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Abstract 

Generally, most miRNAs that were up-regulated during differentiation promoted adipo-
genesis, but our research indicated that up-regulation of miR-145 in porcine preadipocytes did 
not promote but inhibit adipogenesis. In this study, miR-145 was significantly up-regulated 
during porcine dedifferentiated fat (DFAT) cells differentiation. In miR-145 overexpressed 
DFAT cells, adipogenesis was inhibited and triglycerides accumulation was decreased after 
hormone stimulation (P<0.05). Furthermore, up-regulation of miR-145 expression repressed 
induction of mRNA levels of adipogenic markers, such as CCAAT/enhancer-binding protein α 
(C/EBPα), and peroxisome proliferator-activated receptor γ2 (PPARγ2). These effects caused by 
miR-145 overexpression were mediated by Insulin receptor substrate 1 (IRS1) as a mechanism. 
These data suggested that induced miR-145 expression during differentiation could inhibit 
adipogenesis by targeting IRS1, and miR-145 may be novel agent for adipose tissue engi-
neering. 
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Introduction 
MicroRNAs (miRNAs), 18-26nt endogenously 

expressed post-transcriptional modifiers, play crucial 
roles in diverse biological processes by degrading 
mRNA and/or inhibiting translation. Some of them 
involved in maturation of adipocytes, such as 
miR-143[1, 2], miR-369-5p[3], miR-27a/b[4, 5]. 
However, it is far from understanding their functions 
and mechanisms completely. Making such research is 
of great interest for uncovering the molecular mecha-
nism of adipose tissue developmemt. Up till now 
most miRNAs up-regulated during adipogenesis 
promoted adipocyte differentiation, but there were 
few miRNA induced during adipogenesis inhibited 
the process. For example, miR-31 which was 
up-regulated during murine mesenchymal stem cell 
line C3H10T1/2 adipogenesis, inhibited 
adipogenesis[6]. In vitro primary cell culture system 

could mock in vivo environment well, porcine pread-
ipocytes has been suggested as a substitute for human 
preadipocytes and novel model systems for studying 
the mechanisms of adipocyte differentiation [7]. 
Therefore, our recent study screened miRNAs profiles 
during porcine intramuscular and subcutaneous 
preadipocytes differentiation to understand the role 
of miRNAs in adipocytes differentiation better. In 
both cell lines, miR-145 was up-regulated significantly 
during adipogenesis, and it was expressed notably 
higher in fat tissues than in some other tissues. Recent 
studies indicated that miR-145 played roles in inhib-
iting cancer cells proliferation [8, 9], repressing plu-
ripotency and chondrogenic differentiation [10, 11], 
and inducing differentiation of multipotent neural 
crest stem cells [12, 13]. In these biological processes, 
miR-145 functioned by targeting different mRNAs. 
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Most target mRNAs of miR-145 played roles in 
aidpocytes differentiation, such as KLF4 and KLF5 [14, 
15]. However, to our knowledge, no report has been 
conducted to link miR-145 and any of its target genes 
to adipogenesis. 

Therefore, our investigation focused on the role 
of miR-145 in adipogenesis. During dedifferentiated 
fat (DFAT) cells differentiation, miR-145 was 
up-regulated. Lentivirus overexpression of miR-145 
significantly inhibited DFAT cells differentiation. This 
inhibiting function was conducted by targeting Insulin 
receptor substrate 1 (IRS1) that is essential for adipo-
genesis. Therefore, the inhibiting function of miR-145 
in adipogenesis may contribute to adipose tissue en-
gineering. 

Materials and methods 
Pig and Primary DFAT cells. All animal proce-

dures were in strict accordance with the guidelines of 
the Institutional Animal Care and Use Committee, 
and all animal work was approved by the Animal 
Care and Use Committee of Guangdong Province, 
China. Cells were isolated from no more than 24 h old 
male landrace and induced to differentiation using 
the methods established by Nobusue and Kano [7]. 
Differentiated DFAT cells were stained with oil red O 
as decribed previously [16]. Intracellular oil red O was 
extracted in 100% isopropanol and quantified by the 
absorbance at 510 nm [17]. 

Triglycerides assay. Cells were lysed and 
triglycerides contents were determined using a 
Triglyceride Kit (Biosino Bio-Technology and Science 
Inc., Beijing, China) according to the manufacturer’s 
protocol. Total protein in the cell lysate was 
quantified with the Bradford Protein Assay Kit 
(Beyotime,Shanghai, China). 

RNA extraction and qRT-PCR: Total RNA was 
extracted using TRIzol reagent (Invitrogen, California, 
USA) according to the manufacturer’s instructions. 
First-strand cDNA of mRNAs and miRNAs were ob-
tained using the Reverse Transcription System 
(Promega, Madison, WI, USA) and All-in OneTM 
miRNA First-Stand cDNA Synthesis Kit (Gene-
Copoeia, Rockville, MD, USA), respectively. 
QRT-PCR was performed using SYBR Premier Dimer 
EraserTM (TaKaRa, Osaka, Japan) on a LightCycler480 
(Roche Basel, Switzerland), and relative quantification 
(△△Ct) method was used to analyze the data. En-
dogenous GAPDH mRNA was used as reference, as it 
was expressed stable during DFAT adipogenesis [18, 
19]. The primers for mRNA and miRNA were as fol-
lows: GAPDH, F: ACAGTCAAGGCGGAGAACG,  

R: GGCAGAAGGGGCAGAGAT, 204bp; 
C/EBPα,  

F: TGGACAAGAACAGCAACGAG, R: 
ACCTTCTGTTGAGTCTCCACG, 109bp; C/EBPβ, F: 
GGTGGACAAGCACAGCGA, R: TGCTGCGTCTCC 
AGGTTG, 105bp; PPARγ2, F: TTGATTTCTCCA 
GCATTTCC, R: GGCTCCACTTTGATGGCACT, 
126bp; ap2/FABP4, F: GGAAACTTGTCTCCAGTG 
AAAAC,  

R: TGGTGCTCTTGACTTTCCTGT, 228bp; 
ssc-miR-145,  

F: GTCCAGTTTTCCCAGGAATCCCTTA; 
ssc-miR-145,  

R: TGCTGTCAACGATACGCTACG, 84bp. 
Western blotting. Cells were lysed in cell lysis 

buffer (Beyotime,Shanghai, China), and protein con-
tent was quantified as mentioned above. 40 μg total 
cellular protein was fractionated by 10% (w/v) 
SDS/PAGE and electronically transferred to 0.45 μm 
PVDF membrane (Roche Basel, Switzerland). The 
membrane was rinsed with TBS-Tween20 (TBST), 
blocked for 2 h in TBST containing 5% (w/v) 
skimmed milk, and incubated with primary antibody 
for 1 h. The membrane was washed with TBST and 
incubated for 1 h with secondary antibody conjugated 
to HRP. Blots were visualized using an ECL detection 
kit (Thermo Scientific, massachusetts, USA). The 
primary antibody for IRS1 was monoclonal anti-IRS1 
(#05-1085, millipore, Bedford, MA, USA). GAPDH 
protein was used as reference (sc-59540, Santa Cruz 
Biotechnology, California, USA), and the secondary 
antibody of both IRS1 and GAPDH was 
HRP-conjugated goat anti-mouse IgG. 

Conservation analysis. MiR-145 sequences of 
different species in miRBase (18.0) were downloaded. 
Then the phylogenetic analysis was performed using 
software MEGA5 according to the manufacturer’s 
instructions. 

Lentivirus production and infection. 
Ssc-miR-145 with BamHI and EcoRI restriction en-
zyme digestion sites at 5’ and 3’ end was cloned into a 
BamHI-EcoRI-treated vector pLVX-ShRNA2 (Clon-
tech). Empty vector or expression plasmids were 
co-transfected into 70%–80% confluent 293T cells with 
lentivirus packaging vectors. Virus supernatant was 
collected twice at day 1 and day 2 after transfection. 
Primary DFAT cells were cultured to 50%–60% con-
fluence and infected with lentivirus at 20 multiplicity 
of infection (MOI), and the cells were re-infected with 
the same amount of lentivirus on the next day. The 
infection efficiency was judged by GFP expression 
observation on the third day. 

Target prediction. An online database mirecords 
(http://mirecords.biolead.org/) was used to predict 
the targets of miR-145 based on sequence homology. 
In 6 databases integrated in mirecords, IRS1 was pre-
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dicted simultaneously. A database (http://bibiserv. 
techfak.uni-bielefeld.de/rnahybrid/) was used to 
predict hybridation of miR-145 to IRS1 3’ UTR. 

Luciferase reporter assay. 293T cells were plated 
in 48-well plates (Corning, Sanford, ME, USA) at a 
density of 6×104 cells per well. 50 ng psiCHECK2 
vector (Promega, Madison, WI, USA) containing IRS1 
3’ UTR were co-transfected into the cells with differ-
ent concentration of miR-145 mimics (final concentra-
tions were 0, 50, 100, 200 and 400nmol/l) using 
Lipofectamine 2000 (Invitrogen, California, USA), and 
mimics control with 400 nmol/l was used. 50 ng 
psiCHECK2 vector containing different binding sites 
or mutant binding sites were co-transfected with 
miR-145 mimics or a mimics control (final concentra-
tion was 400 nmol/l). Four replicates were made for 
each transfection. Firefly and Renilla luciferase activi-
ties were measured with the Dual-Glo luciferase assay 
system (Promega, Madison, WI, USA) at 48 h after 
transfection. The following primers were used to am-
plify porcine IRS1 3’ UTR from total RNA. The prod-
uct was 1094 bp in length covering the entire IRS1 
3’UTR. XhoI-3’UTR primer: CCGCTCGAGCTCAA 
CTGGACATCACAGCAG, NotI-3’UTR primer: 
TTGCGGCCGCTAAAGATCAACAGTCTCTAGTTT
A. We predicted 6 potential binding sites in porcine 
IRS1 3’ UTR. The 6 sites and their scrambled se-
quences were obtained by annealing sense and anti-
sense strand, and then the annealed sequences were 
inserted into XhoI–NotI treated psiCHECK2 vector. 

Statistical analysis. One-Way ANOVA and Bi-
variate Correlations analyses were conducted using 
SPSS16.0, and a probability less than 0.05 was chosen 
as significant. 

Results 
Dynamic changes of miR-145 during DFAT 
cells differentiation 

DFAT cells were isolated using the ceiling cul-
ture method established previously [7], and the DFAT 
cells could be obtained in 24 days (Figure 1). Then the 
cells were induced to differentiate with high efficiency 
in differentiation medium (0.5 mM 
3-isobutyl-1-methylxanthine, 0.25 μM dexame-
thasone, and 5 mg/l insulin, MDI) (Figure 2). To de-
termine the changes of miR-145 during DFAT cells 
differentiation, cells were collected at different time 
points, including -2 day (-2 d), 0 d, 6 h,12 h,1 d, 2 d, 4 
d, 6 d, 8 d and 10 d. QRT-PCR and semi-RT-PCR re-
sults showed that miR-145 was significantly 
up-regulated during DFAT cells differentiation espe-
cially at 8 d and 10 d, which was similar with miR-143 
(Figure 3A and B). Expression levels of the two 
miRNAs showed high correlation coefficients 
(Pearson, r=0.785, P<0.01; Sperman, r=0.711, P<0.01). 
The endogenous mRNA GAPDH reference expressed 
stably during the whole adipogenesis process (Figure 
3B). 

 

 
Fig. 1. Isolation of DFAT cells using the ceiling culture method. (A) Morphology of purified porcine mature adipocytes. (B) Morphology 
of cells at 2 d after seeding. (C) Morphology of cells at 4 d after seeding. (D) Morphology of cells at 7 d after seeding, and the cells were 
stained with oil red O and viewed under microscope. (E) and (F) Morphology of cells at 14 d after seeding. (G) and (H) Morphology of cells 
at 24 d after seeding. 
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Fig. 2. DFAT cells could differentiate into mature adipocytes. (A) Morphology of DFAT cells at 0 d before differentiation. (B), (C), (D) 
Differentiated DFAT cells were fixed and stained with oil red O at 8 d. 

 

 
Fig. 3. MiR-145 and miR-143 was up-regulated during DFAT cells differentiation. (A) QRT-PCR results of miR-145 and miR-143 during 
DFAT cells differentiation, and the results were first normalized to endogenous mRNA GAPDH and fold changes were calculated to 
preadipocytes (-2 d). Triplicates were made and data were shown as mean ± SD. One-Way ANOVA analysis was conducted, P<0.05 was 
shown in one star, and P<0.01 was shown in two star. (B) Semi-RT-PCR results of miR-145, miR-143 and GAPDH reference during DFAT 
cells differentiation. 
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Conservation analysis of miR-145 
To determine whether miR-145 is conservative 

among species, the sequences of all miR-145 in miR-
Base (18.0) were phylogenetic analyzed. After phylo-
genetic analysis, miR-145 was conserved among these 
species, and ssc-miR-145 had the closest distance with 
human, mouse and rat (Supplementary Material: 
Figure S1). 

Up-regulaion of miR-145 inhibited DFAT cells 
differentiation  

To obtain more cells expressing miR-145 stably, 
the DFAT cells were infected twice with lentivirus. 
The infection efficiencies of both miR-145 and mock 
vector control were more than 90% as judged by the 
expression of GFP two days after the first infection 
(Supplementary Material: Figure S2A). After induc-
tion, miR-145 expression levels were quantified at 0 d, 
4 d and 8 d. In this assay, besides the DFAT cells in-

fected with miR-145 (DFAT-miR-145) and mock vec-
tor lentivirus (DFAT-mock) were induced to differen-
tiation, DFAT cells in differentiation medium 
(DFAT-MDI) was also included as control. As ex-
pected, miR-145 showed significantly higher expres-
sion levels in DFAT-miR-145 than the two controls at 
0 d, 4 d and 8 d after hormone stimulation (P<0.01, 
Supplementary Material: Figure S2B). 

Three days after differentiation, cells infected 
with miR-145 lentivirus were round in appearance 
without lipid droplets. However, lipid droplets were 
accumulated in DFAT-mock and DFAT-MDI controls 
after 3 days differentiation (Figure 4A). At 8 d of dif-
ferention, DFAT-miR-145 accumulated less triglycer-
ides than DFAT-mock and DFAT-MDI (P<0.05, Figure 
4B and Figure 4C). Intracellular oil red O quantifica-
tion results were similar with triglyceride contents 
determination (Figure 4D). These results indicated 
that miR-145 inhibited DFAT cells differentiation. 

 
 

Fig. 4. Up-regulation of 
miR-145 with lentivirus in-
hibited DFAT cells differen-
tiation. DFAT cells were 
infected with miR-145 and 
mock vector lentivirus twice, 
and the cells were induced to 
differention with MDI. 
DFAT-cells induced directly 
was used as control. (A) 
Morphology of DFAT cells at 
3 d after MDI stimulation. (B) 
DFAT cells were fixed and 
stained with oil red O at 8 d 
after MDI stimulation. 
(C)Triglycerides contents in 
DFAT cells under different 
conditions were measured at 
8 d of differentiation, tripli-
cate of cells were made, and 
data were mean ± SD. (D) 
Intracellular oil red O in (B) 
cells was extracted in 100% 
isopropanol, then the ab-
sorbance was measured at 
510 nm, the data based on 
triplicate of cells, data were 
mean ± SD. 
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Luciferase reporter assay 
Luciferase reporter assay showed that firefly lu-

ciferase activity reduced significantly as the increas-
ing concentration of miR-145 mimics (Figure 5A). To 
further determine the binding sites of miR-145 to IRS1 
3’ UTR, we predicted 6 binding sites (Figure 5B) and 
inserted them into psiCHECK2 vector, respectively. 
MiR-145 mimics co-transfected with site1 or site2 

psiCHECK2 constructs could significantly decrease 
firefly luciferase activity (P<0.01), while the above 
effects were abolished by site1 and site2 mutant (Fig-
ure 5C and D). The other 4 sites displayed no changes 
in firefly luciferase activity (Figure 5E -H). These re-
sults indicated that miR-145 could directly bind to the 
3’ UTR of IRS1 and the binding was in dose depend-
ent manner. 

 
Fig. 5. MiR-145 binds to IRS1 3’ UTR region and there were 2 binding sites. (A) 50 ng psiCHECK2 vector containing IRS13’UTR were 
co-transfected with different concentrations of miR-145 mimics (final concentrations were 0, 50, 100, 200 and 400 nmol/l) into 293T cells. 
400 nmol/l non-targeting mimics control was also co-transfected with psiCHECK2 vector containing IRS13’UTR. Firefly luciferase activity 
was normalized to Renilla luciferase. Then fold changes were normalized to 0 concentration. Four replicates were made for each 
transfection, and the data were shown as mean ± SD. (B) Six putative binding sites of miR-145 in IRS1 3’ UTR region were predicted. (C) 
-(H) Determination of miR-145 binding sites in the 3’ UTR of IRS1. 50 ng psiCHECK2 vector containing binding sites or binding sites 
mutant at seed region were co-transfected with miR-145 mimics or non-targeting mimics control (final concentration was 400 nmol/l) into 
293T cells. Firefly luciferase activity was normalized to Renilla luciferase. Then fold changes were normalized to psiCHECK2. Replicates 
and data analysis were the same as A. (C) Site 1, (D) Site 2, (E) Site 3, (F) Site 4, (G) Site 5, (H) Site 6. 
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Effects of up-regulation of miR-145 on adipo-
genic markers and IRS1 

To determine whether overexpression of 
miR-145 affected mRNA levels of adipogenic markers, 
we quantified mRNA levels of C/EBPα, C/EBPβ, 
PPARγ2 and ap2/FABP4 in DFAT cells at 0 d, 4 d and 
8 d after MDI stimulation. The early marker C/EBPβ 
displayed similar expression levels among 
DFAT-miR-145, DFAT-mock and DFAT-MDI at 4d of 
differentiation. At 8 d, C/EBPβ mRNA expression 
levels in DFAT-miR-145 was significantly higher than 
DFAT-mock and DFAT-MDI (P<0.01, Figure 6A). 
C/EBPα and ap2/FABP4 expression levels in 
DFAT-miR-145 were lower than DFAT-mock and 
DFAT-MDI (P<0.01) at 4 d of adipogenesis. At 8 d, the 
two markers were expressed markedly lower in 
DFAT-miR-145 than DFAT-mock and DFAT-MDI 

(P<0.01, Figure 6A). PPARγ2 was expressed similar 
among DFAT-miR-145, DFAT-mock and DFAT-MDI 
at 4 d after stimulation (P<0.01). At 8 d, PPARγ2 ex-
pression levels in DFAT-miR-145 were lower than 
DFAT-mock and DFAT-MDI (P<0.01, Figure 6A). 

The mRNA and protein expressions of target 
gene IRS1 were also detected after MDI stimulation. 
No statistical differences were found at mRNA levels 
among DFAT-miR-145, DFAT-mock and DFAT-MDI 
at 0 d and 4 d after stimulation(P>0.05). At 8 d, the 
mRNA expression of IRS1 in DFAT-miR-145 was 
lower than DFAT-mock and DFAT-MDI (P<0.01, 
Figure 6B). The protein levels of IRS1 at 0 d, 4 d and 8 
d after stimulation were significantly lower in 
DFAT-miR-145 than DFAT-mock and DFAT-MDI 
(Figure 6C and 6D). 

 
Fig. 6. Up-regulation of miR-145 affected adipogenic markers and IRS1. (A) The expression levels of 4 adipogenic markers (C/EBPα, 
C/EBPβ, PPARγ2 and ap2/FABP4) in cells infected with miR-145 and mock vector control at 0 d, 4 d and 8 d were analyzed. The data were 
first normalized to endogenous mRNA GAPDH and fold changes were calculated to DFAT-MDI preadipocytes (0 d). Triplicates were 
made and data were shown as mean ± SD. One-Way ANOVA analysis was conducted, P<0.05 was shown in one star, and P<0.01 was 
shown in two star. (B) IRS1 mRNA changes after up-regulation miR-145 expression. Data were analyzed as A. (C) IRS1 protein expression 
was down-regulated by up-regulation of miR-145. (D) IRS1 and GAPDH protein in (C) were quantified. Statistical analysis was the same as 
(A).  
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Discussion 
Emerging researches revealed that miR-145 was 

involved in several key cellular functions, including 
cancer cells proliferation [8, 9], human embryonic 
stem cells differentiation [10, 11], and smooth muscle 
fate [12, 13]. However, no reports implied that 
miR-145 possesed a function in adipogenesis. Here 
our results demonstrated that up-regulated miR-145 
expression inhibited adipogenesis, which was differ-
ent from most miRNAs, including miR-210[20] and 
miR-103/107[21]. During porcine adipocytes differ-
entiation, miR-145 was mainly expressed at the late 
stage, and loss of proliferative potential is generally a 
characteristic of terminal differentiation of adipocytes 
[22]. These suggested that miR-145 expressed at 
higher level in non-proliferating cells, which had been 
confirmed by Rocca et al.(2011) [23]. In addition, sim-
ilar dynamic patterns in miR-145 and miR-143 ex-
pression levels during the DFAT cells adipogenesis 
were observed, and they both belonged to the same 
cluster. MiR-143 was a well-known marker of adipo-
genesis, and it promoted adipogenesis by targeting 
ERK5 [1, 24]. Mir-145 and miR-143 had totally 
opposite roles in adipogenesis, which due to their 
different seed sequences. Because miRNAs functioned 
mainly by through binding of seed region (at position 
2-8 from the 5′ end) to target 3′ UTRs [25] . These 
findings enlarged our understanding that miRNAs in 
the same cluster may have opposite roles in adipo-
genesis. According to previous studies, up-regulated 
miRNAs during aidpogenesis may promote preadi-
pocytes differentiation, including miR-21 [26] and the 
miR-17-92 cluster [16]. However, miR-31 was 
up-regulated during murine mesenchymal stem cell 
adipogenesis, and it inhibited adipogenesis [6]. In 
addition, miR-378 was down-regulated in thicker 
backfat of pig and bovine with more mature adipo-
cytes [27, 28], it increased the size of lipid droplets 
[29]. These findings enriched our understanding that 
miRNAs induced during differentiation may also in-
hibit adipogenesis. 

We further studied a mechanism for the inhibi-
tion function of miR-145 in adipogenesis. In the pre-
sent study, miR-145 is a translational repressor of its 
IRS1 target gene during DFAT cells differentiation. 
IRS1 is a major member of the insulin receptor sub-
strate family, and its activation is essential for lipo-
genesis stimulated by insulin [30, 31]. Decreased ex-
pression of IRS-1 in embryonic fibroblast cells se-
verely decreased the expression of C/EBPα and PPARγ 
[30]. Similarly, up-regulation of miR-145 in DFAT 
cells reduced IRS1 protein expression dramatically, 
which may decrease expression of adipogenic marker 

genes in the present study. The down-regulation in 
3’UTR and binding site1/2 luciferase assays indicated 
that miR-145 targeted IRS1 by binding directly to 3’ 
UTR, since mutations of the miR-145 seed sites abolish 
this down-regulation. However, at mRNA level, IRS1 
was not negatively regulated by miR-145, though its 
expression was significantly lower in DFAT-miR-145 
cells than DFAT-mock and DFAT-MDI cells at 8 d of 
differentiation. One explanation may be that 
DFAT-miR-145 cells had significantly lower differen-
tiation potential than DFAT-mock and DFAT-MDI 
cells. In additon, IRS1 mRNA expression levels were 
also significantly lower in DFAT-GM (growth me-
dium) cells at 4 d and 8 d, and few DFAT-GM cells 
differentiated into mature adipocytes (data not 
shown). In accordance with this study, miR-145 also 
did not negatively regulate IRS1 at mRNA levels in 
human colon cancer cells [9]. These results confirmed 
the hypothesis that miR-145 is presumably acting on 
the translation of IRS1 [9]. IRS proteins are conserved 
during evolution [9], so we did not validate the func-
tion of IRS1 during porcine preadipocytes differentia-
tion. Though this study discovered that miR-145 in-
hibited adipogenesis by down-regulated IRS1 gene 
expression, and IRS1 further affected adipogenic 
markers expression, which may finally inhibited ad-
ipogensis of porcine preadipocytes. This may be a 
mechanism for miR-145, but additional studies will 
need to investigate the complete regulatory mecha-
nism of miR-145 in adipogenesis. Intensive studies of 
miR-145 targets revealed that many targets of miR-145 
in adipocytes differentiation may exist. Among these 
targets genes are Krüppel-like factor 4 (KLF4), KLF5 and 
insulin-like growth factor receptor (IGF-IR) were proved 
as targets of has-miR-145 [10, 12, 13, 32]. KLF4 and 
KLF5 are essential zinc-finger transcription factors 
promoting adipocyte differentiation [14, 15]. IGF-1R 
was responsible for the induction of adipogenesis, 
and IGF-1R deletion in male mice decreased body fat 
accumulation and increased energy expenditure [33]. 
However, the effects of up-regulated miR-145 expres-
sion on IGF-1R was not determined in the present 
study, because IGF-1R was validated as another target 
of ssc-miR-145(data not shown). 

Pig may be a better biomedical model organism 
for study human obesity and related diseases, because 
the pig is physiologically more similar and possibly 
evolutionarily more closely related to human than 
rodents [34]. What’s more, miRNAs have conserved 
function across species [2], and porcine preadipocytes 
has been suggested as a substitute for human pread-
ipocytes [7]. Therefore, miR-145 may be a novel agent 
for therapy of obesity and related metabolic syn-
drome, which was studied in cancer cells [35] and 
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tumor tissues [36]. Further studies shoud be done on 
human to apply the function of miR-145. 

 In conclusion, our present study suggested that 
miR-145 was up-regulated during porcine adipocytes 
differentiation, and it inhibited adipocytes differenti-
ation by targeting insulin signaling pathway member 
IRS1 at translation level. These results demonstrated 
that miR-145 was involved in fat tissue development, 
and miR-145 may be new agent for adipose tissue 
engineering. 

Supplementary Material 
Fig. S1: MiR-145 was conservative in evolution.  Fig. 
S2:  Overexpression of miR-145. 
http://www.biolsci.org/v08p1408s1.pdf 
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