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Background and aims: Obesity, hepatosteatosis, and hypertriglyceridemia are components of the meta-
bolic syndrome and independent risk factors for cardiovascular disease. The lipid droplet-associated
protein CIDEC (cell death-inducing DFFA-like effector C), known in mice as FSP27 (fat-specific protein
27), plays a key role in maintaining triacylglyceride (TAG) homeostasis in adipose tissue and liver, and
controls circulating TAG levels in mice. Importantly, mutations and SNPs in CIDEC are associated with
dyslipidemia and altered metabolic function in humans. Here we tested whether systemic silencing of
Fsp27 using antisense oligonucleotides (ASOs) was atheroprotective in LDL receptor knock-out (Ldlre/e)
mice.
Methods: Atheroprone Ldlre/e mice were fed a high-fat, high-cholesterol diet for 12 weeks while
simultaneously dosed with saline, ASO-ctrl, or ASO-Fsp27.
Results: Data show that, compared to control treatments, silencing Fsp27 significantly reduced body
weight gain and visceral adiposity, prevented diet-induced hypertriglyceridemia, and reduced athero-
sclerotic lesion size both in en face aortas and in the aortic root.
Conclusions: Our findings suggest that therapeutic silencing of Fsp27 with ASOs may be beneficial in the
prevention and management of atherogenic disease in patients with metabolic syndrome.
© 2018 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Central obesity, non-alcoholic fatty liver disease, insulin resis-
tance, and hypertriglyceridemia are core manifestations of the
metabolic syndrome (MetS) (reviewed in Ref. [1]). A global epidemic
afflicting both adults and children, MetS is associated with increased
risk for atherogenic cardiovascular disease, which ultimately leads to
myocardial infarction and stroke. Although themechanisms that link
MetS and atherogenesis are yet to be fully elucidated, it was
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P27, fat-specific protein 27;
ity lipoprotein; HFD, high-fat
MetS, metabolic syndrome;

me proliferator-activated re-
ipoprotein; WD, western diet.
t Louis University, Room 615,

ald�an).

B.V. This is an open access article u
proposed that persistent systemic inflammation and dyslipidemia
synergize to promote endothelial dysfunction, fatty streak formation,
and other intimal perturbations in the arterial wall.

Lipid droplets (LDs) are critical organelles for intracellular
metabolic regulation [2]. LD-associated proteins define the meta-
bolic fate of the lipids stored within the LD. CIDEC (cell death-
inducing DFF45-like effector C; referred to as Fsp27 or fat specific
protein 27 in mice) was originally identified as an abundant tran-
script in white and brown adipocytes [3], where it facilitates LD
growth by both promoting LD fusion and inhibiting the action of
lipases [4e7]. Two CIDEC/Fsp27 isoforms (a and b) that differ in 10
aa at the N-terminus are expressed via alternative promoters [8].
CIDEC/Fsp27 is barely detectable in the normal liver, but its
expression is drastically elevated in the livers of obese patients
[8e10] and mice [11e14], as well as in response to fasting in mice
[11,15]. Recent studies showed that FSP27 activity modulates
different physiological responses related to MetS. Fsp27�/�mice are
lean, resistant to diet-induced obesity, and show enhanced insulin
sensitivity [16,17]. Paradoxically, though, high-fat diet-fed Fsp27�/�
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[18], ob/ob� Fsp27�/� [18], and adipocyte-specific Fsp27�/� [19]
mice develop severe lipodystrophy, fatty liver, and insulin resis-
tance. On the other hand, antisense oligonucleotide (ASO)-medi-
ated silencing of Fsp27 in genetic or dietary murine models of
obesity and diabetes results in decreased visceral adiposity,
reduced triacylglyceride (TAG) contents in fat pads, multilocular
brown-like white adipocytes, reduced circulating VLDL-TAG, and
improved whole-body glycemic control and multi-organ insulin
sensitivity [12,20]. Acute shRNA-mediated knock-down of hepatic
Fsp27 reduces fasting and diet-induced hepatosteatosis [11,14,21].
In contrast, long-term systemic ASO-mediated Fsp27 silencing
abolishes diet-induced hepatic TAG accumulation only when used
in combination with a fibrate [20], but not by itself [12,20].
Collectively, these reports suggest that silencing Fsp27may provide
atheroprotection by ameliorating several independent cardiovas-
cular risk factors. Herein we tested the effects of ASO-based anti-
Fsp27 therapy on the progression of arterial disease in high fat, high
cholesterol-fed atheroprone Ldlre/e mice.

2. Materials and methods

2.1. Chemicals

Chimeric 20-methoxyethyl control (50-CCTTCCCTGAAGGTT
CCTCC) and anti-Fsp27 (50-CAGACTCTAATACCATTCAC) antisense
oligonucleotides (ASOs) were synthesized and purified as described
[22], suspended in saline, and stored at �20 �C until use.

2.2. Mouse studies

All animals were maintained in a 12 h/12 h light/dark cycle with
ad libitum access to food andwater. LDL-receptor knockout (Ldlre/e)
mice (Jackson Laboratories stock 002207) were bred in our facility
and kept on a normal diet (PicoLab Rodent Diet 20). At 12 weeks of
age, male mice were switched to a western diet (WD) containing
21% fat and 1.25% cholesterol (Research Diets D12108) for 12 weeks.
While on WD, 100 mL ASOs (25mg/kg) or saline were injected i. p.
twice weekly (Monday and Thursday). Micewere sacrificed at 9e10
a.m. without prior fasting, and plasma, liver, and gonadal white
adipose tissue (gWAT), were harvested for analysis. In a subset of
mice within each experimental group, resident macrophages were
collected from peritoneal lavages. Studies were conducted in con-
formity with the Public Health Service policy on humane care and
use of laboratory animals, and approved by the IACUC at Saint Louis
University.

2.3. Plasma analysis

Blood samples were collected one week prior to start of WD and
treatment regimen via superficial temporal vein bleeds, and upon
sacrifice via inferior vena cava. Total cholesterol and triglycerides
were assayed enzymatically using colorimetric kits (Wako Chem-
icals, Richmond, VA). Lipoprotein profiles were obtained by a
modified Column Lipoprotein Profile (CLiP) method [23]. Briefly,
20 mL of pooled plasma were diluted in 60 mL of saline, and 40 mL of
this mixture was auto-injected into a Superose-6 column (GE
Healthcare, Wilmington, MA) using elution buffer (saline, 2mmol/L
EDTA, pH 7.4) at a flow rate of 0.6mL/min at 40 �C. The eluate was
immediately mixed with cholesterol or triglyceride reagent (Pointe
Scientific, Ann Arbor, MI) at a flow rate of 0.2mL/min, and incu-
bated at 40 �C in a 5m KOTcoiled reactor. The final mixture entered
a capillary spectrophotometric detector set at 500 nm, and the
profiles were collected in real time using LC Solution software
(Shimadzu, Kyoto, Japan).
2.4. Tissue lipid analysis

Lipids were extracted into chloroform by a modified Folch
method [24], solubilized in water, and quantitated enzymatically
using kits for triglycerides, total cholesterol, and FFAs (Wako
Chemicals). Results were normalized to protein.

2.5. RNA analysis

RNAwas isolated from tissues using Direct-zol RNAminiprep kit
(ZYMO Research, Irvine, CA), and analyzed by real-time quantita-
tive PCR using PowerSybrGreen (Life Technologies, Carlsbad, CA)
and a LightCycler LC480 instrument (Roche, Indianapolis, IN).
Values were normalized to 36b4, and relative expression calculated
using the DDCt method. Primer sequences are available upon
request.

2.6. Histology

Samples of livers and gWAT were fixed in 10% formalin and
embedded in paraffin blocks. Sections (5 mm) were processed for
hematoxylin and eosin staining using standard techniques.

2.7. Analysis of atherosclerotic lesions

Whole aortas were dissected from the heart to the iliac bifur-
cation. Aortas and the upper half of the hearts were fixed in
formalin-sucrose buffer (10% formalin, 20 mmol/L EDTA, 5% sucrose,
pH 7.4), and stored at 4 �C. En face preparations of the aorta were
pinned and stained with oil red O. Hearts were embedded in
paraffin, and 20 serial sections (5 mm) of the aortic root (covering
1mm around the aortic valve) were stained with hematoxylin and
eosin. Atheromata were quantified using ImageJ software by a
single operator blind to the identity of the samples, as described
[25]. Select sections of the aortic root were stained with a mono-
clonal rat anti-mouse CD68 antibody (1:400 dilution; AbD Serotec)
or Masson's trichrome to visualize macrophage and collagen con-
tent, respectively.

2.8. Macrophage studies

Macrophages from saline- and ASO-treated mice (n¼ 5 each)
were isolated from the peritoneal cavity 4 days after injection of
2mL of 3% thioglycollate broth. Red blood cells were removed with
ACK lysis buffer (150mmol/L NH4Cl, 10mmol/L KHCO3, 0.1mmol/L
EDTA, pH 7.4), and pellets frozen for RNA extraction. Bone marrow
cells were obtained from the tibias and femurs of chow-fed C57BL/6
mice, and differentiated to macrophages in media supplemented
with 20 ng/mL M-CSF for 4 days, as described [26]. Cells were then
incubated in media supplemented with PBS or 40 mg/mL oxLDL
(AlfaAesar, Tewksbury, MA) overnight.

2.9. Statistical analysis

Data are shown as mean± s. e.m. Differences between groups
were analyzed by one-way ANOVA followed by post-hoc Bonfer-
roni's test, using SPSS version 20.0 (IBM, Armonk, NY). Differences
were considered significant at p� 0.05.

3. Results

To test the usefulness of therapeutic silencing of Fsp27 on
atherogenesis, male Ldlre/e mice were fed a western diet for 12
weeks, while dosed with saline, ASO-control, or ASO-Fsp27. Fig. 1A
and B show that treatment with ASO-Fsp27 reduced body weight



Fig. 1. ASO-Fsp27 therapy ameliorates diet-induced obesity and hypertriglyceridemia. Ldlre/e mice were fed a WD for 12 weeks while injected twice weekly with saline, ASO-ctrl, or
ASO-Fsp27.
(A) Weekly body weight gain. (B) Final body weight. (C) Caloric intake during the last week of the experiment. (D and E) Plasma lipid contents on weeks 0 and 12, and FPLC li-
poprotein profiles on week 12. Data are shown as means± s.e.m. (n ¼ 14). *p � 0.05, **p� 0.01, compared to saline; zp� 0.05, zzp� 0.01 compared to ASO-ctrl.
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gain after 5 weeks, and led to a ~4 g reduction in body mass at the
end of the 12-week feeding, compared to control mice. These
changes occurred in the absence of significant differences in caloric
intake (Fig. 1C). Analysis of plasma lipids in Fig. 1DeE revealed the
expected diet-induced increase in TAG and cholesterol; however,
treatment with ASO-Fsp27 resulted in a significant drop in VLDL-
TAG. In contrast, no changes were observed in circulating choles-
terol lipoprotein fractions.

The effects of ASO-Fsp27 therapy on body weight are likely due
to the reduction in visceral adiposity (Fig. 2A and B). Unexpectedly,
ASO-ctrl modestly reduced gonadal fat pad mass, compared to sa-
line. Fig. 2D shows that Fsp27 expression in epididymal white ad-
ipose tissue (eWAT) was efficiently and selectively silenced by ASO-
Fsp27. Consistent with the data on tissue mass, eWAT TAG contents
were reduced in ASO-treatedmice, compared to saline; the effect of
ASO-Fsp27, however, was considerably larger than that of ASO-ctrl
(Fig. 2C). No changes were noted in tissue cholesterol contents. At
the histological level, adipocytes in both the saline and ASO-ctrl
groups appeared enlarged (Fig. 2E). In contrast, adipocytes from
ASO-Fsp27-treated mice were smaller and heterogeneous, and
~10% of the cells were multilocular (Fig. 2E). Both the multilocular
adipocytes and the large induction of Ucp1, Dio2, Cox4, and Cidea
transcripts, compared to saline and ASO-ctrl groups (Fig. 2F), are
consistent with a browning phenotype in response to Fsp27
silencing. The elevated expression of lipolytic Atgl and Hsl tran-
scripts in the same ASO-Fsp27 samples (Supplementary Fig. 1A) is
also indicative of increased oxidative capacity, which is generally
associated to these brown adipocyte-like adipocytes and likely
accounts for the reduction in gonadal fat pad mass.

Fig. 3 shows that treatment with ASO-Fsp27 resulted in a slight
enlargement of the liver, compared to the control groups. The
reason for this is unknown, but it might reflect elevated water or
glycogen contents. As expected, ASO-Fsp27 silenced Fsp27
expression by ~90%, compared to saline. Unexpectedly, ASO-ctrl
also reduced, albeit modestly, the expression of Fsp27, compared
to saline. TAG contents were similarly reduced in mice injected
with ASO-ctrl or ASO-Fsp27, compared to saline. No differences in
hepatic cholesterol contents were found among groups. Consistent
with changes in TAG contents, histological analysis revealed large
areas of macrovesicular steatosis in the saline group, which were
absent in the slightly darker livers from mice injected with either
ASO. Similar to eWAT, loss of Fsp27 expression resulted in a
compensatory increase in Cidea mRNA. The expression of tran-
scripts encoding other hepatic lipid droplet-associated proteins
(Plin2, Plin5) was reduced by either ASO, compared to saline, likely a
consequence of reduced tissue lipid contents; however, no major
differences were noted comparing ASO-ctrl and ASO-Fsp27 treat-
ments. Additionally, the expression of Atgl and Hslwas reduced and
induced, respectively, in ASO-treated mice compared to saline, but
no differences were noted between ASO treatment groups
(Supplementary Fig. 1B). In contrast to WAT, the expression of
Angptl transcripts remained unchanged among groups
(Supplementary Fig. 1B). Overall, major differences among groups
in both hepatic TAG content and mRNA profiles were largely
mediated by oligonucleotide delivery, independent on silencing
Fsp27.

Finally, analysis of atherosclerotic lesions both in en face prep-
arations of the aorta (Fig. 4A) and in the aortic root (Fig. 4B)
revealed a significant reduction in lesion size in the ASO-Fsp27
group, compared to saline and ASO-ctrl groups. CD68þ macro-
phage contents and collagen staining were increased in the roots of
ASO-Fsp27etreated mice, compared to saline or ASO-ctrl (Fig. 4B);
in contrast, necrotic core areas were smaller in the ASO-Fsp27
group, compared with control animals. These latter results are
consistent with less advanced lesions in the ASO-Fsp27etreated
mice. Collectively, the data suggest a potent atheroprotective effect
following silencing of Fsp27. Since we used only male mice in this
study, additional experiments are needed to establish whether the
atheroprotection extends to female animals.

A potential explanation for the reduced lesion size in ASO-
Fsp27-treated mice could be that silencing Fsp27 expression in
macrophages impairing cholesterol loading and thus limits the
development of the initial fatty streak in the subendothelial space.
To test this hypothesis, we harvested macrophages from peritoneal
lavages in a subset of Ldlre/e mice used above, and from an addi-
tional group of chow-fed (and thus, only mildly hypercholesterol-
emic) Ldlre/e animals (Supplementary Fig. 2A). Representative
photographs of oil red O-stained cells show that cells fromWD-fed



Fig. 2. ASO-Fsp27 induces browning of gonadal adipose tissue.
(A) Representative macroscopic appearance of left gonadal fat pads in each experimental group. (B) Average tissue weight. (C) Relative lipid contents, normalized to protein
contents. (D) Relative expression of Fsp27. (E) Representative micrographs of hematoxylin and eosin-stained sections. Scale bars represent 50 mm. Arrows indicate multilocular cells.
Insert is magnified to show brown-like adipocytes. (F) Relative mRNA expression of thermogenesis/browning markers in the same samples. Data are shown as means ± s.e.m.
(n¼ 14 for panel B; n ¼ 6 for panels C, D, and F). *p � 0.05, **p� 0.01, compared to saline; zp� 0.05, zzp� 0.01 compared to ASO-ctrl.

Fig. 3. ASO-Fsp27 does not impact hepatic steatosis.
(A) Representative macroscopic appearance of the livers in each experimental group. (B) Average liver weight. (C) Relative lipid contents, normalized to protein. (D) Representative
micrographs of hematoxylin and eosin-stained sections. Scale bars represent 50 mm. (E) Relative mRNA expression of Fsp27 and other transcripts encoding LD-associated proteins.
Data are shown as means ± s.e.m. (n¼ 14 for panel B; n ¼ 6 for panels C and E). *p � 0.05, **p� 0.01, compared to saline; zp� 0.05, zzp� 0.01 compared to ASO-ctrl.
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mice had more lipid droplets than those collected from chow-fed
animals, but the variation in the numbers and size of intracellular
lipid droplet was similar among the 3 WD-fed groups. Data show
that Fsp27 is actually not expressed in these macrophages (Ct> 40
when using primers for either the a or b isoforms), independent on
cholesterol loading. As anticipated, canonical LXR targets (Abca1
and Abcg1) and SREBP2 targets (Hmgcr, Sqs) were induced and
repressed, respectively, in cells recovered from WD-fed mice,
compared to those from chow-fed animals, but no differences in
the levels of these transcripts were noted in cells from ASO-
Fsp27etreated mice, compared to saline or ASO-ctrl
(Supplementary Fig. 2A). Analysis of selected transcripts suggests
that these peritoneal macrophages were predominantly M2-like
cells (high Arg1 and Tgfb; low Tnfa and Il6), and that ASO-Fsp27 did
not affect macrophage polarization (Supplementary Fig. 2A). To
further establish whether the expression of Fsp27 is modulated
during foam cell formation, we cultured murine bone marrow-
derived macrophages in the absence or presence of oxidized LDL
(oxLDL) (Supplementary Fig. 2B). As expected, the expression of
LXR and SREBP2 targets was increased and decreased, respectively,
in response to oxLDL treatment. Data show that Fsp27 is again
undetectable in these cells, independent on cholesterol loading.
Taken together, the results in Supplementary Fig. 2 demonstrate
that Fsp27 is absent in the murine macrophage, and strongly sug-
gest that FSP27 activity does not play a role on lipid droplet growth
during macrophage foam cell conversion in the early stages of
atherogenesis.



Fig. 4. ASO-Fsp27 attenuates the progression of atherosclerosis.
(A) Lesion size in oil red O-stained en face preparations of the aortas, and representative images for each experimental group. (B) Left panel, total atheroma size and necrotic core
size in the aortic root. Right panel, representative micrographs of serial sections stained with hematoxylin and eosin (H&E), Masson trichrome (collagen deposition in blue), and
CD68 for macrophages (area corresponding to yellow rectangle in Masson panel; CD68 signal is dark brown). In both panels, each dot denotes a single animal.
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4. Discussion

The role of FSP27 on adipocyte TAG metabolism has been firmly
established. Biochemical studies showed that FSP27 dimerizes and
mediates the fusion of small LDs and the transfer of lipids between
them [27,28]. Other studies suggested that FSP27 also physically
interacts with and inhibits the activity of lipases at the surface of
the LD [29]. The overall result is that FSP27 activity promotes the
expansion and growth of LDs. Whole-body [16e18] and adipocyte-
specific [19] Fsp27�/� mice show a lipodystrophy-like phenotype
with multilocular white adipocytes that validates the biochemical
studies. Our studies using i.p. injected ASOs in chow-fed ob/ob [12],
HFD-fed C57BL/6 [12], NASH-fed C57BL/6 [20], and Ldlre/e (herein)
mice have consistently shown reduced visceral adiposity following
silencing Fsp27, but not lipodystrophy. Importantly, we report here
that ASOs per se, independent on changes in Fsp27 expression,
markedly reduced eWATand liver TAG contents, compared to saline
treatment. The reduction in hepatic TAG contents following injec-
tion of 20-methoxyethyl oligonucleotides is known in the field,
although the mechanism remains unknown. Hence, most pub-
lished studies have focused only on changes compared to ASO-ctrl.
In our hands, ASO-ctrl induced specific changes in the expression of
several lipid-related genes in eWAT and liver, compared to saline,
which likely explain the reduced TAG contents in these tissues.
Consistent with our previous ASO studies, here we report that
therapeutic silencing of Fsp27 further reduces eWAT size and TAG
contents but has no effect on liver hepatosteatosis, compared to
ASO-ctrl.

In the liver, CIDEC/FSP27 expression is strongly linked to TAG
accumulation, both in patients [8e10] and in mice [11e14]. The
functional consequences of loss of hepatic Fsp27 function are
controversial, though. Acute knockdown of Fsp27 in the liver via
adenoviral-mediated shRNA ameliorates fasting- [11] and diet-
[11,14,21] induced steatosis. In contrast, long-term silencing of
Fsp27 via ASOs has no effect on hepatic TAG content in mouse
models of obesity, diabetes, and fatty liver [12,20]. However, diet-
induced murine hepatosteatosis is synergistically reduced when
ASO-Fsp27 and fenofibrate (a PPARa synthetic agonist which does
not reduce hepatic TAG contents by itself) are combined [20].
Metabolic labeling experiments in primary hepatocytes in culture
demonstrated that Fsp27 activity reduces TAG turnover in the LD,
and that efficient mitochondrial oxidation of fatty acids requires
simultaneous Fsp27 knock-down and PPARa activation [11], nicely
recapitulating the in vivo data [20].
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Accelerated secretion of VLDL particles is a fundamental prop-
erty of atherogenic dyslipidemia, which ultimately results in
elevated numbers of atherogenic VLDL remnants and LDL particles
[30,31]. Hence, hypertriglyceridemia has been identified as an in-
dependent risk factor for atherogenic cardiovascular disease, and it
was proposed that cholesterol-rich VLDL-remnant particles
generated by lipases in peripheral tissues can infiltrate the arterial
sub-endothelial space and contribute to atherogenesis. Our data in
previous reports [11,12,20] and herein suggest that hepatic FSP27
activity promotes VLDL-TAG secretion. Importantly, two SNPs in
CIDEC are associated to elevated fasting triglyceridemia [32]. We
hypothesize that the large reduction in circulating VLDL-TAG in
ASO-Fsp27-treated mice is, at least in part, a driver for the athe-
roprotective phenotype in our study by limiting the availability of
remnant particles. Importantly, despite both ASO-ctrl and ASO-
Fsp27 treatments reduced hepatic TAG contents, the reduction in
both plasma VLDL-TAG and atherosclerotic lesions were confined
solely to the ASO-Fsp27etreated group; no significant differences
in circulating lipids or atheromata were noted between the saline
and ASO-ctrl groups. Additional experiments are currently in place
to determine how FSP27 activity regulates VLDL maturation,
secretion, or clearance. Interestingly, lipid lowering has been
shown to increase collagen deposition and promote stability of
atheromata by reducing the expression of matrix-degrading en-
zymes in lesional macrophages [33,34]. Our data showing reduced
plasma lipids and increased collagen contents in the aortic roots of
ASO-Fsp27-treted mice are consistent with this idea.

Cholesterol-laden foam cells in fatty streaks express various
lipid droplet-associated proteins that promote pro- or anti-
atherogenic phenotypes (reviewed in Ref. [35]). For example, loss
of bone marrow-derived Plin1 [36] or Plin2 [37] expression results
in reduced foam cell conversion and is atheroprotective in ApoEe/e

mice. Notably, the changes in aortic lesion size in our study cannot
be attributable to a role of FSP27 on foam cell formation. Indeed, we
show that Fsp27 is essentially not expressed in cholesteryl esters-
loaded peritoneal macrophages recovered from the Ldlre/e mice.
Additionally, Fsp27 expression is not induced following lipid
loading with oxLDL in bone marrow-derived macrophages. Overall,
these data suggest that the decrease in lesion size in the arterial
wall in response to ASO-Fsp27 treatment is likely secondary to the
availability of atherogenic mediators, rather than a defect in foam
cell conversion.

Our results also underline the different outcomes of genetic (i.e.,
knock-out) and interventional (i.e., ASO) mouse models. Thus, the
phenotype in high-fat diet-fed ASO-Fsp27etreated mice (reduced
adiposity, no deleterious effects in liver, hypotriglyceridemia,
enhanced insulin sensitivity in gWAT, liver, and muscle, and
improved whole-body glycemic control) [12,20] sharply differs
from that in high-fat diet-fed Fsp27�/� [18], ob/ob� Fsp27�/� [18],
or adipocyte-specific Fsp27�/� [19] mice (lipodystrophy, fatty liver,
hypertriglyceridemia, insulin resistance). We posit that the latter
outcomes are secondary to the severe lipodystrophy in Fsp27�/�

mice and subsequent ectopic liver lipid deposition. Residual Fsp27
activity in WAT, independent on dietary overload, likely prevents
lipodystrophy and its consequences in ASO-Fsp27etreated mice.
Further experiments where ASO-Fsp27 is administered for longer
periods of time, though, are needed to verify that a prolonged
reduction in visceral fat does not have deleterious consequences on
liver function, and whole-body insulin sensitivity and glycemic
control. It will also be important to establish whether sustained
silencing of Fsp27 impacts the inflammatory state of the mice.
Reduced systemic inflammation resulting from improved lipid
homeostasis in liver and/or WAT might be an additional contrib-
uting mechanism for ASO-Fsp27edriven atheroprotection. Finally,
whether therapeutic silencing of FSP27 can not only attenuate the
progression of new plaques, but also promote the regression of pre-
established atheromata remains to be established.

Lifestyle modifications that include improved diet, increased
physical activity, and smoking and alcohol cessation, have long
been established as beneficial for CVD patients [38]. The arsenal of
pharmaceutical agents for these patients include anti-hypertensive,
anti-thrombotic, and lipid-lowering drugs. Yet, despite these ther-
apeutic tools, atherosclerotic CVD and its complications remain a
major cause of death globally. Taken together, our data in this and
previous reports suggest that, due its multifactorial beneficial ef-
fects on cardiovascular risk factors that include visceral adiposity,
hepatosteatosis, glucose homeostasis, and hypertriglyceridemia,
CIDEC/FSP27 may be exploited therapeutically in patients with
metabolic syndrome who are at increased risk of atherosclerotic
CVD.

In summary, this is the first report on the consequences of
therapeutic silencing of Fsp27 on atherogenesis. Our data demon-
strate that ASO-Fsp27 reduces diet-induced visceral obesity,
circulating VLDL-TAG, and atheromata in Ldlre/e mice. We also
show that Fsp27 is not expressed in macrophages, which suggests
that atheroprotection is not mediated by direct effects of ASO-
Fsp27 on foam cell conversion in the plaque.
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