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PURPOSE. The purpose of this study was to isolate and culture human conjunctival
mesenchymal stromal cells (Conj-MSCs) from cadaveric donor tissue, and to obtain and
characterize their extracellular vesicles (EVs) and their effect on conjunctival epithelium.

METHODS. Stromal cells isolated from cadaveric donor conjunctival tissues were cultured
and analyzed to determine whether they could be defined as MSCs. Expression of MSC
markers was analyzed by flow cytometry. Cells were cultured in adipogenic, osteogenic,
and chondrocyte differentiation media, and stained with Oil Red, Von Kossa, and Tolu-
idine Blue, respectively, to determine multipotent capacity. EVs were isolated from
cultured Conj-MSCs by differential ultracentrifugation. EV morphology was evaluated by
atomic force microscopy, size distribution analyzed by dynamic light scattering, and EVs
were individually characterized by nanoflow cytometry. The effect of EVs on oxidative
stress and viability was analyzed in in vitro models using the conjunctival epithelial cell
line IM-HConEpiC.

RESULTS. Cultured stromal cells fulfilled the criteria of MSCs: adherence to plastic; expres-
sion of CD90 (99.95 ± 0.03% positive cells), CD105 (99.04 ± 1.43%), CD73 (99.99 ±
0.19%), CD44 (99.93 ± 0.05%), and absence of CD34, CD11b, CD19, CD45 and HLA-DR
(0.82 ± 0.91%); and in vitro differentiation into different lineages. Main Conj-MSC EV
subpopulations were round, small EVs that expressed CD9, CD63, CD81, and CD147.
Conj-MSC EVs significantly decreased the production of reactive oxygen species in IM-
HConEpiCs exposed to H2O2 in similar levels than adipose tissue-MSC-derived EVs and
ascorbic acid, used as controls.

CONCLUSIONS. It is possible to isolate human Conj-MSCs from cadaveric tissue, and to use
these cells as a source of small EVs with antioxidant activity on conjunctival epithelial
cells.

Keywords: extracellular vesicles (EVs), conjunctiva, mesenchymal stromal cells (MSCs),
exosomes, oxidative stress

I n recent years, significant progress has been made in
understanding the role of extracellular vesicles (EVs) in

the eye and their involvement in various ocular diseases.1–3

In addition, the potential therapeutic role of EVs in the treat-
ment of ocular diseases has been explored.4–6 However,
much of the latter research has been conducted using
EVs from non-ocular sources. Most EVs are derived from
mesenchymal stromal cells (MSCs), adult multipotent cells
with special immunomodulatory, secretory, and homing
potential that have been used in cell therapy because of
these properties. However, despite their low immunogenic-
ity, MSCs are not completely free of some undesirable effects

that can occur with any living cell therapy, such as uncon-
trolled differentiation of engrafted cells or malignant trans-
formation. There is increasing evidence that much of the
therapeutic effect displayed by MSCs is due to their paracrine
action,7 which is why their secretome is also being stud-
ied. More recently, interest has focused on MSC-derived EVs,
which are emerging as a new cell-free therapy.8,9

Although all MSCs share common properties, it is well
known that they have some differences depending on the
tissue of origin, and different MSC-derived EVs also have
specific functions and effects.8,10 Therefore, it is relevant to
investigate the presence, characteristics, and effects of ocular
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MSC and their EVs. The eye is an extremely complex organ
in which many tissues and cells work together interconnect-
edly to form different units, such as the lacrimal functional
unit (LFU). Therefore, the study of key players in intercel-
lular communication, such as EVs, is paramount to under-
stand ocular pathophysiology. The LFU mainly includes
the lacrimal glands, the ocular surface, and the intercon-
necting innervation.11 The conjunctiva, whose epithelium
forms part of the ocular surface, is the tissue responsi-
ble for many of the protective functions that maintain the
health of the LFU, and for this reason conjunctival EVs
may be particularly relevant both as biomarkers of disease
and as therapeutic tools. The conjunctiva is composed of
a stratified epithelium containing squamous epithelial cells
and goblet cells and by a loose stroma containing, among
other cells, conjunctival MSCs (Conj-MSCs).12 There are
several studies investigating ocular surface EVs, most of
them focused on EVs derived from corneal epithelium,13–15

with just one study analyzing conjunctival epithelial EVs.16

Regarding ocular MSC-derived EVs, Shojaati et al. showed
that EVs isolated from MSCs from corneal stromal stem
cells (CSSCs) had an essential role in the regeneration
of the cornea after wounding.17 However, to the best of
our knowledge, there are no reports on Conj-MSC-derived
EVs. Due to the interesting effect exerted by other MSC-
EVs, in this study we characterize Conj-MSC EVs obtained
from Conj-MSCs isolated from human cadaveric conjunctival
tissue.

MATERIALS AND METHODS

Human Tissue

This study was approved by the IOBA Research Committee
and the Ethics Committee of the University of Valladolid.
This research followed the Tenets of the Declaration of
Helsinki and all Spanish Regulations concerning the use of
human tissue for biomedical research.

Corneoscleral rings were obtained from cadaveric donors
(n = 6) with informed research consent from Barraquer Eye
Bank of Barcelona (Spain). Donors (4 men and 2 women,
76.7 ± 10.1 years old) did not have any ocular disease.
Bulbar conjunctival tissue was carefully isolated from the
rest of the tissues and used for research purposes.

Human adipose tissue MSCs that form part of IOBA regis-
tered culture collection were cultured to isolate EVs used as
controls. These cells were originally obtained from lipoaspi-
rates after informed consent was signed.

Isolation of Fibroblast-Like Cells From Human
Conjunctival Tissue

Fibroblast-like cells were isolated from human bulbar
conjunctiva, as previously described.18 Briefly, conjuncti-
val stroma was minced in small pieces that were plated
in 12-well plastic plates (Nunc, Roskilde, Denmark). Cells
were cultured in Dulbecco’s modified Eagle’s Medium
(DMEM)/F12 (Invitrogen-Gibco, Inchinnan, UK) supple-
mented with 10% fetal bovine serum (FBS; Gibco,
Waltham, MA, USA), 2.5 μg/mL fungizone (Invitrogen), and
50 units/mL penicillin/streptomycin (Invitrogen). Primary
cells were expanded, passaged up to 10 times, and stored
in liquid nitrogen until further use.

Conjunctival Epithelial Cell Culture

The commercially available human conjunctival epithe-
lial cell line IM-HConEpiC (Innoprot, Derio, Spain) was
cultured in DMEM/F12 medium supplemented with 10%
FBS, 10 ng/mL epidermal growth factor (Invitrogen),
1 μg/mL insulin (Sigma-Aldrich, St. Louis, MO, USA), and
50 units/mL penicillin and 50 μg/mL streptomycin (Gibco),
as previously described.19 Cells were cultured at 37°C and 5%
CO2, cell growth was monitored daily, and culture medium
was changed every second day.

Characterization of Conjunctival Mesenchymal
Stromal Cells by Flow Cytometry

Fibroblast-like cells in passages 2 to 4 were thawed and
cultured in DMEM (1x) + GlutaMAX medium (Gibco)
supplemented with 10% FBS and 2% antibiotics (100 U/mL
penicillin and 100 μg/mL streptomycin; Gibco).

To determine whether these fibroblast-like cells were
MSCs, we followed the criteria described in the International
Society for Cell Therapy (ISCT) position statement.20 Expres-
sion of MSC markers (positive expression of CD105, CD90,
CD73, and CD44 and negative expression of hematopoi-
etic markers CD34, CD11b, CD19, CD45, and HLA-DR) was
analyzed by flow cytometry in a Beckman Coulter Gallios
cytometer (Beckman Coulter Inc., Brea, CA, USA) using the
Human MSC Analysis kit (BD Biosciences, Franklin Lakes,
NJ, USA). Five independent experiments were performed.

Differentiation of Conjunctival Mesenchymal
Stromal Cells Into Adipocytes, Osteocytes, and
Chondrocytes

To determine in vitro multipotent capacity, cells in passages
4 to 5 were cultured in adipogenic, osteogenic, and chon-
drogenic differentiation media (n = 3 for each lineage).

Cells were seeded at 10,000 cells/cm2 density and grown
in the StemPro Adipogenesis Differentiation Kit (Invitrogen-
Gibco) for 15 days. Then, the cells were fixed, and stained
with Oil Red to detect lipids. Cells (10,000 cells/cm2)
cultured with StemPro Osteogenesis Differentiation Kit
(Invitrogen-Gibco) were cultured for 21 days, fixed, and
stained with Von Kossa staining to determine the presence
of calcium deposits. For chondroblast differentiation, a pellet
of 5·105 cells was cultured for 26 days in StemXVivo Chon-
drogenic Base Media with StemXVivo Chondrogenic Supple-
ment (RD Systems, Minneapolis, MN, USA) for 27 days.
Pellets were then fixed with 4% paraformaldehyde, embed-
ded in Optimal Cutting Temperature Compound (OCT),
sectioned, and stained with Toluidine Blue to detect the
proteoglycans produced by chondrocytes.

EV Isolation by Differential Ultracentrifugation

Conjunctival MSCs and AT-MSCs (used as control) in
passages 4 to 10 were grown until cells reached 70% conflu-
ence and then, medium was changed to EVs-depleted FBS-
supplemented medium. Secretomes were collected after
48 hours. EVs were isolated from these secretomes by differ-
ential centrifugation and ultracentrifugation at 4°C (300 g for
10 minutes; 2000 g for 20 minutes; 10,000 g for 30 minutes;
and 2 steps of 75 minutes at 100,000 g) using a Beckman
Coulter L8-70M ultracentrifuge and SW28 rotor (Beckman
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Coulter Inc.). The pellet containing the EVs was recovered
in PBS + 25 mM D-(+)-Trehalose dehydrate (from Saccha-
romyces cerevisiae, powder, ≥99%; Sigma-Aldrich) and kept
at −80°C until further use.

Atomic Force Microscopy

EV topography was evaluated by atomic force microscopy
(AFM) using the tapping mode in air in an Asylum Research
MFP3D Bio AFM microscope (Oxford Instruments, Abing-
don, UK). Samples were deposited in 15 mm Highest Grade
V1 AFM Mica Discs (Ted Pella, Inc., Redding, CA, USA) and
left overnight at 4°C. Then, the mica discs with the samples
were rinsed with ultrapure water to remove salts and dried
with N2. A 240AC probe (MikroMasch, Tallinn, Estonia) was
used. We followed the procedure published by Skilar and
Chemysev.21 Image analysis was performed with Asylum AR
16.23.224 and Gwyddion 2.56 software.

Dynamic Light Scattering

The size distribution and the zeta potential of the extracted
EVs (n = 3) were analyzed by dynamic light scattering (DLS)
using a Malvern Zetasizer Advance Pro Red Label (Malvern
Panalytical, Malvern, UK). EVs were diluted in PBS/trehalose
(25 mM) to a final volume of 1 mL (refractive index = 1.33
and viscosity = 1 mPa.s) and filtered through a 0.45 μm poly-
tetrafluoroethylene polymer (PTFE) filter. Measurements
were performed at 25°C using ZEN0040 and DTS1070
cuvettes for size distribution and zeta potential measure-
ments, respectively. Distribution of vesicle size was deter-
mined with intensity spectra data. Three different samples
were analyzed, and each sample was measured three times.

EV Detection and Counting

Flow cytometry analysis was performed on the Beckman
Coulter CytoFLEX LX Flow Cytometer using a modified
protocol from Brennan et al.22 with a VSSC gain = 300
and VSSC-H threshold = 5500. Events were gated on the
VSSC-width log × VSSC-H log cytogram to remove EV aggre-
gates (singlet gate). A rectangular gate was set on the VSSC-
H log × RSSC-H log cytogram containing the 80 nm and
500 nm bead populations and defined as “PS beads 80 nm
to 500 nm gate” followed by a “stable time gate” set on the
time histogram in order to identify the microparticle region
(Supplementary Figure S1). Data were re-analyzed using the
Beckman Coulter CytExpert version 2.5.0.77 software and
the DeNovo Software FCSExpress Plus version 7.

EV-Bead Conjugated Flow Cytometry

The levels of CD9, CD63, CD81, and CD147 on the EVs were
assessed by EV-bead conjugated flow cytometry analysis,
which was performed on the Beckman Coulter CytoFLEX
LX Flow Cytometer using a modified protocol from Brennan
et al.22 The 1.25 × 107 EVs/test was mixed with 0.2 μL/test
aldehyde/sulfate latex beads (4 μm; Thermo Fisher Scien-
tific, Waltham, MA, USA) in 200 μL PBS rotating overnight
at 4°C, with beads without EVs being used as a negative
control. To block nonspecific protein binding to beads 200
μL 2% BSA (2% BSA, 2 mM EDTA, and 0.1% sodium azide
in PBS) was then added to the samples to a final volume
of 400 μL for 1 hour at room temperature (RT), followed
by 45 μL of 1 M glycine for 30 minutes at RT. The samples
were then centrifuged at 5500 g for 5 minutes, the super-

natant was removed, the beads were resuspended in 100 μL
PBS, and 2 μL Fc block was added for 10 minutes at RT.
The samples were then centrifuged at 5500 g for 5 minutes
and washed with 500 μL PBS 3 times. The beads were resus-
pended in 1% BSA 100 μL/test and aliquoted into fresh tubes.
The beads were stained with antibodies for 30 minutes on
ice and then centrifuged at 5500 × g for 5 minutes and
washed with 500 μL PBS 3 times. The samples were then
resuspended in 200 μL PBS and flow cytometry analysis
was performed on the Beckman Coulter CytoFLEX LX Flow
Cytometer. Gating of EV-decorated 4 μm diameter beads was
performed based on FSC/SSC parameters, so that unbound
EVs or possible antibody aggregates were excluded from the
analysis.

Measurement of Antioxidant Effect

To analyze the effect of EVs on oxidative stress, IM-
HConEpiCs (20,000 cells/cm2) in passages 15 to 18 were
seeded in 96-well plates. When the cells reached conflu-
ency (after 24 hours), they were exposed for 3 hours
to 50 μg/mL MSC-derived EVs or to 250 μM ascorbic
acid (AnalaR NORMADUR, VWR International bvba, Levven,
Belgium) in serum-free medium. Ascorbic acid (also known
as vitamin C) was used as a positive control for antioxidant
activity. Cells were then loaded with 2′,7′-dichlorofluorescin
diacetate (H2DCF-DA; Sigma-Aldrich) in serum-free medium
for 30 minutes at 37°C. H2DCF-DA passively diffuses into
the cells and indicates reactive oxygen species (ROS) upon
conversion to the fluorescent metabolite dichlorofluores-
cein (DCF). Finally, cells were exposed to 200 μM H2O2 to
induce oxidative stress. To quantify ROS, fluorescence was
measured at 488 nm excitation wavelength and 522 nm emis-
sion wavelength using the SpectraMax M5 fluorescence plate
reader (Molecular Devices, Sunnyvale, CA, USA). Three inde-
pendent experiments were performed in duplicates.

Cell Viability Assay

After exposure to the EVs, the viability of conjunctival
epithelial IM-HconEpiC cells was measured by AlamarBlue
assay (n = 3). Cells were treated with 50 μg/mL MSCs-
derived EVs in serum-free medium for 3 hours. Later, cells
were incubated with 10% AlamarBlue reagent (BioRad Labo-
ratories) for 2 hours, and the fluorescence was measured in
the SpectraMax M5 fluorescence plate reader at 560 nm exci-
tation and 590 nm emission wavelengths. Three independent
experiments were performed in duplicates.

Statistical Analysis

Data are shown as mean ± standard deviation (SD). After
assuring homoscedasticity with the Brown-Forsythe test,
the analysis of differences between groups was conducted
by 1-way analysis of variance (ANOVA) followed by post
hoc multiple comparison tests (Sidak test), using GraphPad
Prism 8.2.0 software. The P values ≤ 0.05 were considered
statistically significant.

RESULTS

Cultured Conjunctival Stromal Cells Isolated From
Cadaveric Tissue Fulfilled the Criteria of MSCs

Human conjunctival stromal cells were successfully isolated
from cadaveric donor tissue and expanded in vitro. Cultured
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FIGURE 1. Immunophenotypic characterization of Conj-MSCs by flow cytometry. Cells expressed CD90 (A), CD105 (B), CD73 (C), and CD44
(D), and lacked the hematopoietic markers CD34, CD11b, CD19, CD45, and HLA-DR (E). Representative graphs of one experiment (n = 5).

FIGURE 2. In vitro differentiation potential of human Conj-MSCs. Cells differentiated into three different lineages. (A) Conj-MSCs differ-
entiated into adipocytes. Lipids are marked in red by Oil Red staining. (B) Cells differentiated into osteocytes that have calcium deposits
as seen in brown by Von Kossa staining. (C) Cells differentiated into chondroblasts, as observed in chondroblast pellet sections stained
with Toluidine Blue dye that stain the proteoglycans in purple. Cells cultured in the same conditions but without differentiation media
were also stained with Oil Red (D), Von Kossa (E), and Toluidine blue (F), but no lipids, calcium deposits, or proteoglycans were detected.
Bar = 50 μm.

stromal cells fulfilled the minimal criteria of MSCs estab-
lished in the ISCT position statement20: (i) adherence to plas-
tic; (ii) expression/absence of specific markers; and (iii) in
vitro differentiation into different cell lineages.

Conjunctival stromal cells easily adhered to the plastic
surface of culture flasks and plates and acquired a spindle-
shape morphology when cultured in standard conditions.

As recommended by the ISCT, the expression of specific
markers20 was assessed by flow cytometry (Fig. 1). Cultured
conjunctival stromal cells expressed CD90 (99.95 ± 0.03%
positive cells), CD105 (99.04 ± 1.43% positive cells), CD73
(99.99 ± 0.19% positive cells), CD44 (99.93 ± 0.05% positive

cells), and lacked CD34, CD11b, CD19, CD45, and HLA-DR
markers (0.82 ± 0.91% positive cells).

When cells were cultured under adipogenic conditions
they showed intracellular lipid droplets that stained in red
with Oil Red (Fig. 2A). When cultured under osteogenic
conditions, cells showed calcium deposits, as observed with
Von Kossa brown staining (Fig. 2B). Finally, cells grown
under chondrogenic conditions formed a mass that was
sectioned and stained with Toluidine Blue to detect the pres-
ence of sulfated proteoglycans in the extracellular matrix
which appear stained in purple (Fig. 2C). Cells grown in
regular conditions did not differentiate (Figs. 2D-F).
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FIGURE 3. Characterization of Conj-MSC-derived EVs by AFM. Representative wide-field (A, B, C) and close-up (D, E) AFM topographic
images showing Conj-MSC-derived EVs. Different sizes were observed in height (A), amplitude (B), and phases (C) images. A single EV of
80 nm is shown in height (D), amplitude (E), and phases (F) images.

TABLE. Characterization of EVs by DLS

Mean SD RSD Minimum Maximum

Z-average (nm) 208.4 34.4 16.51 174.2 267.5
Polydispersity index (PI) 0.3782 0.0628 16.62 0.3006 0.4912
Peak 1 mean by intensity (nm) 226.3 40.3 17.8 183.3 308
Peak 1 area by intensity (%) 91.5 5.066 5.536 82.03 98.95
Peak 2 mean by intensity (nm) 3858 1612 41.79 46.21 5468
Peak 2 area by intensity (%) 7.54 4.012 53.2 1.047 12.18

Conj-MSCs-Derived EV Characterization

EVs were successfully isolated from the Conj-MSC secre-
tome using differential centrifugation and ultracentrifuga-
tion procedures. Isolated Conj-MSC-derived EVs were char-
acterized by different means. First, EVs were morphologi-
cally analyzed by AFM (Fig. 3). Wide-field images revealed
the presence of EVs with different sizes (Figs. 3A-C), most
of them in the range of 50 to 120 nm, with an average diam-
eter of 70 to 80 nm, and a height of 13 to 15 nm, as seen
in analyzed images in height retrace mode. Close-up images
(Figs. 3D-F) confirmed that Conj-MSC-derived EVs have a
globular structure.

Conj-MSC-derived EVs were also evaluated by DLS (see
the Table). Intensity-distribution size showed heterogenic-
ity, analyzed with the polydispersity index (see the Table).
The samples showed a bimodal distribution, with two main
peaks, being the most abundant (peak 1 = 91.5 ± 5.07 %)
in the range of small EVs. The width of peak 1 suggests the
presence of 2 subpopulations with sizes between 100 nm
and 400 nm. The surface charge of Conj-MSC-derived EVs
was −21,17 ± 3,741 mV.

Nano-flow cytometry analysis of Conj-MSC and AT-MSC-
derived EVs revealed that the majority of the EV popula-
tion was in the low gate (approximately 180 nm-300 nm
using Rosetta calibration; Supplementary Fig. S2). There
were different amounts of the larger EV subpopulations
between the two cell types. However, these differences
were not significant, with Conj-MSC and AT-MSC-derived EVs
appearing broadly similar (Figs. 4A, 4B). EV-bead conjugated
flow cytometry analysis revealed that Conj-MSC and AT-MSC-
derived EVs were positive for the EV markers: CD9, CD63,
CD81, and CD147, with CD9, and CD81 being more abun-
dant in both cell types (Figs. 4C, 4D).

Conj-MSC-Derived EVs Show Antioxidant Effect
on Conjunctival Epithelial Cells

The effect of Conj-MSC-derived EVs on conjunctival epithe-
lium was tested on IM-HConEpiC cells (Fig. 5). An in
vitro model of oxidative stress using H2O2 as the oxida-
tive agent was used to determine antioxidant properties of
EVs (Fig. 5A). H2O2 increased ROS by 1.61 ± 0.31-fold (P =
0.0061) compared to untreated cells set as 1. Conj-MSC EVs
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FIGURE 4. Characterization of Conj-MSC-derived EVs by flow cytometry. (A) A violet SSC-H/ red SSC-H dot-plot with a representative Conj-
MSC-derived EV sample was gated into low, med, high, +V, V++, V+++, and +R regions, which were created based differences between
biological samples and their replicates. (B) A table showing the percentage events within each gate for Conj-MSC and AT-MSC-derived EVs
for three independent experiments. (C, D) The 1.25 × 107 EVs/test from 3 Conj-MSC and 3 AT-MSC-derived EV samples were bound to the
surface of 4 μm aldehyde/sulfate latex beads and stained with antibodies for the EV markers CD9, CD63, CD81, and CD147 for 30 minutes
on ice.

decreased the H2O2-induced ROS increase to 0.42 ± 0.46
(P < 0.0001), in similar levels than adipose tissue-MSC-
derived EVs (0.65 ± 0.50, P = 0.0002) and 250 μM ascorbic
acid (0.50 ± 0.59, P < 0.0001), used as control. Cell viability
was not affected by either of the treatments, as shown by
the AlamarBlue assay results (Fig. 5B).

DISCUSSION

In this study, we demonstrate that it is possible to culture
Conj-MSCs isolated from cadaveric tissue. To date, research
on Conj-MSC has been sparse. In 2008, Nadri et al. reported
the isolation of MSC from conjunctival biopsies.12 Since
then, only a few studies using cultured Conj-MSC have been
published and, to the best of our knowledge, they all follow
that same protocol.23–28 Although the isolation of Conj-
MSC is undoubtedly of scientific interest, obtaining Conj-
MSC from conjunctival biopsies has two major drawbacks:
first, conjunctival biopsies are difficult to get for ethical
reasons, and, second, they are usually obtained from patients
undergoing an ocular surgery. Thus, they are obtained from
patients with ocular pathology and, in most cases, conjunc-
tival pathology. For instance, in the protocol described by
Nadri et al., biopsies were procured from patients with

pterygium. There is evidence of alterations throughout the
conjunctival tissue of patients with pterygium, suggest-
ing that it may be a diffuse disease,29 with alterations in
pterygium-free areas that are not present in healthy conjunc-
tivas.30 Therefore, conjunctival biopsies collected from areas
close to a pterygium should not be considered healthy tissue.
In this study, we describe a method to isolate Conj-MSC
from cadaveric conjunctival tissue.We believe that this proto-
col overcomes the two major drawbacks mentioned above:
the tissue is obtained from deceased donors who do not
have ocular diseases, and there are fewer ethical concerns
in using cadaveric tissue than in taking a biopsy for research
purposes. In addition, cadaveric conjunctival tissue is more
accessible to researchers than ocular biopsies.

Despite the critical role of the conjunctiva in maintaining
overall LFU homeostasis and the upsurge in the study of EVs
in all tissues, there is almost no information on conjunctival
EVs, with only one study analyzing the role of EVs derived
from a conjunctival epithelial cell line.16 In that study, Ramos
et al. evaluated the effect of corneal and conjunctival-derived
EVs on the transdifferentiation of these two cell popula-
tions, and found that both EVs had the ability to influ-
ence in each other’s cell type. That means that communi-
cation between different ocular surface tissues, such as the
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FIGURE 5. Effect of Conj-MSC-derived EVs on conjunctival epithe-
lial cells. (A) Effect of EVs on oxidative stress produced by exposure
to H2O2. EVs significantly reduced the increase in reactive oxygen
species (ROS) induced by H2O2. * Indicates significance compared
to untreated cells, and # compared to untreated cells exposed to
H2O2. (B) Cell viability measured with AlamarBlue assay. No signif-
icant differences were observed after EV treatment (n = 3).

cornea and the conjunctiva, may be mediated by EVs. But
apart from this crosstalk between different tissues, it is also
meaningful to analyze the communication between differ-
ent parts of the same tissue, for instance, the epithelium
and the stroma. There are some interesting studies analyz-
ing this in the cornea.13,14,31,32 Those studies also highlight
that the basement membrane appears to limit EV diffusion,
what could mean that the impact of EVs released by stro-
mal cells may depend on the basement membrane integrity.
However, in different diseases, epithelial function and struc-
ture is damaged, and basement membrane integrity can be
affected. In these situations, EVs may have an important role
in the development and/or the onset of the disease. These
studies analyzing the crosstalk between corneal epithelial
and stromal cells through EVs paved the road to do similar
research in other ocular tissues. To the best of our knowl-
edge, there are no reports studying the effect of conjunctival
stromal EVs on epithelial cells. Here, we have shown that it is
possible to isolate EVs from cultured human Conj-MSC, and
that these EVs have an antioxidant effect on the conjunctival
epithelium.

We isolated EVs by classical differential ultracentrifuga-
tion, which has been widely described in the literature.33

One of the major advantages of ultracentrifugation is that

it requires minimal sample pretreatment and no addition of
reagents. We used 25 mM trehalose to preserve the integrity
of EVs during freezing and thawing cycles,34 although EVs
can be recovered in PBS without additives or in other buffers
depending on the further applications of the EVs. However,
ultracentrifugation also has some limitations, such as the
need for large amounts of culture supernatant to obtain
low yields, and that the procedure is very time-consuming.
Therefore, further studies analyzing other optimized isola-
tion methods are warranted.35

According to the MISEV 2018 guidelines,36 EVs should be
characterized using techniques that provide high-resolution
images of single EVs. One of these techniques is AFM, whose
main advantage over transmission electron microscopy is
that it provides a true 3D image of the surface topogra-
phy.21,37,38 Characterization of EVs by AFM revealed that
Conj-MSC-derived EVs have globular structure. The diam-
eter distribution ranges from 50 to 120 nm, whereas the
height ranges from 10 to 20 nm, which is consistent with
the literature for this technique.38 DLS analysis revealed
larger EV sizes than that reported by AFM, possibly due
to aggregation of EVs. The z-potential values we obtained
confirmed that the isolated Conj-MSC-derived EVs are stable.
Characterization of EVs by flow cytometry analysis revealed
that the majority Conj-MSC and AT-MSC-derived EVs were
smaller than 300 nm and were positive for 4 EV markers.
There were no significant differences between the EV size
and marker expression of the Conj-MSC and AT-MSC-derived
EVs, suggesting they share an MSC-derived EV phenotype.

Finally, we have shown that Conj-MSC-derived EVs are
biologically active because they were able to significantly
reduce ROS production in conjunctival epithelial cells. High
ROS levels and the subsequent oxidative stress are associ-
ated with many ocular pathologies, such as dry eye disease39

or age-related macular degeneration.40 The relationship
between oxidative stress and EVs is bidirectional, as EVs
possess both pro-oxidant and antioxidant machinery.41 The
effect of EVs in reducing oxidative stress has been demon-
strated in the colon,42 kidneys,43 in specific cell types such as
macrophages,44 or in the ocular drainage system.45 However,
this is the first study analyzing Conj-MSC EVs and their bioac-
tivity alleviating oxidative stress in the ocular surface and,
specifically, in the conjunctiva. We did not observe any effect
of EVs on conjunctival epithelial cell viability, confirming
that our isolated EVs did not have any toxicity due to the
EVs themselves or to the isolation procedure.

In conclusion, we have shown that it is possible to culture
human Conj-MSC isolated from cadaveric tissue, and that
these cells may be a valuable source of EVs with promising
antioxidant activity on conjunctival epithelial cells, warrant-
ing further research to determine whether these EVs may
have a therapeutic effect.
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