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Abstract : Corneal injury is very common clinical condition in veterinary medicine and delayed or incomplete corneal
healing has the potential of vision loss due to the loss of corneal transparency. For the reconstruction of corneal
epithelium, tissue graft and cell transplantation have been prosperously investigated. The purpose of this study was
to evaluate the clinical value and short-term safety of application of cultured allogenic mesenchymal stem cells (MSCs)
in the treatment of canine experimental corneal defect. Corneal defects were surgically generated in the central corneas
of healthy beagle dogs and cultured canine allogenic MSCs were transplanted via subconjunctival injection. Although
mean healing time, the rate of epithelial regeneration, and the degree of corneal transparency were not significantly
improved after MSC transplantation, significant immune reaction or incompatibility reaction was not detected except
transient local irritation. These results propose the possibility of MSC application as a new regenerative medicine in
canine ocular disorders.
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Introduction

The cornea is composed of three compartments, the outer

epithelium, middle stroma, and inner endothelium, and the

outer epithelium are vulnerable to various type of injury [5].

Healing of the corneal epithelium proceeds through cell

migration, proliferation, and remodeling, which resemble other

epithelial healing processes [24], and epithelial cells of cor-

neo-scleral junction called limbal epithelial stem cells play a

major role in corneal reconstruction [8, 20]. But damage of

the limbal area can result to delayed or non-healing corneal

defect, which condition is called as limbal stem cell defi-

ciency [12, 19, 20]. In cases of non-healing corneal wounds,

conjunctival graft, amniotic membrane transplantation,

lamellar keratoplasty, and limbal stem cell transplantation

have been used to reconstruct corneal defect [6, 8, 13]. In

regenerative medicine, many previous studies showed that

adult mesenchymal stem cells (MSCs) could be a cellular

source for various injured tissue. In corneal injury, MSCs

have been investigated as an alternative to limbal epithelial

stem cells because of the profusion of cell source and the rel-

ative convenience of cell collection and ex vivo expansion [7,

13]. Moreover, some previous studies showed the immuno-

suppressive activity of MSCs, which might allow allogenic

and xenogenic MSC transplantation not using immunosup-

pressive treatment [15, 17]. The purpose of this study is to

investigate whether local transplantation of MSCs could

affect the corneal healing process in dogs. At that same time,

the short-term safety of subconjunctival transplantation of

allogenic MSCs is investigated by histological comparisons

of the MSC-treated corneas and the vehicle-treated corneas. 

Materials and Methods

Experimental animals

All experimental protocols for this study were approved by

the Institutional Animal Care and Use Committee of Konkuk

University (KU IACUC KU08027), and all experimental

procedures were carried out under the guidelines of the com-

mittee. Five adult female beagle dogs, aged 3~5 years and

weighing 6.9~13.1 kg, were used. The experimental dogs

were selected through ocular examination including vision

assessment, measurement of tear production and intraocular

pressure, and confirmation of corneal integrity using Fluores-

cein staining. At the end of the experiments, all experimental

animals were euthanized.

Generation of experimental corneal wound

Under general anesthesia using intravenous injection of

tiletamine-zolazepam (10 mg/kg; Virbac, France) each eyes
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of the dogs were disinfected with 0.2% povidone-iodine

solution (Sungkwang, Korea). For corneal trephination, topi-

cal 0.5% proparacaine hydrochloride (Alcon Korea, Korea)

and eyelid speculum were applied and a 6-mm diameter

biopsy punch was placed in the center of the cornea and

pressed. The depth of the incision was set to approximate the

anterior third of the cornea, the incised cornea was removed.

Following the generation of a round corneal wound, fluores-

cein staining was applied to confirm the corneal defect with-

out descemetocele (Fig. 1). This operation was performed on

both eyes of all five dogs. After surgery, analgesics using tra-

madol (5 mg/kg; Yuhan Corporation, Korea) was adminis-

tered. Topical gentamicin sulfate (Sam-il Pharm, Korea) eye

drop was given three times a day for 7 days. The time of cor-

neal ulcer generation was counted as day 0.

Subconjunctival MSC transplantation 

Canine allogenic MSCs were isolated from the bone mar-

row of healthy donor dogs and cultivated on. The procedure

is described in our previous report [10]. Briefly, isolated

canine bone marrow-derived MSCs were cultivated and pas-

sage of three to five MSCs were labeled with fluorescent dye

for cell tracing using a carboxyfluorescein diacetate-succin-

imidyl ester (CFDA-SE) cell tracer kit (Molecular Probes,

USA) according to the manufacturer’s instruction. The probe-

coated MSCs were collected and prepared to 2 × 106 MSCs

in 100 µL phosphate buffered saline (PBS) for transplanta-

tion. Twenty-four hours after corneal wound generation, the

dogs were sedated using medetomidine (400 µg/kg, IM;

Pfizer, USA). MSCs were transplanted into the right eye of

each dog via subconjunctival injection using a 25 G syringe.

The same volume of PBS was injected into the left eye as the

vehicle control. No experimental dogs received any immune-

suppressive treatment.

Clinical ocular examination 

Ocular examination of each wounded eye was performed

daily until day 10. Vision was assessed by menace reflex and

Dazzle response, and the corneal surface and anterior cham-

ber were examined under a hand-held light daily and photo-

graphed. The corneal epithelial defects were measured by

fluorescein staining, and complete epithelial healing was

determined when no fluorescein was retained on the corneal

surface. The degree of the remaining corneal opacity and the

size of the existing corneal epithelial defect were graded by a

scoring system following the method of a previous study [12]

Fig. 1. Clinical outcomes of subconjunctival injection of mesenchymal stem cells (MSC) and phosphate buffered saline in experi-

mental corneal defects on day 1 (A, E), 3 (B, F), 5 (C, G), 7 (D, H), and 24 (I, J). Control group (A-D) and MSC group (E-H) showed

no significant difference in the healing process. At the early stage of healing, the MSC group revealed characteristic conjunctival hype-

remia and focal subconjunctival swelling (F), but these signs demonstrated variance among individuals and disappeared as time passed.

Long-term clinical outcomes were evaluated on day 24, and the MSC group (J) showed more transparenency, and the area of the

remained corneal opacity was smaller than in the control group (I). No conjunctival hyperemia or subconjunctival swelling was

detected.
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with modifications (Table 1). Ophthalmic examination and

clinical scoring were performed by two blinded investigators.

Histological analysis of healed cornea

On day 10, 3 of the experimental dogs were sacrificed, and

both eyes were enucleated. The other 2 dogs were sacrificed

on day 24. The eyes were fixed in 10% neutral formalin and

dissected along the center of the corneal defects, and then

processed for histological examination. Sections of the MSC-

and PBS-treated eyes were stained with H&E stain and then

examined under a light microscope.

Tracing of injected MSCs in the ocular tissue

To determine the fate of transplanted MSCs, the unstained

sections of the MSC group were examined under a fluores-

cence microscope (BK51; Olympus, Japan). Detected fluo-

rescence positive cells were considered transplanted MSCs

pre-labeled with CFDA-SE. The examination was repeated

for the sections of the control group.

Statistical analysis

All data in this experiment were expressed as mean ± stan-

dard deviation (X ± SD). For statistical analyses, non-para-

metric tests were performed using the SPSS (ver 12.0; SPSS,

USA). Comparisons of two mean values between groups

were evaluated by the non-parametric Mann-Whitney U test.

A probability value of p < 0.05 was considered statistically

significant.

Results

Clinical evaluation of MSC transplantation in corneal

defects

All experimental dogs showed no systemic abnormality

and maintained normal food consumption and activity dur-

ing the entire experimental period. Mild ocular discharge and

squinting were observed for a few days after corneal injury

but there were no complications of corneal ulcer including

stromal melting or perforation.

On examination of corneal reepithelialization using fluo-

rescein dye, both groups showed gradual epithelial healing.

All defected corneas showed negative fluorescein stain from

day 3 to 7, and the initial thick corneal opacity of ulcerated

area became scattered. The mean healing time (MHT) was

shorter in MSC group than in control group (4.8 ± 0.98 day

vs. 5.2 ± 0.33 day), but the difference was not significant

(Table 2). The mean clinical scores of the two groups on day

3 and 7 were also not significantly different (Table 2). But,

distinctively, the upper bulbar conjunctiva of the injection

area was more hyperemic in the MSC group, and focal sub-

conjunctival swelling was observed although signs of ocular

pain or severe ocular discharge were not examined (Fig. 1F).

The degree of conjunctival hyperemia and subconjunctival

swelling was variable depending on the individuals. These

signs continued until approximately from day 7 to 9 and

gradually disappeared. On day 10, only two eyes in MSC

group showed focal subconjunctival swelling and hyperemia

on the MSC injection site of the conjunctiva. The signs of the

other three dogs had completely vanished. Although the

MHT was not different between groups, the other two dogs

were monitored for more than 2 weeks, and ocular examina-

tion was done by day 24. On day 24, all of the eyes showed

no significant abnormality. Grossly, the corneas of MSC

group showed more transparent that those of control group.

The degree of the remaining corneal opacity was also higher

in control group than in MSC group (Fig. 1).

Histological comparison of healed corneas between

groups 

On day 10, complete epithelial regeneration with hyper-

plastic reepithelialization in the ulcerated corneas was dem-

onstrated in both groups. Arrangement of the corneal stroma

was somewhat disturbed but the evidence of inflammation or

corneal neovascularization was not examined (Figs. 2A and

B). Subconjunctival space of the MSC group where abnor-

mal focal swelling was detected demonstrated a focal area of

Table 1. The clinical scoring system for corneal ulcer healing used in the experiment 

Score Corneal transparency Size of corneal epithelial defect

0 Totally clear No fluorescein uptake

1 Trace or faint corneal haze < 25% fluorescein stain of original wound

2 Mild haze of minimal density 25~50% fluorescein stain of original wound

3 Moderately dense opacity partially obscuring inner ocular structure 50~75% fluorescein stain of original wound

4 Severely dense opacity completely obscuring inner ocular structure > 75% fluorescein stain of original wound

Table 2. Comparison of mean healing time and clinical score of
MSC- and PBS-treated corneas 

Control

group

MSC

group

Mean healing time (day)* 5.2 ± 0.33 4.8 ± 0.98

Clinical score at day 3†,§ 3.4 ± 1.02 3.2 ± 1.17

Clinical score at day 7†,‡ 1.4 ± 0.49 1.6 ± 0.49

All results are mean ± SD. *Mean healing time means the day of
the negative fluorescein stain of the cornea. †A clinical score of 0
means complete corneal transparency and complete epithelial heal-
ing. §Day 3 is the time of the fastest complete reepithelialization in
one experimental dog. ‡Day 7 is the time of complete healing of all
experimental corneal ulcers. MSC: mesenchymal stem cells, PBS:
phosphate buffered saline.
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variable increase in cellularity compared to other subconjunc-

tival areas (Figs. 2C and D). This change was not observed in

the control group. The degree of cellular infiltration varied

among individual eyes. On day 24, the hyperplastic regener-

ated corneal epithelium became thinner in each group, and

the histological morphology was similar in both groups (Figs.

2E and F). The increased cellular component of the MSC

group disappeared, and the subconjunctival space of the

groups showed no histological difference (Figs. 2G and H).

Fig. 2. Histological comparison of healed corneal defects on day 10 and 24. The healed corneas on day 10 of the MSC group (A)

and the control group (B) showed epithelial hyperplasia and increased keratocytes, but there was no significant. (C) Subconjunctival

space of the MSC group on day 10 demonstrated varied degrees of increased cellularity. (D) Higher magnification of the area of

increased cell density. (E) The healed corneas on day 24 of MSC group and control group (F). The thickness of the hyperplastic cor-

neal epithelium became thinner compared to that of day 10. Loss of keratocytes was revealed, and those changes were identical in

both groups. (G) Subconjunctival space of the MSC group on day 24. (H) higher magnification of the boxed area. Cellular infiltration

was not detected, and there was no difference between the two groups. A, B, F: ×100; C and G: ×200; D and H: ×400.

Fig. 3. Detection of transplanted MSCs in the ocular tissue. On day 10, a small number of CFDA-SE labeled cells were detected in

the MSC group as fluorescent positive cell morphology only in the subconjunctival area (A). Fluorescent positive cells were not

detected in the corneal area. The control group showed no positive signal (B). On day 24, the positive cells had almost completely

disappeared in the MSC group (C), and no cells were detected in the corneal epithelium and stroma, either. Sections of the control

group also showed no positive cells both on day 10 and 24 (D). Scale bars = 50 µm.
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Engraftment of transplanted MSCs after SCI

On day 10, fluorescent positive cells were detected in the

MSC group in the area of the subconjunctival space. But the

number of labeled cells was minimal, and the cells were not

detected in the corneal epithelium or stroma. On day 24, the

remaining fluorescent positive cells were seldom detected in

subconjunctival area and there were no fluorescent positive

cells in corneal epithelium (Fig. 3).

Discussion

The cornea is the one of the surface organs prone to dam-

age by various outer pathogens. However, investigations

regarding MSC transplantation in wounded corneas are rela-

tively limited compared to other organ damage. When the

cornea is injured, many cases are healed without complica-

tions such as neovascularization and conjunctivalization [1].

But too much destruction of cornea could result in delayed or

incomplete healing or loss of transparency, thereby requiring

additional therapeutic strategy [1, 12]. In veterinary practice,

surgical repair of broad or deep corneal defects including

corneal perforation and melting ulcer is accomplished by

conjunctival graft or amniotic membrane and mucosal mem-

brane transplantation [6, 21]. But post-operative inflamma-

tion and resulting scar formation or corneal neovasculari-

zation are remained unsolved [22]. At this point, the regener-

ative ability of MSCs attracted notice, and a few investiga-

tors started to investigate MSC transplantation as an alternative

source of bioengineering for reconstruction of damaged cor-

neas.

In the present study, MSCs showed no significant positive

effect in non-complicated surgical corneal wound healing.

The rate of corneal reepithelialization and recovery of cor-

neal transparency was not significantly different between

MSC group and control group. A healthy cornea has excel-

lent self-renewal activity, and in normal conditions, damaged

corneal epithelium is healed by reepithelialization. A previ-

ous study suggested that wound healing in normal tissue

might proceed at a maximal rate, therefore MSCs might not

demonstrate significant effects on the preexisting optimal

healing process [3]. The results of this experiment also sug-

gested a similar proposal, and this assumption is supported

by the previous results that systemically transplanted MSCs

showed greater mobilization and engraft into wound sites in

animals that had poorer tissue resident stem cells than

healthy animals, and the promoting effects of MSCs were

distinct in diabetic animals but not in normal animals [2, 3,

14]. From the same point of view, this experiment revealed a

considerable difference among individual experimental dogs;

this might be due to the difference in the capacity of their

own healing apparatus and tissue resident stem cells.

Meanwhile, this study showed the possibility of the sub-

conjunctival allogenic MSC injection in the short run. Sub-

conjunctival injection is an effective route of intraocular drug

delivery, and several studies have used the subconjunctival

route for transplantation of autologous blood cells, fibro-

blasts, and xenogenic neural progenitor cells without compli-

cations [9, 11]. In this experiment, injection of MSCs into the

subconjunctival space induced local stimulation such as con-

junctival hyperemia and focal subconjunctival swelling in the

early stage. Histological evidence of cellular infiltration was

detected; thus, the potential risk of granuloma formation was

not excluded. But, until day 10, the signs of local irritation

were gradually disappeared and post-injectional granuloma

did not observed. On cell tracing, fluorescent positive MSCs

were rapidly disappeared and little detected on day 24. As a

result, the histological comparison of the MSC-injected con-

junctiva and the PBS-injected conjunctiva showed no differ-

ence, and there were no signs of abnormal immune reaction

and inflammatory infiltration. In contrast, previously the

development of an immune response to transplanted allo-

genic MSCs in swine has been reported [18], and the occur-

rence of inflammatory pseudotumor post-hematopoietic stem

cell transplantation has rarely been reported in human

patients [4]. The present study demonstrated that subconjunc-

tival injection of MSCs did not provoke severe systemic

immune response and local glanuloma formation thus sub-

conjunctival injection might be convenient and safer route

for MSC transplantation than systemic injection in ocular

diseases.

This study failed to demonstrate the engraftment of trans-

planted MSCs. On day 10, pre-labeled cells were sparsely

detected in the conjunctival region, but fluorescent positive

cells were not detected in the corneal epithelium, stroma, or

endothelium. Moreover, as time passed, the detected cells

were disappeared even in the conjunctival region. This result

suggested that subconjunctivally injected MSCs did not

migrate to the wounded cornea and removed by unknown

mechanism. In contrast, other studies about MSC transplanta-

tion in the wounded cornea using direct application to the

wounded corneal epithelium and systemic injection showed

engraftment of transplanted MSCs in the cornea [16, 23].

The difference may be due to the route of transplantation.

But in the previous studies, the engrafted MSCs failed to

transdifferentiate into corneal epithelial cells, and therapeutic

effects of MSCs through paracrine effects of MSCs were

suggested, which suppress inflammation and inhibit angio-

genesis [13, 16]. In this study, neither migration of trans-

planted MSCs nor differentiation was detected. Thus, the

authors propose that subconjunctivally transplanted MSCs

may contribute the corneal epithelial healing process via

paracrine action although transplanted MSCs fail to migrate

and were short-lived. The exact mechanism of action and the

final fate of transplanted MSCs have still not been fully clar-

ified. Further investigations are essential prior to the applica-

tion of allogenic MSCs in practical cases.
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