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Abstract

Stearoyl-CoA desaturase (SCD) generates monounsaturated fatty acids (MUFAS) which contribute
to cell growth, survival, differentiation, metabolic regulation and signal transduction.
Overexpression of SCD is evident and implicated in metabolic diseases such as diabetes and non-
alcoholic fatty liver disease. SCD also stimulates canonical Wnt pathway and YAP activation in
support of stemness and tumorigenesis. SCD facilitates metabolic reprogramming in cancer which
is mediated, at least in part, by regulation of AKT, AMPK, and NF-kB via MUFAs. Our research
has revealed the novel positive loop to amplify Wnt signaling through stabilization of LRP5/6 in
both hepatic stellate cells and liver tumor-initiating stem cell-like cells. As such, this loop is
pivotal in promoting liver fibrosis and liver tumor development. This review summarizes the
mechanisms of SCD-mediated tumor promotion described by recent studies and discusses the
future prospect for SCD-mediated signaling crosstalk as a potential therapeutic target for cancer.
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Introduction

1. Stearoyl-CoA desaturase

Stearoyl-CoA desaturase (SCD) is a delta-9 fatty acid desaturase localized in the
endoplasmic reticulum (ER) membrane, which forms a carbon-carbon double bond at the
9th-10t position from the COOH (C)-terminus of saturated fatty acids (SFASs), palmitic acid
and stearic acid to generate monounsaturated fatty acids (MUFAs), palmitoleic acid and
oleic acid, respectively. MUFAs are required for biosynthesis of polyunsaturated fatty acids,
phospholipids (PL), triglycerides (TG), cholesterol esters (CE), diacylglycerols and wax
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esters, which are fundamental components of the cellular membrane and essential for cell
growth, survival, differentiation, metabolic energy generation, and signal transduction.

SCD has its own isoforms. These isoforms are different based on the species, developmental
stage, and tissue localization. For example, four isoforms of Scd-4are present in
chromosome 19 in mice. Scadl is ubiquitously expressed with dominant expression in tissues
with active lipogenesis such as liver, adipose tissue, meibomian gland, Harderian gland, and
preputial gland of adult mice. ScaZis also ubiquitously expressed except for adult liver. In
contrast, Sca2is expressed in embryonic or neonatal liver in place of Scdl. Scd3is
expressed in the skin. In adult mouse brain, SCD5 is responsible for most delta-9 fatty acid
desaturase activity. In human, two isoforms of SCD1 and SCD5 have been identified. SCD1,
which is classified as SCD as an official nomenclature, is localized in chromosome 10 while
SCD5'is in chromosome 4. SCD shares ~85% amino acid homology with the mouse four
isoforms. SCD is ubiquitously expressed but most abundant in liver and adipose while SCD5
expression is high in brain and pancreas [1].

SCD1 protein consists of four transmembrane domains with both NH,(N) and C-termini
directed to cytosol. It contains 8 histidine (His) residues. They form three His regions, one of
which is located in C-terminus and the other two in the cytoplasmatic loop. These regions
collectively configure a His box, which serves to form a prosthetic group by binding
nonheme iron as the catalytic center of SCD1. SCD1 activity relies on ER-bound
cytochrome b5 reductase which accepts an electron from NADH and donate it to
cytochrome b5 and then to the SCD1 prosthetic iron for its reduction. In the presence of
oxygen, reduced SCD1 introduces a single double bond at the delta-9, 10 position of long-
chain acyl-CoAs.

Scd1is both transcriptionally and post-transcriptionally regulated. Scd? transcription is
induced by binding of liver X receptor (LXR) to LXR response element (LXRE) and that of
sterol regulatory-element binding protein-1c (SREBP-1c) to the SREBP element (SRE). As
LXR activates Srepp-Ictranscription, LXR is capable of activating ScdZ directly and
indirectly. Dietary carbohydrate such as glucose, fructose and sucrose, increases the
expression of liver Scadl in both SREBP-1c dependent and independent manners [2, 3] and
the latter is caused by carbohydrate-induced LXR and the activation of carbohydrate
response-element binding protein (ChREBP) [4, 5]. Melanocortin receptor agonist MT 11
and leptin suppress the liver Scdl independently of insulin and SREBP-1c [6, 7]. ScdZ is
upregulated by activation of the xenobiotic nuclear receptor pregnane-X-receptor (PXR), but
this regulation may be mediated by the ability of PXR agonists to activate both PXR and
LXR and to induce CD36 which takes up native lipoproteins, oxidized LDL, oxidized
phospholipids, and long-chain fatty acids (FA) [8, 9]. Toll-like receptor 2 (TLR2)-NF-xB
activation transcriptionally induces SCDZ in human sebocytes and this underlies
antimicrobial defense facilitated by MUFA in skin [10]. SCD1 protein is a short-lived
protein with a half-life of 2-4 hours and is stabilized by the PPAR agonist clofibric acid,
which also stimulates Scd transcription [11, 12]. N-terminus of mouse SCD1 has the
domain involved in the ubiquitin-proteasome-dependent degradation and a 70kD
plasminogen-like protein rapidly and selectively degrades SCD1 [13, 14]. Human SCD1/5
may gain the stability by forming dimers and oligomers [15].
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2. SCD in metabolic diseases and cancer

Global Scd knockout (KO) mice are protected from adiposity, insulin resistance and fatty
liver induced by high carbohydrate diet (HCD), high fat diet (HFD), and SFA [16, 17].
These effects appear to be mediated, at least in part, by insulin sensitization and increased
glucose oxidation by skeletal muscle and heart [18, 19]. As Scd expression is highly
induced in liver and in response to HCD [20], these results suggest the role of hepatic Scdl
in the pathogenesis of obesity and fatty liver associated with HCD. In fact, liver specific
SCD1 deficiency protects against these metabolic consequences [1]. However, HFD-induced
adiposity and fatty liver are not ameliorated in this conditional KO mice. In contrast, skin
specific ScdZ KO mice are protected against HFD-induced obesity, insulin resistance, and
fatty liver due to hypermetabolic state as shown in global ScdZ KO mice [16]. These
findings highlight tissue-specific functionality of SCD1 for metabolic regulation and suggest
MUFAs produced in different sites may have diverse signaling outcomes.

SCD is overexpressed in malignancies, including cancer of lung, breast, colorectum,
esophagus, bladder, and liver. SCD may be used as a biomarker for the prognosis of bladder
cancer because the SCD overexpression is associated with progressive and metastatic cancer
and SCD mRNA level inversely correlates with the survival rate [21]. However, the precise
mechanisms by which SCD potentially promotes carcinogenesis, are currently unknown.

Because SCD is implicated in metabolic diseases, it is not surprising that SCD upregulation
is associated with and implicated in non-alcoholic fatty liver disease (NAFLD), the liver
phenotype of the metabolic syndrome. NAFLD progresses to non-alcoholic steatohepatitis
(NASH) which, is characterized by inflammation and perisinusoidal and pericellular fibrosis
commonly called “chicken-wire fibrosis”. We need to address how SCD and MUFA
generated by SCD mechanistically promote these pathologic cellular phenotypes, namely,
fatty hepatocytes, M1 macrophage activation, activated hepatic stellate cells (HSCs). In fact,
SCD may have selective effects on different pathologic phases of chronic liver disease,
ranging from hepatic steatosis, inflammation, fibrosis, and cancer by targeting the different
cell types involved in each of these pathologic spectra. The overexpression of SCD in human
may be causally linked to hypertriglyceridemia, atherosclerosis, and diabetes, and other
important phenotypes of metabolic syndrome. These diseases may have hereditary
influences, and the activity of SCD-1 is recently shown increased in the muscle in familial
combined hyperlipidemia [22].

3. SCD and Lipid metabolic reprogramming in cancer

SCD is implicated in cancer, and this potential link may involve pB-catenin, the effector of the
canonical Wnt pathway, which is known to participate in carcinogenesis including liver
cancer. It acts as a transcriptional co-activator to enhance cell growth and survival by
mediating the expression of cell-cycle and growth promoting genes in hepatocyte-derived
transformed cells or liver tumor-initiating cells (TICs).

Whnt proteins belong to a family of secreted signaling glycoproteins, which has the critical
role in tissue development and cell fate regulation in embryogenesis. The level of nuclear -
catenin is maintained low when Whnt signal is off. Upon activation of canonical Wnt
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pathway, B-catenin is stabilized and translocated to nucleus to bind the T cell factor (TCF)
family of transcription factor, activating Wnt target genes. SCD-generated palmitoleate is
utilized for lipidation of Wnt ligands catalyzed by the Porcupine acyltransferase for their
release into the extracellular space, supporting paracrine or autocrine Wnt action. This
mechanism may signify concomitant overexpression of SCD and p-catenin commonly
observed in cancer cells.

Metabolic reprogramming is an integral driving force to promote growth and metastasis of
cancer cells. The most known example is the higher rate of aerobic glycolysis called the
Warburg effect, which produces the excessive amounts of lactate but also citrate and
glycerol, which stimulate the de novo synthesis of lipids via induced fatty acid synthase
(FAS) and acetyl-CoA carboxylase (ACC). The PL content dramatically increases
accompanying a large quantity of MUFAs produced by overexpressed SCD in neoplastic
cells. Most MUFAs made by SCD are thought to be utilized for PL biosynthesis partly
because the continuous membrane biogenesis of dividing cancer cells requires PLs [23]. FA
and lipids are also actively taken up by cancer cells. The simultaneous activation of
glycolysis and FA synthesis in cancer leads to the generation of MUFAs by SCD in cancer
cells. As a consequence, the concentration of MUFAs increases in cancer cells [23-26].

SCD also increases the expression of other enzymes in FA biosynthesis. SCD allosterically
upregulates ACC which produces malonyl-CoA from acetyl-CoA. When SCD is repressed,
increased palmitate and stearate suppress ACC [27]. Conversely, induced SCD in cancer
cells, turns SFAs into MUFAs and promotes sustainable lipid synthesis by suppressing this
negative regulation.

SCD regulates signaling pathways to promote metabolic reprogramming. While cancer cells
activate lipid synthesis during cell proliferation, they inhibit catabolic pathways such as FA
B-oxidation. AKT and AMPK are both the targets of SCD and thought to integrate signals,
which have the opposing regulatory effects on lipid metabolism, cell proliferation, survival
and tumorigenesis. AKT is an inducer of glucose-mediated lipid synthesis in cancer cells
and catalytically stimulates enzymes involved in glycolysis and lipogenesis. SCD stimulates
the synthesis of phosphatidylinositols, which generate P1(3,4,5)P3, an activator of AKT [28].
AKT then phosphorylates Glycogen Synthase Kinase 33 (GSK3p) at S9 and by doing so
inactivates it [29]. GSK3p is the key component of the B-catenin degradation complex,
which phosphorylates -catenin for subsequent ubiquitination and degradation. In SCD
deficient cancer cells, S9 phosphorylation and inhibition of GSK3p are suppressed, p-
catenin reduced, and the B-catenin-target gene Cyclin D1, is repressed [30, 31]. On the other
hand, AMPK inhibits lipogenesis and stimulates FA oxidation. When SCD is inhibited, the
activation of AMPK by phosphorylation of itsa-subunit causes the downregulation of ACC
by phosphorylating its serine residues. [32] Conversely, overexpressed SCD inhibits AMPK
phosphorylation and upregulates ACC, de novo FA synthesis, cancer cell growth and
survival.

4. Wnt-Scd-Lrp5/6 positive loop in liver fibrosis and cancer

The Wnt pathway contributes to activation of HSCs and liver fibrosis [33]. Activated HSCs
(aHSCs) support tumorigenesis via mechanisms, which may involve the release of growth
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factors [34] and matrix remodeling [35]. However, whether and how p-catenin activates
HSCs and promotes liver tumor development, are not known. In fact, what target genes are
upregulated by p-catenin in aHSCs, were not even investigated. To address this question, we
have used a gene expression profiling approach on HSCs treated with the three inhibitors of
the Wnt pathway: adenovirus-expressing Dickkopf-1 (DKK-1), ICG-001, and FJ9 [36].
DKK-1 forms a complex with LRP5/6 and Kremen1/2 and prevents activation of Wnt
pathway [37]. ICG-001 antagonizesp-catenin/TCF-mediated transcription by binding to
cyclic AMP response element-binding protein (CBP) and preventing its interaction with p-
catenin [38]. FJ9 binds the PDZ domain of Dishevelled (Dvl) and interferes its association
with the Wnt receptor frizzled (Fz) [39]. This study has identified, ScdZ/2as a putative Wnt
target gene in aHSCs. Scd/2transcription is promoted by the interaction of p-catenin with
SREBP-1c bound to the “novel” SRE sites [40]. ScaZis the predominant isoform expressed
in HSCs while ScdZ is a major form expressed in hepatocytes. Sca’2 expression is induced in
activation of HSCs in culture and in rodent models of liver fibrosis. Ablation of the Sca2
gene or pharmacologic inhibition of SCD, inhibits HSC activation in culture and attenuates
liver fibrosis in mouse models [36]. Interestingly, Sca2is upregulated in TICs as in
embryonic hepatoblasts, and ScaZ knockdown suppresses self-renewal, stemness gene
expression, and tumor-initiating activity of TICs. Thus, SCD appears to serve to promote
both liver fibrosis and cancer. Indeed, SCD is overexpressed in aHSCs in liver fibrosis and
hepatocellular carcinoma (HCC) cells in patients, and SCD expression correlates with the
clinical outcome of HCC.

Then, how does Wnt- B-catenin activate HSCs and cancer cells via SCD? Higher
expressions of Wnt5a and Fz2 are observed in aHSCs than in quiescent HSCs [41]. Wnt5a is
overexpressed in fibrotic liver, and the activation of HSCs is suppressed by reducing it [42,
43]. In addition, the activation of canonical Wnt pathway by SCD increases the expression
of Wnt5a, activates HSCs, and promotes fibrogenesis. Our finding reveals that MUFAS,
which are produced by Wnt-dependent SCD, play an important role in establishing the
positive forward loop by suppressing HuR translocation to nucleus via TNPO1-Ran1l and
promoting HUR-mediated stabilization of Lrp6 mRNA leading to the expression of LRP5/6
protein. In fact, SCD activity is required for the expression of LRP5/6, which facilitates
Whnt-induced Dvl phosphorylation, GSK3B phospho-inhibition, and stabilization of -
catenin. This MUFA-regulation of HuR has further implications as it may stabilize many
other genes involved in liver fibrogenesis and tumorigenesis, which are targets of both HUR
and B-catenin. Unsurprisingly, this positive loop is also evident in TICs and HCC cell lines.
Further, the disruption of the loop by Sca2 conditional knockout in aHSCs, not only
suppresses liver fibrosis but also largely abrogates the development of liver tumor induced
by diethyl nitrosamine and promoted by feeding alcohol-containing Western diet [36]. This
finding implies that activation of HSCs driven by the Wnt-Scd-Lrp5/6 positive loop,
participates in either tumor initiation or promotion possibly by disseminating the oncogenic
positive loop to tumor microenvironment.

Multifaceted tumor promotion mechanisms of SCD

SCD promotes the stemness of TICs commonly called cancer stem cells. TICs are capable of
self-renewal and initiating tumor development /7 vivo. They have the resistance to common
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cancer therapies and cause the recurrence and metastasis after chemotherapy. SCD1 induces
aldehyde dehydrogenase (ALDH), which is one of TIC markers. Lipogenesis is also
important in TICs. For example, inhibition of FAS suppresses the growth of TICs in breast
cancer [44]. PPARy pathway may upregulate the genes involved in lipogenesis, energy
metabolism, proliferation and tumor progression and maintains TICs by promoting de novo
lipogenesis via the activation of SCD [45, 46]. Abundance of intracellular lipid droplets is a
distinct marker of TICs in colorectal cancer and also correlates with Wnt pathway activity
[47].

In TICs of ovarian cancer, another positive forward loop was identified [48]. Unsaturated
FAs made by de novo FA synthesis activate NF-xB, which in turn transcriptionally
upregulates SCD1. As a result, the concentration of MUFAs increases, leading to further
activation of NF-xB. The suppression of SCD1 decreases the stemness of the cancer by
downregulation of NF-xB activity.

SCD also plays a causal role in metastasis, which is driven by epithelial to mesenchymal
transition (EMT) of cancer cells. Cancer cells weaken the adhesion between the cells and
degrade basal membrane matrix components by releasing matrix-degrading enzymes.
Epithelial cancer cells for the most part, maintain the adhesion between the cells via E-
cadherin, but the cells at the invasive and growing front, lose E-cadherin expression and gain
the mesenchymal characteristics with a shift to mesenchymal gene expression induced by
transcription factors such as TWIST, SNAIL, TCF-4 [49, 50]. Circulating tumor cells, which
have the potential to colonize distant organs by invading vessels, express both epithelial and
mesenchymal markers simultaneously and exhibit EMT activity [51]. SCD and EMT
markers are commonly co-expressed and SCD suppresses the expression of E-cadherin and
promotes that of vimentin, the mesenchymal marker, suggesting that SCD promotes EMT
[52]. However, the precise molecular mechanism of SCD-mediated EMT promotion is still
elusive.

Kinases in the tumor suppressor Hippo pathway (MIST1, LATS1/2), are frequently
inactivated in cancers, suppressing phosphorylation of Yes-associated protein (YAP) and
transcriptional co-activator with PDZ-binding motif (TAZ) and promoting their stabilization
and nuclear accumulation leading to cancer cell growth [53]. The Hippo kinase inhibition
may be caused by increase generation of geranylgeranyl diphosphate (GGPP), the source of
protein prenylation, which activates Rho GTPase and consequently inhibits LATS1/2 [54,
55]. These lipid metabolites are produced via lanosterol/cholesterol synthetic pathway,
which is often activated in cancer. They promote the tumorigenesis by activating YAP/TAZ,
reprograming cancer cells into TICs, and promoting tumor initiation, development and
metastasis [53]. SCD is often co-upregulated with p-catenin, YAP/TAZ, and their target
genes such as B/RC5and CTGF in lung cancer, suggesting the potential link of the p-
catenin-SCD1 loop to inhibition of the Hippo pathway [54].

SCD residing in ER, has an intimate relationship with ER stress. SCD1 deficiency in
hepatocytes induces hepatic ER stress and inflammation in mice fed lipogenic high-
carbohydrate diet, and these phenotypes are rescued by oleate supplementation, suggesting
the protective role of SCD and SCD-derived MUFAs in this model [56]. In contrast, SCD1
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upregulated by PPAR-y agonist attenuates ER stress induced by palmitic acid [57]. In
glioblastoma, ER sensor IRE1 increases the expression of SCD by activating SREBP-1 and
promotes the cell survival under ER stress, suggesting the role of SCD in tumorigenesis via
this protective mechanism [58].

6. Potential role of SCD in Wnt-YAP interactions in cancer.

SCD has emerged as a tumor promoter in recent years, and several plausible mechanisms
have been proposed for its tumor promoting actions as summarized in Table 1. As a
mechanism related to canonical Wnt pathway, increased SCD1-dependent MUFA generation
causes stabilization of LRP5/6 and inhibition of the p-catenin degradation complex, leading
to the nuclear translocation of p-catenin and tumor promotion [52]. SCD, which amplifies
Whnt- B-catenin pathway via this positive loop, may also promote YAP/TAZ activation via
inhibition of the Hippo pathway [54], which is known to inhibit canonical Wnt pathway. In
fact, there are several layers of cross-regulation between Wnt and YAP/TAZ as depicted in a
summarized figure (Figure 1). TRIB2, a target of B-catenin, causes YAP stabilization and
activation by interacting with BTrCP and preventing it from binding to phosphorylated
‘degron’ motif for ubiquitination and by relieving C/EBPa-mediated inhibition of YAP
transcriptional activation [59]. There is also an alternative Wnt-YAP/TAZ signaling axis, in
which the Wnt binding to Fz/ROR activates Ga12/13 and Rho GTPase, leading to LATS1/2
inhibition and YAP activation [60]. As SCD provides the Wnt-p-catenin amplifying loop, it
may potentially upregulate these Wnt-YAP/TAZ interactions and promote cancers. However,
it should be noted that an antagonism also exists between B-catenin and YAP. Dvl mediates
the post-receptor Wnt signaling by releasing B-catenin from the degradation complex.
Interestingly, Dvl is also involved in cytosolic translocation of phosphorylated YAP in the
manner dependent on the p53-LATS2 and LKB1-AMPK tumor suppressor axis [61]. Then,
cytoplasmic p-YAP/TAZ binds B-catenin and prevents its nuclear translocation [62]. How
SCD interfaces with this regulation in tumorigenesis is yet to be investigated.

7. Future therapeutic prospect for targeting SCD-driven tumor promotion

MUFAs supplied by overexpressed SCD appear to render metabolic reprogramming, which
is not only tumor-promoting but also essential for chemoresistance and tumor recurrence
caused by TICs. The increased concentrations of MUFASs are evident in TICs of pancreatic
cancer, leukemia and ovarian cancer [48], suggesting that FA desaturation ratio may also be
considered as a novel TIC marker and those with high desaturation ratio may therapeutically
benefit most from SCD inhibition. In addition to this prognostic value, SCD-mediated tumor
promotion involving B-catenin and YAP, may be considered as plausible therapeutic targets.
Approaching this potential prospect, however, requires careful consideration of spatial-
temporal issues. For instance, SCD activity in normal cells is essential for their cellular
homeostasis and its inhibition may promote excessive ER stress, inflammation, and
consequently tumorigenesis as in the case of SCD-1-deficient intestinal epithelial cells [63].
However, once TICs or tumor cells arise, SCD inhibition may be specifically targeted to
these cells to abrogate its tumor promoting and cytoprotective effects. Recently, sapienate
biosynthesis catalyzed by delta-6 desaturase of palmitate, has been identified as another
tumor-promoting FA desaturation pathway, which allows cancer cells to by-pass SCD [64].
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This may explain some cancers are not responsive to SCD inhibition and raises a potential
prospect for a dual inhibition approach for both desaturation pathways.
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Highlights

Stearoyl-CoA desaturase, which produces monounsaturated fatty acids, is increasingly
recognized to promote malignancies of different organs and this review article discusses
potential mechanisms underlying this link.
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Figure 1:
This figure depicts how SCD establishes tumor-promoting pathways. SCD produces MUFAS

such as palmitoleate (16:1) which is used to lipidate Wnt proteins via Porcupine
acyltransferase for their extracellular release. Scd1/2is a Wnt-target gene and its
transcription is amplified by association of p-catenin with SREBP-1 and NF-Y bound to the
respective elements in the Sca1/2 proximal promoter. MUFAs produced by SCD inhibit HUR
nuclear translocation via impairment of TNPO1-Ran1 association. Increased HUR in cytosol
stabilizes Lrp5/6 mRNA via its binging to their AU-rich elements. LRP 5/6 are functional
co-receptors of Wnt pathway and their expression, optimal Wnt pathway, and p-catenin/
TCF-dependent gene transcription are dependent on SCD activity. Wnt-YAP positive
crosstalk may be mediated by Wnt binding to Fz and ROR 1/2, the G-protein-coupled
receptor, activating the catalytic Ga12/13 subunit, which inhibits LATS 1/2 via activation of
Rho GTPase, causing stabilization and nuclear translocation of YAP/TAZ. Rho is also
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activated by geranylgeranyl diphosphate (GGPP), lipid metabolites in lanosterol-cholesterol
synthetic pathway via prenylation of Rho. Wnt-YAP positive crosstalk is also mediated by
TRIB2, a Wnt target gene which activates YAP by binding BTrCP and interfering YAP
degradation. Wnt-YAP reciprocal regulation may also take place. Dvl is the key adaptor
protein for Wnt pathway, phosphorylation of Dvl attracts the p-catenin destruction complex
and causes inhibitory phosphorylation of GSK3p for stabilization of B-catenin. Dvl with the
nuclear export signal, causes p-YAP cytosolic translocation and localization, which are
stimulated by the tumor suppressor p53-LATS2 and LKB1-AMPK axes. Thus, SCD, which
establishes and amplifies Wnt pathway activation loop, likely establishes crosstalk with
these interactive pathways with YAP to promote tumor development and these crosstalk
interfaces may serve as potential therapeutic targets.
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Summary of potent

Table 1:

ial tumor-promoting mechanisms of SCD

Effector/Pathway Potential Mechanisms

Wnt MUFA stabilizes LRP5/6 via HuR [36]

YAP/TAZ Activates YAP/TAZ by inhibition of Hippo pathway through Rho activation [55]

AKT Activates AKT via phosphatidylinositol generation, inhibits GSK3p and stabilize p-catenin [28, 29]
AMPK Inhibits AMPK and upregulates lipogenesis via ACC induction [32]

NF-xB MUFA activates NF-xB which transcriptionally upregulates SCD [48]

EMT Suppresses E-cadherin and induces vimentin [52]

Metabolic reprogrammi

ng | Links glycolysis to lipogenesis

ER stress

Provides cytoprotection against palmitic acid-induced ER stress [57]
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