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Role of microRNA 146a on the healing of cornea
alkali burn treated with mesenchymal stem cells
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Abstract. The aim of the present study was to investigate the
effect of microRNA 146a (miR146a) on promoting the repair
of corneal alkali burn with bone marrow mesenchymal stem
cells (MSCs). A total of 24 Sprague-Dawley female rats were
divided into a normal group (Control), a normal MSC treatment
group (Normal MSCs), an miR146a knockout MSC treatment
group (miR146a-low MSCs) and an miR146a high-expression
MSC treatment group (miR146a-high MSCs) according to the
random number table. Quantitative polymerase chain reaction
was used to evaluate the expression levels of miR146a. MTT
assay was performed to measure the cell viability of mesen-
chymal stem cells (MSCs) and apoptosis was measured by
flow cytometry. The expression levels of p65 nuclear factor
(NF)-«kB, proliferating cell nuclear antigen (PCNA) and Fas
proteins were analyzed by western blotting. MSCs were tested
for the secretion levels of vascular endothelial growth factor
(VEGF), CD45, interferon (IFN)-vy and interleukin (IL)-10
by ELISA. The miR146a-high MSCs improved cell viability
of MSCs and inhibited apoptosis of MSCs following alkali
burn. miR146a-high MSCs decreased the expression levels of
p65NF-kB and PCNA, and enhanced the expression level of
Fas. Furthermore, miR146a-high MSCs improved the cornea
opacity and enhanced the inhibition of neovascularization in
the rats following alkali burn. miR146a-high MSCs inhibit
the expression of VEGF, CD45, IFN-v, while enhanced the
expression of IL-10. Therefore, miR146a promotes the repair
of corneal alkali burn in rats treated with MSCs.
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Introduction

Ocular alkali burn is a common intractable ocular disease in
the clinic, which may cause blindness (1). Infiltrating leuko-
cytes following alkali burn release proteolytic enzymes and a
variety of inflammatory mediators, which leads to non-specific
damage on the corneal tissue, seriously affecting the structure
and function of the cornea. Corneal alkali burns cause serious
conditions, such as corneal melting, neovascularization and
ulcer perforation (2). Severe alkali burns specifically affect
the vision of these patients (3). Chemical burns, particularly
alkali burns, are a common cause of corneal neovasculariza-
tion (CNV), and CNV is closely associated with vision loss.
Numerous studies have investigated the therapeutic methods
that may cure corneal alkali burns quickly and effectively (4,5).

Mesenchymal stem cells (MSCs) are derived from adult
stem cells in the mesoderm, which is an important cellular
component of the hematopoietic microenvironment (6,7).
MSCs contribute to proliferation and differentiation of a
variety of tissues, such as bone, cartilage, muscle, ligaments,
tendons and adipose stromal cells, and have low immunoge-
nicity. Therefore, MSCs are considered to be an ideal cellular
source for tissue engineering (8,9). In addition, MSCs are easily
transfected and carry exogenous genes. Furthermore, MSCs
have a wide range of applications in cell and gene therapy (10).
Currently, clinical trials indicate that MSCs may be used to
repair genetic deficiency diseases of mesenchymal tissue,
which presents broad clinical application possibilities (11,12).

Micro RNA (miRNA) is a class of non-coding,
single-stranded miRNA (18-24 bp), which incorporates into
the RNA-induced silencing complex, adjusting the stability
and translational efficiency of target molecules, and effectively
inhibiting gene expression (13,14). In recent years, studies
have demonstrated that miRNA is particularly important in
post-transcriptional regulation of embryonic development,
phylogeny, tissue differentiation and evolution of disease,
for example, cancer, cardiovascular disease and neurological
diseases (15). In the process of MSC osteogenic differentia-
tion, miRNAs are also vital.

In the current study, MSCs were genetically modified using
a replication lentivirus over- or under-expressing miR146a
genes. We hypothesize that the MSCs over-expressing
miR146a are able to effectively repair the corneal alkali burn.
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The present study may provide a promising method for corneal
alkali burn treatment.

Materials and methods

Isolation and culture of MSCs. A total of one six-week-old,
female Sprague-Dawley (SD; 100 g) rat was purchased
from Animal Experimental Center of Wenzhou Medical
University (Wenzhou, China) and sacrificed immediately to
obtain the bone marrow. Bone marrow cells were obtained
by flushing the femurs and tibias with Dulbecco's modified
Eagle's medium (DMEM; Gibco; Thermo Fisher Scientific,
Inc., Waltham, MA, USA; cat. no. 11965118). The cells were
cultured in culture flasks in complete DMEM with 10% fetal
bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc.; cat.
no. 16000044) and penicillin/gentamycin (10 mg/ml; Gibco;
Thermo Fisher Scientific, Inc.; cat. no. 15070063) at 37°C.
After 72 h, the nonadherent cells were removed by replacing
the DMEM. The DMEM was refreshed every three days,
and the cells were transferred upon reaching 80% conflu-
ence. MSCs were isolated using flow cytometry, and MSCs
from the third passage were collected and resuspended in
phosphate-buffered saline (PBS) with 10% FBS. Monoclonal
antibodies were added for 30 min at 4°C, including cluster of
differentiation (CD)90 (Abcam, Cambridge, UK; 1:1,000; cat.
no. EPR3132); CD45 (Abcam; 1:600; cat. no. abl10558); CD34
(Abcam; 1:3,000; cat. no. ab81289); CD73 (Abcam; 1:600;
cat. no. ab175396). The phycoerythrin-conjugated antibodies
against cluster of differentiation CD90, CD45, CD34 and
CD73 were purchased from Biolegend, Inc. (San Diego, CA,
USA). PBS served as a negative control.

Animal model. A total of 24 female SD rats were used in
the current study, rats (age, 8-12 weeks; weight, 200-220 g)
were purchased and housed in an environmentally-controlled
breeding room of Wenzhou Medical University (Wenzhou,
China), at a temperature of 20+2°C, a relative humidity of
60+5% and under a 12-h light/dark cycle. The rats were anes-
thetized by intraperitoneal injection of chloral hydrate (10%;
4 ml/kg). Sodium hydroxide (NaOH; 4 ul, 1 mol/l) was applied
to a piece of filter paper (diameter, 3 mm) and placed in the
center of the cornea for 40 sec. The cornea was immediately
rinsed with saline for 1 min. The animals were administered
a subconjunctival one-off injection of MSCs (1x107 cells)
through the tail vein. The present study was approved by the
veterinary ethics committee of Zhejiang (Wenzhou, China;
ID: LY16H120004).

Quantitative polymerase chain reaction (qPCR). qPCR
was performed as previously described (16). mRNA was
obtained from the MSCs using an RNeasy kit (Qiagen
China Co., Ltd., Shanghai, China) and cDNA was synthe-
sized from total RNA (TagMan™ Fast Reagent Starter
kit, cat. no. 4352407; Thermo Fisher Scientific, Inc.). PCR
was performed with the following thermocycling condi-
tions: An initial 5 min at 95°C, followed by 40 cycles
of 95°C for 30 sec, 55°C for 30 sec and 72°C for 30 sec.
The primer sequences were as follows: Forward, 5'-ACC
ACACCTTCTACAATGA-3" and reverse, 5'-ATAGCACAG
CCTGGATAG-3' for B-actin, which were designed with
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primer premier 6.0 (Premier Biosoft International, Palo Alto,
CA, USA). gPCR was conducted with an Applied Biosystems
7500 real-time PCR system. Results were analyzed using
the Light Cycler Software version 3.5. Housekeeping gene
B-actin was used as an internal reference to normalize the
results. All experiments were performed in triplicate. Finally,
the 2-44¢4 method was performed to calculate the relative
expression (17).

MTT assay. Evaluation of cell viability of MSCs was
performed via MTT assay. MSCs (2x10° in 100 ul) were seeded
into 96-well cell plates and cultured in a cell incubator at 37°C
overnight. Then, 10 xl MTT (5 mg/ml) was added to each well
and the plates were incubated for 3 h at room temperature in
the dark. The dimethyl sulfoxide (DMSO) was added and the
medium was discarded. The absorbance 490 (nm) was tested
3 min later using an ELISA microplate reader.

Apoptosis analysis of MSCs. Apoptosis analysis was performed
as described previously (18). Briefly, MSCs were harvested
from the cell culture flasks at approximately 80-90% conflu-
ence and centrifuged at 300 x g for 10 min at 4°C. The medium
was discarded and cells were washed once with 3 mI PBS on ice.
Each cell pellet was resuspended in 100 ul PBS, stained with
10 pl propidium iodide (PI) and 4 pl Annexin V-fluorescein
isothiocyanate (20 ug/ml) and incubated on ice for 30 min
in the dark. Cell apoptosis was analyzed by flow cytometry
(Epics XL; Beckman Coulter, Inc., Brea, CA, USA), and data
were analyzed using a FlowJo Software 7.6 (Tree Star, Inc.,
Ashland, OR, USA).

Western blot analysis. MSCs were harvested and lysed in
RIPA buffer (Sigma-Aldrich; Merck KGaA; cat. no. 20-188) at
4°C. Following centrifugation (14,000 x g for 15 min at 4°C),
the protein concentration was determined using the Bradford
method (Beyotime Institute of Biotechnology, Nantong, China)
according to the manufacturer's protocol. A total of 20 ug total
protein sample was separated by 10% SDS-PAGE (Hangzhou
Fude Biological Technology Co., Ltd., Hangzhou, China) and
transferred onto a nitrocellulose membrane. The nitrocellu-
lose membrane was blocked with 5% nonfat milk for 1 h at
room temperature then incubated with antibodies against p65
NF-«kB (Abcam; cat. no. abl16502; 0.5 pg/ml), PCNA (Abcam;
cat. no. abl8197; 1 ug/ml) and Fas (Abcam; cat. no. ab82419;
1:1,000) at 4°C overnight. The nitrocellulose membrane was
then incubated with anti-rabbit IgG (Abcam; cat. no. ab191866;
1:500) secondary antibodies, for 1 h at room temperature.
Finally, protein was detected using a 3,3'-diaminobenzidine
kit (Beijing Solarbio Science & Technology Co., Ltd., Beijing,
China). GAPDH served as the internal control.

ELISA. The expression levels of VEGF (R&D Systems,
Inc., Minneapolis, MN, USA; cat. no. RRV00), CD45
(G-Biosciences, St Louis, MO, USA; cat. no. 50-148-9078),
IL-10 (Invitrogen; Thermo Fisher Scientific, Inc.; cat.
no. ERIL10) and INF-y (R&D Systems, Inc.; cat. no. RIF00) in
the aqueous humor of rats were determined using an ELISA kit.
Measurements were conducted according to the manufacturer's
protocol. A microplate reader was used to determine the optical
densities and data were presented as means of triplicate wells.
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Table I. Expression levels of miR146a in each group (means + standard deviation).

Group Control, % Normal MSCs, %

miR146a-low MSCs, % miR 146a-high MSCs, %

miR146a 100.0+11.2 97.9+10.5

67.5+£9.1* 137.5+£15.9°

1P<0.001 and °P<0.01 vs. Control. miRNA146a, microRNA 146a; MSC, mesenchymal stem cell.

Histological analysis. Histological analysis of corneal tissue
samples was performed by hematoxylin and eosin (H&E)
staining. Rats were administered with a subconjunctival injec-
tion of MSCs (1x107 cells), or PBS for the control, through
the tail vein. The rats were subsequently sacrificed, following
4 weeks of treatment, for histological examination. Corneal
tissue samples were preserved in 4% formaldehyde solution
at room temperature, dehydrated and embedded in paraffin.
The 5-um paraffin sections were immersed in distilled water
according to routine strategy. H&E staining was conducted as
follows: Washing with running water for 30 min, dehydration
in 90% alcohol for 5 min and eosin staining for 3 min at room
temperature. Then pictures were captured under x10 magnifi-
cation using a light microscope (Leica Upright Microscope;
Leica Microsystems GmbH, Wetzlar, Germany).

Statistical analysis. Each experiment was repeated three times
independently. Data are presented as means + standard devia-
tion. Data analyses were conducted using GraphPad Prism 6.0
software (GraphPad Software, Inc., La Jolla, CA, USA).
Statistical significance was determined by using an analysis
of variance followed by least significant difference post hoc
assessment (a=0.05) and P<0.05 was considered to indicate a
statistically significant difference.

Results

miR146a expression levels in MSCs from each group. As
shown in Table I, the results of qPCR indicate that there was
no significant difference between the Normal MSCs group and
the Control group, and the expression level of miR146a in the
miR146a-low MSCs was significantly decreased to 67.5+9.1%
(P<0.001 vs. Normal MSCs), the expression level of miR146a
in miR146a-high MSCs was increased to 137.5+15.9% (P<0.01
vs. Normal MSCs).

miR146a-high MSCs improve the cell viability of MSCs
following alkali burn. An MTT assay was performed to
confirm the cell viability of each group. As shown in Fig. 1,
cell viability was significantly decreased following alkali
burn, while the cell viability of the miR146a-low MSCs group
was further decreased when compared with that of Normal
MSCs. However, the cell viability of the miR146a-high MSCs
group was restored, and significantly greater than that of the
Normal MSCs group.

miRI146a-high MSCs inhibited apoptosis of MSCs following
alkali burn. As shown in Fig. 2, the percentage of apoptosis
was detected using Annexin V/PI double staining in each
group. The results indicate that cells are significantly apoptotic
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Figure 1. Expression levels of miR146a in each group on the effect of cell
viability of MSCs. *“P<0.001 vs. Control; “P<0.05 vs. Normal MSCs; #P<0.01
vs. Normal MSCs. miR146a, microRNA 146a; MSC, mesenchymal stem cell.

following alkali burn; furthermore, the percentage of apop-
totic cells in the miR146a-low MSCs group was significantly
increased. However, the apoptosis ratio of the miR146a-high
MSCs group was suppressed, and significantly reduced when
compared with the Normal MSCs group.

Expression levels of p65 NF-kB, PCNA and Fas in MSCs
following alkali burn. As shown in Fig. 3A and B, western
blot results demonstrated that expression levels of p65 NF-kB
and PCNA were decreased in MSCs following alkali burn,
although the expression level of Fas appears to be increased.
p65 NF-kB and PCNA were significantly decreased in the
miR146a-low MSCs group, and Fas expression was increased
to a certain degree, although the difference was not significant
when compared with the Normal MSCs group. The levels
of expression of p65NF-kB and PCNA in the miR146a-high
MSCs group were recovered to a certain degree, while the
expression level of Fas was suppressed; the differences were
significant when compared with the Normal MSCs group.

miRI146a-high MSCs group demonstrated improved corneal
opacity and enhanced the inhibition of neovascularization.
The score of corneal opacity severity indicated that, after 1, 2,
3 and 4 weeks of treatment, the degree of corneal opacity in
the Normal MSCs group was significantly improved, although
the cornea opacity in the miR146a-low MSCs group was
suppressed, and the miR146a-high MSCs group demonstrated
enhanced improvement of corneal opacity (Table II). The
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Figure 2. Expression levels of miR146a in each group and the effect on apoptosis. The apoptotic rate of normal MSCs (B), miR146a-low MSCs (C), miR 146a-high
MSCs (D) after miR146a-high MSCs after alkali burn, MSCs without any treatment as control (A). The upper right plus with lower right is the total apoptotic
rate. miR146a, microRNA 146a; MSC, mesenchymal stem cell; PI, propidium iodide.
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Figure 3. Expression levels of miR146a in each group and the effect on the expression levels of p65 NF-kB, PCNA and Fas in MSCs. (A) Western blotting was
used to detect levels of expression of p65 NF-kB, PCNA and Fas in MSCs. GAPDH served as the internal control. (B) Quantification of p65 NF-kB, PCNA
and Fas protein expression in MSCs. "P<0.05, “P<0.01 and ““P<0.001 vs. Control; “P<0.05 vs. Normal MSCs. miR146a, microRNA 146a; MSC, mesenchymal
stem cell; NF-kB, nuclear factor-kB; PCNA, proliferating cell nuclear antigen.
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Table II. Corneal opacity severity score of rats in each group.
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Corneal opacity severity score

Group 1 week 2 weeks 3 weeks 4 weeks
Control 3.91+0.32 3.88+0.31 3.24+0.28 2.92+0.24
Normal MSCs 3.01+0.22* 2.75+0.26* 2.10+0.36* 1.98+0.21*
miR146a-low MSCs 3.38+0.37° 3.16+0.25° 2.69+0.27° 2.33+0.34°
miR 146a-high MSCs 2.54+0.23" 2.18+0.34° 1.89+0.19° 1.55+0.16"
*P<0.05 vs. Control; *P<0.05 vs. Normal MSCs. MSC, mesenchymal stem cell; miRNA146a, microRNA 146a.
Table III. Comparison of the neovascularization area of rats in each group.

Neovascularization area, mm?
Group 1 week 2 weeks 3 weeks 4 weeks
Control 10.2+£1.22 18.3+2.01 16.7£1.78 15.5+1.68
Normal MSCs 8.23+1.74* 13.4+1.24° 10.6+1.20° 8.74+1.09°
miR 146a-low MSCs 9.26+1.18° 15.4+1.66¢ 13.1+1.54¢ 11.1£1.07¢
miR 146a-high MSCs 6.64+0.77¢ 10.2+1.04¢ 6.36+0.87¢ 3.96+0.49¢

1P<0.05 and "P<0.01 vs. Control; “P<0.05 and ‘P<0.01 vs. Normal MSCs. MSC, mesenchymal stem cell; miRNA146a, microRNA 146a.

results of the neovascularization show that after weeks 1-4
of treatment, the neovascularization was normal. MSCs was
significantly inhibited, but the inhibition of neovasculariza-
tion was weakened in the miR146a-low MSCs group, and the
miR146a-high MSCs group demonstrated enhanced inhibition
of neovascularization (Table III).

Levels of VEGF secretion in the aqueous humour and
inflammation-associated cytokine expression levels in rat
corneal tissue samples following alkali burn. Fig. 4 demon-
strates results of 4 weeks following the alkali burn surgery
being performed. The content of VEGF was significantly
decreased in the Normal MSCs group and the content of
VEGF was significantly higher in the miR146a-low MSCs
group compared with the Normal MSCs group, while the
content of VEGF in the miR146a-high MSCs group was
significantly lower than in the Normal MSCs group. In addi-
tion, evaluation of the corneal tissue inflammation factors,
CD45 and IFN-y demonstrated a consistent trend, whereas
the change in the concentration of IL-10 was the opposite
(indicating the special status of IL-10, which requires
further investigation). This indicated that miR146a may
inhibit the expression levels of VEGF, CD45 and IFN-vy,
while enhancing the expression level of IL-10. These results
indicate that the miR146a-high MSCs group exerted a better
effect on inhibiting the inflammation when compared with
the Normal MSCs group.

Histological observation of the rat corneas following
treatment. After four weeks of treatment, morphological

observation of corneal tissue samples was conducted by
H&E staining (Fig. 5). In the control group, the corneal
surface was covered with epithelial cells, no edema in the
stroma, collagen fibers neatly arranged and a large number
of visible novel blood vessels are evident in the corneal
stroma. In the normal MSCs group the epithelial corneal
wound was healed, there was no edema in the stroma and the
collagen fibers were neatly arranged, however only a few of
visible novel blood vessels are visible in the corneal stroma.
In the miR146a-low MSCs group, the corneal surface was
covered with epithelial cells with no edema in the stroma,
the collagen fibers neatly arranged and a mass of visible
novel blood vessels present in the corneal stroma. In the
miR146a-high MSCs group, the epithelial corneal wound
was healed, there was no edema in stroma, collagen fibers
were tightly arranged and there were only a few visible novel
blood vessels in the corneal stroma.

Discussion

Corneal alkali burn is a common clinical ophthalmology
disease, the treatment of which is quite difficult and the prog-
nosis is poor. Previous studies of the underlying mechanism
of the injury have been performed (19,20). MSCs are an
important cellular component of the hematopoietic microen-
vironment, which proliferate and differentiate into a variety
of tissues, and have low immunogenicity. Furthermore, MSCs
have a high degree of proliferation, self-renewal and pluripo-
tency (21). Clinical trials confirmed that MSCs may be used in
tissue repair (22). For the osteogenic differentiation of MSCs,
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Figure 4. Change of VEGF in the aqueous humor and inflammation factor levels in the corneal tissue samples from rats in each group. Quantification of
(A) VEGF, (B) CD45, (C) IL-10 and (D) IFN-y secretion in MSCs. "P<0.05 and “P<0.01 vs. Control; “P<0.05 and *P<0.01 vs. Normal MSCs. VEGF, vascular

endothelial growth factor; IFN-v, interferon-y; IL, interleukin; MSC, mesenchymal stem cell.

Figure 5. Hematoxylin and eosin staining following treatment of corneal alkali burn in each group. The H&E staining of rat corneas of (A) control, (B) normal
MSCs, (C) miR146a-low MSCs and (D) miR146a-high MSCs groups following 4 weeks treatment. miRNA146a, microRNA 146a.
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multiple cytokines and signaling pathways are involved in the
regulation of differentiation.

In the current study, MSCs were transfected with lentiviral
recombined miR146a genes. In the current assay, SD rats
were used to establish corneal alkali burn models to evaluate
the effects of miR146a-high MSCs. The data demonstrated
that miR146a-high MSCs inhibited cell apoptosis in corneal
alkali burn rats. In addition, miR146a-high MSCs inhibited
the expression of p65 NF-kB and PCNA, and promoted the
expression of Fas in corneal alkali burn rats. The result implied
that miR146a-high MSCs produced a strong repair effect and
provided protection (23). These results demonstrated that
genetically modified miR146a-high MSCs represent a prom-
ising strategy for corneal alkali burn therapeutic strategies.

One or four weeks after transplantation, corneal haze and
the neovascular situation were observed under a slit lamp (the
growth time, length and number of CNV were recorded, and
the length and area of CN'V were calculated as described previ-
ously (24). The corneal alkali burn scoring (cornea scoring
criteria following alkali burn) was also evaluated according to
the standard reference (25). Strong inhibition of CNV in rats
treated with miR146a-high MSCs was observed. Thus, it was
inferred that miR146a-high MSCs result in high repair effects,
which may be due to the miR146a. Thus, further studies are
required to determine the role of miR146a. As shown in Fig. 4,
decreased expression levels of VEGF, CD45 and IFN-y were
observed in the miR146a-high MSCs group rats. CD45 and
IFN-y have been demonstrated to be inflammation-associated
cytokines (26,27). Therefore, miR146a promotes repair of
tissues via inhibited secretion of CD45 and IFN-y. Whereas
the expression level of IL-10 was the opposite, which was a
notable finding.

In conclusion, the present study indicated that miR146a
in MSCs induced a powerful protective and repair effect.
Notably, miR146a directly decreased the expression level of
p65 NF-kB and PCNA, and inhibited apoptosis, inflamma-
tory cytokine secretion and CNV in corneal alkali burn rats.
The level of corneal opacity also improved significantly in
rats treated with miR146a-high MSCs. These results imply
that MSCs genetically modified with miR146a may serve as
an effective therapeutic strategy for corneal alkali burn. The
present study still has limitations, for example, the detailed
signaling pathway requires further investigation, and large
animal experiments also are required to determine the role of
miR146a-high MSCs in treating corneal alkali burns.
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