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Background: Alkali-burned corneas can seldom heal properly to restore corneal transparency. Treatment of this severe 
disorder of the ocular surface remains a challenge.
Aim of the Work: was to investigate whether systemically transplanted bone marrow mesenchymal stem cells 
(BM-MSCs) can promote corneal wound healing after alkali burn.
Material and Methods: Thirty five male New Zealand rabbits were used in this study. The animals were divided into 
three groups. Group I; the control group was sham operated. Group II; corneal alkali burn was created. Group III; 
underwent corneal alkali burn then treated with BM-MSCs. All corneas were collected after fourteen and twenty eight 
days. Evaluation using H&E, PAS & alkaline phosphatase reaction was carried out. Immune histo-chemical staining 
for CD44 and vimentin was performed as well. 
Results: the corneal epithelium of (Group II) showed marked alterations. Vascularization, cellular infiltration and irreg-
ularity of the collagen fibers were also seen in the substantia propria. Increase in the thickness of the Descemet’s 
membrane was noticed as well. On the other hand, at the time of 28 days, Group III rabbits showed best histological 
results with nearly healed corneas compared to other groups. Meanwhile, vimentin was more strongly expressed in 
Group III assessing the differentiating ability of BM-MSCs.
Conclusion: BM-MSCs could effectively promote corneal alkali burn healing.
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Introduction 

  Corneal alkali burn is a common ophthalmologic emer-
gency, often causes extensive damage and results in per-
manent visual impairment (1). The destruction of limbal 

stem cells caused by this pathologic condition may ac-
count for the complications (2). 
  Treatment of this severe disorder of the ocular surface 
remains a challenge. Limbal grafts are still the prevailing 
option. However, some potential disadvantages or compli-
cations including long-term immunosuppressant, potential 
risk of causing limbal stem cell deficiency in the healthy 
contralateral eye, still hinders their applications (2-4).
  Therefore, the key method to resolving this problem is 
to look for cells that can be easily collected with sufficient 
quantity and that have the ability to replace limbal stem 
cells after transplantation.
  Research has shown that bone marrow has multi-poten-
tial mesenchymal stem cells (MSCs) that are easily iso-
lated, expanded and directly induced to differentiate into 
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cardiac cells, fat cells, epithelial cells, endothelial cells, 
nerve cells, bone, cartilage under different conditions in 
vivo and ex vivo (5).
  However, the feasibility of systemically administered 
BM- MSCs to home and promote corneal wound healing 
is still under investigations.
  So, the purpose of this study was to isolate and culture 
(BM-MSCs) and to evaluate their role in healing of cor-
neal alkali burn.

Materials and Methods

  Thirty five New Zealand white rabbits each weighing 
between 2 and 2.5 kg were included in present study. The 
animals were purchased from the Medical Research 
Center, Ain Shams University. They were housed in plas-
tic cages with mesh wire covers and were given food and 
water ad libitum. The study was conducted in Histology 
department, Faculty of Medicine, Ain Shams University. 
The practical work was performed in accordance to the 
guide for care and use of laboratory animals and approved 
by the Animal Ethical Committee of Ain Shams University.

Experimental design
  The animals were divided into three groups: 
  Group I (Control group): consisted of 15 rabbits, to 
which sham operation was performed. 
  Group II (Experimental group): included 10 rabbits, the 
animals were anesthetized by intramuscular injection of 
0.5mg/kg ketamine. Corneal alkali burn was then created 
on the right eye of each rabbit, while the other eye was 
left without burn so that the animals could eat and move 
freely. A filter paper was soaked in 1%NaoH and was ap-
plied on the whole cornea including the limbus for 25 sec-
onds then was rinsed with 10 ml of distilled water. The 
animals were subdivided into two subgroups: (Subgroup 
IIa) sacrificed after 14 days and (Subgroup IIb) sacrificed 
after 28 days. 
  Group III (BM-MSCs treated experimental group): in-
cluded 10 rabbits which were exposed to corneal alkali 
burn by the same way as Group III. Then after 24 hrs rab-
bits were anesthetized with intramuscular injection of 0.5 
mg/kg of ketamine. After that MSCs suspended in 1ml 
PBS were administrated intravenously through an ear vein 
with a 26 gauge syringe. Then, the animals were sub-
divided into two subgroups: (Subgroup IIIa) sacrificed after 
14 days and (Subgroup IIIb) sacrificed after 28 days. 
  The right corneas were extracted and processed for light 
microscopic examination. Paraffin sections were stained 
by using H&E, PAS (for demonstration of Descemet’s 

membrane & alkaline phosphatase reaction (was used as 
a marker for MSCs).
  Immune histo-chemical study was done using CD44 
and vimentin antibodies. They were purchased from 
(Labvision company, USA).

Morph metric analysis
  The mid center region of the cornea in five different 
non overlapping fields from five different sections of dif-
ferent rabbits were examined in each group (40×). An im-
age analyzer Leica Q win V.3 program (Wetzlar, Germany) 
in the Histology department, faculty of Medicine Ain 
Shams University was used to measure:
  Mean total thickness of: 
  1. Corneal epithelial layer.
  2. Descemet’s membrane layer.
  The number of: 
  1. Alkaline phosphatase positive cells/high power field 
  2. CD 44 positive cells/high power field.
  3. Vimentin positive cells/high power field
  Statistical analysis was done using one way ANOVA test 
performed by SPSS 17 program. The significance of the 
data was determined by p-value p＞0.05 non-significant 
(NS), p＜0.05 significant (S).
  Isolation of BM-derived MSCs: Bone marrow was har-
vested by flushing the tibiae and femurs of rabbits with 
Dulbecco’s modified Eagle’s medium (DMEM,GIBCO/ 
BRL) supplemented with 10% fetal bovine medium 
(GIBCO/BRL). Nucleated cells were isolated with a den-
sity gradient [Ficoll/Paque (Pharmacia)] and resuspended 
in complete culture medium supplemented with 1% pen-
icillin- streptomycin (GIBCO/BRL). Cells were incubated 
at 37oC’ in 5% humidified Co2 for 12∼14 days as primary 
culture or upon formation of large colonies. When large 
colonies developed (80∼90% confluence), cultures were 
washed twice with phosphate buffer saline (PBS) and cells 
were trypsinized with 0.25% trypsin in 1 mM EDTA 
(GIBCO/BRL) for 5 minutes at 37oC. After centrifugation 
(at 2,400 rpm for 20 minutes), cells were resuspended with 
serum-supplemented medium and incubated in (50 cm2 
culture flask Falcon). The resulting cultures were referred 
to as first-passage cultures (6).
  Morphological identification of BM-derived MSCs: MSCs 
in culture were characterized by their adhesiveness and 
fusiform shape (7). characterization using CD29+ and 
CD45-, CD34-, CD44+was also performed.
  Examination of dishes and taking photographs were 
done using fluorescence inverted microscope (Axiovert 
100- ZEISS, Denmark). Determining cell viability by trypan 
blue stain and the total cell count using hemocytometer. 
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Fig. 1. (A) BM-MSCs, on day five of isolation and culture, showing the appearance of a colony of star-shaped cells with long processes
(↑), central vesicular nucleus and granular cytoplasm. Notice, a cell appears in the anaphase stage of division (*). Characterization of
MSCs using CD44+ was evident as well. (B) Showing the usual layers of the cornea. The non-keratinized stratified squamous corneal
epithelium (*) appears with basal columnar cells (B), intermediate polygonal cells (I) and flat surface cells (F). Thick stroma (S) containing
regularly arranged fibers with sparsely distributed keratocytes (↑), homogenous Descemet’s membrane is seen (D). Notice, the simple squ-
amous corneal endothelium (↓↓). (C) Showing PAS positive regular Descemet’s membrane (↑). (D) Showing weak alkaline phosphatase
positive reaction in few corneal stromal cells (↓). (E) Showing negative immune-reaction for CD44 in the cytoplasm of epithelial and
stromal cells. (F) Showing weak positive immune-reaction for vimentin in few substantia propria cells (↓). A=phase contrast inverted micro-
scopy×200. Control group; B=H&E×250, C=PAS×560, D=Alkaline phosphatase reaction×250, E=Avidin−biotin peroxidase for 
CD44×250, F=Avidin−biotin peroxidase for vimentin×250.

  Application of mesenchymal stem cells: MSCs 1×107 
cells/ ml were injected once in an ear vein 24 hours after 
induction of corneal alkali burn (8).

Results

Morphological identification of the primary culture of 
rabbit BM-MSCs as evident by the inverted microscope
  On day five of BM culture, colonies of adherent 
BM-MSCs appeared in the form of star-shaped cells with 
long processes, central vesicular nuclei and granular 
cytoplasm. Characterization using CD44+ was evident 
(Fig. 1A). Characterization using CD29+ and CD45-, 
CD34-was also detected as well (data not shown).

Histological results
  Group I: (Control group): H&E stained sections of con-
trol group (Group I) showed the four layers of the cornea. 

The stratified squamous non-keratinized epithelium ap-
peared resting on a uniform basement membrane. It was 
formed of a single layer of columnar basal cells, inter-
mediate layers of polygonal cells and superficial squamous 
cells. No Bowman’s membrane was seen. The substantia 
propria consisted of regularly arranged collagen fibers 
with scattered spindle shaped stromal cells (Keratocytes) 
in between. A homogenous acidophilic Descemet’s mem-
brane appeared beneath the substantia propria. It was cov-
ered posterior by simple squamous corneal Descemet’s en-
dothelium (Fig. 1B).
  Examination of PAS stained sections showed the 
Descemet’s membrane with regular strong PAS positive 
reaction (Fig. 1C).
  Alkaline phosphatase stained sections: revealed few 
weak alkaline phosphatase positive cells in the substantia 
propria (Fig. 1D).
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Fig. 2. (A) Showing an area of discontinuation of the corneal epithelium and underlying substantia propria (↓). Notice, the formation 
of granulation tissue with appearance of blood vessels in the stroma (↓↓) together with mononuclear cellular infiltration (*). (B) Showing
disorganization and hyperplasia of the corneal epithelial cells. Notice, the loss of demarcation between the epithelium and the underlying
substantia propria (↑) together with absence of flat superficial epithelial cells. (C) Showing an apparent increase in the thickness of the 
wavy, irregular PAS positive Descemet’s membrane (↓). Notice, an increase in PAS positive reaction in some perpendicularly oriented 
fibrils of corneal stroma (*). (D) Showing few alkaline phosphatase positive stromal cells (↓). (E) Showing negative immune expression
for CD44 in both epithelial and stromal cells. (F) Showing positive immue-reaction in few stromal cells in the anterior part of the substantia
propria (↑). Subgroup IIa ; A=H&E×250, B=H&E×560, C=PAS×560, D=Alkaline phosphatase reaction×250, E=Avidin−biotin perox-
idase for CD44×250, F=Avidin−biotin peroxidase for vimentin×250.

Immune histo-chemical results
  Negative immune-reaction for CD44 was observed in 
both epithelial and stromal cells (Fig. 1E), while weak 
positive immune reaction for vimentin was detected in few 
stromal cells (Fig. 1F).
  Subgroup IIa (14 days after corneal alkali burn): The 
cornea of animals of subgroup IIa was markedly affected. 
Discontinuation and interruption of the corneal epi-
thelium were noticed. The underlying substantia propria 
showed irregularity of their collagen fibers. Mononuclear 
cellular infiltration was also observed in between the wide-
ly separated and irregularly dispersed collagen fibers. Sub- 
epithelial invasion of corneal stroma by blood vessels was 
also noticed (Fig. 2A). The intact corneal epithelium in 
other parts was disorganized and hyperplasic. Loss of de-
marcation between the epithelium and the underlying 
lamina propria was well recognized, together with loss of 
the superficial squamous cell layer (Fig. 2B).
  Examination of PAS stained sections showed an appa-

rent increase in PAS positive reaction in some perpendicu-
larly oriented fibrils of corneal stroma. An apparent in-
crease in the thickness of the wavy Descemet’s membrane 
was noticed as well (Fig. 2C).
  Alkaline phosphatase stained section showed positive al-
kaline phosphatase activity in few stromal cells (Fig. 2D). 

Immune histo-chemical results
  Immune histo-chemical reaction for detection of BM-MSCs 
using CD44 showed negative immune expression for 
CD44 in epithelial and stromal cells (Fig. 2E) Few stro-
mal cells in the anterior part of the substantia propria 
showed weak positive reaction for vimentin. Whereas, the 
cells of the posterior part were totally devoid of any vi-
mentin reaction (Fig. 2F).
  Subgroup IIb (28 days group after corneal alkali burn): 
Examination of H&E stained sections revealed persistence 
of most of the previously observed histological results. 
Discontinuation and interruption of the corneal epithelium 
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Fig. 3. (A) Showing discontinuation of the corneal epithelium (↓). Notice, the substantia propria with heavy mononuclear cellular infiltration
(↓↓). The inset shows an apparent increase in thickness of corneal epithelium. The cells are overcrowded, some of the epithelial cells
appear with clear cytoplasm and deeply stained nuclei (*). Sloughing of the superficial flat cells is obvious. Notice, the eosinophil with
their acidophilic cytoplasm and bilobed nucleus in the underlying stroma (↑). (B) Showing the collagen fibers of substantia propria widely
separated and irregularly oriented. An apparent increase in the thickness of Descemet’s membrane (D). Both substantia propria and 
Descemet’s membrane are heavily infiltrated by fibroblast (↓↓). the inset shows, Descemet’s membrane infiltration by branched basophilic
fibroblast (→). (C) Showing an apparent thickening of PAS positive Descemet’s membrane as compared to control group (→). (D) Showing
moderate alkaline phosphatase activity in some stromal cells (↓). (E) Showing negative immune expression for CD44 in both epithelial 
and stromal cells. (F) Showing few positive vimentin stromal cells in anterior part of substantia propria (↓). Subgroup IIb ; A=H&E×250
and inset×560, B=H&E×250 and inset×560, C=PAS×560, D=Alkaline phosphatase reaction ×250, E=Avidin−biotin peroxidase for 
CD44×250, F=Avidin−biotin peroxidase for vimentin×250.

and the underlying substantia propria were still noticed. 
An apparent increase in the thickness of the corneal epi-
thelium was seen. The layers of the epithelium were dis-
organized, the cells were overcrowded. Some epithelial 
cells appeared with clear cytoplasm and deeply stained 
nuclei. Sloughing of the superficial epithelial cells was also 
detected. The collagen fibers in the substantia propria were 
still widely separated and showed irregular arrangement. 
They were separated by clear spaces. Mononuclear cellular 
infiltration in addition to some eosinophils which ap-
peared with acidophilic cytoplasm and bilobed nuclei were 
seen between the collagen fibers (Fig. 3A). An apparent 
increase in the thickness of the irregular Descemet’s mem-
brane was also noticed. The membrane as well as the sub-
stantia propria were heavily infiltrated by many fibroblasts. 
They appeared as branched cells with many cell processes 
and basophilic cytoplasm (Fig. 3B).

  In PAS stained sections, an apparent increase in the 
Descemet’s membrane was obvious (Fig. 3C). 
  Examination of Alkaline phosphatase stained sections 
showed an apparent increase in the number of positive 
stromal cells (Fig. 3D).

Immune histo-chemical results
  Immune histo-chemical stain for detection of BM-MSCs 
using CD44 showed negative immune expression for 
CD44 in both epithelial and stromal cells (Fig. 3E). 
Whereas immune-histo- chemical stain for detection of 
BM-MSCs differentiation using vimentin showed few pos-
itive stromal cells in anterior part of substantia propria 
(Fig. 3F).
  Subgroup IIIa (14 days after corneal alkali burn and 
MSCs injection): Examination of H&E stained sections re-
vealed that the surface epithelium appeared to be covered 
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Fig. 4. (A) Showing. some epithelial cells with clear cytoplasm and deeply stained nuclei (↑). (B) Showing, regular arrangement of 
Descemet’s membrane together with an apparent decrease in its thickness compared to subgroup IIIa (↑). (C) Showing, dense alkaline
phosphatase positive cells in stroma (↓). Notice, the increase in the density of their reaction. (D) Showing, positive expression of CD44
in some basal epithelial cells (↑) as well as in stromal cells (↑↑). (E) Showing, positive expression of vimentin in most of stromal cells
(↓). Subgroup IIIa ; A=H&E×560, B=PAS×560, C=Alkaline phosphatase reaction ×250, D=Avidin−biotin peroxidase for CD44×560,
E=Avidin−biotin peroxidase for vimentin×250.

by superficial flat cells. Clear epithelial cells with deeply 
stained nuclei were still recognized. The collagen fibers in 
the substantia propria were nearly regular in arrangement, 
however, some spaces were still present (Fig. 4A).
  PAS stained sections, showed regular arrangement of 
PAS positive Descemet’s membrane and apparent decrease 
in its thickness compared to subgroup IIIa (Fig. 4B).
  Alkaline phosphatase stained sections showed an appa-
rent increase in the number of positive cells, together with 
moderate reaction intensity in most of stromal cells com-
pared to subgroup IIIa (Fig. 4C).

Immune histo- chemical results
  Immune-histochemical stain for detection of BM-MSCs 
using CD44 showed positive cells in the basal epithelial 
cells as well as the stromal cells (Fig. 4D).
  Positive vimentin expression in many stromal cells was 
also evident (Fig. 4E).
  Subgroup IIIb (28 days after corneal alkali burn and 
MSCs injection): H&E stained sections showed that the 
cornea of rabbits of this subgroup appeared nearly as 

comparable to control ones. The layers of the cornea could 
be easily identified. The corneal epithelium appeared 
continuous. It was formed of basal cell layer, polygonal in-
termediate cells and superficial flat squamous cells. The 
substantia propria appeared to be formed of regularly ar-
ranged collagen fibers (Fig. 5A).
  PAS reaction revealed the thickness of Descemet’s 
membrane nearly as comparable to control ones (Fig. 5B). 
  Alkaline phosphatase staining showed an apparent in-
crease in number of alkaline phosphatase positive cells in 
substantia propria which showed intense reaction for the 
enzyme (Fig. 5C).

Immune histo-chemical results
  Immune histo-chemical stained sections for detection of 
BM-MSCs using CD44 revealed positive CD44 cells in the 
superficial layer of the epithelium (Fig. 5D).
  Immune-histo-chemical stained sections for detection of 
BM-MSCs differentiation using vimentin showed an appa-
rent increase in the number of positive stromal cells. 
There was an apparent increase in the intensity of the re-
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Fig. 5. (A) Showing the epithelial cells is formed of basal layer (↑), intermediate polygonal cells (*) and superficial flat cells (↓↓). Notice,
regular arrangement of the collagen fibers in the stroma (c). (B) Showing the thickness of the Descemet’s membrane (↓) nearly similar
to control group. (C) Showing an apparent increase in the number of alkaline phosphatase positive cells in the substantia propria (↓). 
(D) Showing brown cytoplasmic positive reaction of CD44 in some superficial epithelial cells (↓). (E) Showing an apparent increase in
the number of vimentin positive cells in stroma. Notice the strong intensity of their reaction (↓). Subgroup IIIb ; A=H&E×560,
B=PAS×560, C=Alkaline phosphatase reaction×250, D=Avidin−biotin peroxidase for CD44×560, E=Avidin−biotin peroxidase for vi-
mentin×250.

action as well (Fig. 5E, Table 1).

Discussion

  The current study was designed to isolate and culture 
BM-MSCs from adult male New Zealand rabbits and to 
evaluate their benefit in corneal alkali burn healing.
  In the present work, an apparent increase in the thick-
ness of the PAS positive Descemet’s membrane of the cor-
nea of rabbits of subgroups IIa & b was observed com-
pared to control group. This finding was confirmed by 
statistical results. These findings coincided with those of 
a previous workers, reporting an increase in thickness, ab-
normality and altered structure of Descemet’s membrane 
in alkali burned corneas. They attributed these alterations 
to the change in pH of the corneal endothelium resulting 
in decreased barrier effectiveness together with a decrease 
in the pump function (9).
  Additionally, it was formerly described that the 
Descemet’s membrane was disfigured by the presence of 
an abnormal region of extracellular matrix, termed a pos-

terior collagenous layer, which is laid down by the dis-
eased endothelial cells (10).
  The Descemet’s membrane as well as the substantia 
propria of cornea of animals of subgroup IIb were heavily 
infiltrated by branched basophilic cells with many cell 
processes, most probably they are fibroblastic cells. 
Similarly, it was stated that the corneal endothelial cells 
were transformed into fibroblasts which might be respon-
sible for the fibrosis encountered after corneal injury (11). 
Moreover, myofibroblastic metaplasia of attenuated cor-
neal endothelial cells with formation of an abnormal pos-
terior collagenous layer might contribute to an impaired 
visual function (12).
  On the other hand, Descement’s membrane of corneas 
of subgroup III a &b showed non significant increase in 
thickness as compared to control group. It was formerly 
suggested to be due to restoration of corneal keratocytes 
and endothelial cells by MSCs (13).
  Moreover, the present work demonstrated moderate im-
provement 14 days after corneal alkali burn with MSCs 
transplantation. Few changes were still obvious; some of 
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Table 1. Showing the difference between mean±SEM of thickness of corneal epithelial layer and Descemet’s membrane layer and the 
number of CD 44+cells, vimentin+cells and alkaline phosphatase+cells/high power field

Group I Subgroup IIa Subgroup IIb Subgroup IIIa Subgroup IIIb F value p-value

Total epithelial thickness
 

47.5±3.6
(■♣)

77.6±9.4
(▲●♣*)

67.4±6.3
(*■▲●)

7 54.8±7.
(■♣)

49.4±6.4
(■♣)

155.13
 

p=0.00
 

Thickness of desemet's 
membrane

6.2±3.5
(■♣)

17.4±9.6
(●▲*)

14.9±5.7
*■♣▲●))

9.9±2.8
(■♣●)

7.6±2.1
(■♣▲)

240.55
 

p=0.000
 

Number of alkaline 
phospatase+ve cell/hpf

 4.90±0.525
(■♣▲●)

14.90±0.60
(*♣▲●)

19.50±.94
(*■▲●)

30.70±0.94
(*■♣●)

45.10±0.48
(*■♣▲)

 25.34
 

p=0.001
 

Number of CD44+ve 
cells/hpf

0.00±0.00
(▲●)

0.00±0.00
(●▲)

0.00±0.00
(●▲)

9.40±.50
(*■♣●)

17.40±1.2
(*■♣▲)

 70.63
 

p=0.001
 

Number of 
vimentin+cell/hpf

3.10±0.37
(■♣▲●)

4.90±0.31
(*♣▲●)

7.10±0.67
(*■▲●)

21.50±0.65
(*■♣●)

32.30±.74
(*■♣▲)

 38.53
 

p=0.001
 

*Significant difference from group I.
■Significant difference from subgroup IIa.
♣Significant difference from subgroup IIb.
▲Significant difference from subgroup IIIa.
●Significant difference from subgroup IIIb.

  The mean total thickness of corneal epithelium and Descemet’s membrane
  A significant increase in mean thickness of corneal epithelium and Descemet’s membrane in animals of subgroups IIa & b was detected 
as compared to that of control animals. On the other hand, there was also a significant reduction in the epithelial thickness and Descemet’s
membrane thickness of subgroups IIIa & IIIb as compared to subgroup IIa &b respectively.
  As regard the mean number of alkaline phosphatase+cells, CD44 cells and vimentin positive cells: 
  There was a significant increase in number of positive cells concerning the three parameters in subgroups IIIa & b compared to control 
group and subgroup IIa & b respectively. 

the epithelial cells appeared with clear cytoplasm and 
deeply stained nuclei. The substantia propria was formed 
of nearly regular collagen fibers. More improvement of 
these lesions was recorded in subgroup III b (28 days after 
corneal burn and MSCs transplantation) where their cor-
neas appeared nearly similar to control group. These find-
ing were in agreement with former workers (14, 15). 
Moreover, the release of stem cell specific chemoattractants 
as stromal cell- derived factor-1 and substance P from in-
jured tissues might be implicated in mobilization of MSCs 
from peripheral blood and their homing to the injured 
cornea (16, 17).
  Some authors explained the different mechanisms by 
which the MSCs restore the corneal lesions after alkali 
burn. They attributed their role to the secretion of some 
growth factors and cytokines, which regulate cellular proc-
esses such as chemotaxis, cell proliferation, cell signaling, 
extracellular matrix formation and angiogenesis in the 
wound (18, 19). Moreover, it was reported that, MSCs 
have immune modulatory effects, and can produce numer-
ous trophic and growth factors and can also differentiate 
to the corneal epithelial and endothelial cells (20).
  In the present work, weak positive alkaline phosphatase 

reaction was observed in few cells in the substantia prop-
ria of control rabbits. It was suggested that these cells were 
undifferentiated cells which were positive for the enzyme. 
It was recorded that, the substantia propria of the cornea 
contains keratocytes and quiescent mesenchymal cells of 
neural crest, a small population of them displays proper-
ties of mesanchymal stem cells (21). Moreover, significant 
increase in the number of alkaline phosphatase positive 
cells was detected between subgroups IIIa & b and sub-
group IIa &b respectively. Alkaline phosphatase reaction 
was therefore used as a marker to detect mesenchymal 
stem cells (22).
  Immunohistochemical stained sections of animals of 
control group as well as animals of subgroups IIa and IIb 
of the present work showed negative CD44 immune-re-
action in cytoplasm of both epithelial and stromal cells. 
These findings were in accordance with that of a previous 
workers, who reported that CD44 positive cells were absent 
in human corneal epithelium (23).
  Strong CD44 immune expression was detected in sec-
tions of animals of subgroups IIIa & b (14 and 28 days 
after MSCs injection) of current study in some basal and 
superficial epithelial cells as well as in some stromal cell. 
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It was suggested that the MSCs differentiated into epi-
thelial cells and keratocytes to restore the histological 
structure of the cornea. As mesenchymal stem cells were 
found to be easily isolated and to have the potential to 
differentiate into epithelial cells (24). Moreover, it was al-
so confirmed by immune staining with anti- keratocan an-
tibody that BM-MSCs could differentiate into a keratocyte 
phenotype (25).
  Vimentin is type III intermediate filaments expressed in 
mesenchymal cells such as fibroblasts, endothelial cells 
and adipocytes. Although, it is a cytoplasmic marker (26), 
vimentin expression in our sections was found to be 
nuclear. This was explained that, vimentin forms arrays 
of cytoplasmic filaments which encapsulate the nucleus, 
form a perinuclear ring and extend to the cell periphery. 
It was also reported that vimentin is one of the anchored 
filaments to the apical junctions, responsible for nuclear 
centration and cell-to-cell contacts (27).
  In the current work, positive vimentin stromal cells ex-
pression was detected in subgroups IIa &b in anterior part 
of cornea beneath basement membrane while, the posteri-
or part of cornea was totally devoid of vimentin. This co-
incided with a previous report suggesting that, after cor-
neal injury there might be a phenotypic difference in vi-
mentin expression between anterior stromal and posterior 
stromal keratocytes (28). 
  Moreover, it was stated that vimentin was expressed in 
myofibroblasts in alkali-injured stroma. They added that 
the keratocytes that migrated to injured stroma became 
transformed into myofibroblasts which expressed high lev-
els of vimentin (29, 30).
  In the current study, sections of animals of subgroups 
IIIa & b (14 and 28 days after MSCs injection) showed 
a significant increase in vimentin expression in their cor-
neal stroma compared to that of control group and sub-
groups IIIa & b. These findings were in agreement with 
a former work, reporting high levels of vimentin in the cor-
neal stroma on day 14 and at one month after MSCs trans-
plantation confirming the differentiating ability of MSCs 
(12).
  From the previously discussed results, it was obvious 
that the injured corneas of rabbits treated with MSCs 
showed a good progress to restore their histological pic-
ture, compared to animals which were left to recover with-
out MSCs injection. 
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