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ABSTRACT

Keratoconjunctivitis Sicca (KCS), also known as “dry eye syndrome”, is a common ocular disease in dogs, caused
by inflammation of the lacrimal gland, resulting in decreased tear production. Efforts are being made to develop
alternative therapies in order to prevent lifelong use of drugs for patients with KCS. Mesenchymal stem cells (MSCs)
are known to be effective in the treatment of many immune-mediated diseases in human and animal models due to their
immunoregulatory properties. The aim of this study was to transplant limbal mesenchymal stem cells (LMSCs) to the
ocular surface on contact lenses and to evaluate the therapeutic effects of the LMSCs by clinical examination findings.
The animals were randomly divided into study and control groups. The LMSC group (n = 10) received LMSCs (at
least 2x 109 cells) cultured on contact lenses. The conventional treatment group (n = 10) received artificial tears, topical
0.05% Cs A, and antibiotic eye drops, 3 times a day for 4 weeks. The Schirmer test, tear break-up time, impression
cytology, Rose Bengal staining, and tear osmolarity were measured in all patients. The findings of the pre-treatment,
two weeks and four weeks after the treatment, were evaluated statistically. In both groups, significant improvement
was present compared to the pre-treatment findings. However, there was no significant difference between the groups.
KCS treatment using LMSCs produced on contact lenses is promising, with its ease of application, non-immunogenic
properties and single dose administration.
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Introduction

Keratoconjunctivitis Sicca (KCS), also known  y[U, 2014; SEBBAG et al. 2017). KCS may occur
as "dry eye syndrome", is an ocular disease caused 554 quantitative disorder of the aqueous layer of the
by inflammation of the lacrimal gland and decreased  teqr, or may be due to qualitative defects in the lipid
tear production, and it is common in dogs (LIN-and o mucin layers, resulting in damage to the ocular
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surface due to destabilization of the tear layer
(RIBEIRO et al., 2008). Corneal perforation due to
deep ulceration may develop, and this may lead to
loss of vision or even loss of the eye in severe cases
(COASSIN et al., 2005). Any condition or disease
that prevents adequate tear production can result in
KCS (LEMP et al., 2007).

Lifelong application of immunosuppressive
drugs, such as cyclosporine and tacrolimus,
are included in the treatment of KCS (SALL et
al., 2006). Some researchers have reported that
some dogs are resistant to cyclosporine treatment
(WILLIAMS, 2017). Efforts are being made to
develop alternative therapies in order to prevent
lifelong use of drugs that inhibit immune response
and inflammatory processes for treatment of
patients with KCS (BITTENCOURT et al., 2016).

Mesenchymal stem cells (MSCs) are known
to be effective in the treatment of many immune-
mediated diseases in human and animal models
due to their immunoregulatory properties.
Previous studies have shown that allogeneic MSC
transplantation in dogs is a safe treatment method
(VILLATORO et al., 2015). In this study, limbal
MSCs grown on contact lenses were transplanted
to dogs with KCS, and the aim was to investigate
their effects on tear production and changes to the
clinical findings of dogs.

Materials and methods

All procedures performed in studies involving
animals were in accordance with the ethical
standards of the Local Animal Ethics Committee of
Ankara University, approval no: 2015-3-52.

Animals. Twenty dogs of various breeds and
genders over 1 year of age suffering from discharge,
redness, itching, and discomfort in the eye were
included in the study. Patients undergoing dry eye
treatment, patients with corneal ulceration, and
severe ocular infection were excluded from the
study. Dogs with dry eye were divided into two
groups according to the treatment as the LMSC
group (n = 10) or the control group (n = 10).

Tear osmolarity measurement, Schirmer tear test
I, impression cytology, TBUT measurement, and
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the Rose Bengal staining values of the dogs were
recorded at pre-treatment, and after 2 and 4 weeks.

Tear osmolarity measurement. Tear osmolarity
was measured in each eye from the lateral
lower conjunctival sac, using the TearLab™
osmolarity system (TearLab Corp.) and the
values were recorded in mOsm/L.

Schirmer tear test. Schirmer tear test I was
performed on each eye. A standard Schirmer filter
paper (Bio-Schirmer Strips, Biotech Vision Care,
India) was placed in ventral conjunctival fornix for
60 s, without the use of topical anesthesia. Patients
with values of 15 mm/1 min or less were accepted
as dry eye.

Impression cytology. Impression cytology was
performed at pre-treatment and 4 weeks after the
treatment. Samples for corneal impression cytology
were collected from the eyes, using a cellulose
acetate filter paper (Millipore® Corp., Type GS,
USA) with 0.4 um pore diameter and 3 X 5 mm
dimensions under local ophthalmic anesthesia, with
0.5% proparacaine hydrochloride (Alcain 0.5%
Ophthalmic Solution, Alcon, USA). The opaque
surface of cellulose filter paper was placed on the
upper temporal limbus, a soft impression was made
for 5 sec, and then it was removed. The samples
were fixed with 95% ethanol, then stained with
Periodic Acid Shiff (PAS) and Hemalun, evaluated
under a light microscope, and goblet cells were
counted.

TBUT measurement. The cornea was stained
using standard paper strips containing 1 mg
sodium fluorescein (Fluorescein Sodium Strip,
ERC, Turkey). The time at which the tear film was
first broken was determined under a cobalt blue
light on the biomicroscope. Dry eye diagnosis
was confirmed by examining the other findings of
patients with values less than 20 seconds.

Rose Bengal staining. The cornea was stained
using 1.3 mg Rose Bengal impregnated paper strips
(Rose Bengal Ophthalmic Strips, Biotech Vision
Care, India) and evaluated with a biomicroscope.
The presence of dye was accepted as a positive
result.
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Isolation of dog fetal limbus-derived MSCs
(LMSCs). Fetal tissues were obtained during
cesarean section to terminate pregnancy in dogs
with an unwanted pregnancy. The tissues obtained
from the fetuses were transferred fresh to the
laboratory. Fetal limbus tissues were mechanically
dissected into small pieces using a sterile scalpel.
Then, the tissues obtained by the explant culture
method were placed in T25 flasks and incubated
at 37°C in a 5% CO, humidified atmosphere.
77% DMEM (Lonza, Belgium), 20% fetal bovine
serum-FBS (Lonza, Belgium), 2% L-Glutamine
(Lonza, Belgium), 1% Penicillin, Streptomycin,
Amphotericin (Biological Industries, Israel) were
added into the medium. The medium was changed
once every 2-3 days to remove non-adherent cells.
When about 70% adhesions were present, the
adherent cells were passaged. The cells were grown
to the 3" passage (P3) and then separated into groups
for immunochemistry staining, for differentiation
(adipocytes, chondrocytes, osteocytes), and for real-
time quantitative PCR analysis, and the remainder
was used for transplantation.

Differentiation of MSCs. The LMSCs were
seeded at a density of 5x10* cells/cm? in six-well
plates at P3 and differentiated into adipogenic,
chondrogenic or osteogenic differentiation medium
for 21 days, as previously described (WILLIAMS
and TIGHE, 2018). Von Kossa staining, Oil red
staining, and Alcian blue staining were used to
reveal osteogenic, adipogenic and chondrogenic
differentiation, respectively (Fig. 1).
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Immunohistochemical analysis. P63a and
ABCG2 expressions were investigated by
immunostaining, to determine whether limbal
stem cells retained their phenotype. Cells grown
in flasks were washed with 4% paraformaldehyde
solution, removed from the surface with Trypsin-
EDTA C (0.025%), centrifuged at 2000 rpm
for 10 minutes, and then made into cytoblocks.
2 micrometer thick sections were taken from
each block. Immunohistochemical staining was
performed with anti-ABCG2 (Abcam/ab3380) and
Anti-p63 (Abcam/ab735) primary antibodies using
the streptavidin-biotin peroxidase method.

Real-time quantitative PCR analysis. Total RNA
was isolated from the cultured limbal mesenchymal
stem cells (LMSCs) and adipose tissue-derived
mesenchymal stem cells (Ad-MSCs) to examine
p63a and ABCG2 mRNA expressions.

RNA isolation. Dog LMSCs and Ad-MSCs used
for control purposes were removed from 3 separate
T25 culture dishes by a scraper, washed with PBS,
and centrifuged, then RNA was isolated with
RNeasy Mini Kit (Qiagen, Cat No./ID: 74104).

Control of isolated RNAs. The quality and
quantity of isolated RNAs were determined by a
spectrophotometer (NanoDrop ND-1000). RNAs
were measured and diluted to 50 ng/5uL.

Conversion of isolated RNA to ¢cDNA. RNA
samples were obtained using the Transcriptor First
Strand cDNA Synthesis Kit (Roche, Cat. No. 04
379 012 001) and the Thermal Cycler (Applied

Fig. 1. Differentiation of fetal limbal MSCs. (a) Demonstration of adipocyte transformation with Oil Red stain
(staining of lipid droplets in the cytoplasm with red) (x40), (b) Demonstration of chondrocyte transformation with
Alcian Blue stain (blue staining of extracellular matrix) (x40), (c) Osteocyte transformation shown by Von Kossa

dye (black deposits of calcium deposits) (x20).
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Biosystems); 65 °C 10 min denaturation, 25 °C 10
min, 55 °C 30 min, 85 °C 5 min reaction program
was converted to cDNA.

Among the obtained cDNA samples, B-Actin
(internal control), p63, ABCG2 primers Fast Start
Essential DNA Probes Mastermiks (Roche, Cat No:
06402682001) and Rotor-Gene Q 2plex Platform
(Qiagen) and 10 min at 95 °C, 30 sec at 95 °C (35
cycles), 30 sec at 60 °C (35 cycles), 30 sec at 72 °C
RT-qPCR was performed using (35 cycle) thermal
cycler program. Data were analyzed in Q-Rex
Software.

Preparation of contact lenses. Monthly lenses
were used (Air Optix Aqua Night and Day, Alcon,
USA), which are commercially available and
produced for humans, with 24% water content, are
transparent, and can be used for 30 days day and
night. Lotrafilcon A lenses have a diameter of 13.8
mm and a base curve of 8.6 mm.

Prior to the transfer of LMSCs to contact lenses,
the lenses were removed from their packages in
sterile conditions in a laminar cabinet, and incubated
in dog serum for half an hour. At this time, 10ul of
LMSCs prepared for transplantation were taken,
cells stained with 10pl Trypan Blue were counted
using the Countess automated cell counting device
(Invitrogen), and viability was determined.

At least 2x10° LMSCs were prepared by using
the existing trough structure of the contact lenses
coated with serum in a Petri dish, and were placed
in this trough area with the help of a micropipette. In
order not to dry the lenses, the surfaces contacting

the Petri dish were filled with medium. LMSCs
planted on the lenses were incubated at 37 °C, 5%
CO, humidified atmosphere for 7 days, and the
medium was changed every 2-3 days. On the day
of transplantation, the prepared contact lenses were
checked for the general condition of the LMSCs
and the presence of infection, with an inverted
microscope (Leica DFC 295), and those in good
condition were selected for transplantation (Fig. 2).

The contact lenses were placed in the eyes of
the dogs without the need for general or topical
anesthesia, and the eyes were protected against
external trauma by an Elizabeth collar. On the 5" day
after transplantation, the general condition of the eye
was checked and the contact lenses were removed.

10 patients in the LMSC group received LMSC
transplantation by contact lenses once and no drug
was used; in the control group, 10 patients received
topical Cs A (Depores, 0.05% Cyclosporine, Deva
llag, Turkey), artificial tears (Tears Naturale Free,
Alcon, USA), and antibiotic eye drops (Tobrex,
Alcon, USA) in patients with purulent discharge,
three times a day for 4 weeks.

Statistical analysis. Descriptive statistics of
the variables included in the study were shown as
"Arithmetic Mean + Standard Error". The Schirmer
tear test and tear osmolarity measurement results
were analyzed over time and between groups. In
the model, time, group, and group-time interaction
terms were used. Data were analyzed using SPSS
14.01 (SPSS Inc, USA). The P<0.05 criterion was
used for all statistical evaluations.

Fig. 2. View of LMSCs transferred to contact lenses on an inverted microscope. (a) Day 3 of LMSCs in incubation
(x20), (b) Day 7 of LMSCs in incubation (x20), (c) Contact lens with LMSCs just before transplantation.
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Results

The mean Schirmer tear test values of the LMSC
group before treatment were 5 + 1.09 mm/1 min;
and of the control group 5.4 + 0.91 mm/1 min. The
mean Schirmer tear test values increased to 8 + 0.97
mm/1 min and 8.2 = 1.5 mm/1 min after 2 weeks of
treatment, relatively. The mean Schirmer tear test
values were found to be 8.7 + 0.93 mm/1 min and
8.7 £ 1.41 mm/1 min after 4 weeks of treatment,
relatively. There was no statistically significant
difference between the groups in terms of Schirmer
tear test values (P = 0.879). The increase between 2
and 4 weeks was not statistically significant.

The mean tear osmolarity values of the LMSC
group before treatment was 305.5 = 7.49 mOsm/L;
the control group was 306 = 11.07 mOsm/L. The
mean tear osmolarity values were 326.4 £ 7.91
mOsm/L and 314.5 £ 11.25 mOsm/L, respectively,
2 weeks after treatment. The mean tear osmolarity
values were 314.4 + 9.65 mOsm/L and 305.6
+ 14.01 mOsm/L, respectively, 4 weeks after
initiation of treatment. There was no statistically
significant difference between the groups in terms
of tear osmolarity values (P =0.622).

When the average TBUT values of the groups
were examined, the values of the pre-treatment
LMSC group were 23.7 + 11.02 sec, and of the
control group 46.3 = 16.19 sec. Two weeks after
initiation of treatment, the mean TBUT values were
21.8+10.96 sec and 40.01 £ 14.12 sec, respectively.
The values were measured for 20.5 = 11.09 sec
and 32.9 £ 11.58 sec, respectively, 4 weeks after
initiation of treatment. There was no statistically
significant difference between the groups in terms
of TBUT values before treatment (P = 0.323).

Goblet cells in samples obtained by impression
cytology were counted before treatment and 4
weeks after treatment. Accordingly, the mean
number of goblet cells in the LMSC group before
treatment was 9.7 £ 0.76 and in the control group
9.8 £ 0.93. Four weeks after treatment the mean
number of goblet cells was found to be 12.6 +
0.76 and 10.6 + 0.58, respectively. There was no
statistically significant difference between the pre-
treatment groups in terms of goblet cell count (P =
0.33).
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Rose Bengal staining was performed in all cases
and any staining was accepted as a positive result.
In the LMSC group 8 dogs before treatment, 7 dogs
2 weeks after treatment and 5 dogs 4 weeks after
treatment were evaluated as positive. In the control
group, the results of 7 patients who were evaluated
as positive before the treatment did not change
during the treatment, and were evaluated as positive
again at the 4™ week.

Expressions of p63 and ABCG2 were
investigated by immunostaining, to determine
whether the limbal stem cells retained their
phenotypes. A total of 100 cells were counted at
x20 magnification on three different slides, with
p63 (+) in 35 (35%), while ABCG2 was detected in
15 cells (15%).

When the results of RT-qPCR were analyzed
in the Q-Rex Software program, B-Actin gene
expression levels in LMSC and Ad-MSC (3,
3, respectively) were found to be the same, as
expected, due to it being the housekeeping gene.
p63 gene expression levels were higher in LMSCs
compared to Ad-MSCs (2, -3, respectively) and this
difference was statistically significant (P<0.05).
When the ABCG2 gene expression levels were
compared, it was seen that ABCG2 gene expression
was higher in LMSCs compared to Ad-MSCs (1, -3,
respectively), and this was statistically significant
(P<0.05).

Discussion

Inflammation plays an important role in the
pathogenesis of dry eye (LEONARDI et al., 2017).
Decreased tear volume and increased osmolarity
trigger inflammation on the ocular surface. Increased
secretion of inflammatory cytokines causes damage
to the ocular surface (COASSIN et al., 2005). In
the conventional treatment of dry eye, the aim is
to lubricate the ocular surface by tear replacement,
or to preserve the patient's existing tears without
correcting the underlying disease. However, these
treatments do not directly target ocular surface
inflammation. Therefore, anti-inflammatory drugs
are needed. Cs A, an immunomodulatory drug, is
routinely used in the treatment of KCS (GUADA
etal., 2016).
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The most important clinical indication of
Cs A is the prevention of organ rejection after
transplantation (DEMIRYAY et al., 2011). Cs A
inhibits the activity of T-cells and stops inflammatory
cytokine release (GULBAG and CELEBI, 2017). In
addition to post-transplant immunosuppression, Cs
A is widely used in some autoimmune diseases and
in the treatment of dry eye syndrome (KULUALP
and KILIC, 2012). Cs A was first tested on dogs
in 1989, and was found to increase tear production
in patients with KCS, and to provide significant
regression in chronic corneal neovascularization
and granulation. In addition, it has been reported
to prevent apoptosis by increasing the density of
conjunctival goblet cells (IZCI, 1995).

It is reported that at least 2-3 weeks of Cs A
treatment is needed to see clinical improvement
in dogs with KCS. This time frame coincides with
immunosuppression, and confirms the hypothesis
that Cs A suppresses activated T-lymphocytes and
local immunity in lacrimal glands in animals with
KCS. Studies related to topical Cs A use in dogs
with KCS have reported that the degree of clinical
improvement varies according to the degree of
lacrimal disorder (IZCI et al., 2002).

In a study that evaluated Schirmer tear test
results and tear gland histological findings during
the treatment of KCS with 2% Cs A, and after
discontinuation of drug use, the patients were
divided into 3 groups. The first group received
%2 Cs A for 30 days, the second group for 45
days, and the third group for 60 days. After Cs A
treatment and when the treatment was temporarily
suspended and started again, improvements in
Schirmer tear test values and clinical results were
reported. It has been reported that this improvement
is due to reduced damage in the tear gland by the
immunosuppressive mechanism, and the presence
of the lacrimostimulant mechanism (EDASO and
KEBEDE, 2018).

In this study, Cs A was administered to the control
group for 4 weeks. Compared with pretreatment,
the increase in the Schirmer tear test value at weeks
2 and 4 was significant. However, there was no
significant increase between the 2" and 4™ weeks.
There was no significant difference between TBUT
values before and after treatment. A significant
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increase in tear osmolarity values was found at
the 2" week compared to pretreatment. However,
in the 4" week, there was a significant decrease
compared to the 2" week. Goblet cells were found
to increase in number at week 4 compared to
pretreatment, and this result was consistent with
the previous studies. This is thought to be due to
the control of the inflammatory process involved
in the pathogenesis of KCS by Cs A, via inhibition
of the epithelial apoptosis and cytokine produced
by T-lymphocytes, and the goblet cells performing
their functions once more.

In recent years, the effectiveness of stem cells
has been investigated in many diseases in the field
of veterinary medicine (PELLEGRINI et al., 2001).
However, the number of studies on the use of stem
cells for the treatment of dry eye in dogs is limited.

In a relevant study, 5 x 10° allogeneic adipose-
derived MSCs (Ad-MSC) were transplanted around
the lacrimal glands in dogs that did not respond to
conventional KCS treatment (such as tacrolimus,
Cs A), and there was a significant increase in
the Schirmer tear test value in the patients after
the transplantation, as well as a reduction in
conjunctival hyperemia and ocular discharge. In
conclusion, allogeneic Ad-MSC transplantation
in dogs with KCS was shown to increase tear
production (VILLATORO et al., 2015).

In another study in which allogeneic Ad-MSC
transplantation was performed in dogs with KCS,
allogeneic Ad-MSCs were transplanted around the
lacrimal glands at a dose of 1x10°and as a result,
it was reported that in moderate KCS the patients’
Schirmer tear test values returned to the normal
range, and in advanced KCS the patients’ Schirmer
tear test values increased and ocular surface
improvement was found (BITTENCOURT et al.,
2016).

In the present study, fetal limbus-derived MSCs
were used as stem cell sources in dogs, and their
effects on healing were investigated. The reason
for choosing LMSC:s as the cell source is that these
cells are native cells of the eye. Therefore, when
used in corneal injuries, it is thought that they can
provide better recovery than MSCs with other tissue
or organ origin (e.g. adipose, bone marrow).
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Although specific markers have not been
identified, studies have reported that ABCG2 and
p63 are useful markers in the characterization of
corneal epithelial stem cells, and in the regenerative
treatment of the cornea (WATANABE et al., 2004;
RAMA etal., 2010). In human eye diseases, corneal
epithelial cell layers cultured from autologous
limbal epithelium have been used in corneal
diseases, and layers containing p63 positive cells
have been reported to be more successful after
transplantation (NAM et al., 2013). Studies have
shown that corneal epithelial layers cultured on
canine amniotic membrane provide promising
results in severe corneal injuries, and ABCG2 and
p63 positive cells are present in the basal part of
these layers (GUL SANCAK et al., 2014; MORITA
et al., 2015). In the present study, the expression of
ABCG?2 and p63 gene, as stem cell and proliferation
markers in limbal stem cells was also demonstrated
by immunohistochemistry and the RT-qPCR
method. It can be said that the use of LMSCs has a
positive effect on healing in dry eye syndrome that
causes corneal epithelial damage.

In a study in which a high dose of MSC was
administered systemically, inflammatory damage in
the cornea was reported to be reduced by TNF-a-
stimulated gene/protein 6 secretion, and very few
MSCs could be located in the region. As the cornea
is an avascular structure, it was shown that systemic
administration of stem cells is not an effective
method (WILLIAMS and TIGHE, 2018).

The necessity of local transplantation of MSCs
has brought up the use of carriers. Studies have
shown that corneal epithelial layers cultured on
canine amniotic membranes give good results in
corneal injuries (MORITA et al., 2015). Although
an amniotic membrane is a widely used carrier in
limbal stem cell failure, it has some disadvantages,
such as transport difficulties, poor optical
permeability, phenotypic variation and disease
transport potential (YANG et al., 2006; LEVIS and
DANIELS, 2009).

In order to transport limbal stem cells without
these disadvantages, contact lenses, which do
not show immunogenic properties and provide
phenotypic and transfer stability, were used in the
present study. Contact lenses have protective effects
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on the corneal surface and the ability to transfer
biological agents easily to the corneal surface (DI
GIROLAMO et al.,, 2009; GUPTA and AQIL,
2012). With this method, the aim was to transfer
LMSCs to cornea more easily and effectively, and
to avoid the disadvantages arising from existing
carriers.

In the present study, 2x10° allogeneic LMSCs,
grown on contact lenses, were transplanted
to the LMSC group only once. There was no
complication related to the use of contact lenses
in any of the dogs. The increase in the Schirmer
tear test value was significant at 2™ and 4™ weeks
compared to pretreatment. Although this increment
continued between the 2™ and 4™ weeks, it was
not statistically significant. A significant increase
in tear osmolarity values at the 2" week was
observed compared to pretreatment, and in the 4™
week there was a significant decrease compared to
the 2" week. When TBUT values were compared,
there was no significant difference between the
groups before and after treatment. The number of
goblet cells increased significantly. The possible
mechanism here was thought to be related to
the immunomodulatory and anti-inflammatory
effects of LMSCs as a result of the stimulation of
proinflammatory cytokines (such as TNF and IL-6),
and secretion of immunomodulatory factors (such
as TGF- ). As a result of this effect, the vicious
cycle of proinflammatory cytokines and lacrimal
lymphocyte proliferation may be broken, and tear
production may be reactivated to initiate repair of
the ocular surface.

Although the findings obtained by Rose Bengal
staining in the present study suggested that LMSC
transplantation might be more beneficial in repairing
corneal epithelial damage and increasing mucin
production compared to Cs A treatment, there was
no significant change in TBUT findings that would
support this opinion.

No significant difference was found between
the LMSC and control group when the Schirmer
tear test, TBUT, tear osmolarity values and Goblet
cell numbers at 2™ and 4" weeks were compared to
pretreatment, indicating that both treatment options
contributed to clinical improvement at a similar
level. On the other hand, in order to obtain these
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similar healing findings, the control group had to
be given medication 3 times a day for 4 weeks, in
contrast to the transplantation in the LMSC group,
with a single application without requiring any
other drug or supportive treatment.

Based on our results, single-time transplantation
of LMSCs, produced on contact lenses, is a
simple, safe and effective treatment method in the
treatment of KCS in dogs. When compared with
the conventional treatment, there was no need
for lifelong drug use, which reduces the cost of
treatment, and the clinical improvement improved
the quality of life of the patients. However, since the
number of cases in the present study was limited, it
is necessary to support these results by working on
larger groups, and to follow up the clinical results
of the patients for a longer period of time.

As a result, we conclude that transplantation of
LMSCs by contact lenses for the treatment of KCS
is a safe, effective and relatively simple method in
dogs, which improves ocular clinical symptoms
and tear production.

Conflict of interest

The authors have no conflict of interest to disclose.

Acknowledgements

The authors would like to thank the Turkish Scientific and
Technical Research Council- TUBITAK (Project number:
TOVAG-1150280) for financing this study.

References

BITTENCOURT, M. K., M. A. BARROS, J. F. MARTINS, J.
P. VASCONCELLOS, B. P. MORAIS, C. POMPEIA, M.
D. BITTENCOURT, K. D. EVANGELHO, I. KERKIS, C.
V. WENCESLAU (2016): Allogeneic mesenchymal stem
cell transplantation in dogs with keratoconjunctivitis sicca.
Cell Med. 8, 3, 63-77.

DOI: 10.3727/215517916X693366

COASSIN, M., A. LAMBIASE, N. COSTA, A. DE
GREGORIO, R. SGRULLETTA, M. SACCHETTI, L.
ALOE, S. BONINI (2005): Efficacy of topical nerve
growth factor treatment in dogs affected by dry eye.
Graefe's Arch. Clin. Exp. Ophthalmol. 243, 2, 151-155.
DOI: 10.1007/s00417-004-0955-2

DEMIRYAY, E., V. YAYLALI, E. N. CETIN, C. YILDIRIM
(2011): Effects of topical cyclosporine a plus artificial tears
versus artificial tears treatment on conjunctival goblet cell

356

density in dysfunctional tear syndrome. Eye Contact Lens.
37,5,312-315.

DOI: 10.1097/ICL.0b013e31822563be

DI GIROLAMO, N., M. BOSCH, K. ZAMORA, M. T.
CORONEO, D. WAKEFIELD, S. L. WATSON (2009):
A contact lens-based technique for expansion and
transplantation of autologous epithelial progenitors for
ocular surface reconstruction. Transplantation 87, 1571-
1578.

DOI: 10.1097/TP.0b013e3181a4bbf2

EDASO, T., A. KEBEDE (2018): Review on applications of
stem cells in veterinary therapeutic practices. ARC Journal
of Animal and Veterinary Sciences. 4, 2, 20-32.

DOI: 10.20431/2455-2518.0402004

GUADA, M., A. BELOQUI, M. N. V. R KUMAR, V. PREAT,
M. C. DIOS-VIEITEZ, M. J. BLANCO-PRIETO (2016):
Reformulating cyclosporine A (CsA): more than just a life
cycle management strategy. J. Control. Rel. 225, 269-282.
DOI: 10.1016/j.jconrel.2016.01.056.

GUPTA, H., M. AQIL (2012): Contact lenses in ocular
therapeutics. Drug Discov. Today. 17, 522-527.

DOI: 10.1016/j.drudis.2012.01.014

GUL SANCAK, I., A. OZEN, F. A. PINARLI, M. TIRYAKI,
A. CEYLAN, U. ACAR, T. DELIBASI (2014): Limbal
stem cells in dogs and cats their 1dentification culture and
differentiation into keratinocytes. Kafkas Univ. Vet. Fak.
Derg. 20, 6, 909-914.

DOI: 10.9775/kv{d.2014.11355

GULBAG, S., N. CELEBI (2017): Cyclosporine A and new
approach in cyclosporine A formulations. FABAD J.
Pharm. Sci. 42, 39-58 (in Turkish).

IZCI, C. (1995): Keratoconjunctivitis sicca in dogs and a new
approach to treatment. Vet. Bil. Derg. 11, 2, 65-75 (in
Turkish).

1ZCI, C., I. CELIK, F. ALKAN, Z. OGURTAN, C. CEYLAN,
E. SUR, Y. OZKAN (2002): Histologic characteristics and
local cellular immunity of the gland of the third eyelid after
topical ophthalmic administration of 2% cyclosporine for
treatment of dogs with keratoconjunctivitis sicca. Am. J.
Vet. Res. 63, 5, 688-694.

DOI: 10.2460/ajvr.2002.63.688

KULUALP, K., S. KILIC (2012): Dry-eye syndrome. F. U.
Sag. Bil. Vet. Derg. 26, 2, 115-124 (in Turkish).

LEMP, M. A., C. BAUDOUIN, J. BAUM (2007): The
definition and classification of dry eye disease: Report
of the definition and classification subcommittee of the
International Dry Eye Workshop (2007). Ocul. Surf. 5, 2,
75-92.

DOI: 10.1016/s1542-0124(12)70081-2

LEONARDI, A., B. FLAMION, C. BAUDOUIN (2017):
Keratitis in dry eye disease and topical ciclosporin a.
Ocular Immunology and Inflammation. 25, 4, 577-586.

DOI: 10.1080/09273948.2016.1276933

Vet. arhiv 91 (4), 349-358, 2021



B. Boztok Ozgermen et al.: Transplantation of limbal derived MSCs grown on contact lenses in dogs with dry eye syndrome
- can stem cells help?

LEVIS, H.,J. T. DANIELS (2009): New technologies in limbal
epithelial stem cell transplantation. Curr. Opin. Biotechnol.
20, 593-597.

DOI: 10.1016/j.copbio.2009.09.002

LIN, H., S. C. YIU (2014): Dry eye disease: A review of
diagnostic approaches and Treatments. Saudi Journal of
Ophthalmology 28, 173-181.

DOL: 10.1016/j.sjopt.2014.06.002

MORITA, M., N. FUJITA, A. TAKAHASHI, E. R. NAM,
S. YUL C. S. CHUNG, N. KAWAHARA, H. Y. LIN, K.
TSUZUKI, T. NAKAGAWA, R. NISHIMURA (2015):
Evaluation of ABCG2 and p63 expression in canine cornea
and cultivated corneal epithelial cells. Vet. Ophthalmol. 18,
59-68.

DOI: 10.1111/vop.12147

NAM, E., A. TAKAHASHI, N. FUJITA, K. TSUZUKI, R.
NISHIMURA (2013): Cultivation of corneal epithelial cell
sheets on canine amniotic membrane. Vet. Ophthalmol. 16,
263-268.

DOI: 10.1111/j.1463-5224.2012.01070.x

PELLEGRINI G, E. DELLAMBRA, O. GOLISANO, E.
MARTINELLI, I. FANTOZZI, S. BONDANZA, D.
PONZIN, F. MCKEON, M. DE LUCA (2001): p63
identifies keratinocyte stem cells. Proceedings of the
National Academy of Sciences of the United States of
America. 98, 6, 3156-3161.

DOI: 10.1073/pnas.061032098

RAMA, P, S. MATUSKA, G. PAGANONI, A. SPINELLI,
M DE LUCA, G. PELLEGRINI (2010): Limbal stem-cell
therapy and long-term corneal regeneration, New England
Journal of Medicine. 363, 147-155.

DOI: 10.1056/NEJM0a0905955

RIBEIRO, A. P, F. L. D. C. BRITO, B. D. C. MARTINS,
F. MAMEDE, J. L. LAUS (2008): Qualitative and
quantitative tear film abnormalities in dogs. Ciencia Rural.
38, 2, 568-575.

DOI: 10.1590/S0103-84782008000200048

SALL, K. N., S. M. COHEN, M. T. CHRISTENSEN, 1J.
M. STEIN (2006): An evaluation of the efficacy of a
cyclosporine-based dry eye therapy when used with
marketed artificial tears as supportive therapy in dry eye.
Eye Contact Lens. 32, 1, 21-26.

DOI: 10.1097/01.icl.0000170599.57728.29

SEBBAG, L., S. A. PARK, P. H. KASS, D. J. MAGGS, M.
ATTAR, C. J. MURPHY (2017): Assessment of tear film
osmolarity using the TearLab™ osmometer in normal dogs
and dogs with keratoconjunctivitis sicca. Vet. Ophthalmol.
20, 4, 357-364.

DOI: 10.1111/vop.12436

VILLATORO, A. J., V. FERNANDEZ, S. CLAROS, G.
A. RICO-LLANOS, J. BECERRA, J. A. ANDRADES
(2015): Use of adipose-derived mesenchymal stem cells in
keratoconjunctivitis sicca in a canine model. Biomed. Res.
Int. 2015, 527926.

DOI: 10.1155/2015/527926

YANG, J., M. YAMATO, K. NISHIDA, T. OHKI, M.
KANZAKI, H. SEKINE, T. SHIMIZU, T. OKANO (2006):
Cell delivery in regenerative medicine: the cell sheet
engineering approach. J. Control. Release. 116, 193-203.
DOI: 10.1016/j.jconrel.2006.06.022

WATANABE, K., K. NISHIDA, M. YAMATO, T.
UMEMOTO, T. SUMIDE, K. YAMAMOTO, N. MAEDA,
H. WATANABE, T. OKANO, Y. TANO (2004): Human
limbal epithelium contains side population cells expressing
the ATP-binding cassette transporter ABCG2. FEBS Lett.
565, 6-10.

DOI: 10.1016/j.febslet.2004.03.064

WILLIAMS, D. L. (2017): Canine keratoconjunctivitis sicca:
current concepts in diagnosis and treatment. J. Clin.
Ophthalmol. 2 1, 101.

WILLIAMS, D. L., A. TIGHE (2018): Immunohistochemical
evaluation of lymphocyte populations in the nictitans
glands of normal dogs and dogs with keratoconjunctivitis
sicca. Open Vet. J. 8, 1, 47.

DOI: 10.4314/0vj.v8i1.8

Received: 29 January 2020
Accepted: 18 January 2021

BOZTOK OZGERMEN, B., P. CAN, I. SANCAK, E. AKPINAR, F. PINARLI,A. CEYLAN, D. OZEN, A.
OZEN: Transplantacija mezenhimskih mati¢nih stanica izdvojenih iz ekstremiteta i uzgojenih na kontaktnim
leama u pasa sa sindromom suhog oka — mogu li mati¢ne stanice pomoc¢i? Vet. arhiv 91, 349-358, 2021.

SAZETAK

Keratokonjunktivitis sika (KCS), poznat i kao sindrom suhog oka, Cesta je o¢na bolest u pasa uzrokovana upalom

suzne zlijezde i posljedi¢no smanjenom proizvodnjom suza. Kako bi se preveniralo dugoro¢no uzimanje lijekova za
sindrom suhog oka, pokusale su se razviti alternativne terapije. Mezenhimske mati¢ne stanice (MSCs) su, s obzirom na
njihove imunoregulacijske sposobnosti, kod ¢ovjeka i zivotinjskih modela pokazale uéinkovitost u lijeCenju mnogih
imunosno posredovanih bolesti. Cilj ovog istrazivanja bio je transplantirati mezenhimske maticne stanice izdvojene iz
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ekstremiteta (LMSCs) na povrsinu oka, odnosno na kontaktne lece, te procijeniti njihov terapijski ucinak na temelju
klini¢kih nalaza. Zivotinje su slu¢ajnim odabirom podijeljene u pokusne i kontrolnu skupinu. Skupina LMSC (n =
10) primila je LMSCs (najmanje 2x10° stanica) uzgojenih na kontaktnim le¢ama. Konvencionalna pokusna skupina
(n = 10) primila je umjetne suze, topicki 0,05 % Cs A i antibiotik u obliku o¢nih kapi 3 puta dnevno tijekom 4 tjedna.
U svih su pacijenata ucinjeni Schirmer-ov test, test vremena pucanja suznog filma, impresijska citologija, Rose-
Bengalovo bojenje i osmolarnost suza. Rezultati su statisticki obradeni dva i Cetiri tjedna poslije tretmana. U obje je
pokusne skupine uoceno znakovito poboljSanje u usporedbi s nalazima prije tretmana, no razlika medu skupinama
nije bilo statisti¢ki znakovita. Zaklju¢no, terapija KCS-a primjenom LMSC-a proizvedenima na kontaktnim le¢ama
ima obecavajuce ucinke, prvenstveno zbog jednostavnosti primjene, neimunogenih svojstava i jednokratne aplikacije.

Kljuéne rijedi: pas; kontaktne le¢e; mezenhimske mati¢ne stanice izdvojene iz ekstremiteta; KCS; transplantacija
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