monolayers

ARPE-19 cells were cultured as described above for a period of 4 weeks post confluency.
Monolayers were fixed in 4% PFA prior to blocking and permeabilisation (PBS-Tween
[PBS-T], 0.1% and 5% normal goat serum [NGS]). UCH-L1/protein gene product 9.5
murine monoclonal antibody (1/1400 dilution) (Chemicon, Millipore, UK) was incubated
overnight at 4°C. After incubation with primary antibody, cells were washed with PBS-T
(5%5 min) prior to incubation with Alexa 488 goat anti mouse 1gG conjugated secondary
antibody (Molecular Probes, Invitrogen, UK) for 1 hr at room temperature. Sections were
washed with PBS-T and mounted in mounting medium with propidium iodide (PI) to
preserve fluorescence and counterstain DNA (Vector Laboratories, Burlingame, CA, USA)
(as above), and viewed by fluorescent microscopy and images recorded by the Lucia GF
imaging system (Nikon, Surrey, UK).

Cell extracts were prepared by scraping whole cell monolayers into RIPA buffer, followed
by overnight rotary extraction at 4°C followed by removal of supernatant. Total protein was
determined in the supernatants by BCA analysis (Pierce, MSC, Eire). Twenty microgram
protein samples were heated in loading buffer (Invitrogen, Paisley, UK), 95°C, 5 mins and
allowed to cool before loading for electrophoresis.

Electrophoresis was performed as described above using 12% polyacrylamide gel
electrophoresis, followed by transfer to Immobilon-P polyvinylidene fluoride (PVDF)
membrane (Millipore, UK). Membranes were washed with PBST (0.1%) and incubated
overnight at 4°C in PBST containing 4% (w/v) Blotto milk protein (Santa Cruz
Biotechnology, Santa Cruz, CA, USA) to block nonspecific reactivity, followed by washing
and incubation in UCH-L1/protein gene product 9.5 murine primary monoclonal antibody
(1/2000 dilution in PBST) (Chemicon, Millipore, UK) overnight at 4°C. A commercial
fluorescent secondary antibody (IRDye 800CW goat-anti mouse IgG) was added (1/5000
dilution) and membranes imaged using the Odyssey Infrared imaging system (LI-COR,
Biosciences, Future Lab Technologies, Eire). A, p-actin loading control was also analysed
with B-actin primary antibody (Sigma-Aldrich) and comparable secondary antibody (IRDye
680 IgG, 1/5000 dilution). Fluorescence density for UCHL-1 and p-actin was analysed
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simultaneously using the LI-COR band quantification system, which provides a broad, linear
dynamic range of fluorescence intensity, unlike conventional chemiluminescence which is
dependent on timing and exposure, and is restricted to a defined linear range.

Localisation of UCH-L1 in human retina

All methods were carried out in accordance with the tenets of the Declaration of Helsinki for
any research involving human tissue. In addition, informed consent was obtained from
relatives prior to the study, and ethical approval was obtained from Research Ethics
Committees of all involved Institutions. Eyecups were retrieved approximately 4 hours post-
mortem and immediately placed on ice. The anterior portion of the eye was removed and the
retina immersion fixed in 4% PFA (Sigma-Aldrich Company Ltd., Dorset, UK) for 1 hr at
room temperature. After paraffin embedding, tissue sections (7 ium) were cut and placed
upon silanized slides and allowed to air-dry before use.

Seven-pm sections were deparaffinised in xylene (3x5 min), followed by rehydration in
100%, 95%, 70% (v/v) ethanol/H,0, and distilled H,O. Sections were blocked and placed in
permeabilisation buffer (PBS-Tween [PBS-T], 0.1% and 5% NGS) prior to incubation with
UCH-L1 monoclonal antibody (1/2000 dilution) [Chemicon (protein gene product 9.5),
Millipore, UK] 18 hr, 40 C. Sections were washed in PBS-T (5x5 min) prior to incubation
with Alexa 488 goat anti-mouse 1gG conjugated secondary antibody (Molecular Probes,
Invitrogen, UK) for 1 hr at room temperature. Sections were washed (PBS-T) and mounted
as described above for monolayer ICC. Samples were viewed by fluorescent microscopy and
images recorded by both confocal microscopy and the Lucia GF system. In all cases, isotype
controls consisting of nonimmune sera were employed (Sigma Aldrich, UK).

Statistical analysis

Results

Data were expressed as the mean values + SEM, and statistical differences in the mean were
assessed using one-way analysis of variance (ANOVA) followed by the Tukey—Kramer
post-hoc test for multiple comparisons unless stated specifically. All statistical analyses
were performed using SPSS 14.0 (Lead Technologies, USA) or GraphPad InStat 3.0
(GraphPad Software, San Diego, CA, USA). Data was considered significant at 95%

(p<0.05).

Proteins identified by 2D-SDS-PAGE (pH range 3-10)

The proteomes for ARPE-19 cultured for 1 month on unmodified BM (control) and AGE-
BM were profiled. In the first instance, extracted protein was resolved using IEF pH 3-10 in
the first dimension, and arrayed using a 12.5 % gel (Fig. 1) (7=3); 322 * 25 spots following
culture with native BM compared relative to 235 + 10 spots following culture on AGE-BM
(m=3). Nineteen protein spots were identified by LC ESI-MS/MS from the control RPE
(Fig. 1a), and 15 proteins from RPE exposed to AGE-BM for 1 month (Table 1; Fig. 1b).

Proteins identified by 2D-SDS-PAGE (pH range 4-7)

RPE proteins were resolved using a linear pH range (pH 4-7) in the first dimension (Fig. 2);
(17=3). 2D-PAGE detected 279 + 16 and 221 * 37 from RPE cells cultured on BM and AGE-
BM respectively. Proteins of interest from RPE cultured on control substrate were analysed
by ESI-MS/MS (Fig. 2a) and 31 identified (Table 1), while 37 spots from RPE cultured on
AGE-BM were identified (Fig. 2b).

Densitometry detected altered spot densities for several matched proteins, some of which
were identified by ESI-MS/MS (Tables 1, 2, Fig. 3). Incubation of the RPE on AGE-BM
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induced a 2.1- and 4.5-fold increase in protein disulphide isomerase (PDI) and ubiquitin
carboxyl-terminal hydrolase 1 (UCH L1) densitometry respectively. In addition, a number of
RPE proteins exhibited decreased expression when cultured on AGE-BM; these included
phosphoglycerate kinase (8.4-fold), ¢ myc promoter binding protein (4.9-fold), and tumour
necrosis factor beta (TNF-B) precursor (5.9-fold).

Analysis of the identified spots demonstrated that the majority of proteins belong to specific
groups with specialised functions; the largest number of alterations were evident in heat-
shock proteins, cytoskeletal proteins, and those linked to metabolic regulation (Table 2).

Localisation and regulation of UCH-L1 in human RPE

AGE-exposure induced a 4.5-fold increase in the proteasome-linked protein UCH-L1, and
this was corroborated with complementary immunocytochemistry analysis. Confluent RPE
monolayers cultured for 1 month on native BM substrate revealed moderate cytoplasmic
UCH-L1 immunoreactivity. The relative intensity increased when cells were grown on
AGE-BM (Fig. 4). Western blot analysis of RPE extracts confirmed upregulation of protein
UCH-L1 in cell monolayers cultured upon AGE-BM relative to control RPE on BM
(p<0.05) (Fig. 4c,d).

Immunohistochemical analysis of aged human ocular tissues (/7=7) revealed the expression
of UCH-L1 in the outer retina, where it was predominantly localised to the RPE (Fig. 5). In
the older donor tissue, there was a qualitative increase in UCH-L1 protein in the RPE.

Discussion

A normal human RPE proteomic database was established in 2003 [25], and since then the
proteomes derived from RPE recovered from aged donor eyes and cultured ARPE-19 cells
have been reported [26—29]. As denoted in Table 1, many of the regulated proteins observed
in the current analysis have also been demonstrated in other RPE proteomes. Most of these
studies have identified age-related alterations in key component proteins in metabolic
pathways such as the MAPK (mitogen-activated protein kinase) cascade, lysosomal
cathepsins, and stress responses markers [9, 30]. Several studies have also evaluated the
mechanisms of RPE activation under oxidative stress, ageing, disease states, and normal
growth [31] [26-28, 30, 32—-34]. The current investigation employed a model of aged
Bruch’s membrane to assess its impact on the RPE proteome. The densities of several
identified protein spots were increased following exposure to AGEs in the sub-cellular
matrix, many of which have a significant role in degradative RPE pathways, such as the
deubiquiting enzyme UCH-L1, proactivator polypeptide precursor (involved in lysosomal
degradation of sphingolipids), and nucleophosmin (a histone chaperone protein). Additional
identified proteins have antioxidant functions, such as the thioredoxin-dependent peroxide,
peroxiredoxin 2, and protein disulphide isomerase that are involved in regulating redox
potential.

The majority of the proteins that exhibited decreased detection when cultured on AGE-BM
are involved in glycolysis/gluconeogenesis, such as phosphoglycerate kinase (a glycolytic
transferase enzyme), c-myc promoter binding protein (an inhibitor of MAPK pathway),
triosephosphate isomerase (catalysis of triose phosphates isomers), and inflammation
mediator tumour necrosis factor B precursor. Several other proteins identified by MS/MS,
such as cathepsin D precursor protein, alpha and gamma enolase, superoxide dismutase,
galectin-1, and the structural proteins myosin and actin did not exhibit statistical significance
for altered expression.
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Structural integrity proteins

The identification of the intermediate filament protein vimentin in RPE was not surprising,
since it is a key cytoskeletal component in these cells. However, its upregulation in the RPE
after exposure to AGE-BM was interesting, since increased vimentin expression has been
confirmed in RPE from AMD patients [35]. This observation lends support to the concept
that in some respects age-related changes in vitro may parallel those observed in vivo in
terms of initial phenotypic variation [19, 21]. Vimentin has been reported as a major target
for specific AGE modification in dermal fibroblasts, in which the majority of glycation
events were evident on lysine residues located in linker regions [36]. This non-random AGE
modification induced a redistribution of vimentin to form perinuclear aggregates, induced
decreased contractility, and the CML-modified vimentin accumulated and evidently drove
aggresome formation [36]. This association strongly supports the concept that AGE
modifications generate loss of function. The functional significance of increased vimentin
detection in RPE cultured on AGE-BM warrants further detailed analysis to assess gene
expression and protein turnover.

Calmodulin exhibited increased detection in RPE exposed to AGE-BM, and this could be
related to impaired adhesion of the cells through impaired matrix interaction. This protein is
a multifunctional cytoplasmic calcium-binding receptor which has diverse functions in
multiple cell types in which it binds to other proteins [37]. In the context of the RPE, it may
play a role in proliferative vitreoretinopathy (PVR) in which RPE hyperproliferation leads to
development of epiretinal membranes [38]. Indeed, calcium and calmodulin antagonists
have been shown to reduce RPE proliferation, and have been discussed as potential PVR
therapies [39]. The present study detected increased RPE calmodulin densities in response to
growth on AGE-BM

Markers of apoptosis/stress response elements

Alteration in

a-crystallin was not detected in RPE cultured on AGE-BM, and this would suggest that
either protein expression was significantly downregulated and/or it is subject to unknown
posttranslational modification [40], which may impact its solubility and migration. Increased
oxidative stress has been reported to downregulate a crystallin mRNA expression, and this
stressor is characteristic of RPE cultured on a glycated matrix [41, 42]. a crystallin is
subjected to considerable modification with ageing [43], but it is uncertain if AGE adducts
in the sub-cellular matrix could have any impact on intracellular AGE formation.

Protein disulphide isomerase (PDI) is expressed by quiescent RPE in vitro [25], where it
may act as a chaperone and as a catalyst for disulphide bond formation [44]. The current
study detected elevated PDI levels in RPE cultured on AGE-BM, and several studies have
established that mMRNA and protein PDI expression is upregulated in response to cellular
oxidative or hypoxic stress [40, 45, 46]. Therefore, since it is well-documented that AGEs
induce oxidative stress, it is reasonable to suggest that prolonged RPE exposure to AGE-BM
could lead to an increased oxidative burden and a concomitant increase in PDI expression.

The current study detected decreased density of heat shock protein (HSP) following AGE-
exposure. HSP have recently been shown to be involved in defence against oxidative stress
in AMD retina/RPE [47] and upregulated in response to high glucose conditions [32]. HSPs
have been linked to caspase activation and apoptotic responses [48, 49].

ubiquitin carboxyl-terminal hydrolase 1 (UCH-L1)

The ubiquitin proteasome pathway (UPP) is essential for specific, regulated degradation and
removal of ubiquitinated proteins [50]. UCH-L1, a thiol (cysteine) protease, is a member of
the ubiquitin carboxyl-terminal hydrolase (UCH) family of deubiquitinating enzymes
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(DUBSs). UCH-L1 is expressed in neural tissue, and occurs at elevated concentrations in
aggregates characteristic of neurodegeneration diseases such as Lewy bodies (Parkinson’s
disease) and neurofibrillary tangles (Alzheimer’s disease) [51-53]. UCH-L1 has been
localised to retinal ganglion cells; cells in the inner nuclear layer and in neuronal fibers in
the plexiform layers [54] and in RPE cells [55]. UCH-L1 exhibited increased detection both
in vitro and in vivo in human retina, and more intense immunostaining was observed in the
photoreceptor outer segments of aged mice in particular, at the RPE/photoreceptor interface.
Previous reports have also shown localisation of UCH-L1 to the inner segments of cones
[55]. This suggests a close association with ubiquitin deposition and the localisation of the
ubiquitin conjugating enzyme E2 [55]. The current study suggests that this enzyme may also
be important in RPE function, although further studies would need to examine how it alters
in detailed human post-mortem studies.

Age-related protein damage via oxidative stress is a characteristic feature of advanced
glycation reactions, and would be expected to place considerable demand on the ubiquitin
system. Previous studies have shown increased accumulation of lipofuscin in a murine mode
of retinal ageing, both in subretinal/RPE and perivascular tissues, and associated with
increased fundus autofluorescence also linked to potential AGE deposition [56]. This data is
supportive of current observation in aged murine and human retina. Proteome analysis of
drusen/lipofuscin isolated from AMD patients also detected ubiquitin [57]. This report allied
with the current observations would suggest that the ubiquitin system in general and the
activity of UCH-L1 in particular are worthy of further study.

Prolonged exposure to an AGE-modified substrate (akin to aged Bruch’s membrane) has a
significant effect on the RPE proteome in vitro. This study has shown that a range of
pathogenic pathways may become dysfunctional upon prolonged exposure of RPE to AGE
adducts characteristic of ageing. In particular, this study has highlighted the potential
disruption to intracellular protein degradation, which has implications for the health of the
outer retina.
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Abbreviations

2D two dimensional gel electrophoresis
AGE-BM AGE modified basement membrane extract
AGEs advanced glycation endproducts

AMD age-related macular degeneration

ARM age-related maculopathy

DUBs deubiquitinating enzymes

ESI MSIMS electrospray ionisation mass spectrometry
FCS foetal calf serum

HSP heat shock protein

|EF isoelectric focusing

IHC Immunohistochemistry
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LC-ESI-MY Liquid chromatography electrospray tandem
MS mass spectrometry

MAPK mitogen-activated protein kinase

NGS Normal goat serum

PDI protein disulphide isomerase

PFA Paraformaldehyde

Pl propidium iodide

PVDF polyvinylidene fluoride

PVR proliferative vitreoretinopathy

RPE retinal pigment epithelium

TFA trifluoroacetic acid

TNF-g tumour necrosis factor beta

BM unmodified basement membrane extract

UCH Ubiquitin carboxyl-terminal hydrolase

UCH-L1 Ubiquitin carboxyterminal hydrolase-1

UPP Ubiquitin proteasome pathway
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Fig. 1.

Representative 2-dimensional gel electrophoresis (2D) profiles of the ARPE-19 proteome
derived from cells cultured on unmodified matrix (BM) (a) and AGE-modified matrices
(AGE-BM) (b); 2 mg of the protein extract was separated by IEF (pH gradient 3-10 IPG
strips), arrayed on12.5% gels, visualized using colloidal Coomassie Blue, and subjected to
densitometry. Spots of interest (annotated) were identified by LC ESI-MS/MS (Table 1)
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Fig. 2.

Representative 2-dimensional gel electrophoresis (2DGE) profiles of the ARPE-19 proteome
cultured on (a) unmodified BM and (b) AGE-BM; 2 mg of the protein extract was separated
by IEF (pH gradient 4—7 IPG strips), arrayed on 12.5% gels, visualized using colloidal
Coomassie Blue, and subjected to densitometry. Spots of interest (annotatea) were identified
by LC ESI-MS/MS (Table 1)
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Fig. 3.

Pogsttranslational modifications evident in ARPE19 monolayers exposed to either
unmodified matrix (BM) (al-gl) or glycation (AGE-BM) (a2-g2). The most significantly
altered 2D regions are highlighted for protein alterations occurring with and without matrix
modification. Arrowheads indicate proteins of interest correlating with a selection of data in
Table 1. Identified proteins include a: a enolase phospho D glycerate (47 kDa); b: vimentin
(53.5 kDa); c: nucleoside diphosphate kinase A (17.1 kDa); d: heat shock protein betal
(22.8 kDa); e: stress-70 protein (73.6 kDa); f: barrier to auto-integration factor (10 kDa)
nuclear transport factor 2 (14.5 kDa); g: peroxiredoxin 2 (21.9 kDa); lactoylglutathione
lyase (20.6 kDa)
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Fig. 4.

Upregulation of UCH-L1 within confluent ARPE19 monolayers grown on AGE-BM. a
Control ARPE-19 growing on native BM show sparse UCH-L1 immunoreactivity (greer);
control cells grown on AGE-BM (b) display a relative increase in the cytoplasmic intensity.
Nuclei are counterstained with P1 (red). Scale bar— 50 pm. c Western blot analysis using
fluorescence detection of the 24 kDa UCHL-1 band quantified using LI-COR and expressed
relative to B-actin expression (/7=3)
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Fig. 5.

UCH-L1 in human retina. a Representative image from a male donor aged 34 years in which
UCHL-1 immunoreactivity is evident at the photoreceptors (*) and, in particular at the RPE
(arrows). b Higher magnification of RPE from a young donor (aged 30-40) showing UCH-
L1 at the basal face of the cells (arrows), adjacent to Bruch’s membrane. Nuclei are
counterstained with propidium iodide (red). c An 88-year-old donor demonstrated intense
UCH-L1 immunostaining in the RPE cytoplasm and in drusen (arrows)
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Functional categories of the 55 proteins identified by ESI-MS/MS; the largest percentages were cytoskeletal,
antioxidant, metabolic, UPP, and heat shock protein

Functional categories

% contribution

Cytoskeleton proteins

Heat shock proteins + chaperones
Metabolism

Miscellaneous

RNA binding proteins, elongation
and transcription related

Apoptosis-related proteins
Antioxidants
Ubiquitination + proteasome-related proteins

Signalling proteins

17
17
15
13
10

N 0 o0 oo
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