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MicroRNA-103a-3p controls proliferation
and osteogenic differentiation of human
adipose tissue-derived stromal cells

Da Sol Kim1, Sun Young Lee1, Jung Hee Lee1, Yong Chan Bae2 and Jin Sup Jung1

The elucidation of the molecular mechanisms underlying the differentiation and proliferation of human adipose tissue-derived

stromal cells (hADSCs) represents a critical step in the development of hADSCs-based cellular therapies. To examine the role of

the microRNA-103a-3p (miR-103a-3p) in hADSCs functions, miR-103a-3p mimics were transfected into hADSCs in order to

overexpress miR-103a-3p. Osteogenic differentiation was induced for 14 days in an osetogenic differentiation medium and

assessed by using an Alizarin Red S stain. The regulation of the expression of CDK6 (cyclin-dependent kinase 6), a predicted

target of miR-103a-3p, was determined by western blot, real-time PCR and luciferase reporter assays. Overexpression of

miR-103a-3p inhibited the proliferation and osteogenic differentiation of hADSCs. In addition, it downregulated protein and

mRNA levels of predicted target of miR-103a-3p (CDK6 and DICER1). In contrast, inhibition of miR-103a-3p with 2′O methyl

antisense RNA increased the proliferation and osteogenic differentiation of hADSCs. The luciferase reporter activity of the

construct containing the miR-103a-3p target site within the CDK6 and DICER1 3′-untranslated regions was lower in miR-103a-

3p-transfected hADSCs than in control miRNA-transfected hADSCs. RNA interference-mediated downregulation of CDK6 and

DICER1 in hADSCs inhibited their proliferation and osteogenic differentiation. The results of the current study indicate that

miR-103a-3p regulates the osteogenic differentiation of hADSCs and proliferation of hADSCs by direct targeting of CDK6 and

DICER1 partly. These findings further elucidate the molecular mechanisms governing the differentiation and proliferation of

hADSCs.
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INTRODUCTION

MicroRNAs (miRNAs) are endogenous 19- to 25-nucleotide
non-coding RNAs that bind to partially complementary
recognition sequences of mRNA, resulting in translational
repression or cleavage and degradation of mRNA, thus
regulating the expression of mRNA targets.1 Each miRNA
can regulate multiple mRNAs and each mRNA can be targeted
by a number of miRNAs. Thus, it has been estimated that as
many as 30% of protein-coding genes could be targets of
miRNAs. miRNAs have been shown to be involved in diverse
biological processes including cellular differentiation,2

proliferation,3 apoptosis4 and metabolism.5 miRNAs also have
important roles in the self-renewal and pluripotency of stem
cells.6,7 The functions of one particular miRNA, miR-103a,
have been investigated in several cancer cell lines. For example,
the expression of miR-103 was found to be decreased in
papillary thyroid cancer cells,8 but increased in endometrial

cancer,9 nasopharyngeal carcinoma,10 pancreatic cancer,11

bladder cancer,12 colorectal cancer4 and lung cancer cells.13

In colorectal cancer cells, miR-103 was found to target a gene
that induces apoptosis of cancer cells (PER3),4 and the tumor
suppressor genes DICER and PTEN.14 In studies that examined
the effects of miR-103 on cellular differentiation and prolifera-
tion, silencing of miR-103 decreased total fat by reducing
adipocyte size,15 and inhibited proliferation of mouse intestinal
cell by targeting the CCNE1, CDK2, and CREB1 genes.16

Bioinformatic studies have predicted a role for miR-103/
miR-107 paralogs in lipid and energy metabolism with a
prediction that miR-103/107 regulates human metabolic
pathways.17

Adipose tissue, like bone marrow, is a mesodermally derived
organ with a stromal cell population. This population, termed
adipose tissue-derived mesenchymal stem cells or adipose
tissue stromal cells (ADSCs), shares many of its characteristics
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with bone marrow, including extensive proliferative potential
and the ability to differentiate toward adipogenic, osteogenic,
chondrogenic and myogenic lineages. Elucidating the molecu-
lar events involved in adipocyte differentiation is necessary in
order to develop trapeutics for metabolic diseases such as
obesity and diabetes.18 Toward that end, our laboratory has
reported that several miRNAs control proliferation and differ-
entiation of human ADSCs (hADSCs).19–21

In the current study, we examined the role of miR-103a-3p
on the proliferation and osteogenic differentiation of hADSCs.
The data in this study suggested that miR-103a-3p inhibited
hADSCs proliferation and osteogenic differentiation by binding
to specific target sequences in the -CDK6 mRNA 3′-untrans-
lated region (UTR).

MATERIALS AND METHODS

Cell culture
All protocols involving human subjects were approved by the
Institutional Review Board of Pusan National University. Superfluous
materials were collected from four individuals undergoing elective
abdominoplasty after informed consent was given by each individual.
We isolated the hADSCs according to the methods which described in
previous studies.22 The hADSCs were maintained in α-minimal
essential medium (MEM) with 10% fetal bovine serum, 100 μg ml− 1

streptomycin and 100mgml− 1 penicillin in 5% CO2 environment
at 37 °C.

Osteogenic differentiation
Osteogenic differentiation was induced through the culturing of the
cells for 10 days–2 weeks in osteogenic medium (10% fetal bovine
serum, 0.1mM dexamethasone, 10mM β-glycerophosphate, and 50mM

ascorbic acid in α-MEM), and extracellular matrix calcification was
estimated by using 2% Alizarin Red S with a pH of 4.3 (Sigma-
Aldrich, St Louis, MO, USA) for 15min. For obtaining quantitative
data, 300 μl of 10% (w/v) cetylpyridinium chloride (Sigma-Aldrich)
and 10mM sodium phosphate (pH 7.0) solution was added to stained
dishes and the absorbance of extracted dye was determined at 562 nm.

Evaluation of cell proliferation
hADSCs were transfected with miRNA or small interfering RNA
(siRNA). After a 48 h incubation, the cells were detached and the
plated in 6-well plates at a density of 1 × 104 cells per well. The
number of cells was counted at the indicated days after plating with a
Countess Automated Cell Counter (Invitrogen, Carlsbad, CA, USA).

Real-time quantitative PCR
Total RNA was isolated by using Trizol (Invitrogen), according to the
manufacturer’s instructions and reverse-transcribed into cDNA with
the Reverse Transcriptase M-MLV (Promega, Madison, WI, USA).
Primer sequences to be used in the experiment were as follows: CDK6:
FW: 5′-TCACACCGAGTAGTGCATCG-3′, RV: 5′-CAAGACTTCGG
GTGCTCTGT-3′; Runx2: FW: 5′-CTCACTACCACACCTACCTG-3′,
RV: 5′-TCAATATGGTCGCCAAACAGATTC-3′; Alkaline phospha-
tase: FW: 5′-CCACGTCTTCACATTTGGTG-3′, RV: 5′-AGACTGCG
CCTGGTAGTTGT-3′. For miRNA quantitative reverse transcriptase
PCR, small RNA species-enriched RNA was isolated according to the
manufacturer’s instructions (mirVana miRNA isolation kit; Ambion,
Austin, TX, USA). miRNA was reverse-transcribed by using Ncode
miRNA first-strand complementary DNA synthesis kits (Invitrogen).

Forward primer sequence was designed as the corresponding mature
miRNA sequences and 5S ribosomal RNA was used as normalizing
control. The miR-103a-3p-specific forward primer sequence was
designed on the basis of miRNA sequences obtained from the miRBase
database. Quantitative reverse transcriptase PCR was performed by
using a Power SYBR Green PCR Master Mix on the ABI7500
Instrument (Applied Biosystems, Warrington, UK). Data analysis
was determined by using the relative standard curve method.

Western blot analysis
Samples were homogenized in RIPA buffer (Sigma, St Louis, MO,
USA). The isolated proteins were separated by SDS-PAGE and electro-
transferred to Nitrocellulose membranes (Millipore, Bedford, MA,
USA). Blots were probed with primary antibodies, followed by
horseradish peroxidase-conjugated secondary antibodies. Antibodies
used in this study were purchased as follows: CDK6 from Abcam
(Cambridge, UK), DICER1 from Santa Cruz Biotechnology (Santa
Cruz, CA, USA) and GAPDH from Cell Signaling Technologies
(Boston, MA, USA). Bound antibodies were detected by using an
ECL detection kit (Pierce Biotechnology, Rockford, IL, USA) and
visualized by using LAS 3000 Luminoimage Analyzer (Fujifilm, Tokyo,
Japan). Protein level was quantified by using the National Institutes of
Health ImageJ software (Bethesda, MD, USA).

miRNA/siRNA transfection
hADSCs were seeded with complete medium without antibiotics. On
the following day, 20 nM of miRNAs (miR-103a-3p mimics or
inhibitors, Dharmacon, Thermo Scientific, Epsom, UK) and 100 nM
of siRNAs (on-TARGET plus SMART pool, Dharmacon) for CDK6
and DICER1 were transfected by using DharmaFECT Transfection
Reagent I (Dharmacon) according to manufacturer’s protocol. As
negative control, control miRNA or non-targeting siRNA were
transfected.

Reporter vectors and DNA consturcts
Putative miR-103a-3p-recognition elements (as single copy) from the
CDK6 gene and DICER1 were cloned in the 3′-UTR of the firefly
luciferase reporter vector (pMIR-Report, Ambion) according to the
manufacturer’s specified guidelines. The oligonucleotide sequences
were designed to carry the HindIII and SpeI sites at their extremities
facilitating ligation into the HindIII and SpeI sites of pMIR-Report
(Ambion). The oligonucleotides used in these studies were as follows:
pMIR-CDK6 FW:5′-CTAGTAAAAAGATTGGAACTGTTACGAC

GGA-3′,
RV: 5′-AGCTTCCGTCGTAACAGTTCCAATCTTTTTA-3′
pMIR-CDK6 mutant FW: 5′-CTACTAAAAAGATTGAAACTG

TTCCGTTGGA-3′,
RV: 5′-AGCTTCCAACGGAACAGTTTCAATCTTTTTA-3′
pMIR-DICER1 FW: 5′-CTAGTATAGTGTGGATTTTATACGAC

GTA-3′,
RV: 5′-AGCTT ACGTCGTATAAAATCCACACTATA-3′,
pMIR-DICER1 mutant FW: 5′-CTAGTATAGTGTGGATTTCA

CAAGACGTA-3′,
RV: 5′-AGCTT ACGTCTTGTGAAATCCACACTATA-3′

Reporter gene assay
All transient transfections were conducted by using Dharmafect Duo
(Dharmacon, Thermo Scientific). The pMIR-CDK6 and pMIR-β-gal
plasmids were used as reporter constructs. The cells were harvested
72 h after transfection, lysed in reporter lysis buffer, and subsequently
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assayed for their luciferase activity (Luciferase Assay System,
Promega). The transfections were performed in duplicate per each
experiment. The luciferase assays were normalized according to their
β-galactosidase activity.

Stastistical analysis
All of the results are presented as the means± s.e.m. Comparisons
between groups were analyzed via t-tests (two-sided) or analysis of
variance for experiments with more than two subgroups. Post hoc
range tests and pair-wise multiple comparisons were conducted by
using the t-test (two-sided) with Bonferroni adjustments. Probability
values of Po0.05 were considered to be statistically significant.

RESULTS

Effects of miR-103a-3p overexpression on the osteogenic
differentiation and proliferation of hADSCs
The miRNAs that showed high levels of expression in a
preliminary miRNA microarray study were chosen and then
differentiation-related molecules were targeted by using the
miRWalk database.23 To examine the role of miR-103a-3p in
hADSCs functions, miR-103a-3p mimics were transfected into
hADSCs in order to overexpress miR-103a-3p. miRNA mimics
augment the function of endogenous miRNAs for easier
detection of phenotypic changes. Real-time PCR analysis

showed that miR-103a-3p-transfected hADSCs had increased
levels of miR-103a-3p expression (Figure 1a).

To test the effect of miR-103a-3p on hADSCs proliferation,
miR-103a-3p-transfected hADSCs were plated (1× 104 cells per
well) on culture plates and the number of cells was counted on
specific days. This cell counting experiment showed that
miR-103a-3p-transfected cells had slower growth than control
miR-transfected cells (Figure 1b). Osteogenic differentiation of
miR-103a-3p-overexpressing hADSCs were induced with the
appropriate media. After incubating hADSCs for 14 days after
inducing differentiation, miR-103a-3p-overexpression signifi-
cantly inhibited an osteogenic differentiation of hADSCs
(Figure 1c). Real-time PCR analysis showed that the transfec-
tion of a miR-103a-3p mimic inhibited alkaline phosphatase
expression at basal and 7 days after osteogenic differentiation
(Figure 1d).

Effects of miR-103a-3p inhibition on the osteogenic
differentiation and proliferation of hADSCs
To investigate the effect of miR-103a-3p inhibition on hADSCs
differentiation, hADSCs were transfected with a specific
miRNA inhibitor (IH-miR-103a-3p). Real-time PCR analysis
showed that transfection of IH-miR-103a-3p effectively down-
regulated miR-103a-3p expression in hADSCs (Figure 2a).

Figure 1 Overexpression of miR-103a-3p inhibits osteogenic differentiation and proliferation of hADSCs. (a) miR-103a-3p levels were
determined in mimic control (mimic miR-cont) or mimic miR-103a-3p-transfected hADSCs using real-time PCR. (b) hADSCs proliferation
was determined by direct cell counting after oligonucleotide transfection. (c) Oligonucleotide-transfected hADSCs were grown for 2 days
and, when the oligonucleotide-transfected hADSCs were grown to 80–90% confluence, osteogenic differentiation was induced for 2 weeks
and determined by Alizarin Red S solution, which was quantified by absorbance at 562 nm. (d) Real-time PCR analysis of ALP, in mimic
miR-103a-3p-transfected undifferentiated and differentiated cells. Total RNA was isolated at days after induction of differentiation.
Internal control for expression analysis was GUSB. Data represent mean± s.e.m. (n=4). *Po0.05 compared with mimic miR-cont-
transfected hADSCs at 0 and 7 days. ALP, alkaline phosphatase; hADSC, human adipose tissue-derived stromal cell; miR, microRNA.
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The cell counting experiment showed that IH-miR-103a-3p
enhanced hADSCs proliferation compared with control
oligonucleotide-transfected cells (Figure 2b).

To examine the effect of miR-103a-3p inhibition on
osteogenic differentiation, IH-miR-103a-3p-transfected
hADSCs were induced to differentiate into osteogenic lineages.
Alizarin Red S staining revealed that the inhibition of
miR-103a-3p enhanced an osteogenic differentiation of
hADSCs (Figure 2c). To further confirm the effect, the
expression of osteogenic differentiation marker gene was
determined using real-time PCR. Results showed that IH-
miR-103a-3p transfection increased the expression of alkaline
phosphatase at basal and 7 days after osteogenic differentiation
(Figure 2d).

miR-103a-3p targets the 3′-UTR of CDK6 mRNA
To determine the potential targets of miR-103a-3p in hADSCs,
miR-103a-3p-induced changes in gene expression profiles were
analyzed by microarray. The transfection of a miR-103a-3p
mimic lead to increased the expression of 32 genes and
inhibited the expression of 31 genes in hADSCs (Table 1).
Using the miRWalk database for target gene prediction, CDK6

was selected as a potential target of miR-103a-3p among the
downregulated genes.

To determine the relationship between miR-103a-3p and
CDK6, CDK6 expression was analyzed with real-time PCR and
western blot analysis in miR-103a-3p mimic transfected cells.
The transfection of a mimic miR-103a-3p led to a significant
decrease in CDK6 protein (Figure 3a) and mRNA (Figure 3b)
expression levels in the hADSCs.

To test whether miR-103a-3p directly targeted CDK6 in
hADSCs, luciferase reporter genes with CDK6 3′-UTRs with or
without mutation at the miR-103a-3p binding regions were
constructed (Figure 3c). The results showed a decrease in
relative luciferase activity when the CDK6 3′-UTR (pMIR-
CDK6) was transfected into miR-103a-3p-transfected hADSCs,
while no decrease in relative luciferase activity was observed in
hADSCs transfected with a mutant miR-103a-3p 3′-UTR
(pMIR-CDK6-mut) (Figure 3d).

Effect of CDK6 siRNA on proliferation and osteogenic
differentiation of hADSCs
To determine the role of CDK6 in osteogenic differentiation
and proliferation of hADSCs, CDK6 expression was suppressed
in hADSCs with an RNA interference technique using CDK6

Figure 2 Inhibition of miR-103a-3p increases osteogenic differentiation and proliferation of hADSCs. (a) miR-103a-3p levels were
determined in inhibitor control-(IH-miR-cont) or IH-miR-103a-3p–transfected hADSCs using real-time PCR. (b) hADSCs proliferation was
determined by direct cell counting after oligonucleotide transfection. (c) Oligonucleotide-transfected hADSCs were grown for 10 days and,
when the oligonucleotide-transfected hADSCs were grown to 80–90% confluence, osteogenic differentiation was induced for 2 weeks and
determined by Alizarin Red S solution staining, which was quantified by absorbance at 562 nm. (d) Real-time PCR analysis of ALP in
IH-miR-103a-3p-transfeted undifferentiated and differentiated cells. Total RNA was isolated at days after induction of differentiation.
Internal control for expression analysis was GUSB. Data represent mean± s.e.m. (n=4). *Po0.05 compared with IH-miR-cont transfected
hADSCs at 0 and 7 days. ALP, alkaline phosphatase; hADSC, human adipose tissue-derived stromal cell; miR, microRNA.
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siRNA (CDK6 siRNA) transfection. Real-time PCR analysis
confirmed that CDK6 siRNA effectively inhibited CDK6
expression in hADSCs (Figure 4a). Direct cell counting showed
that CDK6 siRNA-transfected hADSCs proliferated less than
the control cells (Figure 4b).

To study the effect of CDK6 downregulation on the
efficiency of hADSCs differentiation, osteogenic differentiation
of CDK6 siRNA-transfected hADSCs was induced. Alizarin
Red S staining, and real-time PCR analysis of osteogenic
differentiation marker genes indicated that downregulation
of CDK6 inhibited osteogenic differentiation of hADSCs
(Figure 4c and d).

miR-103a-3p targets the 3′-UTR of DICER1 mRNA
To determine the relationship between miR-103a-3p and
DICER1, DICER1 expression was analyzed with real-time
PCR and western blot analysis in miR-103a-3p mimic-
transfected cells. The transfection of a miR-103a-3p mimic
led to a significant decrease in DICER1 expression at both the
protein (Figure 5a) and mRNA (Figure 5b) levels in the
hADSCs.

To test whether miR-103a-3p directly targeted DICER1 in
hADSCs, luciferase reporter genes with DICER1 3′-UTRs with
or without mutation at the miR-103a-3p-binding regions were
constructed and the changes in luciferase activity with
miR-103a-3p transfection were determined. The results showed
that miR-103a-3p transfection inhibited luciferase activity in
hADSCs that were transfected with the constructs containing
DICER1 3′-UTR (pMIR-DICER1) or mutant miR-103a-3p
3′-UTR (pMIR-DICER1-mut; Figure 5c and d).

Effect of DICER1 on osteogenic differentiation and
proliferation of hADSCs
To determine the role of DICER1 in osteogenic differentiation
and proliferation of hADSCs, DICER1 expression was sup-
pressed in hADSCs with an RNA interference technique using
DICER1 siRNA (DICER1 siRNA) transfection. Real-time PCR
analysis confirmed that DICER1 siRNA effectively inhibited
DICER1 expression in hADSCs (Figure 6a). The effect of
DICER1 downregulation on hADSCs proliferation was also
determined. Direct cell counting showed that DICER1 siRNA-
transfected hADSCs proliferated less than the control cells
(Figure 6b).

To study the effect of DICER1 downregulation on the
efficiency of hADSC differentiation, osteogenic differentiation
of DICER1 siRNA-transfected hADSCs was induced. Alizarin
Red S staining indicated that downregulation of DICER1
inhibited osteogenic differentiation of hADSCs (Figure 6c).

DISCUSSION

Although several reports have demonstrated the function of
miR-103a in the neurogenesis of embryonic stem cells,24

studies have not examined its effects on the differentiation of
other cell lineages. In the current study, we investigated
whether miR-103a-3p was involved in proliferation and
osteogenic differentiation of hADSCs. The data in this study
demonstrated that miR-103a-3p overexpression with its mimic
in hADSCs inhibited proliferation and osteogenic differentia-
tion, and that miR-103 inhibition by transfection of inhibitor
oligonucleotides increased osteogenic differentiation and
proliferation. These results indicated that miR-103-3p was a
negative regulator of osteogenic differentiation and prolifera-
tion in hADSCs.

Downregulated genes in miR-103a-3p mimic-transfected
cells, including CDK6 was identified from a microarray
experiment. The data from the current experiment showed
that overexpression of miR-103 downregulated the expression
of CDK6 at the protein and mRNA levels. An assay with a
firefly luciferase reporter plasmid containing the predicted
CDK6 target gene sequences showed that overexpression of
miR-103 decreased luciferase activity, confirming the direct
binding of miR-103 to the 3′-UTRs of CDK6 in hADSCs. Roles
for CDK6 in the miR-103a-induced inhibition of the prolifera-
tion and osteogenic differentiation of hADSCs was further
supported by determining the effects of CDK6 siRNAs. Down-
regulation of CDK6 showed similar changes in the phenotypes
of hADSCs with miR-103a overexpression.

Table 1 Partial list of genes of which expression are regulated

by miR-103a-3p-overexpress hADSCs

Gene

symbol Gene name

Fold

change

SMPD1 Sphingomyelin phosphodiesterase 1 −6.55
CDK6 Cyclin-dependent kinase 6 −5.63
MT1M Metallothionein 1 M −4.23
UNC84B Sad1 and UNC84 domain containing 2 −3.67
MT1E Metallothionein 1E −3.13
GREM2 Gremlin 2, DAN family BMP antagonist −2.90
DICER1 Ribonuclease type III −2.87
TRIAP1 TP53 regulated inhibitor of apoptosis 1 −2.87
VCAM1 Vascular cell adhesion molecule 1 −2.86
GRN Granulin −2.70
CUL4A Cullin 4A −2.60
UBE2C Ubiquitin-conjugating enzyme E2C −2.50
S1PR3 Suppression of tumorigenicity 13 −2.35
BIRC5 Baculoviral IAP repeat containing 5 −2.30
IL6 Interleukin 6 −2.24
IL13RA1 Interleukin 13 receptor, alpha 1 3.27
ARNT2 Aryl-hydrocarbon receptor nuclear translocator 2 3.22
UBE2G1 Ubiquitin-conjugating enzyme E2G 1 3.04
CANX Calnexin 2.98
NDUFB5 NADH dehydrogenase (ubiquinone) 1 beta

subcomplex, 5
2.84

RRAS2 Related RAS viral (r-ras) oncogene homolog 2 2.81
ANKRD37 Ankyrin repeat domain 37 2.79
TPMT Thiopurine S-methyltransferase 2.57
YWHAB Tyrosine 3-monooxygenase/tryptophan

5-monooxygenase activation protein,
beta polypeptide

2.57

Abbreviations: hADSC, human adipose tissue-derived stromal cell; miR,
microRNA.
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Figure 3 miR-103a-3p targets the 3′-UTR of CDK6 mRNA. (a) CDK6 expression in hADSCs transfected with oligonucleotides was analyzed
by western blot. Lysates were prepared at 2 days after transfection with oligonucleotides. To confirm equal loading, the quantities of CDK6
and GAPDH were determined using anti-CDK6 and anti-GAPDH antibodies. The relative expression ratio of each protein was quantified by
densitometric evaluation of western blots. Data represent mean± s.e.m. (n=4). *Po0.05 compared with mimic-miR-cont transfected
hADSCs. (b) CDK6 expression in hADSCs transfected with oligonucleotides was analyzed by real-time PCR. Total RNAs were isolated at
2 days after transfection with oligonucleotides. Data represent mean± s.e.m. (n=4). *Po0.05 compared with mimic-miR-cont transfected
hADSCs. (c) pMIR-CDK6 or pMIR-CDK6-mutant luciferase constructs were made according to the sequences from miRWalk database. (d)
These contructs were cotransfected with mimic-miR-103a-3p or mimic-miR-control into hADSC. Data represent mean± s.e.m. of the ratio
to the value of mimic miR-cont of pMIR-CDK6 or pMIR-CDK6 mutant (n=4), *Po0.05 compared with mimic miR-cont-transfected
hADSCs. hADSC, human adipose tissue-derived stromal cell; miR, microRNA; UTR, untranslated region.
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CDK6 was identified as a new member in a family of cdc-2
related kinases in 1992.25 This kinase, which is a partner with
the D-type cyclins and possesses pRb kinase activity in vitro,
has been thought to function solely as a pRb kinase in the
regulation of the G1 phase of the cell cycle.26 Additional
research indicated that miRNA-504 inhibited hypopharyngeal
squamous cell carcinoma cell proliferation via targeting
CDK6.27 Overexpression of CDK6 has been shown to block
differentiation of mice chondrocytes without affecting cell-cycle
progression in vitro.28 It has also been reported that several
miRNAs target CDK6 and control cell proliferation and
osteogenic differentiation. miR-13729 inhibits the proliferation
of lung cancer cells by targeting CDK6 and cdc42. miR-34a
inhibits osteoblast differentiation and cell proliferation in
human mesenchymal stem cells through the inhibition of
multiple targets including CDK6.30

DICER1 is a conserved RNAse III endonuclease that is
essential for the processing of several classes of small RNAs,
including miRNAs and endo-siRNAs, as well as for the
degradation of toxic transposable elements.31,32 DICER1 has
an important role in the proliferation and differentiation of
oligodendrocyte precursor cells and in the development of
pancreatic endocrine cells.33 Oskowitz et al.34 reported that
downregulation of Dicer expression did not affect cell pro-
liferation in human bone marrow-derived mesenchymal stem

cells, a finding which is inconsistent with data from the current
study. DICER1 deletion has various effects on cell proliferation.
Silencing of DICER1 inhibited cell proliferation in leukemia
cells,35 however, a decrease in DICER1 expression by miR-192
increased proliferation of neuroblastoma cells.36 Therefore, the
effects of DICER1on cell proliferation may differ based on the
miRNA profiles present in different cell types.

Conditional deletion of the Dicer enzyme in osteoprogeni-
tors by Col1a1-Cre compromised fetal survival after E14.5 and
demonstrated impaired extracellular matrix mineralization and
reduced expression of mature osteoblast markers during
differentiation of mesenchymal cells of ex vivo deleted Dicer
(c/c).37 This supports our findings that downregulation of
DICER1 expression inhibits osteogenic differentiation of
hADSCs.

In this study microarray data showed that miR-103a-3p
downregulated 31 genes. It has been known that interleukin 638

and gemlin 239 inhibited osteoblast differentiation. Therefore,
these genes could be excluded potential targets of miR-103a-3p.
However, we cannot exclude the possibility that other genes
besides of CDK6 may be involved in the miR-103-induced
inhibition of osteogenic differentiation in hADSCs.

Collectively, the findings from the current study indicate that
miR-103a controls the proliferation and osteogenic differentia-
tion of hADSCs, and that these effects are partly mediated by

Figure 4 CDK6 siRNA inhibits osteogenic differentiation and proliferation of hADSCs. (a) CDK6 mRNA levels were determined in control-
(si-cont) or CDK6 oligonucleotide (si-CDK6) transfected hADSCs by using real-time PCR. Internal control for expression analysis was
GUSB. (b) hADSCs proliferation was determined by direct cell counting. (c) Oligonucleotide-transfected hADSCs were grown for 2 days
and, when the oligonucleotide-transfected hADSCs were grown to 80–90% confluence, osteogenic differentiation was induced for 2 weeks
and determined by Alizarin Red S solution staining, which was quantified by absorbance at 562 nm. (d) Real-time PCR analysis of ALP,
and Runx2 in si-CDK6-transfected undifferentiated cells. Internal control for expression analysis was GUSB. Data represent mean± s.e.m.
(n=4). *Po0.05 compared with si-cont-transfected hADSCs. ALP, alkaline phosphatase; hADSC, human adipose tissue-derived stromal
cell; miR, microRNA; si-CDK6, CDK6 small interfering RNA.
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Figure 5 miR-103a-3p targets the 3′-UTR of DICER1 mRNA. (a) DICER1 expression in hADSCs transfected with oligonucleotides was
analyzed by western blot. Lysates were prepared at 2 days after transfection with oligonucleotides. To confirm equal loading, the quantities
of DICER1 and GAPDH were determined using anti-DICER1 and anti-GAPDH antibodies. The relative expression ratio of each protein was
quantified by densitometric evaluation of western blots. Data represent mean± s.e.m. (n=4). *Po0.05 compared with mimic-miR-cont
transfected hADSCs. (b) DICER1 expression in hADSCs transfected with oligonucleotides was analyzed by real-time PCR. Total RNAs were
isolated at 2 days after transfection with oligonucleotides. Data represent mean± s.e.m. (n=4). *Po0.05 compared with mimic-miR-cont
transfected hADSCs. (c) pMIR-DICER1 or pMIR-DICER1-mutant luciferase constructs were made according to the sequences from
miRWalk database. (d) pMIR-DICER1 or pMIR-DICER1-mutant luciferase constructs were cotransfected with mimic-miR-103a-3p or
mimic-miR-control into hADSCs hADSCs. Internal control for expression analysis was GUSB. Data represent mean± s.e.m. of the ratio to
the value of mimic miR-cont of pMIR-DICER1 or pMIR-DICER1 mutant (n=4), *Po0.05 compared with miR-con-transfected hADSCs,
#Po0.05 compared with anti-miR-cont-transfected hADSCs. hADSC, human adipose tissue-derived stromal cell; miR, microRNA; UTR,
untranslated region.
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targeting the 3′-UTRs of CDK6. These results are important, as
novel pharmacological agents for disease treatment based on
targeting miRNAs are already undergoing clinical trials.40

Previous studies in mice have shown that targeting miRNA
led to the development of osteoporotic bone in mice41 and
contributed to primary osteoporosis in humans.42,43 Thus,
inhibition of miR-103a in mesenchymal stem cells in vivo may
lead to enhanced bone formation. It is plausible that local
implantation of human mesenchymal stem cells cultured on a
functionalized scaffold containing IH-miR-103a may represent
one approach to enhance local bone formation needed for
treatment of localized bone defects and non-healed fractures.
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