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Abstract

Purpose To analyze and compare the total proteome
of aqueous humor (AH) from patients having primary
angle closure glaucoma (PACG), primary open angle
glaucoma (POAG) and age-related cataract.
Materials and methodology Aqueous humor was
collected from age-matched PACG, POAG and
cataract patients who underwent surgery, and it was
immediately stored at — 80 °C until analysis. From
each sample, 25 pg of total protein was subjected to
trypsin digestion and subsequently LC-MS/MS anal-
ysis was performed for the deep proteome analysis.
The data acquired after the LC-MS/MS analysis were
analyzed using Proteome Discoverer 1.4. The identi-
fied peptide matches were validated using percolator,
at less than 1% false discovery rates.

Results A total of 625, 594 and 636 proteins were
identified in PACG, POAG and cataract groups,
respectively (n = 9 in each group). The inter-group
comparison among all these groups showed that 246
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proteins were identified in all the three groups. An
average of 236 £ 42, 218 &+ 40 and 214 £ 62 pro-
teins from each AH sample of PACG, POAG and
cataract, respectively, was identified. There were 53
proteins commonly found in all 9 PACG AH, 59
proteins in POAG AH and 42 proteins in 9 cataracts
AH samples. In the individual analysis, there were 28
proteins found in all the samples analyzed represent-
ing the “constitutive AH proteome.” Spectral count-
ing analysis of 246 proteins identified in all three
group types showed significant differences in protein
abundance. In proteins unique to PACG AH, 7
proteins viz. ARHGEF12, APC2, WAS, PIK3CG,
ITGB1, MSN and PFNI1 out of 226 were found in
“Regulation of Actin Cytoskeleton” pathway,
whereas in POAG 5 out of 206 proteins viz. ADCY?2,
ITPR1, MAPK3, MAP3K2 and TUBB1 were found in
“Gap Junction” pathway.

Conclusions A qualitative as well as a quantitative
comparison of proteomes of AH from PACG, POAG
and age-related cataract eyes showed significant
differences, thus providing clues to the disease
pathophysiology.

Keywords Aqueous humor - Proteome - LC-MS/
MS - Primary angle closure and open angle glaucoma
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Introduction

Glaucoma is a spectrum of multi-factorial ocular
diseases and is one of the leading causes of vision
impairment worldwide. It is a chronic progressive
optic neuropathy, with raised intraocular pressure
(IOP) being a major risk factor. The two commonly
occurring glaucoma types are primary open angle
glaucoma (POAG) and primary angle closure glau-
coma (PACG). Pathomechanisms of glaucomatous
neuropathy and trabecular abnormalities causing a
raised intraocular pressure are still not fully under-
stood, but have been attributed to a number of possible
mechanisms such as oxidative stress [1], aging [2],
vascular dysregulation, autoimmunity [3]. These pro-
cesses possibly alter the aqueous humor (AH) flow
dynamics within the eye. Aqueous humor composition
is dynamic, as AH serves the important functions of
supplying nutrients to the cornea, lens, and trabecular
meshwork, while maintaining refraction and intraoc-
ular pressure (IOP) of the eye. Alterations in the
protein composition of aqueous humor provide a
window into altered biochemical processes, either
leading to dysfunction or reflecting pathological
processes in the surrounding tissues, such as the
trabecular meshwork.

Several studies have described the protein compo-
sition of AH in different ophthalmic conditions
including cataract [4, 5], myopia [6], corneal graft
rejection [7], age-related macular degeneration [8],
primary open angle glaucoma [9] and proteome of AH
after glaucoma shunt device implant [10]. There are
reports in literature focused on specific families of
proteins in PACG aqueous, but the global proteome of
PACG aqueous has not been described till date.

The present study compares the total proteome of
AH, from patients having PACG, POAG or cataract to
further our understanding of the pathophysiology of
primary adult glaucomas.

Materials and methods

JTodoacetamide, dithiothreitol, ammonium bicarbon-
ate, formic acid and protease inhibitor cocktail were
purchased from SIGMA-Aldrich, USA. Sequencing
grade trypsin was obtained from Promega Corp.,
Madison, WI and BCA protein estimation kit from
Pierce (ThermoFisher Scientific, USA).
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Subjects and collection of aqueous humor

Consecutive patients having an adult primary glau-
coma (PACG or POAG) underwent a thorough clinical
examination, including slit-lamp biomicroscopy, fun-
dus examination using + 90D lens, applanation
tonometry, gonioscopy and perimetry (Humphrey®
Field Analyzer/HFA™ 1I-i Series). Patients were
initially advised topical medical therapy. If “target
IOP” was not achieved with maximally tolerated
topical medications, a trabeculectomy was advised.

The inclusion criteria for this study were patients
aged 50-60 years who have advised a trabeculectomy.
The diagnostic criteria for the two primary glaucomas
were:

Primary open angle glaucoma

An intraocular pressure > 21 mmHg on 3 different
occasions with applanation tonometry, in the presence
of open angles on gonioscopy, and characteristic optic
nerve head and visual field changes suggestive of
glaucoma.

Primary angle closure glaucoma

Patients having an “occludable” angle with peripheral
anterior synechiae extending over at least 180° on
indentation/manipulative gonioscopy, with a chroni-
cally raised IOP of over 21 mmHg on at least 3
occasions in the presence of optic nerve head and
visual field changes suggestive of glaucoma.

Exclusion criteria for glaucoma patients were a
patient having cataract, any other ocular pathology,
history of an attack of acute angle closure or secondary
glaucomas, prior surgery and patients who were
unwilling or had any known systemic disease.

Age-matched individuals undergoing cataract sur-
gery were recruited as control. Exclusion criteria for
these patients were a patient having any other ocular
pathology, any family history or suspicion of glau-
coma, secondary glaucomas, prior surgery, and
patients who were unwilling or had any known
systemic disease.

The study was approved by our institutional ethics
committee and adhered to the Tenets of the Declara-
tion of Helsinki. Written informed consent was
obtained from each patient.
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Identical topical and systemic medications were
used for all glaucoma patients included in this study at
the time of the surgery such as timolol drops and tablet
acetazolamide. AH was aspirated at the beginning of
the surgical procedure through a limbal site, using a
27-gauge needle on a tuberculin syringe, taking
special care to avoid blood contamination or the
presence of iris pigment. The AH samples were
transferred to pre-marked microcentrifuge tubes and
kept frozen at — 80 °C.

Protein estimation and in-solution trypsin
digestion

The total amount of protein in each sample was
estimated by Bicinchoninic Assay (BCA) using a
commercial protein estimation kit (ThermoFisher
Scientific, USA). An equal amount (25 pg) of total
protein from each patient of PACG, POAG and
cataract was reduced with 10 mM dithiothreitol for
1 hour at room temperature and subsequently alky-
lated with 40 mM iodoacetamide for 45 minutes at
room temperature. The reduced and alkylated proteins
were digested with modified porcine trypsin overnight
at 37 °C. The enzyme/total protein ratio was 1:50.

Liquid chromatography and mass spectrometry

Mass spectrometry was performed on a hybrid Orbi-
trap Velos Pro mass spectrometer (ThermoFisher
Scientific, Waltham, MA, USA) using the Xcalibur
version 2.1 coupled to a Nano LC-1000 HPLC
nanoflow system (ThermoFisher Scientific, Waltham,
MA, USA) via nanoelectrospray ion source. The
tryptic peptide mixture (~ 2 pg) from each sample
(in duplicates) was loaded on to a pre-column
(Acclaim Pep Map100-75 pm x 2 cm, C-18, 3 um,
100A0) which was in line with an analytical column
(Acclaim Pep Map RSLC-50 pm x 15 cm, C-18,
2 pm, 100A0). The peptides were eluted from the
column with a gradient of 5% Solvent B: 95%
acetonitrile in 0.1% formic acid, Solvent A: 5%
acetonitrile in 0.1% formic acid to 50% Solvent B over
a period of 180 minutes with a flow rate of 300 nL/
min. The mass spectra were acquired in a data-
dependent acquisition mode allowing the first scan as
full scan in FTMS at a resolution of 60,000 and
selecting Top-20 precursor ions to fragment, using
collision-induced dissociation method in the ion trap.

The threshold for switching from MS to MS/MS was
2000 counts.

Data analysis

The acquired data were processed with Proteome
Discoverer 1.4 (ThermoFisher, Waltham, MA, USA)
using SEQUEST algorithm with a mass tolerance of
10 ppm for MS and 0.6 Da for MS/MS. The raw files
were searched against the human Uniprot database
(UP000005640 proteome). A maximum of two missed
tryptic cleavage sites were allowed. Carbamidomethyl
cysteine was set as fixed modification, while oxidized
methionine was kept as variable modification. Perco-
lator available with Proteome Discoverer was used for
validation of peptide matches at less than 1% false
discovery rates (FDR). Spectral counting of the
proteins identified in all three diseases was performed
to evaluate the relative abundance of the proteins
detected in three diseases.

Results

A total of 75 consecutive glaucoma patients were
screened and reviewed. Nine eyes each of PACG and
POAG that fulfilled all our inclusion and exclusion
criteria underwent a trabeculectomy, and AH was
collected. Concurrently, 9 age-matched patients
undergoing a cataract surgery had their AH collected.
The mean age of patients with PACG was
53.5 £+ 3.8 years, POAG was 56.14 £ 2.2 years,
and patients undergoing cataract surgery was
54.9 £ 2.4 years with no significant difference among
the groups (p = 0.64). There were 14 males and 13
females, with no statistical difference in male to
female ratio among the groups (p = 0.81). The IOP
prior to aqueous aspiration was 18.5 &£ 2.6,
18.8 + 3.1, and 15.6 £ 2.3 mmHg, in PACG, POAG
and cataract patients, respectively. The protein con-
centration was 2-5 mg/ml in PACG, 3-8 mg/ml in
POAG and 1-3 mg/ml in cataract eye aqueous
samples.

Trypsin-digested aqueous humor from individual
samples was subjected to LC-MS/MS analysis. The
raw data from each of the nine samples from each
disease group were analyzed together to identify
proteins in each disease type. A total of 625 proteins
were identified in PACG AH at less than 1% FDR.
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Similarly, 594 and 636 proteins were identified in
POAG and cataract AH, respectively. When compared
with each other, it was observed that 246 proteins were
common in all three disease groups (Fig. 1). On an
average, we have identified 236 + 42, 218 + 40 and
214 £+ 62 proteins from each sample of PACG, POAG
and cataract AH, respectively (Table 1). There were
few proteins that were common to the 9 samples of
each disease group, 53 in PACG (Table 2), 59 in
POAG (Table 3) and 42 in cataract (Table 4). Also a
total of 28 proteins were present in all 27 analyzed
samples which represent the “Constitutive proteome
of human aqueous humor” (Table 5).

To investigate the relative, differential protein
expression if any, in proteins common to all three
groups, spectral counting analysis of all the proteins
detected in each disease group was performed and the
normalized spectral abundance factor (NSAF) was
calculated [11, 12]. The NSAF was then used to
compare protein differential rates in the 246 proteins
identified in all three groups (NSAF ratios of > 2
and < 0.5 being considered significant). This analysis
revealed that 91 proteins in PACG AH and 97 proteins
in POAG AH were significantly differentially
expressed as compared with age-matched cataract
AH. Out of these, 31 proteins were found to be up-
regulated in both glaucoma types as compared to
cataract AH and 24 proteins were down-regulated, in
both subtypes of glaucoma, but were not significantly
different as compared to age-matched cataract AH.
Functional interaction analysis of these differentially
expressed proteins of both glaucoma subtypes was

Cataract-AH PACG-AH

POAG-AH

Fig. 1 Common proteins found in three disease groups
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performed using STRING. Gene ontology (GO)
biological processes-based enrichment analysis of
these proteins showed that proteins involved in tissue
and vascular remodeling and immune response path-
ways were majorly up-regulated in AH of both
glaucoma types as compared to cataract AH.

Proteins significantly up-regulated in PACG as
compared to POAG AH were 72 kDa type IV
collagenase, cDNA FLJ77835, highly similar to Homo
sapiens complement component 1, s subcomponent
(CI1S), transcript variant 2, mRNA, Centrosomal
protein C100rf90, Complement Clq subcomponent
subunit B, DNA excision repair protein ERCC-6-like,
Ganglioside GM2 activator, INADL protein, Metal-
loproteinase inhibitor 1, Monocyte differentiation
antigen CD14, Pleiotrophin and Protein-glutamine
gamma-glutamyltransferase Z.

Proteins significantly up-regulated in POAG as
compared to PACG AH were 40S ribosomal protein
S4, X isoform, cDNA FLJ75416, highly similar to
Homo sapiens complement factor H (CFH), mRNA,
cDNA FLJ78207, highly similar to Human comple-
ment protein component C7 mRNA, Complement Clq
tumor necrosis factor-related protein 1, Inter-alpha-
trypsin inhibitor heavy chain H2, Lipocalin-1, L-lac-
tate dehydrogenase A chain, ProSAAS, Sparc/os-
teonectin, cwcv and kazal-like domains proteoglycan
(Testican) 2, isoform CRA_b, and Ubiquitin carboxyl-
terminal hydrolase 40.

Cytoscape tool was used for pathway analysis, with
pathway visualization using the KEGG source data-
base. In proteins unique to PACG AH, 7 proteins viz.
ARHGEF12, APC2, WAS, PIK3CG, ITGB1, MSN
and PFN1 out of 226 were found in “Regulation of
Actin Cytoskeleton” pathway. In POAG AH 5 out of
206 proteins viz. ADCY2, ITPR1, MAPK3, MAP3K2
and TUBBI1 were found in “Gap Junction” pathway.
Four proteins viz. VWF, C1QC, C5 and PROS1 out of
a total of 221 proteins were found in the AH of cataract
patients that formed part of the pathway known as
“Complement and Coagulation Cascade.”

Discussion

This study compared the global AH proteome of
PACG and POAG with age-related cataract eyes
having no other ocular or systemic disease. The
proteomes of AH from various glaucomatous eyes,
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Table 1 List of proteins found only in one disease type

221 proteins detected exclusively in
“Cataract”

226 proteins detected exclusively in
“PACG”

206 proteins detected exclusively in
“POAG”

14-3-3 Protein zeta/delta (Fragment)

3-Ketoacyl-CoA thiolase, peroxisomal
(Fragment)

Acetyl-CoA carboxylase 2

Acidic leucine-rich nuclear
phosphoprotein 32 family member B
(Fragment)

Adenylate cyclase type 10

Alcohol dehydrogenase class-3
(Fragment)

Alpha-crystallin B chain (Fragment)
Alternative protein MFHAS1

Alternative protein PLEKHAS
Alternative protein TMPRSS7

ANKSIA protein (Fragment)

Ankyrin repeat and SOCS box protein 16
Annexin (Fragment)

Anti-HER3 scFv (Fragment)

Anti-streptococcal/anti-myosin
immunoglobulin lambda light chain
variable region (Fragment)

Archaemetzincin-2
Arfaptin-2

Arginine/serine-rich coiled-coil protein 2

ATP-binding cassette sub-family A
member 10

Beta-globin (Fragment)

Beta-hexosaminidase subunit beta
(Fragment)

Bile acyl-CoA synthetase

Clorf2 protein

Calmodulin-like protein 5

Cation channel sperm-associated protein 3
cDNA FLJ11167 fis, clone

PLACE1007257, highly similar to
Protein diaphanous homolog 2

28S ribosomal protein S17, mitochondrial
(Fragment)

3/-5’ “Exonuclease TREX2 long form

3-Keto-steroid reductase

60S ribosomal export protein NMD3
(Fragment)

Acetoacetyl-CoA synthetase (Fragment)
Acetyl-CoA carboxylase 1

Activating transcription factor
7-interacting protein 2

Adenosine deaminase, RNA-specific,
isoform CRA_b

Alternative protein WIPI2

Anion exchanger-1 variant

AP-2 complex subunit beta (Fragment)
AP-3 complex subunit beta-1

Aryl hydrocarbon receptor repressor

ATP-binding cassette sub-family F
member 1 (Fragment)

ATR-interacting protein (Fragment)

Autophagy-related protein 16-2

BCL2/adenovirus E1B 19 kDa protein-
interacting protein 3

Beta-crystallin A4
Beta-enolase

Brain acid soluble protein 1

Bromodomain adjacent to zinc finger
domain protein 2A (Fragment)

C2 domain-containing protein 3
Cartilage intermediate layer protein 1

Caspase recruitment domain family,
member 14, isoform CRA_d

CCDC144B protein

CCR4-NOT transcription complex subunit
10 (Fragment)

1,2-Dihydroxy-3-keto-5-
methylthiopentene dioxygenase

39S ribosomal protein L44, mitochondrial

39S ribosomal protein L49, mitochondrial

45 kDa calcium-binding protein
(Fragment)

A disintegrin and metalloproteinase with
thrombospondin motifs 12

ACAP3 protein (Fragment)

Acidic fibroblast growth factor
intracellular-binding protein

All-trans-retinol 13,14-reductase
(Fragment)

Alpha-parvin (Fragment)
Alternative protein APAF1
Alternative protein C8orf38
Alternative protein GFRA1
Alternative protein PNKD
ANKDDIA protein (Fragment)

ANKRDI1?2 protein (Fragment)

Ankyrin repeat and LEM domain-
containing protein 1

Annexin A2 (Fragment)

Apolipoprotein F

ATP-binding cassette sub-family A
member 12

ATP-dependent RNA helicase DHX29
Beta-globin

Calcium-activated potassium channel
subunit alpha-1 (Fragment)

Calcium-dependent secretion activator 1
(Fragment)

Caveolin (Fragment)

cDNA FLJ23951 fis, clone HEP08954
CDNA FLJ27201 fis, clone SYN03133
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Table 1 continued

221 proteins detected exclusively in
“Cataract”

226 proteins detected exclusively in
“PACG”

206 proteins detected exclusively in
“POAG”

cDNA FLJ32530 fis, clone
SMINT2000185, highly similar to
TRANSKETOLASE (EC 2.2.1.1)

cDNA FLJ34132 fis, clone
FCBBF3010586, weakly similar to
Microtubule-associated protein orbit
(Fragment)

cDNA FLJ34277 fis, clone
FEBRA2003524

cDNA FLJ36001 fis, clone
TESTI2015213, highly similar to Homo
sapiens target of EGR1, member 1
(nuclear) (TOE1), mRNA

cDNA FLJ39243 fis, clone
OCBBF2008283, highly similar to
Protein NDRGI

cDNA FLJ51255, moderately similar to
NKG2D ligand 3

cDNA FLIJ51288, highly similar to
Kinesin heavy chain

c¢DNA FLJ53570, highly similar to
Keratin, type I cytoskeletal 16

cDNA FLJ54162, moderately similar to
CDP-diacylglycerol-inositol3-
phosphatidyltransferase (EC 2.7.8.11)

cDNA FLIJ54342, highly similar to Heat
shock 70 kDa protein 1

cDNA FLJ54378, highly similar to Golgin
subfamily B member 1 (Fragment)

cDNA FLJ55295, highly similar to
Nuclear factor of activated T-cells,
cytoplasmic 4

cDNA FLJ56286, highly similar to Homo
sapiens meiosis defective 1 (MEI1),
mRNA

cDNA FLJ56823, highly similar to
Protein-glutamine gamma-
glutamyltransferase E (EC 2.3.2.13)

CDKS regulatory subunit-associated
protein 2 (Fragment)

cDNA FLJ10286 fis, clone
HEMBB1001384, highly similar to
COP9 signalosome complex subunit 4

cDNA FLJ30924 fis, clone
FEBRA2006521, highly similar to
Junctophilin-3

cDNA FLJ39849 fis, clone
SPLEN2014711, highly similar to Homo
sapiens hect domain and RLD 6
(HERC®6), transcript variant 1, mRNA

cDNA FLJ40508 fis, clone
TESTI2045850, highly similar to AP-3
complex subunit beta-2

cDNA FLJ45314 fis, clone
BRHIP3005142, highly similar to
Proteasome-associated protein ECM29
homolog

cDNA FLJ45547 fis, clone
BRTHA2035743, highly similar to
Activated CDC42 kinase 1 (EC 2.7.10.2)

cDNA FLJ45596 fis, clone
BRTHA3017791, highly similar to
F-box only protein 41

cDNA FLJ51627, highly similar to Rho
guanine nucleotide exchange factor 12

cDNA FLJ52922, highly similar to Serine/
threonine-protein kinase WNK4 (EC
2.7.11.1)

cDNA FLJ52935, highly similar to
CMRF35-like-molecule 1

cDNA FLJ53478, highly similar to
Galectin-3-binding protein

cDNA FLIJ54656, highly similar to Aryl
hydrocarbon receptor nuclear
translocator

cDNA FLJ55023, highly similar to
Adapter-related protein complex 1
sigma- 1B subunit

c¢DNA FLJ27339 fis, clone TMS09615,
highly similar to TFIIH basal
transcription factor complex helicase
subunit (EC 3.6.1.-)

cDNA FLJ30874 fis, clone
FEBRA2004329, moderately similar to
MYOSIN HEAVY CHAIN, CARDIAC
MUSCLE ISOFORM

cDNA FLJ35087 fis, clone
PLACEG6005546, highly similar to
Polymerase I and transcript release
factor

cDNA FLJ35722 fis, clone
TESTI2001697, highly similar to Homo
sapiens spermatogenesis associated 16
(SPATA16), mRNA

cDNA FLJ35943 fis, clone
TESTI2011750

cDNA FLJ37350 fis, clone
BRAMY2021825, highly similar to
Homo sapiens voltage-gated channel
like 1 (VGCNL1), mRNA

cDNA FLJ39132 fis, clone
NTONG2008365, highly similar to
Homo sapiens tetratricopeptide repeat
domain 21B (TTC21B), mRNA

cDNA FLJ39219 fis, clone
OCBBF2006849, weakly similar to
Transmembrane protein 131

cDNA FLJ39664 fis, clone
SMINT2007219, highly similar to SH2
domain-containing protein 3C

cDNA FLJ39696 fis, clone
SMINT2011033, highly similar to
Sorting and assembly machinery
component 50 homolog

cDNA FLJ41945 fis, clone
PLACEG6019676, highly similar to
Coatomer subunit gamma

cDNA FLJ42001 fis, clone
SPLEN2029912

cDNA FLJ43122 fis, clone
CTONG3003737, highly similar to
Leucine-rich repeat-containing protein
15

cDNA FLJ43785 fis, clone
TESTI2052211

@ Springer



Int Ophthalmol (2019) 39:69-104

75

Table 1 continued

221 proteins detected exclusively in
“Cataract”

226 proteins detected exclusively in
“PACG”

206 proteins detected exclusively in
“POAG”

cDNA FLJ57480, moderately similar to
Platelet endothelial cell adhesion
molecule

cDNA FLJ59064, highly similar to UGA
suppressor tRNA-associated protein

cDNA FLJ60999, highly similar to
Centromere protein I

cDNA FLJ61084, highly similar to
Angiopoietin-1

cDNA FLJ61480

c¢DNA FLJ61743, highly similar to Class
B basic helix-loop-helix protein 3

cDNA FLJ75522, highly similar to Homo
sapiens von Willebrand factor (VWEF),
mRNA (Fragment)

cDNA FLJ75846, highly similar to Homo
sapiens cytochrome P450, family 19,
subfamily A, polypeptide 1 (CYP19A1),
transcript variant 1, mRNA

c¢DNA FLIJ77092, highly similar to Homo
sapiens phosphatidylinositol transfer
protein, cytoplasmic 1 (PITPNC1),
transcript variant 2, mRNA

cDNA FLIJ77399, highly similar to Homo
sapiens cofactor required for Spl
transcriptional activation, subunit 2,
150 kDa (CRSP2), mRNA

cDNA FLJ90719 fis, clone
PLACE1008744, highly similar to Mus
musculus sushi, von Willebrand factor
type A, EGF and pentraxin domain
containing 1, mRNA

cDNA PSECO0206 fis, clone
HEMBA1002913, weakly similar to
CARBOXYPEPTIDASE H (EC
3.4.17.10)

cDNA, FLJ79515, highly similar to
Kinesin-like protein KIF2

cDNA, FLJ93389, highly similar to Homo
sapiens multiple inositol polyphosphate
histidine phosphatase, 1 (MINPP1),
mRNA

cDNA FLJ55124, highly similar to Plasma
serine protease inhibitor

cDNA FLJ57044, highly similar to Homo
sapiens fetal Alzheimer antigen (FALZ),
transcript variant 1, mRNA

cDNA FLIJ57396, highly similar to
Lipoprotein lipase (EC 3.1.1.34)

cDNA FLJ57840, highly similar to
Chromodomain-helicase-DNA-binding
protein 7 (EC 3.6.1.-)

cDNA FLJ58131, highly similar to
Secretogranin-1

cDNA FLJ58169, highly similar to
Anaphase-promoting complex subunit 2
(APC2)(Cyclosome subunit 2)

cDNA FLJ58989, moderately similar to
ADP-ribosylation factor-like protein 2

cDNA FLJ60265, highly similar to
Adenylate cyclase type 2 (EC 4.6.1.1)

cDNA FLJ60975

cDNA FLJ61016

cDNA FLJ61075, highly similar to
Mineralocorticoid receptor

cDNA FLJ61371, highly similar to
Phosphatidylinositol 3-kinase regulatory
subunit alpha

c¢DNA FLJ61630, highly similar to
Bardet-Biedl syndrome 10 protein

cDNA FLJ61714, highly similar to
Tripeptidyl-peptidase 2 (EC 3.4.14.10)
(Fragment)

cDNA FLJ45304 fis, clone
BRHIP3003984, highly similar to
IkappaB kinase complex-associated
protein

cDNA FLJ45819 fis, clone
NT2RP8001363, highly similar to Mus
musculus signal peptide, CUB domain,
EGF-like 1 (Scubel)

cDNA FLJ50835, highly similar to
Retinoic acid-induced protein 2

cDNA FLJ52634, highly similar to
G-protein-coupled receptor 120

cDNA FLJ53503, highly similar to Plasma
serine protease inhibitor

c¢DNA FLJ54510, highly similar to
Adenylate cyclase type 2 (EC 4.6.1.1)

cDNA FLJ54546, highly similar to Homo
sapiens sarcolemma associated protein
(SLMAP), mRNA

cDNA FLJ54912, highly similar to
60 kDa heat shock protein,
mitochondrial

cDNA FLJ55364, highly similar to CRSP
complex subunit 6

cDNA FLJ56520, highly similar to CG1
protein

cDNA FLJ58224, highly similar to
Calpain-2 catalytic subunit (EC
3.4.22.53)

cDNA FLJ58776, highly similar to
Nidogen-2

cDNA FLJ59550, highly similar to Homo
sapiens amyloid beta (A4) protein,
transcript variant 3, mRNA

cDNA FLJ59628, highly similar to
Etoposide-induced protein 2.4
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Table 1 continued

221 proteins detected exclusively in
“Cataract”

226 proteins detected exclusively in
“PACG”

206 proteins detected exclusively in
“POAG”

cDNA, FLJ93695, highly similar to Homo
sapiens serpin peptidase inhibitor, clade
A (alpha-1 antiproteinase, antitrypsin),
member 4 (SERPINA4), mRNA

cDNA, FLJ95242, highly similar to Homo
sapiens L-3-hydroxyacyl-Coenzyme A
dehydrogenase, short chain (HADHSC),
mRNA

cDNA, FLJ95441, highly similar to Homo
sapiens zinc finger protein 347
(ZNF347), mRNA

cDNA, FLJ95817, highly similar to Homo
sapiens ZYG homolog (ZYG), mRNA

Cell adhesion molecule 3

CENPCI protein

Centrosome and spindle pole-associated
protein 1

Chromodomain Y-like protein

Chromosome 10 open reading frame 47,
isoform CRA_b

C-Jun-amino-terminal kinase-interacting
protein 3

Cofilin-1 (Fragment)

Coiled-coil domain-containing protein 154
Coiled-coil domain-containing protein 24

Collagen alpha-2(XI) chain

Complement Clq subcomponent subunit
C

Complement component 5 variant
(Fragment)

Complement factor H-related protein 1
Cystatin-11

Cystatin-A

cDNA FLJ76059, highly similar to Homo
sapiens dual-specificity tyrosine-(Y)-
phosphorylation regulated kinase 4
(DYRK4), mRNA

cDNA FLJ77260, highly similar to Homo
sapiens phosphoinositide-3-kinase,
catalytic, gamma polypeptide (PIK3CG),
mRNA

cDNA FLJ78137, highly similar to Homo
sapiens uronyl-2-sulfotransferase (UST),
mRNA

cDNA FLJ78318, highly similar to Homo
sapiens sestrin 1 (SESN1), mRNA

cDNA, FLJ79037, highly similar to
Myosin-10

cDNA, FLJ79139, highly similar to Alkyl
dihydroxyacetone phosphate synthase,
peroxisomal (EC 2.5.1.26)

cDNA, FLJ79240, moderately similar to
Neutrophil cytosol factor 1

c¢DNA, FLJ79538, highly similar to
Prominin-1

cDNA, FLJ94688, highly similar to Homo
sapiens solute carrier family 10
(sodium/bile acid cotransporter family),
member 1 (SLC10A1), mRNA

cDNA, FLJ95281, highly similar to Homo
sapiens a disintegrin-like and
metalloprotease (reprolysintype) with
thrombospondin type 1 motif, 1
(ADAMTS1), mRNA

Cell adhesion molecule 4

Centromere protein F

c¢GMP-dependent 3',5'-cyclic
phosphodiesterase (Fragment)

Coiled-coil domain-containing protein 38
Collagen alpha-1(XXI) chain (Fragment)

Complement C5

Complement component C8 gamma chain
CROCC protein (Fragment)

Cytochrome P450 2W1

cDNA FLJ61351, highly similar to
Fanconi anemia group A protein

c¢DNA FLJ75171, highly similar to Homo
sapiens amyloid beta (A4) protein-
binding, family B, member 2 (Fe65-like)
(APBB2), mRNA

cDNA FLJ76468, highly similar to Homo
sapiens cullin 7 (CUL7), mRNA

cDNA FLJ76647, highly similar to Homo
sapiens zinc finger protein 198
(ZNF198), mRNA (Fragment)

cDNA, FLJ79457, highly similar to
Insulin-like growth factor-binding
protein complex acid labile chain

cDNA, FLJ92530, highly similar to Homo
sapiens chromogranin B (secretogranin
1) (CHGB), mRNA

cDNA, FLJ92723, highly similar to Homo
sapiens Down syndrome critical region
gene 1-like 1 (DSCR1L1), mRNA

cDNA, FLJ95135

cDNA, FLJ96567, highly similar to Homo
sapiens propionyl Coenzyme A
carboxylase, alpha polypeptide(PCCA),
mRNA

cDNA: FLJ21924 fis, clone HEP04086

CMP-N-acetylneuraminate-beta-
galactosamide-alpha-2,3-
sialyltransferase 4 (Fragment)

Coiled-coil domain-containing protein 3
Coiled-coil domain-containing protein 41

Coiled-coil domain-containing protein 67

Cyclin-dependent kinase 4 inhibitor C
Cystatin-F

Dickkopf-related protein 3

Disintegrin and metalloproteinase domain-
containing protein 11 (Fragment)

DNA polymerase epsilon catalytic subunit
A
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Table 1 continued

221 proteins detected exclusively in
“Cataract”

226 proteins detected exclusively in
“PACG”

206 proteins detected exclusively in

“POAG”

Cytidine and dCMP deaminase domain-
containing protein 1

Desmocollin 1, isoform CRA_b
Desmoglein-1

Desmoplakin

Dimethylaniline monooxygenase [N-
oxide-forming] 1

Dipeptidyl-peptidase II variant (Fragment)

DNA replication complex GINS protein
SLD5

DNA-directed RNA polymerase 111
subunit RPC2 (Fragment)

Doublecortin domain-containing protein 5
(Fragment)

Dual specificity protein phosphatase 15

Dynein heavy chain 5, axonemal

Dynein heavy chain 7, axonemal

Dynein intermediate chain 2, axonemal
Dynein light chain roadblock-type 1
E3 ubiquitin-protein ligase CBL

E3 ubiquitin-protein ligase UBRS

EGF-containing fibulin-like extracellular
matrix protein 2 (Fragment)

ELM?2 and SANT domain-containing
protein 1 (Fragment)

Exophilin-5 (Fragment)

FAST kinase domain-containing protein 1
(Fragment)

Fatty acid-binding protein, epidermal
F-box only protein 15 (Fragment)
F-box only protein 27 (Fragment)

F-box only protein 40
FCH domain only protein 2

Fibrinogen silencer-binding protein
Filaggrin-2

Follistatin-related protein 5

Cytoplasmic dynein 1 heavy chain 1

Developmental pluripotency-associated
protein 4

Diacylglycerol kinase, gamma 90 kDa
variant (Fragment)

Disks large-associated protein 3
DNA polymerase (Fragment)

Dynein heavy chain 3, axonemal
E3 ubiquitin-protein ligase TRIP12

Egl nine homolog 2
Enolase
Ephrin type-A receptor 10

Ephrin-AS

ERI1 exoribonuclease 2

F-box/LRR-repeat protein 5 (Fragment)
FEX1

Full-length cDNA clone CSODIO68YF21
of Placenta of Homo sapiens (human)

Gamma-aminobutyric acid type B receptor
subunit 1

Gamma-interferon-inducible lysosomal
thiol reductase

Gastric inhibitory polypeptide

Glutamate receptor ionotropic, kainate 3

Glycine decarboxylase P-protein
(Fragment)

GTF2IRD2B protein (Fragment)
Hemicentin-2

Hemoglobin beta subunit variant
(Fragment)

HHIP-like protein 2
Histone H4 (Fragment)

Insulin-like growth factor 1 receptor
(Fragment)

Insulin-like growth factor-binding protein
4

Integrin beta-1

DNA topoisomerase

Dombrock blood group protein

(Fragment)

Dyad symmetry binding protein

(Fragment)

Dynein heavy chain 6, axonemal

Dystroglycan

E3 ubiquitin-protein ligase RNF133

E3 ubiquitin-protein ligase RNF25

E3 ubiquitin-protein ligase UBR3

(Fragment)

Ectonucleoside triphosphate
diphosphohydrolase 7

EF-hand calcium-binding domain-

containing protein 5
FAM166B protein

Fanconi anemia group M protein

(Fragment)
F-box only protein 2
FBXO18 protein (Fragment)

FERM domain-containing protein 7

Fetuin-B (Fragment)

Fibrillin-2

Fibrinogen beta chain, isoform CRA_e

Fibulin-1 (Fragment)

Forkhead box protein J3 (Fragment)

Frizzled-9
Galectin-4 (Fragment)

Glutaryl-CoA dehydrogenase,
mitochondrial

Glutathione S-transferase P

Glyceraldehyde-3-phosphate
dehydrogenase (Fragment)

Golgi membrane protein 1

G-protein-coupled receptor 3

G-protein-coupled receptor-associated

sorting protein 1
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Table 1 continued

221 proteins detected exclusively in
“Cataract”

226 proteins detected exclusively in
“PACG”

206 proteins detected exclusively in
“POAG”

G protein-coupled receptor family C group
5 member B variant 2

Gametocyte-specific factor 1

Gastric intrinsic factor

Glycosyltransferase-like protein LARGE1
(Fragment)

Golgin-45 (Fragment)
G-protein-coupled receptor 98

H/ACA ribonucleoprotein complex
subunit 4 (Fragment)

HCG2015269, isoform CRA_c
Heat shock protein beta-1

Hemoglobin beta chain variant Hb.Sinai-
Bel Air (Fragment)

Hereditary hemochromatosis protein
(Fragment)

HERV-K_5q33.3 provirus ancestral Gag
polyprotein

Hexaribonucleotide binding protein 3
Histone deacetylase 9 (Fragment)
Histone-lysine N-methyltransferase NSD3

Histone-lysine N-methyltransferase
SETD2 (Fragment)

Hyaluronan-binding protein 2

Immunoglobulin superfamily containing
leucine-rich repeat protein

Insulin-like growth factor-binding protein
2

Insulinoma-associated protein 1

Junction plakoglobin

LanC-like protein 1 (Fragment)

Layilin (Fragment)

Leucine-rich repeat, immunoglobulin-like
domain and transmembrane domain-
containing protein 1

Lipolysis-stimulated lipoprotein receptor

LMTK2 protein (Fragment)
Lysophospholipid acyltransferase 5

Macrophage migration inhibitory factor

Integrin beta-like protein 1

Interleukin-17 receptor A

1Q motif and SEC7 domain-containing
protein 3

Kaptin

Kinesin-like protein KIF1C
Kinesin-like protein KIF26B

Latent-transforming growth factor-beta-
binding protein 2

LATS homolog 1 variant (Fragment)
Leucine-rich repeat-containing protein 45
Lipase member N

Liver carboxylesterase 1

Macrophage erythroblast attacher
(Fragment)

Macrophage-capping protein (Fragment)
MAML2 protein

Moesin

MOZ/CBP protein (Fragment)

Myelin-associated glycoprotein

NADH-ubiquinone oxidoreductase chain 2

Natural killer cell immunoglobulin-like
receptor (Fragment)

Nebulin (Fragment)
Nephrocystin-3

Neuroblastoma-amplified sequence
(Fragment)

Neuronal acetylcholine receptor alpha 4
subunit (Fragment)

NRCAM protein

Nuclear receptor coactivator 1

Out at first protein homolog

Oxidoreductase-like domain-containing
protein 1

Oxysterols receptor LXR-beta

HCG17955, isoform CRA_a

HCG1816139

Hemoglobin alpha-1 globin chain variant
(Fragment)

Homeo box A3

Huntingtin
Inhibitor of growth protein 5
TNF (Fragment)

Inositol 1,4,5-trisphosphate receptor type
1 variant (Fragment)

Inositol polyphosphate 1-phosphatase
(Fragment)

Insulin-like growth factor 2
Integrator complex subunit 3
Josephin-1 (Fragment)

KIR2DL1

LIM domain only protein 7 (Fragment)
L-lactate dehydrogenase

LO AKAP12 92160

LRP2 binding protein, isoform CRA_a

MAP kinase-activated protein kinase 3
(Fragment)

Mediator of RNA polymerase 11
transcription subunit 8

Microtubule-associated tumor suppressor
candidate 2

Mitochondrial coenzyme A transporter
SLC25A42

Mitogen-activated protein kinase kinase 2,
isoform CRA_d

Mitogen-activated protein kinase kinase
kinase 15

Monocyte differentiation antigen CD14,
urinary form (Fragment)

Myb/SANT-like DNA-binding domain-
containing protein 2

Myosin-Illa

N-acetylglucosaminyl-
phosphatidylinositol de-N-acetylase

NACHT, LRR and PYD domains-
containing protein 9
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Table 1 continued

221 proteins detected exclusively in
“Cataract”

226 proteins detected exclusively in
“PACG”

206 proteins detected exclusively in
“POAG”

Mast/stem cell growth factor receptor
variant (Fragment)

MCM2 protein (Fragment)
MIA2 protein (Fragment)

Misshapen-like kinase 1 (Fragment)

Mitochondrial ribonuclease P protein 1
(Fragment)

Mitogen-activated protein kinase kinase
kinase 19 (Fragment)

MSTP128
Neurabin-1 (Fragment)

Neuralized-like protein 4 (Fragment)

Nuclear pore membrane glycoprotein
210-like

Olfactory receptor 52B2
Olfactory receptor 56B1

Outer dense fiber protein 2-like
(Fragment)

Oxysterol-binding protein-related protein
11

Paired immunoglobulin-like type 2
receptor alpha (Fragment)

Peptidyl-prolyl cis—trans isomerase
FKBP5

PHD finger protein 14

Phosphatidate phosphatase LPIN2

Phosphoglycerate kinase
PLA2GA4F protein

Plakophilin-1
Plasma alpha-L-fucosidase

PML-RARA regulated adaptor molecule
1, isoform CRA_b

Polyamine-modulated factor 1-binding
protein 1 (Fragment)

Polymerase (Fragment)

Polypyrimidine tract-binding protein 2

P2X purinoceptor 7

Palmitoyl-protein thioesterase 1
PDESA protein (Fragment)

Phenylalanine—tRNA ligase,
mitochondrial

Phospholipid transfer protein

PNAS-101

Poly(A) polymerase beta

Polycomb complex protein BMI-1
(Fragment)

Potassium channel subfamily U member 1

Probable guanine nucleotide exchange
factor MCF2L2

Profilin-1

Protein FAM26D
Protein FAM57B

Protein MROHS
Protein scribble homolog (Fragment)
Protein TANC2

Protein unc-119 homolog B

Protocadherin beta-1

Protocadherin Fat 3
Protocadherin Fat 4

PRSS12 protein

Pseudopodium-enriched atypical kinase 1
Putative collagen homolog protein-b
Putative DYT3 protein

Putative olfactory receptor S1H1

Putative tripartite motif-containing protein
64C

NADH-ubiquinone oxidoreductase chain 5

Natriuretic peptides B

Neuroblastoma breakpoint family member
10

Neuronal pentraxin-2

N-methyl-D-aspartate receptor subunit 2D
variant (Fragment)

Notchless protein homolog 1 (Fragment)

Nuclear pore complex protein Nup133

Nuclear receptor coactivator-6 gamma

Nuclear receptor subfamily O group B
member 1

Nucleoredoxin-like protein 1

OK/SW-CL.19
Olfactory receptor 14J1
Oncogene

Osteopontin-C (Fragment)
Ovostatin homolog 2
Peflin

Peroxisome proliferator-activated receptor
gamma coactivator 1 alpha transcript
variant B5-NT

Plasma membrane calcium-transporting
ATPase 1

POCI1 centriolar protein homolog B

Poly [ADP-ribose] polymerase 12
(Fragment)

Potassium voltage-gated channel
subfamily D member 1

Potassium voltage-gated channel
subfamily V member 2

PP4664

PPPIRYA protein

Pregnancy-specific beta-1-glycoprotein 5
PRO1770
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Table 1 continued

221 proteins detected exclusively in
“Cataract”

226 proteins detected exclusively in
“PACG”

206 proteins detected exclusively in
“POAG”

PREDICTED: filaggrin variant
(Fragment)

Probable ATP-dependent RNA helicase
DHX37

Probable G-protein-coupled receptor 75

Procollagen-lysine,2-oxoglutarate
5-dioxygenase 2

Prostaglandin E2 receptor EP1 subtype
Protein S100-A8

Protein SCAF11 (Fragment)
Protocadherin-15-CD3 isoform 1

Purkinje cell protein 4

Putative homeodomain transcription factor
1

Putative interleukin-17 receptor E-like
Putative tyrosine-protein phosphatase
auxilin

Putative uncharacterized protein

Putative uncharacterized protein
DKFZp686E18167

Putative uncharacterized protein
DKFZp686K18196 (Fragment)

Putative uncharacterized protein
DKFZp686N10185 (Fragment)

Putative uncharacterized protein
DKFZp761D0223 (Fragment)

Putative uncharacterized protein
DKFZp761L1623 (Fragment)

Putative uncharacterized protein
LAPTM4A (Fragment)

Putative uncharacterized protein MCM6
(Fragment)

Putative zinc finger protein

Pyruvate carboxylase, mitochondrial

Rab proteins geranylgeranyltransferase
component A 1

RGS9 protein

Rheumatoid factor RF-IP9 (Fragment)
Riboflavin kinase

RNA-binding protein 28

RNF19B protein

Putative uncharacterized protein

Putative uncharacterized protein
(Fragment)

Putative uncharacterized protein
DKFZp434G1930 (Fragment)

Putative uncharacterized protein EVC
(Fragment)

Putative uncharacterized protein
FLJ43826

Putative uncharacterized protein MGATS
(Fragment)

RAD2IL

Ral GTPase-activating protein subunit
alpha-2

Rearranged VKA17 V gene segment
(Fragment)

Retinoic acid receptor responder protein 1

Rheumatoid factor RF-IP14 (Fragment)

Rho guanine nucleotide exchange factor
33

Rho-related BTB domain-containing
protein 3 (Fragment)

Ribonuclease P/MRP protein subunit
POP5

Secretogranin-1

Serine protease 44
Serine/threonine-protein kinase Nek! 1
Serine/threonine-protein kinase pim-1
Serum amyloid A-1 protein

Signal peptide peptidase-like 2C

Single-chain Fv (Fragment)

Sodium channel protein type 10 subunit
alpha

Spectrin, alpha, erythrocytic 1
(Elliptocytosis 2), isoform CRA_c

Stanniocalcin-1

Tankyrase-2

Target of Nesh-SH3
Testis-expressed sequence 11 protein

Thrombin light chain

Probable 2-oxoglutarate dehydrogenase
El component DHKTD1, mitochondrial
(Fragment)

Proliferation-inducing protein 33
Proline-rich basic protein 1

Proteasome activator complex subunit 4
Protein C9orf3

Protein disulfide-isomerase (Fragment)

Protein LOC100128326
Protein MROHS (Fragment)

Protein NDRG3
Protein odr-4 homolog

Protein S100-A10

Putative heat shock protein HSP 90-alpha
A4

Putative hydroxypyruvate isomerase
(Fragment)

Putative uncharacterized protein

Putative uncharacterized protein CENTG2
(Fragment)

Putative uncharacterized protein
DKFZp686H16106 (Fragment)

Putative uncharacterized protein
DKFZp6860061

Putative uncharacterized protein
FLJ46235

Putative zinc-alpha-2-glycoprotein-like 1
Ras-related protein Rap-2a

Ras-responsive element-binding protein 1
REV25-2 (Fragment)

Rhox homeobox family member 1

RING finger protein 208
SCO-spondin

Serine/threonine-protein kinase Nekl11
Serine/threonine-protein kinase Nek8

Solute carrier family 35 member G2
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Table 1 continued

221 proteins detected exclusively in
“Cataract”

226 proteins detected exclusively in
“PACG”

206 proteins detected exclusively in
“POAG”

RPS6KA4 protein (Fragment)
S protein

SBF1 protein (Fragment)
Selenophosphate synthetase 2

Selenoprotein P (Fragment)
Sentrin-specific protease 1
Serine/threonine-protein kinase BRSK1
Serpin B4 (Fragment)

SH3 and cysteine-rich domain-containing
protein 2

Signal transduction protein CBL-C

Ski-like protein
SLCO1A2 protein

Small proline-rich protein 2E

Sphingosine-1-phosphate lyase 1
(Fragment)

Synapse differentiation-inducing gene
protein 1

Synaptojanin-1 (Fragment)
Tcell alpha chain (Fragment)

Transcription factor E2F5 (Fragment)
Transcription factor SOX-13 (Fragment)

Trans-golgi network protein 2, isoform
CRA_a

Transmembrane protein 101
TTLLS5 protein (Fragment)
Tubulin polyglutamylase TTLL7

Ubiquitin-60S ribosomal protein L40
(Fragment)

UDP-glucuronosyltransferase 2 family,
polypeptide B4, isoform CRA_a

Ugl-Y3
UNC13B protein

TOX high mobility group box family
member 3

Transcription initiation factor TFIID
subunit 6 (Fragment)

Transient receptor potential cation channel
subfamily A member 1 (Fragment)

Transient receptor potential cation channel
subfamily V member 2 (Fragment)

Transmembrane protein 243

Trefoil factor 1

Trichohyalin-like protein 1

Tripartite motif-containing protein 51

tRNA pseudouridine(38/39) synthase
Truncated beta-globin

TTC29 protein
Tuftelin-interacting protein 11
Ubiquitin carboxyl-terminal hydrolase 40

Ubiquitously transcribed tetratricopeptide
repeat protein Y-linked transcript variant
69

UBX domain-containing protein 7
(Fragment)

UDP-glucuronosyltransferase 1-6
(Fragment)

UGCGL2 protein (Fragment)

Uncharacterized protein
Uncharacterized protein (Fragment)

Uncharacterized protein (Fragment)

Uncharacterized protein (Fragment)
Uncharacterized protein Clorf94
Uncharacterized protein C9orf9

Uncharacterized protein
ENSP00000382033

UPF0606 protein KIAA1549

UPF0679 protein Cl4orf101 (Fragment)
Vesicle-associated membrane protein 1

SRSF protein kinase 1

Sushi, nidogen and EGF-like domain-
containing protein 1

TBC1 domain family member 15
(Fragment)

Tetratricopeptide repeat protein 40

Titin
TNPO2 variant protein (Fragment)
Transmembrane protein 251

tRNA-dihydrouridine(16/17) synthase
[NAD(P)(+)]-like (Fragment)

Tubulin beta-1 chain

Type I inositol 1,4,5-trisphosphate
5-phosphatase (Fragment)

Uncharacterized protein C2o0rf71
Uncharacterized protein C9orf174

Uncharacterized protein KIAA1109
(Fragment)

Urea transporter 2

Vacuolar protein sorting-associated
protein 51 homolog

Vascular endothelial growth factor C

Vesicular integral-membrane protein
VIP36 (Fragment)

WD repeat-containing protein 48

Xin actin-binding repeat-containing
protein 2

Xyloside xylosyltransferase 1

Zinc finger homeobox protein 3
Zinc finger protein 180

Zinc fingers and homeoboxes protein 3
(Fragment)
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Table 1 continued

206 proteins detected exclusively in
“POAG”

221 proteins detected exclusively in
“Cataract”

226 proteins detected exclusively in
“PACG”

Uncharacterized protein Vesicular integral-membrane protein

VIP36

UPFO0317 protein C14o0rf159, Vimentin

mitochondrial
Uracil phosphoribosyltransferase homolog Vitamin K-dependent protein S
(Fragment)
V_segment translation product (Fragment) Wiskott-Aldrich syndrome protein
Vacuolar-sorting protein SNF8 (Fragment) Yorkie homolog

VH3 protein (Fragment) Zinc finger CCHC domain-containing

protein 14 (Fragment)

VK3 protein (Fragment) Zinc finger FYVE domain-containing

protein 26

Zinc finger CW-type PWWP domain
protein 1 (Fragment)

Zinc finger protein 202 (Fragment)

Zinc finger MYND domain-containing
protein 19

Zinc finger protein 408

Zinc finger protein 395 (Fragment) Zinc finger protein 425 (Fragment)

Zinc finger protein 836 Zinc finger protein 480 (Fragment)
Zinc finger protein 606 (Fragment)

Zinc finger protein 782 (Fragment)

Zinc finger protein 90 homolog

Zinc transporter 6

Zinc transporter ZIP8

POAG, operated eyes, etc., have been described
earlier [4, 10]; however, to the best of our knowledge,
this is the first report of the global AH proteome from
PACG eyes.

In earlier studies, different methods were used to
identify individual protein in aqueous humor of
glaucoma. [13-15]. However, due to low sample
volume and low protein concentration in aqueous
humor, wide ranges of the protein studies were limited
using traditional methods. But our study compares the
total proteome of AH, from patients having PACG,
POAG or cataract. In our study, the relative quanti-
tative proteomic analysis of 246 proteins identified in
all three disease groups, showed a significant differ-
ential regulation of more than 100 proteins in
glaucoma as compared to cataract (NSAF ratios
of > 2 and < 0.5). Fifty-five proteins were identified
in both glaucoma groups, but not from cataract AH in
this study. The identification of proteins seen in all
aqueous samples of both groups of glaucoma patients
in our study points to some common pathways which

@ Springer

might be involved in the glaucomatous process. The
GO Biological processes-based enrichment analysis
using STRING showed that proteins involved in tissue
and vascular remodeling and proteins from immune
response pathways were majorly up-regulated in AH
of both glaucoma types as compared to cataract AH.
The up-regulated proteins involved in “Immune
system  processes/immune response pathways”
include CD14, CD59, CFD, RIRREL3, APOAA4,
CHGA and MYB. The proteins involved in “blood
coagulation/regulation of body fluids” pathways were
also up-regulated in glaucoma AH, and these include
TIMP1, CFD, CD59 and MYB. In addition, proteins
involved in “response to light stimulus” pathway were
also up-regulated and include MFAP4, AGRN,
APOA4 and APOC3. Out of these proteins APOA4,
AGRN and C3 are also part of “photo-transduction
and retinoic metabolic process” pathways. The finding
that proteins involved in the above-mentioned path-
ways were up-regulated in both PACG and POAG
eyes could allow a better understanding of the
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pathogenesis of Glaucoma. Sacca et al. [16] have
described Apolipoprotein B & E to be the up-regulated
protein markers of endothelial damage in AH of
POAG patients by antibody microarray analysis, while
our study found Apolipoprotein A-4 and C-3 to be up-
regulated in both glaucoma subtypes. Apolipoprotein
E did not show significant up-regulation in our

Development; regulation of biological

g analysis. This study did not find significantly down-
é regulated proteins common to both PACG and POAG
= " AH, as compared to cataract. Some of the down-
‘Eo g regulated proteins were included in the “blood coag-
E & ulation” pathway, F5, FGG and FGB. Our results
indicate that the vascular remodeling, blood coagula-
tion and immune response pathways are majorly
affected by glaucoma.
g On analysis, our study found that some proteins
§ unique to PACG aqueous were seen to be part of the
g g % actin cytoskeleton pathway. In POAG and steroid-
5 @ @ induced glaucoma, Clark et al. [17] had earlier found
% g g that changes in the actin cytoskeleton contribute to
O™ = increased intraocular pressure especially by the for-

mation of cross-linked actin networks (CLANSs) which
are thought to alter trabecular meshwork contractility,
making the cells unresponsive to pressure change thus
increasing IOP. In POAG aqueous, some unique
proteins were a part of the gap junction pathway. It
is assumed that in glaucoma, under conditions of
elevated IOP, astrocytes (which are required for ionic
and metabolic homeostasis of RGCs axon by connec-
tion and communication in the gap junctions) may lose
their gap junction intracellular communication, thus
contributing to glaucomatous neuropathy by altering
homeostasis of RGC axons [18]. In cataract cases, a
number of unique proteins were found to be part of the
complement and coagulation cascade, but the precise
interplay is still not completely understood.
Significant increase in oxidative stress is also
known to play a role in the pathogenesis of PACG
and POAG where oxidative stress leads to an increase
in antioxidant enzymes and causes a decrease in total
antioxidant potential (TRAP). Thus, superoxide dis-
mutase (SOD), glutathione peroxidase (GPx) activi-
ties and TRAP may be useful oxidative stress markers
in the aqueous humor of glaucoma patients [19]. Our
study also reported few proteins in all the nine PACG
and POAG AH samples having antioxidant activity.
Antioxidant activity was observed in cataract AH
samples also. Moreover, Levkovitch [20] reported
apoptosis of retinal ganglion cells (RGCs) in

Molecular function
Protein binding
protein binding

= OPTC Structural molecule activity;
PE = 1 SV = 1—[OPT_HUMAN]

GN = SPONI PE =1 SV =2—
[SPON1_HUMAN]

Spondin-1 OS = Homo sapiens
Q9UBM4 Opticin OS = Homo sapiens GN

Accession Description

QYHCB6

Table 2 continued

Number
52
53

@ Springer



Int Ophthalmol (2019) 39:69-104

90

ssaoo1d [eor3ojoiq

INVINOH v¥SZL4]
—1 = AS ¢ = gd sueardes owoy = SO

Jo uornjen3ar ¢ssadoid orfoqeour QuUBIqUISW Surpurq urajoxd yH ureyd Aaeoy Joyqmyur ursdAn-eydre
‘snnwms 0) asuodsar ‘osuodsar asuayog ‘wisedojko <repnyreoenxyg (Aanoe Jojendar owAzuyg  -I9U[ 03 Jeqruars A[YSIY ‘7L 1S T VNAR S7ZLd L
9suodsar osudgep (YIeap [[90 JuaWAOUW
juouodwiod Je[ny[ed ‘uoneidjrjoid
[[99 ‘UONBNUAIIIJIP [[90 ‘UONEBIIUNWIOD
1[99 ‘siseisodwoy Je[ny[ed ‘jjodsuen
‘snnuwms 0) asuodsar ¢ssoooxd orjoqelow
‘sseooxd edrSo[oIq Jo uonen3ar INVINOH €d1dyd]—1 = AS T = Ad
‘s1soua3olq pue uoneziuedIo [0 Surpuiq urajoid suardes owoy = SO ueFoursuloIFuy
‘ImoiI3 [[90 ‘uononpoidar Squowdorerd wise[dolAo ‘re[nooenxyg ¢K31An08 10JR[N3QI QWAZUY 0} refruats A4Sty ‘0S6ESITd VN cqidavd 9
Jodsuen srsauagorq
pue uoneziuedio [[90 ‘osuodsax INVINOH 110av4]
Jsudyap ‘snnwns 0} asuodsar <ssadoxd Surpuiq —1 = AS T = dd 7D = NO suaides
[eo13o101q jo uone[n3ar ssadoid o1[0qeION Ie[n[[eoenxyg urojoxd (AjIanjoe onAteIe)  owolH = SO Juswdel qg) yuswedwo) 1moarg S
INVINNH eaxedl
s1souado1q pue uoneziuesio —1 = AS 7 = dd suaides owoH = SO
190 ‘snnuwms o3 asuodsar ¢ssaooxd QuUBIqUISW O1'LT¥€ D) F osepndadAxoqre)
[eo130[01q JO UONE[N3AI {UOTIBOIUNUIWIOD ‘13[00 ‘wserdoifo Surpuiq urojoxd ¢3urpuiq 0} Tequuts ATY3TY ‘SZE1T0TNVIIL
1190 ¢ssod01d orjoqejouwr ‘Juowrdo[oadq Sno[onu ‘IB[N[[OOBIXF  UOI [BloW ‘AJIAIIOR OnA[eIRD QUOP ‘SY OETSHITI VNAR  saxed ¥
UONBIIUNWIWOD [[90
‘osuodsal asuajop ‘JuawreAow jusuodwod
IRINJ[D {YJeap [[0 ‘YIMOIT [[90
‘s1souagdorq pue uoreziuesIo [0 ssadoid [NVINQH 2I8dzd]l—1 = AS ¢ = dd
o1joqelaw ‘uonerayijoid 190 cuonen3eod uawin| Surpuiq suardes owoH = SO VNYW ‘(DYH)
‘snpnwms 0) asuodsar ¢ssaovoid [eo13o[o1q J[ouedio ‘wse[dojho uol [ejow ‘Jurpuiq urojoxd ur9301dodA[3 you-ourpnsiy suardes
Jo uonen3ar ‘yodsuen Quowdoroadq ‘ouRIqUIAW ‘IR[N[[9oRnXH ‘Apanoe Jojensar owAzug  owoH o3 Ieruls A[YSIY ‘L16E6 1 VN2 I8ded €
JuowdoaAap INVINOH €[VI8V]I—I = AS ¢ = dd
SUOTIBNIURIJJIP ([0 (SIsouadolq Surpuiq uor [ejout suardes owoH = SO VNJYW ‘¢ JueLIRA
pue uoneziuesIo [[90 ‘sninuirs ‘Surpuiq ureyord (Kyianoe yduosuern ¢ urejord XIew Je[n[[ooenxo
0 9suodsal ‘uoneIUNWWOd [[99 ‘ssad01d QueIqUIdW 100npsuer) [eudis ‘A)anoe MI[-urnqy Sururejuod-yNg suatdes
[eo130101q Jo uone[n3al ssa201d JI[OQRIOf  90BJINS [[9D ‘IB[N[[9oLNXH J0)daoar (Ayianoe ondrere)  owoH o3 Jefrwis A[ySiy ‘€78 0 Td VNA? SIVIISY T
[INVINNH 0503I8V]
JuowdooAdp ‘UOTJBIIUAIIJIP —1 = AS ¢ = dd sueides
[199 ‘sninwms 01 asuodsal :ssao01d Ayanoe 1eonpsuer) [eudis owoH = SO VNYW (dYATIOd) 1
[eo130101q jo uone[n3ar ‘asuodsal asuUIFIp ‘Kianoe 1oydaodar ¢Ayanoe  urajoid wontu3ooar ueok[Sopndad suardes
£UOTIBOTUNWIWOD ([ ¢s$9001d OT[OqRIoIN QUBIQUIAW ‘IB[N[[Q0BIIXH onAreres ‘3uipuiq uol e} owoy o3 Jeprwis A[Y31y ‘9/¢GL 1 VNAD 0SO38Y I
‘ou
ssooo0id [eo13ojo1g jusuodwod Ie[n[e) uonouny Ie[NOJOJA uonduosa  UOISSAIOY  JoquunN

HY DVOd Jo sojdures ouru [[e ur jusesaid surojord uowrwod jo 11T € d[qe],

pringer

As



91

Int Ophthalmol (2019) 39:69-104

JUAWIdAOW
Juouodwod 1B Juawdo[oaap
SISB)ISOQWIOY IR[N[[3D ‘UONRIIUAIIIIIP [[90
‘SISQU301q pue uonezZIuesIo [[99 ssadoxd
[eo130101q jo uonern3dar ‘uonerojrjoxd
1[99 ‘sninuns 03 asuodsar ‘uonenseod

uawin| 9[ouesio
‘wisedolfo ooeryIns [[90

Surpuiq urojoxd ¢3urpuiq

[INVINOH NIN1d]
—C=AST=4dd D1d = ND

“yyeap (109 ‘sseooid orjoqejowr ‘yrodsuer], ‘ouBIqUIOW ‘IR[N[[QOBIXF uor [eyow ‘KJIAnoR onArere) suardes owoy = SO ueSourwse[q L¥L00d 91
[INVINNH V.1ND]
s1souagoIq —C=AS [ =4dd VLND = ND
pue uoneziuesIo [[99 ‘snjnwins 0} suodsay Ie[N][QORIIXD {QUBIQUIDIA Surpuiq urdjoig sudrdes owoH = SO VIn) urdoid 888090 S1
INVINOH THEJOWI—T = AS ¥ = Ad
7Tad = NO sudrdes owoHy = SO
Q0BJINS [0 ‘QUBIQUISIA Surpuiq urdjoig (uawSery) gz 103dedar [[90-g  THEYON ¥
[INVINOH 8V1[8D]
—I1 = AS T =4dd 194DL = ND
suardes owloH = SO ¢Y-31 urajord
Sulpuiq uRl0ld  PIJNPUI-BIAQ-I0IOE] YIMoI3 JuruIojsuel], V18D €1
asuodsar asuajop Surpurq uor [ejow [INVINOH TINVXEDI—T = AS
‘snpnwms 0) asuodsar ¢ssaooid [eo13o[oiq (Surpurq urjoxd (Ayanoe ¢ = 9d 11D = ND suaides owoH = SO
Jo uonen3ar odsuen ¢ssad01d o1[0qeISIN QuURIqUIdW ‘IR[N[[QoBNXY 101dooar ¢Ayanoe onhreie) ureyo Y31 | 1030ej Juowepdwo)  ZINVXED al
[INVINOH LSEAEDI—T = AS
¢ = dd 1dSVNY = ND suaides
ssooo01d d1j0qeION Kanoe onAere) owoH = SO dnearoued asea[onuoqry LSEAED 11
[INVINOH 8ATAED]
—I1 =AS T=4dd ¢OdN = ND
suardes owoy = SO (Juowdely)
19 urjoxd £1030109s [ewAprpidg SATAED 01
ssaooi1d Teor3oroiq Kyanoe onAkreied
Jo uone[n3al {Yieap [[90 ‘UOHEBITUNWIWOD uawn| 9[jouesio ‘KyAT)oR JuBpIXOnUE
190 ‘uone[ngeod ‘snnuwins ‘wisedojko ‘oueiquiow ‘Surpuiq urojoxd (Jurpuiq [NVINQOH SOIM9]—1 = AS ¢ = dd
01 asuodsar ¢ssadoid orjoqelow Siodsuer], Sno[oNuU ‘Ie[n[[ooenXy uor [eouwr ‘Suipuiq YN  sueides owoH = SO (uewidels) unungry SOI9A 6
11odsuern)
SyIeap 1100 SJuawdo[oAsp JudwoAOw
juauodwod Je[N[[ad ‘sninwis 0} asuodsar [NVINOH 6dMiIed]
‘uone[ndeod ‘ssaooid orjoqeiow ‘sseooxd KyAnyoe J0jR[NTOX —1 = AS T = dd suardes owoH = SO
[es130101q jo uone[n3al fuonerdjijoid [[9)  0BJINS [[90 ‘IR[N[[OdBNXH QwiAzud ‘3urpurq urAoid (uow3e1y) | urjordooA[3-g-e1og 6dMIed 8
‘ou
ssooo01d [eo13o101g juouodwod Ie[n[e) uonouny Je[NOJOJA uondiose  UOISSAIOY  JoquunN

panunuod ¢ Jqel,

pringer

As



Int Ophthalmol (2019) 39:69-104

92

asuodsax
9sueyep ‘11odsuer} ‘UOTIBITUNUIWIOD
1190 ¢ssaooi1d [eo130[01q JOo uonE[NIaI

[INVINNH +DHDII
—1 = AS I = dd ¥OHOI = ND suardes

¢ssoooid orjoqeiowr ‘snnwms 0) asuodsoy QUBIQUIOW ‘IB[N[[Q0BIXH Surpuiq ure)oly  OWOH = SO UOISaI D Ureyd {-ewwed 3| 19810d ST
asuodsar
Jsu9yap Modsuen ‘UONEIIUNUILIOD [NVINOH €DOHODI]
[190 ¢ssaooad [eor3ofoiq jo uonengar —7 = AS T = 9dd €OHDI = ND suardes
‘ssa001d orjoqelown ‘sninwins 03 asuodsay QuUBRIqUIdW ‘IB[N[[AdBNXH Suipuiq ul0ld  OWOH = SO uoIdar D) ureyd ¢-ewwes 3| 09810d ¥T
UONBIIUAIQJIP
[199 ‘s1souagolq pue uoneziuesio
[199 ¢ssooo01d orjoqeiow ¢sseooxd STNA[ONU QURIQUIdU
[eo130101q jo uonensar ‘uonerajrjord 1190 ‘wnpnonar orwsejdopus INVINOH DLAD]
‘uononpoidar ‘osuodsar asudjep (yjeap {QUWIOSOPUR ‘9[ONJBA K)1A1)oE J0)R[NTAI —I=AS T =4d €1SD = ND
[199 ‘sninwms 03 asuodsar Syuowdooaag ‘wise[dolko ‘rernpeoenxg QwiAzuo ‘Zurpulq ur)oid sudrdes owoHy = SO D-UneIsA) ¥€010d €T
sIsoua3olq
pue uoneziuesio [[20 Juawdo[oadp
“1odsuer) ‘uoneOIUNWWOD [[99 ‘ss9001d [NVINQOH €001
orjogejew ‘snjnwms 03 asuodsar ‘ssaooid Suipuiq urajoxd —C=AS1=4dd €D =ND
[eo13o0[01q Jo uonengar ‘asuodsar asuayag QuBIqUIdW ‘IB[N[[ddBNXH ‘Kianoe Joje[ngar owAzug suardes owoy = SO ¢D Juaw[dwo) $2010d w
UONBIIUAIRJIP
[199 ‘s1souagolq pue uoneziuesIio
1[99 ‘uone[nse0d ‘UONEIIUNUILIOD
190 “u10dsuen ‘snnwns o} INVINNH DINZV]
asuodsar sseo01d [eo130]01q JO UOTIRINFAT uouwIn| J[oueIIO {[0SOIAD K)1An)oe J0)R[NTAI —¢ =AS 1 =4d N ¢V = ND suaides
‘ssoooxd orjoqejown ‘esuodsar asuaje(q ‘wisedojko ‘renyreoenxyg QwiAzuo ‘Zurpurq uroig OwoH = SO urnqo[sorew-g-eydry €2010d 12
sse001d [ea150701q Surpurq INVINOH LOVVI—C = AS
Jo uorne[n3ar ¢ssaooid drjoqelowr urajoxd ¢Aanoe 1ojengol [ = dd €VNILYAS = ND suardes
‘snnums 0} asuodsar tosuodsar asuajog SNA[ONU (IR[N[[QORNXH owkzus Zurpurq YNJ owoH = SO ursdAnowAyonue-1-eydry 11010d 0C
ssaoo1d [eo13o[o1q Jo uoneIal uowin| J[[euesio {1300 [INVINNH LVIV]
¢ssoo01d o1j0qeIoW fuone[NIeod ‘asuodsar ‘wnpnonar orwserdopus K3anoe 10jen3ax —¢ = AS [ = dd 1VNIdJAS = ND
9suajop ‘1odsuen ‘snnuns 03 asuodsay ‘wise[dojko ‘renyreoenxyg QWAZuUd 3urpuiq uroig suaides owoH = SO ursdAnnue--eydyy 60010d 61
asuodsar asuajap ssaoo1d [eor13o(01q INVINOH €INV]
Jo uonengar ‘ssaooxd orjoqelow K31anoe 10jen3ax —1 = AS I = dd IDNIdIAS = ND
‘uone[n3eod snnuwmns 0) asuodsoy QUBIQUIAW ‘IB[N[[Q0BIIXH QwiAzud ‘3uripurq uroIg suardes owoy = SO [[[-UIqUOIYNUY 80010d 81
uorne[ngeod ‘ssedoid [eor3ooiq INVINQOH 21VvA4l
Jo uonen3ar ‘snjnwns o) asuodsar Surpuiq —¢ = AS 1 =4dd ¢1d = ND suoides
¢ssoooid orjoqelow ‘esuodsar asuajeg QUBIQUIAW ‘IB[N[[QOBIIXH urajoxd ¢Ayanoe onAere) owoH = SO [IX 10108} uone[n3eo) 8+.00d L1
‘ou
ssooo01d [eo13o101g juouodwod Ie[n[e) uonouny Je[NOJOJA uondiose  UOISSAIOY  JoquunN

panunuod ¢ Jqel,

pringer

As



93

Int Ophthalmol (2019) 39:69-104

SIsouagoIq pue uonezuesIo

[199 ‘snnwmns 0) asuodsar :ssaooxd

[ed130[01q JO UONE[NSAI {UOHBOTUNTITIOD
1199 “1odsuen <ssevo1d orj0qeIdN

UOIIEITUNUWIOD
[190 ‘sisauaSolq pue uoneziuesio
199 ‘ymoiId [[0 ‘ssedo0id [esr3ooiq
Jo uonengar fssadoid orjoqerowr
‘uononpoidar ‘sninwns 03 asuodsax
tosuodsar asuajop ‘rodsuen Juowdoaasqg

snpnwmns 03 asuodsal ‘asuodsar asusjop
‘uodsuen ¢sseoo0i1d [eo130[01q Jo uonen3Ay

uone[n3eod ‘asuodsar asuagep
‘snnums 0} asuodsar ¢ssaooxd [eo13o[o1q
Jo uone[n3ai ¢ssaooid drjoqeIdwW {YIeIp (2D

juowdo[oaap ‘sisouagdorq

pue uonezuesIo [[90 ‘UOHBIIUNTUTIOD

[199 ‘“uodsuen ¢ssaooid [eor3ojoiq

Jo uonen3ar ‘snjnwys 03 asuodsar
‘osuodsar asuajop ‘sseooid o1j0qeIoN

asuodsar osuajop

Quowasow Juauoduod Ieny[ad {yImoIs

1199 ‘yuowrdo[oAap ‘UOTIEUSIIIP [0

‘uone[n3e0d YIeap [[99 ‘UOHEBOITUNWIWOD

1199 ‘s1souagolq pue uonezuesIo [[od

$SISe)SOoWOY Je[n[[ad ‘uodsuen :ssaooxd

[eo130101q jo uonengar ‘uonersyrjord [0
¢ss001d orjoqeIoW ‘sninwins 03 asuodsoy

9suodsal 9suaJop JUSWIAOW

juouodwiod reny[ed ‘Juewdoroasp

SUOTIBIIURIRYJIP [[Q0 ‘sIsauadolq

pue uoneziuesio [[99 ‘uone[nseod

£UOTJEOTUNWITIOD [ ‘snnwms 0) asuodsax

91odsuen ‘uonerajroid [0 ‘sseooxd
[eo130[01q Jo uone[n3ar ¢ssa001d d1[0qeIdA

wse[dojAd ‘re[n[eoenXyg

Te[n[ooenxy

Te[n[ooenxyg

wse[dojAo
QueIqUIDU LIe[N[adenXq

[0S03AD ‘uowun|

9[[oue3Io ‘wn[nonal

srwsejdopuo ‘owosopud
‘wisedojko ‘renyeoenxyg

uowin| J[[ouesIo
£Q0RLINS [[90 ‘QURIQUISWE
{U0}9[aYS03AD ‘13[0D)
‘owosopua ‘wse[dojko
Snaonu ‘Ie[nadRIXH

JueIquUIAW

]0s0345 ‘uawny J[euesIo

‘winpnoner osrwseidopud

‘owosopua ‘wse[dojko
sna[onu LIe[n[EoeN Xy

Surpuiq urejoig

K31A1)08 J0JR[NTI QWAZUF

Surpurq urajoig

Surpuiq urajoid

KyAnoe
Joje[n3ar QwAzZud ‘Jurpurq
urajoxd ¢Aanoe 1ojodsuery,

K1Anoe 103e[N3a1

QwiAzud ‘IurpuIq uor TR}l

¢K31An08 onATeIed (A1anoe

jueprxonue ‘Surpuiq
urajoxd ¢Ayanoe 1opodsuery,

KyAnoe
Ioje[n3a1 ewAzua ‘Jurpuiq
urayoid ¢Aanoe 1oyodsuer],

[NVINOH AHLLI
—I=AS 1 =Hd d4LL = ND

ssaoo1d [eordojorg

juouodwod Ie[n[e)

uonouny Je[NOJOJA

suardes owoy = SO UNAIAYISURI], 99.20d ze
INVINNH VN.LAd]
—I = AS [ = dd DSHV = ND suaides
owoH = SO ur01dooA[3-SH-z-eydiy $9.70d e
INVINNH 1DV1V]
—I = AS I = dd TINJO = ND suardes
OWoH = SO [ ur01dook[3 proe-1-eydyy €9.70d 0
[NVINNH 6001
—C = AS | = dd 6D = ND sudides
OWOH = SO 6D duodwos Jjuswsdwo) 8¥.70d 67
[NVINOH 2VOdV]
—I1 =AS 1T =4dd ¢VOdV = ND
suordes owoH = SO II-V utejordodijody 26920d sz
INVINNH d0dV]
—I1 =AS 1 =4dd 40dV = ND
suardes owoy = SO g urarordodijody 6v920d 1z
[INVINOH 1VOdV]
—I=AS 1T =4dd IVOdV = ND
suatdes owoy = SO [-V uoroidodijody L4920d 9z
‘ou
coumtomoﬂ UOISSAO0Y  JoquInN

panunuod ¢ Jqel,

pringer

As



Int Ophthalmol (2019) 39:69-104

94

9suodsar 9suajep ‘UOIRNUIIJIP
190 uowdoreasp ‘uonerajrjoid [[o0
‘uonen3eoo ‘sse001d orjoqelow rodsuen

uowin| J[[ouesIo
‘oueIqUIAW ([0S0}AD
cwnnonar orwserdopus

‘sninuns 0) asuodsar (ssaooid [ed13ojo1q {UOLIPUOYO0IIW
Jo uonen3al {yleap [[90 {UONEBIIUNWWOD cwisejdolfo Knanoe INVINOH SNTID]I—TI = AS 1 =4dd
[199 ‘s1soudgolq pue uoneziuesIo [[9) snofonu ‘Ie[n[edRnXH onAreies Surpuiq urjold 1D = NO suardes owoy = SO uLLISND 60601d ov
snnuns 0} asuodsar ¢ssovoxd INVINQH ™ €13Y4]
[e2130[01q JO UONE[NZAI ‘UOIBIUNUILIOD —7 = AS 1 = dd €499 = NO suaides
1190 ‘y1odsuen ¢ssod01d o170qRISIN Ie[neoenXg Kanoe onAere) owoH = SO ¢ uroid Jurpurq-founay S¥L01d 6€
JusuraAou Jusuodwod
Ie[n[[oo ‘osuodsar asuajop ‘uonerajrjord
[199 ‘s1saua3olq pue uoneziuesIo
[[99 ‘UOTIBNIUAIAJIP [[9D ‘ssado0id
[e2130[01q JO UONEB[NFAI ‘UONBIIUNUILIOD QWIOSOQLI {[0S0IAD [NVINNH dOdV]
199 ‘yodsuen ¢ssado01d orjoqelowt ‘wnpnonar orwserdopus Surpuiq —I = AS 1 =4dd dOdV = ND
“uowdoroaap ‘sninumns 03 asuodsay cwise[dojo ‘renyreoenxyg urajoxd (Ayranoe ropodsuer]y, suardes owoy = SO @ urjoxdodrjody 060S0d 8¢
INVINOH D41V]
— = AS I = dd DAIV = ND suardes
Ie[n[[eoBIXH Surpuiq urajoid owoH = SO uroIidodA[3-g-eydiy L12740d L€
uoNEIIUNWWOD
1190 ‘osuodsal 9sudyap ‘s1sauagolq
pue uoneziuesio [[0 ‘UONE[NILOd
“uawaaow jusuodwiod reny[ed INVINNH DONLAI
¢ssoooi1d orjoqeiou ¢ssaooid [eo130[01q JO Surpuiq —I1 =AS I =4dd NIA = ND
uone[n3ar ‘sninwns o) asuodsar ‘rodsuer], JQuRIqUIdW ‘IR[N[[QoBNXH urjoad (Ayranoe 103doooy sudrdes OWOH = SO UNJUONIA $00v0d o¢
asuodsar dsuajop
SUONBIIUNUIUIOD [0 (SISBISOWOY JR[N[[dD Aynanoe 19u0dsuen INVINNH OINAH]
‘1odsuen $ssaoo01d orjogelaw snnwins 03 uowin| J[[ouesIo ‘3urpurq uor [eow <3urpuiq —C¢=AS 1 =4dd XdH = ND
asuodsar sseoo1d [eo130[01q JO uOTIRINIAY ‘wisedojko ‘renyeoenxyg urojoxd (Ayranoe onkeie) suardes owo = SO urxodowoy 06L20d S¢
s[onoea [INVINNH 9d.LAl
‘uown| J[[oULBSIO {[0SOIAD K1anoe —1 = AS 1 = dd DD = ND suaides
ssaoo1d orjoqejewr ‘urodsuery, ‘wisedojko Srenyeoenxyg Iouodsuen Surpurq ure)oig owoH = SO ursjord Jurpuiq-( urweItA yLL20d ¥€
ssaoo1d Teor3ojoiq Kyanoe onAkrered
Jo uone[n3ar {YIeap [[9d ‘UOHEBIIUNUIWOD uauny ¢A)1ANOR juepIXONUE INVINNH Ng1V]
190 ‘uonen3deod ‘snnuwins J[euedio ‘wse[dojko ‘3urpuiq urajoxd ‘Surpuiq —C=AS1T=49d 91V = ND
0} asuodsar ¢ssaooxd orjoqejow ‘yrodsuel], {Snafonu ‘Ie[n[[eoBIXH uor [ejow ‘3urpuiq VNd suardes owoH = SO UIWNge Wniog 89.20d €€
‘ou
ssooo01d [eo13o101g juouodwod Ie[n[e) uonouny Je[NOJOJA uondiose  UOISSAIOY  JoquunN

panunuod ¢ Jqel,

pringer

As



95

Int Ophthalmol (2019) 39:69-104

ssaoo1d orjoqelow

‘snnwms 03 asuodsar ‘uonerayrjord

190 ‘uononpoxdar Syustrdo[aaap ‘sseooxd
[eo130[01q Jo uone[n3ar ‘sisauagolq

INVINQH £d9Il—T = AS T = dd
Ld9dD]I = NO suaides owoH = SO

pue uoneziuesio [[9d ‘{yImoiIs [[oD) Ie[neoRnXH Suipuiq urdjord £ ureyord Surpuig-103oe) YImoI3 aI[-urnsug 0L2910 0S
s1sauagolq
pue uoneziuesIo [[99 ssedoid drjoqelour INVINQOH $#dVAN]I—Z = AS T = dd
‘sninwns 0) asuodsar (ssaooid [edr3ojoirq PdVAN = ND suerdes owoH = SO
Jo uone[ngar ‘UoneIIUNWIWOd [[8D) Ie[ny[eoenXg Surpuiq ursjoig  u10101d0dA[3 PaILIdOSSE-[LIqUOIDIIA €80SSd 6%
juowdoraasp
¢ssaooid [eo130[01q JO uone[n3al J[onoeA
{S1S0U9301q pue UOTJRZIUBSIO [ ‘uowny dfeuedio 13[00 Surpuiq urajoxd INVINOH WNTI—C = AS T = 4dd
‘snpnwns 03 asuodsar ¢ssaoo1d O1j0qBISIA ‘wisedojko ‘repneoenxyg  (A)1ATOR 9[noojow [eIMONNS NN = ND sudides owoy = SO ueowun| £8816d Y
[NVINOH NVAV]
yodsuery, Te[neoenxy —I1 = AS [ = dd WAV = ND suaides owloy = SO urweyy s9erd Ly
15100
*oUBIqUISW TWN[IONAI [NVINOH SdDLdl—1 = AS 1 = dd
sn[nuwps o) asuodsar ¢ssaoo1d [eor3ojoiq orwisedopua ‘wse[dojAo KyiAnoe SADILd = ND suardes owoH = SO
Jo uonengar ‘y1odsuen ssa001d d1[0qRISIA ‘snoponu ‘Ie[neoenxy  Jauodsuern AAnoe onkeie) aseIoWOSI-(] gH-UIpue[3e1soiq TeIvd o
uononpoidax
SUOTIBNURIJYIP ([0 ‘osuodsax
asudyep ‘ssa001d [80150[01q JO UOLE[NTAI INVINOH ddddl—+F = AS 1 = dd
¢ssaooi1d orjoqelowr uonerajrjoid IANIJYAS = ND suaides owoH = SO
190 ‘snnums 0} asuodsar Guowdoresaq wse[doiko ‘re[nqeoenxyg KyAnyoe 10jR[NTAI QWAZUF 10308] paALep-wnioyide juowSig G5669¢d Sy
yodsuen Guowdoroaap (ssadoid
[9150[01q JO UOHE[NSAI ‘UOHEITUNWIOD [NVINOH T'TEHDl—C = AS
1190 ‘sninwins 0) asuodsar ‘asuodsax wnnonalr srwsedopud K)1AnOE 9[nod[ow 1 = 4dd 1'IEIHD = ND suoides
QSUQJOp ‘YIBAP [[99 ‘sseo01d orT[OqEIOIN ‘wisedojko ‘renyeoenxyg [emyonns ‘Kyanoe onArere) owoH = SO [ urajord oyI[-g-oseuniy) 7T09¢d %
INVINQH 6D131]
SIsoua3olq pue uoneZIue3Io wse[dojAo uoIQ[ays0Ifo —¢ = AS T = dd 6LY = NO suardes
190 9uowdooaap ‘uononpoiday ‘sna[onu ‘Ie[N[edeIXg A1Anoe 9[nod[oW [BINJONNS  OWOH = SO 6 [BI9[YS01K0 T 2dA) ‘uneiay 17SSed %%
stsouadorq INVINNH €XdD]
pue uoneziuesio [[90 ‘uononpordar Surpuiq urayoxd Aanoe —7 = AS I = 9dd £€XdD = ND suardes
‘ssa001d orjogelewr ‘snnwins 0) asuodsay Ie[neoenXyg  OnA[RIRD {AIIAIIOR JUBPIXONUY owoy = SO ¢ oseprxorad suonyieInio 7sseed w
snnwmns 03 asuodsal ‘asuodsar asuajap INVINOH ZOVIVI—2 = AS
“10dsuen ¢ssaooid [eo130[01q JO UONB[NSY Ie[n[[ooeIXH [ = dd A0 = ND suaides owoH = SO ¢ ur101dodA[3 proe-1-eydyy 75961d 1%
‘ou
ssaoo01d [eorSojorg jusuodwod Ie[n[e) uonouny IL[NOJOIA uonduosa(  UOISSAOOY  JoquunpN

panunuod ¢ Jqel,

pringer

s



Int Ophthalmol (2019) 39:69-104

96

ssaooxd

Surpurq urajoxd

[INVINQH LdOl—1 = AS 1 = dd

[ea13o1o1q jo uone[ngar uawdoaadq Ien[eoenxyg  ‘AjAnoe a[nodjow [eIMonnS  DIJO = NO suoides owoH = SO wondo  $ININ6O 6S
yodsuen ‘uonenuaIAIIp
1199 ‘Juowoaow juauoduiod
Te[n[[oo asuodsar osuajop snnuwns INVINOH 29dVdl—1 = AS [ = dAd
0} asuodsar ¢ssaooxd [eo13o[01q Jo ZSTIIVE = NDO suardes owoH = SO
uopnen3ar Juawdo[aadp $ssed01d orjoqeIdN Ie[n[ooenxyg Surpuiq urgold ¢ urejold xopuodsar 103dadar proe srounay 696660 86
[INVINNH 8dIdDl—C = AS
I = dd 8AINVJD = ND suardes
ssao01d Surpuiq urojoxd  owoH = SO § urejoxd SurUIRIUOD-UTEWOP
Tes13o101q Jo uonensar :ssedo01d orjoqeIN QUBIQUIAW ‘IB[N][QOBNXF <Kyanoe JojenSor owkzug urnqojSoroew-g-eydre oI-dZd pue ¢ SvALLe) LS
[INVINOH ST1dD)—€ = AS ¢ =14dd
snnwns o3 asuodsar ¢ssado1d [eo13o101q Ananoe 101dadar SI1¥YdD = NDO suaides owoH = SO
Jo uone[ngal ‘UOHEBIIUNWWOD [[9D) QUBIQUIAA ¢Ky1anoe 1oonpsuen [eusis G11 Joidaosar pajdnos-urjord-n o1qeqoid €47180 96
uone[n3eod
SUOTJEOTUNUILIOD [[9D asuodsar asuajop
‘sninwns 0) asuodsar issaooid [es1Soforq uawn| d[[ouesio INVINOH €MHA9O]—I = AS ¢ =4ad
Jo uornen3ar ¢ssoooxd orjoqejow ‘yrodsuer], ‘wisedojko ‘renyeoenxyg Ananoe ondeie)  Jq = NO suardes owoy = SO urjoid Jq@  $AMHA9O SS
[INVINNH 6275901
—1 = AS 1 = dd A40s = ND suodes
Suipuiq uteloly  OWoOH = SO (JUdWSeL]) A UTeYd-I[SUIS 627590 143
uonerdyijoid [0 ‘snnwins o}
asuodsar ‘sseo01d [eo130701q JO uOTIRINIAT INVINOH 0SAASOI—T = AS 7 = dd
{uonedIUNUILIOd [[39 fuononpoidar [0s01£5 Surpuiq $ddd = NO suaides owoH = SO
$rodsuen Suowrdoreasp (sseooid o1[oqeISA ‘wisedojo ‘repnyeoenxyg  urajoid (Ajanoe xoyrodsuer], (z81-1)urojoxd Surpurg-journjar ewse[q 0EAASO €S
[NVINNH 91DNS0}—1 = AS T = dd
uope[nseod Qiodsuer) fsnnuns 0} IDNIJYAS = NO suaides owoH = SO
asuodsar ‘ssao01d [eor3ojo1q jo uonen3ax uown| J[[ouesio Surpurq urojord (uowiSer]) g juerrea 2011ds [ Ioquiowr
tssoooid orjoqelow ‘osuodsar asuajeg ‘wisedojko <repnyjeoenxyg (A11Anoe J0jR[N3al QWAZUY 0 9PE[O J0YIQIYUI dseura)old QUIISAD/QULIOS 9191050 49
INVINNH 947LSO1—1 = AS ¢ = dd
TOVIYD = NO sueides owoH = SO
Ie[n[[ooeIXT Surpuiq uor BN (uow3es]) | uraroxd orproe aFe[nie) 94+.LSO IS
"ou
ssoooi1d eorSojorg juouodwods renye) uonounj Je[nO[OJA uondiIose(  UOISSAI0Y  JOqUINN

panunuod ¢ Jqel,

pringer

As



97

Int Ophthalmol (2019) 39:69-104

uorne[ngeod

91odsuen 9uowdo[oAsp ‘sninuwins o}

asuodsar ¢sseooxd [eor30[01q Jo uore[n3ax
¢ss9001d orjoqelowr ‘asuodsar asuajeg

ssao01d 21[0qBISN

ssaooi1d [eor3o1o1q jo uone[n3aI {yIeap [0
£UOTJBOTUNWIOD [[99 ‘UONB[NTLOD ‘SNINWNS
01 asuodsar ‘ssao01d orjoqelow ‘rodsuer],

PmoIs [[90 SJuawarow Juduoduwod Je[ned
‘s1souagolq pue uoneziuedio [0 ‘ssedoid
[eo13o101q jo uonengal ‘uononpoidar
9uowdoreadp ‘snnwins 0) asuodsar
asuodsal QSUQJAp ‘UONBIIUAIIIIP [[9D

snnuns o) asuodsax
‘uonje[nSe0o ‘SISBISOQWOY Ie[N][ad ‘JIodsuel],

[Jeap [[90 ‘ssed01d orjoqeowt

‘uone[n3eoo (SISLISOAWOY Je[n[[od

‘ssoooxd [eo130[01q JO UOmE[NSAI {SnInWnS
0} asuodsar ‘osuodsar asuojop ‘rodsuel],

SISQUA30Iq puUB UOIBZIUBSIO

[199 ‘snnums 0) asuodsar ‘ssaooxd

[eo130[01q JO UONE[NZAI ‘UOHBITUNIIOD
1199 ‘sseoo1d orjoqejow ‘juswrdoora(y

UONEOTUNWIWOd
1199 :osuodsal 2sudJop JUAWIAOW
Juouodwiod TB[NI[ed {YJeap [[99 ‘YIMOIS [[9d
{s1soua3orq pue uoneziue3io [0 ‘ssadoid
orjoqelewr ‘uonerajrjoxd [[20 ‘uonenSeod
‘snnums 03 asuodsar ¢ssaoo1d [eor30[01q
Jo uonen3ar ‘yrodsuen Quowdoraasg

QUBIqUISW ‘UOJI[YSOIAD
Snofonu ‘Ie[nedRIXH

uown| o[feuesIo
cwise[dojAo ‘oueiquiow
Sno[onu ‘Ie[nedRIXH

wse[dojAo ‘renyeoenxyg
uown| J[ouedio
$90RJINS [[90 ‘QUBRIQUIdWE
{WOSOPUD {UOLIPUOTJ0IIW
‘wise[dojko ‘renyeoenxyg

uawn|
o[reuedio ‘wserdoiko
QueIqUILW LIe[n[adenXq

QURIqUIdW
‘13100 ‘wise[dolko
Snaonu LIeneoeN Xy

uowny
o[euedio ‘wse[doiko
{QUBIqUIW ‘IR[N[[QoeNXH

K)anoe
19u0dsuen <Surpuiq urajord
{AYIATIOR Q[NO9[OW [RINIONIS

¢Kianoe 10ydadar (Aymanoe
Joj0w ‘A)IANOE dnNAeIR)D

Kyanoe onkeie)
Kyanoe
onAreies KJ1Anoe jueprxonue
(Burpurq urayoid ‘Jurpuiq
ol [ejow :Jurpuiq YN

Surpurq urajoig

Surpuiq
uol [ejow ‘JuIpuIq ure)oId

Surpuiq
uort reyow ‘Jurpurq urajoxd
¢L31anoe Joje[n3al owAzuyg

Surpurq urajoid ¢3urpuiq
uol [elou ‘A3IAnoe dnAere)

Surpurq
uorl [ew ‘Jurpurq urajord
‘Kranoe 1oje[n3ar swkzug

[INVINNH 84¥A%H]

—I=AS € =4dd ILIJA = ND
suordes OWOH = SO | UNeBIOY]

[INVINQH LSEAED]—T = AS

7 = dd TASVNY = NO suardes
OwWoH = SO dnearoued aseaponuoqry

INVINQH $DdM94]—1 = AS ¢ = ad
suardes owoy = §O (Juowder) urunqry

INVINNH 1¢OATdI—1 = AS ¢ = dd
suardes owoy = SO @-unuodod)sQ

INVINQH cd1dyd]l—1 = AS T = dd
suardes owWoOH = SO ULLIQJSUBIIOIOS

0} Jeqrwrs AUy ‘169€SMTd VNA2

[INVINNH 8dddvrdl—1 = AS T = dd
suardes owo = SO [-ueSourury

0} Jeqrwts Y3y ‘6L0€SITd VNAR
INVINOH cax3ied]
—1 = AS T = dd suaides owoy = SO
(O1'L1v"€ DH) d osepndadAxoqre)
0} zefruts A[YSIY ‘GZETCOTNYIIL
QUOId ‘SY OgTSHITI VNAO

[INVINOH cI8¥cd]

—1 = AS T = dd suardes owoy = SO
VNIW (DYH) uro101dook|3
you-auIpnsiy suardes owoy

03 xeqruwits ATY31y ‘p16€601d VN

SdIA9H

LSEAED

SOOI

120ATd

cdidrd

8dddvd

edx>ed

cI8dcd

ssaoo1d [eor3ojorg

juouodwod renye)

uonouny IB[NIAON

uondioseg  uoIssaddYy

HV 10emeie) jo sojdures ouru [[e ur juesaid surajord uowwiod jo IS  AqeL

pringer

s



Int Ophthalmol (2019) 39:69-104

98

9suodsal dSURJIP JUSWIAOW

juouodwod reny[ed ‘Juowdoroasp
SUONBNURIAJIP [[29 (sIsouadolq

pue uonezrueSio [[90 ‘uonenSeod
{UONBOIUNUILIOD [[3D ‘snjnwns 0) asuodsar
“aodsuen <uonelojrjoid [[ed ‘sseooxd

QueIqUIAUI
1050345 ‘uown| J[[euedIo
cwnynonar orwsejdopuo
‘owosopud ‘wse[dojkd

KjiAnoe
J0je[NTaI1 QwAzZUo Zurpuiq

INVINNH 1VOdV]
—I=AS [ =3dd IVOdV = ND

[eo130[01q jo uone[n3ar ‘ssad0I1d orj0qeIoN {SNI[oNU ‘IB[N[[QOBIXH urojoud (Lianoe 1auodsuer],  sudides owoH = SO [-V ureloxdodrjody 1+920d 91
asuodsar
Jsuajep ‘y1odsuen ‘UOTIBITUNUIWOD [NVINQOH ¥OHDII—T = AS
1199 ¢ssaooi1d [eor3ojo1q jo uonengal 1 = dd $¥OHDI = ND suaides
‘ssoooxd orjoqejow ‘sninuwms 0) asuodsay QUBIQUIAW ‘IB[N[[Q0BIIXH Surpurq urjoly OWOYH = SO UOI3aI D) ureyd p-ewrwes 3y 19810d ST
asuodsarx
asuajep ‘j1odsuen} ‘UOHBITUNUIWIOD INVINNH €OHDIl—C = AS
199 ¢ssaooiad [eor3ojoiq jo uonengar 1 = dd €OHDI = NO suaides
¢ssoooxd orjoqejow ‘sninwmns o) asuodsoy QUBIQUIOW ‘IB[N[[Q0BIIXH 3urpuiq urjoly OWOH = SO UoI3aI D ureyd ¢-ewrwes 3| 09810d ¥1
UOTIRTJURISJJIP
1190 ‘sisauagorq pue uoneziuesio
199 ¢ssaoo1d orjoqejew ¢ssadoxd SNAONU $QUBIqUISWI
[ea13o101q jo uonengar ‘uonerojrjord ‘winpnonar orwseidopus [NVINOH DLADI
1190 ‘uononpoidar ‘esuodsar asuagep ‘yjeop {QWOSOPUD 9[ONOBA Ky1AT)oR I0)RINTOX —I =AS T =4d €LSD = ND
199 ‘sninums o3 asuodsar Suawdororag ‘wise[dojko ‘repnyeoenxyg QwiAzud ‘3urpurq uroid suardes owoy = SO D-uneIsk) y€010d €1
s1sauagolq
pue uoneziuesio [[20 ‘yuawrdo[oaap
“rodsuer) ‘uonEOIUNWWOD [[99 ‘ssa001d [NVINOH €001
orjoqejow ‘snnuwms o) asuodsar ssadoid Surpurq ursyord —CZ=AST=49d €D = ND
[eo130[01q Jo uonen3ar ‘asuodsal asuajo QUBIQUIAW ‘IB[N[[Q0BIIXT ¢L31anoe J0je[n3aI wAzZuyg suardes owoy = SO ¢ awa[dwo) $2010d 71
UOTIRTJURISJJIP [0 ‘SIsouagolq
pue uoneziuesio [[20 ‘uonemnseod
£UOT)EOTUNWIWOD [[99 ‘J1odsuen) ‘sn[nuins o) [INVINNH DINZV]—€ = AS
asuodsar ¢ssaoo01d [eo130[01q JO uonen3ax uowin| J[[eue3IO {[0S0IAD KJ1AnOR 10jR[N3aI 1 =4dd IN 27V = ND suardes
¢ssoooi1d orjoqelown ‘esuodsal asuajog ‘wisedojko ‘repnyjeoenxyg QwiAzud ‘3urpulq urAoid owoH = SO uinqoj3oroew-g-eydyy €2010d I1
ssaooi1d Teor3ojoiq jo uonengar uown| 9[[euesio ‘1300 [NVINQOH 1VIV]
‘ssao01d orjogejewr ‘uone[nSeod ‘osuodsax ‘winpnonar orwseidopus Ky1anoe 1ojengox —¢ = AS I = dd IVNIJJdS = NO
asuoyep ‘prodsuen ‘snnwmns o3 asuodsay] ‘wsedojko Srenyreoenxyg qwiAzuo ‘Jurpurq urdjold suardes owoy = SO ursdAnnue--eydry 600T0d o1
asuodsor INVINNH 9Vv4D]
Qsuajop ‘sninwins o3 asuodsar ¢ssaoord Kyanoe —7=AS 1 = 94d 94D = ND suaides
eor3oo1q jo uonengar ssadoid orj0qeIoN QUBIQUISW ‘IB[N[[Q0BIIXH onAeres ‘3urpurq uroig owoH = SO g I03oe] jusuwedwo)) 1SL00d 6
ssaoo1d [eor3ojorg juouodwod renye) uornounj IBNOION uondioso  uoIsS00Yy  IdquInN

panunuod § Iqe],

pringer

As



99

Int Ophthalmol (2019) 39:69-104

INVINQH DdIVI—F = AS
[ = dd D41V = ND suaides

Ie[n[[ooeIXT Surpuiq urajoid owoH = SO ur01dodA[3-g-eydry L1290d ST
asuodsar asuajop
{UOIBOTUNWIWIOD [[D $SISBISOAUWIOY IB[N[[3D Kianoe 1o)0dsuen [INVINQOH OWAH]
91odsuen ¢ssaooid drjogelouwr ‘sninuwins uowin| o[[ouesio ‘3urpuiq uor [eow ‘3urpuiq —C=AS 1 =49d XdH = ND
0] asuodsar ‘ssao01d [eo130701q JO UONEBNIIY ‘wse[dolAo ‘renyeoenxyg urajoxd ¢Ayanoe onkrere) suardes owoH = SO urxadowoy 06L20d 1z
S[onoeA INVINOH 9d.LAl
‘uowin| o[[ouesIO {[0S0IAD Kyanoe —1I = AS T = 44 DD = ND suardes
ssao01d orjoqejowr ‘jrodsuel], ‘wisedojko <repnyjeoenxyg 19u0dsuen (Suipuiq uRlold  owoH = SO urjoid Jurpuig-q UTWEBIIA yLL20d €T
Kyanoe
ssao01d [eo130[01q JO uoNE[NIAI {YIBIP [[90 uowin]  onAk[eied (KJAnoe jueprxonue [INVINQOH N91V]
£UOTJBOTUNWIOD [[99 ‘UONB[NTLOD ‘SNINUWNS 9[feuedio ‘wse[doiko (Surpurq urayold ‘Jurpuiq —C7=AS1=4dd 91V = ND
03 asuodsar ¢ssaooid orjoqerewr ‘uodsuelf, Sno[onu ‘Ie[NedRIXH uol [eyow ‘Surpulq YNJ suardes owoy = SO ulwuNnge WnIeg 89/20d w
sIsoua3oIq pue uonezIue3io
1199 ‘snjnwms 03 asuodsal ssaooid [NVINOH AHLL]
[e2130[01q JO UONEB[NZAI ‘UOIBIIUNUILIOD —] =AS I =4dd 4LL = ND
1190 “y1odsuen ‘ssado1d orjoqeloN wse[dojAo ‘re[neoenxyg Surpuiq urejoid suardes owoH = SO UnAIAYJsuRIL], 99/.20d 12
UOTEIIUNWIWOD [[99 (sIsouagolq
puU® UuOIeZIUBIIO [[90 {YIMOIT [[90 ‘ssad0id
[22150[01q Jo uonEnSar ‘$53201d drjoqeIeu INVINOH vVALE]—T = AS
cuononpoidar ssnnwns 03 asuodsax 1 = 9dd DSHV = NO suaides
‘osuodsar asuajop ‘y1odsuen ‘Juowdoroasp Ie[N[[Q0BIIX Ky1AT)oR I0jRINTAT QWAZUD owoH = SO ura301dodA[S-SH-z-eydry 59.70d 0C
INVINOH TOVIVI—T = AS
snnwns o3 asuodsar ‘osuodsor asuajop I = dd TINJO = ND suardes
“10dsuen) ¢ssaooad [eorSofoiq jo uonemnIoy Ie[n[[eoeInXy Surpurq urdoly owoH = SO [ ura01dooL[3 proe-1-eydry €9.20d 61
juowrdo[aaap ‘sisouagorq
pue UOIRZIUBSIO [[99 ‘UONEIIUNUILIOD [0S0IAD ‘uowin|
1190 “uodsuen ‘ssadoid [eor3ojoiq J[[oue3I0 ‘WwN[noral Kyianoe [INVINNH ZVOdV]
Jo uonen3ar snnwins o} asuodsar orwisejdopua ‘owosopua J0je[NTaI1 owAkzuo Zurpuiq —I =AS I = 49d ZvOdV = ND
‘osuodsar asuofop ‘ssao01d o1]0qBIDIN ‘wse[dojAo ‘renyeoenxyg urajoxd ¢Ayanoe rouodsuer], suaides owoH = SO [[-V ureloadodijody 75920d 81
asuodsair asuajop
“uoweAow Juduoduwod Ie[ny[ed {yImoId
190 yuowdo[oAdp ‘UOTIRTUAIIIJIP [
‘uone[ngeod {YIedp [[90 {UOHEIIUNWWOD uouwin| o[[ouesIo Ananoe
1199 ¢s1seuadolq pue UoIeZIUBIIO [[90 £90BJINS [[90 QUBIQUIdW J018[N3a1 QWAZUD :Sulpuiq
{SISB)SOWOY Je[ny[ed ‘Iodsuen) ¢ssaooxd {U0)9[aYs03K0 ‘18[00 uol [elow ‘AJIAnOe onAeIed INVINNH 20dV]
[eo13o101q jo uone[n3ar cuonerajijoid 1100 ‘owosopud ‘wse[dojko ¢K11Anoe jueprxonue ‘Jurpuiq —1 = AS I = 9d 40dV = ND
‘ssoooxd orjoqejow ‘sninwms 0) asuodsay $SNA[ONU ‘IR[N[[QOBIIXH urajoxd ¢Ayanoe 1ayodsuely, suardes owo = SO o urajoxdodrjody 67920d LT
ssaoo1d [eor3ojorg juouodwod renye) uornounj IBNOION uondioso  uoIsS00Yy  IdquInN

panunuod § Iqe],

pringer

s



Int Ophthalmol (2019) 39:69-104

100

snpnwns 03 asuodsar ¢ssaooid [eor3ojoiq

13100
{QUBIqUISW ‘WNJNOT)T
orwiseidopua ‘wsejdoiko

Kyanoe

INVINOH SADLdl—T = AS |
SADLd = NO suaides owoH

=4Hdd
= SO

Jo uonen3ar ‘1odsuen ¢ssed01d d10qeIQN ‘snoponu ‘repnjedenxyg  JIeyodsuen (Kjanoe onireie) 9seIowosI-(] ¢H-uIpue[selsoid civd G¢
uononpoidal {UoNeNUAIRIIP [[99
‘osuodsar asuajop ‘sseooid [eor3o[olq jo INVINQH Addd]l—y = AS T = dd
uone[n3dar ‘ssavoid orjoqelow ‘uonerdjrjord TANIJYAS = ND suaides owoH = SO
[199 ‘snnums 0} asuodsar uowdororag wse[dojAo ‘re[njeoenXxyg Ky1Am)oe 10jJR[NTAI QWAZUF 10)o8] paaLop-wniayide juowdig GS69¢d €
y1odsuen ‘uowdoroasp ¢ssedoxd
[e2150[01q JO UOTE[NSAI ‘UONEIIUNWIIOD INVINOH TT€HDI—C = AS
[199 ‘sninwms o3 asuodsar ‘osuodsax wnpnonal dsrwsejdopud K)1A1OR 9[nddJoW 1 = 4dd 1'ISIHD = ND suoides
ASUIJAP YILAP [[99 ss9301d JI[OqRIAN cwsedoifo trepnprooenxyg [eimonns ¢A)Anoe onirere) OowoH = SO [ urjoxd ayI[-g-oseuniy) 7ce9ed €€
JuaudAOW UOJI[S0IKD INVINQH dzel—c = AS | = dd
juouodwod reny[ed ‘uonerajrjoid ‘8100 ‘wserdoifo LY = NDO suardes owoH = SO
[[99 ‘UOTBNUAIAIIP [[0 ‘Juawdo[oadp {SNQ[ONU IB[N[[Q0BIIX K)1ATIOR 9[Nodow [eIMjonns  [eulapido 7 [BI9[as0IAd T 2dA) ‘uneroy] 806S¢d €
[INVINQH 6DI3M]—€ = AS | = dd
SIsoua30Iq pue UONEBZIUB3Io wse[dolkd {uo3o[ays0lLd 6.3 = ND suardes owoH = SO
190 “yuawdofoaap ‘uoronpoiday] {SNQ[oNU ‘IR[N[[eoBIXH K)JIATIOR Q[NO9OW [BINONINS 6 [819[9Ys0140 | 2d4) ‘uneroy] 17SSed €
SISOUa30Iq INVINNH €XdDl—C = AS
pue uoneziuedio [[20 ‘uononpoidar Surpuiq urayoxd (Ayanoe 1 = dd £XdD = ND suaides
tssa001d orjoqejowt ‘sninwms 03 dsuodsoy Ie[n[[eoeNXy  ONA[EIRd (AJIANOR JUBPIXONUY owoH = SO ¢ oseprxorad auomyieinn 7seced 0¢
[INVINQH ¢OVIVI—C = AS
sninwins o3 asuodsar ‘asuodsar asuajop I = dd N0 = ND suaides
“1odsuen) ¢ssaooad [eorSoroiq jo uonemnSoy Ie[n[[eoeInXy OWOH = SO ¢ urajo1dodA[3 proe-1-eydry 75961d 62
INVINOH 0IDTM]—9 = AS T = dd
sn[nuns o} U0)o[ays01A0 ‘wse[doiko 01 = ND suardes owoH = SO
asuodsal ‘uonenuaIdIp [[90 “uswdoorsg Snofonu ‘Ie[nedRIXH K)IADOR 9[NOJ[OW [BINONNS 01 [eI9[S0IAD [ 2dA} ‘uneroy] SHoc1d 8T
asuodsal asuajop UOIBNUAIIJIP
190 yuowdoroadp ‘uonerajijoxd 1[0 uawin| o[[ouesIo
‘uonengeod (ssaooid orjoqerow rodsuen ‘QuBIqQUIAW {[0SOIAD
‘snnums 0) asuodsar ‘ssaoo1d [eor30[01q ‘winnonar dsrwsejdopud [NVINQH SN 1D]
Jo uone[n3ar {YIeap [[0 ‘UONBIIUNWWOD  ‘UOLIpUOYd0IIW wse[dojAd Ananoe —I=AST=4dd N1ID = ND
1199 ‘stsouagolq pue uoneziuesio [[0D {Snofonu ‘Ie[nedRIXg onAreies (3urpuiq urajoid sudrdes owWoH = SO UMAISND 60601d LT
snnwns o3 asuodsar ¢ssodo1d INVINQH €13Y4]
[eo130[01q JO UONE[NIAI {UOTJBITUNWWOD —7 = AS 1 = 9dd €d9d = ND suardes
1190 ‘41odsuen ¢ssooo1d o1j0qeIQIN Ie[neoenXg KAanoe onAere) owoH = SO ¢ urajoid Surpuiq-jounay S¥L01d 97
ssaoo1d [eor3ojorg juouodwod renye) uornounj IBNOION uondioso  uoIsS00Yy  IdquInN

panunuod § Iqe],

pringer

As



101

Int Ophthalmol (2019) 39:69-104

[NVINNH LdO]

ssad01d Surpuiq urejord —I =AS [ =4dd D1dO = ND
[eo130101q jo uonengdar Juowrdo[eadq Ie[ny[eoBIXY {AIATIOR Q[NoSOW [BINIONNS suardes owoy = O uondg  YINGN6O w
INVINOH S11dD)—¢ = AS ¢ =4dd
sn[nuns o) asuodsar ¢ssaooxd Kyanoe 10)dedar SITddD = ND suaides owoH = SO
[eo130701q JO uoneMSaI ‘UONELITUNWWOD [[9) QUBIQUISTA] ‘Kianoe 1eonpsuer [eudts ¢ J0ydeoar psdnoo-urroid-n s[qeqoid 17180 1t
INVINQOH 919N0SO]—1 = AS ¢ = dd
uone[nseod ‘uodsuen ‘snnumns o} IONIYES = NO suaides owo = SO
asuodsar ¢ssaooid [eo130[01q Jo uore[NIaI uown| 9[[euesIo Surpuiq urojoxd  (JuowiSerq) g JueLrea 011ds | Jequiowr 0
¢ssooo1d orjoqelown ‘esuodsar asuajo ‘wisedojko ‘renyeoenxyg ¢L31anoe 1oje[n3ar owkzuyg  ope[do I0)IqIyul Jseurdjord auraiskoeuieS 91NN SO ov
[INVINOH 9d¥LSOI—T = AS T = dd
[DVIYOD = ND sudrdes owoH = SO
Ie[ny[eoRIXY Surpuiq uor e (uawSex]) | urajoxd orproe ofenie) 9IP1SO 6€
ssaoo1d orjoqeleur
‘snnwins 0) asuodsar ‘uoneisyijoid
1190 ‘uononpoidar suswdo[eaap sseooid INVINOH Ld9Il—1 = AS 1 = dd
[eo130[01q Jo uone[n3al ‘sisauagolq LdgID] = ND suardes owoH = SO L
pue uoneziuesio [0 ‘YMoIs [[3D Ie[n[[aoeIXy Surpuiq urejorg urejoid Surpurq-1030eJ YIMOIS INI[-UTnSU] 0L7910 8¢
ssao01d [ed150[oIq Jo [NVINNH ¢ddNAl—¢ = AS 1 = dd
uore[N3aI {UONEITUNWIWOD [0 ‘SNINWINS Surpurq urojoxd 7ddNd = ND suardes owoH = SO
01 asuodsal Juawasowr jusuodwiod {3urpurq uor [ejow (AJATIOR 7 Toquiowr A[rwrej aseralsarpoydsoyd
Ie[n[eo ‘urodsuen ‘ssaooid orjoqeloN QUBIQUIOW ‘IB[N[[Q0BIIXH 10ydaoar {Aanoe onArere) asereydsoydorkd apnosonuojog 728€10 LS
INVINOH DSAT]
ssaoo1d drjoqelowr Surpuiq —1 =AS 1 =4dd ZA1= ND
‘snnuums 0) asuodsar ‘osuodsar asuajo( Ie[n[[eoenXy urajoxd (Kyanoe onAkeie) suardes owWoH = SO D SWAZOsA| 92919d 9¢
ssaoo1d [eor3ojorg juouodwod renye) uornounj IBNOION uondioso  uoIsS00Yy  IdquInN

panunuod § Iqe],

pringer

As



Int Ophthalmol (2019) 39:69-104

Insulin-like growth factor-binding protein 7
Serine/cysteine proteinase inhibitor clade G member 1 splice variant 2 (Fragment)

Probable G-protein-coupled receptor 115

102
Table\S List of proteins No. Description
identified by individual
analysis in all the samples 1 Carboxypeptidase E (EC 3.4.17.10)
iréaéﬁitei(:uff;e;%mng the 2 Albumin (Fragment)
proteome” 3 Ribonuclease pancreatic
4 Alpha-1-antitrypsin
5 Alpha-2-macroglobulin
6 Complement C3
7 Cystatin-C
8 Ig gamma-4 chain C region
9 Apolipoprotein A-I
10 Apolipoprotein E
11 Apolipoprotein A-II
12 Alpha-1-acid glycoprotein 1
13 Alpha-2-HS-glycoprotein
14 Transthyretin
15 Serum albumin
16 Hemopexin
17 Alpha-1B-glycoprotein
18 Retinol-binding protein 3
19 Clusterin
20 Alpha-1-acid glycoprotein 2
21 Glutathione peroxidase 3
22 Chitinase-3-like protein 1
23 Pigment epithelium-derived factor
24 Prostaglandin-H2 D-isomerase
25
26
27
28 Opticin

glaucoma to be associated with increased IOP.
Furthermore, it is seen that excitotoxicity also has a
role in apoptotic retinal ganglion cell death in
glaucoma [21]. Other than this oxidative damage to
the trabecular meshwork also leads to mitochondrial
damage and apoptosis, affecting the AH outflow of
glaucomatous patients as compared to controls [1, 22].

Since aqueous humor is a plasma ultrafiltrate, it is
expected to exhibit a very broad dynamic range of
protein abundance, similar to plasma (mg/ml—pg/ml)
[23]. In this study, since we have not pre-depleted the
samples for albumin and immunoglobulins, we found
that highly abundant proteins such as albumin,
immunoglobulins,  serotransferrin, transthyretin,
apolipoproteins and alpha-2-macroglobulin  were
among the majorly represented AH proteins identified

@ Springer

in all analyzed samples. However, with optimized
chromatographic separation of peptide mixtures, we
were able to resolve and detect very low abundant
proteins in our study. An example is the identification
of transforming growth factor-B2 (TGF-B2) protein in
AH from all three diseases in our study. TGF-f2 is one
of the most important immunosuppressive cytokines
present in pg/ml concentration in AH [24]. Elevated
TGF-B2 and elevated IOP causes extracellular matrix
(ECM) component deposition which is assumed to be
the likely cause of glaucoma [25].

Most previous studies describing human AH pro-
teome have pooled samples from different patients at
the protein level itself, before analyzing on LC-MS.
Escoffier et al. [26] analyzed the AH proteome with
2D-LC-MS/MS from individual samples, as well as
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by pooling the samples, both at protein and peptide
level and discussed the results obtained by three
approaches pointing out that pooling samples at the
protein level to increase sensitivity is an inappropriate
strategy. The authors concluded that analyzing sam-
ples individually and as peptide pools are comple-
mentary approaches, and should be combined for
biomarker analysis in complex samples such as AH. In
our study, we have analyzed our samples as described
by Escoffier et al. [26] with some modifications. In
brief, the LC-MS/MS data of individual samples were
acquired separately and all the spectra from a disease
type were combined at the analysis level to achieve the
sensitivity of detecting as many low abundant/scarce
proteins as possible. This strategy proved useful for
detecting proteins which could have been left unde-
tected in individual searches, due to their low quantity
or low spectral counts. The peptides from these low
abundance proteins could pass the stringent analysis
criteria when searched together in Proteome Discov-
erer 1.4, which they may otherwise have failed to pass
due to possible poor spectral quality, etc. A limitation
of this study was the small number of eyes studied;
however, 75 glaucoma patients were screened to final
age and treatment matched with patients without any
systemic disease.

In conclusion, this study has highlighted significant
differences in the AH of PACG eyes as compared to
POAG eyes and those having a cataract. A large
number of the proteins specific to PACG eyes are
reported for the first time and suggest a different
pathophysiology for the rise in IOP in such eyes. This
study may help enhance our understanding of their
pathophysiology and aid in the identification of
specific biomarkers for each of these glaucomas.

Acknowledgements We sincerely thank Department of
Biotechnology, Ministry of Science and Technology, Govt. of
India, for the establishment of LC-MS/MS facility in Malaria
group at International Centre for Genetic Engineering and
Biotechnology (ICGEB), New Delhi. We sincerely
acknowledge the support of Department of Science and
Technology, Govt. of India. We also thank Dr. Santosh
Renuse from ThermoFisher Scientific Inc. (India) for his
valuable help in spectral counting analysis.

Compliance with ethical standards

Conflict of interest The authors declare that they have no
conflict of interest.

Ethical approval All procedures performed in this study
involving human participants were in accordance with the eth-
ical standards of Institutional Ethics committee, AIIMS, New
Delhi.

Informed consent Informed consent was obtained from all
individual participants included in the study.

References

1. Izzotti A, Bagnis A, Sacca SC (2011) The role of oxidative
stress in glaucoma. Mutat Res 612:105-114
2. Guedes G, Tsai JC, Loewen NA (2011) Glaucoma and
aging. Curr Aging Sci 4:110-117
3. Grieshaber MC, Mozaffarieh M, Flammer J (2007) What is
the link between vascular dysregulation and glaucoma?
Surv Ophthalmol 2:144-154
4. Chowdhury UR, Madden BJ, Charlesworth MC, Fautsch
MP (2010) Proteome analysis of human aqueous humor.
Invest Ophthalmol Vis Sci 5:4921-4931
5. Bennett KL, Funk M, Tschernutter M, Breitwieser FP,
Planyavsky M, Ubaida MC, Muller A, Trajanoski Z,
Colinge J, Superti-Furga G, Chmidt-Erfurth U (2011) Pro-
teomic analysis of human cataract aqueous humour: com-
parison of one-dimensional gel LCMS with two-
dimensional LCMS of unlabelled and iTRAQ®—1abelled
specimens. J Proteomics 74:151-166
6. Duan X, Lu Q, Xue P, Zhang H, Dong Z, Yang F, Wang N
(2008) Proteomic analysis of aqueous humor from patients
with myopia. Mol Vis 14:370-377
7. Funding M, Vorum H, Honore B, Nexo E, Ehlers N (2005)
Proteomic analysis of aqueous humour from patients with
acute corneal rejection. Acta Ophthalmol Scand 83:31-39
8. Kim TW, Kang JW, AhnJ, Lee EK, Cho KC, Han BN, Hong
NY, Park J, Kim KP (2012) Proteomic analysis of the
aqueous humor in age-related macular degeneration (AMD)
patients. J Proteome Res 11:4034-4043
9. Izzotti A, Longobardi M, Cartiglia C, Sacca SC (2010)
Proteome alterations in primary open angle glaucoma
aqueous humor. J Proteome Res 9:4831-4838
10. Anshu A, Price MO, Richardson Segu ZM, Lai X, Yoder
MC, Price FW (2011) Alterations in the aqueous humor
proteome in patients with a glaucoma shunt device. Mol Vis
17:1891-1900
11. Zybailov B, Coleman MK, Florens L, Washburn MP (2005)
Correlation of relative abundance ratios derived from pep-
tide ion chromatograms and spectrum counting for quanti-
tative proteomic analysis using stable isotope labeling. Anal
Chem 77:6218-6224
12. Zybailov B, Mosley AL, Sardiu ME, Coleman MK, Florens
L, Washburn MP (2006) Statistical analysis of membrane
proteome expression changes in Saccharomyces cerevisiae.
J Proteome Res 5:2339-2347
13. Latarya G, Mansour A, Epstein I, Cotlear D, Pikkel J,
Levartovsky S, Yulish M, Beit-Yannai E (2012)
Human aqueous humor phosphatase activ-
ity in cataract and glaucoma. Invest Ophthalmol Vis Sci
53:1679-1684

@ Springer



104

Int Ophthalmol (2019) 39:69-104

14. Nga AD, Yap SL, Samsudin A, Abdul-Rahman PS, Hashim
OH, Mimiwati Z (2014) Matrix metalloproteinases and
tissue inhibitors of metalloproteinases in the aqueous
humour of patients with primary angle closure glaucoma—a
quantitative study. BMC Ophthalmol 14:33

15. Dan J, Belyea D, Gertner G, Leshem I, Lusky M, Miskin R
(2005) Plasminogen activator inhibitor-1 in the aqueous
humor of patients with and without glaucoma. Arch Oph-
thalmol 123:220-224

16. Sacca SC, Centofanti M, Izzotti A (2012) New proteins as
vascular biomarkers in primary open angle glaucomatous
aqueous humor. Invest Ophthalmol Vis Sci 53:4242-4253

17. Clark R, Nosie A, Walker T, Faralli JA, Filla MS, Barrett-
Wilt G (2013) Comparative genomic and proteomic anal-
ysis of cytoskeletal changes in dexamethasone-treated tra-
becular meshwork cells. Mol Cell Proteomics 12:194-206

18. Malone P, Miao H, Parker A, Juarez S, Hernandez MR
(2007) Pressure induces loss of gap junction communication
and redistribution of connexin 43 in astrocytes. Glia
55:1085-1098

19. Ferreira SM, Lerner SF, Brunzini R, Evelson PA, Llesuy SF
(2004) Oxidative stress markers in aqueous humor of
glaucoma patients. Am J Ophthalmol 137:62-69

@ Springer

20.

21.

22.

23.

24.

25.

26.

Levkovitch-Verbin H (2015) Retinal ganglion cell apoptotic
pathway in glaucoma: initiating and downstream mecha-
nisms. Prog Brain Res 220:37-57

Brandt SK, Weatherly ME, Ware L, Linn DM, Linn CL
(2011) Calcium preconditioning triggers neuroprotection in
retinal ganglion cells. Neuroscience 172:387-397

Izzotti A, Sacca SC, Longobardi M, Cartiglia C (2010)
Mitochondrial damage in the trabecular meshwork of
patients with glaucoma. Arch Ophthalmol 128:724-730
Kaur I, Pillai MG, Singh N (2012) An overview of biolog-
ics: science behind protein therapeutics. J Proteins Pro-
teomics 3:229-237

Maier P, Broszinski A, Heizmann U, Boehringer D, Rein-
hard T (2006) Determination of active TGF-beta2 in aque-
ous humor prior to and following cryopreservation. Mol Vis
12:1477-1482

Agarwal P, Daher AM, Agarwal R (2015) Aqueous hu-
mor TGF-32 levels in patients with open-angle glau-
coma: a meta-analysis. Mol Vis 21:612-620

Escoffier P, Paris L, Bodaghi B, Danis M, Mazier D,
Marinach-Patrice C (2010) Pooling aqueous humor sam-
ples: bias in 2D-LC-MS/MS strategy? J Proteome Res
9:789-797



	Comparative evaluation of the aqueous humor proteome of primary angle closure and primary open angle glaucomas and age-related cataract eyes
	Abstract
	Purpose
	Materials and methodology
	Results
	Conclusions

	Introduction
	Materials and methods
	Subjects and collection of aqueous humor
	Primary open angle glaucoma
	Primary angle closure glaucoma

	Protein estimation and in-solution trypsin digestion
	Liquid chromatography and mass spectrometry
	Data analysis

	Results
	Discussion
	Acknowledgements
	References




