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Figure 4. Surgical effects of different treatments in the rat corneal alkali burn model. A, B: Control group (A). Four weeks after transplantation,

corneal epithelial defect size > 1/2 quadrant and neovascularization grew rapidly and involved 1/2 quadrants, with ulcer emerged (arrow)
(B). The new blood vessels grew into the whole cornea with extremely severe opacity ten weeks after transplantation. C, D: AM group (C).
Moderate to severe corneal opacity four weeks after transplantation (D). Corneal neovascularization grew into nearly 3/4 quadrants ten weeks
after transplantation. E, F: Non-induced MSC group (E). Moderate corneal opacity with local stromal scar was seen four weeks after surgery
(F). Conjunctivalization with apparent neovascularization was found in 1/2-2/3 quadrant ten weeks after surgery. G, H: Induced MSC group
(G). The corneal opacity was mild and there were no signs of conjunctival epithelium growing into the cornea four weeks after transplantation
(H). Cornea kept transparent and the neovascularization was within 2 mm from limbal ten weeks after surgery.

Figure 5. Corneal scores after different treatments of the corneal alkali burn injury of the rats (7 s). *p<0.05 versus control, **p<0.01 versus

control

neovascularization infiltration in the stroma (Figure 6A). In
Groups 2 and 3, the cornea exhibited epithelial and stromal
defects in various degrees. The epithelium was integrated and
the stromal layer had many inflammatory cells infiltration
(Figure 6B,C). In Group 4, the epithelium was intact with a
few lymphocytes and neovascularization infiltration (Figure
6D).

induced MSCs group, CK12 staining was positive, while
CK13 was negative, suggesting that the epithelium was
corneal but not conjunctival-derived. In the three other
groups, CK12 was negative, while CK13 was positive,
suggesting that the epithelium may be conjunctival-derived
(Figure 7).
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,PPXQRKLVWR F K H Pecn Waakblaftey st g2ty @hk Q Jtransplantation, in the control group, the cornea cells’

corneal epitheliums of the four groups were evaluated by
immunofluorescence staining of CK12 and CK13. In the

structure was disordered with an ambiguous boundary.

Neovascularization appeared in the anterior matrix, while the
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TABLE 2. CORNEAL SCORES AFTER DIFFERENT TREATMENTS FOR RAT’S CORNEAL ALKALI BURN INJURY (X =s).

Corneal Neovascularization Fluorescence staining
Time Group opacity grades area
Pre-operative G1 (n=12) 2.38+0.49 2.41+0.50 3.00+0.42
G2 (n=12) 2.29+0.87 2.37+0.63 3.20+0.56
G3 (n=12) 2.16+0.46 2.56+0.48 3.15+0.47
G4 (n=12) 2.41£0.51 2.46+0.39 3.00+0.51
Postoperative (4wk) G1 (n=10) 3.70+0.48 3.224+0.79 3.41+0.52
G2 (n=10) 2.20£0.92* 2.73+0.68%* 1.92+0.74*
G3 (n=10) 2.40+0.52%* 2.63+0.84* 1.81+0.79*
G4 (n=10) 1.71£0.68* 1.92+0.57* 1.41£0.52*
Postoperative (10wk) G1 (n=8) 3.75+0.46 3.13+0.84 2.88+0.99
G2 (n=8) 2.12+0.99%* 2.00+0.76* 1.25+1.04%*
G3 (n=8) 2.01£0.76* 2.12+0.83* 1.12+0.64*
G4 (n=8) 0.88+0.84** # 0.75£0.71%* # 0.13+£0.35%* #

G1: control group; G2: AM group; G3: Non-induced MSC group; G4: Induced MSC group. *p<0.05 versus control, **p<0.05

versus Group2 and 3, ”p<0.05 versus 4 weeks.

Figure 6. H&E staining of four groups ten weeks after transplantation. A: Control group: Epithelial structure was disordered, and numerous
inflammatory cells and neovascularization emerged. B: AM group: Epithelium was integrated and some inflammatory cells infiltrated in the
stroma. C: Non-induced MSC group: Incomplete epithelial hyperkeratosis and inflammatory cell infiltration. D: Induced MSC group:
Epithelium was intact with a few lymphocytes and neovascularization infiltration. The magnification was 200x.

posterior matrix remained normal. The epithelial cells of the
AM group were disarranged with an enhanced reflection,
neovascularization and cavity existed in the anterior stroma.
In the induced MSCs group, the surface epithelial cells were
integrated closely with clear boundaries. There was some
neovascularization in the stroma, though the stroma cells
proliferated moderately (Figure 8 and Figure 9).

DISCUSSION

The stability of the corneal surface plays an important role in
maintaining the transparency of the cornea. Above all, LSCs
are the source of corneal epithelial cell regeneration. The
deficiency of LSCs will lead to serious ocular surface
abnormalities, resulting in corneal opacity, diminished vision,
etc. At present, there is still no satisfactory treatment for these
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Figure 7. Immunohistochemistry staining of the four groups ten weeks after transplantation. A, C, and E: The expression of CK12 was negative
in the control group, AM group, and non-induced MSC group; G: The expression of CK12 was positive in the induced MSC group; B, D, and
F: The expression of CK13 was positive in the control group, AM group, and non-induced MSC group; H: The expression of CK13 was
negative in the induced MSC group, indicating that the epithelium of the induced group were the corneal source within the ten week observation

period. The magnification was 200x%.

diseases. It is reported that a limbal stem cell autograft has
some positive effects [1,2]. However, if both eyes have serious
surface damage, the source of healthy LSCs will be lost. In
recent years, studies have shown that the MSCs in adult bone
marrow have multilineage differentiation potential [11-13,
18]. It can be induced to differentiate into various cells under
different conditions in vitro [14,19,20]. These cells have many
advantages, such as adequate sources, convenient material,
and multilineage differentiation potential, which can
effectively avoid the ethical issues that embryonic stem cells
may face. And because they are self-organization without
rejection, they may have better prospects in clinic use. MSCs
have both endothelial and epithelial tissue coding genes [12]
and can be induced to differentiate into epithelial or epithelial-
like cells in the micro-environment both in vitro and in vivo
[21-24].

The cornea matrix is the micro-environment of the
corneal epithelium and LSCs, and plays an important role in
maintaining the characteristics of corneal epithelial cells.
CSCs can secrete some kinds of autocrine and paracrine
cytokines, which would maintain the normal differentiation
and proliferation of LSCs with no access to the ultimate
division. Recently, it was reported that the niche structure of
CSCs has the ability to induce non-corneal epithelial cells to
differentiate into corneal epithelial cells [25]. In a transwell
co-culture system, which can imitate the cell growth
environment in vivo to some extent, two kinds of cells will
not contact directly, and the lipid membrane of 0.45 aperture
can guarantee that cytokines will pass it while the normal cells
will not; therefore, there will be no cell contamination.
Cytokines produced by stroma cells formed a micro-
environment, which promotes MSCs to differentiate into the

corneal epithelium. After culturing for one week with CSCs,
the induced MSCs can express specific keratin CK 12, which
are generally believed to be the specific marker for mature
cornea epithelial cells [26]. SEM also proved that induced
MSCs had an epithelial-cell look, and that the structure of
cellular tight junction were clear, suggesting that some MSCs
had been induced to differentiate into corneal epithelial cells.
However, not all the MSCs had been induced to epithelial-like
cells. In the experiment, we observed that about half of the
cells had morphological changes after co-culture. The exact
efficiency of the transdifferentiation and the factors that
influence the results of transdifferentiation require further
study.

Our study aims to find a better and more convenient seed
cell for corneal tissue engineering. We used MSCs to replace
LSCs, and found that they could be induced to corneal
epithelial cells in vitro by CSCs, in accordance with the other
article [27]. Next, we constructed a corneal epithelial graft
using an AM as the growth platform of the cells. The AM has
translucent organization, which can provide the constitutive
basement membrane, and contains the same plate of body as
the cornea and VII collagen, laminin, fibronectin protein, and
a variety of integration [28]. Laminin can provide a good
micro-environment for cells and plays an important role in
epithelial paste, cell adhesion, and the maintenance of the stem
cell activity of nerve growth factor NGF [29-31]. Tsai planted
healthy limbus epithelial tissue on the AM, and transplanted
it back to the eye two to three weeks after culture. After
follow-up for 15 months, the vision acuity of the five patients
(six cases) was markedly improved [32]. Koizumi et al. [33,
34] proved that the use of non-epithelial AM and 3T3 as a feed
cell to culture LSCs leads to a better effect after
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Figure 8. Confocal laser corneal microscopy images of the rats' corneal epithelium ten weeks after transplantation. A: Epithelium cells were
well arranged and integrated closely in the normal cornea. B: The structure of epithelial cells was not clear with ambiguous boundary in the
control group. C: The epithelial cells of the AM group were disarranged with an enhanced reflection and cavities (arrow). D: The epithelial
cells of the induced MSC group were integrated with clear boundaries.

transplantation.  These  studies are mostly on
allotransplantation; thus, graft rejection will influence the
effect of treatment, becoming a major challenge. Our results
suggested that the AM can be a carrier of induced MSCs. As
a platform for cell growth, the AM does not change the
morphology and characteristics of the cell itself. Induced
MSCs inoculated on an AM still expressed CK 12, which was
proven by immunofluorescence staining.

Our results showed that compared with other groups, the
induced MSCs group can significantly improve corneal
opacity and neovascularization invasion. Ten weeks after the
transplantation of the induced MSCs, the corneal epithelium
was transparent in 75% of the rats, neovascularization was
limited within 2 mm of the limbus, and fluorescence staining
and inflammatory cells infiltration were negative. While in the

non-induced MSCs and AM transplantation group, the corneal
epithelium appeared partially conjunctivalized and various
degrees of inflammatory response could be seen. However,
the corneal opacity and epithelial defected area were gentler
in the Groups 2 and 3 than in the control group. Results of HE
staining showed that the corneas in Groups 1, 2, and 3 had
epithelial coverage, but this was more likely conjunctival
epithelial derived rather than corneal epithelium derived,
which was proven by immunohistochemistry results. Corneal
confocal laser microscopy results were in line with the above-
mentioned results. The results here showed that cultured
corneal epithelial cells autologous transplantation seems to be
an ideal way to treat corneal surface diseases, which could
prevent both allogeneic transplant rejection and ethical
problems, though the long-term prognosis needs further study.
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Figure 9. Confocal laser corneal microscopy images of the rats' corneal stroma ten weeks after transplantation. A: Normal corneal stromal
cells were well arranged. B: Neovascularization (arrow) can be seen in the anterior matrix with the proliferation of stromal cells in the control
group. C: Stromal cells proliferated and inflammatory cells existed in the anterior stroma of the AM group. D: Stromal cells also proliferated
while a few neovascularizations appeared in the stroma of the induced MSC group.

In conclusion, our findings clearly indicate that MSCs
can be cultivated and induced to transdifferentiate into corneal
epithelial cells by CSCs in a transwell system. MSCs seeded
on a human AM can form an epithelial graft that can be
transplanted and that reconstruct the corneal epithelial surface
of a rat’s eyes with an alkali burn injury. However, there are
still several problems left, such as whether the extrinsic
transplanted MSCs can keep the epithelial cell characteristics
in the recipient eye and whether these cells have stem cell
function to maintain the normal corneal homeostasis for long-
term observation. Further studies are needed to provide more
reliable proof for the clinical application of MSCs in the
future.
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