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Adipogenesis is regulated by a complex cascade of transcriptional factors, among them KLF4. This factor was
previously shown to be necessary for adipose differentiation. We found that GSK3b activity was required for Klf4 and
Klf5 expression during adipogenesis. In addition, retinoic acid inhibited Klf4 and Klf5 expression but not that of Cebpb.
Protein synthesis inhibition showed that the transient expression of Klf4, Cebpb and Klf5 during early adipogenesis
seemed to require a yet unknown protein for their repression. We also found that Klf4 forced expression in 3T3-F442A
cells cultured under non-adipogenic conditions did not induce adipogenesis, nor the expression of Cebpb or Klf5, a
Cebpb target gene, showing that KLF4 was not sufficient for adipose differentiation to take place. This would suggest
that a more complex combination of molecular pathways not yet understood, is involved during early adipogenesis.

Introduction

Differentiation into adipocytes is controlled through the acti-
vation of signaling pathways leading to a transcriptional cascade
that controls adipose differentiation. The transcription factors,
SREBP1a1 and PPARg regulate the expression of the genes
involved in adipose phenotype, whereas SREBP1c regulates that
of lipogenic enzymes.2 C/EBPa regulates the expression of
Pparg2 and the genes related to glucose uptake.2,3

The adipogenic program is comprised of commitment, clonal
expansion, and phenotype expression.4 An important transcrip-
tion factor during adipose commitment is C/EBPb, whose activ-
ity depends on specific phosphorylation at Thr188 by either
GSK3b or MEK1.5 A loss in the activity of GSK3b blocks the
adipogenic program.4,6 C/EBPb is involved in the clonal expan-
sion of committed cells7 and in the expression of Pparg2 and adi-
ponectin gene.1,5 The expression of Pparg2 is delayed several
hours after the expression and activation of C/EBPb.1,7This
delay raises the possibility that other genes could participate in
the regulation of Pparg2 and the rest of the transcriptional cas-
cade. One of those transcription factors that we reported recently
is SREBP1a.1

Members of the Kr€uppel-like transcription factors (KLF) fam-
ily have been associated with the adipogenic response of 3T3-L1
cells. The transcription factors KLF4 and KLF5 participate in the
initial stages of adipose differentiation in 3T3-L1 cells induced
with methyl isobutyl xanthine/dexamethasone (Mix/Dex) and
insulin, in medium supplemented with adipogenic bovine
serum.8,9 Knockdown of either of these transcription factors
impaired adipose differentiation.8,9 KLF4 is able to activate C/
EBPb promoter,8 and Klf5 expression depends on C/EBPb and
C/EBPd transcriptional activity.9 Pparg2 is activated by KLF5
through a direct interaction with its promoter.9 Klf5 forced
expression induced the expression of Pparg2 and adipose pheno-
type in 3T3-L1 cells cultured with calf serum, which by itself is
adipogenic.9 KLF4 is necessary for the 3T3-L1 adipose differenti-
ation, however, it is unknown if its expression is sufficient to
induce adipogenesis.

We have already demonstrated that in non-adipogenic condi-
tions, Staurosporine (St) at low concentrations, rapidly induced
adipogenesis of 3T3-F442A cells,4 while Dexamethasone (Dex)
enhanced St-induced adipose conversion; however, Dex alone,
without St, did not induce adipose conversion under the non-
adipogenic conditions.10 It was reported that treatment with
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staurosporine leads to GSK3b activation as shown by its reduced
phosphorylation on Ser21/9.11 This adipogenesis cellular model
induced with St-Dex has the advantage of not requiring adipo-
genic serum interfering factors which can affect data interpreta-
tion, and it allows the study of some of the early events during
induction and stabilization of adipose commitment.1,4 The main
transcription factors C/EBPb, SREBP1a, PPARg2, C/EBPa,
and SREBP1c also participate in adipose differentiation in this
cellular model.1,12 There are several factors that affect adipogene-
sis during commitment,4,13,14 among them, all-trans retinoic
acid (RA) that inhibits adipose differentiation.4,15-18

In this paper, we studied the KLF4-C/EBPb-KLF5 part of the
transcriptional cascade during early adipogenesis of 3T3-F442A
cells induced by St-Dex. We found that Klf4 forced expression
was not enough to promote adipose differentiation without the
adipogenic stimuli, nor it was able to induce C/EBPb expression.
Also, we found that both Klf4 and Klf5 expression depends
on GSK3b activity, and RA inhibits their expression.

Results

Klf4 and Klf5 are induced early during adipogenesis of 3T3-
F442A cells

We attempted to study more about the early stages of 3T3-
F442A adipogenesis induced by St-Dex, and the participation of
KLF4 and KLF5. We induced 2 day post-confluent cultures of
3T3-F442A cells with St-Dex for 4 h and analyzed gene expres-
sion at different time points from 0 to 144 h, when adipose con-
version was complete. At the end of experiment, cultures were
stained with Oil Red O for lipid accumulation. Adipose conver-
sion of 3T3-F442A cells exhibited the characteristic formation of
adipose clusters with intracytoplasmic lipid droplets (Fig. 1A).
Cebpb showed an early and transient increased expression with a
maximum at 4–8 h (Fig. 1B). Pparg2 expression increased
slightly at around 8 h and reached its highest expression at about
48 h, remaining high until the end of adipose conversion at
144 h (Fig. 1B). Cebpa expression increased by 48 h and
remained high thereafter (Fig. 1B). The kinetic expression of
these adipogenic genes coincide with data we previously reported
in this adipogenic model.1,12 When we assessed Klf4 and Klf5,
both genes increased their expression as early as 0.5 h after addi-
tion of St-Dex. Klf4 expression had a 2- to 3-fold increase, with a
maximum at 2 h; while Klf5 expression had a larger increase,
about 8- to 14-fold, with a maximum level at 3 h after St-Dex
induction (Fig. 1B). Thereafter, expression of both genes
decreased to basal levels or lower after 4 h and 30 h, respectively
(Fig. 1B). The highest expression levels of Klf4 and Klf5 occurred
at similar time points as described for 3T3-L1 cells.8,9 These
results demonstrated that Klf4 and Klf5 expression took place
very early during adipogenesis of 3T3-F442A cells induced with
St-Dex, and it preceded that of Cebpb expression an all the other
adipogenic genes.

In another experiment, post-confluent cultures of 3T3-F442A
cells were treated with St alone, or with Dex alone, for 4 h. St
alone effectively induced adipogenesis; whereas Dex alone did

not and it was similar to that found in cultures incubated with
non-adipogenic medium. Dex enhanced the adipogenic effect of
St when it was incubated together (Fig. 1A). Since we determined
that the highest increase of Klf4, Cebpb, and Klf5 expression took
place during the first 12 h, we used this time frame to analyze
these genes. We found that Cebpb and Klf4 expression was
dependent on induction of adipogenesis by St, but not by Dex
(Fig. 1C); whereas that of Klf5 was St and Dex dependent
(Fig. 1C). These results showed that Klf4, Cebpb, and Klf5
expression followed induction by St, and particularly that of Klf5
was also stimulated by Dex alone, even in the absence of adipose
differentiation. Klf5 expression seems to be regulated by Dex and
this glucocorticoid could be contributing to augment adipose dif-
ferentiation through KLF5.

Forced expression of Klf4 does not induce adipose
differentiation nor increase Cebpb expression

Our results showed that St induced an early and transient
increase of Klf4 expression. Considering that silencing Klf4
blocked adipose differentiation of 3T3-L1 cells cultured in a
medium supplemented with Mix/Dex and fetal bovine serum,
which are highly adipogenic conditions,8 we decided to evaluate
if Klf4 forced expression alone is sufficient to induce adipogenesis
in the absence of any adipogenic stimuli. We transfected 3T3-
F442A cells with a plasmid harboring Klf4 under the control of a
constitutive CMV promoter; as a negative control we also trans-
fected cells with an empty vector. We assessed for adipose conver-
sion under adipogenic or non-adipogenic conditions, and we
evaluated gene expression. The results showed that forced expres-
sion of Klf4 in 3T3-F442A cells reached up to 100-fold increase
(Fig. 2B). Adipogenesis did not take place in cells cultured in
non-adipogenic conditions, in comparison with control cultures
treated with St-Dex, the adipogenic stimuli (Fig. 2A).

The increase in Klf4 expression was also reflected in an
increase of KLF4 protein, as detected by immunoblotting
(Fig. 2C). Notwithstanding the proposed role of KLF4 to pro-
mote Cebpb transcription, Klf4 forced expression in cells cultured
under adipogenic conditions did not result in an increase of
Cebpb, Pparg2 or Klf5 expression in comparison with cells trans-
fected with empty vector (Fig. 2B). These results showed that
100-fold increase in the expression of KLF4 gene is not sufficient
to induce adipogenesis, or to induce the expression of the adipo-
genic genes.

GSK3b activity is necessary for Klf4 and Klf5 expression
during adipogenesis

Phosphorylation of GSK3b at Tyr216 activates the kinase,
but phosphorylation at Ser9 inactivates it, even if Tyr216 is also
phosphorylated.25 We previously described that GSK3b phos-
phorylated at Tyr216 was the predominant form during induc-
tion of 3T3-F442A cells with St-Dex, showing that this kinase is
activated during adipogenesis; its activity was inhibited by its
well reported selective inhibitor SB415286, blocking adipogene-
sis, as we showed in previously published experiments.1 There-
fore, we evaluated the participation of GSK3b over the KLF4-C/
EBPb-KLF5 transcriptional cascade. Post-confluent cultures of
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3T3-F442A cells in non-adipogenic medium were induced to
adipose differentiation with St-Dex for 4 h and treated for 12 h
with SB415286. Treatment of cells with SB415286 blocked adi-
pogenesis and the expression of Klf4, Cebpb and Klf5, and their
down-stream adipogenic genes Pparg2 and Cepba (Fig. 3A–C).
These results showed that the expression of Klf4, Cebpb, and Klf5
should be down-stream and regulated by GSK3b activity. We
previously reported that C/EBPb activation depends on specific
phosphorylation at Thr188 by GSK3b.1

Another inhibitor of adipose differentiation is all-trans ret-
inoic acid.15-18 Its effect blocked adipogenesis through affect-
ing MAPK signaling only when added to cultures during
commitment.4,18,26 RA action was described down-stream of
Cebpb,16 inhibiting transcription of Pparg2 and Cebpa. Since
it is not known whether retinoic acid inhibits adipose differ-
entiation up-stream or down-stream of Klf4 or Klf5 expres-
sion we carried out the following experiment. We induced
adipogenesis of 3T3-F442A cells with St-Dex in presence of
RA. RA inhibited adipose differentiation (Fig. 3A) as well as
the expression of the adipogenic genes Pparg2 and Cebpa
(Fig. 3B). Expression of Klf4 and Klf5 was also blocked by
RA, whereas expression of Cebpb remained unaltered
(Fig. 3C). Therefore, the action of RA preceded the expres-
sion of Klf4 and Klf5, but not that of Cebpb.

The transient expression of Klf4, Cebpb, and Klf5 seems to
be regulated through a protein repressor

With the goal of determining if protein synthesis is necessary
to regulate the transient expression of Klf4, Cebpb, and Klf5 dur-
ing adipogenesis, we incubated the 3T3-F442A cultures induced
with St-Dex with cycloheximide (protein synthesis inhibitor) for
8 h. As expected, cycloheximide blocked adipogenesis, but
expression of Klf4, Cebpb or Klf5 was not blocked and it
increased further with cycloheximide treatment (Fig. 3D and E).
Remarkably, the expression of these genes did not decrease as
occurs during adipogenesis, unless cycloheximide was removed
from the cultures (Fig. 3E). These results showed that de novo
protein synthesis is not required for the expression of Klf4,
Cebpb, and Klf5, but it is necessary for turning off their expres-
sion, suggesting that a still unknown protein or proteins should
be necessary to down-regulate Klf4, Cebpb, and Klf5 expression
during early adipogenesis.

Discussion

Adipogenic differentiation is regulated by sequential activa-
tion of transcription factors. This is called the main adipogenic
transcriptional cascade. Some of these factors, like Cebpa, Klf5,

Figure 1. Gene expression during adipose differentiation of 3T3-F442A cells. (A) Adipose conversion shown by lipid staining with Oil Red O. Staurospor-
ine (St) at low concentrations [10–12 nM] induced adipose differentiation in 3T3-F442A cells and this effect was augmented by Dexamethasone (Dex) at
[250 nM]. Dex alone did not induce adipose differentiation; (N-Ad, non-adipogenic medium). (B) mRNA expression of adipogenic genes Cebpb, Pparg2,
Cepba, Klf4 and Klf5 during adipose differentiation of 3T3-F442A cells treated with St-Dex. (C) Expression of Klf4 at 2h, Cebpb at 4h,and Klf5 at 3h, which
are the times of their highest expression.
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and Pparg2 have shown a key participation in this process. Adi-
pogenic differentiation does not take place without their expres-
sion, but forced expression of Cebpa in NIH-3T3 cells, and Klf5
or Pparg2 in 3T3-L1 cells induced adipose differentiation.9,27,28

Knockdown of Klf4 in 3T3-L1 cells cultured under adipo-
genic conditions blocked adipose differentiation, suggesting that
this transcription factor is necessary for cells to undergo adipo-
genesis.8 However, the necessity of this transcription factor does
not prove if its sole expression under non-adipogenic conditions
is enough to initiate adipogenesis. In our experiments, we forced
the expression, up to 100 fold, of Klf4 under non-adipogenic
conditions and showed that 3T3-F442A cells did not undergo
adipogenesis, demonstrating thatKLF4 is not sufficient for adi-
pose differentiation to take place. CEBPb is essential during adi-
pogenesis,16 its gene expression precedes those for Pparg2 and
Cebpa.1,12 Since, in non-adipogenic medium adipogenesis did
not take place even with the 100-fold forced expression of Klf4,
and since that of Cebpb did not increase by the over-expression of
Klf4, we suggest that other factors must be required to trigger
expression of Cebpb and the adipogenic response in susceptible
cells. One of these factors could be Krox20, since it cooperatively
transactivates a Cebpb reporter.8 This finding was also reinforced
by our results that the expression of Klf5, an established target of
Cebpb action, did not increase in those conditions, either. Our

experiments also demonstrated that up to 200-fold overexpres-
sion of Klf4 in adipogenic conditions did not enhance Cebpb
expression, and hence that of Klf5 and Pparg2. This is a surpris-
ing result since Cebpb promoter-luciferase reporter plasmid into
293T cells and CHIP assays showed that KLF4 binds directly to
the promoter of Cebpb.8 Our results suggested that, in whole
cells, the augmented intracellular concentration of KLF4 did not
enhance the expression of the genes comprising the adipogenic
transcriptional cascade, and we hypothesize that some other lim-
iting proteins must act to regulate adipogenesis.

We previously reported that the activity of GSK3b is neces-
sary for cells to undergo adipogenesis and it preceded the expres-
sion of the genes encoding the adipogenic transcriptional
cascade.1,4 Our experiments with SB415286, the selective inhibi-
tor of GSK3b, showed that the activity of this kinase is up-stream
and it is required for Klf4 transient expression, which peaked at
the first 3 h from adipogenic induction.

Our experiments in which we inhibited protein synthesis with
cycloheximide showed that the expression of Klf4, Cebpb, and
Klf5 that are transiently expressed during early adipogenesis, con-
tinued for several hours reaching many more folds as compared
with the non-inhibited cells. These results strongly suggested that
the expression of these 3 genes should be regulated by a still
unknown de novo-synthesized protein or proteins, probably

Figure 2. Forced expression of Klf4 does not increase Cebpb and Klf5 expression. (A) Adipose conversion shown by lipid staining with Oil Red O.
(B) Expression of the adipogenic genes Klf4, Cebpb, Klf5 and Pparg2 in cultures transfected with pCMVSport6 empty vector (pS-empty) and
pCMVSport6Klf4 (pS-Klf4) in cells cultured in non-adipogenic conditions. (C) Representative western blot showing the amounts of KLF4 and using GDI
protein as loading control.
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acting as repressor. This raises the possibility that the expression
of these transcription factors is subjected to a transient increase
and turn-off as an additional point of regulation during commit-
ment. These possibilities warrant more investigation into this
subject.

RA is well established as an inhibitor of adipose differentia-
tion.15–18 RA action was described down-stream of Cebpb.16 Our
results showed that RA did not affect Cebpb expression, but
inhibited the expression of both Klf4 and Klf5, reinforcing previ-
ous results that the expression of these Kruppel transcription fac-
tors are down stream of Cebpb transcription. Since previous
experiments have suggested that KLF4 activates the promoter of
Cebpb,8 inhibition of the expression of Klf4 by RA would suggest
that the transcription of Cebpb should be regulated by other pro-
teins in the adipogenic pathway that are not related to KLF4 or
KLF5.

Since these results and since the forced expression of Klf4
alone did not increase the transient expression of Cebpb and Klf5,
we can hypothesize that KLF4-CEBPb-KLF5 early part of the
adipogenic transcriptional cascade must be regulated by impor-
tant proteins that are not yet identified, and that these proteins
should exert their function at a stage located downstream of the

activation of GSK3b as depicted in Figure 4. Therefore, other
molecular pathways are required and might converge to continue
adipogenesis after induction.

Previously, we showed that St induced adipose differentiation
in the absence of adipogenic conditions4 and, that Dex enhanced
differentiation of 3T3-F442A cells induced with St.11 This con-
veyed the idea that early adipogenic pathway could be comprised
by 2 main stages: a first stage of induction (0–4 h), where St
induces progenitor cells to differentiate; a second stage of stabili-
zation (4–44 h), where differentiation continues in the absence
of the inducer but it can still be reversed by anti-adipogenic sub-
stances or cytokines, such as RA4,18 or TNFa.13Therefore, it
seems clear that the second stage of stabilization during commit-
ment can be subjected to regulation by several factors, and early
adipogenesis could be reversed. Since Klf4 and Cebpb are
expressed during the early period that we called induction, we
can hypothesize that the expression of these factors is not enough
to lock the cells into the adipogenic pathway. Some other factors
should be activated to lock the cells traversing into commitment;
one of these might be DNA synthesis that takes place at the end
of commitment preceding clonal expansion, as we described in
an earlier work.29 The identification of other factors involved in

Figure 3. GSK3b activity and retinoic acid affect gene expression during adipose differentiation. (A) Adipose conversion shown by lipid staining with Oil
Red O. GSK3b inhibitor (SB415286) at [100mM] or retinoic acid at [10mM]. (B and C) Expression of Pparg2, Cebpa, Klf4, Cebpb and Klf5 in 3T3F442A St-Dex
cultures treated with SB415286 (black) or retinoic acid (blue). (D) Adipose conversion shown by lipid staining with Oil Red O in cultures treated with
Cycloheximide (CHX) at [15mM]. (E) Expression of Klf4, Cebpb, and Klf5 in cultures treated with or without CHX for 8 h in St-Dex induced cultures.
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regulating adipogenesis that could affect the main transcriptional
cascade is important in understanding adipose biology.

Materials and Methods

Cell culture
The 3T3-F442A cells were seeded at 1.25£103 cell/cm2 in

growing medium consisting of DMEM (GIBCO, 12100–061)
supplemented with 4% adult cat serum (in-house production in
observance of the NIH guidelines on the welfare of research ani-
mals and using protocols approved by the Internal Committee
for the Care and Use of Laboratory Animals of CINVESTAV-
IPN),19 5 mg/mL insulin (Serological, 1003551), 1 mM d-biotin
(Sigma, B-4501) and 0.1% calf serum (Hyclone, SH30042–03).
Two days post- confluent cultures were switched to non-

adipogenic medium (N-Ad) con-
sisting of DMEM supplemented
with 2.5% adult cat serum, 0.1%
calf serum, 5 mg/mL insulin,
5 mg/mL apo-transferrin (Sigma,
B-4501), 1 mM d-biotin, 2 nM
triiodothyronine (Sigma, T-2752),
40 mM b-mercaptoethanol (BIO-
RAD, 161–0710) and 0.01 ng/mL
epidermal growth factor (Upstate,
01–107) (modified from 20). In
this medium cells do not undergo
adipose differentiation.19 Adipo-
genesis was induced in post-con-
fluent cultures by adding 10–
12 nM St (Sigma, S4400) and
250 nM Dex (Sigma, D-1756) for
4 h in the non-adipogenic
medium as previously described.11

All cultures were incubated at
37�C in a 10% CO2 atmosphere.
For experiments, cultures were
taken at different time points as
described in each experiment. Adi-
pose conversion was complete at
144 h post-adipogenic induction.
At the end of experiment, cultures
were washed with PBS-1X and
fixed overnight in 4% formalin (J.
T.Baker, 2106–02) and stained for
lipid accumulation with Oil Red
O (Sigma, O-0625) for 4 h. After
thorough washing with tap water,
dishes were allowed to dry.21

Treatment with Cycloheximide
[15mM] (Sigma, C-6255),
SB415286 [100mM] (Sigma,
S3567) and all-trans-retinoic acid
[10mM] (Sigma, R-2625) were
added to the cultures at the same

time of induction of adipogenesis as specified in the text and
figures.

Quantitative RT-PCR
Total RNA extraction was carried out with TRIzol� Reagent

(Life Technologies, 15596018). cDNA synthesis was carried out
with 0.5 mg total RNA and SuperScript II reverse transcriptase
kit (Invitrogen, 18064–014), according to manufacturer0s
instructions. Gene relative expression was performed with Uni-
versalFastStart DNA Master PLUS SybrGreen I (Rox) kit (Roche
Applied Science, 14387600) and real-time PCR were carried out
on Thermal cycler C1000 Real Time Thermal Cycler CFX96
detection module (Bio-Rad). We used regions spanning 2 differ-
ent exons from each gene to design the primers for this work,
and they were: Klf4, forward 50-gtccttctccacgttcgc-30 and reverse
50-ccaggaggtcgttgaactc-30 (Ta 63�C, 251pb, Efficiency

Figure 4. Transcriptional cascade showing Klf4 and Klf5 expression during adipogenesis. The adipogenic
program involves a transcriptional cascade with early participation of KLF4 and KLF5, which depends on
GSK3b activity. Forced expression of Klf4 showed that Cebpb expression was not dependent on KLF4. All-
trans retinoic acid impairs the adipogenic program after Cebpb expression and up-stream of Klf4 and Klf5
expression. Solid line means direct relationship and dashed line means an indirect or multistep involved
relationship. This schematic was constructed from cited references 1 and 3.
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(E) D 1.95); Klf5, forward 50-gccaactctcccacctgtca-30 and reverse
50-gtgcacttgtagggcttctcg-30 (Ta 60�C, 165bp, E D 1.84); Cebpb,
forward 50-ccgcgcaccacgacttcccct-30 and reverse 50-
cgctcgcgccgcatcttgta-30 (Ta 61�C, 451bp, E D 1.86);12 Cebpa,
forward 50- gagtcggccgacttctacg-30 and reverse 50- gtctcgtgctcgca-
gatgc -30 (Ta 62�C, 178bp, E D 1.87);12 Rplp0, forward 50-
aggccctgcactctcgctttctgg-30 and reverse 50-tggttgctttggcgggat-
tagtcg-30 (Ta 60–63�C, 347bp, E D 1.96);4 Pparg2, fwd 50-
tcgctgatgcactgcctatg-30, and rev 50-gagaggtccacagagctgatt-30 (Ta
60�C, 102pb, E D 1.87),.22 We run negative controls without
RT or without sample for the RT-PCR reaction to assure absence
of unspecific amplification. Relative expression values, were cal-
culated by the formula 2-DDCt,22 using the expression of the
Rplp0 gene as the normalizing factor and expressed relative to
time zero.

Western-blot
Protein extraction was obtained from cultures, washed 2 times

with ice-cold PBS. Extraction buffer was 50 mM Tris (BIO-
RAD, 161–0719) pH 8, 137 mM NaCl (J.T.Baker, 3624–01),
10% glycerol (J.T. Baker, 2136–62), 1% Nonidet P-40 (Sigma,
N-3516), 2 mM EDTA (J.T. Baker, 8993), 2.5 mM sodium
pyrophosphate (Sigma, 221368), 100 mM b-glycerolphosphate
(Sigma, 50020), 1 mM Na3VO4(Fisher Scientific, S-454), and
Complete protease inhibitor cocktail 2X (Roche, 1697498). Pro-
tein was quantified by Lowry method24 before electrophoresis in
SDS/PAGE. Then, protein was blotted onto nitrocellulose filter
0.45 mm membranes (Millipore, HATF00010). Immunodetec-
tion was carried out with primary antibodies: anti-KLF4 (1:1000
dilution) (Santa Cruz Biotechnology, sc-20691), and anti-Rab
Guanine Nucleotide Dissociation Inhibitor GDI (1:2000 dilu-
tion)(Invitrogen, 71–0300). As secondary antibody we used a
goat HRP-conjugated anti-rabbit IgG (1:10000 dilution)
(ZyMax-Invitrogen, 81–6120). Immune complexes were devel-
oped with Western Blotting Chemiluminescence Luminol
Reagent (Santa Cruz Biotechnology, sc-2048).

Constitutive expression of Klf4
Cells were transfected with the plasmid pCMVSport6Klf4,

which harbours the Klf4 mRNA (Invitrogen, ID3156339),
with a Nucleofector. The insert was verified by sequencing.
Cells were transfected with Nucleofector II equipment
(Lonza; 10700371) and following the manufacturer0s proto-
cols (Solution V, Program T-030). Cells were seeded at
confluence in non-adipogenic medium and induced to adipo-
genesis with St-Dex 16h later. As negative control we used
the empty vector.

Statistical analysis
Quantitative results are the mean, C/¡ standard deviation, of

6 independent cultures as 2 sets of experiments (n D 6). Qualita-
tive data corresponds to one representative experiment by tripli-
cate. Data were analyzed by Student0s t-test and statistical
differences were set when P value was lower than 0.05.
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