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Effects of Adipose-derived Mesenchymal Stem Cell Exosomes
on Corneal Stromal Fibroblast Viability and Extracellular
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Background: Corneal stromal cells (CSCs) are components of the corneal endothelial microenvironment that can be induced to form a
functional tissue-engineered corneal endothelium. Adipose-derived mesenchymal stem cells (ADSCs) have been reported as an important
component of regenerative medicine and cell therapy for corneal stromal damage. We have demonstrated that the treatment with ADSCs
leads to phenotypic changes in CSCs in vitro. However, the underlying mechanisms of such ADSC-induced changes in CSCs remain unclear.
Methods: ADSCs and CSCs were isolated from New Zealand white rabbits and cultured in vitro. An Exosome Isolation Kit, Western
blotting, and nanoparticle tracking analysis (NTA) were used to isolate and confirm the exosomes from ADSC culture medium. Meanwhile,
the optimal exosome concentration and treatment time were selected. Cell Counting Kit-8 and annexin V-fluorescein isothiocyanate/
propidium iodide assays were used to assess the effect of ADSC-derived exosomes on the proliferation and apoptosis of CSCs. To
evaluate the effects of ADSC-derived exosomes on CSC invasion activity, Western blotting was used to detect the expression of matrix
metalloproteinases (MMPs) and collagens.

Results: ADSCs and CSCs were successfully isolated from New Zealand rabbits. The optimal concentration and treatment time of
exosomes for the following study were 100 pg/ml and 96 h, respectively. NTA revealed that the ADSC-derived exosomes appeared as
nanoparticles (40-200 nm), and Western blotting confirmed positive expression of CD9, CD81, flotillin-1, and HSP70 versus ADSC
cytoplasmic proteins (all 2 <0.01). ADSC-derived exosomes (50 pg/ml and 100 pg/ml) significantly promoted proliferation and inhibited
apoptosis (mainly early apoptosis) of CSCs versus non-exosome-treated CSCs (all P < 0.05). Interestingly, MMPs were downregulated
and extracellular matrix (ECM)-related proteins including collagens and fibronectin were upregulated in the exosome-treated CSCs
versus non-exosome-treated CSCs (MMP1: ¢ = 80.103, P < 0.01; MMP2: ¢t = 114.778, P < 0.01; MMP3: ¢ = 56.208, P < 0.01; and
MMP9: 1= 60.617, P <0.01; collagen I: = —82.742, P < 0.01; collagen II:  =—72.818, P < 0.01; collagen III: t =—104.452, P < 0.01;
collagen IV: t=-133.426, P < 0.01, and collagen V: t =-294.019, P < 0.01; and fibronectin: t =—-92.491, P < 0.01, respectively).
Conclusion: The findings indicate that ADSCs might play an important role in CSC viability regulation and ECM remodeling, partially
through the secretion of exosomes.
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organized lamellae and mitotically quiescent keratocytes
with dendritic morphology.*?! Damage from topical drugs,
trauma, and infection often leads to a loss of intercellular
contact and stimulates keratocyte-fibroblast-myofibroblast
transition, increasing the risk of corneal scar formation,
corneal opacification, and visual impairment.>*

Adipose-derived stem cells (ADSCs) are mesenchymal stem
cells and have been successfully isolated from adipose tissue
in large amounts.®! ADSCs have the ability to self-renew and
the potential to differentiate into one or more cell lineages via
induction.’) ADSCs double every 2—4 days, depending on the
culture medium and passage number.”! The characteristics of
ADSCs, including cell interactions between themselves and
other cells, as well as interactions between stem cells and
the extracellular matrix (ECM), can be regulated by several
factors. ADSCs are also able to stimulate the proliferation of
stem cells that can differentiate into specialized lineages."!
Moreover, ADSCs can produce antioxidants, free radical
scavengers, and heat-shock proteins (HSPs) in the ischemic
area to rescue damaged cells. ADSCs have the potential
to differentiate into adipose, bone, cartilage, neuron, and
other cell lineages.’” In addition, a large number of ADSCs
can be easily acquired from liposuction surgeries without
ethical issues. These characteristics make ADSCs ideal for
cell therapy.

ADSCs play an important role in the regulation of
the mesenchymal microenvironment. The tumor
microenvironment is defined as a special kind of
mesenchymal microenvironment that regulates many aspects
of tumorigenesis.®® Numerous reports have confirmed the
complex and dynamic interplay between cancer cells and
resident ADSCs.®® It has been demonstrated that intravenous
injection of ADSCs promotes the growth and metastasis
of epithelial ovarian cancer.”’ However, another study has
reported that implanted ADSCs have a suppressive effect on
breast cancer and prostate cancer by inducing apoptosis.[®
These studies have shown that the effect of stem cells on the
mesenchymal microenvironment is controversial, and that
the complex regulation by ADSCs in vivo might depend on
specific cell types. Investigators have reported that ADSCs
are useful for the cell therapy of corneal stromal damage
and postulated a number of nonexclusive mechanisms
through which ADSCs may restore tissue integrity in disease
states (e.g., via differentiation into somatic cells, secretion
of cytokines and growth factors, and reduction under
oxidative stress).l! Corneal stromal cells (CSCs), which are
mesenchymal-derived cells, are the principal cells of the
corneal stroma. Most corneal diseases, including immune,
infectious, and ectatic diseases, primarily or secondarily
involve the corneal stroma, which accounts for 90% of
the corneal thickness.*! However, the regulatory roles and
underlying mechanisms of the effects of ADSCs on CSCs
remain unclear.

Exosomes are nanoparticles, sized 30—100 nm, produced by
the reverse budding of multivesicular bodies upon fusion with
plasma membranes.!'” Exosomes can be secreted from the

surfaces of cells into the extracellular space and can enter the
vascular system or various biological fluids."” The effects of
exosomes depend on the specific cell types from which they
arise. Exosomes from tumor cells may affect the immune
system via the suppression of immune cells.* Exosomes from
normal immune cells may trigger the inhibitory effects of
cancer.'""31 However, the effects of ADSC-derived exosomes
on ECM synthesis of CSCs have not been investigated deeply.

In this study, we aimed to demonstrate the role of
ADSC-derived exosomes in CSC viability regulation. We
established exosome-treated CSCs to determine the effect
and the underlying mechanism of ADSC-derived exosomes
on proliferation, apoptosis, and especially ECM remodeling
of CSCs.

MeTtHoDS

Ethics approval

All studies were performed under the American Association
for the Accreditation of Laboratory Animal Care guidelines
for the humane treatment of animals and adhered to national
and international standards. In addition, the study was
approved by the Ethics Committee of Zhejiang Provincial
People’s Hospital (No. KY2013053).

Isolation and culture of ADSCs

ADSCs were isolated from subcutaneous adipose tissue in the
groin of New Zealand white rabbits (purchased from Wuxi
Puhe Biomedical Co., Ltd., China) as performed previously.!'"
The ADSC primary cultures were obtained by enzymatic
digestion with 0.1% collagenase Type I (Invitrogen, Thermo
Fisher Scientific Inc., USA) and treated with 10% fetal
bovine serum (FBS; Wisent, Canada) to inactivate the
collagenase. The primary cells were cultured for 1416 days.
Cells were passaged with 0.25% trypsin (Wisent, Canada)
at a 1:2 ratio. After initial expansion, the obtained ADSCs
were cultured up to passage 4 and then used for subsequent
experiments.

Chondrogenic and osteogenic differentiation of ADSCs
The potential of ADSCs to be induced to osteoblasts
and adipocytes was assessed. Briefly, passage 3 ADSCs
(1 x 10° cells/well) adhering to coverslips were grown in
a 6-well plate (Corning Life Sciences B.V., Netherlands)
at 37°C with 5% CO,. After 24 h, cells were treated with
adipogenic induction medium (AIM) consisting of 1 wmol/L
dexamethasone, 10 mmol/L B-glycerophosphate, and
50 ug/ml ascorbic acid, as well as osteogenic induction
medium (OIM) containing 10° mol/L dexamethasone,
10 pg/ml insulin, 60 umol/L indomethacin, and 0.5 mmol/L
3-isobutyl-1-methylxanthine. Complete medium was
changed after the AIM and OIM treatments for 3 days.
Cells in the control group were cultured in the medium with
10% FBS. The above-mentioned reagents were purchased
from Amresco (Amresco Inc., USA). At 14 and 21 days,
osteoblast differentiation was verified using alkaline
phosphatase detection (Jiancheng, Nanjing, China) and
Alizarin Red staining (Hete, Xi’an, China). Two weeks after
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induction, adipocyte differentiation was identified by Oil Red
O staining (Sigma, USA). The staining results were viewed
under a light microscope (Leica, Germany).

Isolation and culture of corneal stromal cells

CSCs were obtained from the corneas of 1-month-old
New Zealand rabbits. The cornea was incubated with 1.5%
collagenase II (Invitrogen, Thermo Fisher Scientific Inc., USA) at
37°C for 45 min. Complete medium was then added to terminate
digestion. The medium was collected and centrifuged at 112 xg
for 5 min, two times. The obtained CSCs were then resuspended
in basal growth medium (DMEM/F12 supplemented with
20% FBS) and plated into cell culture flasks. Cells were
maintained at 37°C in a 5% CO, humidified atmosphere, and
the culture medium was replaced with fresh medium every
2 days. When CSCs reached confluence, they were subcultured
under the treatment of 0.25% trypsin-EDTA and seeded at a
1:2 ratio. At the 4" passage of CSCs, the medium was replaced
with DMEM/F12 supplemented with 10% FBS. After the initial
expansion, the achieved CSCs were cultured up to passage 2
and then used for subsequent experiments.

Exosome isolation, nanoparticle tracking analysis, and
exosome protein quantification and characterization
The procedure for the isolation of exosomes from the culture
medium of ADSCs (passage 3) was performed using an
Exosome Isolation Kit (Invitrogen, USA). The exosomes
isolated from ADSCs were pooled for bicinchoninic
acid (BCA) assay, nanoparticle tracking analysis (NTA),
protein separation and characterization, and Western blotting
analysis. For the BCA assay (Thermo Scientific, USA) and
NTA (JEM2100, JOEL Inc., Peabody, MA), the isolated
exosomes were pelleted, fixed in 2.5% glutaraldehyde in
cacodylate buffer at 20°C for 1 h, and stained with 2% uranyl
acetate after three washes with phosphate buffered saline.
The proteins in DMEM supplemented with 10% serum
were separated by sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE). The exosomes produced
by ADSCs in DMEM were purified, and the proteins in
different exosome fractions (1 ug, 2 ug, 10 ug, and 50 ug)
were also separated by SDS-PAGE. The gel was stained
with Coomassie blue (Bio-Rad, Hercules, CA, USA)
for analysis. For Western blotting analysis of the culture
medium, conditioned medium, and exosome fractions,
the following primary antibodies were used: mouse
monoclonal anti-CD9 (Santa Cruz Biotechnology, USA),
rabbit polyclonal anti-CD81 (TSG101; Abcam, USA),
flotillin-1 (Abcam), and HSP70 (Abcam) antibodies.

Cell morphology

The cell morphology of individual cells was observed by
culturing the cells (passage 2) on heat-sterilized cover
slips at a concentration of 1 x 10* cells/ml. After reaching
confluency, the cells were observed for different periods
(3, 5,7, or 9 days) using a microscope (Leica, Germany).

Immunofluorescence
For immunofluorescence (IF), cells (1 x 10* cells/ml) adhering
to coverslips were seeded into a 24-well plate. And 24 h after

induction, the cells were then fixed with cold methanol for
10 min and blocked with 5% FBS. The coverslips were
incubated with primary antibodies (CD29-PE, CD44-PE,
CD90-PE, CD34-PE, and CD45-PE) overnight at 4°C.
The cells were viewed via a fluorescence microscope
(Nikon, Japan).

Cell proliferation and cell apoptosis

Exponentially growing CSCs (1 x 10* cells/ml, 100 ul) were
seeded into 96-well plates and incubated with exosomes
from passage 3 ADSCs at different concentrations
(Group 1: 0 pug/ml exosome, Group 2: 12.5 ug/ml exosome,
Group 3: 25.0 pug/ml exosome, Group 4: 50.0 pg/ml
exosome, and Group 5: 100.0 pg/ml exosome) for different
time periods (0, 1, 2, 3, 4, or 5 days). Subsequently, a
Cell Counting Kit (CCK-8; Dojindo, Japan) was used
to evaluate cell proliferating activity according to the
manufacturer’s instructions. Proliferation was analyzed by
measuring optical density, where the absorbance of 100 ul
of the cell suspension was read by a spectrophotometer at
450 nm (BioTek ELx800, BioTek, USA). All assays were
performed in triplicates.

For the apoptosis analysis, cells were added to a 96-well
culture plate (1 x 10° cells/well) and treated as mentioned
above. Cell apoptosis was then analyzed by propidium
iodide (PI) staining and annexin V-fluorescein isothiocyanate
(FITC)/PI staining (Bestbio, Shanghai, China).

Western blotting

Radioimmunoprecipitation assay buffer (Beyotime,
Shanghai, China) was used to lyse cells for 10 min on ice.
Cells were then centrifuged at 11,200 xg at 4°C to remove
cell debris. After SDS-PAGE, equal amounts (30 ug) of
cell extracts were transferred onto polyvinylidene fluoride
membranes (Bio-Rad, Hercules, CA, USA), followed by
incubation with primary rabbit monoclonal antibodies
against aldehyde-3-dehydrogenase (ALDH); matrix
metalloproteinase (MMP) 1, MMP2, MMP3, and MMPY;
collagen I, I1, III, IV, and V; and fibronectin. Proteins were
detected using peroxidase-conjugated affinipure secondary
IgG antibody (1:2000; Proteintech Group, Inc., Chicago, IL,
USA) and visualized using a chemiluminescence detection
system. Blots were detected using ImageLab™ Software,
version 5.1 (Bio-Rad).

Statistical analysis

Data are presented as the mean + standard deviation (SD).
All statistical analyses were performed using one-way or
factorial analysis of variance (ANOVA) or a two-tailed
Student’s #-test. All assays were repeated in triplicates. A
value of P < 0.05 was considered statistically significant.

ResuLts

Phenotypic characterization of ADSCs and corneal

stromal cells
Primary ADSCs showed a fibroblastoid, adherent, and
typical spindle-shaped morphology [Figure 1]. The presence
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of CD29, CD44, and CD90 and the absence of hematopoietic
and endothelial markers, CD34 and CD45, were used for
ADSC identification. IF analysis revealed that the ADSCs
had high expression of CD29, CD44, and CD90 and low
expression of CD34 and CD45 [Figure 1].

We next examined the capacity of ADSCs to differentiate
into prototypical mesenchymal cell types: osteoblasts and
adipocytes [Figure 2a and 2b]. The data indicated that
ADSCs with multipotent properties had been successfully
isolated.

In vitro, CSCs were successfully isolated from New Zealand
rabbits. After 7 days of inoculation at 37°C, the cells showed
confluent growth [Figure 3]. The results of the IF assays
showed that the CSCs had a high level of vimentin and low
level of CK12 [Figure 4]. These data indicate that CSCs
were isolated in high purity.

Nanoparticle tracking analysis and exosome protein
quantification and characterization

The BCA method was performed to quantify the protein
concentration. The protein concentration standard curve
is shown in Figure 5a. After calculation, the protein
concentration of the extracted exosomes was determined to

The expression of ADSCs characteristic markers
Cytoplasm Nucleus Merge

Figure 1: The culture and identification of adipose-derived stem
cells in vitro. The ADSCs morphology was observed under the
microscope, the cells were spindle shaped and growing vigorously,
and the mitotic figures were visible. The expression of the
markers (CD29, CD90, CD34, and CD45) for ADSCs was shown
as red fluorescence within the cells using IF analyses. The nuclei
of the cells were stained blue with DAPI. Original magnification,
x400. ADSCs: Adipose-derived stem cells; IF: Immunofluorescence;
DAPI: 4-6 diamidino-2-phenylinole.

CD34

CD44

be 5.54 ng/ul. NTA revealed the presence of nanovesicles
(40-200 nm, especially 113 nm) in the sample isolated using
the Exosome Isolation Kit [Figure 5b]. Western blotting
analysis confirmed the expression of CD9 (¢ = —295.483,
P <0.01), CD81 (t = —-304.686, P < 0.01), flotillin-1 (¢ =
—158.569, P <0.01), and HSP70 (¢ =—-175.036, P < 0.01)
in the exosome fractions, compared with the ADSC
cytoplasmic proteins [Figure 6a and 6b].

ADSC-derived exosomes promote corneal stromal cell
growth and inhibit the apoptosis of corneal stromal
cells in vitro

To determine the effect of exosomes on the proliferative
kinetics of CSCs, we examined deoxyribonucleic acid
synthesis in CSCs with exosomes at different concentrations
and different time points. CSCs cultured alone were also
used as negative controls. Significant differences in growth
were observed between the treatment group and the control
group. The increase in growth of the exosome-treated
group was observed as early as the 3™ day, and a higher
exosome concentration (50 ug/ml and 100 pg/ml)
resulted in the significant promotion of cell proliferation
(Figure 6¢c; F = 84.197, P < 0.05, exosomes-treated CSCs
vs. non-exosome-treated CSCs). In addition, 100 pug/ml
and 96 h of treatment with exosomes were found to be the
optimal concentration and treatment time, respectively, for
studying the biological behaviors of the CSCs in response
to exosomes.

To determine how ADSCs contribute to the apoptosis of
CSCs, we performed apoptotic assays using CSCs. The
results revealed that the presence of ADSCs inhibited the
apoptosis of CSCs, compared with the negative control group.
After treatment with exosomes for 5 days, the percentage
of apoptotic cells was quantified using an annexin V-FITC

o Control Osteoinduction
c -
£ 4
8 il e el
7] % d s
3 i
c .
= e I
5 = _F
A <
Control Adipogenic
OCI
BE
C -~
Tg
6(/)
- = 7SN e

Figure 2: Adipogenic and osteogenic differentiations of adipose-derived
stem cells. Alizarin Red staining (a, original magnification, x200) and
0Oil Red O (b, original magnification, x200) staining were used to detect
the differentiations of ADSCs after induction of differentiation. ADSCs:
Adipose-derived stem cells.
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The morphology of CSCs in vitro

Figure 3: Morphology of CSCs under the microscope. The cells were
spindle shaped and growing vigorously. Original magnification, x200.
CSCs: Corneal stromal cells.

Apoptosis Detection Kit. The percentage of (early and late)
apoptotic and dead cells was calculated. A significantly
lower percentage of apoptotic cells (mainly early apoptosis)
was found in the exosome-treated CSCs compared to the
non-exosome-treated CSCs (1=9.608, P=0.01; Figure 6d).

ADSCs regulate the expression of matrix
metalloproteinases and collagen in corneal stromal
cells and promote extracellular matrix synthesis by
secreting exosomes

Our previous studies have shown that ADSCs elevate
ECM synthesis in CSCs in vitro. However, the underlying
mechanism is still unclear. As the above results indicate,
ADSC-derived exosomes promote proliferation and
inhibit apoptosis in CSCs in vitro. Thus, we assumed that
ADSC-derived exosomes participate in the ECM synthesis
process. We evaluated the levels of MMP1, MMP2, MMP3,
and MMP9 using Western blotting. The expression of MMP1,
MMP2, MMP3, and MMP9 were downregulated under
the treatment of exosomes (MMP1: ¢ = 80.103, P < 0.01;
MMP2: t=114.778, P<0.01; MMP3: = 56.208, P<0.01;
and MMP9: 1 = 60.617, P < 0.01, exosomes-treated CSCs
vs. non-exosome-treated CSCs, respectively; Figure 7).
A 3.04-fold, 2.86-fold, 3.00-fold, 2.73-fold, and 2.80-fold
increase in collagen I, II, III, IV, and V band intensity,

DAPI

Vimentin

CK12

The expression of CSCs characteristic markers

Merge

Figure 4: The identification of corneal stromal cells by IF. IF
analysis revealed that the CSCs expressing vimentin were shown
as red fluorescence and the CSCs expressing CK12 were shown
as green fluorescence within the cells. The nuclei of the cells
were stained blue with DAPI. Original magnification, x200. IF:
Immunofluorescence; CSCs: Corneal stromal cells; DAPI: 4-6
diamidino-2-phenylinole.

respectively, as well as an increase in fibronectin band
intensity, was observed in the exosome-treated CSCs
group (collagen I: # = —82.742, P < 0.01; collagen II: # =
—72.818, P < 0.01; collagen III: ¢t = —104.452, P < 0.01;
collagen IV: ¢ = —133.426, P < 0.01; and collagen V: ¢t =
—294.019, P < 0.01; fibronectin: t = —92.491, P < 0.01,
exosomes-treated CSCs vs. non-exosome-treated CSCs,
respectively; Figure 7). Based on these results, we suggest
that ADSCs may be responsible for the changes in MMP
and ECM (collagen and fibronectin) protein expression in
CSCs through exosome secretion, which in turn promotes
ECM synthesis.

In adult corneal stroma, CSCs are mitotically quiescent,
with a flat, dendritic morphology, and are positive for
CD34 and ALDH expression.?) During corneal wound
healing, CSCs are activated and transformed into
fibroblasts, myofibroblasts, or both, losing their dendritic
morphology! and resulting in a reduction in ALDH
levels!'3 and corneal transparency. The results of this study
indicate that treatment with ADSC-derived exosomes
increases the expression of ALDH in CSCs [Figure 7].
This suggests that ADSC-derived exosomes might promote
CSC transformation into fibroblasts or myofibroblasts,
thereby playing a protective role in CSC plasticity and
ultimately contributing to ECM synthesis.
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Figure 5: The quantification and characterization of exosomes.
(@) BCA method was performed to quantify protein concentration.
Protein concentration standard curve was shown. After calculation, the
extraction of the protein concentration of exosomes was 5.54 ug/ul.
(b) NTA evaluation shows small vesicles within the expected range
of exosomes (40-200 nm) in the sample isolated from the ADSCs
culture medium by ultracentrifugation. BCA: Bicinchoninic acid;
NTA: Nanoparticle tracking analysis; ADSCs: Adipose-derived stem cells.

Discussion

Most corneal diseases primarily or secondarily involve
the corneal stroma, which accounts for 90% of the
corneal thickness. Cell-based therapy is a promising
approach to overcome the current disadvantages of corneal
transplantation.l'd ADSCs are adult stem cells derived
from adipose tissues and have the capacity to differentiate
into multiple cell lines.!'” Thus, adipose tissue and ADSCs
represent one of the major research topics in regenerative
medicine. In the present study, we provide insight into
the molecular mechanisms accounting for the protective
role of ADSCs in CSCs. We also investigated the role of
ADSC-derived exosomes in the biological behavior of
CSCs. The results indicate that ADSC-derived exosomes
enhance the growth and plasticity of CSCs, which may be at
least partially due to the inhibition of MMP expression and
stimulation of collagen expression. These findings provide
a novel insight into the mechanism of how ADSCs fuel the
spread of CSCs through the secretion of exosomes.

In this study, we first described the isolation and
characterization of ADSCs. These cells fulfilled all the
characteristics of stem cells, including self-renewal,

multidifferentiation, and clonogenicity.>¢! After five
passages, the cultures consisted of rapidly dividing,
ameboid-shaped ADSCs that were predominantly
CD90+/CD29+/CD45—/CD34—.56181 To examine the
multidifferentiation potential of the ADSCs, osteogenesis
and adipogenesis were induced in the cells. Time-lapse
experiments indicated that ADSC osteogenic and adipogenic
abilities increased significantly, up to 69% compared to their
relevant controls, indicating their multipotency.

ADSCs are demonstrated as a vital player in wound
healing.!"”??! Previous reports indicate that ADSCs can
transform into cells with endothelial cell characteristics,*?’!
but true endothelial cells derived from ADSCs have yet to be
seen. In addition, most studies performed on ADSCs reveal
that differentiation into other cells could take a longer period.
Thus, we focused on the effect of ADSCs on CSCs and the
underlying mechanisms. Along with others, we had proposed
and indicated that (a) coculturing ADSCs with CSCs could
enhance the viability and proliferation of the CSCs compared
to CSCs that were not exposed to ADSCs,!'%? and that
(b) ADSCs also play a vital role in CSC plasticity.

Numerous articles have reported that ADSCs play a role
in CSC plasticity via autocrine or paracrine factors.”! In
synergy with other cells, they recover damaged cells and
promote the formation of new functional tissues.*>?%! Studies
have also shown that ADSCs are usually placed as seed cells
to produce biologically vital factors in engineered tissue
constructs. A series of growth factors secreted by ADSCs are
thought to be associated with their stimulating effects.?’-2!
In this study, the changes in MMPs and collagens expression
attracted our attention. Mounting evidence supports that
MMPs and collagens mediate many changes in the ECM
during wound healing to facilitate tissue regeneration.*”’
The data indicate that ECM synthesis in CSCs could be
promoted, which may be at least partially due to the changes
in MMP and collagen levels in CSCs. These findings
provide a novel mechanism for how ADSCs play a role in
tissue regeneration. Exosomes are nanovesicles secreted
from intracellular multivesicular bodies. Exosomes have
complex molecular compositions, including common and
cell type-specific proteins and lipids, messenger RNA,
and microRNA, allowing them to act as a vectorized,
multisignaling device.''*”) In the present study, NTA and
exosome protein quantification revealed the presence of
protein-containing nanovesicles (40—200 nm) in samples
positive for expression of specific markers for exosomes,
CD9, flotillin-1, and HSP70, as well as CD81, a cellular
protein that functions in the secretion of multivesicular
bodies. All the data confirmed that the nanovesicles were
exosomes. Several reports on exosomes derived from
mesenchymal stem/stromal cells (MSCs) exist in the
literature. Dismuke ef al.®'! demonstrated that the majority
of extracellular vesicles in the aqueous humor behind the
cornea were in the exosomal size range, and that exosomes
are a component of the human aqueous humor and contain
miRNAs. In addition, it has been previously reported that
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Figure 6: Identification of exosomes with Western blotting and proliferation and apoptosis analyses of corneal stromal cells treated with exosomes
in vitro using CCK-8 and annexin V-FITC methods. (a and b) Western blotting was used to analyze CD9, CD81, flotillin-1, and HSP70 in exosome.
ADSCs alone were used as the control. The exosome-treated CSCs were defined as the exosome group. *P < 0.01 versus control. (c) CCK-8
Detection Kit was used to detect the proliferation of CSCs with exosomes. *P < 0.05 versus control. 'P < 0.05 versus 50 ug/ml exosomes.
(d) Annexin V-FITC Apoptosis Detection Kit was used to detect the apoptotic cells under control and exosome-treated conditions. All the bar
graphs show the mean = standard deviation in independent transfection experiments. CSCs alone were used as the control group, and the
exosome-treated CSCs were defined as the exosome group. *P < 0.05 versus control. ADSCs: Adipose-derived stem cells; CSCs: Corneal
stromal cells; CCK-8: Cell Counting Kit-8; FITC: Fluorescein isothiocyanate; PI: Propidium iodide.

exosomes secreted by CSCs can transport proteins, including
MMP14, to vascular endothelial cells.[*? The results revealed
that exosome-treated CSCs had a significant increase in
proliferation and ECM synthesis, and a lower level of
MMPs and a higher level of collagens, compared to the
relevant control groups. These results indicate that exosomes
contribute to the ECM-promoting effects of ADSCs in vitro
to a similar extent, proposing that the promoting effects
of ADSCs are mainly mediated by paracrine factors in
ADSC:s. To the best of our knowledge, this is the first in vitro

study using ADSC-derived exosomes for the treatment of
CSCs. However, the precise mechanisms involved in EMC
synthesis in CSCs mediated by ADSC-derived exosomes
remain elusive.

The main limitations of the present study were the lack of
results on the underlying mechanisms of the antioxidant
effect and further investigation using animal models.
In this study, a rat model of corneal stromal damage
would be useful for investigating the therapeutic impact
of ADSCs. ADSCs might ameliorate corneal stromal
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Figure 7: Adipose-derived stem cells-derived exosomes suppressed
the expression of matrix metalloproteinases and promoted extracellular
matrix synthesis in corneal stromal cells with Western blotting.
Representative Western blotting images (a) and quantification (b)
of the protein expression levels of ALDH, MMPs (MMP1, MMP2,
MMP3, and MMP9), and collagen type I, II, 1ll, IV, and V in CSCs and
exosomes-treated CSCs (B-actin was used as the internal control). The
bar graph shows the mean = standard deviation in three independent
transfection experiments. *P < 0.05 versus the CSCs alone. ADSCs:
Adipose-derived stem cells; CSCs: Corneal stromal cells; MIMPs: Matrix
metalloproteinases; ALDH: Aldehyde-3-dehydrogenase.

damage, possibly via anti-oxidative effects. Furthermore,
although ADSCs are a promising candidate for cell
therapy in the field of corneal stromal damage, ADSCs
have a limited life span during in vitro culture. Finally,
vital factors may be involved in the effect of ADSCs on
CSCs. We performed indirect coculturing of ADSCs and
CSCs, and the interaction between these two cell types
should be further studied.

In conclusion, ADSCs significantly contribute to the growth
and the plasticity of CSCs, which may be associated with
MMP downregulation, suggesting active participation of
exosomes secreted by ADSCs. For the application of ADSCs
in corneal stromal damage therapy, coculturing, the addition
of growth factors, and exposing cocultures to ADSCs would
significantly benefit the development of therapeutic methods
for tissue engineering and regenerative medicine. Patients
with CSC injuries might benefit from further studies on
ADSCs.
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