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Abstract: Adipogenesis plays a key role in the regulation of whole-body energy homeostasis and is critically related
to obesity. To overcome obesity and its associated disorders, it is necessary to elucidate the molecular mechanisms
involved in adipogenesis. An adipogenesis-related miRNA array analysis demonstrated that miR-503 was differen-
tially expressed before and after adipocyte differentiation; however, the exact role of miR-503 in adipocyte differen-
tiation is unclear. Thus, the objective of this study was to further examine miR-503 in adipocyte differentiation. We
found significantly decreased expression of miR-503 during adipocyte differentiation process. Using bioinformatic
analysis, miR-503 was identified as a potential regulator of Bone Morphogenetic Protein Receptor 1a (BMPR1a). We
then validated BMPR1a as the target of miR-503 using a dual luciferase assay, and found decreased miR-503 and
increased BMPR1a expression during adipogenesis. Overexpression of miR-503 in preadipocytes repressed expres-
sion of BMPR1a and adipogenic-related factors such as CCAAT/enhancer binding protein a (C/EBP«), proliferator-
activated receptor-gamma (PPARYy), and adipocyte protein 2 (AP2). In addition, miR-503 overexpression impaired the
phosphoinositol-3 kinase (PI3K)/Akt pathway. Inhibition of miR-503 had the opposite effect. Additionally, BMPR1a
interference by siRNA attenuated adipocyte differentiation and the accumulation of lipid droplets via downregulat-
ing the PI3K/Akt signaling pathway. Our study provides the first evidence of the role miR-503 plays in adipocyte dif-
ferentiation by regulating BMPR1a via the PI3K/Akt pathway, which may become a novel target for obesity therapy.
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Introduction

An abnormal or excessive accumulation of
white adipose tissue (WAT) may cause a series
of health problems, such as obesity, type 2 dia-
betes, and coronary artery disease. Since WAT
is composed of numerous lipid-laden adipo-
cytes, understanding the cellular and molecu-
lar basis of adipogenesis is necessary to devel-
op innovative therapies that effectively treat
WAT-related disorders.

There are two steps involved in adipogenesis:
determination and terminal differentiation.
Mesenchymal stem cells (MSCs) are first
induced to become preadipocytes, which lose
the ability to differentiate into non-adipocyte
cells and then differentiate to mature adipo-
cytes [1]. This process is characterized by the
expression of adipocyte-specific proteins such
as adipocyte protein 2 (AP2), which is regulated
by two key transcriptional factors, CCAAT/

enhancer binding protein o (C/EBPx) and prolif-
erator-activated receptor-gamma (PPARy) [1],
that also act as downstream factors in the insu-
lin-phosphoinositol-3 kinase (PI3K)/Akt path-
way and play central roles in promoting adipo-
genesis [2].

Micro-RNAs (miRNAs) are small (21-25 nt) non-
coding RNAs that regulate gene expression at a
post-transcriptional level [3]. In recent years,
mMiRNAs have been shown to regulate several
cellular processes, including adipogenesis.
Some examples are miR-378/378*, which pro-
mote adipogenesis by upregulating C/EBPx and
-B expression [4], and miR-27b has been shown
to inhibit adipogenesis by targeting PPARy [5].
Ortega et al. showed that miR-503 was the
most down-regulated miRNA during human adi-
pocyte differentiation [6]. In our previous work,
miR-503 was differentially expressed in an
insulin receptor substrate-1 (IRS-1) deficient
mice model characterized by abnormal adipose
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tissue; however, the role of miR-503 in adipo-
genesis and the underlying mechanism are not
known. In the post-transcriptional regulation of
gene expression, miRNAs bind to the 3'-UTR of
their target gene and recruit the RNA induced
silencing complex (RISC). Using the miRNA
sequence as a guide, this RISC binds to mes-
senger RNA (mRNA) to degrade targeted
MRNAs or inhibit translation from mRNAs to
proteins [7]. Using bioinformatic analysis, we
predicted that the Bone Morphogenetic Protein
Receptor 1a (Bmprla) was one of the target
genes of miR-503.

Bone morphogenetic proteins (BMPs) belong to
the transforming growth factor- (TGF-B) super-
family and are known to regulate processes as
diverse as cell fate determination, proliferation,
apoptosis, and differentiation during both
embryogenesis and adulthood [8]. Activation of
BMPs requires binding to a hetero-oligomeric
complex of the type 1 and type 2 BMP recep-
tors (BMPRs). Three type 1 receptors (BMPR1a/
Alk3, BMPR1b/Alk6, and ACVR1A/Alk2) and
three type 2 receptors (BMPR2, ACTR2A, and
ACTR2b) mediate most of the effects of BMPs
[9]. Ligand binding first activates the type 2
receptor, and then trans-phosphorylates the
type 1 receptor, which results in subsequent
activation by phosphorylation of the receptor-
regulated Smad proteins [10]. Among the differ-
ent BMPR isoforms, BMPR1a is a particularly
convincing candidate for involvement in adipo-
cyte biology as it has been shown to specia-
lize in adipocyte differentiation [11]. Truncated
Bmprla in 2T3 cells, a murine osteoblast cell
line, blocked adipocyte differentiation, and this
could be reversed by BMPR1a reconstruction
[11]. Overexpression of BMPR1a induced adi-
pocyte commitment in the absence of BMP2/4
by binding to the Smad signaling pathway
directly [12]. In addition to the canonical Smad
pathway, the PI3K/Akt cascade is the emerging
“noncanonical” signal mediated by BMPs. It
was reported that insulin potentiates BMP2-
induced osteogenesis via the PI3K/Akt path-
way in rat spinal ligament cells [13]. Additionally,
BMP2 improves osteoblast differentiation by
activating PI3K/Akt signaling via BMPR threo-
nine/serine kinase [14]. However, it is unclear
how BMPs act on PI3K/Akt signaling. In this
study, we validated that miR-503 regulated adi-
pogenesis by targeting Bmprla, and that PI3K/
Akt signaling was involved in this process in
mice primary preadipocytes.
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Materials and methods

Culture and differentiation of mice primary
preadipocytes

Subcutaneous white adipose tissue was
removed from 10-day-old C57BL/6 mice, and
fat pads were cut into small pieces and digest-
ed with 1 mg/ml collagenase for 1 h in a shak-
ing water bath.

Digested tissues were filtered through a sterile
100 pm nylon mesh to remove red blood cells.
Preadipocytes were cultured in Dulbecco’s
modified essential medium-F12 nutrient mix-
ture (DMEM/F12) containing 10% fetal bovine
serum at 37°C in a 5% CO, atmosphere. To
induce adipocyte differentiation, preadipocytes
were grown until they reached confluence (day
0) and then induced to differentiate into mature
adipocytes with 5 ug/ml insulin, 0.5 mM isobu-
tylmethylxanthine (IBMX), and 5 uM dexameth-
asone (Sigma, USA) for 48 h. Then, cells were
placed in growth medium, supplemented with 5
pg/ml insulin, and the medium was changed
every second day.

Oil red O staining

Cells were washed twice in phosphate-buffered
saline (PBS), fixed with 10% buffered formalin
for 20 min, and stained for 120 min at room
temperature with filtered oil red O (0.5% oil red
O in isopropyl alcohol; Sigma, USA). Cells were
then washed and stored with PBS and exam-
ined with a microscope (Olympus Corporation,
Japan).

Adipocyte triglyceride content assay

After the adipocytes were stained with the oil
red O, the dye was discarded and the cells were
rinsed with distilled water. When excess water
was evaporated completely, 1 ml of isopropyl
alcohol was added to the stained wells for 15
min. The extracted dye was then transferred to
a 96-well plate and measured using optimal
absorbance at 510 nM.

Luciferase assay

Using TargetScan, miRnada, and PicTar,
Bmprla was predicted to be the target of miR-
503, we then predicted a target site for miR-
503 that comprised an absolutely conserved
7-nucleotide seed sequence (CGCTGCT) within
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Table 1. Primer sequences used for gPCR

Gene Sequence

AP2 Forward AACACCGAGATTTCCTTCAA
Reverse AGTCACGCCTTTCATAACACA

BMPRl1a Forward CTGCCCAGATGATGCTA
Reverse GTTAATGTGGTTTCTCCCT

PPARy Forward ATGGTTGACACAGAGATGC
Reverse GAATGCGAGTGGTCTTCC

C/EBPx Forward CAAGAACAGCAACGAGTACCG
Reverse GTCACTGGTCAACTCCAGCAC

B-actin Forward CAACGAGCGGTTCCGATG
Reverse GCCACAGGATTCCATACCCA

a highly-conserved region of the Bmprla 3’
UTR. The Bmprla 3" UTR WT sequence and a
mutant sequence in the seed region were iso-
lated and ligated to pGL3 (Promega Co.,
Madison, WI) to form pGL3-Bmprla-UTR-WT
and pGL3-Bmprla-UTR-muta (500 ng), and co-
transfected into HEK293T cells with a miR-503
mimic (50 nM) (Ribobio, Guangzhou, China). In
addition, pGL3-Bmprla-UTR-WT together with
a miR-503 mimic or a miR-503 inhibitor (50
nM) (Ribobio, Guangzhou, China) were co-trans-
fected into HEK293T cells. The normalized
luciferase activity for each construct was
compared.

Cell transfection in preadipocytes

Mouse Bmprla siRNA, a miR-503 mimic, and a
miR-503 inhibitor were transfected into preadi-
pocytes. The mouse Bmprla (GenBank Acce-
ssion Number AY365062) specific siRNAs
(mBmprla-siRNA) were 5-AACTTTCGGTGAAT-
CCTTGCA-3’ (sense) and 5'-AATGCAAGGATTCA-
CCGAAAG-3’ (antisense). The siRNA negative
control was generated using the nonspecific pri-
mers: 5-AAACGTGACACGTTCGGAGAA-3’ (sen-
se) and 5-AATTCTCCGAACGTGTCACGT-3’ (anti-
sense). The Bmprla siRNA (20 nM) or control
siRNA (20 nM) (Qiagen, West Sussex, UK) and
the miR-503 mimic/negative control (NC) or
inhibitor/NC (50 nM) (Ribobio, Guangzhou,
China) were incubated with Lipofectamine
2000 (Invitrogen, Paisley, UK) for 20 min to
allow complete fusion, before adding the mix-
ture to Opti-MEM I. The transfection medium
was replaced after 6 h with complete media for
72 h post transfection and the cells were
allowed to reach confluence (day 0). These cells
were then induced for adipogenic differentia-
tion using the methods mentioned above.
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Real-time quantitative PCR (qPCR) analysis

Total RNA was isolated with Trizol Reagent
(Invitrogen, USA) according to the manufactur-
er’s instructions and then was reverse-tran-
scribed with a miRNA first-strand cDNA synthe-
sis kit (Takara Bio) to generate first-strand miR-
NA-cDNA PCR templates. Quantitative PCR
(gPCR) was performed with a LightCycler 480 Il
(Roche, Basel, Switzerland) and the miRcute
miRNA gPCR detection kit (Takara). All PCR
assays were performed in triplicate. The U6
snRNA and B-actin were used as endogenous
controls for miRNA and mRNA, respectively.
The sequences of all primers are shown in
Table 1. Relative miRNA and mRNA expression
in preadipocytes after differentiation was quan-
tified with the -AACt method, and the fold-

change was determined with the formula
2—AAC‘(.

Western blotting

Cells were harvested in cold RIPA extraction
buffer (Sigma Aldrich, MO, USA) with protease
inhibitors and a phosphatase inhibitor (Roche
Diagnostics, IN, USA). Cell lysates were sepa-
rated by SDS-PAGE and transferred onto a
PVDF membrane, followed by overnight probing
with the following primary antibodies: anti-
PI3K, anti-pAkt/Akt, anti-BMPR1a, anti-PPARY,
anti-B-actin (Abcam, USA), and anti-AP2 (Cell
Signaling Technology Inc, USA). Densitometric
analysis was performed using Image J (NIH,
USA).

Statistical analysis

All the experiments were carried out in tripli-
cate and the results were presented as mean +
S.D. The data were analyzed using SPSS 16.0.
Statistical significance was considered at
p<0.05 using the Student’s t-test.

Results

MiR-503 was downregulated in mature adipo-
cytes

To identify whether miR-503 has an effect on
adipogenesis, primary preadipocytes were
induced into mature adipocytes for 10 days
(Figure 1A). The gPCR analysis validated that
miR-503 was significantly decreased (2.56-
fold) in the differentiation group compared with
the preadipocytes group (Figure 1B). Thus,
miR-503 was decreased during adipogenesis.
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Figure 1. Expression of miR-503 is downregulated during preadipocyte dif-
ferentiation. A. Representative microscopic images of preadipocytes (left) and
mature adipocytes at day 10 (right). Size bars indicate 50 um. B. Relative ex-
pression of miR-503 was measured by qPCR, as described in the Methods,
in preadipocytes and mature adipocytes. The expression levels of miR-503
were relative to the preadipocyte level, which was defined as 1. (Data were
presented as the mean * SD, n=3; *p<0.05 compared with day 0).

MiR-503 specifically binds to the 3-UTR of
Bmprla

To clarify the molecular mechanisms underly-
ing the regulation of adipogenesis by miR-503,
bioinformatic prediction of miRNA targets was
performed using TargetScan, miRnada, and Pic-
Tar. Although several targets of miR-503 have
been verified except for Bmprla, such as
Ptk7 [15], Rnf144b [16], and Dclk1 [17], since
there has not yet been reported that they are
related to adipogenesis, we predicted that
there would be one binding site for miR-503 in
the Bmprla 3-UTR (Figure 2A). The full-length
3-UTR of Bmprla mRNA was inserted down-
stream of the luciferase gene in the pGL3
reporter plasmid, and the seed sequence was
mutated to disrupt miR-503 binding (Fig-
ure 2B). The wild-type (pGL3-Bmprla-UTR) or
mutated (pGL3-Bmprla-UTR-muta) plasmid
was co-transfected with a miR-503 mimic into
HEK293T cells, together with the NC (no insert)
for normalization. Forty-eight hours after trans-
fection, the luciferase activity of the miR-503
group was significantly lower than that of
the NC group (p<0.05), and the reduction was
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rescued in the mutation
group (Figure 2C). Mean-
while, overexpression of miR-
503 significantly reduced
Bmprla 3-UTR-regulated lu-
ciferase activity; conversely,
inhibition of the miR-503
produced the opposite re-
sult (Figure 2D).

MiR-503 and BMPR1a
expression during preadipo-
cyte differentiation

To further investigate the
variation of miR-503 and
BMPR1a during the process
of adipogenesis, preadipo-
cytes were obtained from
10-day-old mice and indu-
ced into mature adipocytes
for 7 days. Lipid droplets
gradually accumulated dur-
ing this process (Figure 3A),
and the triglyceride concen-
tration dramatically increa-
sed (Figure 3B). Western
blot analysis confirmed that
BMPR1a, PPARy, and AP2
progressively increased in expression between
days O and 7 of differentiation, and the PI3K
and p-Akt expression showed similar patterns
(Figure 3C). We measured the time-dependent
decline in the expression level of miR-503
(Figure 3D); while the transcripts of Bmprla,
C/ebpa, Ppary, and Ap2 exhibited an upward
trend and peaked on day 3 then decreased
thereafter. (Figure 3E). The expression of
miR-503 showed a trend contrary to that of
BMPR1a, indicating that it repressed BMPR1a
expression.

MiR-503 inhibited preadipocyte differentiation
by down-regulating BMPR1a expression

To demonstrate the adipogenic effect of miR-
503, we transfected preadipocytes with a
murine MiR-503 mimic, a miR-503 inhibitor, or
corresponding controls. We found that the miR-
503 mimic significantly reduced and the miR-
503 inhibitor increased lipid droplets formation
in induced adipocytes (Figure 4A), which could
be further confirmed by the triglyceride content
(Figure 4B). The protein levels of BMPR1a and
PPARy were also reduced with the miR-503
mimic and increased with miR-503 inhibitor
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Figure 2. Validation that miR-503 targets the 3’-UTR of the Bmprla gene. A. Schematic of Bmprla mRNA and the
luciferase reporter plasmids containing the miR-503 binding sites of Bmprla mRNA. The 3’-UTR sites were inserted
downstream of the luciferase reporter and CGCTGCT was the predicted target site of miR-503. B. MiR-503 sequenc-
es and the predicted binding site between miR-503 and Bmprla mRNA. The sequence of miR-503 (www.mirbase.
org) is shown. The Bmprla mRNA has one putative binding site for miR-503 on the 3’-UTR. The seed region is com-
posed of seven nucleotides of the Bmprla 3’-UTR (red) and these were mutated using site-directed mutagenesis in
Bmprla mRNA-muta. C. HEK293T cells were transfected with each of the constructed plasmids, together with the
miR-503 luciferase reporter plasmid. D. HEK293T cells were transfected with a miR-503 mimic or inhibitor, together
with the Bmprla 3’-UTR activated luciferase reporter plasmid (n=3; *p<0.05 vs. blank).

(Figure 4C). The PI3K and phospho-Akt at Ser- Bmprla disruption inhibited adipogenesis

473 were inhibited by the miR-503 mimic and

activated by the miR-503 inhibitor (Figure 4C). Endogenous BMPR1a expression was largely
The gPCR analysis showed increased expres- interrupted with specific siRNAin preadipocytes.
sion of miR-503 in the miR-503 mimic group The cells exhibited significantly fewer lipid
(Figure 4D), and reduced miR-503 expression droplets and the triglyceride content drama-
in the mMiR-503 inhibition group (Figure 4F). tically decreased compared with cells trans-
Furthermore, the miR-503 mimic caused sig- fected with the NC (Figure 5A and 5B). Protein
nificant reductions and the miR-503 inhibitor expression of BMPR1a and PPARy was de
caused significant increases in mRNA expres- creased in the Bmprla-siRNA group (Figure
sion of Bmprla, C/ebpa, Ppary, and Ap2 (Fig- 5C). Accordingly, decreased Bmprla mRNA
ure 4E and 4G). These results indicated that levels were accompanied by reductions in the
miR-503 inhibited adipogenesis by down-regu- expression of C/ebpa, Ppary, and Ap2 in the
lating BMPR1a and the PI3K/Akt signaling Bmprila-siRNA group (Figure 5D). In addition,
pathway. PI3K and phospho-Akt at Ser-473 were down-
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Figure 3. Expression of miR-503 and BMPR1a during preadipocyte differentiation. A. Representative images of
oil red O staining of primary preadipocytes (O d), induced to differentiate (3 d) and mature (7 d) into adipocytes,
characterized by lipid droplets. Size bars indicate 100 um. B. The triglyceride concentration during adipogenesis
process. C. Western blot analyses of BMPR1a, adipogenic-related markers (PPARy, AP2), as well as PI3K and p-Akt
during preadipocyte differentiation. D, E. gPCR analyses of genes and miR-503 expression in preadipocytes treated
with adipogenic induction. Relative expression is shown for miR-503, Bmprla, and the adipocyte markers C/ebpq,
Ppary, and Ap2. Data represent mean * SD. (n=3; *p<0.05 compared with day 0).

regulated when BMPR1a was disrupted (Figure
5C). These results indicated that BMPR1la
interference resulted in lower adipogenic
activity and PI3K/Akt signaling.

Discussion

Obesity and the associated metabolic syn-
drome represent major public health issues; to
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some extent, both of these are due to exces-
sive adipose accumulation or too much adipo-
genesis. Adipogenesis is a complex process,
involving immense communication among pro-
genitor cells, receptors, extracellular stimuli,
signaling pathways, and transcription factors.
In this study, we identified miR-503 as a novel
player in inhibiting adipogenesis, as evidence

Am J Transl Res 2016;8(6):2727-2737
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Figure 4. MiR-503 inhibited preadipocyte differentiation by down-regulating BMPR1a expression. The miR-503
mimic/inhibitor or corresponding negative controls (NC) were transfected into preadipocytes using Lipofectamine
2000, and then cells were induced to differentiate. (A) Oil red O staining and (B) Triglyceride concentration of the
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four groups at day 10. Size bars indicate 50 um. (C) Western blot of whole cell lysates of adipocytes on day 3 after
induction show protein expression changes with the miR-503 mimic, inhibitor, and NCs. (D-G) The qPCR results
show relative gene expression of miR-503, Bmprla, C/ebpa, Ppary, and Ap2 at 72 h after transfection with a miR-
503 mimic (D and E), a miR-503 inhibitor (F and G), or corresponding controls (NC). Data represent mean + SD.

(n=3; *p<0.05 compared with control).
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Figure 5. Bmprla disruption inhibited adipogenesis. Bmprla-specific siRNA or negative control (NC) siRNA were
transfected into preadipocytes. (A) Oil red O staining and (B) Triglyceride concentration of cells with control or si-
lenced BMPR1a at day 10 after induction. Size bars indicate 50 um. (C) Analyses of Western blots show protein
expression in cells transfected with Bmprla siRNA or NC on day 3. Whole cell lysates were prepared and analyzed
for BMPR1a, PPARYy, PI3K, phospho-Akt (Ser-473), and Akt expression. (D) The gPCR results show gene expression
levels of Bmprla, C/ebpa, Ppary, and Ap2 at 72 h after transfection with control (NC) or siRNA. Data represent

mean + SD. (n=3; *p<0.05 compared with control).

by its dramatic decrease during adipocyte dif-
ferentiation and its ability to attenuate intracel-
lular triglyceride accumulation. Our results are
generally in agreement with recent reports that
mMiRNAs are emerging regulators that partici-
pate in adipogenesis. This includes miR-138
[18], miR-130 [19], miR-27a, and miR-27b [5],
which are all potential inhibitors of adipogene-
sis by suppressing PPARy; while other miRNAs
can accelerate adipogenesis, such as miR-21
[20] and miR-143 [21]. In previous studies,
miR-503 was the most down-regulated miRNA
before and after human adipocyte differentia-
tion [6]. In our previous work, miR-503 was also
differentially expressed in an IRS-1 deficient
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mice model characterized by increased brown
adipose tissue and decreased white adipose
tissue. Together, these data demonstrate that
miR-503 is closely related to adipogenesis.
This study demonstrated the exact role of miR-
503 in adipogenesis for the first time.

To further elucidate the underlying mechanism
by which miR-503 inhibits adipogenesis, we
predicted Bmprla as a target of miR-503 using
bioinformatic analysis (TargetScan, miRanda,
and PicTar). A luciferase reporter assay showed
that miR-503 functions by targeting the 3-UTR
of the Bmprla gene with its seed region. In
both HEK293T cells and preadipocytes, the

Am J Transl Res 2016;8(6):2727-2737
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miR-503 mimic decreased BMPRl1a expres-
sion; whereas, the miR-503 inhibitor resulted in
elevated expression of BMPR1a. These results
provide strong evidence that miR-503 inhibits
BMPR1a at the post-transcriptional level.

The BMPs are involved in many aspects of adi-
pocyte development, including adipose cell
fate determination, differentiation of commit-
ted preadipocytes, and the function of mature
adipocytes [8, 12, 22]. The effects of BMPs on
adipogenesis depend on several factors such
as the dosage, isoform of the BMP/BMPR
involved, and the related extracellular and
intracellular factors [23-25]. For instance,
BMP-2 and BMP-4 promote white adipocyte dif-
ferentiation, while BMP-7 is involved in brown
adipogenesis [25, 26]. However, BMP-2 and
BMP-7 could induce adipogenesis at low con-
centrations; whereas, high concentrations
resulted in osteogenic and chondrogenic differ-
entiation [23, 27]. The subtype of BMPR
involved in intracellular signaling could also
determine whether the MSCs commit to the
adipogenic lineage. Of the different BMPR iso-
forms, BMPR1a is specialized in adipogenesis.
Expression of BMPR1a increased significantly
in committed preadipocytes compared with the
parental C3H10T1/2 line [28]. In vivo studies
showed that human WAT displayed high level
of BMPR1a in overweight and obese individuals
compared with lean subjects [29, 30]. It is well
known that among the transcriptional factors
involved in adipogenesis, PPARy and C/EBPs
have key roles and govern the whole differenti-
ation process [31]. Overexpression of either
PPARy or C/EBP« could overcome most adipo-
genesis blockades in preadipocytes [1]. In
addition, BMP2 can promote adipogenesis
by inducing PPARy expression in 3T3-L1 and
C3H10T1/2 preadipocytes [23]. Rosiglitazone,
a PPARy agonist, could enhance the BMP-2
induced terminal preadipocyte differentiation
[32], suggesting BMP signaling and PPARy
cooperate with each other in adipogenesis. In
accordance with the above studies, we found
that the variation in BMPR1a expression
increased during primary adipocyte develop-
ment along with the adipogenic markers C/
EBPa, PPARy, and AP2. Interrupting BMPR1a
expression resulted in reduced adipogenic
activity and adipogenic markers, suggesting
that BMPR1a positively regulates adipogene-
sis.

The BMP signaling pathway involves the tran-
scription factors Smadl1/5/8, which interact
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with the universal co-Smad, Smad4, to form a
heterodimer that migrates into the nucleus and
regulates target gene expression [10]. In addi-
tion to the Smad pathway, BMPs utilize the
PI3K/Akt pathway to regulate several biological
activities in numerous cell types, such as intes-
tinal stems cells, cardiomyocytes, and follicle
stem cells [14, 33-35]. There was also a report
that BMP7 can rescue brown adipogenesis in
IRS-1 deficient cells via the PI3K/Akt signal
pathway [36]. However, it is unclear whether
BMP signaling regulates white adipogenesis via
the PI3K/Akt cascade. In this study, we showed
that the expression of PI3K and phospho-Akt
increased along with increased lipid droplets;
while, BMPR1a interruption resulted in reduced
adipogenic ability and PI3K/Akt activity. These
data described a previously unrecognized
mechanism for regulation of PI3K/Akt signaling
by the BMP signaling pathway in white adipo-
genesis. Additionally, miR-503 was reported to
impair insulin/PI3K-Akt signaling and induce
glucose intolerance, pancreatic B-cell dysfunc-
tion, and insulin resistance in a high-fat induced
diabetic mice model [37]. In our study, miR-503
overexpression downregulated the expression
of BMPR1a at both the mRNA and protein lev-
els and reduced the adipogenic ability and lipid
droplets formation. Furthermore, PI3K/Akt sig-
naling was impaired. The miR-503 inhibition
group exhibited the opposite results, emphasiz-
ing the inhibitory effect of miR-503 in adipocyte
differentiation.

Taken together, our study provides evidence
that miR-503 directly targets Bmprla and
takes part in adipocyte differentiation via the
PI3K/Akt signaling pathway. These findings
also suggest the cross talk between BMP and
the insulin signaling pathway in the adipogenic
process. The mechanisms presented here
might provide new therapeutic targets and
strategies to deal with adipogenesis-related
diseases, such as obesity, hyperlipidemia, and
type 2 diabetes.
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