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Abstract

Acetyl-CoA carboxylases (ACC) 1 and 2 catalyze the carboxylation of acetyl-CoA to malonyl-
CoA and depend on biotin as a coenzyme. ACC1 localizes in the cytoplasm and produces
malonyl-CoA for fatty acid (FA) synthesis. ACC2 localizes in the outer mitochondrial membrane
and produces malonyl-CoA that inhibits FA import into mitochondria for subsequent oxidation.
We hypothesized that ACCs are checkpoints in adipocyte differentiation and tested this hypothesis
using the ACC1 and ACC2 inhibitor soraphen A (SA) in murine 3T3-L1 preadipocytes. When
3T3-L1 cells were treated with 100 nM SA for 8 days after induction of differentiation, the
expression of PPARy mRNA and FABP4 mRNA decreased by 40% and 50%, respectively,
compared with solvent controls; the decrease in gene expression was accompanied by a decrease
in FABP4 protein expression and associated with a decrease in lipid droplet accumulation. The
rate of FA oxidation was 300% greater in SA-treated cells compared with vehicle controls.
Treatment with exogenous palmitate restored PPARy and FABP4 mRNA expression and FABP4
protein expression in SA-treated cells. In contrast, SA did not alter lipid accumulation if treatment
was initiated on day eight after induction of differentiation. We conclude that loss of ACC1-
dependent FA synthesis and loss of ACC2-dependent inhibition of FA oxidation prevent lipid
accumulation in adipocytes and inhibit early stages of adipocyte differentiation.
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1. Introduction

Acetyl-CoA carboxylase 1 and 2 (ACC 1 and 2) catalyze the synthesis of malonyl-CoA
through the carboxylation of acetyl-CoA (Zempleni et al., 2012). Malonyl-CoA synthesized
from cytoplasmic ACC1 and mitochondrial ACC2 serves as the C2 donor in fatty acid
synthesis and as a regulator of beta-oxidation of long chain fatty acids, respectively (Wakil,
1960; Wakil et al., 1983). Malonyl-CoA produced by ACC2 anchored in the outer
mitochondrial membrane is an inhibitor of carnitine palmitoyltransferase | (CPT I); the
binding of carnitine to fatty acids by CPT I is the rate-limiting step in mitochondrial fatty
acid import for subsequent beta-oxidation (McGarry and Brown, 1997).

Due to their key roles in fatty acid metabolism and intracellular lipid accumulation, ACCs
have attracted attention as potential targets for lipid lowering treatments. For example,
ACC27/~ mice fed a high fat diet or high fat/high-carbohydrate diet for 4 months had lower
body weights than wild-type controls (Abu-Elheiga et al., 2001; Choi et al., 2007; Oh et al.,
2003). Additionally, ACC2~/~ mice exhibited an increase in glucose uptake and insulin
sensitivity and a decrease in triglyceride content in the liver and skeletal muscle compared
with controls. However, these findings are controversial. Other investigators could not
reproduce the differences in overall energy balance between skeletal muscle-specific and
global ACC2 knockout (ACC27~) mice compared to controls (Hoehn et al., 2010; Olson et
al., 2010). Body weights and food intake were similar in ACC2~/~ and wild-type controls
(Hoehn et al., 2010; Olson et al., 2010) despite a decrease in malonyl-CoA levels and
increased fatty acid oxidation in skeletal muscle.

Mice lacking ACC1 are embryonically lethal (Abu-Elheiga et al., 2005) and two liver-
specific ACC1 knockout mice (LACC177) generated by Kusunoki’s and Wakil’s groups
(Harada et al., 2007; Mao e t al., 2006) produced conflicting results. There were no
differences in fatty acid synthesis and malonyl-CoA levels in Kusonoki’s LACC1~/~ mice
liver samples compared to wild-type mice, whereas the rate of fatty acid synthesis and levels
of malonyl-CoA were lower in the liver of Wakil’s LACC1~/~ mice compared with controls
(Harada et al., 2007; Mao et al., 2006).

The above controversies notwithstanding, there is consensus that ACCs play key roles in
fatty acid metabolism, and inhibitors of ACCs are useful tools to interrogate the enzymes’
roles in lipid metabolism. Soraphen A (SA), originally isolated from the myxobacterium
Sorangium cellulosum, is a macrocylic polyketide that displays antifungal activity. Evidence
suggests that SA targets eukaryotic ACCs (Gerth et al., 1994; Vahlensieck et al., 1994) and
inhibits the enzymes at concentrations as low as 1 nM (Shen et al., 2004). Structural studies
demonstrate that the compound acts by binding to the biotin carboxylase domain of the ACC
enzymes preventing dimerization of eukaryotic ACCs (Shen et al., 2004). Male C57BL/6
mice fed a high fat diet supplemented with SA had reduced weight gain, adipose tissue and
fasting plasma insulin levels compared to mice fed high fat diets without SA
supplementation and mice on chow control diets (Schreurs et al., 2009). One plausible
mechanism for the observed reduction in fat mass displayed by mice fed a high fat diet
supplemented with SA is a reduction in ACC1-dependent fatty acid synthesis and ACC2-
dependent fatty acid oxidation, potentially in combination with a decrease in adipocyte
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differentiation. Here, we assessed the temporal effects of SA on lipid metabolism and
differentiation in 3T3-L1 murine adipocytes, a commonly used model in adipocyte biology
(Student et al., 1980).

2. Materials and Methods

2.1 Cell cultures and differentiation

Mouse preadipocyte 3T3- L1 cells (passages 6-8) were purchased from American Type
Culture Collection (catalog no. CL-173). Cells were seeded at a density of 1.5 x 10° in 12
well plates or 5 x 10° in T25 flasks and maintained at 37°C in a 5% CO4/95% air
atmosphere. 3T3-L1 preadipocytes were cultured in DMEM containing 25 mM glucose and
10% bovine calf serum until 2 days after reaching confluence (designated as day 0) when the
media was supplemented with one of the following differentiation cocktails. Cocktail 1
produced final concentrations of 1.75 pM insulin, 1 uM dexamethasone, and 500 pM 3-
isobutyl-1-methylxanthine (IBMX), and cells were treated with the cocktail for 2 days;
cultures were continued for another two days in media supplemented with 1.75 pM insulin,
but no dexamethasone and IBMX. Cocktail 2 produced final concentrations of 1 uM
rosiglitazone and 1.75 uM insulin, and was used for 4 days when media were continued in
cocktail free media. Where indicated, SA was added to cells at a concentration of 100 nM or
1 uM. SA was a gift from Dr. Rolf Jansen of the Helmholtz-Centre for Infection Research in
Braunschweig, Germany. Cell viability was routinely monitored using trypan blue exclusion
and was greater than 90% (Zempleni and Mock, 1998).

2.2 RNA isolation and quantitative real-time PCR (RT-qPCR)

Total RNA was isolated using illustra RNA spin Mini RNA isolation kit (GE healthcare) and
the ImProm-11™ reverse transcription system (Promega) was used to synthesize cDNAs.
Relative mRNA expression was quantified by RT-gPCR and the ACt protocol as described
previously (Kaur Mall et al., 2010) using the primers in Online Supplementary Table 1.
Assays were performed in three independent biological replicates and results were
normalized to 18S ribosomal RNA.

2.3 Fatty acid oxidation assay

The rate of fatty acid oxidation was assessed by measuring the release of tritiated water from
[3H]palmitate (Manning et al., 1990). Briefly, [9,10-3H(N)]-palmitic acid (NEN Perkin
Elmer) was mixed with unlabeled 20 mM sodium palmitate in 0.01 N NaOH (TCIl America,
Portland, OR) to achieve a specific radioactivity of abou 1.184 Gbg/mmol. The resulting
[3H]palmitate was complexed to fatty acid free bovine serum albumin (BSA, Roche, Basel,
Switzerland) at a 3:1 molar ratio using stock solutions of 2 MM BSA and 20 mM
[3H]palmitate.

Six days days after induction of differentiation, media was changed to MEM containing 2%
FBS for 12 h. Cells were treated with either 200 nM SA beginning at day 0, or 1 uM SA
when cells were transferred into MEM media; negative controls were treated with solvent
(dimethylsulfoxide, DMSQ). Etomoxir (Tocris Biosciences,Minneapolis,MN) inhibits fatty
acid oxidation (Horn et al., 2004) and was added to cell cultures one h prior to addition of
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palmitate (positive control). After 12 h, MEM media was replaced with serum free media
and cells were incubated with [3H]palmitate at about18.5 kbg/well; background radioactivity
was assessed by incubating cells in fatty acid-free BSA. Incubations were continued for two
h. Media were collected and the release of tritiated water was assessed as described
previously (Manning et al., 1990) with the following modifications. Trichloroacetic acid was
added to the media to produce a final concentration of 1.6 M trichloracetic acid, and samples
were allowed to precipitate at 4°C for 30 min. Samples were centrifuged at 16,000 g at 4°C
for 10 min, and 250 ul of supernatant was transferred to new tubes containing 42 ul of 6 N
NaOH. Samples were applied to a DOWEX™ 1x2,200-400 mesh, ion-exchange resin
prepared using 1 ml of suspension; the resin retains the [3H]water whereas [3H]palmitate
elutes near the solvent front. Columns were washed with 300 ul of ultrapure water and
radioactive water was eluted with 2 ml ultrapure water for analysis in a liquid scintillation
counter. Results were normalized by protein concentration in whole cell extra cts from cells
cultured in parallel and using the bicinchoninic acid assay for protein analysis. Activity is
expressed in units of percent of SA-free solvent control.

2.4 Protein expression

Cells were washed with PBS and lysed directly in the culture dish using 0.5 ml
radioimmunoprecipitation assay buffer containing 5ul protease inhibitor cocktail (Sigma,
catalog no. P8340). Cells were scraped off and the lysate was transferred to a 1.5-ml tube
where they were let stand for 5 min at 4°C. The debris was removed by centrifugation at
14,0009 and 4°C for 15 min, and the supernatant was transferred to another tube. The total
protein concentration was measured by bicinchoninic acid assay and 4 pg of protein was
mixed with NuPage loading dye (Invitrogen) and kept at 95°C for 10 min. Proteins were run
on 3-8% Tris-acetate gels and transferred to polyvinylidene membranes. The expression of
biotinylated ACC1 and 2 was assessed using streptavidin as a probe (Rios-Avila et al.,
2011). To quantify expression of FABP4 and f-actin, proteins were run on 4-12% Bis-Tris
gels, transferred to polyvinylidene membranes and probed with either A-FABP antibody
(Santa Cruz Biotechnology, catalog no. sc-271529) or p-actin antibody (Thermo Scientific,
catalog no. RB-9421-P1).

2.5 Oil Red O (ORO) staining and lipid quantitation

Cells were fixed with 4% paraformaldehyde and lipids were stained using ORO (Ramirez-
Zacarias et al., 1992). Hematoxylin was used to stain the nuclear compartment (Ross et al.,
2000). Microscopy images were obtained using a Nikon Ti-S Inverted Fluorescence
Microscope. The relative accumulation of lipids was quantified by extracting ORO using
100% isopropanol and measuring the absorbance at 490 nm in a spectrophotometer.

2.6 Statistics

Data variances were homogenous as per Bartlett’s test; therefore data were not transformed
prior to statistical analysis. One-way ANOVA was used to determine whether differences
among treatment groups were significantly different. Dunnett’s multiple comparisons t-test
was used to determine if differences between the control and treatment groups were
statistically significant; the control groups are identified in Results. All data presented are
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means + standard deviation from independent experiments (biological replicates). Statistical
analysis was performed using Graph Pad Prism 6.0.

3.1 Effects of SA on lipid accumulation and gene expression

Inhibition of ACCs by SA caused a loss of lipid accumulation and adipogenic gene
expression in 3T3-L1 cells. When cells were treated with 100 nM SA for 6 days, no ORO
was visible in cells in 12-well plates compared to vehicle controls (Fig. 1Aa). There were
moderate reductions in lipid accumulation with concentrations of 50 nM (data not shown).
The same results were obtained when assessing the accumulation of lipid droplets in ORO-
stained cells using a fluorescence microscope: droplets were easily detectable in control
cells (Fig. 1Ab) whereas lipid droplets were not detectable in cells treated with 100 nM of 1
UM SA for 6 days (Fig. 1Ac,d). Note that SA inhibits two counteracting effects: ACC1-
dependent Treatment with SA did not affect cell viability (units = % viability): 88.6 + 9.6 %
for solvent control, 88.6 + 9.7 % for 100 nM SA, and 90.2 + 4.8 % for 1 uM SA (P>0.05,
n=3). Subsequent experiments were performed with 100 nM and 1 uM of SA.

SA treatment caused a loss in PPARy mRNA expression in 3T3-L1 cells. When cells were
treated with 1 uM SA, the abundance of PPARy mRNA was about 40% lower compared
with solvent controls on both days 4 (P<0.05; n=3) and 8 (Fig. 1B). Treatment with a lower
dose of SA (100 nM) did not elicit a statistically significant effect. The expression of PPARYy
mRNA was significantly greater a day 8 compared with days 0 and 4 (P<0.05; n=3). Fatty
acid binding protein 4 (FABP4) is a downstream target of PPARy. SA treatment caused a
pattern of FABP4 mRNA expression similar to that observed for PPARy but none of these
effects were significant (Fig. 1C).

Continuous administration of SA was required to maintain an uncommitted phenotype. A
series of time course experiments were performed to determine the temporal effects of SA.
Cells were treated with SA for 8, 10, or 12 days after induction of differentiation and
collected on day 16. PPARy and FABP4 mRNA expression was not significantly different
between treatment groups when measured at day 16 (P>0.05) (Fig. 2A,B). The unexpected
increase in PPARy and FABP4 mRNA expression in cells treated for the full 16 days was
seen in all biological replicates but was not statistically significant. Cells began
accumulating lipids two days after discontinuation of SA following a 14-day treatment
course (Fig. 2C).

To determine if SA could revert the phenotype of terminally differentiated 3T3-L1 cells by
downregulating the expression of PPARy and lipid droplet accumulation, cells were treated
with either 100 nM or 1 pM SA beginning at 8 days post-differentiation and collected on
Day 12. There was no change in the size or the amount of lipid droplets after 4 days of SA
administration at either concentration when administration started on day 8 (Fig. 2D).

3.2 Palmitate rescue experiments

SA treatment caused a ~75% decrease in lipid accumulation compared with solvent controls,
which was partially restored by exogenous palmitate in SA-treated 3T3-L1 cells (Fig. 3A).
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In contrast, exogenous palmitate fully restored PPARy mMRNA and FABP4 mRNA
expression in SA-treated cells compared to solvent controls (Fig. 3B, C). Likewise, the
expression of FABP4 protein was fully rescued by exogenous palmitate (Fig. 3D). Palmitate
did not affect the viability of the cells (data not shown). Note that in these experiments SA
was present in cell cultures for the entire observation period, whereas in the eight-day
incubations in Fig. 1 SA was removed after six days.

3.3 Rosiglitazone and insulin maintain adipogenic gene expression despite treatment with

SA

Differentiating 3T3-L1 cells using rosiglitazone, a PPARy agonist, and insulin rescued
adipogenic gene expression and lipid accumulation despite treatment with SA. Lipid
accumulation was reduced by about 40% when cells were treated with 100 nM or 1 uM SA
and palmitate restored lipid accumulation to 75% of that of the control (P<0.05; n=4) (Fig.
4A). Gene expression of PPARy and FABP4 were increased compared with controls in cells
treated with 100 nM SA and with or without 200 uM palmitate (Fig. 4 B,C). Treatment with
200 uM palmitate was particularly effective in elevating PPARy and FABP4 mRNA
expression (P<0.05; n=3) (Fig. 4 B,C). Protein expression of FABP4 was unchanged across
treatment groups at day 8 (Fig. 4D). Note that SA caused a moderate increase in adipocyte
differentiation when used in combination with rosiglitazone, whereas SA alone decreased
adipocyte differentiation (see above).

3.4 SA treatment increases fatty acid oxidation

Fatty acid oxidation is increased in 3T3-L1 cells upon treatment with SA. To measure fatty
acid oxidation, cells were incubated with [9,10-3H]-palmitic acid after pretreatment with
DMSO, 100 nM SA starting from day 0, or 1 uM SA for 12 h. When [9,10-3H]-palmitic acid
undergoes dehydrogenation at the acyl-CoA dehydrogenase step, 3H-lableled H,O is
released into the media and can be quantified. Cells treated with either 100 nM SA for 7
days or 1 uM SA for 12 h had a ~3-fold and ~2-fold increase in fatty acid oxidation,
respectively (P<0.05; n=5). Administration of BSA resulted in no change in FAO between
treatment groups. Etomoxir served as a negative control, inhibiting fatty acid oxidation by
~40% compared with controls (Fig. 5A). There was no change in ACC protein expression
between the control and treatment groups (Fig. 5B).

4. Discussion

This is the first study to demonstrate that SA-dependent loss of lipid accumulation prevents
adipocyte differentiation and this phenotype can be rescued by providing exogenous
palmitate. Our finding that FABP4 gene and protein expression is decreased in 3T3-L1 cells
upon treatment with SA is consistent with the observation that in FAS knockdown in
primary mouse embryonic fibroblasts and 3T3-L1 cells, protein and gene expression of aP2
(FABP4) is decreased (Lodhi et al., 2012). However, we also saw a decrease in gene
expression of PPARY, the master regulator of adipogenesis, while Lodhi et al. reported no
change in PPARY protein expression (Lodhi et al., 2012). Those authors attributed changes
in adipogenesis to a lack of PPARY activation. Our finding that PPARYy gene expression is
decreased in SA-treated cells agrees with a previous report suggesting that the ACC
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inhibitor, choloracetylated biotin derivative (CABI), inhibits adipogenesis, PPARYy protein
expression, and lipid accumulation (Levert et al., 2002). However, CABI is less potent than
SA in inhibiting lipid accumulation and adipogenic protein expression. For example, 8 uM
of CABI were required to inhibit PPARYy protein expression and lipid accumulation (Levert
et al., 2002), whereas 100 nM of SA was sufficient to inhibit adipogenic gene expression
and lipid accumulation in this study.

In this study, exogenous palmitate restored adipogenic gene expression and FABP4 protein
expression and resulted in a moderate increase in lipid accumulation. This is in agreement
with previous studies suggesting that palmitate stimulates triacylglycerol accumulation and
adipocyte differentiation in 3T3-L1 cells (Madsen et al., 1983) and activates PPARY in-vitro
(Kliewer et al., 1997). Interestingly, when we differentiated cells with the PPARy agonist
rosiglitazone and insulin in the presence of SA, the expression PPARy and FABP4 was
increased despite treatment with SA. Administering SA in combination with palmitate
resulted in an even more dramatic increase in PPARy and FABP4 expression. Additionally,
the level of FABP4 protein expression remained constant across treatment groups. This
contrasts with the results that we obtained when inducing 3T3-L1 cell differentiation with
the classical differentiation cocktail of insulin, IBMX, and dexamethasone in the presence of
SA. In that case, SA decreased adipogenic markers. We propose that treating 3T3-L1 cells
with SA not only alters lipid metabolism but also PPARYy activation and adipogenesis.

Inhibition of adipogenic genes and lipid accumulation by SA only occurred if SA was
continuously added to the media at the beginning of differentiation. Surprisingly, at day 16
of SA administration, PPARy and FABP4 gene expression were elevated compared to
vehicle controls and cell cultures from which SA was removed at earlier time points.
Likewise, when SA was administered for more than 16 days, cells would resume
differentiation upon SA removal. The same phenomenon was reported previously with the
ACC inhibitor, CABI (Levert et al., 2002). If SA was administered in later stages of
differentiation, there was no change in the size or amount of lipid droplets and the
adipogenic genes remain unchanged. Work by Camp et al. demonstrated that a novel potent
antagonist, PD068235 was unable to cause de-differentiation of mature adipocytes indicating
that PPARYy activation is minimal in differentiated adipocytes (Camp et al., 2001).

The role of ACCL1 in de novo lipogenesis is well established (Wakil et al., 1983) and ACC1
is highly expressed in adipose tissue (Castle et al., 2009; Wakil et al., 1983). In contrast,
ACC?2 is abundantly expressed in skeletal muscle while mouse adipose tissue has low levels
of ACC2 (Castle et al., 2009). Interestingly, we found a ~3- and ~2-fold increase in fatty
acid oxidation with both chronic and acute treatment of SA, respectively; this increase is
comparable to those achieved in other cell lines, i.e., a ~3-fold increase in HepG2 cells and a
~2-fold increase in LNCaP cells (Beckers et al., 2007; Jump et al., 2011). These results
suggest that fatty acid oxidation is at least partially responsible for the loss of
triacylglycerols in SA-treated cells and implicates ACC2 in lipid accumulation.

This study suggests that SA-dependent inhibition of FA oxidation elicits a decrease in lipid
accumulation only before differentiation of adipocytes, but elicits no major decrease in lipid
accumulation in differentiated adipocytes. This somewhat surprising observation is
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consistent with the following previous observations. Inhibition of PPARy blocks adipocyte
differentiation but does not alter lipolysis in differentiated adipocytes (Camp et al., 2001). If
rates of lipolysis are low, little substrate is available for SA-dependent increase in fatty acid
oxidation in 3T3-L1 cells. We propose that the p-oxidation primarily depends on the
exogenous supply of fatty acids, as opposed to lipolysis, in 3T3-L1 cells.

Obesity and related diseases, namely cardiovascular disease and diabetes, pose a substantial
health risk for U.S. citizens and are an enormous economic burden for the health-care
system (Centers for Disease Control and Prevention, 2011a, b, 2015). The prevalence of
obesity (defined as a body mass index =30) is 20 to 30 percent among U.S. adults,
depending on geographic region and results in $58.6 billion in lost productivity (Vijan et al.,
2004). Note that SA may be cytotoxic at high concentrations and alternative ACC inhibitors
have been developed (Borbeau et al., 2007). Deciphering t he physiological mechanisms
underlying obesity is essential to the development of treatments and prevention strategies
against obesity. A fat-specific fatty acid synthase (FAS) knockout mouse model was shown
to lead to an increase in brown fat-like adipocytes in subcutaneous adipose tissue and
increased energy expenditure (Lodhi et al., 2012). Lodhi et a/. demonstrated that knocking
out FAS blocked the production of endogenous ligands normally produced in the fatty acid
synthesis pathway, which activate PPARy and subsequently adipogenesis. The ACC
enzymes lie upstream of FAS and produce acetyl-CoA, which serves as a substrate for FAS.
Our results have demonstrated that SA not only alters lipid accumulation in 3T3-L1 cells but
also plays a role in preventing adipogenesis. It is reasonable to propose that dual inhibition
of the ACC enzymes is critical to eliminate lipid accumulation in 3T3-L1 cells and prevent
the production of endogenous ligands for PPARYy activation. Previously, mice fed a high fat
diet supplemented with SA, were found to have reduced adiposity and weight gain and
improved insulin sensitivity, comparable to those fed a chow control diet (Schreurs et al.,
2009). While it appears that SA protects mice from diet-induced obesity, the molecular and
cellular mechanisms that could be responsible for this protection were not formally tested.
Our studies provide one possible explanation for this observation, i.e., SA decreases fatty
acid accumulation and PPARY activation in adipose tissue.

The extent to which each ACC enzyme contributes to lipid accumulation and adipogenesis is
unknown. Investigations into the role of both ACC1 and ACC2 are currently underway in
our laboratory. Given that mice lacking ACC1 are embryonically lethal (Abu-Elheiga et al.,
2005) it would be interesting to observe the effects of an adipose-specific knockout of ACC1
and whether or not this would yield similar results to treating animals with SA.

4.1 Conclusions

We report here that inhibition of ACCs by SA blocks adipogenic gene expression and lipid
accumulation. Fatty acid oxidation is at least partially responsible for the lack of lipid
droplet accumulation. This report is an important step in understanding the mechanisms that
underlie obesity and identifies one potential therapeutic target.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Soraphen A decreases lipid accumulation and adipogenic gene expression in 3T3-L1 cells.

A) Cells were treated SA for 6 days and lipids were stained with Oil Red O: (a) cells stained
in the well plate without magnification; (b — d) cells were fixed, stained with Oil Red O, and
staining was captured by light microscopy (10x magnification): DMSO vehicle control (b),
100 nM SA (c), and 1 uM SA (d). Expression of PPARy (B) and FABP4 (C) mRNA was
measured 4 and 8 days after induction of differentiation (one-way ANOVA, *P<0.05
compared to vehicle control; n=3).
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Figure 2.
Time courses of SA treatment in 3T3-L1 cells. Cells were treated with SA beginning on day

0, and treatment was discontinued on days 8, 10, or 12. Cells were harvested on day 16 for
analysis of PPARy mRNA (A) and FABP4 (B) (n=3). Cells were treated with 100 nM or 1
UM SA for 14 days. Media was replaced with SA-free media and cells were fixed on day 16
and ORO was visualized using a Nikon Ti-S Inverted Fluorescence Microscope at 4x (C).
Cells were treated with either 100 nM or 1 uM SA beginning at 8 days post-differentiation
and fixed on day 12. ORO staining was conducted as in panel C.

Eur J Pharmacol. Author manuscript; available in PMC 2017 June 05.



1duosnuey Joyiny

Cordonier et al. Page 14

1duosnuepy Joyiny 1duosnuely Joyiny

1duosnue Joyiny

A 0.25- Il Control (DMSO/EtOH) B 150+

= SA 100 nM

o 0.20- W SA1pM S«

8 3 SA 100 nM + C16:0 100 uM & < T

- 3 SA 100 nM + C16:0 200 uM S Z 100-

o Fekdk .."_> 8

g T * % %% O «

5 0.10; T EZ >

*%%k%

2 i Sededek § EE 50+ *% T

2 0.05- Sa T

<

0 o

C 200-
_ SA 100 nM - L - +
S«
£ 2 105 -I- SA 1M - - + -
S - C16:0 200 pM - - - +
"5 sg 100+
£3 x . FABP4 ey e

o M 50 -

1 T |
a | B-actin W o e

Figure 3.

Palmitate rescue experiments. 3T3-L1 cells were treated with SA for 8 days with or without
exogenous palmitate and stained with ORO (A). Expression of PPARy mRNA (B), FABP4
mRNA (C), and FABP4 protein (representative blot, D). *P<0.05, **P<0.01, ****P<0.0001
compared to vehicle control; n=4 for lipid accumulation experiments; n=3 for mRNA and

protein expression studies.
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Figure 4.

Rosiglitazone rescues adipogenic gene expression despite treatment with SA. Cells
differentiated with a rosiglitazone/insulin cocktail were treated with either a DMSO vehicle
control, or 100 nM SA with or without 200 pM palmitate. A) Cells were fixed at day 8 and
stained with ORO and absorbance was measured at 490 nm. Gene expression of (B) PPARy
and (C) FABP4 was measured at 8 days after induction of differentiation. D) Representative
western blot image of FABP4 protein expression. (One-way ANOVA; *P<0.05, **P<0.01,
***p<0.001, ****P<0.0001 compared to vehicle control; n=4 for lipid accumulation
experiments; n=3 for gene and protein expression studies).
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Figure 5.
Fatty acid oxidation is increased in SA treated cells. A) 3T3-L1 cells were treated with or

without 100 nM SA for 7 days beginning at time of induction of differentiation or SA 1 pyM
for 12 h prior to addition of either BSA or 18.5kbg/well palmitate for 2 h. Samples were
processed as described and 3H-labeled H,0 was quantified by liquid scintillation counting.
B) Representative blot image of ACC expression. (One-way ANOVA; *P<0.05, **P<0.01,
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***pP<(.001, compared to vehicle control; n=5 for fatty acid oxidation assays, n=3 for
protein expression studies).
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