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ABSTRACT

Stearoyl CoA desaturase 1 (SCD1) catalyzes the rate-limiting step in the production of MUFA that are major components of tissue lipids. Alteration

in SCD1 expression changes the fatty acid profile of these lipids and produces diverse effects on cellular function. High SCD1 expression is

correlated with metabolic diseases such as obesity and insulin resistance, whereas low levels are protective against these metabolic disturbances.

However, SCD1 is also involved in the regulation of inflammation and stress in distinct cell types, including b-cells, adipocytes, macrophages,

endothelial cells, and myocytes. Furthermore, complete loss of SCD1 expression has been implicated in liver dysfunction and several

inflammatory diseases such as dermatitis, atherosclerosis, and intestinal colitis. Thus, normal cellular function requires the expression of SCD1 to

be tightly controlled. This review summarizes the current understanding of the role of SCD1 in modulating inflammation and stress. Adv. Nutr. 2:

15–22, 2011.

Introduction
Great diversity exists in the structures and functions of the vast ar-
ray of lipid species. Lipids are essential for a number of processes
that support cellular and tissue maintenance such as the synthesis
of cellular membranes, signal transduction, energy storage, assem-
bly of lipoprotein particles, protein modification, as well as many
other important functions. Intracellular levels of lipids are tightly
regulated by a network of metabolic pathways to sustain normal
cellular functions. The regulated synthesis of major lipid classes, in-
cluding phospholipids, TG, cholesterol esters (CE),5 and wax esters
(WE), incorporates fatty acids, of which MUFA are preferred sub-
strates (1,2). These different lipids possess distinct biological func-
tions and therefore disturbance of the cellular MUFA profile may
produce diverse metabolic and systemic effects that include inflam-
mation and stress.

The intracellular levels of MUFA are controlled by stearoyl-CoA
desaturase (SCD), a family of enzymes that are D-9 fatty acid desa-
turases. Anchored in the membrane of the endoplasmic reticulum,
SCD catalyzes the biosynthesis of MUFA from dietary or de novo
synthesized SFA precursors (Fig. 1). Four SCD isoforms (SCD1–4)
have been identified in the mouse genome and 2 SCD isoforms
(hSCD1 and 5) have been reported in humans (3–7). The SCD iso-
forms exhibit different tissue distribution patterns but share the

same enzymatic function. A number of articles have reviewed the
SCD isoforms in detail (8,9). Of these isoforms, SCD1 is the pre-
dominant one and is expressed ubiquitously among tissues, with
constitutively high levels in adipose, meibomian gland, Harderian
gland, and preputial glands and is highly induced in liver in
response to a high-carbohydrate diet (2,10). SCD1 contains a 33-
amino acid sequence at the N terminus that leads to the rapid deg-
radation of this enzyme via a ubiquitin-dependent proteasome
mechanism (11,12). In addition to post-translational control of
SCD1 protein level, SCD1 gene expression is highly sensitive to a
number of dietary, hormonal, and environmental factors. High-
carbohydrate diets, glucose and fructose, cholesterol, and vitamins
A and D induce SCD1 expression (13–18), whereas PUFA, espe-
cially the (n-3) and (n-6) families, and conjugated linoleic acid
inhibit the expression of SCD1 (13,19,20). Furthermore, transcrip-
tional control of SCD1 has been shown to be mediated by several
transcription factors, including liver X receptor, sterol response el-
ement binding protein 1c, carbohydrate response element binding
protein, PPAR, and estrogen receptor, as reviewed elsewhere (8,9).

Substantial insights into the physiological functions of SCD
have been gained through studying genetically engineered whole
body and tissue specific SCD1 knockout models (21–23). Research
using other models of SCD1 suppression has also provided impor-
tant knowledge for SCD function, these models included Asebia
mice that have a natural mutation in SCD1 and thus whole body
deficiency of SCD1 protein, and mice treated with antisense oligo-
nucleotides (ASO) against SCD1 (24,25). With increasing preva-
lence of metabolic diseases such as obesity and type II diabetes,
considerable research efforts have been dedicated to understanding
the role of SCD in a number of metabolic diseases that are associ-
ated with abnormal lipid metabolism. It is well established by past
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studies that SCD1 deficiency protects against dietary (high-fat and
high-carbohydrate induced) and genetic (leptin deficient and
agouti induced) forms of obesity and liver steatosis (26–30). These
results generated from studying mice with global deficiency of
SCD1 led to the investigation of specific tissue(s) that might be re-
sponsible for the observed phenotypes. The treatment of wild type
C57/B6 mice with ASO against SCD1, which reduced SCD1 expres-
sion in liver and adipose tissue, led to dramatic beneficial metabolic
outcomes, including reduced weight gain and increased energy ex-
penditure, when fed a high-fat diet compared with control mice
(25). Targeted disruption of SCD1 in liver (SCD1 liver knockout)
via cre-mediated elimination reduced weight gain and white
adipose tissue fat mass caused by long term feeding of a high-
carbohydrate diet (22). Furthermore, because SCD1 deficient mice
exhibit a severe skin phenotype, including alopecia, atrophy of se-
baceous glands, dermatitis, and increased permeability of the skin
barrier (21,24), the development of a skin specific knockout
(SKO) mouse model allowed us to probe the role of skin MUFA
synthesis in whole body metabolic homeostasis. With comparable
skin defects to SCD1 global knockout mice, SCD1 SKO mice
were unexpectedly shown to be hypermetabolic and completely
protected from high-fat diet induced obesity (23). A catabolic
state induced by reduced skin SCD1 expression and MUFA content
is likely to mediate the protective effects against the unfavorable
phenotypes caused by the long term consumption of a high-fat
diet.

While normal functional cells require fatty acid metabolism for
survival, cancer cells demand an even higher degree of metabolic
flux to support their rapid growth, and SCD1 has been implicated

in the pathology of cancer (31–33). Increased SCD expression has
been detected in malignant human tissues such as colonic and
esophageal carcinomas, as well as in hepatocellular adenoma
(34), and elevated conversion of stearic to oleic acid has also
been observed in transformed tumor cells (35). Due to the funda-
mental need of lipid biosynthesis by tumor cells, suppression of
SCD1 may produce extensive consequences on several phenotypic
features of cancer encompassing cell replication, enhanced cell sur-
vival, and increased tumor cell invasiveness (33). The impact of the
inhibition of SCD1 on cancer cell growth also appeared to be uni-
versal among different neoplastic cells, including lung, breast, pros-
tate, and colon cancer cells (33,36–40). However, lower SCD
expression was reported in a study that compared prostate carci-
noma to normal prostate epithelium (41). Overall, these studies
suggest that SCD activity and MUFA availability correlate with ma-
lignant cell survival and proliferation.

SCD1-deficient mice are characterized by a reduction in the
percentage of fatty acids comprised of MUFA and an increase in
the percentage of SFA. The reduction in MUFA levels significantly
decreases the synthesis of neutral lipids such as TG and CE
(2,21,42). Thus, the limited MUFA availability in SCD1-deficient
mice may influence the partitioning of fatty acids into and out
of neutral lipid species whose dysregulation might lead to a variety
of cellular inflammatory and stress responses. In the pathology
of obesity, chronic inflammation has been established as a causa-
tive factor for the associated disorders such as insulin resistance
and cardiovascular disease (43,44). Given the potent regulation of
obesity by SCD1, it is conceivable that this enzyme is involved in
modulating cellular inflammation and stress.

FIGURE 1 Role of SCD in pathological processes. SCD1 mediates the synthesis of MUFA from dietary or endogenously synthesized
SFA. Loss of SCD1 results in a favorable metabolic profile, including an increase in insulin sensitivity and a decrease in hepatic steatosis
and adiposity. Inhibition of SCD1 is also associated with a reduction in cancer cell growth. Additionally, suppression of SCD1 alters
cellular function by modulating inflammation and stress in a number of cell types and tissues, such as adipocytes, liver, macrophages,
aorta, skin, myocyte, b-cell, and endothelial cell. The asterisk denotes mixed observation in a tissue or cell type.
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While studies aimed at understanding the role of SCD1 in reg-
ulating metabolic homeostasis have been pursued, more recent re-
search suggests that the beneficial metabolic effects due to loss of
SCD1 may be accompanied by detrimental outcomes such as
skin alopecia and inflammation, pancreatic b-cell dysfunction,
liver dysfunction, and increased atherosclerosis under certain con-
ditions. SCD1 has also been implicated in the regulation of adipo-
cyte inflammation, macrophage inflammation, and myocyte and
endothelial cell function. In this review, we discuss recent findings
of the function of SCD1 in the modulation of cellular inflammation
and stress and its role in the related disorders.

Role for SCD1 in modulating cellular inflammation
and stress
SCD1 is a key regulatory enzyme controlling the homeostasis of
MUFA and SFA, 2 major types of fatty acids in mammalian cells.
Modulation of cellular inflammation by fatty acids has long been
recognized. Earlier studies demonstrated that dietary (n-6) PUFA
such as arachidonic acid [20:4(n6)] promotes cellular inflamma-
tion after conversion to eicosanoids by cyclooxygenase enzymes
(45). Whereas long-chain (n-3) PUFA such as EPA and DHA are
able to incorporate into cell membrane phospholipids, they reduce
the availability of arachidonic acid for the production of eicosa-
noids and thus suppress inflammatory responses in immune cells
(46). More recent studies identified FFA, especially SFA, as potent
proinflammatory factors in a variety of cell types such as macro-
phages, hepatocytes, and myocytes (47–49). SFA may directly pro-
mote inflammation by serving as ligands of immune receptors at
the cell surface, such as members of the Toll-like receptor (TLR)
family (47,50). Subsequently, the downstream effectors, including
mitogen-activated protein kinase 1 and NF-kB, initiate potent
proinflammatory responses (43,51). Additionally, fatty acids can
be taken up by cells and metabolized to lipid intermediates, includ-
ing diacylglycerols and ceramides, which are potent proinflamma-
tory factors (44,52,53). Prolonged and unresolved inflammatory
response due to abnormal levels of bioactive lipids leads to the on-
set of cellular stress response and dysfunction, eventually resulting
in cell death and systemic degeneration in a process referred to as
lipotoxicity (54). Lipotoxicity is regarded as one of the major causes
for the pathology of obesity, insulin resistance, and cardiovascular
disease (55,56). The pathophysiological mechanism of metabolic
diseases substantially overlaps with those pathways regulating in-
flammatory response (57,58). Given its prominent regulation of
fatty acid profile and strong association with metabolic diseases,
SCD1 also exhibits potent regulatory roles in cellular inflammation
and stress responses in a variety of cell types and disease conditions.

Liver dysfunction and stress
Due to the central role of liver as the hub of numerous metabolic
pathways, studies targeting liver SCD1 have been conducted to elu-
cidate the role of hepatic SCD1 in regulating metabolism. Although
loss of SCD1 expression in liver provides beneficial metabolic ef-
fects such as reduced liver steatosis, several studies have found
that SCD1 expression is strongly involved in the maintenance of
liver function under a variety of stressful conditions. Hepatic
SCD1 expression is substantially diminished in mice fed a methio-
nine and choline deficient diet (MCD), a dietary model of steato-
hepatitis (59,60). When SCD1 deficient mice were fed MCD, even
though they had decreased liver steatosis, they exhibited increased
hepatocellular stress response and liver injury compared with wild
type mice through a mechanism of inefficient partitioning of SFA
into MUFA for proper storage (60). Consistent with these reports,
SCD1 deficient mice fed a high-sucrose very low-fat diet (HSVLF)

also displayed severe liver stress response with liver injury despite
reduced hepatic lipogenesis (61). This study reported that HSVLF
stimulates an unfolded protein response with an acute induction of
inflammation andmacrophage recruitment in the liver of SCD12/2
mice. However, another study using a concanavalin A induced
hepatitis mouse model demonstrated a favorable effect of SCD1 de-
ficiency on steatohepatitis by reducing leptin production (62). Un-
like MCD or HSVLF dietary models in which hepatocytes might
be the primary cell type affected, treatment with concanavalin A,
a T-cell mitogen, acts mainly at NK T cells and induces a set of
proinflammatory cytokines leading to liver injury (63,64). Thus,
in addition to other variances, the different approaches inducing
hepatic inflammation and injury in these studies may account for
the different observations regarding the role of SCD1 in the regu-
lation of hepatic function. These diverse inflammation regulatory
effects of SCD1 deficiency warrant further studies to determine
the role of SCD1 in liver function.

b-Cell dysfunction
Due to the proinflammatory activity of SFA, a potential patholog-
ical outcome in response to SCD1 deficiency is the induction of in-
flammatory and cellular stress responses. Indeed, using pancreatic
b-cells as model systems, several studies have demonstrated that in-
hibition of SCD1 promotes cellular stress and b-cell dysfunction
(65–67). b-Cells are highly sensitive to SFA induced lipotoxicity
(67,68). The ability to upregulate SCD1 expression in a subpopu-
lation of b-cells rendered these cells resistant to SFA induced cell
death, whereas inhibition of SCD1 activity increased their suscep-
tibility to the detrimental effect of SFA (69). The conversion of
lipotoxic SFA to MUFA by SCD1 is perhaps the mechanism respon-
sible for maintenance of b-cell function (66,70). Although inhibi-
tion of SCD1 was shown to be detrimental to b-cells in vitro,
experiments using SCD1-deficient animal models have demon-
strated metabolic beneficial effects from loss of SCD1, including
improved insulin sensitivity (2,9,71). The observations from in
vitro and in vivo studies regarding the function of SCD1 in diabetes
appeared paradoxical. A more recent study using a ob/ob obesity
mouse model uncovered an in vivo link between SCD1 and
b-cell function. Even though protected from obesity, b-cells from
ob/ob:SCD12/2 mice actually exhibited features of SFA induced
lipotoxicity and substantial loss of insulin secretory function,
thus resulting in severe diabetic condition (30,72). Comparison
of phenotypes of SCD1 deficiency in diet induced obesity and
Agouti induced obesity with those observed in the ob/obmodel fur-
ther revealed that leptin gene expression was required for the im-
proved insulin sensitivity by loss of SCD1 (30). The mechanism
responsible for the leptin dependence of SCD1 deficiency in the
regulation of insulin sensitivity remains to be determined.

Adipocytes and adipose tissue inflammation
Although SCD1 deficiency appears to be disadvantageous for b-cell
function, this stress response is not universal for all cell types. Our
recent study demonstrated that SCD1 deficiency protected mice
from white adipose inflammation in both high-fat diet induced
and Agouti induced obesity (73). Using isolated primary adipo-
cytes, this study reported that SCD1 deficient adipocytes exhibited
a reduced inflammatory response to treatment with LPS. They also
elicited less paracrine stimulation of inflammation in macrophages
and endothelial cells (73). Interestingly, the attenuated paracrine
effects on inflammation due to SCD1 deficiency were attributed
to the reduced levels of oleate, a major MUFA produced by
SCD1. In fact, levels of SFA released by SCD1 deficient adipocytes
were comparable to those released by wild type adipocytes.
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Consistently, in a separate study, oleate was also reported to pro-
mote inflammation when added to macrophage cells (50). These
observations highlight an underappreciated proinflammatory ac-
tivity of MUFA in specific contexts. Additionally, in a recent study
using tissue inhibitor of metalloproteinase 3 knockout models, the
authors reported that elevated SCD1 expression was one of the
markers associated with the increased white adipose tissue and liver
inflammation (74). The differential cellular inflammatory response
in adipocytes and b-cells with loss of SCD1 might be associated
with their different abilities to metabolize SFA, for which adipo-
cytes have greater capacity than b-cells.

Macrophage inflammation and atherosclerosis
Macrophages are another model system that has received substan-
tial attention due to their inflammatory response with respect to
SCD1 deficiency. In an earlier study of the effect of b-amyloid
peptide (Ab) on macrophage inflammation, an oligonucleotide
microarray screening identified that SCD1 was specifically and sig-
nificantly upregulated by Ab in addition to a set of proinflamma-
tory genes (75). Although SCD1 expression was implicated in Ab
induced macrophage inflammation, no mechanism was proposed
for its action. We recently demonstrated that the inflammatory re-
sponse of peritoneal macrophages isolated from SCD1 deficient
mice and treated with LPS did not differ from those isolated
from wild type mice (73). This observation is in agreement with
another recent study using isolated peritoneal macrophages from
Asebia mice (76). In contrast to these findings, the reduction of
SCD1 in liver, adipose tissue, and macrophages by ASO elevated
the LPS induced inflammatory response in peritoneal macrophages
through increased activation of TLR4 (77). Additionally, knock-
down of SCD1 with specific small interfering RNA in macrophages
isolated from adipocyte/macrophage fatty acid binding protein aP2
knockout mice also abolished the protective effects of aP2 defi-
ciency on macrophage inflammation and endoplasmic reticulum
stress (78). A possible explanation for the discrepancies might be
that SCD2, another SCD isoform, is compensating for the loss of
SCD1 in immune cells. In certain immune cell types, such as lym-
phocytes, SCD2 is constitutively expressed, whereas SCD1 expres-
sion is not detected (32,79). Macrophages and lymphocytes derive
from common bone marrow precursor cells. We have observed
higher SCD2 expression in macrophages than in SCD1 (X. Liu,
unpublished data). This differential expression pattern of SCD iso-
forms in immune cells might explain the comparable inflammation
response in macrophages from SCD1 deficient mice to that from
wild type mice.

Macrophage inflammation is a key cellular event in the pathol-
ogy of atherosclerosis, a life-threatening cardiovascular disease. The
complexity of SCD1 in regulating inflammation of macrophages
extends to its regulation of atherosclerosis in vivo. Studies of an
elderly Swedish population identified that SCD activity, as estimated
by the ratio of product to substrate (16:1 to 16:0), was positively
correlated with the serum C-reactive protein level, an acute-phase
protein that is associated with inflammation and cardiovascular
disease (80). High SCD activity appeared to be a significant predic-
tor of elevated C-reactive protein levels in a large cohort study of
middle-aged Swedish men followed for 20 y (81). In contrast to
what would be expected for cardiovascular disease based on the
large population based human studies, SCD1 deficiency in certain
rodent models of atherosclerosis was reported to have a detrimental
effect. In the LDL receptor knockout (LDLR2/2) mouse model of
atherosclerosis, Asebia mice exhibited increased atherosclerosis in
aorta despite the improved metabolic parameters, such as de-
creased adiposity, reduced liver steatosis, and increased insulin

sensitivity (76,82). Macrophages in these SCD1 deficient mice
were not causatively involved in the increased atherosclerosis, as
shown by a comparable inflammatory response to LPS as well as
similar atherosclerotic plaque formation in aorta after transplanta-
tion of bone marrow from SCD1 deficient mice to wild type mice.
The elevated systemic inflammation due to skin defects in SCD1
deficient mice was further proposed as the reason for increased ath-
erosclerosis (76). Studies in LDLR2/2mice overexpressing human
ApoB100 also identified significantly more severe atherosclerosis in
aorta after SCD1 was knocked down by ASO against SCD1 in mul-
tiple tissues such as liver, adipose, and macrophages (77). Whereas
skin in these mice exhibited no detectable difference frommice that
received control ASO, the macrophages with SCD1 knockdown
displayed hypersensitivity to LPS through activation of the TLR4
pathway (77). Although the 2 studies reported similar outcomes
of atherosclerosis due to inhibition of SCD1 expression, there
was a discrepancy in macrophage inflammation, which will require
more studies to elucidate. In addition to genetic models of athero-
sclerosis, obstructive sleep apnea was found to be a novel model of
atherosclerosis, which is featured by induction of chronic intermit-
tent hypoxia and dyslipidemia (83–85). Interestingly, in contrast to
the exacerbated atherosclerosis in the above 2 LDLR2/2 models,
knockdown of SCD1 expression by ASO against SCD1 in the ob-
structive sleep apnea model identified a preventative effect against
atherosclerosis (86). The opposite outcomes of atherosclerosis in
response to suppression of SCD1 expression in different models
may depend on the tipping of a balance between the beneficial met-
abolic effects and detrimental inflammatory action due to SCD1 de-
ficiency under different contexts. In the 2 formerly mentioned
LDLR2/2 models, plasma total cholesterol levels were consistently
very high, ranging from 1000 to 2000 mg/dL (77,82). Deficiency of
SCD1 in these models had only modest effects of lowering plasma
total cholesterol levels (77,82). Thus, the beneficial metabolic ef-
fects of SCD1 deficiency such as hypermetabolic rate and reduced
lipogenesis did not counteract its proinflammatory action in the
context of high cholesterol levels, leading to the balance tipping
to increase atherosclerosis. However, in the obstructive sleep apnea
model, the plasma total cholesterol levels ranged from 200 to
300 mg/dL, substantially lower than that in LDLR2/2 models, al-
lowing the beneficial effects of SCD1 deficiency to overcome the
detrimental actions and therefore resulting in improved athero-
sclerosis. Nonetheless, given the complex regulation of SCD1 in
metabolism and inflammation, other explanations for its role in
atherosclerosis may also exist.

Endothelial cell function
SCD1 has been implicated in regulating inflammation in endothe-
lial cells, an important cell type in the integral network of patholog-
ical responses in metabolic morbidities (87,88). Endothelial cells
comprise the inner lining of blood supplying vessels, including ar-
teries in the heart. Disruption of endothelial cell homeostasis due
to lipotoxicity under metabolic disease conditions is one of the ma-
jor causative factors for the induction of systemic inflammation
and downstream detrimental effects associated with metabolic dis-
orders such as cardiovascular disease (89–91). As a key enzyme in
balancing fatty acid desaturation profile, SCD has begun to receive
more attention for its role in endothelial functions. In a recent re-
port (92), expression of hSCD1 was detected in human arterial en-
dothelial cells (HAEC). Unlike other cell types, HAEC did not
exhibit enhanced hSCD1 expression when exposed to SFA, thus
rendering these cells more susceptible to lipotoxicity (92). In this
study, when the liver X receptor signaling pathway was activated
by TO-901317 to induce more hSCD1 expression, HAEC became
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resistant to palmitate-induced lipotoxicity through increased desat-
uration of SFA followed by efficient esterification and storage of
these toxic lipids. Interestingly, in addition to SFA induced lipotox-
icity, SCD1 expression in endothelial cells has also been found to be
elevated in response to mechanical shear stress applied onto human
umbilical vein endothelial cells through a PPARg dependent man-
ner (93). This observation implied that the expression of SCD1 in
human umbilical vein endothelial cells may contribute to the pro-
tective effects against shear stress induced from abnormal blood
flow in vivo. Thus, SCD1 in endothelial cells might be required
for a general maintenance of their function not only under lipo-
toxic conditions but also in other types of stressful situations
such as shear stress.

Myocyte function
Modulation of myocyte function by changes in SCD1 expression
has been demonstrated in many studies. Earlier studies on the
role of SCD1 in muscle insulin signaling and lipid metabolism im-
plied metabolic beneficial effects of SCD1 deficiency on myocytes,
such as downregulation of protein tyrosine phosphatase 1B, de-
creasing ceramide production through reduced expression serine
palmitatoyltransferase, and partitioning more fatty acids into b ox-
idation (28,94,95). However, more recent studies have identified
that SCD1 might have important roles in maintaining muscle
function. In humans, SCD1 expression was found to be elevated
in skeletal muscle after endurance exercise, which prevented fatty
acid-induced insulin resistance (96). This effect was attributed to
the enhanced lipogenic capacity that partitions FFA and their bio-
active metabolites into neutralized lipids such as TG, thus reducing
the proinflammatory potential in muscle. Additionally, overexpres-
sion of SCD1 in cultured rat L6 myocytes has been reported to en-
hance esterification of fatty acids through TG synthesis and
attenuate ceramide and diacylglycerol accumulation, thus protect-
ing myocytes from fatty acid-induced cellular toxicity (97). In a
more recent study using primary human myotubes, the inducibility
of SCD1 expression was negatively correlated with inflammation
and endoplasmic reticulum stress and positively associated with in-
sulin sensitivity (98). Future studies on the effects of SCD1 in reg-
ulating metabolic homeostasis in muscle using tissue specific SCD1
knockout or overexpression models will gain further insights into
the physiological role of this enzyme in muscle biology.

Sebaceous gland hypoplasia and skin inflammation
SCD1 is ubiquitously expressed in various tissues, including the se-
baceous gland in the skin (99). The sebaceous gland produces se-
bum that is enriched with lipids, such as cholesterol, CE, TG,
and WE. These lipids are crucial for normal skin function, includ-
ing skin lubrication and prevention of moisture loss (21). The im-
portance of SCD1 expression and endogenous MUFA for normal
skin development and maintenance has been demonstrated in
both global SCD1 deficient and skin specific SCD1 knockout
(SCD1 SKO) mice, which exhibit a severe skin phenotype, includ-
ing alopecia, hypoplasia of sebaceous glands, dermatitis, and in-
creased permeability of the skin barrier (21,23,24). The skin
defects due to loss of SCD1 expression were associated with a dra-
matically altered skin lipid profile characterized by deficiency of
WE, CE, and TG but substantially increased free cholesterol levels
(21).

Although SCD1 deficient mice are hypermetabolic and com-
pletely protected from diet induced obesity, the skin abnormalities
caused by mutation of SCD1 gene were found to compromise the
immune function of skin and reduced the ability of the mice to
fight against bacteria infection (100). In this study, there was a

reduced production of sebum in SCD1 mutant mice and they
were unable to synthesize adequate levels of palmitoleaate [16:1
(n7)] and oleate [18:1(n9)], both of which possess bactericidal ac-
tivity against gram-positive organisms. Gram-positive bacteria
elicit innate immune response through TLR2 (100). Activation of
TLR2 signaling induces SCD1 expression in sebocytes through
the numerous NF-kB binding elements in the SCD1 gene promoter
(100). It thus indicates that the ability to efficiently induce SCD1
expression in sebocytes might be required for the effective immune
response to certain bacteria infection. Moreover, the abnormal skin
function due to loss of SCD1 expression also leads to skin inflam-
mation and dermatitis. In Asebia mice lacking LDLR, there was an
ulcerative dermatitis with increased expression of a proinflamma-
tory factor, intercellular adhesion molecule-1 in the skin, as well
as elevated levels of plasma intercellular adhesion molecule-1 and
IL-6 (76). Interestingly, dietary supplementation of oleate [18:1
(n9)] or intradermal administration of MUFA was unable to com-
pletely rescue the skin defects (21,100). Thus, it is suggested that
the de novo synthesis of MUFA through endogenous SCD1 activity
is indispensible for maintaining normal function of the sebaceous
gland and skin. However, the mechanism behind the skin defects
and inflammation due to loss of SCD1 is currently undetermined.

Intestinal colitis
In addition to aortic atherosclerosis and liver stress, SCD1 has also
been reported in another type of disorder associated with inflam-
mation, namely intestinal colitis. An LC-MS based metabolic pro-
filing study identified that hepatic SCD1 expression was inhibited
in dextran sulfate sodium (DSS) induced acute colitis mouse model
(101). This study further showed that DSS induced acute colitis was
exacerbated in SCD1 null mice, whereas a diet supplemented with
oleate or restoration of in vivo SCD1 expression by adenoviral
strategy alleviated the phenotype. The observations of the role of
SCD1 expression in regulating DSS induced intestinal colitis extend
our understanding of this enzyme in the scope of metabolic disease
to inflammatory disorders that are associated with cellular detoxi-
fication process. However, the higher amount of water consumed
by SCD1 deficient mice in this study complicated the conclusion,
because DSS was provided via the water supply. After adjusting
DSS intake based on their water consumption in a more recent
study, SCD1 deficient mice exhibited comparable intestinal colitis
to wild type mice (102). Thus, the role of SCD1 in acute colitis cur-
rently remains to be determined through further investigation.

Conclusion
Intensive studies have demonstrated the important role of SCD1
expression in lipid metabolism; this enzyme is not only involved
in the pathology of obesity but also emerges as a key regulator
for other types of serious diseases associated with inflammation
and stress. The expression of SCD1 needs to be tightly controlled
within a normal range to sustain cellular function. A dramatic in-
crease in SCD1 expression favors fat accumulation, which causes
obesity and insulin resistance, whereas substantial inhibition of
SCD1 expression may promote fat catabolism but at the expense
of increasing cellular inflammation and stress. Thus, the disruption
of the control of SCD1 expression has been implicated in many
types of serious diseases, such as obesity, insulin resistance, cancer,
and the inflammatory diseases. However, the physiological roles of
SCD1 in these disorders are complex (summarized in Fig. 1), which
necessitates additional investigations to determine the mechanism.

Although SCD1 deficiency provides beneficial metabolic effects,
it actually leads to pancreatic b-cell dysfunction in vitro and in vivo.
Loss of SCD1 expression is also detrimental for the sebaceous gland
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in the skin and causes skin alopecia. However, in adipocytes, loss of
SCD1 appears to reduce their proinflammatory potential and pre-
vent the obesity associated inflammation in white adipose tissue.
Studies on other cell types demonstrated that the presence of
SCD1 is required for normal function of endothelial cells and my-
ocytes. Macrophage inflammation in response to SCD1 deficiency
varies depending on different approaches to manipulate SCD1 ex-
pression. The observations of the impact of SCD1 deficiency on
liver stress and inflammatory diseases, including atherosclerosis
and intestinal colitis, also diverge in different studies, probably
due to variation in the disease models used as well as the method-
ologies for the suppression of SCD1 expression. Thus far, the
mechanism of SCD1 in the regulation of different inflammatory
diseases remains to be determined. Future studies on the role of
SCD1 in metabolic homeostasis, inflammation, and stress using tis-
sue specific SCD1 deletion or overexpression will enhance our un-
derstanding of the function of this enzyme.
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