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ARTICLE INFO ABSTRACT

Keywords: Chronic ocular pathologies such as cataracts and glaucoma are emerging as an important problem for public
Glaucoma health due to the changes in lifestyle and longevity. These age-related ocular diseases are largely mediated by
Catalrlam ul - oxidative stress. Small extracellular vesicles (sEVs) are involved in cell-to-cell communication and transport.
ISDIrI;ieo:itzce wlar vesicles There is an increasing interest about the function of small extracellular vesicles (sEVs) in the eye. However, the

proteome content and characterization of sEVs released by ocular cells under pathological conditions are not yet
well known. Here, we aimed to analyze the protein profile of SEVs and the intracellular protein content from two
ocular cell lines (lens epithelial cells and retinal ganglion cells) exposed to oxidative stress to identify altered
proteins that could serve as potential diagnostic biomarkers. The protein content was analyzed by quantitative
mass spectrometry-based proteomics. Validation was performed by WB and ELISA using cell extracts and
aqueous humor from cataract and glaucoma patients. After data analysis, 176 and 7 dysregulated proteins with
an expression ratio>1.5 were identified in lens epithelial cells’ protein extract and sEVs, respectively, upon
oxidative stress induction. In retinal ganglion cells, oxidative stress induction resulted in the dysregulation of
1033 proteins in cell extracts and 9 proteins in sEVs. In addition, by WB and ELISA, the dysregulation of proteins
was mostly confirmed in aqueous humor samples from cataract or glaucoma patients in comparison to ICL in-
dividuals, with RAD23B showing high glaucoma diagnostic ability. Importantly, this work expands the knowl-
edge of the proteome characterization of cataracts and glaucoma and provides new potential diagnostic
glaucoma biomarkers.

Aqueous humor
Glaucoma diagnosis

1. Introduction challenge fueled by the demographic aging and evolving lifestyles. It has
been estimated that 95 and 80 million people worldwide are affected by
Chronic ocular diseases represent a burgeoning public health cataracts [1] and glaucoma [2], respectively.

Abbreviations: sEVs, small extracellular vesicles; IOP, intraocular pressure; ROS, reactive oxygen species; H,O», hydrogen peroxide; HLE-B3, human lens epithelial
cells; R28, rat retinal ganglion cells; ICL, implantable collamer lens; TMT, Tandem Mass Tag; WB, western blot; HoOmgq, H>O Milli-Q; AUC, area under the curve; LC-
MS/MS, liquid chromatography tandem mass spectrometry; TEM, transmission electron microscopy; TFA, trifluoracetic acid; FA, formic acid; ACN, acetonitrile; O/N,
overnight; RT, room temperature; PCA, principal component analysis; AGC, automatic gain control; IT, injection time; PIF, precursor intensity fraction; FDR, false
discovery rate; SL, sample loading; TMM, trimmed mean of M-values; MCL, Markov cluster algorithm; RAD23B, UV excision repair protein RAD23 homolog B.
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Oxidative stress is a key factor in the development of both pathol-
ogies. Ocular tissues are continually exposed to visible light and UV
radiation throughout life, such exposure leads to the photochemical
generation of free radicals, especially reactive oxygen species (ROS)
such as hydrogen peroxide (H302) or the superoxide radical. At
endogenous level, mitochondria are the main source of ROS in the eye.
During the aging process, an imbalance can occur between ROS and
antioxidant defenses, increasing ROS levels [3] and leading to oxidative
stress. Lens epithelial cells are the first barrier against potentially
harmful external factors, and their sensitivity to oxidative damage is a
major contributor to cataractogenesis. The progressive accumulation of
oxidative damage with aging can exceed the antioxidant capacity of the
lens, leading to lipid peroxidation, crystalline aggregation, DNA dam-
age, and subsequent apoptosis and pyroptosis of lens epithelial cells
[4-6]. Previous studies in the literature reported elevated concentration
of Hy05 in lens and aqueous humor samples from cataract’s patients as
compared to control subjects [7]. Furthermore, it has been described
that lens, in organ culture, develop cataracts when they are incubated
with increased H,O, levels [8].

Glaucoma is characterized by retinal ganglion cell death and the
progressive and irreversible degeneration of the optic nerve. High
intraocular pressure (IOP) is a proven risk factor of glaucoma and
pharmacological treatment is mainly based on IOP reduction. Moreover,
several concomitant factors such as increased ROS production and
oxidative retina damage have been postulated as the crucial factors in
early retinal injury [9]. Altered redox status have been assessed in serum
and aqueous humor of glaucoma patients, showing a general elevation
in oxidative stress markers [10,11].

Increased ROS levels in the aqueous humor can produce alterations
in the trabecular meshwork [12] causing trabecular thickening and
affecting trabecular meshwork cell survival [13]. These changes in
trabecular meshwork increase resistance to aqueous humor drainage,
leading to increased IOP. Elevated IOP can damage mitochondria [14]
and mitochondrial dysfunction favors ROS production and oxidative
retinal damage. ROS can constitute a direct cytotoxic stimulus, causing
retinal ganglion cell loss in a caspase-dependent and independent
manner [15]. In addition, oxidative stress can induce other intracellular
pathways leading to retinal ganglion cell death. Oxidative stress mod-
ifies the glutamate/glutamine cycling inducing extracellular neurotoxic
glutamate increase [16,17]. Furthermore, oxidative stress also repre-
sents a main route for mitochondria-originated inflammatory responses
resulting in glial neuroinflammation processes and inflammatory cyto-
kines production [18]. Oxidized mtDNA can activate inflammasomes
[19] resulting in pyroptosis (inflammatory cell death) of retinal ganglion
cells in glaucoma [20]. Additional evidence supports the role of oxida-
tive stress-related in autophagy induction and retinal ganglion cells loss
can also be due to altered autophagic process [12].

Recent studies have revealed that exposure to oxidative stress can
modify the secretory activity and small extracellular vesicles (SEVs)
release by some ocular cells. sEVs have emerged as key players in the
intricate landscape of intercellular communication [21]. The ability of
sEVs to shuttle molecular information between cells indicate their
involvement in physiological processes and pathological conditions,
although information about their relationship with ocular diseases is
still limited. The presence of exosomes has been detected in ocular
biological fluids such as tear fluid [22], aqueous humor [23], and vit-
reous humor [24]. Moreover, under oxidative stress conditions, an in-
crease in sEVs release from retinal pigment epithelial cells [25], as well
as changes in their content, have been determined [26,27]. Furthemore,
sEVs derived from lens epithelial cells exposed to different oxidative
stress factors (hydrogen peroxide and UV) altered the behavior of lens
epithelial cells [28,29] and induced epithelial-mesenchymal transition
in mouse lenses, promoting opacification of the posterior capsule [29].
Considering the potential involvement of sEVs in the pathogenesis of
several ocular diseases, including cataract and glaucoma, modifications
of sEVs cargo could reflect changes of ocular diseases. However, despite
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the importance of oxidative stress in cataract and glaucoma develop-
ment and glaucomatous neurodegeneration, few studies have analyzed
in-depth changes in the intracellular proteome and in the sEVs protein
content of lens epithelial cells and retinal ganglion cells after exposure to
oxidative stress. This analysis could facilitate the elucidation of un-
known molecular pathological mechanisms, the identification of new
diagnostic biomarkers, and the determination of potential therapeutic
targets. In this work, we have identified and validated changes in the
intracellular protein content as well as in the protein cargo of sEVs from
lens epithelial cells and retinal ganglion cells exposed to oxidative stress.
Our results indicate that the quantitative characterization of the intra-
cellular proteins and the sEVs protein content released from ocular cells
exposed to relevant oxidative stress conditions is useful to delve deeper
into the protein expression changes produced by oxidative stress and
allow identifying potential diagnostics biomarkers in the development
of eye diseases. Particularly, we have revealed the diagnostic potential
of one of the dysregulated proteins identified (RAD23B) to discriminate
glaucoma patients from cataracts patients and ICL (implantable col-
lamer lens) individuals, which were used as controls in the study,
through the analysis of aqueous humors by ELISA.

2. Material and methods
2.1. Cell lines

Human HLE-B3 cells (ATCC®, VI, USA) and rat R28 cells (Kerafast,
MA, USA) were used in the study. HLE-B3 cells were grown in Minimum
Essential Medium (M560, Merck, Germany) supplemented with 20 %
Fetal Bovine Serum, 0.5 % penicillin/streptomycin, 1 % sodium pyru-
vate (100 mM), and 1 % MEM non-essential amino acids (all from
Thermo Fisher Scientific, MA, USA). R28 cells (Kerafast) were grown in
Dulbecco’s Modified Eagle’s Medium (D5523, Merck) supplemented
with 3 % sodium bicarbonate (Merck), 10 % calf serum (Thermo Fisher
Scientific), 1 % MEM non-essential amino acids (Thermo Fisher Scien-
tific), 1 % MEM vitamins (Merck), 1 % r-glutamine (Merck), and
gentamicin (10 pg/ml, Thermo Fisher Scientific). To induce oxidative
stress, HLE-B3 and R28 cell lines were incubated for 24 h with 350 pM
and 600 pM H50,, respectively, in their cell culture medium and
compared with the same cells incubated without H2O3 as controls of the
assays.

2.2. Aqueous humor samples

The clinical and ethical aspects of this study were approved by the
Ethical Committee of Hospital Universitario Infanta Leonor (Madrid,
Spain) (CEIC 011-23, February 2, 2023) and Ophthalmedic and L.P.O.
Institute (Palma de Mallorca, Spain). All patients provided written
informed consent for the use of their biological samples for research
purposes, adhering to ethical principles outlined by Spain (LOPD 15/
1999) and the European Union Fundamental Rights of the EU (2000/
C364/01). Patient data were processed in accordance with the Decla-
ration of Helsinki (last revision 2013) and the Spanish National
Biomedical Research Law (14/2007, of 3 July). Aqueous humor was
extracted at the beginning of surgery using 2 % lidocaine anesthetic
drops. A 30-gauge Rycroft cannula on a tuberculin syringe (1 mL) was
utilized to aspirate the aqueous humor. Extraction was performed using
a clear corneal microincision under surgical microscope vision, moving
the cannula parallel to the limbus from the periphery to the center of the
eye’s anterior chamber. Aqueous humor (0.3-0.4 mL) was collected per
patient and stored immediately after surgery at —20 °C and subse-
quently at —80 °C. The study included aqueous humor samples from
three different groups: ICL (implantable collamer lens) individuals, and
cataract, and glaucoma patients (Table 1 and Supplementary Table 1).
The ICL group comprised individuals with a transparent lens (without
cataracts) undergoing refractive surgery with the inclusion of an intra-
ocular lens. The cataract group included patients referred for cataract
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Table 1
Clinicopathological characteristics of the patients involved in the study.
Samples Number (n) Age average =+ SD (years) Min. Age (years) Max. Age (years) Gender (n)
M F
WB ICL 4 47.5 + 14.43 26 57 1 3
Cataracts 5 68.6 +7.73 60 79 3 2
Glaucoma 5 66.4 + 12.66 51 80 1 4
Pool ICL 4 45.25 + 12.34 31 57 1 3
Pool cataracts 5 73.6 + 14.10 55 89 2 3
Pool glaucoma 4 62.25 + 11.00 55 74 1 3
ELISA ICL 28 42.6 +£12.19 22 59 8 23
Cataracts 28 68.4 + 10.17 49 91 17 17
Glaucoma 24 70.79 £ 12.99 26 89 11 18

surgery without glaucoma and with non-diabetic cataracts. The glau-
coma group consisted of aqueous humor samples from glaucoma pa-
tients referred for cataract surgery. Individuals with other
ophthalmological diseases were excluded. Pooled aqueous humor sam-
ples were used for proteomics analysis, while both pooled and individual
samples were used for validation (Table 1 and Supplementary Table 1).

2.3. Small extracellular vesicles (sEVs) isolation, purification, and
characterization

sEVs were isolated and purified from 120 mL of conditioned medium
of cell lines by ultracentrifugation, according to established protocols
[30,31]. sEVs pellets were resuspended in PBS 1X and stored at —80 °C
until use.

Prior to further use, sEVs were characterized by NanoSight-
Nanoparticle Tracking Analysis (NTA) and transmission electron mi-
croscopy (TEM), as previously described [30,31]. For NanoSight ana-
lyses, a 1:100 dilution of purified sEVs in PBS 1X was prepared and
analyzed with a NanoSight NS3000 (Malvern Panalytical, United
Kingdom). Two different sEVs isolations were analyzed in the NanoSight
and three acquisitions of 60 s (infusion rate of 70 pL/min) from each
sample measured. For the analysis, the mean and standard deviation of
the three acquisitions for the two isolations was represented with
GraphPad Prism 8. For TEM, sEVs isolated from 120 mL of conditioned
medium were fixed, negatively stained, and analyzed using an FEI
Tecnai 12 electron microscope.

2.4. Cell protein extraction and quantification

Cell lines were grown until 90 % confluence at 37 °C and under 5 %
CO, and harvested with PBS 1X containing 4 mM EDTA (ethyl-
enediaminetetraacetic acid). Cells were then collected by centrifugation
at 1200 rpm for 5 min and room temperature (RT), and the supernatant
was discarded. Cell pellet was resuspended in lysis buffer (RIPA) sup-
plemented with 1:100 diluted phosphatase and protease inhibitors
(MedChemExpress, USA) and lysed by mechanical disaggregation using
needle syringes. Finally, samples were clarified by centrifugation at
10000xg for 15 min and the supernatants (protein extracts) stored at
—80 °C until use. Protein concentration was determined using the
commercial BCA Protein Assay Kit (Thermo Fisher Scientific) and veri-
fied by Western blot, and Coomassie blue and silver staining after 10 %
PAGE-SDS electrophoresis.

2.5. Mass spectrometry

For the quantitative proteomics analysis, R28 cell and sEVs protein
extracts were used in triplicate, whereas HLE-B3 cell and sEVs protein
extracts were used in duplicate. 5 pg of each sEVs protein extract, or,
alternatively, 10 pg of each cell protein extract in a final volume of 100
pl with RIPA buffer, were analyzed according to established protocols
[31-34]. For the sEVs, samples were incubated with the RIPA buffer 5
min at 95 °C and 5 min on ice (3 times) to improve the release of SEVs

proteins. Each sEVs and cell extract sample was separately reduced with
10 pL 100 mM TCEP for 45 min, 37 °C, and 600 rpm. Then, samples were
alkylated with chloroacetamide (40 mM final concentration) for 35 min
at RT, in darkness, and 600 rpm. Then, samples were incubated 30 min
at RT with 200 pl of 100 % acetonitrile (ACN) and 5 pl of SeraMag
magnetic beads mix (50 % hydrophilic beads - 50 % hydrophobic beads,
GE Healthcare) per sample. Magnetic beads with proteins anchored
were washed twice with 70 % ethanol and once with ACN. Supernatants
were discarded and proteins were digested overnight (O/N) at 37 °C and
600 rpm with porcine trypsin (Thermo Fisher Scientific) in a 1:20
(trypsin:protein) relation, in 100 pL of 200 mM HEPES, pH 8. Super-
natants were collected after 2 min sonication, and each sample was then
separately labeled with a different Tandem Mass Tags (TMT) 10-plex
reagent (Thermo Fisher Scientific). Labeling consisted of two incuba-
tion steps of 30 min at RT and 600 rpm with 10 pL of the corresponding
TMT reagent per incubation, and a final incubation with 10 pL of 1 M
glycine, pH 2.5 for 30 min at RT and 600 rpm. Finally, samples were
dried under vacuum and reconstituted in 300 pL of 0.1 % Trifluoracetic
acid (TFA) in H,Omq before peptide separation using High pH
Reversed-Phase Peptide Fractionation Kit (Thermo Fisher Scientific).
First, columns were equilibrated twice with 300 pL of ACN and twice
with 300 pL of 0.1 % TFA in H,Omgq. After loading the peptides, columns
were washed twice with 300 pL of 0.1 % TFA in H,Omgq, and peptides
were separated in 12 fractions of 300 pL in 0.1 % triethylamine and
increasing amounts of ACN (2.5-100 %). Finally, fractions were dried
under vacuum and stored at —80 °C until use. Samples were recon-
stituted in 10 pL of 0.1 % Formic acid (FA) prior to LC-MS/MS analysis.

TMT experiments of sEVs and cell protein extracts were analyzed
onto an Orbitrap Exploris 480 mass spectrometer (Thermo Fisher Sci-
entific) equipped with FAIMS Pro Duo interface technology. The
Vanquish Neo UHPLC System (Thermo Fisher Scientific) was used for
peptide separation. Each fraction was loaded into a precolumn PepMap
100C18 3 pm, 75 pm x 2 cm Nanoviper Trap 1200BA (Thermo Fisher
Scientific) and eluted in an Easy-Spray PepMap RSLC C18 2 pm, 75 pm
x 50 cm (Thermo Fisher Scientific) heated at 50 °C. The mobile phase
flow rate was 300 nL/min and elution buffers composition were 0.1 %
FA in HoOmgq (Buffer A) and 0.1 % FA in 80 % ACN (Buffer B). Buffers
were used in an elution gradient of 2 h: 0%-2% buffer B for 4 min, 2 %
buffer B for 2 min, 2%-42 % buffer B for 100 min, 42%-72 % buffer B for
14 min, 72%-95 % buffer B for 5 min, and 95 % buffer B for 10 min. For
the sEVs analysis, 6 pL (fractions 1 to 4) or 8 pL (fractions 5 to 12) of
each sample were injected into the mass spectrometer. For the cell ex-
tracts experiment, 4 pL (fraction 1) or 6 pL (fractions 2 to 12) of each
sample were injected into the mass spectrometer. Ionization was per-
formed with a liquid junction voltage of 1900 V and a capillary tem-
perature of 280 °C. Full scan method consisted of a m/z of 350-1400, an
Orbitrap resolution of 60000 (at m/z 200), an automatic gain control
(AGCQ) value of 300 %, and maximum injection time (IT) of 25 ms. For
MS/MS fragmentation, the 12 more intense precursor ions detected in
the survey scan were selected. Normalized collision energy used for the
fragmentation was 34 and MS/MS scans were acquired with 100 m/z
first mass, 100 % of AGC, resolution of 15000 (at m/z 200), intensity
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threshold of 2x10%, isolation window of 0.7 m/z units, a maximum IT of
22 ms, and the TurboTMT enabled. Unassigned, singly charged, and
greater than or equal to seven protonated ions were rejected during the
charge state screening. The dynamic exclusion time selected to
discriminate against previously selected ions was 45 s. For FAIMS, a gas
flow of 4 L/min and CVs —60V and —45V were used.

2.6. Data analysis

MS data analysis was performed with MaxQuant (version 2.1.3).
Mass spectra files were searched against the Uniprot
UP000005640_9606.fasta Homo sapiens (human) 2022 database (20577
entries, downloaded: March 2022) and the UP000002494_10116 Rattus
Norvegicus (rat) 2022 database (46595 entries, downloaded: December
2022). Precursor mass tolerance was set to 4.5 ppm and reporter mass
tolerance to 0.003 Da allowing up to two missed cleavages. Carbami-
domethylation of cysteines was set as fixed modification and methionine
oxidation. N-terminal acetylation, and Ser, Thr, and Tyr phosphoryla-
tion were set as variable modifications. Both unique and razor peptides
with a minimal length of 7 amino acids and a maximal mass of 4600 Da
were considered for quantification. Identified peptides were filtered by
their precursor intensity fraction (PIF) with a false discovery rate (FDR)
threshold of 0.01. Proteins identified as potential contaminants were
excluded, whereas proteins with an ion score over 99 % and with at least
one unique peptide were selected for further analysis. The estimation of
the sequence coverage for specific proteins was calculated with the
percentage of matching amino acids from the identified peptides having
confidence greater than or equal to 95 % divided by the total number of
amino acids in the sequence. To avoid interference due to overlapping,
reporter ion intensities were corrected according to manufacturer’s data
sheet.

Moderated t-statistics analyses were performed with R Studio
(version 4.1.1) and the packages “dplyr”, “tidyverse”, and “limma”,
following previously described protocols (https://pwilmart.github.
io/TMT analysis_examples/KUR1502 PAW_limma.html, accessed July
2022). The moderated t-statistics was applied to identify differentially
expressed proteins of high-throughput biological data in this proteomics
experiment with small sample sizes. Specifically, the “limma” package
employed here uses an empirical Bayes method to moderate the protein-
wise sample variances towards a common value, which was calculated
using a posterior variance estimator that combines the protein-specific
sample variances with information borrowed from the ensemble of all
proteins. Additionally, the R package “ggplot2” was used for data
visualization. First, TMT experiment normalization was performed to
equal the differences in the total sum of signals of each TMT channel, as
the same amount of protein was labeled in each TMT sample. Sample
loading (SL) and Trimmed Mean of M-values (TMM) data normalization
was performed following established protocol with R Studio (version
4.1.1), using “tidyverse”, “psych”, “gridExtra”, “scales”, and “ggplot2”
packages. To determine sample clustering, principal component analysis
(PCA) was performed with “stats” R package. Prior to statistical analysis,
contaminants and reverse proteins were removed, data was filtered
(proteins identified in at least 50 % of samples were considered for the
analysis), and missing values imputation by random draws from a
gaussian was performed using the “imputeLCMD” R package. After the
statistical analysis, proteins selected as statistically significant dysre-
gulated were the ones identified with at least one unique peptide and an
expression ratio >1.5 or <0.67 and p-value <0.05. Bioinformatics an-
alyses of the proteins identified as dysregulated were subsequently
performed with STRING (version 12.0) and the R packages “STRINGdb”
(version = 11.5) and “ReactomePA” to identify the altered networks and
pathways in which these proteins are involved. For protein interaction
networks, STRING settings were fixed to MCL clustering enrichment 2
and 0.4 confidence score. For the enrichment pathway analysis, the most
significantly enriched cellular components or biological processes with a
false discovery rate (FDR) lower than 0.05 in which these dysregulated
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proteins are involved were represented.
2.7. SDS-PAGE and Western blot

Protein expression of proteomics samples was analyzed by Coo-
massie blue staining and Western blot (WB). 5 pg of sEVs an, alterna-
tively, 5-40 pg of cell protein extracts depending on the protein
analyzed were loaded into a 10 % SDS-PAGE under reduced conditions.
For the analysis of aqueous humors samples for validation, 5 pg of in-
dividual (ICL N = 4, Cataracts N = 5, and Glaucoma N = 5) or pooled
(ICL N = 4, Cataracts N = 5, and Glaucoma N = 4) samples were used.
After SDS-PAGE, proteins were transferred to nitrocellulose membranes
that were incubated with the corresponding primary and secondary
antibodies (Supplementary Table 2), according to established protocols
[32,35]. ECL Pico Plus chemiluminescent reagent (Thermo Fisher Sci-
entific) was used for signal development, and an Amersham ImageQuant
800 GxP biomolecular imager (Cytiva, USA) to detect the signal and
obtain the images. Image J software was used for the quantification of
protein band intensities, and GAPDH protein intensity was used as
loading control and for normalization.

2.8. ELISA tests

ELISA tests were performed to quantify the expression of RAD23B
(orb441875, Biorbyt, USA) in aqueous humor from ICL (N = 28), and
patients with cataracts (N = 28) or with cataracts and glaucoma (N =
24), according to the manufacturer’s instructions. Aqueous humor
samples were used at a 1:10 dilution. Protein concentration was deter-
mined after optical density measurement of each well at 450 nm in The
Spark multimode microplate reader (Tecan Trading AG, Switzerland).
ROC curves and Mann-Whitney U tests were obtained to determine the
significance of the results.

2.9. Statistical analyses

The statistical analyses of Western blot (Welch t-tests) data were
performed using Microsoft Excel, and the statistical analysis of the ELISA
data, which included Mann-Whitney U tests and ROC curves, were
performed using R Studio (version 4.1.1) and the R packages “Mod-
elGood”, “Epi”, and “pROC”. A p-value lower than 0.05 was considered
statistically significant.

3. Results

In this work, TMT quantitative proteomics was used to identify
dysregulated proteins associated with eye pathological conditions
characterized by extensive oxidative stress: cataracts and glaucoma.
Oxidative stress was induced upon Hy0, exposure in two different cell
lines as models of cataracts (human lens epithelial cells, HLE-B3) and
glaucoma (rat retinal ganglion cells, R28). Then, their proteome and the
sEVs proteome were analyzed by proteomics (see Graphical Abstract for
a schematic view of the workflow), and dysregulated proteins associated
to each pathology identified. For validation, cell extracts and aqueous
humors samples were analyzed by WB and ELISA.

3.1. Isolation and characterization of sEVs from cells exposed to oxidative
stress

Prior to proteomics analysis, the quality of the sEVs isolated by ul-
tracentrifugation from serum-free conditioned medium of ocular cell
lines was analyzed by NanoSight NS3000 and TEM. By NanoSight, it was
observed a multimodal distribution with the presence of heterogeneous
sEVs in size, where the predominant sEVs sizes in all samples were
smaller than 200 nm, ranging between 50 and 200 nm (Fig. 1A). In some
replicates, sEVs with a larger size (>400 nm) were observed. It was
previously observed that isolated vesicles can undergo aggregation [36].
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Fig. 1. Verification of the quality of sEVs isolated from ocular cell lines. Nanosight (A), TEM (B), and Coomassie blue and silver staining and WB (C) confirmed the
compatibility of the isolated vesicles with sEVs in terms of size, morphology, and protein content. Log scale was used in (A) to represent particles/ml. (For inter-
pretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)

Since the particle size is inferred from the diffusion constant of the
Brownian motion in nanoparticle tracking analysis, the presence of
possible aggregates could lead to a decreased diffusion constant and a
consequent increase in the nanoparticle tracking analysis particle size
estimation [37]. Moreover, in HLE-B3, the exposure to HyO, cells
induced a wider size distribution detecting a shift toward larger sizes. In
contrast, in R28 cells exposed to HyOo, the main size distribution of sEVs
remained within a narrow range (Fig. 1A). Additionally, this effect was
also accompanied of a slight decrease in particle concentration after
H20; in both cell lines.

Additionally, we confirmed an appropriate isolation of the sEVs by
TEM, where the size and morphology of the vesicles was compatible
with sEVs (Fig. 1B). Finally, the different protein content of the cell
extracts and the extracellular vesicles as observed by SDS-PAGE and
Coomassie Blue and silver staining, together with the immunostaining
with specific sEVs markers CD63 and Alix, confirmed the correct isola-
tion of the sEVs derived from the conditioned medium of the cells
(Fig. 1C). Then, we proceed to the proteomics analyses of the sEVs
protein content upon oxidative stress induction as well as cell extracts
analysis.

3.2. Identification of dysregulated proteins from sEVs and cell extracts

To identify dysregulated proteins in cataracts and glaucoma

pathologies, two TMT 10-plex experiments were performed for the
proteomics characterization of sEVs and cell extracts samples from HLE-
B3 and R28 control and Hy0; cell lines and analyzed using an Orbitrap
Exploris 480 equipped with FAIMS Pro Duo Interface. Subsequent pro-
tein identification and quantification, and differential expression anal-
ysis was performed with the MaxQuant and R software, respectively.

Prior to the analysis to survey for dysregulated proteins in sEVs or
cell extracts upon oxidative stress induction, the clustering of the sam-
ples by PCA analysis was studied (Fig. 2). Separated clusters for control
and Hy0, samples were observed in all experimental samples. Impor-
tantly, all samples were used for the identification of dysregulated
proteins under oxidative stress conditions, but R28 Hy04 3 replicate
sample from the R28 sEVs, which was omitted in the analysis because it
did not cluster together its corresponding replicates (Fig. 2A).

After data normalization (Supplementary Fig. 1), 32 and 4821 pro-
teins were identified and quantified with at least one unique peptide and
an ion score above 99 % in sEVs and cell extracts of R28 cell line
respectively, whereas for the HLE-B3 cells 55 and 5165 proteins were
identified and quantified in sEVs and cell extracts. Then, statistical
analysis was performed to identify dysregulated proteins. Moderated t-
statistics expression ratios >1.5 (upregulated) or <0.67 (down-
regulated), and a p-value <0.05 were used for the identification of
significantly dysregulated proteins. For the human HLE-B3 sEVs, seven
proteins were identified as dysregulated, with four proteins showing
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downregulation and three upregulation upon oxidative stress induction
(Fig. 2A and Supplementary Table 3). Regarding the analysis of sEVs
from R28 cells, five proteins showed downregulation and four of them
showed upregulation upon HyO» incubation (Fig. 2A and Supplementary
Table 3). On the other hand, a total of 176 dysregulated proteins were
identified in human HLE-B3 cell extracts, with 69 proteins down-
regulated and 107 proteins upregulated in HLE-B3 H,05 cells (Fig. 2B
and Supplementary Table 3). Moreover, the induction of the R28 cell
line with Hy0, resulted in the dysregulation of a total of 1033 proteins,
with 493 downregulated proteins and 540 upregulated proteins (Fig. 2B
and Supplementary Table 3).

Thus, we subsequently performed a gene ontology analysis to
investigate the enriched biological processes and cell component, where
the identified and dysregulated proteins were involved (Fig. 3). Pro-
cesses represented in the plots were the most significantly enriched ones
(FDR< 0.05). Our analysis revealed that most of the proteins identified
in HLE-B3 sEVs were related to immune response, while most of the
proteins identified in R28 sEVs were associated with cell junctions and
metabolic pathways. Importantly, in both cell sEVs samples, secretory
vesicles and/or secretory granule proteins were amongst the top ten
processes, indicating the correct enrichment of extracellular vesicles
(Fig. 3). In cell extracts, proteins involved in the regulation of cell di-
vision, oxidation-reduction processes, metabolic pathways, and/or
regulation of cellular localization in both cell lines upon oxidative stress
induction were observed likely to compensate for the damage associated
to oxidative stress (Fig. 3). As expected because of the induction of
oxidative stress, String and Reactome analysis of identified proteins in
cell extracts revealed that exposure to HO2 in HLE-B3 and R28 cells led
to alterations in the expression of proteins belonging to processes related
to the regulation of oxidative stress with proteins having an antioxidant
role in redox homeostasis (pathway significance: FDR< 0.05), contrib-
uting to the elimination of generated free radicals (Figs. 4 and 5, Sup-
plementary Fig. 2, and Supplementary Fig. 3). Additionally, proteins
related to DNA repair, lipid metabolism, mitosis regulation, and mito-
chondrial translation were also identified (FDR< 0.05) (Figs. 4 and 5,
Supplementary Fig. 2, and Supplementary Fig. 3).

3.3. Validation of dysregulated proteins in cell extracts

Next, 21 proteins were selected for validation according to their
expression ratio and the reagent availability for WB (Table 2). Thus,
from the TMT experiment with sEVs, we selected for validation by WB
with cell extracts 3 proteins out of the 7 and 9 dysregulated proteins
observed in HLE-B3 and R28’s sEVs, respectively: COL1A1 (upregulated
in both H03 cell lines), ACTA2 (upregulated in H,O2 R28 sEVs), and
DBF4B (upregulated in HyO, HLE-B3 sEVs). Importantly, selected pro-
teins were previously detected in sEVs of other diseases, highlighting the
strength of the proteomics analysis performed. Since experimental
validation with sEVs was challenging due to the low number of sEVs
produced by the cells, cell extracts were used to perform validation as-
says either with proteins upregulated or downregulated by proteomics
in sEVs and cell extracts. Additionally, as we obtained a higher number
of dysregulated proteins from the TMT analyses with cell extracts (1033
and 176 for R28 and HLE-B3 cells, respectively), 9 proteins (4 upregu-
lated and 5 downregulated), for each cell line, with the highest
expression ratio and available antibodies were selected for validation
(Table 2).

Then, total cell extracts from HLE-B3 and R28 cells were first
analyzed by WB (Fig. 6). First, COL1A1 and DBF4B were found in an
opposite dysregulated trend in HLE-B3 cell extracts than in their cor-
responding sEVs, whereas COL1A1 and ACTA2 were confirmed as
upregulated in the cell extracts of R28 cells. On the other hand, the
dysregulation observed by proteomics in the cell extracts was confirmed
by WB in the specific cell line where the protein was detected as dys-
regulated. In H,O, HLE-B3 extracts, GCOM1 and FAM213A proteins
showed the highest increases, whereas the most pronounced decreases
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were assessed for RAD23B and SPARC proteins. Regarding H>O» R28
extracts, noticeable increments were detected for DNAJC15 and MIPEP
proteins and the most remarkable decreases were found for MAGI1 and
AARS2 proteins.

3.4. Analysis of selected validated dysregulated proteins in aqueous
humors

Additionally, as we used these cells upon oxidative stress induction
as models of cataracts and glaucoma eye pathologies, we hypothesized
whether these proteins could also be altered in human aqueous humors
from cataracts or glaucoma patients in comparison to aqueous humor of
individuals without any of these pathologies (ICL), either using pools or
individual samples.

To address this question, we analyzed patients and ICL’s aqueous
humor samples by WB (Fig. 7). Importantly, despite the change from cell
models to human samples, WB of pooled and individual aqueous humor
samples confirmed, at least in part, the dysregulations observed by mass
spectrometry in our cell models for cataracts and glaucoma. COL1A1,
DBF4B, and SPARC exhibited trends similar to those observed by pro-
teomics, but their changes did not reach statistical significance. More-
over, two different isoforms were observed for COL3A1, showing the
upper band an opposite dysregulation to that determined by proteomics,
although statistically significant, whereas the lower band showed a
similar dysregulation as observed by proteomics in glaucoma without
statistical significance. Furthermore, a similar dysregulation to that
determined by proteomics and statistically significant differences were
found for ACTA2, MAGI1, GCOM1, and RAD23B, indicating their po-
tential as markers of these eye pathologies by their measurement in
aqueous humors (Fig. 7). The differences observed in COL3A1 between
validation in aqueous humors and proteomics results could be related to
the use of total aqueous humor samples instead of sEVs isolated from
aqueous humors. Besides, in addition to lens epithelial cells or ganglion
cells, aqueous humor comprises proteins produced by different ocular
cellular structures from the anterior and posterior segment. Likewise,
the cell model, although useful, could not perfectly resemble the disease
conditions in the eye and in aqueous humors.

3.5. Diagnostic ability of RAD23B protein levels in aqueous humor

Next, we assessed whether these proteins could serve as markers of
glaucoma by ELISA. According to reagent availability, we focused on
analyzing and quantifying the protein levels of RAD23B by commer-
cially available ELISA with a higher number of samples using directly
human aqueous humors from glaucoma patients (N = 24) in comparison
to cataracts (N = 28) and ICL samples (N = 28) (Fig. 8). The mean
concentration in pg/mL for RAD23B was 10853.97 in ICL individuals,
10886.51 in cataracts patients, and 10350.46 in glaucoma patients’
samples. Importantly, a non-statistical significance for RAD23B con-
centration was detected between ICL and cataracts subjects, whereas,
RAD23B showed ability to discriminate between glaucoma and ICL
subjects as well as between glaucoma and cataracts patients. Moreover,
RAD23B results were equivalent between controls and glaucoma
(Fig. 8A), and between controls and cataracts combined in comparison
to glaucoma (Supplementary Fig. 4). Noticeable, as we observed that the
age of controls was lower than that of the pathological individuals, and
indeed, there were statistical differences in the age of ICL (healthy) in-
dividuals in comparison with the pathological individuals (p value = 1
x 10714 healthy vs cataracts, p value = 1.58 x 10~'2 healthy vs glau-
coma), but not between cataracts and glaucoma patients (p value =
0.2856 cataracts vs glaucoma), RAD23B ELISA results indicated that the
changes in this marker were related to glaucoma pathology despite the
age of the individuals analyzed. Thus, ELISA results demonstrate that
the marker was associated to glaucoma and not to aging.

Next, the area under the curve (AUC), specificity, and sensitivity of
this potential glaucoma aqueous humor biomarker were determined by
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Table 2

Redox Biology 77 (2024) 103368

Proteins selected for validation. 21 proteins were selected for validation among the total number of dysregulated proteins identified by TMT in HLE-B3 and R28 cells

either in the cell extracts or in the sEVs.

Protein Dysregulation Fold P value Exocarta
name Change
TMT cell HLE- ARP19 Upregulation 2.72 0.045 -
extracts B3 TCEAL4 Upregulation 2.84 0.01 -
GCOM1 Upregulation 3.51 0.04 -
FAM213A Upregulation 6.33 0.003 -
RAD23B Downregulation  0.34 0.04 -
SPARC Downregulation  0.35 0.008 -
HMGCS1 Downregulation  0.42 0.0004 -
COL3A1 Downregulation  0.42 0.0002 -
CALU Downregulation ~ 0.47 0.025 -
R28 DNAJC15 Upregulation 4.1 2.83E- -
07
MIPEP Upregulation 4.48 1.23E- -
07
KIN17 Upregulation 4.51 5.10E- -
07
SV2B Upregulation 6.72 1.07E- -
07
CDKN2A Downregulation  0.34 3.04E- -
05
CALM Downregulation  0.34 0.02 -
MAGI1 Downregulation  0.36 0.001 -
ITPR1 Downregulation  0.36 9.07E- -
06
AARS2 Downregulation  0.58 1.24E- -
05
TMT cell sEVs HLE- DBF4B Upregulation 4.12 0.04 Mesenchymal stem cells
B3 COL1A1 Upregulation 2.96 0.05 Endothelial cells, melanoma cells, mesenchymal stem cells, prostate cancer cells and
thymus
R28 ACTA2 Upregulation 1.51 0.03 Colorectal cancer cells, keratinocytes, mesenchymal stem cells, platelets, prostate
cancer cells and urine
COL1A1 Upregulation 4.48 0.03 Endothelial cells, melanoma cells, mesenchymal stem cells, prostate cancer cells and

thymus

means of ROC curves (Fig. 8A). The AUC for discriminating glaucoma
patients from ICL or cataracts were 73.44 %, and 68.9 % for RAD23B,
respectively, with potential to discriminate between cataracts and
glaucoma patients with an AUC of 68.9 %, and a sensitivity and speci-
ficity of 66.67 % and 67.86 %, respectively. Additionally, as we have
recently patented (P202430051) two glaucoma biomarkers in small
extracellular vesicles isolated from aqueous humor samples, GAS6 and
SPP1 [38], we finally investigated whether their combination with
RAD23B would increase the diagnostic effectiveness of glaucoma pa-
tients from cataracts patients and/or from ICL individuals. Remarkably,
RAD23B in combination with SPP1 and GAS6 increased the ability of the
two-protein panel to discriminate glaucoma patients from ICL in-
dividuals or from cataracts patients, with AUCs of 83.50 % and 71.90 %,
respectively, and specificities and sensitivities higher than 65 % and 79
%, respectively (Fig. 8B).

Collectively, these results highlight the predictive value of RAD23B
for the discrimination of glaucoma patients from ICL individuals and
cataracts patients. Our analysis also confirms the improvement of the
predictive capacity of RAD23B in combination with the other two pro-
tein markers previously described, and thus, potentially allowing for an
earlier identification of glaucoma patients during ocular surgery.

4. Discussion

This study aims to deepen the existing knowledge on the proteomics
of cataracts and glaucoma, providing new insights into proteins whose
expression is altered under oxidative stress, a key pathological event in
both diseases. To simulate oxidative stress and mimic an experimental
cataract and glaucomatous model to analyze potential proteomics dys-
regulation compared to untreated control cells, HLE-B3 and R28 cells,
respectively, were treated with HyOs. Then, the protein profile of SEVs
released by cells as well as protein content in cell extracts was evaluated

11

by LC-MS/MS. The goal of the work consisted not only of identifying
these altered proteins, but also analyzing their potential as diagnostic
biomarkers. In this sense, we hypothesized that the cellular models
subjected to ROS could mimic, at least in part, the observed behavior in
cataracts and/or glaucoma patients. Consequently, we validated the
dysregulated protein expression in aqueous humor from patients with
these pathologies as compared to control subjects and analyzed their
potential as diagnostic biomarkers.

After sEVs isolation, nanoparticle tracking analysis revealed a
multimodal distribution with the presence of heterogeneous sEVs in size,
exhibiting the predominant peaks a size compatible with sEVs. More-
over, a different size distribution of SEVs was detected after oxidative
stress exposure in the ocular cells as compared with control cells. This
could be a limitation of our study as it might be some bias towards the
isolation of more heterogenous sEVs due to the stress oxidative condi-
tions but not related to technical reproducibility since sEVs possessed a
similar size distribution among different isolations. In this sense, pre-
vious reports have indicated changes in the sEVs morphology [39] and
yield [40] in response to oxidative stress in cells. An increase in multi-
vesicular bodies was promoted by low oxidative stress whereas higher
ROS led to multivesicular bodies degradation by inducing autophagy
[40]. Human retinal astrocytes treated with tert-butyl hydroperoxide, as
oxidative stress inductor, released larger size and a smaller quantity of
exosomes as compared to control cells [41]. Different EVs morpholog-
ical characteristics and EVs budding profiles were identified in human
neuroblastoma wild-type SH-SY5Y cells in basal conditions and after
oxidative stress induction with a significant shift toward wider size
distribution and an increase in the average diameter of EVs after treat-
ment [39]. In contrast, a reduction of EVs size was detected in
SOD1-G93A SH-SY5Y cells after HyO5 treatment [39], indicating that
oxidative stress effect on EVs’s size is cell-type specific. In this sense, a
different behavior regarding sEVs size was detected for HLE-B3 and R28
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cells exposed to oxidative stress.

Additionally, changes induced by oxidative stress, not only in
morphology and yield, but also in sEVs content have been reported in
ocular cells [42]. Our in-depth proteomics study on lens epithelial and
retinal ganglionar sEVs resulted in the identification of 7 and 9 dysre-
gulated proteins, respectively, with an expression ratio>1.5. WB anal-
ysis partly confirmed the proteomics data, whereas the different trend
detected in COL1A1 and DBF4B in HLE-B3 cells would be associated to
the fact that the validation was performed using cell extracts instead of
sEVs. In the aqueous humors, COL1A1, DBF4B, and ACTA2 exhibited
trends similar to those found by proteomics, but only the changes in
ACTA2 protein expression were statistically significant. Among the
dysregulated proteins present in sEVs from HLE-B3 cells, IGKC was
detected, the presence of this protein has been previously determined in
the aqueous humor from cataract patients [43]. Interestingly, in sEVs
from R28 cells exposed to oxidative stress, downregulation of ENO1,
ALDOART2, and PRDX1 proteins were found. ENO1 is a very abundant
protein present in different regions of the retina [44] and previous
proteomics analysis revealed decrease expression of this protein in
aqueous humor from patients with glaucoma and a significant correla-
tion with clinical parameters [45]. Similarly, downregulation of
ALDOART2 and the antioxidative protein PRDX1 were assessed in
aqueous humor from glaucoma patients [46]. Likewise, FN1 and C4A
proteins detected as dysregulated in sEVs from R28 cells exposed to
oxidative stress, were also determined in aqueous humors from patients
with glaucoma showing a significant correlation with visual field pa-
rameters [47]. The detection of these protein changes in the glaucom-
atous aqueous humor supports the importance of analyzing ROS induced
protein changes in retinal ganglion cells and corroborates the evidence
that oxidative damage accompanies glaucoma progression.

On the other hand, our in-depth proteomics study on lens epithelial
cell extracts and retinal ganglionar cells, allow us identifying 69 and 493
downregulated proteins and 107 and 540 upregulated proteins,
respectively, with an expression ratio>1.5. Upregulation of proteins was
more prevalent in both cell lines than downregulation in the presence of
ROS. Moreover, a higher number of dysregulated proteins were detected
in R28 cells exposed to oxidative stress than in HLE-B3 cells, which is
concordant with the fact that retinal ganglion cells have higher energy
requirements and are particularly susceptible to oxidative stress damage
and mitochondrial impairment [48]. Validation of altered proteins by
WB using cell extracts and aqueous humors partially confirmed mass
spectrometry-based proteomics findings, in spite of not reaching statis-
tical significance in all the proteins evaluated in the patient’s aqueous
humor.

The determination of functional relationships between identified
dysregulated proteins using String and Reactome analysis helps
comprehend how protein interactions were altered upon oxidative stress
induction, shedding light on the significance of the dysregulated pro-
teins in particular biological process. In both cell lines, clusters of
oxidative stress response were identified in both downregulated and
upregulated protein analyses. In HLE-B3 cells, downregulation of per-
oxiredoxin 1 and 2 (PRDX1 and PRDX2) by oxidative stress inductions
was detected. In previous studies using CD5A lens epithelial cells, the
exposure to oxidative stress caused a decrease in the non-oxidized form
(active form) of the enzyme PRDX1, reducing the antioxidant defense
provided by PRDX1 [49]. Regarding the induction of proteins by
oxidative stress to protect the cell from oxidative damage, we could
observe the enzyme SOD2 among the proteins upregulated in the
oxidoreductase activity cluster. Previous studies have shown an increase
in the expression of this enzyme modulated by the antioxidant factor
NRF2 after exposure to photooxidation in HLE-B3 cells [50], and the
NRF2/KEAP1 pathway display a central role regulating defense mech-
anisms against oxidative stress. In R28 cells, three different clusters
associated with oxidative stress (oxidative stress response, antioxidant
activity, and oxidoreductase activity) were determined. These clusters
comprised 21 proteins including FOX03, KEAP1, SOD2, HSPB1, and
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SLC25A11. Additionally, in both cell lines there were other relevant
clusters related to nuclear functions, including some essential ones
involved in DNA repair, and lipid metabolism. Changes in lipid synthesis
could be due to oxidative stress metabolic response in cataracts and
glaucoma and may play a potential contribution in the pathophysiology
of these diseases. In this sense, it has been demonstrated that aqueous
humor lipid composition of glaucoma patients differs from healthy in-
dividuals [51].

It is also noteworthy that some of the identified proteins in the
clusters of R28 cells were directly related to clusters established in
proteomics studies using different experimental animal models of
glaucoma. In this sense, the upregulation of transporter clusters has been
observed in proteomics studies based on retinas from experimental
glaucoma animal models induced by elevated intraocular pressure [52],
optic nerve crush [53], as well as in retinas from patients with glaucoma
[54]. In our study an upregulated cluster of proteins consisting of a
family of transporters (SLCLA4, SLC7A6, SLCLAS, and SLC16A3) was
observed.

While information about the direct relationship of many of the
proteins identified in cellular extracts with cataracts and glaucoma is
scarce, there are data available for some of them. RAD23B (with a
decreased cellular expression observed by mass spectrometry and
confirmed by WB in our study), plays essential roles in nuclear excision
repair, damage recognition, and proteasome regulation [55]. It has been
suggested that the increase of this protein is related to the protective
effect of ginsenosides against apoptosis induced by HO5 in human lens
epithelial cells [56]. A decreased in SPARC protein levels was also
observed by proteomics and confirmed by WB. Previous studies have
demonstrated the key role that SPARC plays in maintaining the struc-
tural integrity and transparency of the lens [57,58], suggesting that
changes in its expression could contribute to cataractogenesis. SPARC
was located within the cluster involved in the extracellular matrix
structure together with COL3A1, which was also downregulated in HyO4
HLE-B3 cell extracts. In human trabecular cells, SPARC is a component
of the signaling network that regulates the expression of al chains of
collagens I and III and a similar function could be exercised in lens
epithelial cells [59].

Regarding association with glaucomatous pathology, CALMZ2,
CDKN2A, and ITPR1 were observed among the downregulated proteins
associated to R28 cells by oxidative stress. Previous studies analyzing
protein-protein interactions in a mutational region of chromosome 2 in
families affected by primary open-angle glaucoma have considered the
calmodulin 2 gene as related to changes in the trabecular meshwork and
progressive loss of retinal ganglion cells in glaucoma patients [60].
Single-nucleotide polymorphisms in CDKN2B-AS locus are associated
with human glaucoma [61]. CDKN2A expression was altered in exper-
imental animal models of glaucoma and CDKN2A deficiency amelio-
rated retinal ganglion cell death [62,63], indicating that this protein is a
vital regulator of retinal ganglion cell death in pathologic conditions.
ITPR1 has been previously described as a protein specifically altered in
aqueous humor from primary open glaucoma patients as compared with
cataract and other type of glaucoma samples [64].

Finally, one of the main goals of the study consisted of validating the
dysregulated proteins as biomarkers of glaucoma in aqueous humors.
We focused on the analysis of RAD23B, amongst the highest dysregu-
lated proteins, by ELISA to determine its potential as glaucoma
biomarker. RAD23B protein levels were able to discriminate control
individuals and cataracts patients from glaucoma patients with signifi-
cant diagnostic ability by ELISA, demonstrating its role as a potential
glaucoma biomarker in aqueous humors. AUC values to distinguish
glaucoma patients from control or cataracts patients were about 70 %
(73.44 % for ICL vs glaucoma and 68.9 % for cataracts vs glaucoma). A
similar discriminating accuracy has been established for previously
described glaucoma’s biomarkers. Thus, aqueous humor metabolites
such as 3'-sialyllactose or 2-methylbenzoic acid showed AUC values of
73 and 75 % respectively, for primary open angle glaucoma screening
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[65]. ROC analysis also revealed AUC values around 70 % for plasma
lactoferrin levels [66] and redox index (the log reduced gluta-
thione/oxidized glutathione) [67] as potential diagnostic glaucoma
biomarkers. On the other hand, AUC values above 70 % were deter-
mined for aqueous humor clusterin as biomarker of pseudoexfoliative
glaucoma (AUC = 79 %) [68]. Likewise, AUC values between 70 and 80
% were calculated for VTN, TTR, SERPINA1, and FCN3 proteins when
glaucoma patients and control subjects were compared, and higher than
80 % for TF, C3, and APOAA4, although the number of participants in the
study was relatively small (n = 53) [69].

Additionally, in our study, the inclusion of two aqueous humors
proteins recently patented by the group as biomarkers of glaucoma
(GAS6 and SPP1) [38] increased RAD23B specificity and sensitivity
percentages, improving the diagnostic efficiency of glaucoma patients
(AUC = 83.50 % for ICL vs glaucoma; AUC = 71.90 % for cataracts vs
glaucoma). The design of diagnostic tests with multiple biomarkers can
improve the diagnostic accuracy. In this way, the use of a biomarker
panel consisted of five autoantibodies identified by serological proteome
analysis yielded an AUC of 87 % [70]. Higher AUC values (90 %) were
found using machine learning algorithms based on 28 aqueous humor
immune mediators [71]. However, the translation of a diagnostic test
with multiple biomarkers to clinical routine is challenging since the
panel of identified biomarkers should be compact enough to be devel-
oped in a point-of-care device but robust enough to ensure specificity
and sensitivity.

Finally, one limitation of the study is the significant difference of the
age between ICL subjects (controls) and cataracts and glaucoma patients
because of the challenge in obtaining ICL elderly samples. The ICL group
comprised individuals with a transparent lens undergoing refractive
surgery. Refractive surgery in patients in their late adulthood (>60
years) is not so frequent, since patients over 60 years of age generally
have worse outcomes in both myopic and hyperopic treatments [72].
Moreover, subjects in their late-adulthood are also more likely to have
early stages of cataracts, and it would preclude its inclusion as controls.
Moreover, although we cannot discard completely that some results
using human aqueous humor samples could be related to aging, the
significant results of ACTA2, MAGI1, and GCOM1 by WB, and RAD23B
by WB and ELISA pointed out that the main findings of the study were
associated with glaucoma and cataracts and not to aging.

5. Conclusion

Protein profile of sEVs released by lens epithelial cells and retinal
ganglion cells exposed to ROS, as experimental models of cataract and
glaucomatous, as well as protein content in cell extracts was determined
by LC-MS/MS. Our findings revealed the potential of cellular eye models
subjected to ROS to mimic cataracts and/or glaucoma pathologies
associated to oxidative stress for the in vivo elucidation of potential
glaucoma biomarkers. Additionally, our results could offer insights into
the pathophysiology of glaucoma and cataracts, paving the way for the
future evaluation of unknown molecular pathological mechanisms and
the identification of alternative potential biomarkers to enhance diag-
nosis and treatment. Finally, as one of the most relevant goals of the
study, we have gone here through the analyses by proteomics of ocular
cell models of oxidative stress to the identification and validation of
RAD23B as a downregulated protein in the aqueous humor of glaucoma
patients with potential diagnostic ability of the disease in comparison
with cataracts patients or control individuals used in the study as
controls.
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