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Abstract | Background: Corneal ulcer is the discontinuation of the surface epithelial layer of the cornea with variable
amounts of the stroma affected. Recent research suggests that Extracellular Vesicles (EVs) of stem cells have the same
effects on target cells that their parental stem cells act, these effects are brought on by paracrine signaling involves
the release of cytokines and nucleic acids (DNA, mRNA, and miRNA) which may lead to alteration of the gene
expression, proliferation, and differentiation of the recipient cells. Methodology: 24 male New Zealand albino rabbits
were used in this study, divided randomly into 4 groups (6 rabbits per group), induction of corneal ulcers centrally
in groups (I, II) and peripherally in (IIL, IV). Treated groups are (I, III) using topical lyophilized canine Mesenchy-
mal Stem Cells derived EVs & control groups are (II, IV) using topical normal saline. Result: both treated groups
appeared fluorescein negative at the 5th day and are characterized by rapid reepithelization significantly earlier than
control groups which were still fluorescein positive. AS-OCT (Anterior Segment Optical Coherence Tomography)
showed well-healed epithelium with intact and homogenous stroma on the 5th day in both treated groups, but control
groups showed irregular arrangements of epithelial plaques and presented some abnormalities as stromal fibrosis and
sub-epithelial cyst formation. Histopathology in both treated groups showed the development of a complete layer of
epithelium within Iweek which increased in rows at 2nd and 3rd weeks of treatment and the stromal edema decreased
with time unlike control groups that showed weak fragmented epithelium development, sub-epithelial hemorrhage
and vascularization. These findings prove that EV's have the ability to heal corneal wounds even if in the peripheral
parts of the cornea that are deficient in limbal stem cells. Conclusion: In terms of safety, quality, regulatory concerns,
and cost, EVs are superior to corneal transplantation and live stem cell therapy.
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INTRODUCTION

he cornea is frequently referred to as the “front win-

dow of the eye,” and eyesight depends on its optical
transparency. In addition to protecting the eye from exter-
nal harm, the transparent cornea also contributes 60% of
the refractive power needed to focus images on the retina.
'The stroma, which mostly consists of mesenchymal extra-
cellular matrix and keratocytes, makes up around 90% of
the cornea’s thickness. A transparent optical channel with
excellent light transmission is provided by the highly struc-
tured collagen matrix. To preserve the form of the corneal
surface and produce a steady refractive power, the stroma
has a particular degree of stiffness and elasticity.

'The epithelium and the endothelium are two cellular layers
that bound the cornea, the epithelium rests on a basement
membrane rather than the endothelium which rests on a
Descemet membrane. Between these cellular layers, The
stroma, a thicker, cellular layer of connective tissue, and
Bowman’s layer, a thin layer of acellular connective tissue
that are sandwiched.

A corneal ulcer is a damaged epithelial layer of the cornea
with variable amounts of stroma. The epithelial layer acts as
a barrier to normal commensal bacteria in the conjunctiva,
once epithelium is damaged these commensals becomes
pathogenic . Trauma such as extensive rubbing the eye is
the most prevalent cause of corneal ulcers , diseases asso-
ciated with eyelid as entropion, distichiasis, and trichiasis
lead to epithelial damage and ulcer.

Extracellular vesicles (EVs) are membrane-bound lipid
bilayer vesicles that cells expel as a way of cellular com-
munication. The three most prevalent subtypes of EVs are
exosomes (40—200 nm), Microvesicles (50-1000 nm), and
apoptotic bodies (500-2000 nm). EVs can be classified
according to their biogenesis, size, molecular make-up,
purpose, or manner of separation. The biggest vesicles that
develop from programmed cell death are called apoptotic
bodies . Microvesicles formation depends on cell mem-
brane budding but, exosomes are produced when endo-
somes budding intracellularly are released into the extra-
cellular compartment.

Exosomes are essential for cell-to-cell communication,
it interacts with surrounding cells as both endocrine and
paracrine mediator. Recent research suggests that EVs
derived from stem cells have the same kinds of effects on
target cells that their parental stem cells do, these effects
are brought on by paracrine signaling and changing the
host’s microenvironment. Fresh exosomal solutions have
the disadvantage of must be collected and reinjected into
the same individual, and they cannot be stored for a long

time, not to forget the prolonged preparation time . As a
result, it was necessary to use preserved EVs to be suitable
for clinical application.

Freeze drying (lyophilization) is a method for preserving
perishable items by dehydration of samples to delay deg-
radation which water is essential for the growth of micro-
organisms and for enzyme activity. lyophilization is a two-
step preservation procedure that involves freezing water
and then removing it under pressure (4.579 mm of Hg)
and at a temperature below 0.0099°C so the best method
for preserving thermo-sensitive substances such as EVs,
vaccines, viruses, proteins, peptides, and colloidal carriers
is lyophilization .

Aim of the present study is evaluation of lyophilized
xeno-Mesenchymal Stem Cell Extracellular Vesicles as re-
generative therapy in Central and Peripheral corneal ulcer
treatment.

MATERIALS AND METHODS

This Experimental study design was approved by Institu-
tional Animal Care and Use Committee Cairo University
(CU-II-F-25-21), this study was achieved at the animal
house of the Research Institute of Ophthalmology, Egypt.

EXPERIMENTAL ANIMALS

Twenty-four adult male New Zealand albino rabbits (3kg
(+/-200gm) average weight, 6 months age) were used in
this study. Rabbits were housed in batteries at 250 C and
60:70 % relative humidity with 12hrs light/dark, Rab-
bits were free to access food (dry pellet ration) and wa-
ter. Before starting the experiment, all rabbits were kept
in quarantine for 2 weeks for monitoring and adapting to
laboratory conditions, each rabbit was exposed to visual,
ophthalmoscopic examination and fluoresceine examina-
tion to exclude rabbits suffering from any ophthalmic con-
ditions.

EXPERIMENTAL DESIGN

Rabbits were divided randomly into 4 groups (6/each
group), group I, II, IIT, IV. The route of drug application
was topical in all groups, a central corneal ulcer was created
in groups I and II and a peripheral corneal ulcer was cre-
ated in I1I and IV. Groups number (I, III) were the treated
groups & groups number (II, IV) were the control groups.

INDUCTION OF CORNEAL WOUND

Rabbits were anesthetized by intramuscular injection of
xylazine 5mg/kg and ketamine 50mg/kg. Using of 6-mm
diameter Vacuum Trephine to gently mark the border of
the corneal ulcer (central or peripheral) and drilling groove
in the epithelial layer then scrapped by keratome Kinfe,

January 2023 | Volume 11 | Issue 1 | Page 133

%0 .
Qals Links
OResearchers



OPEN 8ACCESS

Advances in Animal and Veterinary Sciences

one complete rotation of vacuum trephine reached to 250
pm of corneal depth, so that one third to one-half rotation
of vacuum trephine is sufficient to reach superficial lamel-
lae of stroma through epithelium and bowmen layer.

SOURCE OF LYOPHILIZED CANINE MESENCHYMAL STEM
CELL-DERIVED EXTRACELLULAR VESICLES

Lyophilized canine mesenchymal stem cells (IMSCs)-de-
rived EVs powder purchased from (Bioluga ® Canada)
which was reconstituted in 5ml distilled water and mixed
till obtaining a homogenous gel, each 1ml of the gel con-

tained exosomes derived from 0.5x106 MSCs.

TREATMENT

Treated groups I and III were treated by EVs solution ap-
plied as 0.1ml once daily topically for one week. Control
groups II and IV were treated using Normal saline 0.9%
applied as 0.1ml once daily topically for one week.

Evaluation of treatment:

1- Fluorescein test: using sodium fluorescein 0.5% for
ulcer examination day after day till fluorescein was nega-
tive, the most significant diagnostic method for corneal ul-
cers is topical fluorescein dye staining. The normal corneal
epithelium is a lipid-soluble barrier that prevents topical
sodium fluorescein dye from penetrating the stroma. Fluo-
rescein dye diffuses into the corneal stroma when a corneal
epithelial defect is present. which appears green under the
cobalt blue filter of the ophthalmoscope.

2- Anterior segment optical coherence tomography
(AS-OCT): is a non-contact ocular imaging technology
used for monitoring and diagnosing ocular disease. This
technology depends on using low coherence interferom-
etry and measuring the echo time of light backscattered
delay from different tissues. Anterior segment imaging
needed long wavelengths (1050-1310 nm) , Examination
of the cornea was operated by (AS-OCT) day after day

after fluorescein test till fluorescein negative.

3- Histopathological analysis: two rabbits from each
Group were euthanatized by decapitation weekly for 3
successive weeks for histopathological examination. 10%
neutral buffer formalin used for fixation the corneal but-
ton, then washed by water after trimming, ascending grade
of ethyl alcohol was used for dehydrating the sample, using
xylene for cleaning and embedded in paraffin. 4-6 microm-
eter sections were processed then stained by hematoxylin
and eosin. Masson’s trichrome stain (produced by sigma)
for fibrous connective tissue staining.

4- Statistical analysis: performing two-way repeated
measures ANOVA for analyzing treatment effect (be-

tween-subjects factor) and time (within-subjects factor) on
the healing of epithelium in case of corneal ulcer Time in
weeks was analyzed at three levels (Week 1, Week 2, and
Week 3). Summarizing data as mean epithelial thickness
+ standard deviation (SD). Performed statistical analysis
using PASW Statistics, Version 18.0 software (SPSS Inc.,
Chicago, IL, USA). Significance was set at P< 0.05.

RESuLT

Fluorescein test and (AS-OCT): Both treated groups
I & IIT were characterized by very rapid reepithelization
of the epithelial layer of the cornea and was significantly
earlier than control groups II & 1V, treated groups appear
fluorescein negative on the 5th day but ulcer in the cornea
was still present as fluorescein +ve in control groups (fig.1,
2). Using Heidelberg Engineering SPECTRALIS®, AS-
OCT showed stromal thickness that gradually increased
with thin regular epithelium layer formed at 3rd day then
epithelial layer appeared well developed with intact and
homogenous stromal layer on the 5th day in both treated
groups I & III (fig.1, 2) on the other hand, control groups
IT & IV OCT images at 3rd day appeared as irregular
arrangements of clusters of epithelial layers and present
some hyperreflective lesion with different densities at the
5th day which was found in the whole corneal thickness
as stromal fibrosis (fig.1) and cyst formation in the sub-ep-
ithelium with thin stroma (fig. 2).

Partial central (0,3,5)

Treated control

rero-day

3 day

5% day
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&

Figure 1: The (0) day of ulcer induction (a, c); showing
+ve fluorescein test at the center of cornea of both treated
and control groups, (b, d); OCT images showing thin
hyperreflective corneal stroma with absence of epithelial
layer and upper corneal stroma over ulcered area (red arrow).
(e, g) fluorescein test photos at the 3rd day, notice quicker
reepithelization of corneal epithelium in the treated group
compared to control group, (f); OCT images at the 3rd day
of treatment showing increase of stromal thickness with
formation of thin regular layer of epithelium, (h) OCT
images At the 3rd day of control group showing irregular
plaques of epithelium. (i, k); fluorescein test photos at 5th
day treated group which appeared fluorescein -ve rather
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than control group the corneal ulcer which was still present
as fluorescein +ve, (j) OCT image of treated group at 5th day
showing well developed epithelial layer and homogenous
intact stromal layer, (1); OCT image of control group at 5th
day showing hyperreflective lesion with different densities
affecting the whole corneal thickness (blue arrow) (stromal

fibrosis).

Partial peripheral (0,3,5)

Treated

Figure 2: (a, ¢); the day of ulcer creation photos showing
+ve fluorescein test at the peripheral cornea of both treated
and control groups, (b, d); At the day of ulcer creation
OCT images showing thin hyperreflective corneal stroma
with absence of epithelial layer and upper corneal stroma
over ulcer area (red arrow). (e, g); fluorescein test photos
on the 3rd day notice quicker reepithelization of corneal
epithelium in the treated group compared to the control
group, (f); OCT images on the 3rd day of the treatment
showing the early healing pattern of stroma with the
formation of a thin layer of epithelium, (h); OCT images
on the 3rd day, the control group showed of heterogenous
reflectivity of stroma with hyperreflective lesion (yellow
arrow). (1, k); fluorescein test photos at 5th day treated group
which appeared fluorescein -ve rather than control group
the corneal ulcer which was still presents as fluorescein +ve,
(j); OCT image of treated group on the 5th day showing
well developed epithelial layer and homogenous intact
stromal layer, (1); OCT image of control group on the 5th
day of induction showing a thin epithelial layer formation
and a thin stromal layer with sub epithelial cyst (blue
arrow).

HISTOPATHOLOGY

Corneal histological sections of both treated groups I &
IIT after one week of ulcer induction showed the formation
a thin layer of epithelium with wide separation of colla-
genous lamellae which was indicated to stromal edema in
addition to infiltration of mononuclear inflammatory cells.
After two weeks layers of epithelium became more than
one row and showed a gradual decrease of the edema in
stroma. On the 3rd week, examination showed the devel-
opment of several rows of epithelium with minimal stro-
mal edema, little mononuclear cells infiltration and some
vascularization. Unlike control groups II & IV at first week

no epithelium was formed and wide separation of colla-
genous lamellae with vascularization and infiltration of
mononuclear inflammatory cells, on the 2nd week the ep-
ithelium formed partially with persistant edema in stroma
and congestion of stromal blood vessels with infiltration
of mononuclear inflammatory cells. On the 3rd week, the
epithelial layer was still partially developed and stromal
edema was still present with hemorrhage (Figure 3 and 4).
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presence of mononuclear inflammatory cells infiltration
(I), stromal edema with thin collagenous lamellae
separation giving a waving appearance (S) after one week
of treatment in partial central ulcer treated group H&E
X 400. (B); Presence of mononuclear inflammatory cells
infiltration in stroma (I) and vascularization (V) without
formation of epithelium after one week in partial central
ulcer control group H&E X 400. C); Formation of more
than one raw of epithelium (Ep) with mononuclear
inflammatory cells infiltration in stroma (I) Presence of
stromal edema with thin collagenous lamellae separation
giving a waving appearance (S) after two weeks of
treatment in partial central ulcer treated group H&E X
400. D) partial formation of epithelial layer (Ep) with
mononuclear inflammatory cells infiltration in stroma (I)
and congestion of stromal blood vessels after two weeks
in partial central ulcer control group H&E X 200. (E);
Showing formation of several layer of epithelium (Ep),
stromal edema with thin collagenous lamellae separation
giving a waving appearance (S) and presence of low number
of mononuclear infiltration (I) and vascularization after
three weeks of treatment in partial central ulcer treated
group H&E X 400. (F); partial formation of epithelial
layer (Ep) with hemorrhage in stroma partial central ulcer

control group (Hg) H&E X 400

January 2023 | Volume 11 | Issue 1 | Page 135

o9 .
Qols Links
OResearchers



OPEN aACCESS

Advances in Animal and Veterinary Sciences

Table 1: Mean Epithelial Thickness + SE (um)

Type of corneal ulcer Mean Epithelial Thickness + SD (pm)
Groups Week 1 Week 2 Week 3 P-value (time)
Peripheral partial corneal Control 0.00° 10.57+2.22 ¢ 18.70+3.50 <0.001
ulcer Treated 7.93£3.53 b* 14.70+2.50 ® 28.57+2.47 ** <0.001
P-value 0.018 NS 0.016
(groups)
Central partial corneal Control 0.00* 8.14+2.10 ¢ 14.46+2.36 * <0.001
ulcer Treated 10.12+1.99 <* 24.21+4.11 b* 35.33+4.13 ** <0.001
P-value 0.001 0.004 0.002
(groups)

Table 2: Mean Epithelial Thickness + SE (um)
Type of corneal ulcer
Groups
Partial corneal ulcer Peripheral
Central

P-value
* Asterisk in the same column indicates significant difference be

Mean Epithelial Thickness + SD (pm)

Week 1 Week 2 Week 3
7.93+3.53°¢ 14.70+2.50° 28.57+2.47*
10.12+1.99 © 24.21+4.11 % 35.33+4.13 ®
NS 0.027 NS

tween control and treated groups (P<0.05).

»be Different superscripts in the same row indicate significant differences between different time points (weeks) in the same group
(Bonferroni test, P<0.05); NS: Not significant; SD: Standard deviation.

STATISTICAL ANALYSIS

A two-way repeated measures ANOVA of results of pe-
ripheral partial corneal ulcer cases revealed no significant
interaction between the effects of treatment and time
(F(2,8) =1.99,P = 0.199,np2 = 0.332). However, main ef-
fects analyses showed that treatment (P = 0.006) and time
(weeks) (F(2,8) = 90.85, P < 0.0001,np2 = 0.958) did have
statistically significant effects on average corneal ulcer epi-
thelial thickness (Table 1).

For central partial corneal ulcer cases there was a statisti-
cally significant interaction between the effects of treat-
ment and time (F(2,8) = 13.42, P = 0.003, np2 = 0.77).
'The main effects analyses of both treatment (P = 0.001)
and time (F(2,8) =183.07, P < 0.0001, np2 = 0.979) did
have statistically significant effects on average corneal ulcer
epithelial thickness (Table 1).

Central partial corneal ulcer cases revealed significant
higher thickness over time compared to peripheral cases
(P =0.05) (Table 2) (Figure 5). On the other hand, time
(F(2,8) =169.60, P < 0.0001, np2 = 0.977) showed statisti-
cally significant effects on average corneal ulcer epithelial
thickness. No significant interaction between the effects
of treatments and time was indicated (F(2,8) = 4.40, P =
0.052,mp2 = 0.52).

Results in this study revealed that time (weeks) and treat-
ment of various corneal ulcers did have a statistically sig-
nificant effects on average corneal ulcer epithelial thick-
ness, which was indicated by the progressively increased

corneal epithelial thickness across the testing weeks.

A

Figure4: Showing (A); formation of one layer of epithelium
(Ep) and presence of mononuclear inflammatory cells
infiltration (I), stromal edema with thin collagenous
lamellae separation giving a waving appearance (S) after one
week of treatment in partial peripheral ulcer treated group
H&E X 200. (B); Presence of mononuclear inflammatory
cells infiltration in stroma (I) without formation of
epithelium after one week in partial peripheral ulcer control
group H&E X 200. C); Formation of more than one
raw of epithelium (Ep) with mononuclear inflammatory
cells infiltration in stroma (I) and vascularization (V).
Presence of stromal edema with thin collagenous lamellae
separation giving a waving appearance (S) after two weeks
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of treatment in partial peripheral ulcer treated group H&E
X 200. (D); partial formation of epithelial layer (Ep) with
mononuclear inflammatory cells infiltration in stroma (I)
Presence of stromal edema with thin collagenous lamellae
separation giving a waving appearance (S) after two weeks
in partial peripheral ulcer control group H&E X 400. (E);
Showing formation of several layer of epithelium (Ep),
stromal edema with thin collagenous lamellae separation
giving a waving appearance (S) and presence of low
number of mononuclear infiltration (I) after three weeks
of treatment in partial peripheral ulcer treated group H&E
X 400. (F); partial formation of epithelial layer (Ep) with
mononuclear inflammatory cells infiltration in stroma (I)
Presence of stromal edema with thin collagenous lamellae
separation giving a waving appearance (S) after three weeks

in partial peripheral ulcer control group H&E X 400.

20~ # Peripheral partial corneal ulcer

Treatments

E Central partial corneal ulcer

Thickness_pum

Wi Wi2
Weeks

(A

Figure 5: Central partial corneal ulcer cases revealed
significant higher thickness over time compared to
peripheral cases

DISCUSSION

'The cornea, which is the structure of the eye that is primar-
ily exposed to the environment, is particularly susceptible
to injury which may be a partial or a complete absence of a
portion of corneal tissue from burns, abrasions, inadequate
tear production, infections, various medical conditions,
and refractive procedures. Such wounds frequently result
from such injuries, which start the tissue’s healing process.
Therefore, corneal wound healing is both a fundamental
scientific issue and a major therapeutic challenge.

A single layer of basal cells and four to six layers of strat-
ified squamous epithelial cells make up the corneal epi-
thelium . With the assistance of Limbal stem cell multi-

plication, immigration, and specialization these layers are
regularly shed and replaced to maintain corneal homeo-
stasis . Adult limbal epithelial stem cells, which are sit-
uated at corneo-scleral junction’s periphery, are necessary
for corneal epithelial regeneration . Continuous cells turn
over maintain a constant structure and thickness which
prevents corneal transparency loss.

In the case of corneal wounds, sheets of epithelial cells
start to migrate to close the defect, after that, epithelial
cells start to differentiate and stratify. Although it has been
conclusively demonstrated that corneal epithelial stem
cells play a role in wound healing, the role of stromal and
endothelial stem cells in this process is still up for debate .
healing of the cornea is a very complicated process starting
by cell death then progenitor cell migration, proliferation,
myofibroblast differentiation, and modification of the ex-
tracellular matrix. Regardless of the type of injury, the in-
flammatory process and formation of new blood capillaries
are usually associated with a fibrotic process in the cornea .
'The regenerative and reparative abilities of stem cell ther-
apies have increased in interest during the recent years. As
previously mentioned, the inflammatory response is cru-
cial to the healing and fibrosis of corneal wounds. Only
MSCs among the other stem cell types have the capaci-
ty to modulate the immune system. The ability of MSCs
derived from various tissues to cure corneal wounds and
restoration of corneal transparency has been studied . The
therapeutic impact of the transplanted MSCs may be re-
lated to the suppression of angiogenesis and inflammation
rather than the MSCs’ epithelial differentiation Recent
researches suggests that EVs which derived from stem cells
have the same effects on target tissues that their parental
stem cells do.

Stem cell-derived EV's are being investigated for their po-
tential in regenerative medicine and tissue repair. For ex-
ample, in the treatment of cardiovascular and neurological
illnesses . Due to the fact that EVs produced from MSCs
have both regenerative and anti-inflammatory effects the
area of research became increasingly interested in how

MSC-derived EVs affect corneal wound healing and re-

generation.

The cargos of EVs, which includes micro RNAs, certain
proteins, lipids, and metabolites, control how they behave.
Immunomodulatory/anti-inflammatory,  antiangiogen-
ic, and antiapoptotic capabilities of MSCs-derived EV's
are anticipated to interact during the healing of corneal
wounds in a way that favorably shifts the fibrotic process
to a regenerative pathway. However, it is still unclear how
exactly MSCs and their EVs promote corneal epithelial

and stromal wound healing as well as corneal regeneration.
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In this study we use New Zealand White rabbits albino
rabbit as an experimental model which has the large cornea
which acts approximately 30% of the globe , dimensions of
the cornea is 14mm vertically & 15mm horizontally, its
thickness is 407_20 pm The normal cornea in rabbits is
composed of 4 layers, the external epithelial layer with av-
erage thickness is 30:40 pm, stroma the thickest part of
cornea which is composed of parallel collagen bundles,
Descemet membrane’s thickness is 7:8 pm which increases
in old ages to 15 pm, and the inner layer endothelium as a
single layer of the cell which have sodium ATPase pump
responsible for keeping the cornea clear. Two types of cor-
neal ulcers were induced in this experiment, central and
peripheral ulcers. Usually thermal, mechanical, and chemi-
cal injuries, chronic diseases, or genetic defects found near
to the limbus lead to Limbal Epithelial Stem Cells loss
which causes limbal stem cell deficiency leading to retarda-
tion in the corneal healing process and allowing ingrowth
of conjunctiva and neovascularization, and corneal opacity
. Cultivated Limbal Epithelial Stem Cells or an autologous
or allogeneic limbal graft is typically used to repair limbal

stem cell deficiency in clinical situations.

Lyophilized xeno-Mesenchymal Stem Cell Extracellu-
lar Vesicle which were isolated from canine MSCs were
used for the treatment of both central & peripheral cor-
neal ulcers. EVs promoted not only corneal epithelial cell
migration and proliferation but also epithelial wound clo-
sure. Both treated groups at the 5th day of corneal wound
induction appeared fluorescein -ve by fluorescein test that
indicates the epithelial wound closure andAS-OCT im-
ages showed the appearence of a well-developed epithelial
layer and a homogenous intact stroma unlike the control
groups at the 5th day appear fluorescein +ve and AS-OCT
image that showed irregular plaques of epithelium and hy-
perreflective lesion with different densities affecting the
whole corneal thickness with some lesions appear as stro-
mal fibrosis and thin stromal layer with sub epithelial cyst.
Histopathological examination by H&E staining for eval-
uation of the quality of healing for 3 successive weeks
showed that both treated groups had a complete layer of
epithelium appearing within Iweek which increased in
the number of rows in the 2nd and 3rd weeks and stromal
edema decreased by time unlike control groups which had
weak fragmented epithelium and sub-epithelial hemor-
rhage and vascularization.

Statistical analysis of epithelial layer thickness revealed
that time (weeks) and treatment of various corneal ulcers
did have a statistically significant effect on average corneal
ulcer epithelial thickness, which was indicated by the pro-
gressively increased corneal epithelial thickness across the
testing weeks, Central partial corneal ulcer cases revealed
significant higher thickness over time compared to periph-

eral cases.

'This finding offers preliminary evidence that Xenogenous
EVs have the ability to heal corneal wounds even if in pe-
ripheral corneal ulcer with deficiency of limbal stem cell,
EVs was able to stimulate the remnant limbal stem cell
and accelerate corneal defect healing than control group.

CONCLUSION AND
RECOMMENDATIONS

EV as Cell-free therapy is seeming to be a promising ther-
apy due to its advantages over traditional therapies for nu-
merous diseases, lyophilized EV's can be applied topically
in outpatient settings and don't need as strict of storage re-
quirements as live tissues and cells do. EV's maintain their
potency after lyophilization and storage at room tempera-
ture that dramatically expands the number of patients who
can get them globally. In terms of safety, complications,
quality, regulatory concerns, and cost, EV's are superior to
corneal transplantation and live stem cell therapy.

Using EV as Cell-free therapy in treatment of different

ocular diseases.
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