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ABSTRACT. The effects of dehydroepiandrosterone (DHEA) and 7-oxo-DHEA on the cell size, adiposity,
and fatty acid composition of differentiating 3T3-L1 preadipocyte cells are correlated with stearoyl-CoA
desaturase (SCD) expression (MRNA and protein levels) and enzyme activity. Fluorescence-activated
cell sorting shows that preadipocyte cells treated with methylisobutylxanthine, dexamethasone, and insulin
(MDI) plus DHEA comprise a population distribution of predominantly large cells with reduced adiposity.

In contrast, cells treated with MDI plus 7-oxo-DHEA comprise a population distribution of almost equal
proportions of small and large cells that have an adiposity equivalent to cells differentiated with MDI
alone. The cells treated with MDI plus DHEA have significantly reduced levels of total fatty acid, mainly
due to a dramatic reduction in the level of palmitolei®{(16:1) acid. The cells treated with MDI plus
7-oxo-DHEA have a significantly increased level of total fat, primarily due to increased levAs18:1

and palmitic (16:0) acids. At the molecular level, the DHEA-treated cells contain lowered amounts of
SCD1 mRNA and antibody-detectable desaturase protein, while 7-oxo-DHEA-treated cells contained
elevated levels of SCD1 mRNA and protein. Inhibition of differentiation in DHEA-treated cells was also
suggested by a reduction in the mRNA level of the adipogenic gene aP2. At the level of microsomal
enzymatic activity, SCD activity was decreased in DHEA-treated cells while the SCD activity was increased
in 7-oxo-DHEA-treated cells. The changes in mRNA levels and enzyme activity were concentration-
dependent and appeared as early as day 3 of the differentiation protocol. The results show that DHEA
and 7-oxo-DHEA have distinct modes of action with respect to the complex transcriptional cascade required
for differentiation. Furthermore, differences in the insulin-stimulated uptake of 2-deoxyglucose and in
the activity of carnitine palmitoyl transferase observed from either DHEA- or 7-oxo-DHEA-treated cells
support the ability of DHEA to produce a thermogenic effect in differentiating preadipocytes, while 7-oxo-
DHEA promotes differentiation without other changes typical of thermogenesis.

The maintainence of lipid composition is an important the study of preadipocyte differentiation, maturation, and
aspect of cellular homeostasis. Consequently, many diseaseellular processes. With the appropriate hormonal stimulus,
states are associated with abnormalities in lipid metabolism, 3T3-L1 cells exhibit dramatic increases in gene transcription
including obesity, cardiovascular disease, non-insulin-de- leading to elevated levels of glycolytic, lipogenic, and
pendent diabetes mellitus, hypertension, immune disorders |ipolytic enzymes and assume many of the morphological
and othersX). properties of mature adipocytes) (Upon differentiation, the

The adipocyte has a central role in lipid metabolism via total lipid content of fully differentitated 3T3-L1 adipocytes
participation in the storage of triacylglycerols during periods increases by as much as 600%, with the C16 and C18 lipid
of energy surplus and in the mobilization of fats during fraction assuming a recognizable distribution characterized
periods of deprivation. Adipocytes have been intensively by a predominance o&®-16:1 and lesser amounts of 16:0,

studied in recent year&<{4), and the mouse embryo-derived A®-18:1, and 18:06). SCD! the integral membrane enzyme
3T3-L1 cell line has often been used as a model system forresponsible for introduction of the first double bond into

long-chain saturated fatty acids, is an important participant
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Preadipocyte differentiation arises from a complex tran- 1 o}
scriptional cascade including the action of C/EBRnd 4,
PPARy2 and C/EBPe, and ADD1/SREBP13). The use
of synthetic ligands to manipulate expression from this
cascade plays a prominent role in current reseat2hgnd
clinical activities (L3). The thiazolidinediones represent one HO
such class of synthetic ligand$4). TRO, a representative
thiazolidinedione, is an agonist for PPAR and strongly
promotes the preadipocyte differentiation proceds).( /
However, this ligand does not yield a normal lipid composi-
tion in 3T3-L1 cells because the lowered level sxfdl
expression&, 16) apparently yields a reduction iR%-16:1.
The identification of additional ligands for the receptors
involved in 3T3-L1 differentiation may further elucidate the «>
complexity of this regulatory cascade in addition to sug-
gesting potential theraputic options.

DHEA (Figure 1) and DHEA-sulfate are the most abun- /

HO “-OH HO o

dant steroids in bloodL({). They are secreted by the adrenal
cortex in response to adrenocorticotropin and serve as
precursors to testosterone and estrogéirs 18). Further- 4 o}
more, DHEA is converted by liver into a variety of
metabolites whose physiological effects remain uncl&a(
21). In recent years, significant interest has arisen from the
hypotheses that declining DHEA concentrations in adults
may serve as an indicator of a number of conditions including HO OH
the loss of insulin sensitivity, obesity, diabetes, cardiovascular
diseases, stress, and aging, many of which have been
correlated with changes in lipid metabolis®2]. Further 5
characterization of the physiological and molecular bases for
these apparent correlations would help to clarify the potential
roles of DHEA and its metabolites in cellular metabolism.
Figure 1 shows the structure of DHEA and the derivatives
examined in this work.
Here we examine the effect of DHEA and the 7-0xo- and Ficure 1: Structures of DHEA derivatives investigateti: DHEA,

hydroxy-DHEA derivatives on the expression, accumulation, dehydroepiandrosterone g-Bydroxyandrost-5-en-17-0n2; 7o-
and catalytic activity of key lipid-metabolizing enzymes hydroxy-DHEA or 3,7a-dihydroxyandrost-5-en-17-on8; 7-0xo-
using 3T3-L1 cells as the experimental model. We have DHEA or 33-hydroxyandrost-5-en-7,17-dionet, 78-hydroxy-
proposed that these DHEA derivatives are ergoster@gs ( DHEA or 33,75-dihydroxyandrost-5-en-17-ond, triol-DHEA,
and thus act as thermogenic agents in concordance with many?: /6:175-trihydroxyandrost-5-ene.

of their observed physiological impacts. P450-catalyzed
hydroxylation at the 7-position converts these molecules into
a steroid family biosynthetically isolated from the androgens
and estrogen2(), which may also potentially increase their
utility as pharmacological agent®4). Our previous studies

of 3T3-L1 cells have focused on determining changes in lipid
composition, MRNA levels, protein expression, and catalytic
activity to broadly characterize the differentiation process
(6, 7). This approach has now been used in a study of the

HO OH

molecular effects of DHEA and various 7-position derivatives
on 3T3-L1 preadipocyte differentiation. The results show that
pharmacological concentrations of DHEA and 7-oxo-DHEA
have different consequences on cell size, adiposity, lipogenic
gene expression, SCD accumulation, and enzyme activity.
These findings indicate that DHEA and 7-oxo-DHEA have
distinct modes of action with respect to the transcriptional
cascade of differentiation that ultimately result in distinctive
lipid compositions. Furthermore, glucose uptake and fatty
 Abbreviati by i ein isoform 2: CIEBPECAT) acid biosynthesis are distinct and consistent with the
reviations: arFcz, apolipoprotein isororm z; H H o H
enhancer binding protein alpha; CPT, carnitine palmitoyl transferase; hyp(_)the5|s_th<'_:1t DHEA p_rowdes the most eff|C|ent_ conversion
DHEA, dehydroepiandrosterone op-Bydroxyandrost-5-en-17-one;  Of differentiating preadipocytes to a thermogenic state.
7-0x0-DHEA, P-hydroxyandrost-5-en-7,17-dione3-DH-DHEA, 33,75-
dihydroxyandrost-5-en-17-one;a7OH-DHEA, 33,70-dihydroxyan- MATERIALS AND METHODS
drost-5-en-17-one; triol-DHEA, [87(3,17p-trihydroxyandrost-5-ene; 16:
0, palmitic acid;A%-16:1, palmitoleic acid; 18:0, stearic aciti®-18:1, Materials. Fetal bovine serum, various preparations of

oleic acid; DMEM, Dulbecco’s modified Eagle’s medium; FACS, DMEM TRIZOL reagent penicillin Streptomycin and
fluorescence-activated cell sorting; FAS, fatty acid synthase complex; : . ! Lo . ’
GF-DMEM, glucose-free DMEM; HG-DMEM, high-giucose DMEM;  0-25% trypsir-EDTA were from Gibco BRL (Gaithersburg,

LG-DMEM, low-glucose DMEM; LXR, liver X-activated receptor; ~ MD). Dexamethasone, [H]-2-deoxyglucose (specific ac-
MDI, differentiation cocktail containing methylisobutylxanthine, dex-  tivity 5 Ci/mmol), cytochalasin B, sodium deoxycholate,’5,5

amethasone, and insulin; PBS, phosphate-buffered saline; PBAR i A Rie(D_Ni ; ; _ ; i
peroxisome proliferator-activated receptg; SCD, stearoyl-CoA dithiobis(2-nitrobenzoic acid), Tween-20, leupeptin, aproti

desaturase: SREBP, sterol response element binding protein; TBS, Tris/iN, phenylmethanesulfonyl_quoride, and_ fatty acid methyl
buffered saline; TRO, troglitazone. ester standards were from Sigma (St. Louis, MO). Calf serum
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was from BioWhittaker (Walkersville, MD), insulin was from
Eli Lilly (Indianapolis, IN), methylisobutylxanthine was from
Aldrich (Milwaukee, WI), Nonidet P-40 was from Calbio-
chem (La Jolla, CA), and sodium dodecyl sulfate was from
Bio-Rad (Hercules, CA). PVDF membranes with a Qu22
pore size were from Millipore (Bedford, MA). 9,16H]-
Stearoyl-CoA (specific activity 60 Ci/mmol) was from
American Radiolabeled Chemicals (St. Louis, MO). TRO
was a gift from Parke-Davis (Ann Arbor, MI). Protein
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were obtained by adding B€in methanol (Alltech, Deer-
field, IL) and heating at 80C for 30 min. The derivatized
fatty acid solution was extracted three times with hexane,
dried under N, and resuspended in 20@L of hexane
containing 15QuM heptadecanoic acid methyl ester as the
internal standard. Fatty acid methyl esters were identified
with a Hewlett-Packard (Palo Alto, CA) 6890 gas chromato-
graph equipped with a 7683 autoinjector and an HP-5 column
(30 m x 0.25 mm, 0.25 mm film thickness) connected to a

content of microsomes and mitochondria was determined byflame ionization detector set at 27&. The injector was

dye binding 25) using BSA as the standard.

Steroid Dervatives. DHEA was purchased from Steral-
oids, Inc. (Newport, RI). @-OH-DHEA and -OH-DHEA
(26), 7-ox0-DHEA @7), and triol-DHEA @8) were synthe-
sized and characterized as previously described.

Culture and Differentiation of 3T3-L1 Cell$he 3T3-L1
preadipocyte cell line was cultured in HG-DMEM with 10%
fetal bovine serum, penicillin (100 units/mL), and strepto-
mycin (100ug/mL) in 10 cm Petri dishes until they were
100% confluent. Control cells were cultured in HG-DMEM
with 10% fetal bovine serum and antibiotics. For differentia-

maintained at 250C. The column temperature was held at
180 °C for 2 min after injection, increased to 20C at 8
°C/min, held at 200°C for 15 min, and then increased to
250°C at 8°C/min.

mMRNA AnalysedNorthern blot analyses were performed
with total RNA obtained with the TRIZOL reager8@)( After
agarose-formaldehyde gel electrophoresis and transfer to a
nylon membrane, the RNA was hybridized wie-labeled
cDNA probes synthesized from the divergent & 3
untranslated regions specific for either gexlor thescd2
cDNAs. The membrane was then stripped and sequentially

tion, 2-day postconfluent cell monolayers (referred to as day reprobed with thé?P-labeled cDNAs for FAS and aP2. A

0) were incubated for 48 h in HG-DMEM containing 10%
fetal bovine serum, antibiotics, and a differentiation cocktail
(MDI) consisting of methylisobutylxanthine (11%g/mL),
dexamethasone (390 ng/mL), and insulin (dmL). After
48 h, the cells were maintained in HG-DMEM with 10%
fetal bovine serum, antibiotics, and insulin only. This medium

pAL15 cDNA probe was used as the control for RNA
loading.

Western Blot of SCD Proteiffhe cells were washed with
cold PBS, collected, and transferred to microfuge tubes. The
cell pellets were lysed by vortexing for 10 s with 50D of
50 mM Tris, pH 7.4, containing 150 mM NaCl, 1 mM

was changed every 2 days until the cells were collected for EDTA, 0.25% sodium deoxycholate, 1% Nonidet P-40, 0.1%

analysis. For DHEA and its derivatives, 100 mM stock
solutions were prepared in 100% ethanol, filter sterilized with
a 0.22um pore membrane, and stored af@. For TRO

SDS, 1 mM phenylmethanesulfonyl fluoride, @2y/mL
aprotinin, and kg/mL leupeptin. After mixing, the solution
was incubated for 10 min at€C. The cell homogenate was

treatments, a 10 mM stock solution was prepared in dimethyl spun at 10008 in a tabletop centrifuge at 4C for 10 min.

sulfoxide and added on day 4 to give a final medium

concentration of 1&M. DHEA and its derivatives as well

as TRO were replenished with every medium change.
Fluorescence-Actated Cell Sorting.The size and the

The supernatant was transferred to a clean microfuge tube
and stored at-80 °C until required for the blotting procedure.
The proteins contained in the supernatant g80per lane)
were separated by denaturing gel electrophoresis. After the

adiposity of the cells were determined using the fluorescent electrophoresis, the proteins were transferred to PVDF
dye Nile Red 29, 30). Cells were cultured in 6-well plates membranes in 50 mM Tris, pH 8.3, containing 380 mM
and differentiated for 10 days. For the FACS experiment, glycine, 0.1% SDS, and 20% methanol at 75 V for 45 min.
the cells were washed two times with 1 mL of warm PBS The membrane was washed twice in TBS containing 0.5%
and incubated with 10QL of 0.25% trypsin-EDTA for 1 Tween-20 and blocked with 5% (w/v) nonfat dry milk in
min at 37°C. The trypsin solution was then aspirated from the above-mentioned wash buffer for 45 min at room
the plates, and the cells were incubated for 5 min at@7 temperature with constant agitation. The membranes were
The cells were recovered with three 1@0washes of warm  then washed three times for 3 min.
PBS, collected in 5 mL Falcon tubes (Becton Dickinson,  The primary antibody was a polyclonal antibody raised
Franklin Lakes, NJ), fixed with 10QL of a 4% paraform- in rabbits against the last 20 amino acids of the carboxy
aldehyde solution, and immediately put on ice. The cells were terminus of rat SCD31). The membrane was incubated with
stained with Nile Red to a final concentration ofufy/mL the primary antibody diluted 1:2000 in TBS containing 0.5%
and kept on ice until the analysis. The samples were analyzedTween-20 and 5% (w/v) nonfat dry milk (blocking buffer)
with a FACScan flow cytometer (Beckton-Dickinson, Basel, for 1 h atroom temperature with constant agitation. The
Switzerland) using 488 nm excitation by an Ar laser. membrane was washed with blocking buffer and incubated
Fluorescence emission was detected at 585 nm. The cell sizavith the secondary antibody [goat anti-rabbit lgBRP
distribution was determined with a forward scatter (FSC) conjugate (Promega, Madison, WI) diluted 1:5000 in block-
detector while adiposity (fluorescence of Nile Red) was ing buffer] for 45 min at room temperature with constant
determined with a side scatter (SSC) detector. agitation. The SCD bands were visualized by enhanced
Lipid AnalysesCells were washed three times with cold chemiluminscence (ECL, Amersham Pharmacia Biotech,
PBS, and total cellular lipids were extracted three times with Piscataway, NJ).
500 mL of a chloroform/methanol mixture (2:1 v/v). The Preparation of Microsomes and SCD Assde cells
extractions were combined in a screw-capped glass tube were washed three times with cold PBS and resuspended in
dried under N gas at 40°C in a heating block, and 3 mL of cold 10 mM Tris, pH 7.4, containing 1 mM
resuspended in 50 mL of toluene. Fatty acid methyl estersdithiothreitol and 0.25 M sucrose. The cells were homog-
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Ficure 2: Morphology of 3T3-L1 cells revealed by phase contrast
microscopy. (A) Day 10 culture of nondifferentiated control cells
(magnification 10&). (B) Fully differentiated adipocytes obtained
by treatment with MDI (magnification 400). (C) Adipocytes
obtained by treatment with MDI and 1@M DHEA (magnification
400x). (D) Adipocytes obtained by treatment with MDI and 100
uM 7-oxo-DHEA (magnification 40@). The insets in panels-AD
show the results of fluorescence-activated cell sorting.

Gomez et al.

fraction was resuspended in 100 of 0.1 M sodium
phosphate buffer, pH 7.4. SCD activity was determined from
the production ofH,O using [9,10%H]stearoyl-CoA as the
substrate 32, 33) and a Packard TRI-CARB liquid scintil-
lation counter (Model 1600 TR, Downers Grove, IL). To
test enzyme inhibition, either 100M DHEA or 7-oxo-
DHEA was added to microsomes prepared from MDI-treated
3T3-L1 adipocytes harvested at day 10 and assayed for SCD
activity as described above.

Carnitine Palmitoyl Transferase Actty. The CPT activity
in the mitochondrial fraction was determined as the initial
rate of CoA-SH formation upon reaction of palmitoyl-CoA
in the presence ofiLj-carnitine or p)-carnitine 84). The
mitochondrial fraction was obtained essentially as described
above for microsomal preparations, except that the mito-
chondrial pellet was resuspended in 2 mM HEPES, pH 7.4,
containing 70 mM sucrose, 220 mM mannitol, and 1 mM
EDTA. The assay mixture contained 116 mM Tris-HCI, pH
8, 1 mM NaEDTA, 35uM palmitoyl-CoA, 0.12 mM 5,5
dithiobis(2-nitrobenzoic acid), and 1.1 mM of eithe)-(or
p-carnitine in a total volume of 2 mL. CoA-SH formation
was detected using 3;8ithiobis(2-nitrobenzoic acid)36).
A molar extinction coefficient of 13600 M cm™* was used
for 5-thio-2-nitrobenzoate. Since CPT is specific fa)-(
carnitine, enzyme activity was calculated from the difference
between CoA-SH formed in theL)f and ©)-carnitine
reactions. The reaction was initiated by addition of the
mitochondrial fraction and monitored at 412 nm for 3 min
at room temperature. A linear response was obtained-f&r 2
min.

2-Deoxyglucose Uptake Measuremen@ells obtained
after 12 days of differentiation were used to investigate
insulin-stimulated glucose uptak&g). For this experiment,
the cells were grown in 6-well plates and differentiated with
the MDI differentiation cocktail as described above, with
the exception that, from day 6 to day 12, insulin was omitted
from the replacement medium. At day 12, the cells were
washed once with warm PBS, cultured in serum-free LG-
DMEM for 4 h at 37°C, and then stimulated with either 0,
1, or 100 nM insulin for 30 min at 37C in GF-DMEM
with 0.5% bovine serum albumin. Glucose uptake was
measured using 50M [1-3H]-2-deoxyglucose (0.33 mCi/
well). After a 10 min incubation, the cells were washed three
times with cold PBS, lysed by the addition of 1 mL of 10%
Triton X-100, and incubated for 30 min at 3. An 800
uL aliquot of the cell lysate was used for liquid scintillation
counting. A correction for noncarrier-mediated uptake was
made by measuring the uptake of BB [1-3H]-2-deoxy-
glucose (0.33:Ci/well) in the presence of 50M cytocha-
lasin B, a nonspecific inhibitor of glucose uptakaY).

Statistical AnalysesResults were analyzed using the
Student’s two-tailed-test and the functions provided in Excel
2001 (Microsoft Corp., Redmond, WA). Avalue less than
0.05 was considered to be statistically significant.

RESULTS
Morphology of 3T3-L1 Adipocytedzigure 2A shows

enized with a variable-speed tissue disruptor (Biospec nondifferentiated postconfluent 3T3-L1 preadipocytes cells

Products, Inc., Racine, WI) and centrifuged at 15@fr
20 min at 4°C. The cell pellet was discarded, and the
supernatant was spun in an ultracentrifuge at 109601

cultured for 10 days without the differentiating cocktail. Cells
cultured with DHEA, 7-oxo-DHEA, or any of the three
hydroxy-DHEA derivatives alone gave the same morphology.

h at 4°C. The supernatant was discarded, and the microsomalFigure 2B shows the characteristic morphology of mature
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Table 1: Fluorescence-Activated Cell Sorfirgf Differentiating 3T3-L1 Adipocytes Stained with Nile Red

R2 region (small cells) R3 region (large cells)
% of cell Nile Red normalized % of cell Nile Red normalized

cell treatment totaP size fluorescence adiposity totaP size fluorescencé adiposity
control 53.7 336 2.8 1 46.3 664 3.2 1
MDI 44.0 334 19.3 6.7 56.0 668 8.3 2.6

+DHEA?Y 355 359 11.4 3.9 64.5 675 4.8 1.5

+7-oxo-DHEAY 51.8 344 194 6.7 48.2 650 9.1 2.8

+TRO 81.9 300 10.8 3.8 18.1 645 13.4 4.1

aFACS results are the averagerof= 3 replicate experiments where 10000 cells were counted. The relative standard error for the replicates was
less than 5% Percentage of cells detected in either the R2 or the R3 regions, corresponding to either small or large cells, resp@etivaie
deduced from forward scatter intensity (FSC heighBluorescence intensity measured as side scatter intensity (SSC height) after staining total
cellular lipid with Nile Red.® Adiposity indicated by changes in Nile Red fluorescence intensity after normalization to the fluorescence intensity
observed from control cell§The control cells were confluent preadipocytes harvested at d&yDHEA or 7-oxo-DHEA was added to a concentration
of 100uM. " Statistically significant differences versus MDI-treated cells within either the R2 or R3 regions are shown ip @6, Student’s
two-tailedt-test).! TRO (troglitazone, 1&M) was included as an experimental control since this compound is known to reduce cell size and should
thus increase the number of cells detected in the R2 re@oB8].

adipocytes after culture with MDI for 10 days. These cells reported that treatment of preadipocytes with MDI plus TRO
were rounded, and the presence of fat droplets was notedcaused smaller cell size and lower total lipid accumulation
Panels C and D of Figure 2 show the morphology of the relative to treatment with MDI alones( 38). The statistical
adipocytes cultured with MDI plus either DHEA or 7-oxo- analysis of Table 1 quantitates this conclusion. Likewise,
DHEA for 10 days, respectively. These cells also showed treatment of cells with MDI plus 7-oxo-DHEA caused a
the characteristic morphology of differentiated adipocytes. statistically significant shift in the cell size distribution toward
However, in contrast to the adipocytes obtained from smaller cells but did not cause a decrease in adiposity. In
treatment with MDI alone (Figure 2B), the inclusion of contrast, treatment of cells with MDI plus DHEA caused a
DHEA (Figure 2C) in the growth medium caused a qualita- statistically significant shift in the cell size distribution toward
tive decrease in the abundance and the size of lipid dropletslarger cells but also caused a statistically significant decrease
on the basis of visual inspection. In the case of the cells in adiposity.
treated with MDI plus 7-oxo-DHEA (Figure 2D), the cells Differences in Fatty Acid Composition after Differentia-
appeared to be most similar to those obtained by treatmenttion. Table 2 shows the lipid composition of nondifferenti-
with MDI alone, including the characteristic adipocyte ating (control) preadipocytes cells and differentiating adi-
morphology and the presence of abundant fat droplets.  pocytes treated with MDI, MDI plus DHEA, or MDI plus
FACS Analysis of 3T3-L1 AdipocyteEluorescence-  7-oxo-DHEA.
activated cell sorting was used to quantitate the changes in In nondifferentiating preadipocyte control culturesl00
cellular morphology suggested by Figure 2. For each ng of total fatty acids (16:QA°%-16:1, 18:0, and\®-18:1) was
treatment, 10000 cells were cataloged. FSC height measuredetected. The most abundant fatty acid was 18:0 while the
ments indicate the distribution in cell sizes while SSC height least abundant was®-16:1. The desaturation index, defined
measurements indicate the distribution in lipid content. These as the sum of monounsaturated fatty acids divided by the
measurements are plotted in the insets of Figure 2. In thesum of saturated fatty acids, reflects changes in the lipid
FSC height versus SSC height representation used, the regiocomposition of the cell as the desaturation activity changes
R1 (FSC and SCC heights less than 200 and 100, respec{39). For the control culture, the desaturation index was 0.06.
tively) was defined in order to exclude cellular debris from Table 2 shows that the addition of DHEA, 7-o0xo-DHEA,
further analysis. Two additional regions of FSC height were 73-OH-DHEA, 7a-OH-DHEA, or triol-DHEA in the absence
defined to accommodate the heterogeneity in observed cellof MDI produced no statistically significant changes in either
size. These regions are R2 (FSC height of 2800) and the lipid composition or the desaturation index as compared
R3 (FSC height of 5081000). In Table 1, the counting to control cells.
results from the R2 and R3 regions are summarized as the The differentiation of 3T3-L1 cells with MDI for 8 days
percentage of the total cell count, the arithmetic mean of produced a 6-fold increase in the total lipid content due
the FSC height (suggesting the average cell size in themainly to an increase in the amounf-16:1 andA®-18:1.
population), and the arithmetic mean of the SSC height The sum of monounsaturated fatty acids represented almost
(fluorescence intensity of Nile Red, suggesting the adiposity). half of the total fatty acids (48.4%) and a 58-fold increase
The SSC height measurements are also normalized relativecompared to controls. The increase in unsaturated fatty acid
to the nondifferentiated cell cultures for comparison. composition corresponded to a higher desaturation index of
FACS showed that the population of control cells (inset 1.66. The amount of 16:0 was also higher in the MDI-treated
to Figure 2A) exhibited a wide heterogeneity in size and cells, although 16:0 accounted for a similar percentage of
low Nile Red fluorescence, consistent with the nondifferen- the total fatty acid as observed control cultures. The addition
tiated state. Upon differentiation with MDI, and with all other of either B-OH-DHEA, 70-OH-DHEA, or triol-DHEA to
cell treatments investigated, a marked increase in the MDI-treated 3T3-L1 cells produced no significant changes
normalized adiposity was observed, corresponding to thein either the lipid composition or the desaturation index
accumulation of lipid upon differentiation. However, the cell (Table 2).
size distribution differed depending on the presence of either 3T3-L1 cells differentiated with MDI plus DHEA showed
DHEA, 7-oxo-DHEA, or TRO. Previous studies have a statistically significant decrease in the amount of total fatty
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Table 2: Effect of DHEA and Derivatives on the Fatty Acid Composition of Differentiating 3T3-L1 Adipocytes

control cells plus

MDI-treated cells plus

fatty 7-oxo- 7-OH- 7a-OH- triol- 7-oxo-  7-OH-  70-OH- triol-

acid? controP DHEA® DHEA DHEA DHEA DHEA MDI DHEA DHEA DHEA DHEA DHEA
A%16:1 1.2(1.1) 1.4(1.3) 1.3(1.2) 1.1(0.9) 0.9(0.7) 0.8(0.9) 231 (368J(20.5) 270(38.1) 228 (36.5) 197 (32.9) 198 (30.0)
16:0 26 (24.5) 23(21.3) 27 (24.5) 27 (24.1) 28(23.7) 25(23.3) 139 (21.9) 140 (2863(23.1) 145 (23.2) 149 (24.8) 181 (27.3)
A%-18:1 41(3.9) 5.8(53) 55(5.0)0 6.1(5.4) 7.7(6.5) 7.9(7.3) 76(12.1%41(29.0) 91(12.8) 82(13.1) 88(14.8) 78(11.8)
18:0 56 (53.0) 52(48.1) 50(45.4) 51(45.1) 56 (48.2) 50 (46.0) 45(7.198(20.1) 52(7.4) 48(7.7) 50(8.3) 53(8.1)
total fatty acids 106 108 110 113 118 108 634 486 708 624 598 661

S-unsaturated FA 5.3 (5.0) 7.2(6.6) 6.8(6.1) 7.2(6.3) 8.6(7.2) 8.7(8.0) 307 (48.4) 241 (49.5)
82 (77.3) 75(69.4) 77(70.0) 78(69.0) 84 (71.1) 75(69.4) 184 (29.0) 238 (49.9)
0.11

>-saturated FA
desaturation
index®

0.06 0.09 0.08 0.09 0.10

361 (50.9) 310 (49.6) 285 (47.6) 276 (41.7)
215(30.3) 193 (30.9) 199 (33.2) 234 (35.4)
1.67 1.60 1.43 1.18

1.66 1.01

a|ndividual fatty acids isolated from 8-day cultures reported as nanograms per culture. Numbers in parentheses indicate the percentage contributio
to total fatty acids reported. Values shown are the mean=f3 experiments with individual fatty acid analyses repeated in duplicate. In all cases,
variances were less than 10%The control cells were confluent preadipocytes harvested at daRIBEA and derivatives were added to a final
concentration of 10@M. ¢ Statistically significant differences versus the MDI-treated culture are shown in potdQ.05, Student's two-tailed
t-test).® Desaturation index is defined agynsaturated FA){saturated FA).

Table 3: Concentration Response of DHEA and 7-Oxo-DHEA on the Fatty Acid Composition of Differentiating 3T3-L1 Adipocytes

MDI-treated cells plus

DHEA (uM) 7-0x0-DHEA (uM)
fatty acidt  controP MDI 100 50 10 100+ TRC® 100 50 10 100+ TRO
A%16:1  1.1(1.2) 166(33.8) 847(19.4) 160(33.6) 175(35.1) 49(11.7) 264(38.6) 190(36.3) 154 (32.2) 198(35.5)
16:0 22(25.5) 104 (21.2) 102(23.6) 100(20.9) 117(20.8)  98(23.4152(22.3) 110 (21.0) 115 (24.0) 133(22.5)
A%18:1  9(10.4) 59(12.1) 95(21.9) 73(15.4) 63(12.7) 97(23.1) 85(12.4) 63(12.2) 57(12.0) 77 (13.1)
18:0 27(29.1) 32(6.3) 53(12.2) 30(6.2) 29(5.8) 76(18.1) 45(6.7) 36(6.9)  33(6.9) 37 (6.3)
total FA 94 493 432 479 500 421 684 524 480 594

a|ndividual fatty acids isolated from day 8 cultures reported as nanograms per culture; Other details as in Tahk ¢ntrol cells were
confluent preadipocytes harvested at day Broglitazone (TRO, 1Q:M) was included as an experimental control since it is known to inhibit
adipocyte differentiation as well as decrease SCD expression and the desaturation of ABI6td ). ¢ Statistically significant differences
versus the MDI-treated culture are shown in bagdd<( 0.05, Student’s two-tailetttest).

acids and a decrease in desaturation index to 1.01. Thesenedium beginning at day 4 of the differentiation protocol.
two changes can be mainly attributed to a dramatic reduction Previous studies have shown that although TRO increases

in the amount ofA%16:1. In these cells, the 16:0 level

the differentiation of preadipocytes, it also represses the

remained the same as in the MDI-treated cells, while the expression ofscdl which leads to a decrease in the

A®-18:1 and of 18:0 levels were significantly higher than
the MDl-treated cells.

The lipid composition of 3T3-L1 cells differentiated with
MDI plus 7-oxo-DHEA was noticeably different from that
of cells differentiated with either MDI or MDI plus DHEA
(Table 2). In these cells, a statistically significant increase

desaturation of 16:0 t&°%-16:1 6, 16). The addition of 10
uM TRO enhanced the changes in lipid composition obtained
from the DHEA treatment; i.e., even lower levels of total
fatty acids andA®-16:1 were observed along with higher
levels of 18:0 and\®-18:1.

In cells differentiated with MDI plus 7-oxo-DHEA at

in the level of total fatty acids was observed. This increase concentrations of 50 and 100M, but not at 10uM,

was due to markedly higher levels&f-16:1 and 16:0, while
the levels ofA®-18:1 and 18:0 were similar to those observed
in the MDI-treated cells. Although the MDI plus 7-oxo-
DHEA-treated cells had higher amounts of both monoun-

significant changes in lipid composition were observed
relative to cells treated with MDI alone. Specifically, elevated
levels of total fat, 16:0, and®-16:1 were observed, whereas
levels of 18:0 and\®-18:1 were unchanged. The addition of

saturated and saturated fatty acids, the desaturation index ofi0 uM TRO to cells treated with 10@M 7-oxo-DHEA

1.67 was almost identical to that of the MDI-treated cells
(Table 2).

partially reversed the changes in the lipid composition given
by MDI plus 7-oxo-DHEA, yielding a decrease in total fat,

A time—course experiment showed that the changes in A%16:1, and 16:0, while 18:0 anti®-18:1 were relatively
the fatty acid composition and the percentages of fatty acidsunchanged.

described above for DHEA and 7-oxo-DHEA began as early  Northern Analysis of Differentiating 3T3-L1 Adipocytes.

as day 5 of the differentiation protocol (data not shown).
Concentration-Dependent Changes in Lipid Composition.
Table 3 shows the fatty acid composition of 3T3-L1
adipocytes after 8 days of culture in the presence of MDI
and 10, 50, and 10@M either DHEA or 7-oxo-DHEA. A
DHEA concentration of 10tM was required to give the
characteristic decrease in the amount of total fat Aftd
16:1 and increases in the amounts of 18:0 A#d 8:1. For
one set of experiments, LM TRO was included in culture

Differentiation of 3T3-L1 preadipocytes is associated with
an increase in the level of the SCD1 mRNA, while almost
no change in SCD2 mRNA is observed).(Figure 3 shows

a northern blot analysis of adipocytes differentiated with MDI
alone or with MDI plus either DHEA or 7-oxo-DHEA.

cDNA probes for FAS (as an indication of de novo synthesis
of fatty acids), aP2 (as an indicator of adipocyte differentia-
tion), and pAL15 (as a control for loading) were also included
in the analysis. The adipocytes differentiated with MDI plus
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Ficure 3: Differential effects of either DHEA or 7-oxo-DHEA at
100 uM on mRNA levels detected froracdl scd2 a fatty acid
synthase gene, and aP2 in MDI-differentiating 3T3-L1 adipocytes.
pAL 15 was included as control for loading.

A

MDI +
MDI DHEA 7-oxo-DHEA
B MDI + MDI +
DHEA (uM) 7-oxo-DHEA (uM)
MDI + 100 + 100 +
MDI  TRO 100 10 TRO 100 10 TRO

Ficure 4: Effect of DHEA or 7-oxo-DHEA on SCD protein
expression. (A) SCD detected by western blotting in 8-day cultures
of MDI-differentiating 3T3-L1 adipocytes where the culture
medium was supplemented with either DHEA or 7-oxo-DHEA to
give a final concentration of 10@M. (B) Concentratior-response
effect of either DHEA or 7-oxo-DHEA on SCD expression as
detected by western blotting. TRO (1) was included as an
experimental control since it is known to decrease SCD1 mRNA
levels, resulting in a decrease in SCD protein levé|sLf).
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in cells treated with MDI alone (data not shown).

The concentration dependence of either DHEA or 7-oxo-
DHEA on the antibody-detectable level of SCD protein is
shown in Figure 4B. Treatment of cell cultures with MDI
plus 100uM DHEA caused an~60% decrease in the level
of SCD protein, while the addition of 16M DHEA had
essentially no effect. The addition of L TRO to cells
treated with MDI and 10@M DHEA resulted in the nearly
complete loss of antibody-detectable SCD protein. In contrast
to the variation in the level of antibody-detectable SCD
protein in cells treated with MDI and DHEA, the amount of
SCD protein observed in cells treated with MDI and either
10 or 100uM 7-oxo-DHEA was similar to that observed in
cells treated with MDI alone. Furthermore, this level was
only slightly decreased when 10 TRO was added to the
culture medium.

Effect of DHEA and 7-Oxo-DHEA on SCD and Carnitine
Palmitoyl Transferase Aatity in Differentiating Adipocytes.
Table 4 shows the specific activities measured for SCD and
CPT in differentiating adipocytes. Depending on the day of
culture, the SCD activity in MDI-treated cells wa$.6 nmol
min~! (mg of protein)*. In these experiments, SCD activity
peaked at ca. day 8. The addition of DHEA to the culture
medium led to an~35% reduction in the SCD specific
activity. In contrast, the addition of 7-oxo-DHEA to the
culture medium produced an20—40% increase in the SCD
activity. When either DHEA, 7-oxo-DHEA, or ethanol (used
as a solvent for DHEA and 7-oxo-DHEA) was exogenously
added to the microsomal preparations obtained from day 10
cultures of MDI-treated cells, no change in the SCD specific
activity was observed (data not shown).

Since CPT is involved in the translocation of fatty acyl
residues from the cytosol into the mitochondrial matrix, this
enzyme was used as an indicator of the mitochondrial
p-oxidation of fatty acids. The CPT specific activity in cells
treated with MDI plus DHEA was-3-fold higher than that
observed in cells treated with MDI alone (Table 4). In
contrast, cells treated with MDI plus 7-oxo-DHEA had
~25% lower CPT specific activity than that observed in the
cells treated with MDI alone.

Insulin-Stimulated 2-Deoxyglucose Uptakable 5 shows
the effect that addition of either DHEA, 7-oxo-DHEA, or

DHEA showed substantial decreases in SCD1 and aP2TRO to the culture medium had on the rate of3H]-2-

mRNA levels relative to those detected in MDI-treated cells,
while the levels of both the SCD2 and FAS mRNAs did not
change. In cells treated with MDI plus 1M 7-oxo-DHEA,

the mRNA levels for SCD1 were slightly higher, while the
mMRNA levels of SCD2, FAS, and aP2 were similar to those
observed in cells differentiated with MDI alone.

Western Blot Analysis of SCD Expressididipocyte
differentiation is associated with an increase in the level of
antibody-detectable SCD proteig)( When added in the
absence of MDI, neither DHEA nor any of the DHEA

deoxyglucose uptake. Cytochalasin B, a nonspecific inhibitor
of glucose uptake3y7), was used as a control to correct for
nonspecific uptake occurring independent of insulin stimula-
tion. Exposure of control cells to either DHEA or 7-oxo-
DHEA alone produced no change in the rate of either basal
or insulin-stimulated 2-deoxyglucose uptake relative to
control cells (data not shown). When compared to nondif-
ferentiated control cells, the MDI-differentiated cells showed
an ~3-fold increase in the basal uptake rate and~&l®-

fold increase in the insulin-stimulated uptake rate at both 1

derivatives yielded antibody-detectable SCD protein (data and 100 nM insulin. Cells cultured with MDI plus 1Q0/

not shown). Figure 4A shows that differentiation of adipo-
cytes with MDI plus DHEA caused an60% reduction in
the level of antibody-detectable SCD protein, whereas
treatment with MDI plus 7-oxo-DHEA produced arR25%

DHEA had a further~1.5-fold increase in both the basal
and insulin-stimulated 2-deoxyglucose uptake rates when
compared to the cells treated with MDI alone. In contrast,
cells cultured with MDI plus 10@M 7-oxo-DHEA exhibited

increase in the SCD level when compared to cells treatedslightly reduced rates for the basal and the insulin-stimulated

with MDI alone. The treatment of cells with MDI plus either
70-OH-DHEA, 75-OH-DHEA, or triol-DHEA gave a level
of antibody-detectable SCD protein similar to that observed

2-deoxyglucose uptake relative to the cells treated with MDI
alone; this decrease was statistically significant at only 1 nM
insulin. The addition of 1«M TRO to cells treated with
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Table 4: Effect of DHEA and 7-Oxo-DHEA on the Enzyme Activity of Stearoyl-CoA Desaturase and Carnitine Palmitoyl Transferase in
Differentiating 3T3-L1 Adipocytes

SCD activity?
culture treatment day 6 day 8 day 10 CPT activity
MDI 0.603+0.01 0.622+ 0.02 0.591+ 0.03 1.274+ 0.01
+DHEA® 0.1844 0.0 0.227+ 0.01 0.214+ 0.04 3.456+ 0.16
+7-oxo-DHEA® 1.042+ 0.10 0.737+ 0.01 0.937+ 0.03 0.807+ 0.04

aSCD activity expressed as nanomoles®dfO produced from [9,16H]stearoyl-CoA per minute per milligram of protein as described in
Materials and Methods. Values shown are the meah standard deviation af = 3 determinations. Microsomes were isolated from cultures on
the day indicated? Carnitine palmitoyl transferase activity expressed as nanomoles of free CoA-SH produced per minute per milligram of protein.
Values shown are the mean1 standard deviation af = 3 determinations. Mitochondrial fractions were obtained from day 10 culttEB<HEA
or 7-oxo-DHEA was added to a concentration of 108. ¢ Statistically significant differences versus the MDI-treated culture are shown in bold
(p < 0.05, Student’s two-tailetiest).

Table 5: Effect of DHEA and 7-Oxo-DHEA on Insulin-Stimulated 2-Deoxyglucose Uptake in MDI-Differentiating 3T3-L1 Adipocytes
2-deoxyglucose uptake rate

insulin (nM)
culture treatment cytochalasir? B 0 1 100
controf 53+0.1 31+4.1 32+ 3.0 37+ 3.4
MDI 6.2+ 0.7 90+ 4.2 320+ 34 333+ 36
+DHEA¢ 18.2+ 3.C¢ 137+ 3.9 472+ 13 507+ 42
+7-ox0-DHEA! 8.7+ 0.6 83+ 11.3 272+ 17 307+ 12
+TRO 9.3+ 0.5 131+ 20.6 486+ 21 583+ 13

2 The [1°H]-2-deoxyglucose uptake rate is reported as picomoles per minute. Results are the fhetamdard deviation of = 3 experiments,
with individual experiments performed in triplicateCytochalasin B, a nonspecific inhibitor of glucose upta®®,(was added to a final concentration
of 50 uM. ¢ The control cells were confluent preadipocytes harvested at d#yIREA or 7-oxo-DHEA was added to a concentration of 100.

e Statistically significant differences versus MDI are shown in bpld: (0.05, Student's two-tailetitest). Troglitazone (TRO, 1&M) was included
as an experimental control since it is known to increase insulin-stimulated glucose uBaké)(

MDI caused a statistically significant increase in both the system studied here. However, administration of various
basal and the insulin-stimulated uptake rates. In the presencddHEA derivatives to humans has given up to 20-fold
of MDI and TRO, the glucose uptake rates were similar to increases in the circulating levels of DHEA and DHEA-

those obtained with MDI plus DHEA. sulfate @2), which would more closely match the concentra-
tions of the analogues used in this work. Since the Dietary
DISCUSSION Supplement Health and Education Act of 1994 permits self-

DHEA and DHEA-sulfate are the most abundant circulat- adm|n|strat|on of thgsg compound's,. which are readily avail-
ing steroids produced by the adrenal cortex, and they areable in a nonprescription format, it is possible that concen-
known precursors of the androgenic steroi@g)( P450 trations of total DHEA _and DHEA-sulfate approaching 100
enzymes and other oxidoreductases also convert DHEA into#M may be observed in humans.

a variety of other metabolites, including 7-hydroxy and 7-ox0  Role of DHEA Deratives in Preadipocyte Differentiation.
derivatives 21). The physiological significance of these other DHEA-sulfate does not decrease preadipocyte differentiation,
DHEA metabolites has not been thoroughly examined. Both presumably because of the absence of an effective transporter
the SC|ent_|f|c.and. nonsuentlflq Ilterature have mphcatgd system §2). In contrast, high concentrations of DHEA can
DI—_lEAéig)rlvatl\c/jgs in malny ;c)jhysmlgl%lcal responsets g‘ﬁ!“d'”g reduce the proliferation and differentiation of 3T3-L1 preadi-
aging €4), cardiovascuiar diseasel), energy metaboliSm — yqcytes 43, 52—55). DHEA is known to act as an uncom-
E]Z:;V ?)ﬁsz’));s'gmuf:ﬂ&%‘f?fjgt'gggiis%g?qes?:gg gg petitive inhibitor of glucose-6-phosphate dehydrogendsg: (
and others. Here we have,inve,sti ated the,effect of Di—IEA which would potentially limit the availability of NADPH

: Y ' required for the de novo synthesis of fatty acids and other

the 7-position hydroxy and oxo isomers, and a triol-DHEA intermediates of the pentose phosphate pathway, particularly

on preadipocyte differentiation using 3T3-L1 cells as the .

experimental model. In agreement with previous studig ( ﬁlﬁg%iphogluconateb. Howc;vgr, no decre]:’:\se in the NS‘DPE'/
the present work shows that none of the DHEA derivatives ratio was observed In tissues of rats treated wit
tested was able to initiate the differentiation of 3T3-L1 DPHEA (56). DHEA-treated 3T3-L1 cells have decreased

preadipocytes in the absence of MDI. Moreover, among the glucose-6-phosphate dehydrogenase acti_vity, aqd f[he addition
derivatives tested, only DHEA and 7-oxo-DHEA gave ©f exogenous 6-phosphogluconate partially gllmma'ged_ the
statistically significant changes in the cellular and molecular PHEA-dependent block of cell growth and differentiation
properties that we have used to characterize the differentia-(43). An examination of the DHEA precursor pregnenolone,
tion of 3T3-L1 cells. These changes occurred in tHE)0 DHEA, and androgenic steroids suggested that DHEA and/
uM concentration regime. In normal adult humans, DHEA or 173-estradiol (or subsequent metabolites) were (was) likely
and DHEA-sulfate have a typical circulating concentration candidate(s) responsible for the observed decreases in
of 3—10 uM (22), which is 90% lower than the concentra- proliferation and differentiation, glucose-6-phosphate dehy-
tions used to elicit effects from the mouse 3T3-L1 model drogenase activity, and total lipid conteisy.
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The present FACS analysis (Table 1) show that cells differentiation with MDI plus TRO. Alternatively, the
treated with MDI plus TRO gave predominantly small cells combination of MDI plus 7-oxo-DHEA gave a statistically
with reduced adiposity. These measurements correlate withsignificant increase in total lipid accumulation, with the
a long-standing qualitative assessment of the changes in celtesultant lipid composition essentially indistinguishable from
morphology and adiposity obtained by cotreatment with MDI that obtained by treatment with MDI alone. In this case,
and thiazolidinedione$( 38) and also provide a useful frame elevatedscd1 mRNA levels (and SCD protein) lead to an
of reference for considering the FACS results obtained with accumulation of the long-chain fatty acid pool A%16:1.

the DHEA derivatives used here. Treatment of preadipocytes pHEA Metabolites and Thermogenesi€onsiderable
with MDI or MDI plus 7-oxo-DHEA gave a population of  eyidence supports the conclusion that DHEA and 7-oxo-
almost equal proportions of small and Iarge cells with similar DHEA act as thermogenic agents in whole animals and in
adiposity for the two treatments. In contrast, the treatment the liver 3, 57). The present studies are also consistent
with MDI plus DHEA gave a population of predominantly  ith the action of DHEA as a thermogenic agent in
large cells with reduced adiposity. Furthermorg, the adiposity adipocytes (Tables 4 and 5 and &. Specifically, glucose
of the MDI plus DHEA-treated cells was significantly lower ptake (both basal and insulin stimulated) and CPT activity
than either the MDI-treated or MDI plus 7-0x0-DHEA-  \yere increased by 3660%, while total fat accumulation was
treated cells. decreased by-30% (Table 2). Along with the similarities
MRNA Leels. Our previous studies showed that TRO i altered lipid composition described above, cells treated
specifically reduced the level afcdl mRNA but did not  wijth MDI plus TRO also exhibited increased glucose uptake
change the level ofcd2mRNA (6). This work shows that  (15) and CPT activity (Tables 4 and 5). These results indicate

DHEA and 7-oxo-DHEA can also modulate the expression that DHEA and TRO exert similar thermogenic effects in
of lipogenic genes targeted for differentiation by treatment jferentiating adipocytes.

with MDI (Figure 3). The addition of DHEA caused a
dramatic reduction in the detected levels of the SCD1 mRNA b
and the aP2 mRNA, while essentially no change was
observed for the SCD2 and FAS-specific mRNAs. These
results are similar to those observed with addition of TRO.
In contrast, the addition of 7-oxo-DHEA gave slightly
increased mRNA levels for SCD1 and SCD2 and equivalent
levels for the aP2- and FAS-specific mRNAs. Thus DHEA
and 7-oxo-DHEA both influence the transcriptional cascade
leading to differentiation, but with essentially opposite
outcomes.

SCD Protein LQ.EIS ar_1d_ Catalytlc_Ac_u!ty. SCD_proteln_ act as a nonthermogenic enhancer of differentiation.
levels and catalytic activity were significantly different in " .
the microsomal fractions prepared from cells differentiated Synergy between DHEA Deitives and Troghta}zc_)nes.
with MDI versus MDI plus DHEA or MDI plus 7-oxo- | @ple 3 suggests that DHEA and TRO act synergistically to
DHEA (Figure 4). The trends in SCD protein levels and lower lipid accumulation in 3T3-L1 cells. In principle, the

desaturase catalytic activity correlated with ol ImMRNA ?ction 9:; Db.HEA tﬁ uncouple dthﬁ glycplyticf pathway flrom
levels observed in the northern blot studies (Figure 3). Thus atty acid biosynthesis28) and the action of TRO to alter

microsomes prepared from cells treated with MDI plus d|fferent|at|9n_med|ated.by PPAR (3). ShO.UId lead tp_
DHEA had only approximately one-third the SCD specific decreases in lipid form_atlon and alterations in composition.
activity found in microsomes prepared from cells treated with Hoyve\_/er, the changes gtdland a|_32 MRNA levels (Flgure
MDI alone. In contrast, microsomes prepared from cells 3) indicate that DHEA can also influence the function of

treated with MDI plus 7-oxo-DHEA had-1.3-fold higher the adipoggnesis transcriptional cascade. The meodé
SCD specific activity than microsomes prepared from cells gene contains response elements to SREBP1, ClEBRY

treated with MDI alone. With respect to fatty acid desatu- Coactivators such as SP1, NF-Y, and NF-1 but not LE8)(
ration, these results show that the effects of DHEA and However, the LXR response elements can indirectly affect

7-0x0-DHEA on mRNA levels extend to protein translation SCd1 transcription via interactions with SREBP-BO)( It
and the accumulation of enzyme activity is therefore notable that the structural analogue 7-oxo-DHEA

Lipid Composition.Table 2 shows that the treatment of appears to have an opposite effe_ct on adipocyte differentia-
differentiating 3T3-L1 cells with MDI and either DHEA or tion and thermogenesis. These dlsparqte effects suggest that
7-oxo-DHEA led to markedly different lipid compositions DHEA and 7-oxo-DHEA may be targeting different aspects
in the resultant cells. With respect to the results obtained of the differentation program. The targets O.f these ligands
from differentiation with MDI alone, the combination of MDI grsE%rSiemly l(Jjnknown, ?Ut the pa[t)l(csigpaéfne ;)f ADDY/
plus DHEA caused a statistically significant decrease in lipid . .3) and oxysterol receptor .( . 62), ste-
accumulation (Tables 1 and 2), with the amoun8f16:1 roidogenic enzymes6@), or the interaction of DHEA
most dramatically changed Th’e decreased leveN%f6:1 derivatives with glucocorticoid-activated transcription factors
observed in the MDI plus DHEA-treated cells corresponded (64) represents attractive options for future investigation.
with an increase in the levels of 18:0 and-18:1. These
changes apparently arise from elongation of an excess 16:dA‘CK'\IOWLEDGME'\IT
to 18:0 and further desaturation of 18:0 to 18:1. This altered ~ We thank Dr. J. Ozols (University of Connecticut Health
lipid composition is most similar to that obtained by Center, Farmington, CT) for the generous gift of the SCD

Surprisingly, 7-oxo-DHEA behaves in a different manner
y stimulating differentiation, increasing the transcription of
lipogenic genes encoding aP2, fatty acid synthasé}, and
scd2 giving increased fatty acid biosynthesis, and a higher
specific activity for SCD. These events lead to enhanced fat
deposition, which would ostensibly be an opposite outcome
to that expected for a thermogenic agent. Moreover, glucose
uptake and CPT activity are both decreased in 3T3-L1
adipocytes treated with MDI plus 7-oxo-DHEA, suggesting
further alterations in glycolysis and fatty agidoxidation.
With respect to 3T3-L1 cells, 7-oxo-DHEA thus appears to
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antibody used in these studies. We also thank Dr. Y. Park 37.Ryder, J. W., Kawano, Y., Chibalin, A. V., RifoJ., Tsao,

for assistance with the CPT assays.
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