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microRNA-10b promotes the migration of mouse
bone marrow-derived mesenchymal stem cells and
downregulates the expression of E-cadherin
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Abstract. The ability of mesenchymal stem cells (MSCs)
to migrate is an important determinant of the efficiency of
MSC transplant therapy. MicroRNA-10b (miR-10b) has been
positively involved in the migration of a number of tumor
cells lineages. To date, it remains unknown whether miR-10b
affects the migration of MSCs. In the current study, the
effect of miR-10b on the migration of mouse bone marrow-
derived MSCs (bmMSCs) was investigated. Third-passage
bmMSCs were transfected with miR-10b mimic and nega-
tive control precursor miRNA using Lipofectamine™ 2000.
miR-10b and E-cadherin expression and bmMSC migration
were determined. The present results showed that primary
bmMSCs exhibit a spindled or triangular morphology and
that third-passage bmMSCs present a typical fibroblast-like
morphology, exhibiting CD90-positive and CD45-negative
expression. Compared with the transfection of negative
control miRNA, transfection of miR-10b mimic markedly
upregulated miR-10b expression in bmMSCs, increased their
migration and downregulated E-cadherin expression. The
current observations indicate that the upregulation of miR-10b
increases bmMSC migration ability, which may be involved in
the downregulation of E-cadherin.

Introduction

Mesenchymal stem cells (MSCs) are multipotent cells that
may differentiate into a variety of cell lineages, including
osteocytes, adipocytes, chondrocytes, endothelial cells,
cardiomyocytes and neurons, when exposed to appropriate
conditions (1,2). Bone marrow-derived MSCs (bmMSCs) are
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a commonly used source of stem cells. To date, bmMSCs have
been widely applied in tissue engineering. The migration capa-
bility of bmMSCs is an important determinant of the efficiency
of bmMSC-based transplant therapy. A previous study showed
that ~1.5% of injected stem cells reached the injured tissue
following intracoronary injection for 2 h (3). However, the low
homing rate of bmMSCs severely limits their clinical uses.

MicroRNAs (miRs) are endogenous, small, noncoding
RNAs in eukaryotic cells (4). miRs are post-transcriptional
regulators that negatively regulate gene expression by binding
to the target mRNA for degradation and translational repres-
sion (4). At present, >1000 miRs have been identified in the
human and mouse genomes, a number of which have been
found to be involved in cell migration (4,5). It has been
reported that miRs, including miR-let-7a, -16, -30a, -34a, -107,
-125b, -200c, -203, -218, -424 and -488, inhibit the migration
of specific tumor cells and other normal cell lineages (5-14).
However, other miRs, including miR-10b, -20, -21 and -144,
have been reported to promote cell migration (15-18).

To date, the effects of miR-10b on the migration and inva-
sion of tumor cells have been well studied (15,19,20). However,
little is known about the function of miR-10b in the migration of
bmMSCs. In the present study, the role of miR-10b in bmMSC
migration and E-cadherin expression was investigated.

Materials and methods

Isolation and culture of bmMSCs. bmMSCs were isolated and
cultured as previously described (21). In brief, bnMSCs were
isolated from bone marrow, which was harvested from mouse
tibia and femur, plated into 100-mm Petri dishes and cultured
in DMEM (Invitrogen Life Technologies, Carlsbad, CA, USA)
supplemented with 15% fetal bovine serum (Thermo Scientific
HyClone, West Palm Beach, FL, USA), 2 mM L-glutamine
(Sigma-Aldrich, St. Louis, MO, USA), 100 U/ml penicillin
(Sigma-Aldrich) and 100 g/ml streptomycin (Sigma-Aldrich)
for 3 h. The non-adherent cells were removed and the medium
was replaced with fresh medium. A purified population of
bmMSCs was obtained following 3 weeks of culture. The
study was approved by the Ethics Committee of Xinxiang
Medical University (Xinxiang, China)
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Figure 1. Morphology and identification of bmMSCs. (A) The morphology of primary of bmMSCs. (B) The morphology of the third-passage bmMSCs. (C) Flow
cytometry assay revealed the expression of CD45 in bmMSCs. (D) Flow cytometry assay revealed the expression of CD90 in bmMSCs. bmMSCs, bone

marrow-derived mesencymal stem cells.

Flow cytometry assay. bmMSCs were harvested, washed
with phosphate-buffered saline (PBS) and incubated with
CD45-FITC and CD90-FITC antibodies (Abcam, Cambridge,
MA, USA) at 4°C for 1 h. Cells were washed and resus-
pended in 400 ml PBS and analyzed by flow cytometry
(Becton-Dickinson, Franklin Lakes, NJ, USA). The flow
cytometer collected ~10,000 cells.

Transfection of miR-10 mimic. bmMSCs were plated into 6-well
plates. When cells reached 60-70% confluency, they were
transfected with miR-10b mimic and negative control precursor
miRNA using Lipofectamine™ 2000 in Opti-MEM medium
according to the instructions of the Lipofectamine LTX kit
(Invitrogen Life Technologies, Carlsbad, CA, USA). The
medium was replaced following 4 h of transfection. After 24 h
of transfection, the cells were used in subsequent experiments.

Quantitative polymerase chain reaction (qPCR) for
miR-10b. bmMSCs transfected with miR-10b mimic or nega-
tive control miRNA were washed with PBS and total RNA
was extracted using TRIzol reagent (Promega Corporation,
Madison, WI, USA). miRNAs were purified using an
miRNAeasy kit (Applied Biosystems, Carlsbad, CA, USA)
and cDNA was synthesized using a microRNA reverse
transcription kit (Applied Biosystems) according to the
manufacturer's instructions. QPCR was performed using an
Applied Biosystems 7500 Real-Time PCR System (Applied
Biosystems). The miR-10b primers and U6 housekeeping
primer were obtained from Abcam.

Transwell migration assay. The migration of bmMSCs was
measured using Corning Costar transwell plates (Corning Inc.,

Corning, NY, USA) with 8-um pore filters, as previously
described by Kim ef al (22). In brief, bmMSCs (1x10°) were
plated in the upper inserts of the transwell chamber. Following
6 h of transmigration, the migrated bmMSCs on the lower side
of the filter were fixed with 4% paraformaldehyde and stained
with crystal violet and viewed by an inverted microscope
(Olympus, Tokyo, Japan).

Immunofluorescence assay. Immunofluorescence staining
was performed using rabbit anti-mouse E-cadherin antibody
(Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA), as
previously described (23). In brief, bnMSCs were cultured on
10-mm round coverslips and stained using standard methods.
Cells were mounted on slides using ProlongH Gold antifade
reagent (Life Technologies Corporation, Carlsbad, CA, USA)
and imaged by fluorescence microscopy (Olympus).

RT-PCR. Total RNA was isolated from bmMSCs using
RNeasy mini kits (Invitrogen Life Technologies) according
to the manufacturer’s instructions. RNA (1 pg) was
applied to synthesize cDNA using the SuperScript II First
Strand DNA Synthesis kit (Invitrogen Life Technologies).
RT-PCR was performed using a 20-ul reaction volume
containing 100 ng cDNA, 10 x1 2X PCR mixture and 0.3 yM
primers. The products were separated by 1.5% agarose
gel electrophoresis and visualized by ethidium bromide
on a UV transilluminator (Bio-Rad, Hercules, CA,
USA). The primers used were as follows: E-cadherin
forward, 5'-CCTGTCAACCCAAGCAC-3' and reverse,
5'-ATTTCCTGACCCACACCAAA-3'"; and B-actin forward,
S5"TTCTTTGCAGCTCCTTCGTTGCCG-3" and reverse,
5" TGGATGGCTACGTACATGGCTGGG-3"
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Figure 2. Expression of microRNA-10b (miR-10b) and cell migration following transfection of miR-10b mimic. (A) qPCR found miR-10b expression in
bmMSCs transfected with negative control miRNA or miR-10b mimic. (B) Numbers of bmMSCs transmitted to the lower side of the well chamber fol-
lowing transfection of negative control miRNA or miR-10b mimic. Bar graphs represent mean + SD (n=4/group). 'P<0.05 vs. negative control transfection.

bmMSCs, bone marrow-derived mesencymal stem cells; PCR, quantitative polymerase chain reaction.
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Figure 3. Expression of E-cadherin following transfection of microRNA-10b (miR-10b) mimic. (A) Immunofluorescence staining showed E-cadherin expres-
sion on the surface of bmMSCs transfected with negative control miRNA. (B) Immunofluorescence staining revealed E-cadherin expression on the surface
of bmMSCs transfected with miR-10b mimic. (C) RT-PCR and western blot analysis identified mRNA and protein expression of E-cadherin in bmMSCs
following transfection of negative control miRNA or miR-10b mimic. Bar graphs represent mean + SD (n=4/group). 'P<0.05 vs. negative control transfection.
bmMSCs, bone marrow-derived mesencymal stem cells; RT-PCR, reverse-transcription polymerase chain reaction.

Western blotting. Proteins were extracted from bmMSCs
and separated by 12% SDS-PAGE. Following electropho-
resis, proteins were transferred to PVDF membranes. The
membranes were blocked with 5% non-fat milk in TBS-T and
incubated with rabbit anti-mouse E-cadherin antibody at 4°C
overnight. Blots were incubated with HRP-conjugated duck
anti-rabbit secondary antibody (Santa Cruz Biotechnology,
Inc.) for 1 h at room temperature. The immunoreactive bands
were visualized by enhanced chemiluminescence.

Statistical analysis. Statistical analysis was performed with
SPSS 11.5 software (SPSS Inc., Chicago, IL, USA). Data are

presented as the mean + SD. Univariate comparison of means
was evaluated using the Student's t-test. P<0.05 was considered
to indicate a statistically significant difference.

Results

Morphology of bmMSCs and expression of MSC markers.
Consistent with previous studies (21), primary bmMSCs
showed a spindle-shaped or triangular morphology (Fig. 1A)
and the passaged (the third passage) bmMSCs exhibited a
typical fibroblast-like morphology (Fig. 1B). Flow cytometry
revealed that bmMSCs negatively expressed the leukocyte
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antigen molecule CD45 (Fig. 1C), but positively expressed the
MSC marker molecule CD90 (Fig. 1D).

miR-10b expression following transfection. As shown in
Fig. 2A, compared with the transfection of negative control
precursor miRNA, transfection of miR-10b mimic markedly
increased the expression of miR-10b in bmMSCs (P<0.05).

Overexpression of miR-10b promotes migration of bmMSCs.
A transwell system was used to measure the transmigration
ability of bmMSCs. As shown in Fig. 2B, compared with
the transfection of negative control miRNA, transfection
of the miR-10b mimic significantly increased the number
of bmMSCs transmitted to the lower side of the well filters
(P<0.05).

Overexpression of miR-10b decreases expression of
E-cadherin. It is known that E-cadherin is an important regu-
lator of cell migration (24). Loss of cell surface E-cadherin
suppresses cell adhesion and promotes cell migration (24). The
present immunofluorescence data show that overexpression of
miR-10b significantly decreases E-cadherin expression on the
surface of bmMSCs (Fig. 3A and B). These observations were
further confirmed by RT-PCR and western blot analysis, which
indicate that mRNA and protein expression of E-cadherin are
significantly downregulated in bmMSCs transfected with
miR-10b mimic compared with those transfected with nega-
tive control miRNA (P<0.05; Fig. 3C).

Discussion

In the present study, upregulation of miR-10b was shown to
promote the migration of bmMSCs in vitro for the first time.
In addition, overexpression of miR-10b was observed to mark-
edly decrease the expression of E-cadherin, a critical regulator
of cell migration. These observations indicate that miR-10b
positively regulates bmMSC migration, which may depend on
its role in regulating E-cadherin expression.

miRs are small, noncoding RNA molecules that partici-
pate in multiple pathophysiological processes, including cell
differentiation, migration, proliferation, apoptosis and inflam-
mation (25). miR-10b is the a well-studied member of the miR
family in cell metastasis. It has been shown that upregulation
of miR-10b facilitates migration of several types of tumor
cell lineages (19,20). For example, Tian et al (15) reported
that overexpression of miR-10b increases the metastases of
KYSE140 cells. Guessous et al (26) observed that miR-10b
expression is increased in human glioblastoma tissues and
glioblastoma stem cells, and inhibition of miR-10b markedly
reduces the invasion and migration of glioblastoma stem cells.
In the present study, overexpression of miR-10b was observed
to significantly increase the migration of bmMSCs in the
transwell assay.

E-cadherin is a transmembrane cell adhesion molecule that
is important for multiple physiological processes, including
cell migration, morphology and polarity (27). Downregulation
of E-cadherin has been observed to decrease cell-cell adhesion
and increase cell migration (28). In the present study, over-
expression of miR-10b was observed to significantly decrease
the expression of E-cadherin. miR-10b-mediated bmMSC
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migration is hypothesized to be involved in the downregula-
tion of E-cadherin.

In summary, the current study supports the hypothesis that
miR-10b promotes the migration of bmMSCs in vitro. The
present observations indicate that the upregulation of miR-10b
expression may be a viable approach to increase the migration
capacity of bmMSCs in transplantation therapy and an alter-
native to improve the therapeutic efficiency of transplantation.
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