Lo L

P

1\

=y

Oncogenic steroid receptor coactivator-3 is a key
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The white adipocyte is at the center of dysfunctional regulatory
pathways in various pathophysiological processes, including obe-
sity, diabetes, inflammation, and cancer. Here, we show that the
oncogenic steroid receptor coactivator-3 (SRC-3) is a critical regu-
lator of white adipocyte development. Indeed, in SRC-3-/~ mouse
embryonic fibroblasts, adipocyte differentiation was severely im-
paired, and reexpression of SRC-3 was able to restore it. The early
stages of adipocyte differentiation are accompanied by an increase
in nuclear levels of SRC-3, which accumulates to high levels spe-
cifically in the nucleus of differentiated fat cells. Moreover, SRC-
3-/~ animals showed reduced body weight and adipose tissue
mass with a significant decrease of the expression of peroxisome
proliferator-activated receptor y2 (PPARy2), a master gene re-
quired for adipogenesis. At the molecular level, SRC-3 acts syner-
gistically with the transcription factor CAAT/enhancer-binding
protein to control the gene expression of PPARy2. Collectively,
these data suggest a crucial role for SRC-3 as an integrator of the
complex transcriptional network controlling adipogenesis.
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besity is one of the most common nutritional disorders in

the developed world, and it is closely associated with
important syndromes including type 2 diabetes, hypertension,
coronary heart disease, osteoarthritis, and cancer. Obesity is
clinically characterized by increased white adipose tissue (WAT)
mass that results from both increased fat-cell size and increased
fat-cell number (1). The number of adipocytes present in the
organism is determined to a large degree by the adipocyte-
differentiation process, which generates mature adipocytes from
fibroblast-like preadipocytes. The adipogenic program is con-
trolled by an array of interacting transcription factors operating
to coordinate expression of hundreds of proteins that give rise to
mature endocrine fat cells. Selected nuclear receptors have been
reported to be involved in the complex network of transcription
factors driving adipocyte differentiation (2). In particular, per-
oxisome proliferator-activated receptor -y (PPARY), in associa-
tion with its binding partner retinoid X receptor «, functions as
a master regulator of adipocyte differentiation (3).

Because coregulators mediate the functions of nuclear recep-
tors, they are likely coordinators for the efficient expression of
gene sets controlling adipogenesis. However, the impact of
coregulators remains less explored in adipose tissue biology.
From recent studies, it appears that in addition to PPARYy
coactivator-1 family members, the most studied coregulators in
the field of metabolism, additional cofactors act along with these
coactivators to influence energy balance and adipogenesis (4, 5).

Steroid receptor coactivator-3 (SRC-3), a member of the p160
family of nuclear receptor coactivators, is frequently amplified and
overexpressed in breast cancers (6). This coactivator is known to
play important roles in multiple physiological processes, including
mammary gland development, cell proliferation, somatic growth,
female reproductive function, puberty, cytokine signaling, vasopro-
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tection, and lymphopoiesis (7). Depending on the cellular and
molecular context, SRC-3 has been described as an oncogene
because its overexpression in mice leads to the development of
mammary gland tumors (8). Conversely, in the lymphoid system, it
acts as a tumor suppressor, as evidenced by the development of
lymphomas in SRC-37/~ mice (9).

Based on the important biological activity of SRC-3 and accord-
ing to the emergent and promising role of coregulators in metabolic
pathways (10), the impact of SRC-3 on adipogenesis has been
investigated in this work. SRC-37/~ mice present a significant
reduction in fat mass under basal conditions. This lean phenotype
of SRC-37/~ mice is linked to impaired white adipocyte differen-
tiation. At the molecular level, SRC-3 acts synergistically with
CAAT/enhancer-binding protein (C/EBP) to control the gene
expression of PPAR+2, the master transcription factor required for
adipocyte differentiation. Taken together, our findings uncovered
a crucial role of the coactivator SRC-3 in the complex transcrip-
tional network controlling the adipogenic program.

Results

Adipogenesis Is Severely Impaired in the Absence of SRC-3, and
Ectopic Reexpression of SRC-3 Restores the Adipogenic Program. We
first explored the specific action of SRC-3 on the adipocyte
differentiation process per se by using mouse embryonic fibro-
blasts (MEFs), isolated from SRC-37/~ or SRC-3*/* littermate
mouse embryos. When an adipogenic mixture was added, the
accumulation of lipid droplets was completely blocked in SRC-
37/~ compared with SRC-3*/* MEFs (Fig. 14). The fact that a
PPARY ligand added in the adipogenic mixture is unable to
bypass the deletion of SRC-3 suggests that this coactivator could
control either the gene expression of PPARy and/or another
PPAR<y downstream event.

Considering that several genes are expressed specifically dur-
ing adipogenesis and that the timing of the expression of these
genes is essential for the acquisition and maintenance of the
adipocyte phenotype, we examined the impact of the deletion of
the SRC-3 gene on the expression of adipocyte markers, using
RT-PCR analysis of RNA isolated from MEFs before (day 0)
and after complete adipocyte differentiation (day 12). Expres-
sion of genes including glucose transporter 4 (Glut4), adipocyte
lipid-binding protein (aP2/ALBP), and PPAR~y 2 were markedly
decreased in SRC-3~/~ MEFs (Fig. 1B).

To exclude any potential unspecific effect caused by the
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immortalization of MEF cells, we rescued SRC-3 gene expres-
sion in SRC-37/~ MEFs by using stable transfection of a vector
expressing SRC-3 (Fig. 1C). The reexpression of SRC-3 in
SRC-37/~ MEF cells led to the reactivation of the adipocyte-
differentiation program as shown by the appearance of lipid
droplets revealed by oil red O staining (Fig. 1 D and E).
Consistently, the major adipocyte specific marker aP2 was
induced after addition of the adipogenic mixture in the rescued
MEF cells as checked by RT-PCR (Fig. 1F). Taken together, the
findings indicate that SRC-3 seems to play a cell-autonomous
role in the adipocyte-differentiation process.

In concert with investigations of SRC-3, we studied the impact
of the two other members of the p160 family on adipocyte
differentiation. Interestingly, using the same protocol of MEF
cell immortalization and differentiation, we found that of all of
the SRC- null MEFs, SRC-3~/~ MEFs present the most striking
adipogenic phenotype (Fig. 1G). Indeed, the lack of SRC-1 had
no detectable impact on lipid accumulation (Fig. 1G). Lipid
droplet accumulation in SRC-27/~ MEFs was decreased com-
pared with wild-type (WT) cells. This defect in triglyceride
accumulation in the SRC-27/~ MEFs was, however, less pro-
nounced than that observed in SRC-37/~ MEFs (Fig. 1G).
Together, these results support a critical role for SRC-3 in the
white adipocyte-differentiation program, and they suggest that
the three members of the p160 coactivator family have nonre-
dundant functions during adipogenesis.

SRC-3 Increases in the Nucleus During Early Stages of Adipocyte
Differentiation, and It Accumulates to High Levels in the Nucleus of
Differentiated Fat Cells. To determine the eventual dynamic role of
SRC-3 occurring during the adipogenic program, we attempted to
dissect the specific spatiotemporal relationships existing between
SRC-3 protein and the subcellular context in which it functions.
Using immunofluorescent staining of endogenous SRC-3 protein in
intact 3T3-L1 cells during the course of adipogenesis, we observed
a significant increase in SRC-3 protein levels in the nucleus in the
early steps of fat-cell differentiation (Fig. 24). This result was
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Fig. 1. Adipocyte differentiation is inhibited in SRC-
3/~ MEF cells and the reexpression of SRC-3 in SRC-3
null cells restores adipogenesis. (A) Oil red O staining
of WT and SRC-3-/~ MEFs before induction of adipo-
cyte differentiation (day 0) and after complete differ-
entiation (day 12). (Right) Stained MEF cells. (Magni-
fication: X20.) (B) Expression of SRC-3 and adipogenic
markers analyzed by RT-PCR in SRC-3~/~ and WT MEFs.
(C) Western blot analysis of SRC-3 protein levels in WT,
SRC-37/~ (KO), and rescued SRC-3~/~ (KO+SRC-3) MEF
cells. a-tubulin served as a loading control. (D) Oil red
O staining of WT, SRC-37/~ (KO), rescued SRC-37/~
(KO+SRC-3), and SRC-37/~ containing the empty vec-
tor (KO+vector) MEF cells. (E) Oil red O-stained WT,
rescued SRC-37/~ (KO+SRC-3), and SRC-3~/~ contain-
ing the empty vector (KO+vector) MEF cells. (Magni-
fication: x40.) (F) RT-PCR analysis of aP2 gene expres-
sion in WT, rescued SRC-37/~ (SRC-3), and SRC-37/~
containing the empty vector (vector) MEF cells after
adipocyte differentiation. 36B4 served as a loading
control. (G) Oil red O staining comparing the induction
of adipocyte differentiation of WT MEFs and knockout
MEFs of each of the p160 coactivator family members.
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confirmed by quantitative analysis of nuclear fluorescence intensity
(Fig. 2B) as well as by Western blotting (Fig. 2C). More interest-
ingly, using high-resolution single-cell analysis, we have been able to
determine a specific correlation between the differentiation status
of 3T3-L1 fat cells and the protein levels of the coactivator SRC-3
in the nucleus (Fig. 2 D and E). Indeed, intense cytoplasmic staining
of lipid droplets by the fluorescent dye Bodipy revealed that
differentiated fat cells correlated with high SRC-3 protein levels in
the nucleus. In contrast, cells with low levels of SRC-3 showed only
a weak staining of triglycerides. Thus, these results are consistent
with SRC-3 as a major player in the temporally controlled complex
network of gene expression during fat-cell accumulation.

Transcriptional Impact of SRC-3 on PPARy2 Promoter. To dissect
finely the specific molecular action of SRC-3 in adipocyte
differentiation, we examined the impact of SRC-3 on a crucial
checkpoint for the adipogenic program, that is, the control of
expression of the PPARy2 gene (11, 12). During fat-cell differ-
entiation, the expression of PPAR+y2 is subject to control by
transcription factors such as C/EBP, the E2Fs, and Kruppel-like
factor 5 (13-15). Based on these prior observations, we tested the
transcriptional impact of SRC-3 on an artificial reporter plasmid
containing multimerized C/EBP binding sites. SRC-3 stimulated
the activity of this reporter synergistically with C/EBP in tran-
sient transfection experiments (Fig. 34). We next examined
whether SRC-3 coactivates PPARYy2 transcription by using a
reporter gene of the proximal promoter of the PPARYy2 gene,
containing several functional C/EBP-binding sites (13, 16).
SRC-3 synergistically transactivated the PPARy2 promoter re-
porter in presence of C/EBPa or C/EBPS (Fig. 3E). The impact
of C/EBP was not analyzed in this work because its effect on
PPAR~2 proximal promoter is controversial (17). Importantly,
the synergism of C/EBPa or 8 and SRC-3 on PPARy2 promoter
activity was significantly decreased by site-directed mutagenesis
of the C/EBP-responsive elements (Fig. 3B).

SRC-3 Controls PPARy2 Gene Expression by Interacting with the
Transcriptional Factor C/EBP on the Proximal Promoter. To confirm
that the induction of the PPARy2 promoter by SRC-3 translated
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into increased PPARy2 mRNA levels, we monitored the expres-
sion of the endogenous PPAR+y2 gene during fat-cell differen-
tiation of SRC-37/~ and SRC-3"/* MEFs. A strong and sustained
expression of PPARy2 was observed in SRC-3*/* MEFs from
day 8 of adipocyte differentiation onward; in contrast, PPARYy2
mRNA levels were lower at day 8 in SRC-37/~ MEFs, and they
became undetectable at day 12 (Fig. 44).

To consolidate the molecular model in which SRC-3 transac-
tivates PPARvy2 in cooperation with specific transcriptional
factors of the C/EBP family, coimmunoprecipitation assays were
performed. In cultured cells, we were able to show a specific
physical interaction between SRC-3 and C/EBP« or C/EBP&
(Fig. 4B). Moreover, chromatin samples were prepared from
3T3-L1 cells after induction of adipocyte differentiation and
analyzed by ChIP assays using specific antibodies against
C/EBPS, C/EBPa, and SRC-3. No binding of these proteins to
the PPARYy2 promoter was observed on days 0 and 1 (Fig. 4D).
At day 3 of differentiation, both C/EBPS and SRC-3 are bound
to the PPARy2 promoter, suggesting that the coactivator needs
the presence of C/EBPS at early steps of differentiation. By day
7, although C/EBPS is not detected any more, SRC-3 is still
present with C/EBPq, suggesting that SRC-3 is now recruited to
the DNA through C/EBPa in the late steps of the differentiation
process. No binding of C/EBP factors or SRC-3 was observed in
a control region around —1,500 bp from the transcriptional start
site of the PPARy2 gene, a region that does not contain a
C/EBP-binding site (Fig. 4D). Collectively, these data suggest
that the specific presence of SRC-3 in the chromatin context of
the PPARvy2 gene facilitates its expression.

To integrate SRC-3 into the cascade of the adipogenic program,
we propose a scenario wherein SRC-3 interacts with C/EBP8 when
expressed in the early steps of adipocyte differentiation and that this
complex then controls PPARy2 gene expression (Fig. 4E). There-
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Fig. 2. Increased nuclear levels of SRC-3 in the early
steps of adipocyte differentiation and accumulation
to high levels in the nucleus of differentiated fat cells.
(A) Immunofluorescence staining of SRC-3 protein in
intact 3T3-L1 cells in the early steps of adipocyte dif-
ferentiation. The fluorescent dye Bodipy and DAPI
were, respectively, used to stain the lipids contained in
the droplets of differentiated fat cells and nuclei of
existing cells. (B) Quantitative analysis of nuclear flu-
orescence intensity in the early stages of 3T3-L1 fat-cell
differentiation. (C) Western blot analysis of SRC-3 pro-
tein levels in 3T3-L1 differentiating cells in the early

d2

steps of adipocyte differentiation. a-tubulin served as
aloading control. (D) Immunofluorescence staining of
SRC-3 protein in intact 3T3-L1 cells in the late steps of
adipocyte differentiation (day 4). [Magnification:
X100 (Upper); x40 (Lower).] Arrows indicate that cells
showing high SRC-3 protein levels in the nucleus have
intense cytoplasmic staining of lipid droplets. (E)
Quantification of differentiated 3T3-L1 fat cells show-
ing strong nuclear localization of SRC-3. One hundred
differentiated cells showing intense lipid droplet
staining (size >2 um) were counted manually for ei-
ther strong (nuclear fluorescence value >2 X 103) or
weak nuclear SRC-3 fluorescence intensity (nuclear
fluorescence value lower than 2 X 103). Errors bars
represent S.E.M.
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after, C/EBPa and other transcription factors bind to the PPARYy2
promoter at the late steps of fat-cell differentiation, and SRC-3
continues to act through these “late” transcription factors to control
PPAR~y?2 expression (Fig. 4E).

SRC-3—/~ Mice Show Reduced Fat Mass and a Significant Decrease of
PPARy2 Gene Expression. Finally, we attempted to validate our
cellular observations by studying the in vivo impact of SRC-3
deletion on WAT biology. The tissue distribution of the SRC-3 gene
expression in major metabolic tissues, explored by quantitative
real-time PCR, clearly showed that SRC-3 was expressed at highest
levels in the white adipose tissue compared with the other tested
tissues, including the muscle and the liver (Fig. 54). This observa-
tion suggested the existence of a biological relevance of this
coactivator in this tissue. We then monitored weights of SRC-3/+
and SRC-37/~ mice. SRC-37/~ animals weighed less relative to their
WT littermates (Fig. 5B). In addition, when the body-fat content
was measured by dual-energy x-ray absorptiometry in SRC-3*/*
and SRC-37/~ mice fed a chow diet, SRC-3~/~ mice had a signif-
icantly lower total body-fat content than WT animals (Fig. 5C).
These differences were mirrored by the reduced weight of the
epididymal WAT depot in SRC-3~/~ mice at death (Fig. 5 D and E).
The decreases in body and fat weight occurred despite the fact that
the SRC-3 mutation did not affect food intake, absorption, and
locomotor activity (data not shown). The reduction in adiposity was
primarily the result of a significant reduction in adipocyte volume
observed in SRC-37/~ mice compared with WT animals as assessed
by classical hematoxylin/eosin staining (Fig. 5F), suggesting the
existence of a defect in terminal adipocyte differentiation and fat
accumulation.

The expression of major markers involved in the white-
adipogenic program in mice was examined by quantitative
real-time PCR. Importantly, the PPARy2 gene expression was
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Fig.3. Transcriptional effects of the coactivator SRC-3 on PPARy2 promoter.
(A) Transient transfections experiments in Hela cells testing the transcrip-
tional impact of SRC-3 on an artificial promoter sequences containing a
multimerized C/EBP binding sites. (B) Transient transfections using reporter
constructs containing PPARy2 proximal promoter WT (Left) and mutated
(Right) driving the expression of the luciferase (Luc) gene, in the presence or
absence of expression vectors of SRC-3 and/or C/EBP«, and/or C/EBPS. For
each experiment, values represent means = SEM of at least three independent
experiments.

dramatically decreased, and it was found to be at undetectable
levels in epididymal fat of SRC-37/~ animals compared with WT
mice (Fig. 5G). This result is in clear consistency with our
previous cellular observations. The adipogenic marker (LPL)
gene, known as a target of PPARYy2 (18), also was significantly
decreased. Moreover, aP2 and Glut4 were also decreased but
only modestly (Fig. 5G). The persistence of the isoform PPARy1
as well as the concomitant up-regulation of the transcription
factor sterol-regulatory element-binding protein 1c may contrib-
ute to basal development of WAT in a PPARYy2-independent
manner (Fig. 5G). These developmental and/or physiological
adaptation events are still under investigation, and they could
likely be influenced further by unknown coactivators.

Collectively, our in vivo observations that reveal a lean phe-
notype of SRC-3-null mice as well as a reduced gene expression
of selective markers of adipogenesis, including the master reg-
ulator PPARY2, highlight the important role played by the
coactivator SRC-3 in WAT.

Discussion

Metabolic homeostasis is maintained by specific regulatory circuits
controlled to a large extent by transcriptional mechanisms. The
stepwise process of transcription involves many specialized proteins
and coregulator complexes working together to express a given
gene in a spatiotemporal manner (19-21). In the last few years,
significant strides have been made in understanding the molecular
mechanisms that regulate adipose tissue development and function,
including the identification of multiple transcription factors (22, 23).
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the course of fat-cell differentiation. (B) Coimmunoprecipitation assays show-
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primers used for ChIP assays. (D) ChIP analysis of SRC-3 and C/EBPs binding on
PPARvy2 proximal promoter. (E) Schematic representation of SRC-3 functionsin
adipocyte differentiation (see Results).

However, the role of coregulators is still largely unexplored in
adipose tissue biology.

In the present study, we demonstrate that the coactivator SRC-3
has a strong impact on the white adipocyte formation. In fact, the
differentiation of the white adipocyte is completely inhibited in
cultured cells in the absence of SRC-3. In addition to induction of
SRC-3 in the early steps of adipocyte differentiation, a specific
correlation exists between high nuclear levels of SRC-3 and highly
differentiated fat cells. In an in vivo context where a variety of
hormonal influences and tissue interrelationships exist, the WAT
mass in SRC-37/~ mice is significantly reduced. Moreover, this
reduction in adiposity is specifically associated with a dramatic
decrease of PPARY2 gene expression in the WAT of SRC-37/~
mice compared with WT animals. Whether PPARY is univocally
considered as the ultimate effector of adipogenesis, the relative
contribution of the two PPARY isoforms, PPARy1 and 2, in this
process is still a matter of debate. However, different convergent
arguments suggest that PPAR+2 plays the dominant role. In fact,
the nuclear receptor PPAR Y2 is expressed almost exclusively in the
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in anesthetized 16-week-old male SRC-3*/* and SRC-3~/~ mice (n = 8) fed a
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8) fed a regular chow diet. (E) Macroscopic images of SRC-3*/* and SRC-37/~
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SRC-37/~ mice. (Magnification: X10.) (G) mRNA levels of genes involved in
adipogenesis in WAT of SRC-37/~ and SRC-3*/* mice (n = 8) determined by
quantitative RT-PCR. Significance compared with SRC-3*/* mice: *, P < 0.05;
and **, P < 0.01.

WAT tissue in contrast to PPARy1, which is more widely expressed
throughout the organism (e.g., adipose tissue, pancreatic B cells,
macrophages, vascular endothelium) (3). In human, adipose ex-
pression of the PPARy2 gene but not the PPARy1 gene is increased
in obese men and women, and the ratio of PPAR~Y2 to PPARyl1 is
directly correlated with the body mass index (24). In addition, mice
harboring a selective disruption of PPAR+y2 expression showed a
strong reduced level of the WAT mass (25). Finally, cellular studies
using molecular tools to suppress specifically the expression of each
PPARY isoform in 3T3-L1 cells demonstrated that the level of
PPARY2 expression but not PPARvy1 correlated with the degree of
lipid accumulation (26). Based on these multiple studies illustrating
the crucial role that PPAR®2 plays in the white adipogenic pro-
gram, our in vivo observations showing a significant decrease of
PPARY2 gene expression when SRC-3 is deleted, strongly reinforce
the fact that SRC-3 is a key player in the integration of genetic
events controlling the white adipogenic program.

The impact of SRC-3 on adipocyte differentiation can be ex-
plained by its ability to regulate directly or indirectly the transcrip-
tional activity of genes coding for important mediators of adipo-
genesis. In this study, we provide evidence for direct control of the
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expression of the master gene of adipocyte differentiation PPARY2
by the coactivator SRC-3 through cooperative interactions with
C/EBP family members. Interestingly, our study also provides an
instance of a physical and functional interaction between a basic
leucine zipper class of transcription factor and a SRC family
coactivator. Prior publications have demonstrated that the expres-
sion of C/EBP family members is regulated during adipocyte
differentiation. Indeed, MEF cells lacking both C/EBP and & are
severely impeded in their development as adipocytes (27).
C/EBPa '~ mice have dramatically reduced fat accumulation in
WAT pads apparently as a result of depressed lipogenesis because
markers of fat-cell differentiation are expressed in the fat pads of
these animals (28).

The characterization of animal models deficient in several
different coregulators highlights an emerging and important role
of this class of transcriptional modulators in vital metabolic
processes linked to adipocyte differentiation. For instance, mice
with a heterozygous deficiency in the coregulator CREB-binding
protein (CBP) are lipodystrophic, and they are protected from
diet-induced obesity (29). The phenotypic similarities between
the SRC-37/~ and CBP*/~ mice could in part be explained by the
established fact that SRC-3 and CBP usually act in concert to
regulate gene expression. These two factors have been purified
in the same complex, and they have been implicated in numerous
common physiological functions (30). In addition to CBP, the
absence of TRAP220 impedes adipocyte differentiation, and
RIPI40~'~ mice are lean (31, 32). These observations indicate
the likely involvement of multiple multisubunit coregulator
complexes in adipogenesis and energy homeostasis.

Collectively, our data highlight a pivotal role for the coacti-
vator SRC-3 in white fat-cell differentiation by controlling major
players in the genetic cascade that governs adipogenesis. Existing
in large multisubunit coregulator complexes that provide en-
zyme activities that bridge nuclear receptors with the basal
transcriptional machinery (21), SRC-3 itself can finely be regu-
lated through posttranslational modifications such as selective
phosphorylation (33, 34). Consequently, we suggest that SRC-3
represents one of the integrating links between the myriad of
hormonal and/or metabolic signals known to influence adipo-
genesis (35) and the network of transcription factor complexes
that control this process of differentiation.

Materials and Methods

Animal Experiments. The generation of the SRC-37/~ mice has
been described in ref. 36. All mice were maintained on a pure
C57BL/6J background. Only male, aged-matched (10-16 weeks
old) mice were used. Animals were maintained in a temperature-
controlled (23°C) facility with a 12-hr light/dark cycle. Mice had
access to water and regular rodent chow (DO4; UAR, Villem-
oisson sur Orge, France). Body weight was recorded, and body
fat mass was evaluated in anesthetized mice by dual-energy x-ray
absorptiometry (PIXIMUS; GE Healthcare, Buc, France).

Histological Studies. Pieces of WAT from the mice were fixed in
Bouin’s solution, dehydrated in ethanol, embedded in paraffin,
and cut at a thickness of 5 wm. Sections were deparaffinized,
rehydrated, and stained with hematoxylin/eosin.

Cell Culture and Treatments. HeLa and 3T3-L1 cells were obtained
from American Type Culture Collection (Manassas, VA), and
MEF cells were prepared as described in ref. 33. 3T3-L1 and
MEEF cells were induced for differentiation by using standard
protocols (37).

RNA Extraction and RT-PCR Analysis. RNA preparation was done by
using the RNAeasy extraction kit (Qiagen, Valencia, CA).
Classical RT-PCR was performed by using the two-step RT-
PCR kit (Promega, Madison, WI) using the same amount of
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mRNA for all samples. Quantitative RT-PCR was performed by
using LightCycler FastStart DNA Master SYBR Green I from
Roche Diagnostics (Pleasanton, CA) as specified. 18S rRNA was
used as invariant control for the quantitative assays. The se-
quences of all used primers are available on request.

Plasmid Transfections and Luciferase Assays. C/EBPS and C/EBP«a
cDNA inserted into pSV-SPORT]1 expression vector were de-
scribed in ref. 17. The luciferase reporter gene driven by a
multimerized C/EBP element (3XC/EBP) was obtained from
Stratagene (La Jolla, CA). PPARYy2 promoter (—580/+20) and
the mutant cis-element constructs were described in ref. 13.
HeLa cells were transfected at 70% of confluence, and luciferase
activity was measured and normalized against total concentra-
tion of proteins. All transfection experiments were repeated at
least three times in triplicate.

Immunocytochemistry and Quantitative Analysis of Fluorescence In-
tensity by High-Throughput Microscopy. 3T3-L1 cells were fixed
with a solution of 4% formaldehyde before being exposed
overnight to the rabbit anti-SRC-3 antibody (4°C) (30) and to
secondary labeling with anti-rabbit Alexa Fluor 555 (Molecular
Probes, Eugene, OR). Cells were counterstained with DAPI and
Bodipy 493/503 (Molecular Probes). For details of quantitative
analysis of fluorescence intensity by high-throughput micros-
copy, see Supporting Methods, which is published as supporting
information on the PNAS web site.

Reexpression of SRC-3 in SRC-3~/~ MEF Cells. SRC-3~/~ MEF cells
were cotransfected with either pTRE-tight-SRC-3 or the empty
vector pTRE-tight, and pPuro and pTet-On (Clontech, Moun-
tain View, CA). Forty-eight hours after transfection, cells were
treated with trypsin, and stable transformants were selected with
0.25 wg/ml puromycin for 7-10 days. Pools of puromycin-
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resistant clones were screened for expression of SRC-3 by
Western blotting after a 48-h induction with 1 mg/ml doxycy-
cline. SRC-3 expressing clones were induced for adipocyte
differentiation in presence of 1 mg/ml doxycycline following a
standard protocol (37).

Coimmunoprecipitation Assays. Hela cells were transiently trans-
fected with either CMV-SRC-3 and pSV-SPORT1-C/EBPS or
pSV-SPORT1-C/EBPa or empty vectors. Then, HeLa cell
lysates were incubated with anti- C/EBPa« (Santa Cruz Biotech-
nology, Santa Cruz, CA) or anti-C/EBP& (Santa Cruz Biotech-
nology) antibodies. The immune complexes were eluted and
subjected to SDS/PAGE. The immunoblot detection was done
by using anti-SRC-3 antibody (BD Biosciences, San Jose, CA).

ChIP Assays. ChIP analyses were performed by using an assay kit
(Upstate Biotechnology, Lake Placid, NY) and anti-C/EBPS
(Santa Cruz Biotechnology), anti-C/EBPa (Santa Cruz Biotech-
nology), and anti-SRC-3 (BD Biosciences) antibodies. The se-
quences of all used primers are available on request.

Statistical Analysis. Data are presented as mean = SEM. Statis-
tical analyses were performed by using an unpaired Student’s ¢
test. Differences at P < 0.05 were considered to be statistically
significant.
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