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Abstract

The burgeoning obesity and diabetes epidemics threaten health worldwide, yet the molecular
mechanisms underlying these phenomena are incompletely understood. Recently, attention has
focused on the potential contributions of environmental pollutants that act as endocrine disrupting
chemicals (EDCs) in the pathogenesis of metabolic diseases. Because glucocorticoid signaling is
central to adipocyte differentiation, the ability of EDCs to stimulate the glucocorticoid receptor
(GR) and drive adipogenesis was assessed in the 3T3-L1 cell line. Various EDCs were screened
for glucocorticoid-like activity using a luciferase reporter construct, and four (bisphenol A (BPA),
dicyclohexyl phthalate (DCHP), endrin, and tolylfluanid (TF)) were shown to significantly
stimulate GR without significant activation of the peroxisome proliferator-activated receptor-y.
3T3-L1 preadipocytes were then treated with EDCs and a weak differentiation cocktail containing
dehydrocorticosterone (DHC) in place of the synthetic dexamethasone. The capacity of these
compounds to promote adipogenesis was assessed by quantitative oil red O staining and
immunoblotting for adipocyte-specific proteins. The four EDCs increased lipid accumulation in
the differentiating adipocytes and also upregulated the expression of adipocytic proteins.
Interestingly, proadipogenic effects were observed at picomolar concentrations for several of the
EDCs. Because there was no detectable adipogenesis when the preadipocytes were treated with
compounds alone, the EDCs are likely promoting adipocyte differentiation by synergizing with
agents present in the differentiation cocktail. Thus, EDCs are able to promote adipogenesis
through the activation of the GR, further implicating these compounds in the rising rates of obesity
and diabetes.

INTRODUCTION

The ongoing explosion in obesity and its concomitant metabolic sequela of insulin resistance
and diabetes are placing enormous strains on our health-care system. Despite concerted
efforts to understand the underlying mechanisms, the causes for the rapidity of this epidemic
remain incompletely understood. Given the pace of this change, genetic shifts in the
population cannot explain this phenomenon. As such, efforts have focused on identifying
environmental factors that tip the balance of energy homeostasis in favor of fat deposition.
Declines in physical activity and increases in the caloric density of food certainly contribute
to the pathogenesis of obesity; however, these factors likely do not fully account for the
magnitude of the epidemic (1,2).
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Interestingly, the rise in obesity rates has been preceded by a parallel and exponential
increase in synthetic chemical production (3). This correlation led to the articulation of the
“environmental obesogen hypothesis” that posits a causative link between these two
phenomena (3,4). In support of this concept are epidemiological studies suggesting a link
between various synthetic chemicals and the development of obesity (5), insulin resistance
(6), and diabetes (7). Although these studies provide tantalizing correlative evidence in
support of environmental obesogens, they fail to provide mechanistic details regarding how
these compounds may discretely alter biochemical pathways thereby leading to obesity.

Potential mechanisms of adipocyte endocrine disruption are provided by prior work in the
fields of sex steroid and thyroid hormone signaling where environmental endocrine
disrupting chemicals (EDCs) have been shown to alter nuclear hormone signaling (8,9).
Members of the same superfamily of ligand-activated nuclear hormone receptors are
critically important for the highly ordered regulation of adipogenesis as well as for energy
homeostasis in the mature adipocyte. Two members of this receptor superfamily that are
central for adipocyte differentiation are the peroxisome proliferator-activated receptor-y
(PPARY) and the glucocorticoid receptor (GR) (10,11). Grun et al. have reported that
PPARY is a molecular target for alkylated tin compounds (12). Tributyltin and triphenyltin
(TPT) have been shown to be selective and potent agonists of both PPARy and retinoid X
receptors (4,12), and tributyltin has been shown to promote adipogenesis in the murine 3T3-
L1 cell line (13). Other compounds implicated in adipogenesis include bisphenol A (BPA)
(14,15) and the phthalate metabolite mono-2-ethylhexyl-phthalate (16), the latter of which
may operate through stimulation of PPARy (17,18).

Less is known about potential endocrine disruption of glucocorticoid signaling in
preadipocytes despite its critical role in adipogenesis. Previous work has shown that EDCs
can compete with ligand binding to GR (19-21), but receptor activity was not reported.
Additionally, EDCs modulated enzymatic activities involved in glucocorticoid activation
and inactivation (113-hydroxysteroid dehydrogenase-1 and -2, respectively) (22,23). Thus,
alteration of glucocorticoid signaling has been proposed as an important mechanism for
environmental endocrine disruption (24). However, the ability of EDCs to directly modulate
GR activity in preadipocytes has not been previously demonstrated. In the current work,
putative EDCs from various chemical classes were shown to directly activate GR. Further,
GR stimulation by these EDCs potentiated adipogenesis in the murine 3T3-L1 cell line, a
well-characterized model of adipocyte differentiation (25). Thus, in addition to activation of
PPARYy, EDCs may also impact adipocyte formation through modulation of GR, thereby
contributing to the environmental factors causally related to the current obesity and diabetes
epidemics.

METHODS AND PROCEDURES

3T3-L1 cell culture and differentiation

3T3-L1 preadipocytes were cultured as previously described (26). Two days after reaching
confluency, differentiation was initiated by the addition of Dulbecco’s modified Eagle’s
medium (DMEM) (Mediatech, Manassas, VA) containing 10% fetal bovine serum (FBS;
Aleken Biologicals, Nash, TX), 167 nmol/l porcine insulin, 0-100 nmol/I
dehydrocorticosterone (DHC) and 0.5 mmol/l isobutylmethylxanthine (all from Sigma, St
Louis, MO). After 3 days, the medium was removed, and the cells were cultured for two
additional days in DMEM plus 10% FBS and 167 nmol/l insulin. The cells were then
maintained in DMEM plus 10% FBS medium until use, usually 1-3 days after completion of
the differentiation protocol. The effects of EDCs on 3T3-L1 differentiation were determined
by incorporating the EDCs into the first 3 days of the differentiation protocol. EDCs under
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study included BPA, dicyclohexyl phthalate (DCHP), endrin, TPT, and tolylfluanid (TF) (all
from Sigma).

Preparation and analysis of cell lysates

Whole-cell lysates were prepared by first washing the cells three times with ice-cold PBS
followed by scraping into homogenization buffer (50 mmol/l HEPES, pH 7.4, 150 mmol/l
NacCl, 10 mmol/l NaF, 10 mmol/l EDTA, 10% glycerol, 0.5% Triton X-100, and protease
inhibitors, aprotinen and benzamidine, added immediately prior to use). For immunoblots,
whole-cell lysates were resolved by 10% sodium dodecy! sulfate—polyacrylamide gel
electrophoresis and transferred to nitrocellulose (Whatman, Maidstone, UK). Western blots
were probed with anti-adiponectin (Chemicon, Temecula, CA); anti-CCAAT/enhancer
binding protein a, anti-GR, anti-insulin receptor subunit 8, and antiprotein phosphatase 1
(Santa Cruz Biotechnology, Santa Cruz, CA); and anti-f-actin (Sigma) antibodies.
Immunoblots were then incubated with horseradish peroxidase-conjugated goat anti- rabbit
or goat antimouse immunoglobulin G (Bio-Rad, Hercules, CA) followed by autoradiography
using ECL reagent (GE Health Care, Little Chalfont, UK).

Luciferase assays

3T3-L1 preadipocytes were transiently transfected in six-well plates using Lipofectamine
Plus (Invitrogen, Carlsbad, CA) with a luciferase reporter construct. To assess GR activity,
the promoter for the mouse mammary tumor virus, containing a glucocorticoid response
element, was cloned into a vector containing the luciferase reporter (generous gift of F.
Wondisford, Johns Hopkins). PPARY activity was determined using a luciferase construct
containing two copies of the phosphoenolpyruvate carboxykinase PPARYy response element
into the pGL2-Promoter vector (Promega, Madison, WI) (27). Subconfluent preadipocytes
in six-well plates were transiently transfected with 2 ug of glucocorticoid response element-
Luc or 2 ug of PPARY response element-Luc plus 2 pug of PPARY using Lipofectamine Plus
over 16— 18 h. Transfection media was removed, and the cells were washed with PBS prior
to 24-h treatment with EDCs or controls in DMEM plus 10% calf serum. Mock-treated cells
were incubated with an equivalent amount of vehicle. Cells were harvested and lysed, and
luciferase activity determined as previously described (27).

Assessment of 3T3-L1 lipid accumulation

Lipid accumulation of differentiated 3T3-L1 adipocytes was determined by quantitative oil
red O staining. Briefly, oil red O (Sigma) was dissolved in isopropanol overnight at a
concentration of 0.35% followed by 0.2 pm filtration, dilution in water to a final
concentration of 0.2%, and refiltration. Adipocytes were washed with PBS and fixed in 10%
Formalin for 60 min. Cells were washed with 60% isopropanol, allowed to dry, and stained
with oil red O for 10 min. Following multiple water washes, the plates were dried at room
temperature. Qil red O was eluted using 100% isopropanol, and absorbance at 500 nm was
measured.

Calculations and statistics

Relative luciferase activity was calculated as the percentage of mock for three experiments
performed in triplicate. Oil red O staining was calculated as the average of three experiments
performed in quadruplicate relative to unsupplemented differentiation cocktail. Statistical
significance was determined using two-tailed, paired Student’s t-test.
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RESULTS

Endocrine disruption of nuclear hormone activity in the preadipocyte

Activation of the GR plays a critical function in adipocyte differentiation (11,28), yet the
potential role of this pathway in EDC action remains unclear. To determine which EDCs
may have instrinsic glucocorticoid-like activity, we screened 13 compounds from various
chemical classes (alkylated tin compounds (tributyltin, TPT), fungicides (TF), insecticides
(aldicarb, endrin, and 1,1-dichloro-2,2-bis(p-chlorophenyl) ethylene), polychlorinated
biphenyls (Aroclor 1254, PCB 77, PCB 126, PCB 154), phthalates (benzylbutyl phthalate,
DCHP), and plasticizers (BPA)) using a GR-dependent luciferase reporter assay. The effect
of EDCs on GR-mediated luciferase expression was assessed after exposure to 1 pumol/I
EDC for 24 h. This concentration was chosen because some putative EDCs had been shown
to inhibit dexamethasone binding to the GR with an ICsq of ~1 pmol/l (20). Under these
conditions, four EDCs were shown to significantly stimulate GR-mediated luciferase
expression (BPA, DCHP, endrin, and TF) (Figure 1a). Interestingly, the extent of
stimulation was comparable to that achieved by the synthetic glucocorticoid dexamethasone.
In contrast, the EDC TPT that has previously been reported to act as a PPARY ligand did not
display any significant activation of GR (Figure 1a).

Prior studies have demonstrated PPARy-agonist activity for some EDCs (12,16). To test
whether the four identified GR-agonists had significant PPARYy activity, we used a PPARYy-
luciferase reporter assay; however, because 3T3-L1 preadipocytes do not express
appreciable PPARYy, we cotransfected the cells with a PPARYy plasmid as well as the reporter
construct. Consistent with published data (12,13), the alkylated tin compound TPT
stimulated PPARy-mediated luciferase expression to an extent comparable to that of 1 pumol/
| of the synthetic PPARY agonist troglitazone (Figure 1b). Of note, cell toxicity was
observed in preliminary experiments with TPT at 1 pmol/l so a dose of 100 nmol/l was used.
In contrast, the four EDCs with GR-agonist properties did not significantly stimulate PPARy
activity at 1 umol/I (Figure 1b).

EDC induction of adipogenesis: protein expression

Next, to test the physiological significance of GR activation by EDCs in the 3T3-L1
preadipocytes, the effects of EDCs on adipogenesis were determined. First, the ability of the
EDCs to induce adipocyte differentiation was assessed. Confluent 3T3-L1 cells were
differentiated by a standard protocol in which cells were incubated with a differentiation
cocktail for three days followed by 2 days in insulin-containing media (26). In parallel,
replicate wells were incubated with 100 nmol/l BPA, DCHP, endrin, or TF, either alone or
in combination with insulin and isobutylmethylxanthine, during the first 3 days of the
protocol. Using oil red O staining and immunoblotting for proteins induced during adipocyte
differentiation (e.g., adiponectin), the four EDCs did not promote differentiation under these
two conditions (data not shown). The inability of the EDCs to fully substitute for
dexamethasone in the differentiation protocol suggests that they were not able to sufficiently
activate GR on their own to initiate the adipogenic program. So next, the ability of the EDCs
to potentiate differentiation was investigated. When EDCs were included in the standard
differentiation cocktail for the first 3 days of the protocol, no discernable increase in
adipocyte differentiation was obtained as assessed by immunoblotting or oil red O staining
(data not shown). However, the inclusion of the superactive synthetic glucocorticoid
dexamethasone in the cocktail could cause maximal GR activation and thus mask any EDC-
induced effects. Therefore, 3T3-L1 cells were differentiated using the inactive murine
glucocorticoid DHC in place of the dexamethasone, an approach that has previously been
shown to induce submaximal adipogenesis in these cells (29). Each EDC or the positive
control dexamethasone was included for the first 3 days of the protocol and then all wells
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were incubated for 2 days in media containing 167 nmol/l insulin. Cell lysates were prepared
and simultaneously analyzed by antiinsulin receptor subunit 3, anti-CCAAT/enhancer
binding protein a, and anti-adiponectin immunoblotting. In parallel, a second set of gels
were run and analyzed by anti-p-actin to serve as a protein loading control due to
comigration of actin with CCAAT/enhancer binding protein a. Addition of each of the
EDCs in this protocol enhanced 3T3-L1 differentiation as determined by immunoblotting
(Figure 2), although BPA was the least efficacious agent. Interestingly, at the highest
concentration of dexamethasone and the EDCs, adiponectin expression was largely reduced
whereas expression of the three other proteins was not affected. The precise reason for this
finding is unclear although dexamethasone treatment of mature 3T3-L1 adipocytes has been
shown to reduce adiponectin expression (30). Additionally, GR levels were not altered either
by differentiation as previously described (31) or by incubation with the EDCs (data not
shown). Startlingly, DCHP, endrin, and TF were found to enhance adipogenesis at
concentrations as low as 100 pmol/l. Using DCHP as a representative of this group, a more
complete dose curve revealed stimulation of adipogenesis into the low picomolar range
(Figure 3). The physiologic significance of this finding is supported by epidemiologic data
that have demonstrated an average serum endrin concentration of 5.9 nmol/l in a population
of Spanish women (32), average urine BPA concentrations of 11.4 nmol/l in a US cohort
(33), and blood levels of BPA in pregnant Korean woman as high as 290 nmol/l (34).

EDC induction of adipogenesis: lipid accumulation

To further characterize the proadipogenic properties of these EDCs, lipid accumulation was
measured in parallel. Cells were differentiated as above except that 50 nmol/l DHC was used
for the first 3 days, and cells were maintained in FBS-containing media for 3 days following
completion of the differentiation protocol because lipid accumulation continues to increase
during this period. Cells were then fixed and stained with oil red O with staining quantified
using a spectrophotometer. The DHC containing differentiation cocktail induced a fourfold
increase in oil red O staining over undifferentiated cells treated with 10% FBS media
throughout. Lipid accumulation was increased a further 87% by addition of 200 nmol/I
dexamethasone. All four GR-active EDCs (BPA, DCHP, endrin, and TF) used at 100 nmol/I
significantly stimulated adipocyte lipid accumulation compared to the differentiation
cocktail alone (Figure 4), although they were not able to fully recapitulate the effects of
dexamethasone (range: 61-70% increase over differentiation cocktail alone).

DISCUSSION

Modulation of sex steroid and thyroid hormone action through disruption of nuclear
hormone receptors has been extensively studied as a means by which EDCs can alter sexual
development and cellular physiology (8,9,35). Recent work has extended endocrine
disruption to cellular processes involved in energy homeostasis. Several groups have shown
that alkylated tin compounds (12,13) and phthalate metabolites (16) can promote
adipogenesis through stimulation of the nuclear hormone receptor PPARYy. Activation of GR
is a critical regulator of adipocyte differentiation, yet the effects of EDCs on GR in
preadipocytes had not been determined.

Using a glucocorticoid response element incorporated upstream of a luciferase reporter, four
EDCs (BPA, DCHP, endrin, and TF) were found to stimulate GR activity in 3T3-L1
preadipocytes. In contrast to the known PPARY agonist TPT, these four compounds did not
significantly stimulate PPARYy activity in parallel reporter assays. These findings suggest
that BPA, DCHP, endrin, and TF would preferentially activate GR over PPARYy in
preadipocytes.
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To determine whether activity in our reporter assay correlated with biological effects, 3T3-1
preadipocytes were exposed to the four GR-activating EDCs. Despite potent effects in the
GR reporter assay, EDCs were insufficient to substitute for dexamethasone in the
differentiation protocol (data not shown), suggesting GR activation by EDCs alone was not
sufficient to initiate differentation. To more accurately reflect the physiological milieu of
adipocyte differentiation in vivo, a low-potency differentiation cocktail containing DHC was
utilized in combination with the various EDCs. Under these conditions, the four EDCs
promoted adipogenesis as reflected by expression of several proteins upregulated during
adipocyte differentiation and lipid accumulation as assessed by quantitative oil red O
staining. Because the ability of EDCs to promote adipogenesis occurred under submaximal
conditions, these studies suggest that the effect of EDCs is likely mediated through
synergism with endogenous adipogenic signals.

In early work focused on endocrine disruption of adipogenesis, Masuno et al. reported an
acceleration of 3T3-L1 differentiation in the presence of 10-80 umol/l BPA (14,15). More
recently, Grun et al. showed that tributyltin promotes 3T3-L1 adipogenesis at 10-100 nmol/I
(12). In contrast to these studies, some EDCs promoted adipogenesis using a physiological
differentiation cocktail well into the picomolar range. Although any individual’s body
burden of an EDC is highly variable, ranges reported in population studies for some EDCs
cover the concentrations that showed biological activity in these studies (32-34). For some
individuals endocrine disruption of glucocorticoid signaling may be an important component
in the constellation of factors mediating the development of metabolically significant
obesity.

The structural diversity of the four compounds studied (BPA, DCHP, endrin, and TF)
coupled with their structural dissimilarity from endogenous glucocorticoids raise interesting
questions about the specific molecular mechanisms by which these compounds promote
glucocorticoid activity. In contrast to studies showing alterations in GR expression induced
by exposure to hexachlorobenzene (36), no differences in GR expression upon treatment
with EDCs were observed. Prereceptor modulation of glucocorticoid activation (mediated
through activation and inactivation of glucocorticoids by 1153-hydroxysteroid
dehydrogenase-1 and -2) has become an important area of study for understanding GR
signaling (37). In addition to its direct effects on GR (38), Thiram has been shown to inhibit
11B-hydroxysteroid dehydrogenase-2 activity (23) as have di- and tri-alklyated tin
compounds (22), which would be predicted to potentiate glucocorticoid action in vivo. The
marked activation of GR by the EDCs in the current study in the absence of DHC (Figure
1a) suggest a direct effect of the EDCs on this transcription factor. However, the potential
regulation of 11B-hydroxysteroid dehydrogenase-1 by EDCs in the differentiation
experiments cannot be excluded at this time.

Data from other groups provide support for the hypothesis that EDCs can modulate GR
activity by direct binding to the receptor. Johansson et al. reported that TF and
methylsulfonyl PCBs compete with glucocorticoids for binding to murine GR (21),
suggesting TF has affinity for the ligand-binding domain of GR. In addition to direct binding
to the ligand-binding domain, EDCs may alter GR ligand affinity through allosteric effects
or modulation of the ligand-binding domain. Gumy et al. have reported that dibutyltin can
inhibit GR activation through insertion at an allosteric site near the steroid-binding pocket
(19). The dithiocarbamate pesticide Thiram was also found to reduce dexamethasone
binding to the GR, possibly through oxidation of thiol-containing amino acid residues in the
ligand-binding domain (38). Although these studies demonstrated inhibition at the level of
GR, similar sites of regulation can be invoked to explain the EDC-mediated GR activation
seen in our studies.
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Obesity and its metabolic consequences exert a costly toll in both morbidity and mortality,
and emerging data suggest that EDCs may be an important contributing factor to this
epidemic. The current work shows that four structurally distinct EDCs promote adipogenesis
through the potentiation of GR activity. Interestingly, the differential activation of PPARy
and GR in the maturing adipocyte raises profound questions about the contribution of
various EDCs to the development of metabolic diseases. Although PPARy stimulation
promotes adipogenesis, stimulation of this receptor in mature adipocytes promotes an
insulin-sensitive phenotype (39). In contrast, the proadipogenic effects of glucocorticoids
are followed by the induction of insulin resistance in mature adipocytes, as is seen in the
development of Cushing’s Syndrome (40). Further work will be needed to fully elucidate the
deleterious effects of these potential environmental glucocorticoids on preadipocyte and
adipocyte physiology.
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Figurel.

Endocrine disrupting chemical-induced luciferase expression. 3T3-L1 preadipocytes were
transfected with either (a) a luciferase reporter containing a glucocorticoid response element
or (b) a luciferase reporter containing a peroxisome proliferator-activated receptor-vy
(PPARY) response element and a second plasmid expressing PPARYy. The cells were
subsequently treated with vehicle (Mock), 1 umol/l dexamethasone (Dex), bisphenol A
(BPA), dicyclohexyl phthalate (DCHP), endrin, tolylfluanid (TF), or troglitazone (Trog); or
100 nmol/l triphenyltin (TPT) for 24 h followed by measurement of luminescence. Results
are expressed relative to vehicle-treated (mock) as means + s.e.m. for three experiments
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performed in triplicate. Using paired Student’s t-test on raw luminescence data, statistical
significance is represented as **(P < 0.01) or *(P < 0.05).

Obesity (Slver Soring). Author manuscript; available in PMC 2014 March 18.



1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnuey JoyIny vd-HIN

Sargis et al. Page 12
Dex BPA DCHP Endrin TF
L O
95kD|» == e =@ S S EEE|e e (e e -
42 kD @ w B _TaessSeoane - - -
30 kD - e - . o Eifpend | WS e o 8-
43 kD > g
Figure2.

Endocrine disrupting chemical-induction of adipocyte protein expression. 3T3-L1
differentiation was induced by incubation of confluent preadipocytes for 3 days in 10% fetal
bovine serum (FBS) in Dulbecco’s modified Eagle’s medium (DMEM) containing 100
nmol/l dehydrocorticosterone, 167 nmol/l insulin, and 0.5 mmol/I isobutylmethylxanthine
alone (Diff) or supplemented with dexamethasone (Dex), bisphenol A (BPA), dicyclohexyl
phthalate (DCHP), endrin, or tolylfluanid (TF) at concentrations ranging from left to right
from 1 pmol/I to 100 pmol/I, with each well representing a progressive tenfold dilution. The
cells were subsequently treated for an additional 2 days in 10% FBS in DMEM containing
167 nmol/l insulin. Whole-cell lysates were prepared, and the protein expression pattern was
analyzed by immunoblotting for insulin receptor subunit a (IR-a), CCAAT/enhancer
binding protein a (c/EBPa), adiponectin, and -actin after resolution by sodium dodecyl
sulfate—polyacrylamide gel electrophoresis. Protein expression was also compared to
undifferentiated preadipocytes maintained in 10% FBS in DMEM (FBS). Results shown are
representative of three independent experiments.
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Figure 3.

Dose-dependence of endocrine disrupting chemical-induced adipogenesis. 3T3-L1
differentiation was induced by incubation of confluent preadipocytes for 3 days in 10% fetal
bovine serum (FBS) in Dulbecco’s modified Eagle’s medium (DMEM) containing 100
nmol/l dehydrocorticosterone, 167 nmol/l insulin, and 0.5 mmol/I isobutylmethylxanthine
alone (Diff) or supplemented with 1 umol/I to 1 fmol/I dicyclohexyl phthalate. The cells
were subsequently treated for an additional 2 days in 10% FBS in DMEM containing 167
nmol/l insulin. Whole-cell lysates were prepared, and the protein expression pattern was
analyzed by immunoblotting for adiponectin, and protein phosphatase 1 (PP1) after
resolution by sodium dodecy! sulfate—polyacrylamide gel electrophoresis. Protein expression
was also compared to undifferentiated preadipocytes maintained in 10% FBS in DMEM
(FBS). Results shown are representative of three independent experiments.

Obesity (Slver Soring). Author manuscript; available in PMC 2014 March 18.

PP1

Adiponectin



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Sargis et al.

2.5

1.5

Relative absorbance

0.5

Page 14

* % * * % * % *

J“I“

PA DCHP Endrin

Figure 4.

Endocrine disrupting chemical-induced adipocyte lipid accumulation. Differentiation of
confluent 3T3-L1 preadipocytes was induced as described in Figure 2 with the exception
that dehydrocorticosterone was used at 50 nmol/I, and the cells were incubated for an
additional 3 days in unsupplemented 10% fetal bovine serum (FBS) in Dulbecco’s modified
Eagle’s medium (DMEM) after the insulin step because lipid accumulation increases during
this period. The cells were then stained with oil red O, and the extent of lipid accumulation
was determined by absorbance at 500 nm of the isopropanol-extracted oil red O in a
spectrophotometer. Data are compared to preadipocytes maintained in 10% FBS in DMEM
(FBS). Results are expressed relative to unsupplemented differentiation cocktail (Diff) as
means + s.e.m. for three experiments performed in quadruplicate. Using paired Student’s t-
test, statistical significance is represented as **(P < 0.01) or *(P < 0.05).
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