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Keratinocyte growth factor-2 and autologous serum
potentiate the regenerative effect of mesenchymal
stem cells in cornea damage in rats
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Abstract
·AIM: To investigate the healing process after severe
corneal epithelial damage in rats treated with
mesenchymal stem cells (MSCs) cultured with or without
keratinocyte growth factor (KGF -2) and autologous
serum (AS) on amniotic membrane (AM). Many patients
are blind and devastated by severe ocular surface
diseases due to limbal stem cell deficiency. Bone
marrow -derived MSCs are potential sources for cell -
based tissue engineering to repair or replace the corneal
tissue, having the potential to differentiate to epithelial
cells.

· METHODS: The study included 5 groups each
including 10 female "Sprague Dawley" rats in addition to
20 male rats used as bone marrow donors. Group I rats
received AM +MSCs, Group II rats AM +MSCs cultured
with KGF-2, Group III rats AM+MSCs cultured with KGF-
2+AS, Group IV rats only AM and Group V rats, none. AS
was derived from blood drawn from male rats and bone
marrow was obtained from the femur and tibia bones of
the same animals. Therapeutic effect was evaluated with
clinical, histopathological and immunohistochemical
assessment. MSC engraftment was demonstrated
detection of donor genotype (Y+) in the recipient tissue
(X) with polymerase chain reaction.

·RESULTS: Corneal healing was significantly better in
Groups I -III rats treated with MSC transplantation
compared to Group IV and Group V rats with supportive
treatment only. The best results were obtained in Group
III rats with 90% transparency, 70% lack of
neovascularization, and 100% epithelium damage limited
to less than 1/4 of cornea.

·CONCLUSION: We suggest that culture of MSCs with
KGF -2 and AS on AM is effective in corneal repair in
case of irreversible damage to limbal stem cells.

·KEYWORDS: corneal wound healing; mesenchymal stem
cells; keratinocyte growth factor-2; autologous serum;
amniotic membrane
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INTRODUCTION

M any patients are blind and devastated by severe ocular
surface diseases due to limbal stem cell (LSC)

deficiency. Several pathological conditions such as chemical
or thermal injury, Stevens-Johnson syndrome, contact
lens-induced kerathopathy, genetic disease of aniridia, and
multiple endocrine deficiency-associated keratitis can lead to
LSC deficiency. Bone marrow-derived mesenchymal stem
cells (MSCs) are potential sources for cell-based tissue
engineering to repair or replace the corneal tissue because
they are easily obtained and propagated in large amounts in
culture with self-renewal capacity and plasticity, having the
potential to differentiate to epithelial cells[1-3].
Corneal alkali burns can cause stem cell loss and subsequent
epithelial erosion, ulceration, stromal inflammation and
neovascularization. In severe injury, both corneal limbus and
central epithelia can be destructed, accompanied by the
invasion of the corneal surface by conjunctival epithelial
cells, resulting in abnormal conjunctivalization and
permanent visual impairment [4,5]. Amniotic membrane (AM)
transplantation can serve as substrate for LSCs depending on
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their presence remaining on the corneal surface. Although
AM transplantation is proven to be effective in promoting
re-epithelization and reducing inflammation, it does not alone
suppress neovascularization and conjunctivalization in
complete LSC deficiency. When limbal deficiency is total
and diffuse, allograft limbal transplantation needs to be
performed [6,7]. LSCs cultured on AM can effectively
reconstruct the injured corneal surface[6-8].
Adult MSCs isolated from bone marrow are multipotent cells
that are able to differentiate into a number of mesenchymal
phenotypes of various tissues and have earned considerable
clinical attention in regenerative medicine due to their
plasticity. MSCs lack tissue-specific characteristics but under
the influence of appropriate signals can differentiate into
specialized cells with a phenotype distinct from that of
precursor [9]. Furthermore, MSCs secrete large quantities of
bioactive factors that are both immunomodulatory and
trophic, inhibiting ischemia-caused apoptosis and scarring
while stimulating angiogenesis[10,11].
Autologous serum (AS) and keratinocyte growth factor
(KGF) are effective agents in the development of epithelial
tissue and regeneration during corneal damage repair[12,13]. The
paracrine interaction of two fibroblast-derived epithelial
mitogens, hepatocyte growth factor (HGF) and KGF is
well-known in cornea: KGF and HGF are expressed
differentially by limbal and corneal fibroblasts and are
modulated by cytokines, suggesting their roles in modulating
corneal epithelial stem cells and transient amplifying cells [14].
KGF-2 (FGF-10) -a member of the FGF family- is produced
by mesenchymal tissues, induces the proliferation of
epithelial cells, and plays a role in the regeneration of the
damaged epithelial tissue [13,15]. Based on these data, it can be
hypothesized that KGF-2 may contribute to the corneal
epithelial healing provided by MSCs.
The aim of this study was to investigate the healing process
after total corneal epithelial damage in rats treated with bone
marrow derived MSCs, KGF-2, AS, and AM.
MATERIALS AND METHODS
This study was prospectively designed in the Department of
Medical Biology and Genetics, Ondokuz Mayis University,
Faculty of Medicine. The study was approved by the Human
and Animal Research Ethics Committee of the University.
All animal procedures were conducted in accordance with
the NIH Guide for the Care and Use of Laboratory animals
with a protocol approved by the Institutional Animal Ethic
Committee of Ondokuz Mayis University. The pathological,
molecular and ocular assessments were blindly performed by
two different investigator groups.
Materials The study included 5 groups each including 10
female "Sprague Dawley" rats with additional 20 male rats to
be used as bone marrow donors. Group I rats received
AM+MSCs, Group II rats AM+MSCs cultured with KGF-2,

Group III rats AM+MSCs cultured with KGF-2+AS, Group
IV rats only AM and Group V rats no treatment other than
antibiotics and corticosteroids.
Methods
Preparation of human amniotic membrane and
derivation of mesenchymal stem cells, and autologous
serum AM was obtained at the time of cesarean sectioning
from voluntary pregnant women with female fetuses, who
gave consent for the process. The AMs were washed with
phosphate-buffered saline containing penicillin and
streptomycin and stored at -80℃ in low-glucose (1 g/L)
Dulbeccos's modified Eagle's medium (DMEM-LG/Biological
Industry) including 50% glycerol after separation of
epithelium and basement membrane from bulk tissues[1,4].
AS was derived from blood drawn from anesthetized male
rats by external intracardiac puncture. In addition, bone
marrow was drawn from the femur and tibia bones of the
same animals and mononuclear cells were separated by the
density gradient method [1]. Mononuclear cells collected from
the interphase were identified with flow cytometry
[FACSCalibur TM (Becton, Dickinson and Company,
Vancouver, Canada)] using the hematopoietic and
mesenchymal stem cell determinants [CD11b/c (+), CD45
(+), CD90 (-), CD106 (-), CD44 (-) (BD Pharmingen, San
Diego, USA)]. Identified cells were cultivated on 25-cm2-
T25- tissue culture plate with a concentration of 106/mL with
MSC medium (200mL/LFBS, 100 U/mL penicillin, 100 Ug/mL
streptomycin and 20 mL/L L-Glutamin added into 5 mL
DMEM-LG). Then the cell culture plates were incubated at
37℃ with 50 mL/L CO2 in a humidified atmosphere of 95%
air. The medium was changed daily for 3d and every 3-4d
afterward during incubation. The cells were propagated with
subcultures after colony forming unit fibroblasts (CFU-F)
became visible (Figure 1). Some of the MSCs produced were
suspended and were identified once more with flow
cytometry using bone marrow derived hematopoietic and
mesenchymal stem cell surface determinants [CD11b/c (-),

Figure 1 Colony forming unit fibroblasts (CFU-Fs -arrows)
on 14d of bone marrow cultivation (inverted microscope,
zeiss-axiovert 伊40) bar 100 滋m.
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Figure 2 Steps of MSCs preparation on AM A: AM in cell culture plate as discs; B: Empty AM (zeiss-axiovert 伊40) bar 100 滋m;
C: Colony forming unit-fibroblasts (CFU-F) on AM at 7d (arrow) (zeiss-axiovert 伊40) bar 100 滋m; D: The beginning of partial epithelial
formation of MSCs cultured with KGF-2 in Groups II and III (arrows) (zeiss-axiovert 伊400) bar 100 滋m.

Figure 3 Section staining with H&E and immunohistochemical staining in induced (with KGF-2 and AS) MSCs on denuded AM
transplanted on Group III (light microscope, olympus BX51) A: Induced MSCs stratified into multilayer structure on AM, H&E (伊100)
bar 200 滋m; B: Cytokeratin 19 positivity (伊200) bar 200 滋m; C: Cytokeratin 19 positivity (伊1000) bar 50 滋m. D: Pancytokeratin positivity
(伊200) bar 100 滋m.

CD45 (-), CD90 (+), CD106 (+), CD44(+)]. Before use, AM
was pretreated with 0.25% trypsin in 0.02% EDTA for
15-30min to remove the amniotic epithelium. The denuded
AM was prepared as discs with 1.2 cm diameters which were
placed into the cell culture plates. Cells were then plated at a
density of 1伊105 cells/cm2 on AM with MSC medium (200
mL/L FBS, 100 U/mL penicillin 100 Ug/mL streptomycin
and 20 mL/L L-Glutamin added into 5 mL DMEM-LG).
Then the cell culture plates were expanded until 90%
confluence at 37℃ with 50 mL/L CO2 in a humidified
atmosphere of 95% air. The medium was changed every
3-4d. The membranes were separated into 3 groups after 1wk
incubation. These Groups I, II and III consisted of MSCs
seeded on denuded AMs incubated with previously described
medium for 3wk. Groups II and III membranes included
additionally 1 滋g/mL KGF-2 only and 1 滋g/mL KGF-2+20
mL/L autologous serum, respectively. The KGF-2 used in the
study is recombinant human KGF-2 (Bioscience, Germany).
Group IV consisted of AMs only, without any intervention or
MSCs. In Groups II and III, it was observed that MSCs on
amnion discs started to show epitheloid formation in invert
microscope. The steps of MSCs on AM are shown in
Figure 2.
Cell viability analysis Induced (with KGF-2) mesencyhmal
stem cells on the amnion membran were rinsed 3 times,
incubated in 2.4 U/mL Dispase II (Roche, Indianapolis, IN,
USA) in DMEM for 2h at 37℃ . The induced MSCs were
removed under a dissecting microscope and treated with
0.25% trypsin+0.02% EDTA for 15-30min at 37℃ . Single
cell suspensions were stained with 0.4% trypan blue for the
quantification of cell viability with the Countess Automated

Cell Counter (Invitrogen). Cell viability was found to be 85%.
Morphological analysis of cell culture on denuded
amniotic membrane Human AMs were treated with 0.25%
trypsin+0.02% EDTA at 37℃ for 15-30min and scraped
gently with a cell scraper (Nunc International, Rochester,
NY, USA) to remove their amniotic epithelial cells. MSC
single-cell suspensions were seeded on the denuded AM at a
density of 1伊105 cells/cm2 in T25 well plate. The cells were
cultured with previously described medium until confluence
(21d) and fixed and sectioned for H&E an immun staining
with pancytokeratin (Klon AE1/AE3, LabVision) and
cytokeratin K19 (Klon Ks19.1, LabVision) (Figure 3).
Injury of rat corneas, transplantation of amniotic
membrane and mesenchymal stem cells The corneas of
female rats were injured by 1 mol/L NaOH during 30s using
a method modified from Ma [1]. Anesthesia was induced
with intramuscular injections of ketamine hydrochloride,
50 mg/kg and xylazine, 10 mg/kg. Proparacaine hydrochloride,
0.5% was used for topical anesthesia and a wire lid speculum
was inserted in the right eye. Eight millimeter Whatman #3
filter paper discs were soaked for 10-20s in 1 mol/L NaOH
solution. The discs were drained, and excess moisture
absorbed on tissue paper, with reproducible wetting of 依5%
by weight. The alkali-soaked discs were applied to the central
cornea and limbus and held gently in position with forceps
for 30s. The cornea was finally irrigated over 20s with 15 mL
saline. The remaining limbus and central epithelial region
was surgically debrided. The rats were followed up for
corneal epithelial defect. Four rats with infection, hyphema,
corneal fistula, phthisis or hypopion of the injured eye were
excluded from the study. After the documentation that there
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is no healing on the corneas over a week, the rats were
divided to five groups for different regimes of treatment. In
each group, the eyes were treated with gentamicin and
dexamethazone q.i.d during 4wk. The groups were as
follows:
Group I: MSC cultured on AM
Group II: MSC cultured with KGF-2 on AM
Group III: MSC cultured with KGF-2 and AS on AM
Group IV: AM alone
Group V: No intervention (control group)
The pre-prepared AMs were transplanted to the cornea and
limbus of 10 female rats (Group IV) and temporal
blepharoraphy was performed with 4/0 nylon suture. After
14d, the transplanted AMs were removed and the corneas
were washed with an abundant amount of saline in order to
wash out the non-implanted cells, if there is any. After 24h,
the rats were examined under white light for corneal
clarification and neovascularization; and under blue light
with diluted fluoroescein solution to determine epithelial
defects. Then the rats were sacrificed and their cornea layer
was excised and divided into two parts: one for
histopathological examination and the other for DNA
extraction to detect stem or epithelial cells of male origin.
For Groups I-III, MSCs were inoculated on the AM to yield a
cell distribution of 1伊105 cells/cm2 at the time of corneal burn,
and were incubated for 3wk. The membranes were
transplanted to Groups I, II and III rats when the incubation
period was over. While the MSC medium included no
supplement in Group I rats, it included 1 滋g/mL KGF-2 in
Group II rats and an additional 20 mL AS in Group III rats.
After the transplantation, Groups I-III rats were subject to the
processes described above for Group IV. Group V rats had no
intervention other than gentamicin and dexamethazone.
Parameters assessed under blue light with diluted
topical fluoroescein The therapeutic effect of each
treatment regimen was evaluated based on transparency,
neovascularization, and epithelial integrity, according to the
method used by Ma [1]. Corneal transparency was
categorized as: 1) completely transparent; 2) iris blurred; 3)
Pupil could not be visualized. The assessment of
neovascularization was performed as follows: 1) No
neovascularization; 2) neovascularization detected within 2
mm of the limbus; 3) neovascularization extending to >2 mm
of limbus. The integrity of corneal epithelial cells was
checked under blue light after a drop of fluoroescein and the
extent of damage was classified as: 1) less than 1/4 of the
cornea; 2) between 1/4 and 1/2 of the cornea; 3) more than
1/2 of the cornea.
Histopathological and immunohistochemical assessment
The collected corneas were fixed with 4% formaldehyde after
sampling for DNA extraction and embedded in paraffin
blocks for histopathological and immunohistochemical

assessment. The slides were refixed, washed and stained with
hematoxylin and eosin (H&E) and examined with Leica
HMLB45 (Leica, Germany) light microscope. The corneal
epithelium status was classified as follows: 1) completely
intact epithelium; 2) epithelium damage <50%; 3) epithelium
damage >50% as described by Ma [1].
For immunohistochemical staining, the tissues were fixed for
24h with buffered neutral formalin 10% before the
preparation of paraffin-embedded serial sectioning at 4 滋m.
Paraffin sections were deparaffinized, rehydrated, dipped in
3% hydrogen peroxide solution for 10min, and then
processed with a labelled streptavidin-biotin kit (DAKO,
Carpinteria, USA). Antibodies examined included
pancytokeratin (Klon AE1/AE3, LabVision) and cytokeratin
K19 (Klon Ks19.1, LabVision). The slides were boiled in
10 mmol/L sodium citrate buffer pH 6.0 then maintained at a
sub-boiling temperature for 10min and cooled on bench top
for 30min. Unfortunately, the cytokeratin K14 (Klon Ks14.1,
LabVision) couldn't be worked out despite performing
appropriate antibody diluent and antigen unmasking
procedures according to the data sheet.
The 3,3'-diaminobenzidine (DAB) kit (DAKO, Carpinteria,
USA) were used for colorizing agent. Finally the slides were
stained with Mayer hematoxylin for 60s. The slides were
washed with buffer phosphate pH 7.6 in all steps until DAB
process and with distilled water thereafter. All procedures
were performed in room temperature. The results were
assessed with Leica HMLB45 (Leica, Germany) light
microscopy.
DNA isolation and detection of gene The genomic
DNA was obtained from corneal tissue with DNA DNeasy
kit- FavorPrep (Favorgen, Vienna, Austria). The gene
presence on the Y chromosome in corneas of the recipient
female rats was checked with polymerase chain reaction
(PCR). The DNA presences in all tissues were assessed with
a house-keeping gene, , as internal control. The
primary sequences of and genes were
determined according to the methods of Ise [16] and
Bryja and Konecny [17]. Rat gene PCR was performed
using the primers (sense 5'-CAGAGATCAGCAAG
CATCTGG-3'; antisense 5'-TCTGGTTCTTGGAGGACTG
G-3') with 5min initial denaturation at 95℃ followed by 37
cycles of denaturationat 94℃ for 30s, 57℃ for 30s, and
72℃ for 1min at thermal cycling. The rat gene was
performed using the primers (sense 5'-AGAGAAG
CTGTGCTATGTTG3'; anti-sense 5'-GTACTCCTGCTTGC
TGATCC-3') with 5min initial denaturation at 95℃ followed
by 37 cycles of denaturationat 94℃ for 30s, 57℃ for 30s,
and 72℃ for 1min at thermal cycling. The gene
product of 288 base pairs and the gene product of
488 base pairs were therefore amplified. The amplification
reaction was performed in 25 滋L total volume , adding
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1伊reaction buffer [10 mmol/L Tris-HCl (pH 8.3), 50 mmol/L
KCl, 0.001% gelatin], 3.0 mmol/L MgCl2, 200 滋m dNTP
mixture, 0.2 滋m primary, 0.15 滋m primary,
200 ng genomic DNA and 1.5 unit Taq polymerase. The
mixture was electrophoresed at 2% micropore Nu gel
electrophoresis and gels were stained with ethidium bromide.
The pUC19/MspII was used as DNA marker. The analyses of
the samples which are not positive for gene despite
transplantation of MSCs obtained from male rats were
performed three times. Each analysis was done with positive
(DNA from healthy male rat cornea) and negative controls.
Statistical Analysis Statistical analyses were performed
using SPSS version 18.0. All data were shown as frequency
and percentage. Chi-square tests were used for all
comparisons that are corneal transparency, neovascularization,

fluorescein staining, H&E staining, limbal K19 (+),
gene (+), corneal K19 (+) and conjunctival K19 (+). <0.05
was accepted as statistically significant in comparisons.
RESULTS
The therapeutic effect was evaluated based on transparency,
lack of neovascularization and epithelial integrity. The
presence of epithelium on the corneal surface was
demonstrated with pancytokeratin positivity. Pancytokeratin
was found to be negative in rats with severe corneal damage
or eye phthisis. The results obtained in the Groups I-V rats
were given in Table 1. The corneas of the rats in Groups I, II
and III (groups with MSCs transplantation) showed
significantly more transparency with less epithelium damage
and less neovascularization compared to the corneas of the
Groups IV and V (groups without MSCs transplantation)

Table 1 Results of the parameters assessed in Groups I-V rats                                                 n=10 (%) 

Parameters Group I 
AM+MSC 

Group II AM+ 
MSC +KGF-2 

Group III AM+MSC 
+KGF-2+AS 

Group IV 
AM 

Group V None 
(control) 

Corneal transparency      
Completely transparent 5 (50) 7 (70) 9 (90) 1 (10) 0 (0) 
Iris blurred 1 (10) 2 (20) 1 (10) 2 (20) 0 (0) 
Pupil could not be visualized 4 (40) 1 (10) 0 (0) 5 (50) 6 (60) 
N/A due to phthisis 0 (0) 0 (0) 0 (0) 2 (20) 4 (40) 

Neovascularization      
None 4 (40) 7 (70) 7 (70) 1 (10) 0 (0) 
Within 2 mm of limbus 2 (20) 2 (20) 3 (30) 2 (20) 0 (0) 
Over 2 mm from the limbus 4 (40) 1 (10) 0 (0) 5 (50) 6 (60) 
N/A due to phthisis 0 (0) 0 (0) 0 (0) 2 (20) 4 (40) 

Epithelium damage with fluorescein stain      
<1/4 of cornea 8 (80) 8 (80) 10 (100) 1 (10) 0 (0) 
1/4-1/2 of cornea 1 (10) 1 (10) 0 (0) 2 (20) 0 (0) 
>1/2 of cornea 1 (10) 1 (10) 0 (0) 5 (50) 6 (60) 
N/A due to phthisis 0 (0) 0 (0) 0 (0) 2 (20) 4 (40) 

Epithelium damage with H&E stain       
None 8 (80) 8 (80) 10 (100) 1 (10) 0 (0) 
Epithelium loss <50% 1 (10) 1 (10) 0 (0) 2 (20) 0 (0) 
Epithelium loss >50% 1 (10) 1 (10) 0 (0) 5 (50) 6 (60) 
N/A due to phthisis 0 (0) 0 (0) 0 (0) 2 (20) 4 (40) 

Corneal immunohistochemistry K19      
Negative 7 (70) 9 (90) 9 (90) 8 (80) 6 (60) 
Positive 3 (30) 1 (10) 1 (10) 0 (0) 0 (0) 
N/A due to phthisis 0 (0) 0 (0) 0 (0) 2 (20) 4 (40) 

Limbal immunohistochemistry K19      
Negative 1 (10) 1 (10) 0 (0) 7 (70) 6 (60) 
Positive 9 (90) 9 (90) 10 (100) 1 (10) 0 (0) 
N/A due to phthisis 0 (0) 0 (0) 0 (0) 2 (20) 4 (40) 

SRY gene status      
Negative 1 (10) 1 (10) 0 (0) 8 (80) 6 (60) 
Positive 9 (90) 9 (90) 10 (100) 0 (0) 0 (0) 
N/A due to phthisis 0 (0) 0 (0) 0 (0) 2 (20) 4 (40) 

AM: Amniotic membrane; MSC: Mesenchymal stem cell; KGF-2: Keratinocyte growth factor-2; AS: Autologous serum; H&E: 
Hematoxylin-eosin. 
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( <0.05) (Figures 4-6). Furthermore, there was no rat with
eye phthisis in these groups with MSC transplantation
whereas 2 rats in Group IV and 4 rats in Group V developed
eye phthisis. There was no rat healed in Group V and only
one rat showed completely transparent iris with limbal K19
positivity in Group IV. When the MSCs transplanted groups
were compared with each other, there was also significant
difference between Group I, Group II and Group III for the
transparency and neovascularization( 2 =10.1818, =0.037)
whereas it is concluded that there is no significant difference
between these groups for epithelium damage ( 2=0.6243,

=0.7319). The best results were obtained in Group III rats
with 90% transparency, 70% lack of neovascularization, and
100% epithelium damage limited to less than 1/4 of cornea.
In our study, the 288 base pair gene and 488 base pair

gene (internal control) was positive with PCR in the
corneal tissue in all female rats with MSCs transplantation
except two rats (one in Group I, the other in Group II). In
Group IV rats treated with AM only and Group V rats
(control) both without MSCs transplantation, only 488 base
pair gene was positive with PCR. Limbal K19 status
was determined for the appearance of undifferentiated
epithelium in rats with excised limbus. Except for two rats
described above, limbal epithelium K19 was positive in all
rats treated with MSCs while it was negative in rats with AM
only and in controls.
The images of corneas with fluorescein staining under blue
light after transplantation in different groups are shown in
Figure 7. The histopathological and immunohistochemical
findings of damaged and repaired corneas are shown in
Figure 8. The PCR findings showing chimerism are given in
Figure 9.
DISCUSSION
In cases with severe permanent cornea damage,
allo-transplantation and auto-transplantation of LSCs are
applied to restore ocular surface integrity. The difficulties
met with allo- and auto-transplantation cases led to search for
other cell sources than LSCs [18-20]. Bone marrow-derived
MSCs are multipotent adult stem cells that have the potential
to differentiate not only to lineages of mesenchymal tissues,
but also to cells with visceral mesoderm, neuroectoderm and
endoderm characteristics including retinal neuronal cells and
corneal cells [2,9,21-24]. In our research, we have considered
MSCs as a potential source for ocular surface reconstruction
because they are readily isolated and relatively easily
expanded, proliferate extensively without loss of
differentiation capacity, and have the potential to differentiate
into epithelial cells.
Keratins (cytokeratins and hair keratins) are a family of
cytoskeletal component proteins of epithelial cells. Yoshida

[25] investigated the expression pattern of cytokeratins

Figure 6 Bar chart showing epithelium damage with H&E and
fluoroescein in Groups I -V rats The corneas of the rats in
Groups I, II and III (groups with MSCs transplantation) showed
significantly less epithelium damage compared to the corneas of the
Groups IV and V (groups without MSCs transplantation) ( =10)
(a <0.05).

Figure 4 Bar chart showing corneal transparency in Groups
I -V rats The corneas of the rats in Groups I, II and III (groups
with MSCs transplantation) showed significantly more transparency
compared to the corneas of the Groups IV and V (groups without
MSCs transplantation) ( =10) (a <0.05).

Figure 5 Bar chart showing neovascularization in Groups I-V
rats The corneas of the rats in Groups I, II and III (groups with
MSCs transplantation) showed significantly less neovascularization
compared to the corneas of the Groups IV and V (groups without
MSCs transplantation) ( =10) (a <0.05).
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Figure 7 Images of corneas with fluorescein staining after transplantation A: Group I, partial epithelium reconstruction; B: Group III,
complete healing with intact epithelium; C: Macroscopic appearance of the undamaged cornea (above) and Group III
(AM+MSCs+KGF-2+AS) cornea with complete healing (below); D: Group IV, showing total epithelium damage and neovascularization.

Figure 8 Histopathological and immunohistochemical images of the cornea epithelium (light microscope, Leica HMLB45, Leica,
Germany) A: H&E staining of the damaged cornea epithelium bar 100 滋m (伊4); B: Group III Rat: H&E staining of the repaired cornea
epithelium bar 100 滋m (伊10); C: Group IV rat: Limbal K19 (-) immunohistochemical staining of the unrecovered limbal epithelium (arrow)
bar 100 滋m (伊20); D: Group II rat: Limbal K19 (+) immunohistochemical staining of the repaired limbal. epithelium with induced MSC (with
KGF-2) transplantation (arrow) bar 100 滋m (伊40).

K15, K19, K14, and K12 in human and mouse ocular surface
epithelium as putative markers of epithelial phenotype. In
their study, conjunctival epithelium was found to be K15 (+),
K19 (+), K12 (-); limbal epithelium K15 (+), K19 (+), K12
(+); and central corneal epithelium K15 (-), K19 (-), K12 (+)
in rats. Both K15 and K19 can be used to demonstrate
conjunctivalized epithelium in rats as they were not
expressed in centralized corneal epithelium. We also
demonstrated limbal K19 positivity and squamous
non-keratinized 5 layers epithelium of the corneal epithelium
in H&E stains, especially in Group III.
There are currently few studies in the literature about MSCs
transplantation in severe cornea damage [1,2,26]. Ma [1]

transplanted human MSCs from healthy donors, human
limbal stem cells and human fibroblasts after growth and
expansion on AM into three separate groups of rat corneas 7d
after chemical burns. However, they could detect neither
human cytokeratin 3 nor human pancytokeratin in the rat
eyes transplanted with human MSCs and speculated that the
therapeutic effect did not come from epithelial differentiation
of MSCs but may be a result of inhibition of
neovascularization and inflammation. Ye [2] also
showed that bone marrow-derived MSCs can engraft to
injured cornea after alkali burn to promote wound healing by
differentiation, proliferation, and synergizing with
hematopoietic stem cells in rabbits with normal bone marrow
function. They stated that tissue injury-induced homing of
systemically transplanted MSCs to particular sites with
subsequent differentiation in response to local tissue
microenvironment promotes wound healing. Oh [26]

stated that anti-inflammatory and anti-angiogenic actions of
MSCs might be mediated through paracrine pathways
involving soluble factors such as IL-10, TGF-茁1, IL-6 and
TSP-1. The main difference of our work from these studies is
the use of KGF-2 and autologous serum investigating the
contribution of these substances to corneal healing process.
The data showing stem cell engraftment in direct local
transplantation can be obtained detection of donor
genotype (Y+) in the recipient tissue (X) with PCR, FISH or
immunohistochemical staining[27]. It is possible to detect 1 ng

Figure 9 PCR image showing chimerism. [M (pUC19)] in
wells 1, 3, 5 and 6; no chimerism in 2nd well; positive and
negative controls in 7th and 8th wells, respectively.
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male DNA (0.1%) in 1 滋g female DNA and 0.01% male cell
(1:10 000) in male/female mixture with PCR[21]. In our study,
we used the multiplex PCR method based on previous studies
to detect transplanted bone marrow-derived MSCs of male
rats in the female rat corneas [16,27-30]. The gene obtained
from the corneal tissue DNA was negative in two rats with
MSCs transplantation (one in Group I, the other in Group II)
and without cornea recovery, suggesting the failure of MSCs
engraftment. This failure may be related to MSCs death due
to inappropriate environmental conditions or to wash out of
MSCs with eye secretion as well as the lack of AS resulting
insufficient cell proliferation on AM. The 288 base pair
gene was positive with PCR in the corneal tissue of all
recovered female rats and only 488 base pair gene
(internal control) was positive with PCR in Group IV and
Group V rats both without MSCs transplantation. Also,
limbal epithelium K19 was positive in all recovered rats
treated with MSCs while it was negative in rats with AM
only and in controls. Based on these findings, we suggest that
MSCs transplantation with or without KGF-2 and AS was
successful and seriously contributed to the healing of Groups
I-III rats.
The role of human AM to support the expansion of limbal
epithelial cells can be related to its content of growth factors
(NGF, KGF, HGF, bFGF, TGF) and basal membrane
components and integrins. We used MSCs in our study by
first propagating them on AM without epithelial tissue, and
used the AM to transfer cells while benefiting from the
preservative effect of its growth factors.
The results of our study showed that corneal healing was
significantly better in Group I (AM+MSCs), Group II (AM+
MSCs+KGF-2) and Group III (AM+MSCs+KGF-2+AS) rats
than in Group IV rats (AM) and Group V rats used as
controls. K19 antibody which is also an undifferentiated
epithelial marker was negative in the limbus of the rats with
limbal excision and without MSC transplantation.
Surprisingly, one of the rats in the Group IV (AM) which
MSC transplantation was not performed recovered
completely. However, the corneal and limbal K19 were (+) in
this rat, suggesting that the residual limbal epithelium
recovered with the supporting effect of AM. The
development of the phthisis in two rats in Group IV shows
that the protective effect of the AM was not sufficient for
healing or there was additional intraocular or stromal
damage. The development of eye phthisis in these rats and in
4 rats in Group V (both without MSC transplantation) with
the lack of phthisis in Groups I, II and III (all with MSC
transplantation) show MSCs contribution to stromal healing
in deep corneal injuries.
Our results were less successful in terms of corneal
transparency and neovascularization in Group I rats (without
KGF-2) compared with Group II and Group III rats (both

with KGF-2). Keratinocyte growth factor (KGF, FGF-7)
plays a role in the development of epithelial tissue and
regeneration of the damaged epithelial tissue. KGF receptor
mRNA is markedly up regulated in the corneal epithelium
following scrape injury, suggesting its prominent role in
corneal epithelial wound healing [13]. KGF is produced by
mesenchymal tissues and with its paracrine effect specifically
induces the proliferation of epithelial cells [15]. These findings
constitute the reason of our decision to use KGF-2 on MSCs
to examine their effect on corneal epithelial healing .
The epithelium damage detected with fluoroescein and H&E
staining was also found to be low in Group I rats (without
KGF-2) as in Group II and III rats both with KGF-2.
However, the corneal K19 positivity of 30% in Group I
suggests that the epithelium consists of conjunctivalization
and there is no complete healing. The conjunctivalization was
found to be only 10% in Group II and Group III, suggesting
that it may frequently occur in the absence of KGF-2.
Autologous serum was used as a topical agent for cornea
damage repair and its effects on fibroblast migration and
differentiation is well-established[12]. The best results in terms
of corneal transparency and neovascularization are obtained
in Groups II and III, in which KGF-2 was used with and
without AS, respectively. We hypothesize that the benefits of
MSCs transplantation for corneal damage can be augmented
by the addition of autocrine and/or paracrine effect of KGF-2
with the proliferative support of AS.
To our knowledge, this is the first study in the literature
investigating the effects of MSCs cultured with KGF-2 and
AS on AM. In conclusion, we suggest that MSCs may be
potential sources for corneal repair in irreversible damage to
limbal stem cells and that culture with KGF-2 may possibly
aid this process by increasing epithelial proliferation with its
autocrine and/or paracrine effect. Also, culture with human
AS may contribute to corneal wound-healing increasing cell
migration and proliferation. AM alone has not yielded any
regenerative role on the corneal epithelium. The effects of
KGF-2 and AS on MSCs and corneal epithelium are
promising but should be further evaluated.
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