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The degree of fatty acid unsaturation in cell mem-
brane lipids determines membrane fluidity, whose al-
teration has been implicated in a variety of disease
states including diabetes, obesity, hypertension, can-
cer, and neurological and heart diseases. Stearoyl-CoA
desaturase (SCD) is a key rate-limiting enzyme in the
synthesis of unsaturated fatty acids by insertion of a
cis-double bond in the A9 position of fatty acid sub-
strates. Palmitate and stearate are the preferred sub-
strates, which are converted to palmitoleate and
oleate, respectively. These monounsaturated fatty ac-
ids are the major constituents of cellular membrane
phospholipids and triacylglycerol stores found in adi-
pose tissue. Two mouse and rat SCD genes (SCD1 and
SCD2) have been cloned and characterized. During
the differentiation of 3T3-L1 preadipocytes into adipo-
cytes, SCD1 and SCD2 mRNAs are induced concomi-
tant with increased de novo synthesis of palmitoleate
and oleate. The physiological significance of express-
ing the two isoforms in the adipocytes is currently
unknown. In this review we discuss the role of the SCD
isoforms in metabolism and the recent findings on the
differential regulation of mouse SCD genes by the an-
tidiabetic thiazolidinediones (TZDs), during preadipo-
cyte differentiation. © 1999 Academic Press

The rate-limiting step in the biosynthesis of mono-
unsaturated fatty acids is the insertion of a cis-double
bond in the A9 position (between carbons 9 and 10
atoms) of methylene-interrupted fatty acyl-CoA sub-
strates. This oxidative reaction is catalyzed by the
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methasone, and insulin; PPARvy, peroxisome proliferator-activated
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stearoyl-CoA desaturase (SCD) and involves cyto-
chrome bs, NADP(H)-dependent cytochrome bs reduc-
tase and molecular oxygen (1-3). Although several sub-
strates for the desaturase including vaccenic acid (4)
are known, the preferred substrates are palmitoyl- and
stearoyl-CoA which are converted to palmitoleoyl- and
oleoyl-CoA, respectively (3). Palmitoleate (C16:1A9)
and oleate (C18:A9) are the major (58%) constituents of
membrane phospholipids and triacylglycerol stores
found in differentiated 3T3-L1 adipocytes and in
mouse adipose tissue in vivo (5). The balance and/or
the ratio between saturated and monounsaturated
fatty acids directly influence the membrane fluidity
and its physical properties, and alterations in the ratio
of these fatty acids have been implicated in a range of
disease states including diabetes, obesity, hyperten-
sion, cancer, neurological, vascular and heart diseases
(6). The regulation of the SCD is therefore of consider-
able physiological importance and its activity is sensi-
tive to hormonal, developmental and environmental
factors (7).

The mouse and rat genome contain two well charac-
terized structural genes (SCD1 and SCD2) that are
highly homologous at the nucleotide and amino acid
level and encode the same functional protein (8-11).
Recently, a single human SCD gene was cloned and
characterized (12). Other SCD cDNAs and genes have
been isolated from different species including yeast
(13), ovine (14), and hamster (15), and their regulation
is currently being studied. Despite the fact that both
mouse SCD genes are structurally similar, sharing
~87% nucleotide sequence identity in the coding re-
gions, their 5’'flanking regions differ resulting in diver-
gent tissue-specific gene expression. Under normal di-
etary conditions, mouse and rat SCD1 mRNAs are
expressed constitutively in adipose tissue and are
markedly induced in liver upon feeding fasted mice or
rats a fat-free high carbohydrate diet, correlating pos-
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itively with SCD1 gene transcription (8, 9, 16). Similar
to SCD2, SCD1 mRNA is expressed to a lesser extent
in kidney, spleen, heart, and lung in response to a high
carbohydrate diet (6, 17, 18). The SCD2 mRNA is ex-
pressed in B cells (19), whereas mature T cells do not
express either isoform (17, 19). The SCD2 gene is de-
velopmentally induced in brain during the neonatal
myelinating period (20) and downregulated during
lymphocyte development (21). The physiological signif-
icance of having two isoforms and their different tissue
distribution is not currently known, but could be re-
lated to the substrate specificity of each SCD isoforms
and their regulation in a tissue-specific manner for
determining and maintaining cellular lipid composi-
tion.

Over the past several years we have studied the
genetic regulation of the mouse stearoyl-CoA desatu-
rase by hormonal and dietary factors, especially in
response to dietary polyunsaturated fatty acids and
cholesterol (7, 22). This review discusses advances
made in the understanding of the role of SCD in cellu-
lar metabolism with emphasis and our recent findings
on the differential regulation of SCD genes by thiazo-
lidinediones during preadipocyte differentiation.

ROLE OF SCD IN FATTY ACID BIOSYNTHESIS AND
CELLULAR METABOLISM

Lipids play important biological roles in the living
cell serving primarily as constituents of lipid mem-
branes and as a storage form of energy in adipose
tissue. The major role of the adipose tissue is to store
excess calories in the form of triacylglycerides that are
mobilized and utilized during the periods of energy
deprivation. When dietary intake of fat is insufficient
for daily requirements, animals derive fatty acids
mainly from de novo synthesis. This is accomplished by
the fatty acid synthase complex (FAS) which converts
acetyl-CoA and malonyl-CoA to palmitate, which is the
end product of the pathway (23). Palmitate can then
serve as a substrate for the microsomal maloyl-CoA
dependent elongase to produce stearate (C18:0). Be-
cause stearate and to a lesser extent palmitate are
insoluble to be stored (24, 25), the end product of this
pathway is usually oleate (C18:1A9) and palmitoleate
(Fig. 1).

Regardless of diet, country of origin, sex, and age, the
dominant storage form of fatty acids in human adipose
tissue have long been recognized as palmitoleate and
oleate (25). The composition of monounsaturated fatty
acids in adipose tissue tends to reflect the average fatty
acid composition of dietary fat (26, 27), but it is not an
exact mirror suggesting the need for de novo biosyn-
thesis of oleate and palmitoleate from stearate and
palmitate, respectively. This raises interesting ques-
tions regarding the physiological and metabolic role of
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FIG. 1. A simplified pathway for synthesis of monounsaturated
fatty acids and their incorporation into triacylglycerols and phospho-
lipids. The proposed sites for the action of SCD1 and SCD2 isoforms
are depicted. The site for TZD action is also shown. Stearate can be
reconverted to palmitate by p-oxidation. SCD1 and SCD2, stearoyl-
CoA desaturase 1 and 2; FAS, fatty acid synthase; PA: phosphatidic
acid; GPAT: glycerol-3-phosphate acyltransferase.

SCD gene expression in preadipocyte differentiation
and metabolism. Thus it is important to know how the
monounsaturated fatty acids from the diet or de novo-
synthesized by SCD are partitioned within the cell. A
key question is whether the products of the SCD form
a distinct lipid pool in the cell that can be separated
from fatty acids derived from exogenous sources. Per-
haps the compartmentalized pool of monounsaturated
fatty acids would then have an important regulatory
function, signaling the energy state of adipocytes. Fur-
thermore, in order to regulate the SCD in response to a
variety of metabolic and physiological stimuli, cells
should be able to distinguish between saturated and
unsaturated fatty acids in the pool. Thus, the SCD
genes provide a useful model for studying the link
between fatty acids and genetic control.

REGULATION OF MOUSE SCD GENES DURING
PREADIPOCYTE DIFFERENTIATION

The mouse embryo-derived 3T3-L1 preadipocyte cell
line is of mesodermal origin and represents an excel-
lent model system for studying the mechanisms of cel-
lular differentiation and development (28—-30). Under
the appropriate adipogenic stimuli, MDI; methyliso-
butylxanthine (MIX: a phosphodiesterase inhibitor),
dexamethasone (DEX: a synthetic glucocorticoid), in-
sulin, and fetal bovine serum, these cells differentiate
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in culture into cells possessing the morphological and
biochemical characteristics of in vivo mature adipo-
cytes (31). Accompanying the acquisition of the adipo-
cyte phenotype is a dramatic rise in almost all of the
cellular enzymes required for de novo synthesis of fatty
acids and triacylglycerols (28, 32, 33). Among the en-
zymes induced is the stearoyl-CoA desaturase whose
activity increases 20-100 due primarily to increased
transcription of the SCD genes (34).

The thiazolidinediones (TZDs) are ligands for the
adipocyte-specific nuclear receptor PPARy and exert
potent antidiabetic effects by lowering hyperglycemia,
hyperinsulinemia, and hyperlipidemia in both human
and animal models of non-insulin dependent diabetes
mellitus (19, 35). When added to the hormonal cocktail,
TZD-activated PPAR+y activates expression of various
adipocyte-specific genes and elicits more complete adi-
pocyte conversion both in vivo and in vitro (36, 37).
Furthermore PPARYy is expressed predominantly in
adipose tissue (38, 39), and ectopic expression of
PAPR+y enhances the conversion of NIH 3T3 fibroblasts
into adipocytes, particularly in the presence of a ligand
(38). PPARY is also shown to be expressed very early
in preadipocyte differentiation, and upregulates adipo-
cyte-specific genes including the fatty acid binding pro-
tein P2 (aP2) gene (40) and phosphoenolpyruvate car-
boxykinase (41). The effects of TZDs on differentiation
and adipose-specific genes were mostly studied in adi-
pocyte precursor cells, leaving a question on their ef-
fects in mature adipocytes. Using the mRNA differen-
tial display method, Kurebayashi et al. recently re-
ported that TZDs inhibited the SCD enzyme activity by
repressing the SCD1 gene expression in fully differen-
tiated 3T3-L1 preadipocytes (42). This repression was
correlated with an increase in saturated fatty acids
and a decrease in monounsaturated fatty acids. How-
ever comparative information on SCD2 expression was
not obtained, and deconvolution of the individual ef-
fects of MDI and TZDs was not possible due to the use
of mature MDI-differentiated adipocytes.

Currently the physiological reasons for the require-
ment of two SCD isoforms to maintain fatty acid com-
position in the adipocyte have not been elucidated. To
determine whether TZDs differentially regulate the
SCD genes, we examined the expression of SCD mRNA
isoforms induced by MDI and MDI plus troglitazone in
differentiating 3T3-L1 preadipocytes. We found that
enhanced differentiation by MDI plus TZDs resulted in
selective repression of the SCD1 mRNA expression
(43). The repression of SCD1 gene expression also re-
sulted in a paralleled decrease in the level of SCD
protein. In contrast, troglitazone was with no signifi-
cant effect on SCD2 mRNA and another marker gene,
aP2. This selective inhibitory effect of troglitazone on
SCD1 leads to a unique decrease in the desaturation of
C16:0 to C16:1A9, but not the conversion of C18:0
to C18:1A9 (Kim et al., unpublished results). This
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strongly suggests a selective desaturation of each SCD
isoforms in determining fatty acid composition and
controlling a fine-tuning for each isoform during prea-
dipocyte differentiation. We extended our observation
to animals in vivo using 6-week old B10.PL(73NS)/Sn
mice from Jackson Laboratory (Bar Harbor, ME). Mice
were starved for 24 hrs and refed a high carbohydrate
fat-free diet to induce the SCD as we previously de-
scribed (16). The animals were then treated by oral
gavage with troglitazone (200 mg/kg/day) for 48 hrs.
The SCD1 mRNA expression was repressed in
troglitazone-treated mice in epididymal fat, while aP2
as expected was induced in a short term feeding in
adipose tissue (unpublished data). These results indi-
cate that TZDs target the SCD1 gene not only during
preadipocyte differentiation in vitro but also in fat
tissues in vivo. The fact that ligands for PPARy known
to promote adipocyte differentiation and to exert an-
tidiabetic actions repress the SCD1 gene expression
may suggest that the major differences between MDI-
mediated and TZD-PPAR+y-mediated differentiation lie
in phenotypic characteristics of mature adipocytes. In
spite of the fact that TZD enhanced the adipocyte con-
version, it caused a dramatic decrease in cell size and
lipid droplets compared with MDI differentiation as
observed by Oil red O staining (43). This observation is
consistent with recent reports made by other investi-
gators (19, 36, 37, 44), where adipocytes from TZD-
treated animals have been shown to be smaller in size
with smaller fat droplets. At the moment, we do not
know how the SCD genes contribute to the phenotypes
of preadipocytes treated with TZDs and the ability to
exhibit increased insulin sensitivity. However, the se-
lective repression of the SCD1 gene expression by TZD
that accompanied changes in fatty acid composition
suggests important roles that each SCD isoform plays
in antidiabetic actions of the TZD as well as in adipo-
genesis.

CONCLUSIONS

Since SCD is directly responsible for the synthesis of
monounsaturated fatty acids and its activity is re-
flected in membrane phospholipid and triglyceride
composition of the adipocyte, the regulation of SCD
isoforms can influence a variety of physiological vari-
ables including adiposity. Figure 1 summarizes the
major enzymatic steps involved in the interconversions
of C16 and C18 fatty acids. We hypothesize that “nor-
mal” lipid composition arises by the complementary
activity of two SCD isoforms with differing catalytic
selectivities. Thus SCDL1 is regulated to produce a high
metabolic flux of de novo fatty acid biosynthesis into
C16:1A9 for storage lipid. By contrast, SCD2 appears
to be constitutively expressed primarily to maintain
the C18:1A9 pool in both storage lipid and cellular
membranes. The other possibility is that both SCD
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isoforms may desaturate C16:0 and C18:0 into C16:1A9
and C18:1A9, which may then partition in different
lipid pools. The differential regulation of SCD isoforms
by troglitazone might be associated with the morpho-
logical changes (smaller fat cell size and lipid droplets)
and its pharmacological effect of insulin sensitivity on
adipocytes.
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