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Abstract
Deimination is a form of protein posttranslational modification carried out by the peptidyl arginine
deiminases (PADs) enzymes. PAD2 is the principal deiminase expressed in the retina. Elevated
levels of PAD2 and protein deimination are present in a number of human neurological diseases,
with or without ocular manifestation. To define the association of deimination with the
pathogenesis of age-related macular degeneration (AMD), we studied protein deimination and
PAD2 levels in retinas of AMD donor eyes compared to age-matched non-AMD retinas. Eyes
from non-AMD and AMD donors were fixed in 4% paraformaldehyde and 0.5% glutaraldehyde in
phosphate buffer. Retina and retinal pigment epithelium (RPE) from donor eyes were processed
for immunohistochemical detection and western blotting using antibodies to PAD2 and citrulline
residues. The ganglion cell, inner plexiform, inner nuclear and outer nuclear layers were labeled
by both PAD2 and citrulline antibodies. Changes in the localization of deiminated residues and
PAD2 were evident as the retinal layers were remodeled coincident with photoreceptor
degeneration in AMD retinas. Immunodetection of either PAD2 or citrulline residues could not be
evaluated in the RPE layer due to the high autofluorescence levels in this layer. Interestingly,
higher deimination immunoreactivity was detected in AMD retinal lysates. However, no
significant changes in PAD2 were detected in the AMD and non-AMD retinas and RPE lysates.
Our observations show increased levels of protein deimination but not PAD2 in AMD retinas and
RPE, suggesting a reduced rate of turnover of deiminated proteins in these AMD retinas.
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1. Introduction
Posttranslational modifications (PTMs) of proteins allow the incorporation of more
structural and functional diversity in protein than is possible with only variations in amino
acid residues. In turn PTMs become important as signals in the regulation of many cellular
activities. Protein deimination, often referred to as citrullination, is a PTM that is carried out
by peptidyl arginine deiminases (PADs) upon increase of intracellular calcium levels and
involves conversion of arginine residues to citrulline (Vossenaar et al., 2003). Deimination
of proteins induces a decrease in the charge of the modified proteins with major
consequences on their conformation, stability and/or interactions with other proteins, and
therefore on their functions (Gyorgy et al., 2006, Mechin et al., 2011). Mammalian cells
possess five protein deiminases, PAD1-4 and 6 (Vossenaar et al., 2003).

PAD2 is considered the most prevalent isotype expressed in the central nervous system.
Hence, elevated levels of PAD2 and protein deimination have been reported in a number of
human neurological diseases including autoimmune encephalomyelitis (Nicholas et al.,
2005), multiple sclerosis (Moscarello et al., 2007), Alzheimer’s disease (Ishigami et al.,
2005, Louw, et al., 2007; Mohlake and Whiteley, 2010; Acharya et al., 2012), Parkinson’s
disease (Nicholas, 2011), amyotrophic lateral sclerosis (Chou et al., 1996), and glaucoma
(Bhattacharya et al., 2006a; Bhattacharya et al., 2006b; Cafaro et al., 2010). Elevated levels
of PADs and protein deimination have also been linked to the pathogenesis of autoimmune
diseases such as rheumatoid arthritis (Yamada et al., 2005, Harris et al., 2008, Kochi, 2010,
Kochi et al., 2011, Giles et al., 2012).

Previously, it was reported that human brain from multiple sclerosis donors displayed
increased deimination in comparison to brain from control and donors with other
neurological diseases (Moscarello et al., 1994). The same study also found that infants
possess higher levels of deimination compared to normal adults and that the relative
proportion of relative deiminated protein in both multiple sclerosis and infant brain tissue
was similar (Moscarello et al., 1994). We recently reported reduced levels of deimination in
the retina, optic nerve, and blood of older F344BN rats compared to young animals. These
observations were in concert with reduced mRNA and protein levels and activity for PAD2
in the retina and optic nerve of older rats compared to those from young rats (Bhattacharya
et al., 2008). We also reported decreased deimination in ganglion cell layer together with
increased deimination in other retinal layers to occur in a mouse model of demyelination
(Pelizaeus-Merzbacher disease termed ND4 mice). These findings were accompanied by a
decrease in inner retinal function indicating loss of vision in ND4 mice. In these mice, local
restoration of deimination dramatically improved retinal function (Enriquez-Algeciras et al.,
2013). Taken together, these findings suggest the cell-specific regulation of deimination may
be a previously unrecognized indicator of retinal function. For example, increased
deimination in astrocytes and decreased deimination in ganglion cells occurs in
neurodegenerative disease. In contrast, increased deimination occurs in developing ganglion
cells in infants. These results are consistent with our conjecture pertaining to differences in
deimination in disease and development (Bhattachary, 2009).

Age-related macular degeneration (AMD) is the most common cause of irreversible
blindness in the elderly population in industrialized countries. AMD is characterized by
progressive loss of photoreceptors in the macula secondary to dysfunction of the retinal
pigment epithelium (RPE) in the setting of prominent extracellular lesions. Late AMD can
manifest in two forms, geographic atrophy or “dry AMD” and neovascular or “wet” AMD.
Geographic atrophic (GA) is characterized by focal death of RPE, photoreceptors and
choriocapillaris in the macula often together with large and abundant drusen accumulation
(Biarnés et al., 2011). The ‘wet’’, neovascular form, occurs when new abnormal blood
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vessels, originating from the choroid, penetrate Bruch’s membrane causing damage to the
RPE and overlying photoreceptors and resulting in vascular leakage, hemorrhage, and
scarring (Freund et al., 2010). Dry AMD is much more common than wet, but choroidal
neovascularization (CNV) in wet AMD accounts for the majority of vision loss (Bressler et
al., 1988). The purpose of this study was to define the distribution of protein deimination
and PAD2 in eyes from donors with AMD and to compare this with the distribution in age-
matched non-AMD eyes. We found that the amount of protein deimination but not the levels
of PAD2 was significantly increased in retinal and RPE lysates from AMD donor eyes, as
compared to that observed from non-AMD eyes. All together our data suggests that strict,
localized regulation of deimination levels is essential for retinal function.

2. Material and methods
2.1. Human eye tissue

Donor eyes were obtained from the Cleveland Eye Bank or through the Foundation Fighting
Blindness Eye (FFB) Donor Program (Columbia, MD). Tissue from 41 different donors was
analyzed. Among those, 16 samples were from non-AMD donors and 25 were from AMD
donors. The analyzed tissue included FFB donations # 703, 704, 711, 714, 716, 722, 723,
728, 745, 758, 781. The donor ages varied between 35 and 91 years and the interval between
time of death and tissue processing varied between 4 and 35.5 hours. Additional information
about the donors is provided in table 1. Eye bank records accompanying the donor eyes
indicated whether the donor had AMD or no known eye diseases. One eye from each donor
was used in our analysis. Globes were cut trough the ora serrata and individually assessed
for gross pathology using a Zeiss Universal S3 surgical microsocope with an OPMI MD
Microscopic Head equipped with a Xenon Light Source. Upon dissection, the fundus of each
eye was analyzed, and graded according to the AREDS disease stage using the Minnesota
grading system for post-mortem eyes as defined by the location and area of drusen
distribution (Olsen and Feng, 2004). In our samples we could not determine if subretinal
drusenoid deposits were present. Fixed eyes were analyzed intact, with the retina on top of
the RPE, while unfixed tissue had the retina mechanically removed from the RPE before
grading the eyes. Of the AMD eyes used in this analysis, 7 had advanced AMD, defined as
either neovascular AMD or geographic atrophy (GA) involving the center of the macula,
and the remaining eyes were either stage 2 or 3. Non-AMD control eyes did not have any
drusen in the macular area nor did they display any grossly visible AMD features. The
immunohistochemical and western blot analysis of these eyes is exempt of IRB approval.

Macroscopic fundus images were collected using a Zeiss AxioCam MRC5 camera equipped
with a macro video lens. Prior to imaging, the cornea and lens were removed leaving only
the posterior pole. Remaining eyecups were filled with PBS to eliminate specular reflections
and improve contrast and image quality.

2.2. Preparation of human RPE and retina lysates
RPE cells (Table 1) were isolated using the protocol initially described with mechanical
removal of the retina and brushing of the RPE from the choroid in PBS (Nakata et al., 2005).
RPE cells suspended in PBS were pelleted, the PBS was aspirated from the tube and fresh
PBS containing protease inhibitors was added to the cells. The RPE cells were kept at −80°C
until used. RPE lysates were diluted 1:1 with 2X radioimmunoprecipitation buffer (RIPA)
(0.2% SDS, 2% Triton X 100, 2% deoxycholate, 0.15M NaCl, 4mM EDTA, 50mM Tris pH
7.4) containing a cocktail of protease and phosphatase inhibitors (Sigma, St. Louis, MO,
USA). Pieces of retinas collected from human donor eyes were collected into eppendorff
tubes and lysed in 1X RIPA buffer. Cells were lyzed for 1 h at 4°C in a rotator, centrifuged
for 10 min at 14000rpm and the supernatants were transferred to clean tubes. The protein
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concentration was determined using the MicroBCA kit (Pierce Biotechnology, Inc.,
Rockford, IL) according to the manufacture’s directions.

2.3 Western blot analysis of lysates
Protein from each sample (40µg) was boiled in SDS sample buffer (62.5 mMTris-HCl (pH
6.8), 25% glycerol, 0.01% bromophenol blue, and 2% SDS), separated on a 10–20%
Novex®-Tris-Glycine gel (Invitrogen Corporation, Carlsbad, CA) and electro-transferred to
Immobilon PVDF membranes (Millipore, Bedford, MA) using a Bio-Rad Semi-Dry
Electrophoretic Transfer Cell (20 min transfer at 18 volts). Membranes were incubated with
antibodies to modified citrulline (#17–347, from the Anti-Citrulline (modified) Detection
Kit, EMD Millipore, Lake Placid, NY) and PAD2 (ab16478, Abcam, Cambridge, MA) in
Blotto A buffer (20 mM Tris/HCl, 0.9% NaCl, 0.05% Tween 20 (TBST), 5% skimmed
milk) for 1h. For detection of deimination, PVDF membranes were incubated at 37°C
overnight without agitation with modification buffer, prepared by mixing 1 part of reagent A
(0.025% FeCl3 in a solution of sterile, distilled water/98%H2SO4/ 85%H3PO4 (55%/25%/
20%)) and 1 part of reagent B (0.5% 2,3-butanedione monoxime, 0.25% antipyrine, 0.5M
acetic acid) as described in the anti-citrulline (modified) detection kit (Millipore). After
extensive washing and blocking, membranes were reacted with secondary antibodies
conjugated to peroxidase and signal was visualized using chemiluminescence Reagent Plus
(NEN™ Life Science Products, Inc., Boston, MA) detection system.

The gels were stained with Gelcode Blue (Thermo Scientific, Rockford, IL), after partial
transfer to PVDF membranes to serve as a reference for the load homogeneity of the
samples as previously described (Bando et al., 2007; Bonilha et al., 2008). Briefly, both gel
and blot were digitized using a densitometer (BIO-RAD GS800), and the density of the gel
and bands was measured and transferred to pixels using Quantity One 4.6.8. A rectangular
area was drawn around the most intense band signal in the scanned blots and used as a
template to determine the number of pixels in these areas. Plotted signals represent pixel
intensity for each band after subtraction from the background signal. The total protein pixel
number from each donor lane stained with Gelcode Blue in the transferred gel was
quantified. The previously determined number of pixels in the Western blot was divided by
the pixels in the Gelcode Blue lane, and these then were used to establish the pixel count per
sample. The average pixel count was determined as a mean of all the AMD and non-AMD
samples. Standard error and t-test were calculated using GraphPad Softaware (http://
www.graphpad.com/quickcalcs/ttest1.cfm) and are presented in Section 3.

2.4. Immunohistology of tissue
The presence of deiminated proteins was investigated in cryosections of AMD and non-
AMD eyes in the perifoveal area (between the fovea and the optic nerve head). Eye pieces of
retina-RPE-choroid were cut and fixed by immersion in 4% paraformaldehyde made in PBS
overnight at 4°C, quenched with 50mM NH4Cl made in PBS for 1h at 4°C, infused
successively with 10% and 20% sucrose made in the same buffer and with Tissue-Tek
“4583” (Miles Inc., Elkhart, IN). 10–12µm cryosections were cut on a cryostat HM 505E
(Microm, Walldorf, Germany) equipped with a CryoJane Tape-Transfer system
(Instrumedics, Inc., Hackensack, NJ, USA). For detection of protein deimination,
cryosections of retina-RPE-choroid were processed and labeled using anti-citrulline
(modified) detection kit as described in western blot analysis. Briefly, cryosections of retina-
RPE-choroid were hydrated, the freezing medium (3 parts of 20% sucrose made in PBS to 7
parts of Tissue-Tek “4583”) was removed and cryosections of retina-RPE-choroid were
treated with freshly made modification buffer for 30 min. at 37°C. Tissue was blocked in
PBS supplemented with + 1% BSA (PBS/BSA) for 30 min, and incubated with the
antibodies to protein deimination (Millipore) and PAD2. The monoclonal PAD2 antibody
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has been previously described and characterized in rat retinas (Koike et al., 1994;
Bhattacharya et al., 2008). Cell nuclei were labeled with TO-PRO®-3 iodide (Molecular
Probes). Secondary antibody (goat anti-rabbit IgG; 1:1000) was labeled with Alexa Fluor
488. Sections were analyzed using a Leica laser scanning confocal microscope (TCS-SP2,
Leica, Exton, PA). A series of 1µm xy (en face) sections were collected. Each individual xy
image of the retinas stained represents a three-dimensional projection of the entire
cryosection (sum of all images in the stack). Microscopic panels were composed using
Adobe Photoshop CS3 (Adobe, San Jose, CA). The labeling controls were incubated with
secondary antibodies only.

2.5. Genetic Analysis of AMD samples
Several of the donor samples (11 non-AMD and 25 AMD) were genotyped for single
nucleotide polymorphisms (SNPs) previously shown to be associated with the development
and progression of AMD. DNA was extracted from blood or eye tissue by means of the
Gentra Systems PUREGENE DNA Purification kit (Qiagen, Minneapolis, MN). Samples
were genotyped for SNPs rs1061170 (CFH), rs10490924 (ARMS2), rs11200638 (HTRA1),
and rs2230199 (C3), using TaqMan SNP genotyping assays.

3. Results
3.1. Immunolocalization of deimination in retinas of AMD donors

To define the localization of deiminated proteins and PAD2 in the retina of AMD donors
several samples were analyzed. Representative fundus images are presented in Fig. 1 of one
non-AMD eye (Fig.1A) and four advanced AMD eyes (Fig.1B to 1E). Evidence for GA
(Fig. 1B and 1C) and neovascular AMD (Fig. 1D and 1E) can be observed in the areas
selected for histological analysis (Fig. 1, rectangles).

The distribution of deiminated proteins from perimacular areas of non-AMD (Fig. 2A, 2D)
and in AMD retinas (Fig. 2B, 2C, 2E, 2F) is illustrated in Fig. 2. Analysis of the retinal
sections showed that the localization of immunoreactivity of deiminated proteins in AMD
retinas was similar to that observed in non-AMD retinas. Specifically, labeling was observed
in ganglion cell, inner nuclear layer and outer nuclear layer as well as the choroid in non-
AMD retinas (Fig.2A) when deimination labeling was overlaid on differential contrast
images (DIC) of the retina. Interestingly, deimination immunoreactivity was mostly
localized to the nuclei of cells in each of these locations. A disorganized distribution of
deiminated proteins was evident in the degenerated areas of the retinas of AMD donors due
to retina modeling as evidenced by the retina morphology (Fig. 2B, 2C, 2E, 2F, braces).
Non-AMD (Fig. 2D) and AMD (data not shown) retinas labeled only with the secondary
antibody did not display any deiminated protein labeling.

3.2. Similar immunolocalization of PAD2 in retinas of several AMD donors
The distribution of PAD2 was also analyzed in the perimacula of AMD and non-AMD
retinas (Fig. 3). Interestingly, PAD2 immunoreactivity was stronger and more abundant than
deimination. PAD2 was detected in all retinal lamina in both non-AMD (Fig. 3A) and AMD
retinas from several donors (Fig.3B, 3C, 3E, 3F). PAD2 also localized to the nuclei of cells
in the ganglion cell layer, and the inner and outer nuclear layer. A disorganized distribution
of PAD2 was evident in the degenerated areas of the retinas of AMD donors (Fig. 3B, 3C,
3E, 3F, braces). Non-AMD (Fig. 3D) and AMD (data not shown) retinas labeled only with
the secondary antibody did not display any PAD2 labeling; non- AMD retina displayed
typical laminar organization.
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3.3. Protein deimination in RPE and retina lysates of AMD donors
The intensity of immunoreactivity of deiminated protein within the AMD and non-AMD
RPE and retinas were separately analyzed by western blot analysis using anti-modified
citrulline antibody and comparison to gels stained with Gelcode blue after partial transfer to
PVDF membranes to serve as reference for the load homogeneity of the samples (Fig.4A
and 4D). Our analysis revealed significant increase in the immunoreactivity in AMD RPE
lysates (Fig.4B, lane 5 to 8) when compared to non-AMD retinas (Fig.4B, lane 1 to 4). The
specificity of the immunoreactivity was demonstrated by reacting Drosophila (canton S
strain) whole extract, which lacks PADs (Fig.4B, lane 9), and Drosophila whole extract that
has been subjected to citrullination with PAD2 incubation (Fig.4B, lane 10). Significant
increase in the deiminated immunoreactivity was also observed in AMD (Fig.4E, lane 5 to
8) and non-AMD retinal lysates (Fig.4E, lane 1 to 4). The deiminated proteins in RPE
lysates showed several prominent protein bands (ca. between 82 and 49 kDa and ∼200kDa,
Fig.4B). In contrast, the retinal lysates displayed several major bands in the molecular
weight range 37–64 kDa (Fig.4E). Immunoblot quantification of RPE and retina lysates
obtained from AMD donor eyes displayed significant increase in protein deimination
immunoreactivity intensity (Fig.4C and 4F). Quantitation of these blots showed that protein
deimination immunoreactivity was upregulated 1.8 fold in AMD RPE and 2.2 fold in AMD
retina samples when compared with non-AMD samples. These differences were statistically
significant (p=0.0164 in the RPE and p=0.0481 in the retinas) (Fig.4C and 4F).

3.4. PAD2 in RPE and retina lysates of AMD donors
The differences in immunoreactivity of PAD2 within the AMD and non-AMD RPE and
retinas were addressed by Western analysis. Whole RPE (Fig.5A to 5C) and retina (Fig.5D
to 5F) lysates were harvested, resolved in a SDS-PAGE and transferred to a membrane and
reacted with PAD2 antibody. Western blot using anti-PAD2 antibody revealed no significant
differences in the immunoreactivity between non-AMD (Fig.5B, lane 1 to 4) and AMD (Fig.
5B, lane 5 to 8) RPE lysates. Similar observations were also made for non-AMD (Fig.5E,
lane 1 to 4) and AMD retinal (Fig.5E, lane 5 to 8) lysates probed with anti-PAD2 antibody.
Quantitation of these blots showed PAD2 immunoreactivity was upregulated 1.2 fold in both
AMD RPE and retina samples when compared with non-AMD samples. However, these
differences were not statistically significant (p=0.2193 in RPE and p=0.4535 in retinas) (Fig.
5C and 5F).

3.5. No differential genetic association in AMD compared to non-AMD donors
Among the donor tissue studied, 11 non-AMD and 25 AMD were genotyped for four SNPs
previously associated with the risk and progression of AMD. These included: 1)
complement factor H (CFH) Y402H (rs1061170), (2) age-related maculopathy susceptibility
2 (ARMS2, also called LOC387715) A69S (rs10490924), (3) high temperature requirement
factor A1 (HTRA1) (rs11200638), and (4) complement component 3 (C3) R80G
(rs2230199). The minor allele frequencies for each SNP are shown in Table 2. There was no
significant difference between the AMD samples and the non-AMD samples at any of the
SNPs.

4. Discussion
Deimination is a form of protein PTM involving conversion of arginine residues into
citrulline. This reaction is carried out by PAD2 in the retina. Previously, we observed lower
levels on proteins deimination in the retina and optic nerve as well as reduced blood levels
in older rats compared to young animals. The purpose of this investigation was to define the
distribution and relative levels of protein deimination and PAD2 in retinal tissues from
AMD donor eyes for comparison with these tissues from age-matched non-AMD eyes. We
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found that deiminated proteins were highest in AMD tissues, but PAD2 levels were not
increased above those present in non-AMD tissues. To our knowledge this is the first report
on citrullination in retinas of donors with AMD.

The calcium-dependent enzymatic deimination of peptidyl- arginine to peptidyl-citrulline,
leads to a decrease in the charge of the modified proteins with major consequences on their
conformation, stability and/or interactions. In turn, this affects their functions (Mechin et al.,
2011). The physiologic significance of deimination is yet to be defined.

It has been reported that PAD2 activity in damaged neuronal tissue is often triggered by
calcium imbalance (Asaga and Ishigami, 2001; Asaga et al., 2002). We did not specifically
measure Ca2+ levels in the samples analyzed. However, several reports suggest that changes
in Ca2+-signaling are observed in AMD retinas and may be a factor modulating PAD2
activity in AMD retinas (Spraul and Grossniklaus, 1997; Li et al., 2010; Vogt et al., 2011;
Chen et al., 2012). First, oxidative stress, an important cause of retinal pigment epithelium
death and subsequent AMD, induces calcium overload and leads to cell injury (Li et al.,
2010). Second, it has been shown that all-trans-retinal-mediated photoreceptor degeneration
in vivo is associated with changes in PLC/IP3/Ca2+ signaling (Chen et al., 2012). Third,
calcification of Bruch’s membrane has been reported in postmortem eyes from AMD donors
(Spraul and Grossniklaus, 1997) and is increased in geographic atrophy eyes (Vogt et al.,
2011). Fourth, calcification is an end-stage of drusen (Rudolf et al., 2008).

Variability was observed in the PAD2 immunoreactivity and protein deimination in the
AMD and non-AMD retinal lysates. This observation may be related to different genetic
markers and environmental factors associated with each sample. Indeed, it is known that
genetic factors and environment influence susceptibility to AMD (Smith et al., 2001; Chen
et al., 2010; Chen et al., 2011; Choudhury et al., 2011; Seddon et al., 2011). However, our
analysis of the four SNPs that are consistently shown to have the strongest associations with
the development and progression of AMD revealed no difference between AMD and non-
AMD samples. These results suggest that genetic risk factors do not influence deimination
of proteins in AMD retinas. Environmental factors such as smoking have been linked to
deimination in both rheumatoid arthritis and multiple sclerosis (Klareskog et al., 2006a,
Klareskog et al., 2006b; Mahdi et al., 2009; Kochi et al., 2011). However, the information
available for the tissue analyzed did not include donors smoking habits.

Our unpublished data determined that the levels of PAD1, PAD3 and PAD4 remains
unchanged in the AMD tissue compared to controls using quantitative amplified message
(real time PCR). In addition, almost none or very low levels of PAD1 and PAD3 protein
were detected in RPE lysates. Therefore, the changes in citrullination reported here are
likely related to PAD2 activity.

In conclusion, we found that protein deimination but not PAD2 was significantly increased
in AMD retinas and RPE lysates. While PAD2 levels were not significantly increased in
AMD tissue, it is possible that its enzymatic activity is different in AMD samples, while the
level of PAD2 remains the same. It is also possible that in AMD samples, the deiminated
proteins accumulate due to reduced turnover/lysosomal and/or proteasomal function. Indeed,
RPE lysosomal activity is a cellular function reported to be altered in AMD (Beatty et al.,
2000; Mettu et a, 2012). In addition, increased expression of proteins involved in the
proteasomal pathway was also reported in the retinas of AMD donors (Ethen et al., 2006,
Ethen et al., 2007).

Our results, suggest that protein deimination may have a role in the pathology of AMD and
that deiminated proteins might become a useful biomarker for neurodegeneration in this
disease. Our experiments did not address the identity of proteins deiminated in the AMD
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retinas. Previously, immunoprecipitation and mass spectrometry have identified about 36
proteins that potentially undergo deimination in the human retina (Bhattacharya, 2009).
Several of these proteins could be citrullinated in AMD retinas leading to changes in their
biological activity. Alternatively, it is possible that molecules involved in soft tissue
calcification such as pyrophosphate, fetuin A, matrix gla protein, vitamin K, and ATP-
binding cassettes 6, among other proteins may be regulated through deimination in the
retina.
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• PAD2 and citrulline retina.

• PAD2 relocalized in AMD.

• Increased citrulline in AMD.
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• PAD2 and citrulline antibodies labeled the ganglion cell, inner plexiform, inner
nuclear and outer nuclear layers.

• Changes in the localization of deiminated residues and PAD2 were evident as
the retinal layers were remodeled coincident with photoreceptor degeneration in
AMD retinas.

• Higher deimination immunoreactivity of protein deimination but not PAD2 in
AMD retinas and RPE lysates were detected.
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Fig. 1. In situ imaging of whole AMD and age-matched non-AMD donor eyes
The optic nerve head, macula and retinal veins were visible in the macroscopic fundus
image of the non-AMD eye (A). AMD samples displayed typical geographic atrophy (B, D)
and exudate accumulation around the macula (C–E). Rectangles highlight the areas selected
for histological analysis.
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Fig. 2. Protein deimination localization is similar in the retinas of AMD and non-AMD donors
The levels of protein deimination staining were analyzed in the perimacular area of non-
AMD (A) and AMD retinas (B, C, E, F). Immunoreactivity was overlaid on differential
contrast images (DIC) of the retina. Analysis of the AMD retinal sections showed that the
levels of deiminated proteins observed were similar to the levels observed in non-AMD
retinas. Specifically, non-AMD retinas displayed protein deimination in the ganglion cell
layer (GCL), inner nuclear layer (INL), outer nuclear layer (ONL). Interestingly,
deimination was frequently localized to the nuclei of cells in these layers of both AMD and
non-AMD. A disorganized distribution of deiminated proteins was visible in the degenerated
areas of the retinas of AMD donors (braces). Non-AMD (D) and AMD (data not shown)
retinas labeled only with the secondary antibody did not display any deiminated protein
labeling Bar = 40µm.
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Fig. 3. PAD2 levels are similar in the retinas of AMD and non-AMD donors
The levels of PAD2 were analyzed in the perimacular area of non-AMD (A, D) and AMD
retinas (B, C, E, F). Nuclei were labeled with TO-PRO3 and are shown in blue to serve as a
reference for the retinal layers. Analysis of the AMD retinal sections showed that the levels
of PAD2 were similar to the levels observed in non-AMD retinas. Immunolocalization of
PAD2 was present in all retinal layers, namely, ganglion cell layer (GCL), inner nuclear
layer (INL), outer nuclei layer (ONL). Interestingly, PAD2 was frequently localized to the
nuclei of cells in the GCL and INL. A disorganized distribution of PAD2 was visible in the
degenerated areas of the retinas of AMD donors (braces) Non-AMD (D) and AMD (data not
shown) retinas labeled only with the secondary antibody did not display any deiminated
protein labeling. Bar = 40µm.
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Fig. 4. Increased expression of deiminated proteins in RPE and retina lysates of AMD and non-
AMD donors
RPE (A–C) and retinas (D–F) from several AMD donors were harvested and lysed. A
representative gel is shown stained with Gelcode blue after partial transfer to PVDF
membranes to serve as a reference for the load homogeneity of the samples (A, D). The
same samples are also shown after immunoreactivity of samples with the anti-citrulline
antibody (B, E). Drosophila whole extract (which lacks PADs) before (B, lane 9) and after
(B, lane 10) incubation with PAD2 provided control for anti-citrulline antibody
immunoreactivity. In C, and F, the mean signal intensity was plotted for AMD and non-
AMD samples ± error bars. Protein deimination immunoreactivity was approximately 1.8
fold higher in AMD RPE compared with non-AMD RPE (p = 0. 0164 by Student’s t-test, n=
10). In addition, protein deimination immunoreactivity was approximately 2.2 fold higher in
AMD retinas compared with non-AMD retinas (p = 0.0481 by Student’s t-test, n= 7).
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Fig. 5. Similar expression of PAD2 in RPE and retina lysates of AMD and non-AMD donors
RPE (A–C) and retinas (D–F) from AMD donors were harvested and lysed. A representative
gel is shown stained with Gelcode blue after partial transfer to PVDF membranes to serve as
a reference for the load homogeneity of the samples (A, D). The same samples are also
shown after immunoreactivity of samples with the anti-PAD2 antibody (B, E). In C, and F,
the mean signal intensity was plotted for AMD and non-AMD samples ± error bars. PAD2
immunoreactivity was approximately 1.2 fold higher in AMD RPE compared with non-
AMD RPE (p = 0.2193 by Student’s t-test, n= 10). PAD2 immunoreactivity was also
approximately 1.2 fold higher in AMD retinas compared with non-AMD retinas (p = 0.4535
by Student’s t-test, n= 9).
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Table 2

Minor Allele Frequencies (MAF) for the SNPs Genotyped in AMD and non-AMD Donor Eyes.

SNP Risk Allele MAF AMD MAF Non-AMD p-value

rs1061170 (CFH) C 0.40 0.36 1.000

rs10490924 (ARMS2) T 0.28 0.23 0.772

rs11200638 (HTRA1) A 0.28 0.23 0.772

rs2230199 (C3) G 0.19 0.15 1.000
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