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The objective of this study is to investigate whether F-box only protein 9 (FBXO9), an ubiquitination E3
ligase, has a functional role in adipocyte differentiation. Expression of FBXO9 was compared between
obese mice and control lean mice using real-time PCR. Also, expression pattern of FBXO9 was monitored
during 3T3-L1 adipocyte differentiation. FBXO9 was highly expressed in obese mice, and increased in the
early stages of adipogenesis. To verify a functional role of FBXO9 in adipogenesis, FBXO9 was knocked
down using transfection of siRNAs against FBXO9 into 3T3-L1 cells during the induction of adipogenesis.
Knockdown of FBXO9 in early stage of adipogenesis almost completely inhibited adipogenesis, and
CCAAT/enhancer binding protein b (C/EBPb) levels were significantly reduced. However, the cells stably
expressing C/EBPb were fairly differentiated into adipocytes in the FBXO9 knockdown condition. These
results suggest that FBXO9 is required for adipocyte differentiation, and C/EBPb plays a role in the effect
of FBXO9 on adipogenesis.

� 2013 Elsevier Inc. All rights reserved.
1. Introduction

Adipocyte differentiation occurs via a very complex process of
gene expression [1–3]. Briefly, C/EBPb and C/EBPd are rapidly in-
duced upon treatment with adipogenic inducers, and in particular,
the expression and posttranslational modifications of C/EBPb are
key adipogenesis regulation steps [4–6]. C/EBPb and C/EBPd induce
expression of PPARc, a key transcription factor that stimulates adi-
pogenic gene expression. PPARc activates expression of C/EBPa,
and C/EBPa also positively regulates PPARc expression [7]. These
two proteins together regulate expression of genes involved in
fat accumulation, such as fatty acid binding protein 4 and perilipin,
as well as expression of adipokines, such as adiponectin and leptin
[8]. In addition to these transcription factors, there are several
other factors involved in adipogenesis: signal transducer and acti-
vator of transcription 5 (STAT5), Kruppel-like factor (KLF) family
members and forkhead box protein C2 (FOXC2) [9–12]. They typi-
cally affect adipogenesis by regulating the expression or activity of
the central transcription factors mentioned above.

Many reports have demonstrated that Wnt signaling inhibits
adipogenesis and that suppression of Wnt signaling is necessary
for adipogenesis [13,14]. Wnt10b, an endogenous Wnt, has high
expression in preadipocytes and rapidly decreases upon the induc-
tion of adipogenesis [13]. Transmembrane frizzled receptors and
ll rights reserved.
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low-density-lipoprotein-related protein (LRP) corepressors, as well
as b-catenin, are also down-regulated during adipogenesis [15,16].

Protein degradation via ubiquitination and the proteasome sys-
tem plays an important role in various cellular events. SKP1-CUL1-
F-Box protein (SCF) complex is an important E3 ligase. F-Box pro-
teins have the F-box motif that associates with SKP1, and an addi-
tional domain that interacts with target proteins [17,18].
Therefore, among the proteins consisting of the SCF complex, the
F-box protein mediates the target specificity, and there are many
F-box proteins identified.

Several transcription factors essential for adipogenesis, includ-
ing PPARc and C/EBPs, are targets of ubiquitination: however, only
a few reports have shown the involvement of ubiquitination in adi-
pogenesis [19–21]. In the case of C/EBPb, its E3 ligase, FBXW7, is
known to be negatively regulated during adipogenesis [22]. In
the process of analyzing proteins that interact with PPARc, F-box
only protein 9 (FBXO9) was identified, which led us to investigate
a role of FBXO9 in adipogenesis. Little is known about physiological
roles of FBXO9, and recently the function of FBXO9 in promoting
cell survival in response to growth factor withdrawal via Tel2/
Tti1 degradation in multiple myeloma has been evaluated [23].
2. Materials and methods

2.1. Plasmids, siRNAs, and adenovirus

The Flag-tagged FBXO9 expression vector (pFLAG-FBXO9) was
prepared by subcloning the cDNA encoding mouse FBXO9 into
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the pFLAG-CMV vector. The C/EBPb expression vector (pHA-C/
EBPb) was prepared as previously described [6]. The siRNA against
mouse FBXO9 (siFBXO9) was purchased from Invitrogen (Carlsbad,
CA). The negative control siRNA (siNS) was purchased from Bioneer
(Seoul, South Korea). To generate the adenovirus encoding mouse
Flag-FBXO9 (Ad-Flag-FBXO9), the Flag-FBXO9 cDNA was inserted
into the pAdTrack-CMV vector, followed by recombination be-
tween pAdTrack-CMV-Flag-FBXO9 and pAdEasy adenoviral back-
bone vectors. Ad-Flag-FBXO9 was generated by transfecting the
recombinant adenoviral DNA into 293 cells.

2.2. Cell culture

COS-7 cells were maintained in Dulbecco’s modified Eagle’s
media (DMEM) supplemented with 10% fetal bovine serum (FBS)
in a 5% CO2 incubator. 3T3-L1 cells were maintained in DMEM con-
taining 10% calf serum. Adipogenesis was stimulated by the addi-
tion of 0.5 mM 3-isobutyl-1-methylxanthine (IBMX), 0.25 lM
dexamethasone and 5 lg/ml insulin in DMEM supplemented with
10% FBS for 2 days. Cells were maintained in DMEM with 10% FBS
and 1 lg/ml insulin for the following 2 days, followed by mainte-
nance in DMEM with 10% FBS for another 4 days. Lipid droplets
were stained using 1.5% Oil red O in 60% isopropanol 8 days after
the induction of differentiation. Preparation of 3T3-L1 cells stably
expressing C/EBPb (pC/EBP) and control cells (pBabe) was previ-
ously described [6].

2.3. Animals

C57BL/6 mice were purchased from Orient Bio (Orient Bio Inc,
Gyungi-do, Korea). Eight-week-old mice were fed a 60% high fat
(n = 4) or normal chow (n = 4) diet for 12 weeks, and then sacri-
ficed. C57BLKSJ/db/db (db/db) and lean control (db/m) mice were
purchased from SLC (SLC, Japan). The mice were sacrificed at
13 weeks of age and white adipose tissues were isolated. All animal
studies were conducted in compliance with the Guidelines for
Experimental Animal Research from the Laboratory for Experimen-
tal Animal Research, Biomedical Research Institute, Seoul National
University Hospital.

2.4. Transient transfection of plasmids or siRNA

COS-7 cells in 12 well plates were transfected with pHA-C/EBPb
(50 ng) and pFlag-FBXO9 (50, 100, or 200 ng) using Lipofectamine
plus (Invitrogen) for 24 h. To transfect the same amount of plas-
mids in each well, pcDNA was added. For FBXO9 knockdown,
3T3-L1 cells were transfected with siFBXO9 (50 nM) using Lipo-
fectamine RNAiMAX (Invitrogen).

2.5. Real-time polymerase chain reaction

Total RNA was extracted using TRIzol reagent (Invitrogen)
according to the manufacturer’s instructions. cDNAs were pre-
pared by reverse transcription with 1 lg of total RNA, and sub-
jected to real-time polymerase chain reaction (PCR) with specific
primers for each gene. Primer sets were as follows: mouse FBXO9
sense primer, 50-GGAGCGGCTACATCGAAGAG-30; antisense primer,
50-TGAGTCTGACTGGTCTCAAGC-30; mouse C/EBPb sense primer, 50-
ACCTGGAGACGCAGCACAAG-30, antisense primer, 50-
CTGCTTGAACAAGTTCCGCAG-30; mouse 18S rRNA sense primer,
50-CGCGGTTCTATTTTGTTGGT-30, antisense primer, 50-AGTCGG-
CATCGTTTATGGTC-30. Real-time PCR was performed using SYBR
Premix Ex Taq reagents (TaKaRa) and a 7500 real-time PCR system
(Applied Biosystems, CA). As an endogenous control, 18S rRNA was
used. Experiments were performed in duplicate for each sample.
2.6. Western blot analyses

Cell lysates were prepared in the lysis buffer containing 20 mM
Tris–HCl (pH 7.4), 1% NP-40, 10 mM Na4P2O7, 5 mM EDTA, 100 mM
NaF, 2 mM Na3VO4, 7 lg/ml leupeptin, 7 lg/ml aprotinin, and
1 mM phenylmethylsulfonyl fluoride. Whole cell lysates were sub-
jected to sodium dodecyl sulfate–polyacrylamide gel electrophore-
sis and blotted with specific antibodies. Antibodies against PPARc,
C/EBPb, C/EBPa, LRP6, green fluorescent protein (GFP), and hemag-
glutinin (HA) were purchased from Santa Cruz Biotechnology (San-
ta Cruz, CA). Antibodies against Flag, c-tubulin, and b-actin were
purchased from Sigma–Aldrich (St. Louis, MO). The antibody
against b-catenin was purchased from BD Biosciences (San Jose,
CA). All blots were developed using the enhanced chemilumines-
cence kit (Thermo, Rockford, IL).

2.7. Statistics

SPSS version 12.0 (SPSS Inc., Chicago, IL) was used for statistical
analyses. Statistical significance was assessed using the Mann–
Whitney U test. A P value less than 0.05 denoted a statistically sig-
nificant difference.
3. Results

3.1. Expression of FBXO9 is related with obesity

We examined FBXO9 expression levels in white adipose tissues
of mice fed the control or high fat diet. FBXO9 expression was sig-
nificantly increased (5-fold) when the mice were fed the high fat-
diet for 12 weeks (Fig. 1A). Expression of FBXO9 in the obese mice,
db/db mice, was also higher than in the db/m mice (Fig. 1B). These
results imply that FBXO9 expression is related with obesity.

3.2. FBXO9 expression is increased during adipogenesis

To determine whether FBXO9 expression is regulated during
adipogenesis, 3T3-L1 preadipocytes were treated with differentia-
tion inducers (dexamethasone, IBMX, and insulin, also called DMI)
and total mRNA was collected several times during adipogenesis.
FBXO9 expression was increased more than 2-fold 6 h after the
induction of differentiation and the expression level was sustained
until day 6 (Fig. 1C), suggesting a role for FBXO9 in adipogenesis.

3.3. Knockdown of FBXO9 inhibits adipogenesis

To determine whether FBXO9 is required for adipogenesis, siR-
NAs against FBXO9 (siFBXO9) were added to the cells at different
time points of differentiation. First, FBXO9 knockdown by siFBXO9
was evaluated and we found that FBXO9 mRNA levels were effec-
tively down-regulated by the FBXO9 siRNAs (Fig. 2A). When siR-
NAs against FBXO9 were transfected 1 day before or
simultaneously with the induction of differentiation, adipogenesis
was significantly inhibited as shown by Oil red O staining (Fig. 2B).
In contrast, treatment with FBXO9 siRNAs 1 day after the induction
of differentiation did not affect adipocyte differentiation. There-
fore, FBXO9 seems to play an important role in the early stages
of adipogenesis. Next, we compared the expression levels of sev-
eral proteins involved in adipogenesis using immunoblotting in
cells treated with siRNAs at day -1. C/EBPb, which is induced in
the very early stages of adipogenesis and predominantly involved
in PPARc expression, was significantly reduced after FBXO9 knock-
down (Fig. 2C and D). When FBXO9 was knocked down, PPARc was
hardly detected, which may be caused by the reduction of C/EBPb.
We also examined the protein levels of LRP6 and b-catenin which
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Fig. 1. FBXO9 expression was increased in obese animal models and during adipocyte differentiation. Total RNAs were prepared from white adipose tissues of (A) mice fed
with control diet (CD, n = 4) or high fat diet (HFD, n = 4) or (B) db/m (n = 5) or db/db mice (n = 5). FBXO9 mRNA levels were quantitated using real-time PCR and normalized to
the level of 18s rRNA of each sample. The values obtained from the control diet mice or db/m mice were set to 1 and the other values are presented as relative values
(mean ± SEM). ⁄P < 0.05 vs. the value of control diet (A) or db/m (B). (C) Total RNAs were prepared at the indicated time points after the induction of adipogenesis in 3T3-L1
cells. FBXO9 mRNA levels were evaluated by real time PCR and normalized to the levels of 18S rRNA. The value obtained from the cells harvested just before the induction of
adipogenesis (0 h) was set to 1 and the other values are presented as relative values (mean ± SEM, n = 5). ⁄P < 0.05 vs. the value at 0 h.
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Fig. 2. FBXO9 knockdown inhibits adipogenesis. (A) Specific siRNAs against FBXO9 (siFBXO9) were transfected into 3T3-L1 cells 1 day before the induction of adipogenesis.
FBXO9 mRNA levels were measured at the indicated times (days). The value obtained from the cells transfected with non-specific siRNAs (siNS) at day 0 was set to 1 and the
others were expressed as relative values (mean ± SEM, n = 4). (B) The siNS or siFBXO9 were treated at the indicated days (adipocyte differentiation inducers were treated at
day 0). Cells were stained with Oil red O 8 days after the induction of adipogenesis. (C) Cells were treated with siRNAs (siNS or siFBXO9) 1 day before adipogenesis induction,
and protein lysates were prepared at the indicated times after the induction. Western blot analyses were performed with antibodies against C/EBPb, PPARc, LRP6, b-catenin,
and c-tubulin. (D) The intensity of each band in (C) is normalized to c-tubulin. The maximum values of siNS treated cells were set to 100 and the other values are expressed as
relative values. The mean value was calculated from four independent experiments (mean ± SEM). ⁄P < 0.05 vs. the value of siNS at the same time point.
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are involved in the Wnt signaling pathway and known to decrease
during adipogenesis. When FBXO9 was knocked down, LRP6 and b-
catenin were slightly reduced until 24 or 48 h after the induction of
adipogenesis, respectively, but thereafter the levels increased to
the levels observed in preadipocytes (Fig. 2C and D). As a result,
the protein expression pattern 6 days after the cells were treated
with FBXO9 siRNAs was similar to that of preadipocytes (0 day).
β-actin

-Flag-FBXO9

Flag-FBXO9

HA-C/EBPβ

+ + +HA-C/EBPβ +

37

50

50

γ-tubulin

LRP6

10 25 50

Ad-GFP

Flag-FBXO9

Ad-Flag-FBXO9

10 25 50

GFP

(moi)

β-catenin

250

100

50

25

50

0.50 1 (day)

R
el

at
iv

e 
C

/E
B

Pβ
m

R
N

A
 le

ve
ls

2 4 6

A

B

C

Fig. 3. FBXO9 did not affect C/EBPb or LRP6 protein stability in Cos 7 cells. (A) Total
mRNAs were prepared from the cells treated with siNS or siFBXO9 as described in
Fig 2C at the indicated times after the induction. C/EBPb mRNA levels were
measured using real-time PCR, and normalized to the levels of 18S rRNA. The value
obtained from the cells harvested just before the induction of adipogenesis (0 h)
was set to 1 and the other values are presented as relative values (mean ± SEM,
n = 6). (B) Cos-7 cells were transfected with expression vectors for C/EBPb (HA-C/
EBPb) and/or FBXO9 (Flag-FBXO9). Twenty-four hours after the transfection,
proteins were prepared for immunoblot analyses. Immunoblot was performed
with antibodies against HA, Flag, or b-actin. (C) Cos-7 cells were infected with
control adenovirus (Ad-GFP) or adenovirus expressing Flag-FBXO9 (Ad-Flag-
FBXO9). Lysates were prepared 24 h after infection. Endogenous LRP6 and b-
catenin were detected by specific antibodies. GFP blots represent the efficiency of
virus infection.
3.4. FBXO9 does not directly regulate C/EBPb or LRP6 protein level

Since the reduction of C/EBPb protein level is the most notable
phenomenon by FBXO9 knockdown in the early stages of adipo-
genesis (day 0–2) (Fig. 2D), we tested whether FBXO9 knockdown
affected transcriptional levels of C/EBPb. When FBXO9 was
knocked down, the mRNA levels of C/EBPb was not significantly
changed (Fig. 3A). Therefore, the reduction of C/EBPb protein levels
by FBXO9 knockdown was not caused by decrease of C/EBPb tran-
scription but might be mediated by a change in the C/EBPb stabil-
ity. Next, we tested whether FBXO9 could directly regulate the
stability of C/EBPb. When C/EBPb was exogenously expressed in
COS-7 cells using transient transfection, C/EBPb protein levels were
not altered by overexpression of FBXO9 (Fig. 3B). We also tested
whether FBXO9 could directly regulate LRP6. Endogenous LRP6
levels were not affected by adenovirus-mediated FBXO9 overex-
pression (Fig. 3C). In addition, knockdown of FBXO9 did not affect
LRP6 protein levels in 3T3-L1 preadipocytes (data not shown).
From these results, we did not find any evidence that C/EBPb or
LRP6 was directly regulated by FBXO9.
3.5. Overexpression of C/EBPb alleviates suppression of adipogenesis
by FBXO9 knockdown

Although C/EBPb protein stability was not directly regulated by
FBXO9, the reduction in C/EBPb levels seems to be a major cause of
adipogenesis inhibition by FBXO9 knockdown. Next, we tested
whether overexpression of C/EBPb could rescue adipogenesis in
the FBXO9 knockdown condition. We used 3T3-L1 preadipocytes
stably expressing C/EBPb (pC/EBPb) which had been prepared by
infection of a retrovirus-mediated C/EBPb expression construct.
The preadipocytes continuously expressing C/EBPb (pC/EBPb) fairly
differentiated to adipocytes when siFBXO9 was added, whereas
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Fig. 4. C/EBPb overexpression remarkably alleviates the inhibition of adipogenesis
by FBXO9 knockdown. (A) 3T3-L1 preadipocytes were infected with retrovirus
harboring a C/EBPb expression construct (pC/EBPb) or an empty construct (pBabe).
Cells resistant to puromycin were selected. Cells were transfected with 25 nM of
siNS or siFBXO9 1 day before the induction of adipogenesis. Cells were stained with
Oil red O at day 8 of adipogenesis. (B) Protein samples were prepared at day 0, 2,
and 4 of adipogenesis and subjected to immunoblotting.
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adipogenesis of the control cells (pBabe) was completely inhibited
(Fig. 4A). In the FBXO9 knockdown condition, C/EBPb protein levels
maintained high and expression of PPARc and C/EBPa, two target
genes of C/EBPb during adipogenesis, seemed to be normally in-
duced in the pC/EBPb cells (Fig. 4B). In contrast, LRP6 and b-catenin
were negatively regulated during differentiation of the pC/EBPb
cells. These results suggest that FBXO9 knockdown inhibits adipo-
genesis predominantly by affecting C/EBPb protein levels through
an unknown, indirect mechanism.

4. Discussion

When FBXO9 was knocked down only in the early stages of adi-
pogenesis, for example, at day 0 of differentiation, adipogenesis
was inhibited. FBXO9 knockdown at the later stages did not affect
adipogenesis (Fig. 2B). The most important and distinct phenom-
ena observed on the first day of differentiation are the induction
of C/EBPb and C/EBPd expression, and C/EBPb is known to play a
major role whereas C/EBPd cooperates with C/EBPb. C/EBPb protein
levels were significantly reduced by FBXO9 knockdown (Fig. 2C
and D), suggesting that FBXO9 knockdown suppresses adipogene-
sis by affecting C/EBPb protein levels. This possibility was strongly
supported by the result that adipogenesis was largely not affected
by FBXO9 knockdown in cells stably expressing C/EBPb (Fig. 4).
Currently, we do not know how FBXO9 regulates C/EBPb protein
levels. It is possible that FBXO9 indirectly regulates C/EBPb protein
stability by stimulating ubiquitination of another protein that is in-
volved in C/EBPb stability, such as a C/EBPb-specific E3 ligase. In
addition, exogenously expressed C/EBPb was not regulated by
FBXO9 in Cos-7 cells (Fig. 3B). Therefore, the regulation of C/EBPb
by FBXO9 might be cell-type specific. It has been reported that reg-
ulation of C/EBPb stability is important to maintain its high levels
for 2 days after the induction of differentiation [6]. Further studies
will be aimed at elucidating the regulation mechanism of FBXO9.

In addition to the induction of specific transcription factors such
as C/EBPb, C/EBPd, C/EBPa, and PPARc, the suppression of Wnt sig-
naling, characterized by reduction of Wnt10b, LRP6, and b-catenin,
is an important phenomenon of adipogenesis. The protein levels of
LRP6 and b-catenin were slightly decreased by differentiation
inducers, and then increased after 1 or 2 days in the FBXO9-
knocked down cells (Fig. 2C and D). In addition, overexpression
or knockdown of FBXO9 did not alter LRP6 in Cos-7 cells (Fig. 3C)
and preadipocytes. These results indicate that the effect of FBXO9
knockdown on LRP6 and b-catenin protein levels after the addition
of differentiation inducers is indirect. The mechanism by which
Wnt signaling is suppressed during adipogenesis is not well eluci-
dated, and it has been reported that Wnt10b, an endogenous Wnt,
is negatively regulated by cAMP elevation [15]. In addition, our
previous data showed that C/EBPb negatively regulates Wnt10b
expression [24]. It seems that there is a cross talk between adipo-
genesis-specific transcription factors and Wnt signaling proteins
[25], which likely makes the mechanism involved in the regulation
of adipogenesis by FBXO9 more complex.

In our study, FBXO9 expression increased in high fat diet-fed or
genetically obese mice. In addition, FBXO9 expression increased
during adipogenesis, and FBXO9 knockdown almost completely
inhibited adipogenesis. In summary, these data strongly suggest
that FBXO9 is an important factor for adipogenesis, although the
mechanism involved in this process has not been elucidated.

Acknowledgments

This research was supported by Basic Science Research Program
through the National Research Foundation of Korea (NRF) funded
by the Ministry of Education, Science and Technology
(2012R1A1A2005546).

References

[1] S.R. Farmer, Transcriptional control of adipocyte formation, Cell Metab. 4
(2006) 263–273.

[2] E.D. Rosen, O.A. MacDougald, Adipocyte differentiation from the inside out,
Nat. Rev. Mol. Cell Biol. 7 (2006) 885–896.

[3] C.E. Lowe, S. O’Rahilly, J.J. Rochford, Adipogenesis at a glance, J. Cell Sci. 124
(2011) 2681–2686.

[4] Z. Cao, R.M. Umek, S.L. McKnight, Regulated expression of three C/EBP isoforms
during adipose conversion of 3T3-L1 cells, Genes Dev. 5 (1991) 1538–1552.

[5] X. Li, J.W. Kim, M. Gronborg, H. Urlaub, M.D. Lane, Q.Q. Tang, Role of cdk2 in the
sequential phosphorylation/activation of C/EBPbeta during adipocyte
differentiation, Proc. Natl. Acad. Sci. USA 104 (2007) 11597–11602.

[6] S.S. Chung, B.Y. Ahn, M. Kim, H.H. Choi, H.S. Park, S. Kang, S.G. Park, Y.B. Kim,
Y.M. Cho, H.K. Lee, C.H. Chung, K.S. Park, Control of adipogenesis by the SUMO-
specific protease SENP2, Mol. Cell. Biol. 30 (2010) 2135–2146.

[7] Y. Zuo, L. Qiang, S.R. Farmer, Activation of CCAAT/enhancer-binding protein (C/
EBP) alpha expression by C/EBP beta during adipogenesis requires a
peroxisome proliferator-activated receptor-gamma-associated repression of
HDAC1 at the C/ebp alpha gene promoter, J. Biol. Chem. 281 (2006) 7960–
7967.

[8] M.I. Lefterova, Y. Zhang, D.J. Steger, M. Schupp, J. Schug, A. Cristancho, D. Feng,
D. Zhuo, C.J. Stoeckert Jr., X.S. Liu, M.A. Lazar, PPARgamma and C/EBP factors
orchestrate adipocyte biology via adjacent binding on a genome-wide scale,
Genes Dev. 22 (2008) 2941–2952.

[9] Z.E. Floyd, J.M. Stephens, STAT5A promotes adipogenesis in nonprecursor cells
and associates with the glucocorticoid receptor during adipocyte
differentiation, Diabetes 52 (2003) 308–314.

[10] Y. Oishi, I. Manabe, K. Tobe, K. Tsushima, T. Shindo, K. Fujiu, G. Nishimura, K.
Maemura, T. Yamauchi, N. Kubota, R. Suzuki, T. Kitamura, S. Akira, T.
Kadowaki, R. Nagai, Kruppel-like transcription factor KLF5 is a key regulator
of adipocyte differentiation, Cell Metab. 1 (2005) 27–39.

[11] K. Birsoy, Z. Chen, J. Friedman, Transcriptional regulation of adipogenesis by
KLF4, Cell Metab. 7 (2008) 339–347.

[12] K.E. Davis, M. Moldes, S.R. Farmer, The forkhead transcription factor FoxC2
inhibits white adipocyte differentiation, J. Biol. Chem. 279 (2004) 42453–
42461.

[13] S.E. Ross, N. Hemati, K.A. Longo, C.N. Bennett, P.C. Lucas, R.L. Erickson, O.A.
MacDougald, Inhibition of adipogenesis by Wnt signaling, Science 289 (2000)
950–953.

[14] T.C. Prestwich, O.A. Macdougald, Wnt/beta-catenin signaling in adipogenesis
and metabolism, Curr. Opin. Cell Biol. 19 (2007) 612–617.

[15] C.N. Bennett, S.E. Ross, K.A. Longo, L. Bajnok, N. Hemati, K.W. Johnson, S.D.
Harrison, O.A. MacDougald, Regulation of Wnt signaling during adipogenesis, J.
Biol. Chem. 277 (2002) 30998–31004.

[16] B. Gustafson, U. Smith, Cytokines promote Wnt signaling and inflammation
and impair the normal differentiation and lipid accumulation in 3T3-L1
preadipocytes, J. Biol. Chem. 281 (2006) 9507–9516.

[17] T. Cardozo, M. Pagano, The SCF ubiquitin ligase: insights into a molecular
machine, Nat. Rev. Mol. Cell Biol. 5 (2004) 739–751.

[18] M.S. Ho, C. Ou, Y.R. Chan, C.T. Chien, H. Pi, The utility F-box for protein
destruction, Cell. Mol. Life Sci. 65 (2008) 1977–2000.

[19] G. Kilroy, H. Kirk-Ballard, L.E. Carter, Z.E. Floyd, The ubiquitin ligase Siah2
regulates PPARgamma activity in adipocytes, Endocrinology 153 (2012) 1206–
1218.

[20] E.M. Eaton, L. Sealy, Modification of CCAAT/enhancer-binding protein-beta by
the small ubiquitin-like modifier (SUMO) family members, SUMO-2 and
SUMO-3, J. Biol. Chem. 278 (2003) 33416–33421.

[21] T. Hattori, N. Ohoka, Y. Inoue, H. Hayashi, K. Onozaki, C/EBP family
transcription factors are degraded by the proteasome but stabilized by
forming dimer, Oncogene 22 (2003) 1273–1280.

[22] M.T. Bengoechea-Alonso, J. Ericsson, The ubiquitin ligase Fbxw7 controls
adipocyte differentiation by targeting C/EBPalpha for degradation, Proc. Natl.
Acad. Sci. USA 107 (2010) 11817–11822.

[23] V. Fernandez-Saiz, B.S. Targosz, S. Lemeer, R. Eichner, C. Langer, L. Bullinger, C.
Reiter, J. Slotta-Huspenina, S. Schroeder, A.M. Knorn, J. Kurutz, C. Peschel, M.
Pagano, B. Kuster, F. Bassermann, SCFFbxo9 and CK2 direct the cellular
response to growth factor withdrawal via Tel2/Tti1 degradation and promote
survival in multiple myeloma, Nat. Cell Biol. 15 (2013) 72–81.

[24] S.S. Chung, J.S. Lee, M. Kim, B.Y. Ahn, H.S. Jung, H.M. Lee, J.W. Kim, K.S. Park,
Regulation of Wnt/beta-catenin signaling by CCAAT/enhancer binding protein
beta during adipogenesis, Obesity (Silver Spring) 20 (2012) 482–487.

[25] M. Okamura, H. Kudo, K. Wakabayashi, T. Tanaka, A. Nonaka, A. Uchida, S.
Tsutsumi, I. Sakakibara, M. Naito, T.F. Osborne, T. Hamakubo, S. Ito, H.
Aburatani, M. Yanagisawa, T. Kodama, J. Sakai, COUP-TFII acts downstream of
Wnt/beta-catenin signal to silence PPARgamma gene expression and repress
adipogenesis, Proc. Natl. Acad. Sci. USA 106 (2009) 5819–5824.

http://refhub.elsevier.com/S0006-291X(13)00726-2/h0005
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0005
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0010
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0010
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0100
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0100
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0015
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0015
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0020
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0020
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0020
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0105
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0105
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0105
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0025
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0025
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0025
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0025
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0025
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0030
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0030
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0030
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0030
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0035
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0035
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0035
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0040
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0040
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0040
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0040
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0045
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0045
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0050
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0050
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0050
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0055
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0055
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0055
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0060
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0060
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0065
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0065
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0065
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0070
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0070
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0070
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0075
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0075
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0080
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0080
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0110
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0110
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0110
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0085
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0085
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0085
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0090
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0090
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0090
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0115
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0115
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0115
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0120
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0120
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0120
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0120
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0120
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0125
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0125
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0125
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0095
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0095
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0095
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0095
http://refhub.elsevier.com/S0006-291X(13)00726-2/h0095

	F-box only protein 9 is required for adipocyte differentiation
	1 Introduction
	2 Materials and methods
	2.1 Plasmids, siRNAs, and adenovirus
	2.2 Cell culture
	2.3 Animals
	2.4 Transient transfection of plasmids or siRNA
	2.5 Real-time polymerase chain reaction
	2.6 Western blot analyses
	2.7 Statistics

	3 Results
	3.1 Expression of FBXO9 is related with obesity
	3.2 FBXO9 expression is increased during adipogenesis
	3.3 Knockdown of FBXO9 inhibits adipogenesis
	3.4 FBXO9 does not directly regulate C/EBPβ or L
	3.5 Overexpression of C/EBPβ alleviates suppress

	4 Discussion
	Acknowledgments
	References


