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ABSTRACT

The cornea, as a source for obtaining stem cells, is a good medium for their use in veterinary ophthalmology.
In this research, we used dogs which had been diagnosed with extensive, chronic thinning of the central cornea
(vertex corneae) generated due to complicated mechanical damage to the corneae pannosa. The goal of this study
was to test whether subconjuctival application of limbal stem cells allografts had any influence on haematology
parameters in peripheral blood. The animals were divided into three experimental groups regardless of breed,
sex and age, and each group comprised 7 dogs. Group A consisted of clinically healthy dogs (control), in group
B there were dogs who had had injuries treated by a conventional ophthalmological approach in veterinary
medicine, and group C in which corneal injuries were treated using subconjuctival cell allografts. Blood samples
were taken four times during the experiment from all animals for haematological analysis. Transplantation of
limbal stem cell allografts did not affect the physiological haematology parameters.

Key words: dog, stem cell, limbus, veterinary ophthalmology

*Corresponding author:
Assoc. Prof. Boris Pirki¢, DVM, PhD, Clinic of Surgery, Orthopaedics and Ophtalmology, Faculty of Veterinary Medicine

University of Zagreb, Heinzelova 55, Zagreb 10000, Croatia, Phone: +385 1 2390 111, Fax: +385 1 2441 390; E-mail:
boris.pirkic@vef.hr

ISSN 0372-5480 67
Printed in Croatia



B. Pirki¢ et al.: Subconjunctival application of limbal stem cells allografts in dogs

Introduction

In the past decades, stem cell biology has had a profound impact on our view of
mammalian development, as well as opening new avenues in regenerative medicine
(POPOVIC et al., 2009b). The potential of stem cells to differentiate into various cell types
of the body is the principal reason why they are being explored in treatments for wound
repair, tissue engineering and application in therapeutic fields, including regenerative
surgery. Currently, veterinary scientists are investigating stem cell models, ranging from
either blastocyst- or embryo-derived embryonic stem cells to somatic or adult stem cells,
such as germline stem cells and those derived from bone marrow, epithelial and adipose
tissues (MATOUSKOVA et al., 1997; HIPP and ATALA, 2008). It is not unexpected that novel
stem cell based therapies have been applied to animal patients (horses, dogs and cats) long
before they can be used in human patients, even without the ethical debate surrounding
the use of human stem cells (HACKAM, 2007). An advantage of veterinarians is access
to animal models of naturally occurring injuries/diseases (tendon and ligament damage,
osteoarthritis, osteochondrosis, muscular dystrophy, myocardial infarction, corneal defects
and stroke) that are targets for stem cells therapies (ELSINGHORST, 2004). Recently, in
human medicine in vitro cultivation of limbal stem cells has been developed, isolated
from very small samples of biopsates obtained from the limbal region of autologous and/
or allogeneic donors. These isolated cells may be cultured on mouse fibroblasts (3T3) or
other carriers, such as amniotic membrane, fibrin, collagen and contact lenses. PIRKIC
et al. (2013) adapted techniques for culturing animal limbal stem cells, optimized the in
vitro culturing of allografts, canine in particular, and applied them by subconjuctival
application to patients with corneal injuries. Namely, the corneal epithelium has a key
role in the homeostasis and integrity of the eye (CHUNG, 1999). To maintain integrity
of the eye surface, epithelial cells of the cornea are supported by stem cells found in the
limbus. The limbus is a Imm wide transitory area between the cornea and the sclera, and
together with the conjuctival epithelium has the important role of replenishing corneal
epithelial cells after trauma (FERNANDES et al., 2007; TAYLOR, 2000).

There are numerous cases of corneal trauma in all pet species, from slight scratches
to complete perforation. Such injuries are frequent in short muzzle (brachiocephalic)
dogs, and occasional in cat and horses. The healing time of the cornea is long, and often
complicated with secondary infections, because the eye is an exposed organ. Also, any
loss in vision often leads to repeated injury so it is important to achieve corneal clarity as
soon as possible. Often such injuries do not show a tendency to heal, and they are called
corneal ulcers. The reasons for this may be multiple. One is a deficiency or complete lack
of limbal stem cells (due to age, genetics or some other defect), but it also could be due to
infections as well as to the aforementioned repeated trauma.
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So, a fundamental goal in veterinary ophthalmology is the application of in vitro
grown stem cells as allografts from animal species of interest for veterinary medicine
(dogs, cats, horses and pigs) as a model for transplantation research in therapy of corneal
defects and deficiencies. However, use of allogenic biological material as a substrate is
associated with risks of transmission of certain diseases, so the goal of this study was
to test if subconjuctival application of limbal stem cell allografts had any influence on
haematology parameters in peripheral blood.

Materials and methods

Animals. Twenty-one dogs, which were patients of the Surgery, Orthopaedics and
Ophthalmology Clinic of the Faculty of Veterinary Medicine, University of Zagreb were
assigned to three experimental groups regardless of breed, sex and age. They were defined
according to different therapeutic methods. Each experimental group contained seven
animals (Tables 1-3). In group A (control group) were clinically healthy dogs, without
any pathology of the cornea. In group B were dogs with pathologically altered central
part of the cornea, caused by mechanical damage, which were treated by a classical
ophthalmological approach. In group C were dogs with extensive, chronically thinning
of the central part of the cornea, caused by mechanical damage, which were treated with
limbal stem cell allografts. Blood samples were taken four times during the experiment
from all animals for haematological analysis. Experimental animals were treated
according to the Croatian legislation on animal protection and in accordance withthe
recommendations made bythe EuropeanCommunity (86/609/EEC).

Biological material. Eye bulb samples (2-4 cm width) were collected from ten
euthanized dogs (independent of to sex, breed and age) at the Surgery, Orthopaedics and
Ophthalmology Clinic of the Faculty of Veterinary Medicine, University of Zagreb, with
the written consent of the dogs” owners. All donors of eye bulbs were clinically healthy,
meaning that eyes were not subject to any illness. Nevertheless, euthanized animals were
mostly fatally traumatized, and a few of them were suffering from a life threatening
illness, and were euthanized at the request of the owner. Limbal 5 mm? samples were
obtained using penetrating keratotomy, according to PIRKIC et al. (2010).

Procedure of dog limbal cell extraction from the eye. In sterile conditions (Forma
Scientific sterile chamber), 1-2 mm? fragmented limbal tissue was placed into 6 wall
cultivation plates with 3 mL of medium without cell growing serum (Serum Free
Media SFM, Invitrogen-Gibco). Cells were incubated (Forma Scientific incubator) in
the atmosphere with 5 % CO,, at +37 °C. Every three days, the medium was changed
in sterile conditions. After cells have grown over 80 % of the plate bottom, they were
treated with 1 mL of 0.25 % tripsine for 2-3 minutes, causing cell elevation from the
cultivation plate bottom. In the cell suspension obtained, the number of cells was
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determined in a Neubauer chamber using tripan methylene blue (Sigma, St. Louis, USA).
The morphological characteristics of those samples were analysed using an electronic
microscope XL30 ESEM, Philips, Netherlands (Forensic Science Centre ,,Ivan Vudetic®,
Zagreb, Croatia) and the phenotype was determine by routine imunocytochemical methods
using a fluorescent dye conjugate monoclonal mouse antibody against p63 cornea of the
dog (antibodies-online.come GMbb, Germany). 1 x 10 cells in 1 mL SFM medium was
prepared in a sterile syringe, according to PIRKIC et al. (2013).

Application of the limbal steam cell suspension: 1 x 10° cells in 1 mL SFM
medium, prepared in the syringe, were applied to the dogs under local anaesthesia (1
% tetracaine hydrochloride eye drops, three times within 5 minutes in the affected eye
subconjunctivally) (Fig. 1). The dogs were treated 3 days before and 7 days after this
procedure with local antibiotics (tobramycin drops, Alcon) and 2 days before and 5
days after the application of the cellular allograft with local corticosteroid preparations
(dexametason drops three times daily in the eye).

Fig. 1. Subconjunctival application of limbal stem cell in dog

Blood sampling. Blood samples (a total of 11.5 mL) were taken from a vein cephalic
antebrachii in glass vacuum tubes (Beckton Dickinson, Plymouth, UK) with disodium
salt of ethylenediaminetetraacetic acid (EDTA, Sigma) (1 mL) as an anticoagulant. Blood
samples were taken four times during the experiment, before surgery and 3, 10, and
30 days after the procedure, due to expected time needed for the cornea to heal fully.
Haematological parameters (red blood cell count and platelet count, haemoglobin and
haematocrit) were determined by standard methods using automatic electronic counters,
Serono Baker System 9120 (Pennsylvania, USA). Automatic electronic counters,
Serono Baker System 9120 (Pennsylvania, USA), were used to determine the number
of leukocytes and differential counts are made from the peripheral blood smears, stained
with May-Grunwald Giemsa. The percentages of individual populations of leukocytes
were determined by examination of blood smears using an Olympus BX 41 microscope
with immersion increase.
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Statistical analysis. All statistical analyses were performed using Statistica 7.0
(StatSoft Inc., 2005). The significance of differences between the experimental and
control groups was determined using the Student’s #-test and Mann-Whitney-U-test.
Statistical differences were considered significant at P<0.05.

Results

Dog limbal cells within “in explant” cultures, achieved 80 % confluence 5 days after
ingrowing (Fig. 2). Using an electronic microscope, it could be seen that cells within the
secondary cultures were of equal size, approximately 14.5 um x 13.4 um, five days after
ingrowing (Fig. 3).
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Fig. 2. In explant culture of dog limbal cells, 5 Fig. 3. Elecron micrograph of dog limbal
days after ingrowing, x40 cell, 5 days after ingrowing, visualized
using electronic microscope XL30 ESEM,
Philips, Netherlands (Centre for Forensic
Investigations, Research and Expertise ,,Ivan
Vucetic¢*, Zagreb, Croatia).

According to immunocytochemical analysis of dog limbal cells, using fluorescein
dye conjugated mouse monoclonal antibody against p63 dog cornea, it was obvious
that cells within the secondary culture, 5 days after ingrowing, had the characteristics of
epithelial limbal cells, at the moment of their preparation for clinical use, that is they had
positive p63 (Fig. 4-5).

Subconjunctival application of limbal cell allografts did not affected haemogram
values. In other words, experimental group C showed physiological values of haematology
indicators in the peripheral blood.

When looking at the tables, we can easily observe that in control group A (Table 1),
and within groups B and C (Tables 2 and 3), there are no obvious discrepancies in blood
test results. This assertion is further demonstrated by statistical analysis carried out within
this study (Tables 4, 5 and 6). That is to say. no significant changes in blood values were
found in any of the groups.
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Statistical data were expressed as mean and standard deviation.

Table 1. Control group A contains clinical healthy dogs, without any pathology of the cornea

Breed Age Pathology of the
Group | N Number cards collection: gender cornea
| A large SCV;LSZ ;I;l)(/)lll(r)ltain dog 1.31 lear Without pathology
2 Tigztr?% Et;ll‘roier 2;;2?? Without pathology
3 Bg;ii%g?}ge SH{:;ZS Without pathology
A 4 G(él;isré(r)fit/ré;er 4';23:?8 Without pathology
s Dl e waboupatlon
6 CDa ?10;1;21511/1(()19 5';}5:“ Without pathology
7 Bcoarl(llelr6c5<;lll(i)e 6.fnzi:zrs Without pathology

Table 2. Experimental group B contains dogs with pathologicaly altered central part of the cornea
caused by mechanical damage, which were treated by classic ophtalmological approach

Breeed Number cards

Group N collections: Age gender Pathology of cornea
| French buldog CAN 7 years male Ulcus corneae chron. OD*
373/10 Keratitis pannosa OD
) German boxer CAN 9 years male Ulcus corneae chron. OS**
981/09 Keratitis pannosa OD
3 |Pekingese CAN 2123/09| 4 years male Perforatio bulbi susp.
Keratitis pannosa OD
B 4 West highland terrier 9 years female Ulcg§ corneae OS
CAN 882/09 Keratitis pannosa OS
5 French buldog CAN 1.5 years male Ulcus corneae chron. OS
747/09 Keratitis pannosa OS
. Contusio bulbi OS
6 Shih-tzu CAN 971/09 1.5 years male Uleus corneae chron. OS
7 Shih-tzu CAN 1143/10 | 7.5 years male Uleus corneae OD

Keratitis pannosa OD

*OD - oculi dextri, **OS - oculi sinistri
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Table 3. Experimental group C contains dogs with extensive, chronically thinning central part of
the cornea caused by mechanical damage, which were treated with limbal stem cells allograft

Breed Number cards
Group | N collections: Age gender Pathology of cornea
Ulcus corneae OS*
1 Pug CAN 1159/09 1.5 year male Keratitis pannosa OS
) Alaskan malamute 7 vears mal Perforatio corneae OS
CAN 1311/09 yeats maie Keratitis OS
3 Pekingese CAN 6 months male Ulcus corneae OS
1163/09 Keratitis pannosa OS
C 4 Pekingese CAN 4 vears male Ulcus et granulatio corneae OS,
2010/09 y Keratitis pannosa et pigmentosa OS
Descemetocele OS
5 Pug CAN 1805/09 4 years female Keratitis pannosa OS
. Descemetocele OS,
6 | Shih-tzu CAN 1742/09 7 years male Keratitis et keratomalatia OS
7 | Shih-tzu CAN 2343/09 | 7 years male Descemetocele OS
y Keratitis OS

*0OS - oculi sinistri

Table 4. Values of hematology indicators in peripheral blood of clinical healthy dogs (Group A)
during 30 days of experiment (1% sampling blood - shortly before therapy; 2" sampling blood -
three days after therapy; 3™ sampling blood - 10 days after therapy; 4" sampling blood - within 30

days after therapy).

An indicator Baseline 1* 2% 3% 4%
Erythrocytes (x10'?) 55-85 62+2.0 5.8+£2.6 6.4+1.7 59+3.7
Hemoglobin (g/L) 120 - 180 133+£0.9 126+2.4 136 £2.0 134+2.8
Hematocrit (%) 37-55 43+2.1 38+2.4 47+£22 46 +£2.7
MCYV (fL) 60 - 77 67+2.5 63+2.0 65+2.4 63+1.7
MCH (PG) 19-23 21+1.4 24+1.7 22+1.9 23+34
MCHC (g/L) 320 - 360 334+23 337+£2.6 342+0.3 345+£2.7
Leukocytes (x10°) 6-17 9+2.6 8§+24 7.5+£2.6 83+1.9
Undivided (%) 0-1 0+£23 1+£22 0£25 0+£2.0
Segmented (%) 60 - 77 63+2.7 61+2.1 67+24 64+0.9
Lymphocytes (%) 12 -33 18+1.3 21+25 20+2.1 19+2.7
Eosinophils (%) 2-10 5+2.7 6+23 55+25 6.2+2.8
Monocytes (%) 3-10 4+20 4.6+2.1 5+24 54+26
Platelets (x10°) 200 - 700 521+0.9 499+ 19 532+ 1.4 532+1.7

* mean =+ standard deviation
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Table 5. Values of hematology indicators in peripheral blood of dogs treated by classic
ophthalmological approach (Group B) during 30 days of experiment (1% sampling blood - shortly
before therapy; 2™ sampling blood - three days after therapy; 3™ sampling blood - 10 days after
therapy; 4" sampling blood - within 30 days after therapy).

An indicator Baseline 1* 2% 3% 4%

Erythrocytes (x10'2)|  5.5-8.,5 63+2.7 6.0+3.8 63+2.7 6.1+2.0
Hemoglobin (g/L)| 120 - 180 141 +£1.7 138 +2.3 140+ 3.1 142+ 0.9
Hematocrit ( %) 37-55 45+34 47+2.7 41 +6.8 47+2.1
MCV (1) 60 - 77 61+2.2 59+13 64+3,6 62+25
MCH (PG) 19-23 22+24 20+2.7 21+2.7 22+14
MCHC (g/L) 320-360 | 356+19 | 342420 | 357428 | 349+2.0
Leukocytes (x10°) 6-17 10+£2.5 10.5+34 11+£2.6 10.6 +2.3
Undivided ( %) 0-1 0£22 0+£2.7 1+1.7 1£2.7
Segmented ( %) 60 - 77 67+24 68+1.7 62+2.8 63+1.3
Lymphocytes (%)| 12 -33 194+46 |213+34 26+27 | 234+27
Eosinophils ( %) 2-10 5.6+2.9 5.9+2.7 6.2+1.7 5.9+2.0
Monocytes ( %) 3-10 32+15 45+2.0 3.0+£34 3.6+23
Platelets (x10%) 200 - 700 456 +2.8 497+£0.9 523+2.7 564 +2.7

* mean =+ standard deviation

Table 6. Values of hematology indicators in peripheral blood of dogs treated with limbal stem
cells allograft (Group C) during 30 days of experiment (1% sampling blood - shortly before
therapy; 2" sampling blood - three days after therapy; 3" sampling blood - 10 days after therapy;
4" sampling blood - within 30 days after therapy).

An indicator Baseline 1* 2% 3% 4%

Erythrocytes (x1012) | 5.5-8,5 65+19 62+2.7 6.1£42 59+23
Hemoglobin (g/L) 120-180 | 139+2.0 141+£2.0 142+14 137+2.7
Hematocrit ( %) 37-55 35+0.9 39+0.9 40+23 41+£1.3
MCV (fL) 60 - 77 64+2.1 61+2.1 63+£2.7 62+2.7
MCH (PG) 19 -23 21425 20+2.7 19+1.3 21+£22
MCHC (g/L) 320-360 | 336+2.7 338+1.7 337+£2.7 336+2.4
Leukocytes (x109) 6-17 11+£1.7 2+34 11.5+2.0 10+1.9
Undivided ( %) 0-1 1+34 1+£2.7 1+£23 1+£2.5
Segmented ( %) 60 - 77 64+2.7 62+2.7 60+£2.2 61+£22
Lymphocytes ( %) 12-33 21+1.7 19+1.7 22+3.7 21+2.4
Eosinophils ( %) 2-10 5+£2.7 51+£34 5.1+£3.8 5+£2.6
Monocytes ( %) 3-10 37+2.0 3.8+£4.8 40+23 39+24

* mean =+ standard deviation
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Fig. 4. Immunocytochemical analysis of dog Fig. 5. Elecron mis:rograp.h of df’% lifllbal
corneal epithelial cells, 5 days after ingrowing, cell, 5 days after ingrowing, visualized
positive for p63 antybody. x100. using electronic microscope XL30 ESEM,

Philips, Netherlands (Centre for Forensic
Investigations, Research and Expertise ,,Ivan
Vuceti¢®, Zagreb, Croatia) in which specific

membrane receptors are tied fluorescein
dye conjugated mouse monoclonal antibody

against p63 dog cornea.

Discussion

The stem cells of the eye are located on Vogt’s palisades and the limbal epithelial
basal layer (TAYLOR, 2000) within the area of contact between the sclera and cornea,
the so called limbal region (PELLEGRINI et al, 2014). The exact location of corneal stem
cells has been demonstrated using monoclonal antibodies and by digital image analyses
of cytology/histology specimens (FIGUEIRO et al., 2007). Recently p63 transcription
factor has been identified as a keratinocyte stem cell marker (FERNANDES et al., 2007)
which corresponds positively with the results obtained from our study (O’SULLIVAN and
CLYNES, 2007). The latter cells migrate from the limbal region, simultaneously dividing/
differentiating and homing in the basal epithelial layer of the cornea. Finally, they become
terminally differentiated as corneal epithelial cells (BAYLIS et al., 2011). For most of
their lifetime these cells divide slowly, but in the case of injury they become much more
proliferative. However, limbal deficiency or loss of stem cells is characterized by reduced
proliferative capacity, resulting in an abnormal corneal surface (AKPED and FOSTER,
1999). Non-treated limbal deficiency and corneal injuries may result in persistent epithelial
defects, conjunctivalization of the cornea, destructive lesions of the basal membrane, and
perforation of the cornea (AKPED and FOSTER, 1999). Consequently, surgical intervention
is required, but its success has been rather limited. Hence, either a total or partial autograft
transplantation is recommended in humans (SANGWAN, 2001) and dog (BRUNELLI et al.,
2007) patients with limbal stem cell deficiency. When such transplantation is not possible,
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limbal allograft transplants may be used as an alternative (DUA and AZUARA-BLANCO,
2000). More recently, there has been an intensive search for carriers of limbal stem cells
(such as the amniotic membrane) which would fix grafted cells at the site of injury.
POPOVIC et al. (2009a) demonstrated that porcine limbal stem cells can be grown onto
carriers, such as contact lenses. Rabbit and human limbal stem cells can also be grown
on such lenses, treated with plasma polymers or acrylic acid polymers (DESHPANDE et
al., 2009).

Similarly, as DI GIROLAMO et al. (2011) showed with human limbal stem cell
autografts, PIRKIC et al. (2013) successfully grew cultures of animal limbal stem cell
allografts supplemented with autologous serum. By subconjunctival application of either
auto- or allografts of limbal stem cells to dogs with corneal injuries, PIRKIC et al. (2013)
obtained promising results in the healing of corneal defects and justified the introduction
of cell-based therapy in veterinary ophthalmology. Namely, ten days following treatment
the patients had decreased blepharospasm (by 80 %), reduced secretion (by 75 %) and
conjunctival congestion (by 43 %) as well as diminished corneal oedema (by 31 %)
and intensity of conjunctival irritation (by 55 %). These more than indicative clinical
parameters show that severe lesions of the cornea in dogs may be restored by allograft
transplantation of limbal stem cells within a much shorter period of time than by standard
surgical procedures. Furthermore, as opposed to other transplantation procedures, corneal
transplant does not need to pass the extensive tissue typization procedures to match
the recipient. Tissue typization is not necessary for the following reasons: the corneal
avascularity, and the exceptional corneal immune privilege.

Numerous scientific investigations describe how the cornea has poorly or completely
un- developed molecules of its main histocompatibility complex (BAYLIS et al., 2011),
that is it produces anti-inflammatory agents that inhibit inflammatory reaction, and
comprise binding places on the surface of the cornea that prevent inflammatory cell
action (FORRESTER et al., 2010). Accordingly, the results of our study largely correspond
to those mentioned before. During the entire procedure, we did not find any obvious
changes within the analysed haematological values, which is in correspondence with the
results from NIEDERKORN (2007). Thus it may be assumed that the local use of cell
allografts does not affect the overall blood count, nor does it influence the rest of the
body. It should be pointed out that cells were obtained from cadavers, and later cultured
and used as allotransplants (VLAHOVIC et al., 2010). Since the polymorphism of the main
tissue system was not so developed, rejections were not noted. Therefore, it appeared that
cadaveric allotransplantation is more practical than autotransplantation, because there
were no accidental injuries or invasive procedures in the treated animals. The results
described in this paper are additional stimulation for founding an Eye Bank at the Faculty
of Veterinary Medicine, University of Zagreb. A potential benefit of the proposed study
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is also the transfer of knowledge from veterinary ophthalmology to business subjects in
the pharmaceutical industry and the broader biomedical aspects of cell-based therapy
in domestic animals, particularly pets. The importance of this study for the scientific
community is the fact that it is unique research in Croatia and the region in the area of
veterinary ophthalmology. This fact could be of relevance for establishing a regional
centre for animal stem cell therapy, to remain in step with similar centres in the EU and
the World.
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SAZETAK

Roznica, kao izvor mati¢nih stanica, dobar je medij za njihovu uporabu u veterinarskoj oftalmologiji.
U ovom istrazivanju koristili smo pse kojima su dijagnosticirana opsezna, kroni¢na stanjivanja sredi$njeg
dijela roznice, posljedica mehanickih oste¢enja, dodatno komplicirana upalnim procesima. Cilj istrazivanja
bio je ispitati utjecaj supkonjunktivalne primjene limbalnog stani¢nog alografta na hematoloske pokazatelje u
perifernoj krvi pacijenata. Zivotinje su bile podijeljene u tri pokusne skupine, bez obzira na pasminu, spol i dob.
U svakoj skupini bilo je sedam pasa. U skupini A bili su klinicki zdravi psi (kontrolna skupina), u skupini B bili
su psi kojima su ozljede obradene konvencionalnim oftalmoloskim pristupom, a psima u skupini C oste¢enja
roznice bila su lije¢ena supkonjunktivalnom primjenom stani¢nog alografta. Cetiri puta tijekom istraZivanja
svim su zivotinjama uzeti uzorci periferne venske krvi za hematoloske pretrage. Supkonjunktivalna primjena
stani¢nog alografta nije utjecala na promjenu vrijednosti hematoloskih pokazatelja u obradivanih pasa.

Kljuéne rijedi: pas, mati¢ne stanice, limbus, veterinarska oftalmologija
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