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Abstract 
The trans-differentiation potential of mesenchymal stem cells (MSCs) is employed, but 

there is little understanding of the cell source-dependent trans-differentiation potential of 

MSCs into corneal epithelial cells. In the present study, we induced trans-differentiation of 

MSCs derived from umbilical cord matrix (UCM-MSCs) and from dental tissue (D-MSCs), 

and we comparatively evaluated the in vitro trans-differentiation properties of both MSCs into 

corneal epithelial-like cells. 

Specific cell surface markers of MSC (CD44, CD73, CD90, and CD105) were detected 

in both UCM-MSCs and D-MSCs, but MHCII and CD119 were significantly lower (P < 0.05) 

in UCM-MSCs than in D-MSCs. In UCM-MSCs, not only expression levels of Oct3/4 and 

Nanog but also proliferation ability were significantly higher (P < 0.05)  than in D-MSCs. 

In vitro differentiation abilities into adipocytes and osteocytes were confirmed for both MSCs. 

UCM-MSCs and D-MSCs were successfully trans-differentiated into corneal epithelial cells, 

and expression of lineage-specific markers (Cytokeratin-3, -8, and -12) were confirmed in both 

MSCs using immunofluorescence staining and qRT-PCR analysis. In particular, the differentiation 

capacity of UCM-MSCs into corneal epithelial cells was significantly higher (P < 0.05)  than 

that of D-MSCs. 

In conclusion, UCM-MSCs have higher differentiation potential into corneal epithelial-like 

cells and have lower expression of CD119 and MHC class II than D-MSCs, which makes 

them a better source for the treatment of corneal opacity.
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INTRODUCTION

The cornea consists mainly of three layers: a non-keratinized stratified epithelium, a collagen type I-rich stroma layer 

interspersed with fibroblast, and an inner layer of endothelial cells which retain optimal hydration (Katikireddy et al., 2013; Secker 

et al., 2008; Ouyang et al., 2014). The cornea protects the eyeball from injury and infection, and its sensitivity to damage including 

chemical, mechanical, and thermal injury can lead to severe inflammation and neovascularization, which results in loss of 

transparency and opacity of the eye (Rohaina et al., 2014). The visual function has to restore the corneal epithelium that is 

maintained by limbal epithelial stem cells located in the stem cell niche called the limbus (West et al., 2015). Fundamentally, 

the main pathological factor is deficiency in limbal epithelium and corneal epithelium, which is converted into keratinized skin-like 

epithelium (Ouyang et al., 2014). 

Replacement of the stem cell population has been achieved by transplanting limbal tissue by means of autografts or allografts 

(Lavker et al., 2003), but risks remain, such as damage to a healthy eye by removal of autologous tissue for transplantation or 

immune reaction to allogenic tissue (Shahdadfar et al., 2012; Ramaesh et al., 2003). Most stem cell research into corneal epithelial 

regeneration is based on the use of progenitor cells isolated from corneal tissue, but a growing body of research suggests that 

corneal regeneration with MSCs isolated from non-corneal tissues is more likely to be considered. Therefore, other stem cells, 

including embryonic stem cells, hair follicle stem cells, and MSC derived from bone marrow (BM-MSCs), have been reported 

as sources for induction into corneal epithelial lineage (Rohaina et al., 2014; Ahmad et al., 2007; Blazejewska et al., 2009). In 

this way, MSC trans-differentiation into corneal epithelial cells has emerged, and therefore cell source-dependent differentiation 

ability into corneal epithelial cells requires comparative study to find an effective cell source of MSC for corneal regeneration.

We identified MSCs derived from dental pulp tissue (D-MSCs) and umbilical cord matrix (UCM-MSCs) as having good 

potential for trans-differentiation into corneal epithelial cells. D-MSCs can be another source for stem cell therapy because of their 

multi-potent potential and their immunomodulatory function that regulates T and B lymphocytes, dendritic cells, and natural killer 

cells (Park et al., 2014; Kang et al., 2015). Umbilical cord matrix-derived MSCs (UCM-MSCs) can also be a source of regenerative 

medicine because of their multi-lineage differentiation potential and self-renewal capacity (Troyer et al., 2008). They also have 

immunological features that do not provoke an immune reaction because they lack major histocompatibility complex (MHC) II 

and co-stimulatory molecule expression (Anzalone et al., 2010; Krampera et al., 2013). 

Therefore, the present study comparatively evaluated the characterization and trans-differentiation ability of UCM-MSCs and 

D-MSCs in order to understand the cell source-dependent efficiency of corneal epithelial regeneration. 

MATERIALS AND METHODS

Chemicals and media 

All media and chemicals for the experiments were purchased from Gibco (Life Technologies, Grand Island, NY, USA) and 

Sigma-Aldrich Chemical Company (St. Louis, MO, USA) unless otherwise specified. 

Cell isolation and culture of UCM- and D-MSCs

The study was performed in approval by Institutional Review Board of Gyeongsang National University hospital (GNUH- 

2012-09-004). Umbilical cord matrix tissues were obtained from term deliveries and dental tissues were obtained from orthodontic 

treatment patients. The isolation of cells and the establishment of UCM- and D-MSCs were performed using the protocols 

described in previous studies (Kang et al., 2013; Park et al., 2012). Briefly, two umbilical arteries and one vein were removed 

in the umbilical cord matrix tissues and the sliced small fragments were attached to 35 mm dish (Nunc, Denmark) for cell 

explantation. For isolation of D-MSCs, the sliced dental tissues into small piece to isolate MSCs by digestion with 0.1% 

collagenase type I and subsequently separated by filtration with 100 and 40 um cell strainers. The cells were cultured in advanced- 
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Dulbecco’s Modified Eagle Medium (A-DMEM), 10% fetal bovine serum (FBS), 1% GlutaMax™ and 1% penicillin-streptomycin 

at 38.5 ° C in a humidified incubator at 5% CO2. Once confluent, the cells were trypsinized (0.25% trypsin-EDTA solution) and 

sub-cultured.

Analysis of cell surface markers

D-Cells were analyzed for the expression of cell surface antigens of MSC (CD44, CD73, CD90 and CD105), hematopoietic 

cell (CD34 and CD45) and immune related markers (MHCII and CD119) using a flow cytometry analysis (BD FACS Calibur; 

Becton Dickinson, NJ, USA) as previously described (Kang et al., 2010). Briefly, cells at 70~80% confluence were harvested and 

fixed with 4% paraformaldehyde (PFA). They were labeled with FITC-conjugated isotype IgG antibodies (control, BD Pharmingen

™, 0.5 mg/ml); anti-CD34 (BD Pharmingen™, 0.5 mg/ml), anti-CD44 (BD Pharmingen™, 0.5 mg/ml), anti-CD45 (BD Pharmingen

™, 0.5 mg/ml) and anti-CD90 (BD Pharmingen™, 0.5 mg/ml) antibodies; and anti-CD105 (Santa Cruz biotechnology, 200 ug/ml), 

anti-CD119 (Santa Cruz biotechnology, 0.5 mg/ml) and anti-MHC class II (Santa Cruz biotechnology, 200 ug/ml) primary 

antibodies with FITC-conjugated secondary antibodies. All antibodies were diluted 1:100 with DPBS supplemented with 1% bovine 

serum albumin.  

Analysis of cell proliferation

The cell proliferation was evaluated by using MTT Cell Proliferation Assay, following the manufacturer’s protocol. Briefly, ~ 

1 × 103/ml cells at passage 3 were suspended in 500 μL of ADMEM, supplemented with 10% FBS and cultured for 192 hours, 

and the culture medium was changed every 3 days. The cell proliferation was quantified by using an MTT colorimetric assay 

according to a VersaMaxTM microplate reader (Molecular Devices, Sunnyvale, California, USA), at an absorbance of 405-nm 

wavelength. 

Induction and confirmation of in vitro differentiation

In vitro differentiation of the cells into adipocytes and osteocytes as mesenchymal lineages were performed as previously 

described (Lee et al., 2015; Ock et al., 2010). Briefly, the cells were cultured for 3 weeks in Dulbecco’s modified Eagle medium 

(DMEM) containing 10% FBS, 100 uM indomethacin, 10 uM insulin and 1 uM dexamethasone, and differentiation induced cells 

were determined by staining intracellular lipid vacuoles using 0.5% Oil red O solution for adipogenic differentiation. For 

osteogenesis, cells were induced in DMEM contained 10% FBS, 200 uM ascorbic acid, 10 mM β-glycerophosphate and 0.1 uM 

dexamethasone, and osteogenic differentiation was identified by the accumulation of calcium deposits and proteoglycan following 

staining with 2% Alizarin Red S solution and 5% silver nitrate. 

Induction of trans-differentiation into corneal epithelial cells

Cells were induced trans-differentiation into corneal epithelial cells with the protocol described in a previous study, with minor 

modifications (Ahmad et al., 2007). For the preparation of collagen type-I and-IV (Col-1 and 4, Gibco) coated culture dishes, 5 

ug/cm2 Col-1 solution was treated into the 35 mm culture dishes for 1 hour incubation at room temperature, after then the coated 

dishes was rinsed three times with DPBS. Subsequently, 0.5 mg/ml Col-4 solution was added on the Col-1 coated dishes and kept 

at 4℃ overnight, followed by the Col-4 coated dishes were washed with DPBS. 

Briefly, cells were treated with induction medium for 4 days following that the inducted cells were cultured in the differentiation 

medium for 18 days to induce trans-differentiation into corneal epithelial cells (Fig 4. A). Induction medium was comprised of 

no glucose DMEM without pyruvate, 1.0 g/L D-glucose, 25 ng/ml human recombinant bone morphogenetic protein-4 (BMP-4; 

R&D Systems), 1 uM all-trans retinoic acid (RA) and 10 ng/ml recombinant human epidermal growth factor (EGF). Differentiation 

medium was comprised of three parts low-glucose DMEM with pyruvate and one part Ham’s F-12 medium, 5% FBS, 1% 

penicillin-streptomycine, 500 ng/ml hydrocortisone, 5 ug/ml insulin, 2 nM tri-iodothyronine, adenine and 10 ng/ml EGF.
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Immunofluorescence staining

Expression of specific markers of corneal epithelial cells was determined by immunofluorescence staining. After being fixed 

in 4% PFA cells were stained with primary antibodies (1:100X dilution) against to cytokeratin 3 (CK3), cytokeratin 8 (CK8) and 

cytokeratin 12 (CK12) at 4℃ overnight, and followed by incubation with FITC-conjugated secondary antibody (Jackson 

ImmunoResearch, PA, USA; 1:200 dilution) for 1 hour at 37° C. Nuclei of the cells were then counterstained with 10 ug/ml DAPI 

for 5 min and images were observed under a confocal laser scanning microscope. For the measurement of fluorescence intensities 

of the specific markers in the immunofluorescence stained MSCs, the integrated optical density (IOD) was analyzed by image 

analysis system (Image J software). 

Analysis of quantitative reverse-transcription polymerase chain reaction (qRT-PCR)

The qRT-PCR analysis based on the multiplex method was conducted to quantify the mRNA levels of the genes involved in 

early transcription factors (Oct3/4 and Nanog) and corneal specific markers (CK3, CK8 and CK12) in UCM- and D-MSCs. Total 

RNAs were extracted from the cells before and after differentiation into corneal epithelial like cells, using RNeasy mini Kit 

(Qiagen, Valencia, CA, USA) on the basis of the manufacturer’s instruction and measured by OPTIZEN 3220 UV BIO 

Spectrophotometer (Mecasys Co, Ltd, Korea). Each cDNA of 100 ng was synthesized at 37℃ for 1 hour using OmniscriptTM 

Reverse Transcription Kit (Qiagen, Valencia, CA, USA). qRT-PCR was performed using Roter gene Q (Qiagen) qRT-PCR machine 

with Rotor-Gene™ 2X SYBR® Green mix (Qiagen) including 1 uM forward and reverse primers with 0.01 ug cDNA per one 

reaction. The qRT-PCR program was consist of pre-denaturation at 95℃ for 5 minutes followed by 40 PCR cycles at 95℃ for 

5 seconds, annealing at 60℃ for 10 seconds and melting curve from 60℃ to 95℃ by 1℃ per 1 second; cooling at 40℃ for 

30 seconds on the basis of qRT-PCR program with minor modification in manufacturer’s protocol. Amplification curves, melting 

curves and Ct values were analyzed by using Rotor-Gene Q Series Software (Qiagen) and all products were confirmed by 1.5% 

agarose gel electrophoresis for nonspecific product in targeted gene product and negative control after qRT-PCR. All primers used 

for qRT-PCR were summarized in Table 1.

Statistical analysis

For the analysis of the differences between the cells, this study used T-test analysis with SPSS software (via IBM SPSS 

Statistics, ver. 21). Threshold cycle (Ct) values and integrated optical density (IOD) were presented as means ± SEM and the 

differences were considered significant when P-values were less than 0.05.

RESULTS 

Cellular- and immune-phenotype differences between UCM- and D-MSCs

The two expanded types of MSC isolated from umbilical cord matrix and dental tissue were both observed to have fibroblastic 

spindle-like morphology and the feature of adhering to culture dishes (Fig. 1A). CD44, CD73, CD90, and CD105 as the specific 

cell surface markers of MSC were highly expressed (≥ 96.9∽100% of positive cells) in UCM- and D-MSCs, whereas the 

expression of CD34 and CD45 was low in both cells (≤ 2% of positive cells; Fig. 1B).

Confirmation of CD119 and MHC II expression levels for immune phenotyping was performed in both types of cells. As shown 

in Fig. 1C and D, the expression levels of MHCII and CD119 in UCM-MSCs (0.69% and 11.4% of positive cells, respectively) 

were lower than those in D-MSCs (2.53% and 39.4% of positive cells). In particular, the expression of CD119 in UCM-MSCs 

was significantly lower (P < 0.05) than in D-MSCs.
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Expression of early transcription factors in UCM- and D-MSCs

Expression of early transcription factors (Oct3/4 and Nanog) was determined in MSCs derived from both types of cell (umbilical 

cord matrix and dental tissue) using qRT-PCR (Fig. 2A). Both MSCs expressed Oct3/4 and Nanog, but the level of expression 

of each early transcription factor varied. The expression levels of Oct3/4 and Nanog were significantly higher (P < 0.01) in 

UCM-MSCs compared to D-MSCs.

Figure 1. Characterization of UCM- and D-MSCs. (A) Morphology of UCM- and D-MSCs. Both cells at passage 4 showed a characteristic 
of adherence to the plastic flask with spindle-like morphology. (Original magnification ×40. Bars = 100 μm). (B, C, and D) 
Analysis of specific cell surface markers of MSCs by flow cytometry. Gates which were based on isotype controls are shown 
in white, and each antigen expression as MSC specific markers is shown in grey. A total of 10,000 MSCs at passage 4 
were counted. Bars with * indicate a significant difference (P < 0.05)

Cell proliferation capacity of UCM- and D-MSCs

As shown in Fig. 2B, the population of UCM-MSCs was significantly higher (P < 0.05) than the population of D-MSCs after 

144 hours and until 192 hours of cultivation.
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Figure 2. Expression of transcription factors and proliferation ability in UCM- and D-MSCs. (A) Expression of early transcription factors 
in MSCs. Products of early transcription factors (Oct3/4 and Nanog) were performed by qRT-PCR. Both MSCs were obtained 
at passage 4. β‑actin was used as a reference gene. (B) The proliferation capacities of both MSCs were evaluated for 
192 hours. * indicates a significant difference (P < 0.05).

In vitro differentiation into adipocytes and osteoblasts

After differentiation into adipocytes and osteoblasts of the UCM- and D-MSCs, cytochemical staining was performed to confirm 

differentiation ability. The accumulation of lipid vacuoles was observed in adipocytes using Oil red O staining, and the deposition 

of calcified extracellular matrix was observed in osteoblasts using Alizarin Red S and von Kossa staining in both differentiation 

induced MSCs (Fig. 3). 
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Figure 3. In vitro differentiation induced into adipocytes and osteocytes. At passage 5, both MSCs were induced and differentiated into 
adipocytes and osteocytes and cytochemical staining with Oil red O (adipocytes), von Kossa and Alizarin Red S (osteocytes). (Magnification 
×40. Bars = 100 μm)

Morphological changes and expression of lineage-specific markers of trans-differentiation induced MSCs into corneal 

epithelial cells

UCM- and D-MSCs were trans-differentiated into corneal epithelial cells for four days in induction medium (Fig. 4A (a)) followed 

by 18 days of differentiation medium (Fig. 4A (b)). Morphological changes were observed in both MSCs following induction of 

differentiation (Fig. 4B). Both undifferentiated MSCs were observed to have a fibroblastic morphology with a spindle shape. However, 

the UCM-MSCs trans-differentiated into corneal epithelial cells for a total of 22 days were morphologically changed into a round 

shape, whereas there were no distinct morphological changes in the trans-differentiated D-MSCs, which maintained their spindle-like 

morphology (Fig. 4B). 

Figure 4. Induction of trans-differentiation into corneal epithelial cells of UCM- and D-MSCs. (A and B) Trans-differentiation induction 
and morphological changes of MSCs into corneal epithelial cells. Both MSCs at passage 5 were induced and differentiated into corneal 
epithelial cells. (Original magnification ×40. Bars = 100 μm). 
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Expression of lineage-specific markers of corneal epithelial differentiated MSCs

Expression of specific markers (CK3, CK8, and CK12) of corneal epithelial cells was observed using immunofluorescence 

staining after trans-differentiation induction (Fig. 5). Two types of MSCs were both positive for corneal epithelial specific proteins 

CK3, CK8, and CK12 (Fig. 5A-2, B-2, and C-2, respectively) after trans-differentiation for 22 days. We had confirmed that they 

were negative for CK3, CK8, and CK12 before trans-differentiation induction (Fig. 5A-1, B-1, and C-1, respectively). We observed 

that the fluorescence intensities of specific markers of UCM-MSCs were higher than in D-MSCs, and we measured integrated 

optical density (IOD) in both MSCs (Fig. 6). We found that the IOD of CK3, CK8, and CK12 immunofluorescence stained proteins 

of UCM-MSCs were significantly higher (P < 0.05) than in D-MSC (Fig. 6A).

For the analysis of corneal epithelial cell related mRNAs, we measured the mRNA levels of CK3, CK8, and CK12 in 

UCM-MSCs and D-MSCs using qRT-PCR before and after trans-differentiation into corneal epithelial cells. These three corneal 

epithelial cell related genes were shown in both types of MSCs after trans-differentiation to have significantly increased expression 

(P < 0.05) compared to undifferentiated MSCs, and the expression level of CK3 was significantly higher (P < 0.05) in both 

trans-differentiated MSCs than in undifferentiated MSCs. However, the expression levels of CK8 and CK12 were significantly 

increased (P < 0.05) only in trans-differentiated UCM-MSCs, not in D-MSCs (Fig. 6B). 

Figure 5. Evaluation of corneal specific markers in UCM- and D-MSCs. Expression of immunofluorescence of corneal specific markers 
(CK3, CK8, and CK12) in both MSCs. (A-, B-, and C-1). Expression of DAPI (blue) and specific proteins (red or green) 
in undifferentiated MSCs. (A-, B-, and C-2) Expression of DAPI (blue) and specific proteins (red or green) in trans-differentiated 
MSCs for 22 days. (Original magnification ×200. Bars = 100 μm).
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Figure 6. (A) Integrated optical density (IOD) of trans-differentiated MSCs. Immuno photos were analyzed using ImageJ. * indicates 
a significant difference (P < 0.05). (B) Expression of corneal epithelial specific genes CK3, CK8, and CK12 in trans-differentiated 
MSCs using qRT-PCR. The normalized gene expression to β-actin ratio is represented on the y-axis. * indicates a significant 
difference (P < 0.05).

DISCUSSION

MSCs derived from various adult tissue sources have different pluripotency and regeneration capacity. Moreover, differentiation 

of corneal epithelial cells is known to be the most effective and valuable method to overcome blindness due to limbal corneal 

epithelial stem cell deficiency without the need for corneal tissue transplantation. The trans-differentiation process in MSCs should 

bring about the regeneration of corneal epithelial cells, but there are limitations in inducing trans-differentiation into ectodermic 

corneal epithelial cells. The aim of the present study was to investigate the trans-differentiation efficiency of cell source-dependent 

MSCs into ectodermic corneal epithelial cells by comparing the differentiation characteristics of the corneal epithelial cells of 

dental pulp tissues and umbilical cord matrix-derived MSCs. 

It has been found that MSCs derived from umbilical cord matrix and dental tissue have similar characteristics to BM-MSCs 

in terms of self-renewal, differentiation capacity, and expression of early transcriptional factors (Potdar et al., 2015). Furthermore, 

MSCs are multi-potent to differentiate into mesoderm (adipocytes, osteoblasts), ectoderm (neuronal, epithelial cells), and endoderm 

(cardiomyocytes, hepatocytes); they possess the ability to proliferate and commit to different cell types based on the environmental 

conditions (Ullah et al., 2015). In addition, MSCs are hypo-immunogenic stem cells that lack MHC II and CD119 as co-stimulatory 

molecule (Anzalone et al., 2010; Krampera et al., 2013). On the basis of these findings, MSCs are considered as promising sources 
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of stem cell therapy (Picinich et al., 2007; Ozawa et al., 2008). 

Research into cell therapy for treating blindness has continued, and previous studies have reported that BM-MSCs can be used 

to regenerate corneal epithelium (Gu et al., 2009; Hou et al., 2010) that can be trans-differentiated into corneal epithelial cells 

(Katikireddy et al., 2014). However, there is no reported comparative analysis of the trans-differentiation capacity of MSCs isolated 

from various tissues into corneal epithelial cells. This study therefore investigated the suitability of autologous sources for corneal 

cell therapy, namely UCM-MSCs and D-MSCs.

There have been numerous reports of UCM-MSCs and D-MSCs regarding their cellular and molecular aspects (Mennan et al., 

2013; Huang et al., 2009; Shivakumar et al., 2015; Ullah et al., 2015). Upon isolation, both types of MSC (i.e. those from 

umbilical cord matrix and those from dental tissue) showed plastic adherence and the spindle-shaped morphology that is one of 

the basic characteristics of MSCs (Fig. 1). The expression of specific cell surface markers was similar in both MSCs, but CD119 

was significantly higher (P < 0.05) in UCM-MSCs than in D-MSCs (Fig. 1). CD119 is the surface marker of endothelial or 

epithelial cells, T lymphocytes, B lymphocytes, NK cells, and granulocytes used for characterization of MSC (Rojewski et al., 

2008). These molecules occasionally caused immune rejection when allogenic cells were transplanted in recipients. In this study, 

there were no significant differences in MHC II expression between UCM-MSCs and D-MSCs, but UCM-MSCs were significantly 

lower than D-MSCs in expression of CD119 (Fig. 5). These results indicate that UCM-MSCs are less likely to evoke immune 

rejection in recipients. Thus, UCM-MSCs might be more suitable cell sources than D-MSCs because of the usefulness of MSCs 

as a tolerance inducer when they are transplanted in allogenic tissues. Furthermore, MSCs were capable of multi-lineage 

differentiation, including adipogenic and osteogenic differentiation, under the specific conditions (Pittenger et al., 1999). After 

specific induction into adipogenic and osteogenic lineages, both MSCs were successfully differentiated into adipocytes and 

osteoblasts, as confirmed using intra-cytochemical staining with Oil red O, von Kossa, and Alizarin Red S staining, respectively 

(Fig. 3), and there was no difference in the differentiation potential of the MSCs.

Moreover, as previous studies have described, early transcription factors Oct3/4 and Nanog were essential in maintaining 

undifferentiated status and pluripotent capacity in MSCs (Tsai and Hung, 2012; Carlin et al., 2006). We found product bands of 

early transcription factors such as Oct3/4 and Nanog in both UCM-MSCs and D-MSCs using qRT-PCR (Fig. 4). For the induction 

of trans-differentiation into corneal epithelial cells, UCM-MSCs and D-MSCs were differentiation induced for 22 days under the 

specific conditions. Previous studies have reported that trans-differentiated MSCs possessed round shapes (a cobblestone 

morphology) and expressed specific markers of corneal epithelial cells (Katikireddy et al., 2013; Ouyang et al., 2014; Kim et al., 

2004). In the present study, the trans-differentiation induced UCM-MSCs acquired a round morphology, but the D-MSCs did not 

change morphologically and maintained their spindle-like fibroblastic morphology (Fig. 4B). Protein expression of corneal specific 

markers CK3, CK8, and CK12 was positive in both MSCs as evaluated using immunofluorescence staining (Fig. 5). However, 

when we digitized immunofluorescence photos using the ImageJ program to compare trans-differentiated UCM-MSCs and D-MSCs, 

the intensity of fluorescence in trans-differentiated UCM-MSCs was significantly higher (P < 0.05) than that of D-MSCs (Fig. 6A).

The relative mRNA levels of corneal specific markers CK3, CK8, and CK12 were also observed in undifferentiated MSCs and 

MSCs trans-differentiated into corneal epithelial cells. In line with the findings of previous studies (Schermer et al., 1986; Wilson 

et al., 1994), the present study confirmed that the mRNA expression of corneal specific markers in trans-differentiated UCM-MSCs 

and D-MSCs displays an increasing tendency compared to undifferentiated MSCs. The trans-differentiated D-MSCs did not show 

any significant difference in the mRNA expression of corneal specific markers, with the exception of CK3. In contrast, the 

trans-differentiated UCM-MSCs showed significantly higher difference in all the mRNA expressions of corneal specific markers 

(Fig. 6B). These results, confirmed using immunofluorescence staining, IOD, and qRT-PCR, showed that UCM-MSCs had higher 

trans-differentiation potential into corneal epithelial cells than D-MSCs.

It has previously been reported that BM-MSCs and adipose tissue derived MSCs are capable of being trans-differentiated into 

corneal epithelial-like cells (Katikireddy et al., 2014; Nieto-Miguel et al., 2013; Jiang et al., 2010). Similarly, the present study 

demonstrates that UCM-MSCs and D-MSCs could be trans-differentiated into corneal epithelial-like cells. In addition, this study 

investigated the comparative potential of UCM-MSCs and D-MSCs for trans-differentiation into corneal epithelial cells and for 

molecules implicated in immune rejection. Immune phenotyping showed that cell surface antigens related to immune rejection, such 
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as MHC II and co-stimulatory molecule, had lower expression in UCM-MSCs than in D-MSCs. Therefore, UCM-MSCs were found 

to be hypo-immunogeneic stem cells. Moreover, we confirmed that UCM-MSCs had a higher capacity for trans-differentiation into 

corneal epithelial cells at the mRNA level and protein level than D-MSCs. These results suggest that UCM-MSCs are a more 

suitable source than D-MSCs of cell therapy for corneal opacity. 

To study the pre-clinical application of MSCs for corneal opacity in animal model, UCM-MSCs could be a good cell source; 

they not only express immune tolerance related molecules but are also capable of trans-differentiation into corneal epithelial cells. 

The present study has considered only collagen types I and IV, which are the main components of corneal stroma and basement 

membrane, respectively, as the microenvironment is similar to the cornea. However, it is important to construct a microenvironment 

similar to the cornea in terms of extracellular matrix, supporting cells, adhesion, and signaling receptors. On the basis of this study, 

we conclude that UCM-MSCs have greater potential for trans-differentiation into corneal epithelial cells, but before this finding 

can be used for corneal opacity, it is essential to construct a microenvironment with similar characteristics and components to 

those of the cornea.
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