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Abstract

Multipotent mesenchymal stromal cells (MSCs) were first isolated from bone marrow and then from various adult tissues
including placenta, cord blood, deciduous teeth, and amniotic fluid. MSCs are defined or characterized by their ability to adhere
to plastic, to express specific surface antigens, and to differentiate into osteogenic, chondrogenic, adipogenic, and myogenic
lineages. Although the molecular mechanisms that control MSC proliferation and differentiation are not well understood, the
involvement of microRNAs has been reported. In the present study, we investigated the role of miR-125b during osteoblastic
differentiation in humans. We found that miR-125b increased during osteoblastic differentiation, as well as Runx2 and ALPL
genes. To study whether the gain or loss of miR-125b function influenced osteoblastic differentiation, we transfected MSCs
with pre-miR-125b or anti-miR-125b and cultured the transfected cells in an osteoblastic differentiation medium. After
transfection, no change was observed in osteoblastic differentiation, and Runx2, OPN, and ALPL gene expression were not
changed. These results suggest that the gain or loss of miR-125b function does not influence levels of Runx2, OPN, and ALPL

during osteoblastic differentiation.
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Introduction

Multipotent mesenchymal stromal cells (MSCs) were
first isolated from bone marrow and then from other
tissues as colony-forming unit fibroblasts (1,2). MSCs
have been isolated from various adult tissues such as
placenta, cord blood, deciduous teeth, and amniotic fluid
(3-6). Due to the lack of a single definitive marker to define
these cells, the International Society for Cellular Therapy
has proposed functional criteria for the characterization of
MSCs that include adherence to plastic, expression of
specific surface antigens, and their ability to differentiate
into osteogenic, chondrogenic, adipogenic, and myogenic
lineages (7).

The molecular mechanisms that control MSC differ-
entiation are not well understood. However, microRNAs

(miRNAs) have been reported to be involved in several
important events that occur during differentiation and
proliferation. miRNAs are single-stranded RNAs of ~22
nucleotides that derive from an ~70 nucleotide precursor,
and have been identified or predicted in a wide variety of
organisms, including plants, mice, and humans (8,9).
Decreased expression of miR-138 in human MSCs has
been reported to be associated with osteogenic (10) and
adipogenic differentiation (11). Moreover, overexpression
of miR-637 can enhance adipogenic differentiation and
suppress osteogenic differentiation by targeting osterix, a
transcription factor essential for osteogenesis (12).
Another study reported that miR-125b inhibits osteoblastic
differentiation in mice by downregulating cell proliferation
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(13). With this in mind, the aim of this study was to
investigate the role of miR-125b during osteoblastic
differentiation in humans.

Material and Methods

Isolation and characterization of MSCs

A total of 10 mL human bone marrow aspirate was
collected from the posterior iliac crest of 7 healthy donors
(3 females and 4 males). The study was approved by the
Institutional Ethics Committee of the Hospital das
Clinicas, Faculdade de Medicina de Ribeirdo Preto,
Universidade de S&o Paulo (process No. 1783/2004),
and all individuals signed an informed consent before
enrollment. Mononuclear cells were isolated by Ficoll-
Hypaque™ PLUS (GE Healthcare Bio-Sciences AB,
Sweden). MSCs were separated by plastic adherence
during culture in o-minimum essential medium (a-MEM;
Invitrogen, USA) supplemented with 15% fetal bovine
serum (FBS; Thermo Scientific HyClone, USA), 2 mM
L-glutamine, and 100 U penicillin/streptomycin (Sigma,
USA). Plastic-adherent MSCs from the third passage
were used in the experiments.

Cultured MSCs were immunophenotypically charac-
terized using the following monoclonal antibodies: CD45-
FITC, CD14-PE, CD44-FITC, CD29-PE, CD13-PE,
CD90-PE, CD73-PE, CD49e-PE, CD31-FITC, CD34-PE,
CD105-PE, HLA-DR-FITC, HLA-ABC-PE, and KDR-PE
(Pharmingen, USA). All samples were analyzed on a
FacsCalibur flow cytometer (Becton & Dickinson, USA).

Osteoblastic differentiation

Osteoblastic differentiation was initiated by seeding
MSCs in the presence of osteogenic differentiation medium
composed of MSC growth medium, i.e., -MEM supple-
mented with 7.5% FBS plus 1 M glycerol-2-phosphate
(Sigma), 20 mM L-ascorbic acid (Sigma), and 0.1 mM
dexamethasone (Sigma). The culture medium was
replaced every 3 days during a period of 21 days. During
the same period, control cells were kept in standard o-MEM
with 7.5% FBS (Thermo Scientific HyClone).

All cells were fixed and stained by the von Kossa
method (14), which indicates calcium deposition, and
were analyzed with an Axioscope 2.0 Zeiss microscope
equipped with an AxioCam HR camera (Carl Zeiss,
Germany). The cells were harvested and analyzed at 1,
3, 7, 14, and 21 days.

Quantitative RT-PCR (qRT-PCR)

Total RNA was extracted with Trizol® Reagent
(Invitrogen), and then reverse transcribed using a high-
capacity cDNA reverse transcription kit (Applied
Biosystems, USA), following the manufacturer’s protocol.
gRT-PCR for runt-related transcription factor 2 (Runx2;
Hs002316925_m1) was done (in duplicate) with TagMan
probes and MasterMix (Applied BioSystems). gRT-PCR

www.bjournal.com.br

677

was performed (in duplicate) using SYBR Green PCR
Master Mix (Applied BioSystems). For quantification of
the relative expression of alkaline phosphatase, type liver/
bone/kidney (ALPL), the primers were: forward: 5'-CATC
GCCTACCAGCTCATG-3'; reverse: 5-CTCGTCACTCT
CATACTCCACA-3'). For osteopontin (OPN) they were:
forward: 5'-CAGTGATTTGCTTTTGCCTCCT-3'; reverse:
5'-CAGCATCTGGGTATTTGTTGTAA-3'). To normalize
sample loading, the differences in threshold cycles (ACt)
were derived by subtracting the Ct value for the internal
reference (geometric mean of GAPDH and -actin) from
the Ct values of the evaluated genes. The 2"24¢T method
was used to calculate relative expression levels (15).
gRT-PCR amplification and fluorescence data collection
were performed using the ABI 7500 Sequence Detection
system (Applied Biosystems).

To analyze miR-125b expression, 2.5 ng RNA was
reverse transcribed using a high-capacity cDNA archive
kit (Applied Biosystems). Stem-loop RT primers specific
for miR-125b were used in the qRT-PCR assay. Mature
miR-125b was quantified (in duplicate) using the TagMan
MicroRNA assay (Applied Biosystems), according to the
manufacturer’s instructions. The geometric means of
RNU 24 and RNU 48 were used to normalize the
samples.

Transfection assay

A total of 2 x 10° MSCs were seeded on 6-well culture
plates with «-MEM supplemented with 15% FBS. Pre-
miR-125b or anti-miR-125b (Ambion, Canada) were
transfected into MSCs at a 40-nM concentration with
Lipofectamine 2000 (Invitrogen), according to the manu-
facturer’s instructions. A negative control was used. Four
hours after transfection, all cells were cultured in
osteoblastic differentiation medium. For mRNA analysis,
cells were harvested 1, 3, and 7 days after transfection.

Statistical analysis

The results of miRNA and gene expression were
compared using the Kruskal-Wallis test followed by the
Dunn post-test. Two-way ANOVA followed by the
Bonferroni post-test was used to compare results
obtained from transfected MSCs. Data were analyzed
using GraphPad PRISM, version 5.01 (GraphPad
Software, USA), and differences with P values =0.05
were considered to be statistically significant.

Results

MSC characterization

Cultured MSCs derived from human bone marrow had
a typical MSC immunophenotype. MSCs were 92.4 +£2.1,
97.9+0.7, 924+16, 94.7+28, 75.8+7.2, 90.5+2.8,
88.3+11.4, and 92.3 +£1.0% positive for the CD73, CD90,
CD29, CD13, CD44, CD49e, CD105, and HLA-ABC
markers, respectively. Moreover, MSCs were negative
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for hematopoietic cell markers (CD34, 1.9+0.9%; CD14,
0.9+1.6% and CD45, 0.6+0.4%); endothelial cell
markers (CD31, 0.2+0.1%; KDR, 5.3+3.1%), and HLA-
class Il markers (1.0+£0.6%, data not shown). The von
Kossa staining method (14) was used to identify biological
mineralization in cell culture, and it was observed that
MSCs changed their morphology from spindle to cuboid
shape after 14 days (Figure 1).

miR-125b, Runx2, OPN, and ALPL expression

Expression of miR-125b, Runx2, OPN, and ALPL was
analyzed by qRT-PCR at different times (0, 1, 3, 7, 14,
and 21 days) during osteoblastic differentiation. miR-125b
expression increased significantly on day 21 (P=0.05;
Figure 2A) compared to day 0. Significant increase in
Runx2 was observed on days 3, 7, and 14 (P=0.05,
Figure 2B) compared with day zero. Although no
statistically significant differences in OPN expression
were observed, a continual increase was clearly seen
on all 6 days (Figure 2C). In addition, ALPL gene
expression was higher on day 21 compared with day 1
(Figure 2D).

To study whether the gain or loss of function of miR-
125b could influence osteoblastic differentiation, we
transfected MSCs with pre-miR-125b or anti-miR-125b
and cultured them in osteoblastic differentiation medium.
First, we analyzed whether transfection of pre-miR-125b
or anti-miR-125b could modify the functional level of
cellular miR-125b. As expected, transfection of pre-miR-
125b and anti-miR-125b increased and decreased
intracellular levels of miR-125b, respectively (Figure 2E
and F). The activity of miR-125b was controlled by
transfection of pre-miR-125b and anti-miR-125b for up
to 7 days, and after that time the expression was lost.

Since pre-miR-125b and anti-miR-125b influenced the
cellular level of miR-125b, we thought that osteoblastic
markers would be controlled by this system. Therefore, to
determine whether changing the functional level of cellular
miR-125b influenced osteoblastic differentiation, Runx2,
OPN, and ALPL gene expression was analyzed by qRT-
PCR. MSCs transfected with pre-miR-125b and anti-miR-
125b and cultured in osteoblastic differentiation medium
did not show any differences in Runx2, OPN, and ALPL

M.T. Pinto et al.

expression (Figure 2G-l). Taken together, our results
suggest that the gain or loss of function of miR-125b did
not influence the levels of Runx2, OPN, and ALPL in
osteoblastic differentiation.

Discussion

Our goal was to identify miR-125 expression during
MSC differentiation in human osteoblasts. We evaluated
whether miR-125b expression could interfere with osteo-
blastic differentiation by analyzing Runx2, OPN, and ALPL
gene expression. Differentiation into osteoblasts was
confirmed by the development of the specific, black von
Kossa color of mineralization nodules (Figure 1D). Although
itis an indirect method for confirmation of calcium deposits,
we believe that it is suitable for the demonstration of
osteoblast differentiation. We found that miR-125b, Runx2
and ALPL gene expression increased during osteoblastic
differentiation. Although miRNAs are known to be involved
in cell proliferation, development, and differentiation, no
change was observed in osteoblastic differentiation or in
Runx2, OPN, or ALPL gene expression, when the
intracellular level of miR-125b was increased or attenuated.

One study reported that miR-125b expression was
attenuated during osteoblastic differentiation in mice and
that overactivity of miR-125b inhibited osteoblastic differ-
entiation. Also, inhibition of miR-125b promoted osteo-
blastic differentiation (13). Another study reported that
miR-125b inhibited cell proliferation of human breast
cancer cells by the inhibition of ErbB2/3 genes (16).

Based on the results obtained for expression of the
Runx2, OPN, and ALPL genes, we suppose that over-
expression of mir-125b probably does not influence
human osteoblastic differentiation. Nevertheless, in
another study (13) using a mouse model, alkaline
phosphatase activity and osteocalcin gene expression
were decreased by the overactivity of miR-125b, suggest-
ing an inhibition of osteoblastic differentiation.

In this study, we analyzed the expression of Runx2,
OPN, and ALPL genes because they are involved in
osteoblastic differentiation. Runx2 inhibits adipogenic
differentiation and commits MSCs to an osteogenic
lineage. After this process, MSCs differentiate into

Figure 1. Mesenchymal stromal cells (MSCs) were cultured in osteoblastic differentiation medium and stained by the von Kossa
method at 1 day (A), 3 days (B), 7 days (C), and 14 days (D). von Kossa staining showed mineralization nodules (black) and MSCs

morphology changed from spindle to cuboid shape after 14 days.
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Figure 2. miR-125b, Runx2, OPN, and ALPL expression during osteoblastic differentiation analyzed by qRT-PCR. A, miR-125b
expression was increased on day 21. mRNA levels of osteoblastic markers Runx2 (B), OPN (C), ALPL (D). Significance was
determined by the Kruskal-Wallis test and the Dunn post-test (*P=0.05). Pre-miR-125b (E) and anti-miR-125b (F) were transfected into
mesenchymal stromal cells (MSCs) and miR-125b expression was measured. Runx2 (G), OPN (H), and ALPL (/) gene expression was
analyzed in MSCs transfected with pre-miR-125b and anti-miR-125b. Negative controls were used in all experiments. Cells were
cultured in osteoblastic differentiation medium and harvested on the indicated days. Runx2: runt-related transcription factor 2; OPN:
osteopontin; ALPL: alkaline phosphatase. Differences in gene expression were analyzed by two-way ANOVA followed by the

Bonferroni post-test (*P=0.05).

preosteoblasts. Preosteoblasts express Runx2, distal-
less homeobox 5, and msh homeobox homologue 2 and
differentiate into immature osteoblasts, which express
bone morphogenetic protein 2, Osterix, B-catenin, bone
matrix proteins, bone sialoprotein, and OPN. At that point,
immature osteoblasts develop into mature osteoblasts
that express osteocalcin, ALPL, and type | collagen (17).
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Taken together, we believe that several mechanisms
could be involved during osteoblastic differentiation.
Although, this study has not shown an association between
miR-125b and Runx2, OPN, and ALPL gene expression,
miR-125b could control the expression of other genes,
since one miRNA may target several different mMRNAs (18).
In addition, other miRNAs could also be involved in

Braz J Med Biol Res 46(8) 2013



680

osteoblastic differentiation.

Understanding the differentiation process is essential
to obtain tight control of the process for future clinical
applications to avoid undesired side effects. Elucidating
the role of hsa-miR-125b during osteoblast differentiation
in vivo could contribute to understanding the molecular
mechanisms involved in processes such as bone fracture
repair and diseases such as osteoporosis.
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