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PU.1, an Ets family transcription factor, was previously demonstrated expressed in 3T3-L1 preadipocytes
and had an negative effect on adiopogenesis. However, the underlying mechanism remains elusive. Here,
miR-191 was identified as an inhibitor of adipocyte differentiation through targeting the 30 untranslated
regions of C/EBPb, the initial factor in the C/EBPa/b-PPARc terminal pathway of adipogenic differentia-
tion. MiR-191 suppressed the lipid accumulation by Oil Red O staining and downregulated the levels
of adipogenic marker genes PPARc (P < 0.01), aP2 (P < 0.01) and FAS (P < 0.05). Then, we found that
PU.1 overexpression resulted in upregulation of miR-191 and adipogenic inhibition. Likewise, PU.1 over-
expression rescued the miR-191 decrease and resisted the adipogenic promotion caused by miR-191 oli-
gonucleotide inhibitor. Collectively, these results revealed that PU.1 promoted miR-191 to suppress
adipogenesis 3T3-L1 preadipocyte and indicated a new mechanism of PU.1 inhibiting adipogenesis.

� 2014 Elsevier Inc. All rights reserved.
1. Introduction

PU.1 (PU box binding protein) is a vital transcription factor in
biological processes, for it played important roles not only in the
hematopoiesis and immune system development [1], but also in
cell cycle exit [2,3] and epigenetic silencing [4]. However, recent
studies demonstrated that PU.1 was expressed in 3T3-L1 preadipo-
cytes, caused insulin resistance and inhibited adipogenic differen-
tiation [5–7]. Overexpression of PU.1 downregulated key
adipogenic genes C/EBPb and PPARc in the C/EBPa/b-PPARc termi-
nal pathway of adipogenic differentiation [5], however, the under-
lying mechanism that PU.1 suppressed the expression of C/EBPb
and PPARc remains elusive.

MiR-191 plays crucial roles not only in normal development
and differentiation processes, but also in a emultitude of diseases
including cancer, neurodegenerative diseases and type 2 diabetes
[8–11]. MiRNA microarray results revealed that the level of miR-
191 in human mature adipocytes was 3.22 higher than that in pre-
adipocytes [12]. Likewise, miRNA high-throughput sequencing
showed that miR-191 was significantly rising during the differen-
tiation of 3T3-L1 preadipocytes [13]. Therefore, miR-191 was likely
to function in adipogenesis.

In this study, miR-191 was identified as an inhibitor of adipo-
cyte differentiation through targeting the 30 untranslated regions
(UTRs) of C/EBPb, the initial factor in the terminal pathway of adi-
pogenic differentiation. MiR-191 suppressed the lipid accumula-
tion by Oil Red O staining and downregulated the levels of
adipogenic marker genes PPARc, aP2 and FAS. Moreover, online
browse ChIPBase searching displayed that miR-191 was a PU.1-
mediated miRNA. PU.1 overexpression rescued the miR-191
decrease and the adipogenic promotion caused by miR-191 oligo-
nucleotide inhibitor. In general, PU.1 promoted miR-191 to sup-
press adipogenesis 3T3-L1 preadipocyte and indicated a new
mechanism of PU.1 inhibiting adipogenesis.

2. Materials and methods

2.1. Cell culture and differentiation

3T3-L1 cells were seeded in culture dishes at a density of
5 � 104 cells/cm2 and cultured at 37 �C in humidified atmosphere
with 5 % CO2. Culture medium was changed every 2 days. Two days
after cells reach to 100% confluence, which was defined as the day
0, the cells were induced to differentiate with cocktail way for
2 days. The cells were then maintained in DMEM with 10% FBS
and 5 lg/ml insulin for another 4–6 days. During the differentia-
tion process, media were changed every 2 days.

2.2. Constructs and transfection

The pLentiHI-PU.1 shRNAs or scrambled shRNA (9 lg), com-
bined with 6 lg D8.9 packaging plasmid and 9 lg VSV-G envelope
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Fig. 1. Overexpression of miR-191 suppress adipogenic differentiation of 3T3-L1 preadip
293T cells 48 h. (B) Oil Red O staining of 3T3-L1 preadipocytes at day 8 of adipogenic d
control. (C) The mRNA levels of the adipogenic marker genes PPAR, aP2 and FAS at day 8
miR-191.

Table 1
Sequences of oligonucleotide primers used in strand-specific PCR and quantitative
real-time PCR.

Gene name Primer sequences (50 ? 30) Amplicon length (bp)

PPARc F: AGGACTACCAAAGTGCCATCAAA 142
R: GAGGCTTTATCCCCACAGACAC

FAS F: AATCGGCAAATTCGACCTTTC 264
R: ACCTGGATGACCACTTTGCCTAT

aP2 F: GAGCACCATAACCTTAGATGGA 121
R: AAATTCTGGTAGCCGTGACA

GAPDH F: AAGAGCACGCGAGGAGGA 139
R: GTCTGGGATGGAAACTGGAAG

Fig. 2. MiR-191 target the 30UTR of C/EBPb mRNA. (A) Alignment of miR-191 seed and the
potential of miR-191 and C/EBPb 30UTR by Targetscan (B) and RNAhybrid (C). (D)
overexpression. (E) Luciferase reporter gene assay for miR-191 and the 30UTR of C/EBPb
(control), ⁄ indicated P < 0.05, ⁄⁄ indicated P < 0.01.
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protein plasmid were co-transfected into HEK293T packaging cells
(2 � 105 cell per well) with the calcium phosphate method [14].
Forty-eight hours post transfection, the supernatant containing
virus particles was collected and passed through a 0.45 lm filter
to remove cellular debris. On preadipocytes reaching 70–80% con-
fluence, the viral suspension of pLentiHI-PU.1 shRNAs or scrambled
shRNA with 6 lg/ml polybrene were added for 6–8 h respectively
and then were exchanged by the normal DMEM medium.

Overexpression constructs pcDNA-PU.1, pcDNA-C/EBPb was
presented by Department of Pediatrics, Baylor College of Medicine,
and pcDNA-miR-191 was obtained from Laboratory of Animal Fat
Deposition and Muscle Development, Northwest A&F University.
ocytes. (A) Overexpression efficiency of pcDNA-miR-191 after transfected into HEK-
ifferentiation treated with empty pcDNA3.1 vector or pcDNA-miR-191 or negative
of adipogenic differentiation after treated with empty pcDNA3.1 vector or pcDNA-

30UTR of C/EBPb mRNA among mouse and the mammals. Evaluation for the binding
C/EBPb mRNA levels during 3T3-L1 preadipocyte differentiation after miR-191

mRNA sequence. Data expressed as mean ± S.E.M., compared with scrambled group
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All the Overexpression constructs were transfected with X-treme-
GENE HP DNA Transfection Reagent (Roche, USA) according to the
manufacture’s instruction.

2.3. Bioinformatics tools

MiRNA targets predicted by computational prediction programs
were obtained from TargetScan (http://www.targetscan.org/
vert50//), and RNAhybrid (http://bibiserv.techfak.uni-bielefeld.de
/rnahybrid).
2.4. 30UTR luciferase reporter assays

cDNA fragments corresponding to the 30UTR containing the
binding site of miR-191 of C/EBPb mRNA with Xho I and Not I cut-
ting sites (primer sequences were listed in Table 1). The construct
were confirmed by sequencing. The fragments were cloned into
psiCHECK™-2 Vectors (Promega, Madison, WI, USA) at the 30-end
of the Renilla gene. 20 � 103 P HEK293T cells were seeded in
96-well plates, and 24 h later, transfections were performed using
1.0 ll X-tremeGENE HP DNA Transfection Reagent (Roche, USA),
100 ng of vector constructs and either 50 nM of miR-139-5p mimic
Fig. 3. PU.1 promoted the expression of miRNA. (A) MiR-191 is a PU.1-regulated
miRNA in ChIPbase browse. (B) The alternation of mature miR-191 levels after
treated with miR-191 inhibitor or/and pcDNA-PU.1 or PU.1 shRNA.
or miR-NTC per well. Cells were harvested at 48 h after transfec-
tion. Luciferase activity was measured using the DualGlo Luciferase
Assay System (Promega, USA). Renilla luciferase activity was mea-
sured and normalized to corresponding firefly luciferase activity.

2.5. Oil Red O staining

Cultures were washed twice with PBS at day 8, fixed with 4%
formalin in PBS, stained with 0.5% Oil Red O for 30 min. Cells were
visualized under a microscope at a magnification of �200.

2.6. Quantitative real-time PCR

Three micrograms of total RNA from each category as well as
control was reverse transcribed to obtain cDNA using MMLV
reverse transcriptase (Invitrogen, USA) and oligo (dT) 18 primer
following the manufacturer’s protocol. Real-time qPCR reactions
were carried out in a final volume of 25 ll, using SYBR Premix Ex
Taq (TaKaRa, Japan), 0.4 mM of each primer, and 200 ng of cDNA
template. Each individual sample was run in triplicate wells. PCR
amplification cycles were performed using iQ™5 Multicolor Real-
Time PCR Detection System (Bio-Rad, USA) and SYBR Premix Ex
Taq II kit (TaKaRa, Japan). The reactions were initially denatured
at 95 �C for 3 min followed by 40 cycles of 95 �C for 15 s, 63 �C
for 30 s and 72 �C for 20 s. The melting curve analysis was per-
formed after amplification to verify the accuracy of each amplicon.
The density of SYBR green I and determine the threshold cycle (Ct)
value were analyzed by iQ™5 Optical System Software 2.1. The
change of transcript abundance of all tested genes was calculated
using 2�DDCt method. All mRNA amounts were normalized to GAP-
DH control.

2.7. Western blotting

Twenty five micrograms of protein of each sample were sepa-
rated by 12% SDS–PAGE and electro-transferred to PVDF mem-
brane (Millipore) for immunoblot analysis. The following primary
antibodies were used: anti-PU.1 (Cell Signaling, #2258, 1:300),
anti-PPARc (Abcam, ab1948, 1:300), anti-C/EBPb (Santa Cruz,
sc-176940, 1:200), anti-aP2 (Santa Cruz, sc-18661, 1:500) and
anti-GAPDH (Santa Cruz, sc-166574, 1:800) which was used to
be the loading control. After incubation with the appropriate
HRP-conjugate secondary antibody, proteins were detected using
a ChemiDoc XRS imaging system and analysis software Quantity
One (Bio-Rad, USA).

2.8. Statistical analysis

All statistical analyses were performed using SPSS 19.0 statisti-
cal software (SPSS, Inc.). Data were presented as means ± S.E.M.
Comparisons were made by one-way ANOVA. Significance was
set at P < 0.05.

3. Results

3.1. Overexpression of miR-191 suppressed adipogenic differentiation
of 3T3-L1 preadipocytes

MiRNA microarray and sequencing suggested that miR-191 was
likely to function in adipogenesis. Thus a pcDNA-miR-191 overex-
pression vector was constructed and detected about 6-fold overex-
pression efficiency (Fig. 1A). 3T3-L1 preadipocytes were treated
with empty vector or pcDNA-miR-191 overexpression vector
(pcDNA-191) and induced to differentiate at day 2 of confluent.
At day 8 of differentiation, Oil O Red staining revealed that the
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differentiation was suppressed by pcDNA-191 treatment compared
to negative control group and empty vector group (Fig. 1B). Adipo-
genic marker genes PPARc, aP2 and FAS were also significant
downregulated (Fig. 1C). Thus miR-191 was identified as an inhib-
itor of adipogenic differentiation.

3.2. miR-191 targeted the 30UTR of C/EBPb mRNA

Then several miRNA target predict tools were applied to seeked
potential targets for miR-191. We found that the 30UTR of C/EBPb
mRNA sequences were highly conserved among mouse and the
mammals, in which 8 consecutive bases completely matched with
the seed of miR-191 (Fig. 2A). Targetscan and RNAhybrid results
showed a very high target potential between mature miR-191
and C/EBPb 30UTR sequences (Fig. 2A and B). During the differenti-
ation, miRNA overexpression significantly downregulated the
mRNA levels of C/EBPb supporting the above forcast results by
the bioinformatics tools (Fig. 2D). Moreover, luciferase reporter
gene assay revealed that miR-191 notebaly weakened the fluores-
cence of the reporter construct attached the C/EBPb 30UTR
sequence, while pcDNA-C/EBPb rescued the fluorescence intensity
(Fig. 2E).

3.3. PU.1 promoted miR-191 expression to suppress the C/EBPb level
inhibiting adipogenesis

In the online database ChIPbase, which decodes transcription
factor (TF) binding maps and transcripitional regulation, transcrip-
tion factor PU.1 was predicted to potentially mediate regulation of
miRNA-191 (Fig. 3A). A dramatic elevation of miR-191 level was
detected after pcDNA-PU.1 transfected 48 h. Even more, pcDNA-
PU.1 remedied the miR-191 descend by miR-191 inhibitor (Fig. 3B).

Next, 3T3-L1 preadipocytes were treated with miR-191 inhibi-
tor or pcDNA-PU.1+miR-191 inhibitor and then induced to differ-
entiate. At day 8 of differentiation, Oil O Red staining revealed
that miR-191 inhibitor distinctly promoted the differentiation,
likewise, pcDNA-PU.1 blocked the promotive effect caused by
miR-191 inhibitor (Fig. 4A). As we expected, C/EBPb mRNA and
Fig. 4. PU.1 resists the adipogenic promotion by miR-191 inhibitor. (A) Oil Red O staining
miR-191 inhibitor+pcDNA-PU.1. (B) The mRNA of the adipogenic marker genes PPAR, aP2
levels of the adipogenic marker genes PPAR, aP2 and C/EBPb at day 8 of differentiation.
protein levels raised after miR-191 inhibitor treated and pcDNA-
PU.1 reduced the C/EBPb level nearly to control (Fig. 4B–D).
Consequently, the levels of the downstream adipogenic marker
genes PPARc, aP2 and FAS followed the alteration of C/EBPb
(Fig. 4B–D). These results indicated PU.1 promoted miR-191
expression to suppress the C/EBPb level hence inhibiting
adipogenesis.
4. Discussion

MiR-191 plays versatile roles in numerous physiological and
pathological processes. MiRNA microarray and sequencing sug-
gested that miR-191 functioned in adipogenesis, so first, we over-
expressed miR-191 in 3T3-L1 preadipocytes induced to adipogenic
differentiation. Oil O Red staining and Adipogenic marker genes
detection revealed that miR-191 played an negative role in
adipogenesis.

When adipocytes differentiate, lipid droplet was gradually gen-
erated, and then the cell filled with fatty droplets until the last
large fat drop formed [15]. The process of differentiation of preadi-
pocytes is the adipogenesis of fat cells, and its essence is the timing
expression of a series of marker genes C/EBPa/b, PPARc and FAS,
etc. and regulation of their networks [16,17]. MiRNAs regulate adi-
pocyte differentiation through targeting adipogenesis-related
pathways or adipogenic key factors. For instance, miR-143 sup-
pressed adipogenesis through targeting extracellular signal-
regulated kinase 5 [12]. Here, we applied several miRNA target
predict tools to seeked potential targets for miR-191 and C/EBPb
was a most potential one. Then luciferase reporter gene assay
results supported the predict and miR-191 overexpression down-
regulating C/EBPb level during differentiation provided an addi-
tional proof. However, it could not be evacuated that there are
other adipogenesis-related target genes by miR-191. Thus C/EBPb
pathway might not be the only way by which miR-191 regulates
adipogenesis.

It is a dynamic and complex process for adipocyte differentia-
tion, including clonal expansion, cell cycle exit and terminal differ-
entiation into mature adipocytes [18,19]. In previous studys, PU.1
of 3T3-L1 preadipocytes at day 8 of differentiation treated with miR-191 inhibitor or
and C/EBPb at day 8 of differentiation. (C) and (D) Western blotting assay for protein
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was demonstrated to inhibit adipogenesis [5,7]. The inhibition of
adipocyte differentiation by PU.1 was likely achieved through
repression of the transcriptional activity of C/EBPa/b and PPARc,
but the underlying mechanism was not completely clear. Some
clues hinted PU.1 protein interacted with C/EBPb [17]. But in cur-
rent study, we proved PU.1 exerts its function through regulating
the expression of miR-191, an adipogenesis inhibitor, which target
C/EBPb, the initial factor in the C/EBPa/b-PPARc terminal pathway
of adipogenic differentiation. It is a completely new mechanism of
PU.1 inhibiting adipogenesis.

Noncoding RNAs accomplish a remarkable variety of biological
functions. They regulate gene expression at the levels of transcrip-
tion, RNA processing, and translation [20]. Recent years, the roles
of noncoding RNAs, like miRNAs or long non-coding RNAs (lncR-
NAs), and their relevant transcription factors are increasingly
focused. As a newly discovered adipogenic regulatory factors,
PU.1 was closely related several non-coding RNAs. MiR-155, pro-
cessed from B-cell integration cluster (BIC) gene and highly
expressed in both activated B- and T-cells and in monocytes/mac-
rophages [21], plays a critical role in various physiological and
pathological processes but targeting PU.1 gene [22,23]. In addition,
in most recent years, evidence showed that PU.1 was post-
transcriptionally regulated by a lncRNA which was transcribed
from the antisense strand of PU.1 gene locus and resulted in the
disconsequent expression between PU.1 mRNA and protein
[7,24]. Here, we found PU.1 overexpression rescued the miR-191
decrease and resisted the adipogenic promotion caused by miR-
191 oligonucleotide inhibitor. This indicated miR-191 was pro-
moted by PU.1. However, PU.1 knockdown did not lead to the
miR-191 level descend. Thus further research would be focused
on the interaction between PU.1 protein and the miR-191
promotor.

In conclusion, we reported a new adipogenic inhibitor miR-191
and its regulator transcription factor PU.1 functioned negatively in
adipogenic differentiation. These data indicated a new mechanism
of PU.1 inhibiting adipogenesis and provided an insight for the adi-
pogenesis regulatory networks.
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