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MicroRNAs (miRNAs, miRs) are about 21-25 nucleotides in
length and regulate mRNA translation by base pairing to
partially complementary sites, predominantly in the 3’-untran-
slated region (3’-UTR) of the target mRNA. In this study, the
expression profile of miRNAs was compared and analyzed for
the establishment of miRNA-related odontoblast differentiation
using MDPC-23 cells derived from mouse dental papilla cells.
To determine the expression profile of miRNAs during the dif-
ferentiation of MDPC-23 cells, we employed miRNA mic-
roarray analysis, quantitative real-time PCR (qRT-PCR) and
Alizaline red-S staining. In the miRNA microarray analysis, 11
miRNAs were found to be up- or down-regulated more than
3-fold between day 0 (control) and day 5 of MDPC-23 cell
differentiation among the 1,769 miRNAs examined. In
qRT-PCR analysis, the expression levels of two of these mole-
cules, miR-194 and miR-126, were increased and decreased in
the control MDPC-23 cells compared with the MDPC-23 cells
at day 5 of differentiation, respectively. Importantly, the overex-
pression of miR-194 significantly accelerated mineralization
compared with the control cultures during the differentiation of
MDPC-23 cells. These results suggest that the miR-194 aug-
ments MDPC-23 cell differentiation, and potently accelerates
the mineralization process. Moreover, these in vitro results show
that different miRNAs are deregulated during the differentiation
of MDPC-23 cells, suggesting the involvement of these genes in
the differentiation and mineralization of odontoblasts.
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Table 1. miRNA forward primer sequences for quantitative real-
time PCR analysis

miRNAs Primer sequences
miR-126 TCGTACCGTGAGTAATAATGC
miR-194 TGTAACAGCAACTCCATGTGG
u6 CGCAAGGATGACACGCAAATT
Dralll
B EclL3611
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Fig. 1. The map of pSUPER basic vector (Oligoengine Inc.,
Seattle, WA, USA)

Table 2. The full sequences and primer sequences of miR-194
for vector construction

Primer sequences of
miRNA

Forward :
AGCAGATCTTGGTTCC
TGGTTCCCGCcccccT CGCCCCCTGTAACAGC
GTAACAGCAACTCC AACTCCATGTGGAAGT
ATGTGGAAGTGCCC GCCCACTGGTTCC

miRNA Full sequence of miRNA

miR-194 A CTGGTTCCAGTGG Reverse :

GGCTGCTGTTATCTG GACCTCGAGCTGGCCC
GGGCGAGGGCCAG TCGCCCCAGATAACAG
CAGCCCCACTGGAACC

AGTGGGCAC
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Fig. 2. miRNAs up- or down- regulated in the MDPC-23 cells at
5 day after treatment with differentiation media in comparison
to the control MDPC-23 cells at 0 day by miRNA assay ana-
lysis. Each absolute fold change value represents the mean of
three independent experiments with varying SEM less than +
13%.

Table 3. miRNAs up-regulated in the MDPC-23 cells at 5 day
after treatment with differentiation media in comparison to the
control MDPC-23 cells at 0 day

miRNAs Absolute fold change
miR-21 5.44
miR-663 5.00
miR-26b 4.13
miR-1308 4.08
miR-9 3.83
miR-612 3.77
miR-218 3.57
miR-181c 342
miR-186 3.19
miR-10a 3.08
miR-194 3.02
Each absolute fold change value represents the mean of three
independent

experiments with varying SEM less than + 13%.

Table 4. miRNAs down-regulated in the MDPC-23 cells at 5
day after treatment with differentiation media in comparison to
the control MDPC-23 cells at 0 day

miRNAs Absolute fold change
miR-23b -10.85
miR-1244 -5.85
miR-27b -5.46
miR-27a -5.45
miR-744 -4.36
miR-125b-1 -4.18
miR-23a -4.11
miR-494 -3.80
miR-222 -3.45
miR-671-5p -3.26
miR-126 -3.06
Each absolute fold change value represents the mean of three
independent

experiments with varying SEM less than + 13%.
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Fig. 3. miRNAs up- or down- regulated in the MDPC-23 cells
at 15 day after treatment with differentiation media in
comparison to the control MDPC-23 cells at 0 day by miRNA
assay analysis. Each absolute fold change value represents the
mean of three independent experiments with varying SEM less
than + 16%.
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Fig. 4. miRNAs up- or down- regulated in the MDPC-23 cells
at 5 day after treatment with differentiation media in com-
parison to the control MDPC-23 cells at 0 day by real-time
quantitative RT-PCR (qRT-PCR). The qRT-PCR was per-
formed as described in “MATERIALS AND METHODS”.
The expression level of miRNA was calculated by using
gcalculator 1.0 program after internal control u6 normalization.
Each relative copy number value represents the mean of three
independent experiments. The expression levels of miR-194
and miR-126 were increased and decreased in the control
MDPC-23 cells compared to in the 5 days of MDPC-23 cell
differentiation, respectively.
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Fig. 5. Mineralized nodule formation in MDPC-23 cells. The
mineralized nodule formation induced by the differentiation
media and miR-194 was examined after 0, 3, 5 and 7 days of
culture. The cells were grown in the presence of ascorbic acid
and [B-glycerophosphate for inducing the mineralization and
were examined the effect of miR-194 on mineralized nodule
formation. The nodules were detected by Alizaline red-S
staining. The overexpression of miR-194 accelerated the
mineralization as compared with the control culture in the
differentiation of MDPC-23 cells.
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