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F sp27 (fat-specific protein, 27 kD) also known as Cidec, is
a member of the cell death–inducing DNA fragmentation

factor 45–like effector (CIDE) family, which also includes
Cidea and Cideb.1,2 CIDE family proteins contain an N-
terminal CIDE-N domain that shares homologous sequence to
other DNA fragmentation factors and a unique C-terminal
CIDE-C domain. Fsp27/Cidec was originally discovered as a
gene highly expressed in both white and brown adipose
tissues, the expression of which is upregulated during
adipogenesis.3 While the function of Fsp27 in the adipose
tissue was yet to be clarified, the protein was rediscovered as
an apoptotic protein through a screening to search for genes
homologous to the CIDE-N domain of DNA fragmentation
factor 45.4,5 The apoptotic function of CIDE proteins was
demonstrated through ectopic overexpression of the wild-type
or mutant proteins in cultured mammalian cells.4 However, it
was subsequently shown that Fsp27 was not localized to
mitochondria, where it would induce apoptosis and DNA
fragmentation.6 Instead, Fsp27 is localized to lipid droplets in
adipocytes in a highly specific manner, where it has been
shown to modulate storage of triglycerides in lipid droplets.6–8

Fsp27 is required for enlargement of lipid droplets, and it
attenuates lipolysis through negative regulation of adipose
triglyceride lipase, the rate-limiting enzyme in the lipolytic
pathway.9,10 Depletion of Fsp27 in cultured adipocytes
markedly increases the rate of lipolysis,11 and mice lacking
the protein globally have smaller lipid droplets in white
adipose tissue and higher lipolysis rates, compared with wild-
type mice.8 As a result, the knockout mice are protected from

obesity and insulin resistance induced by high-fat diet.
Furthermore, Fsp27 deficiency leads to a reduction in fat
accumulation and improved insulin sensitivity in ob/ob
mice.12 In contrast to animal models, in humans a homozy-
gous nonsense mutation in the Fsp27 gene has been
associated with partial lipodystrophy and insulin resistance.13

Human studies further revealed that Fsp27 expression in
adipose tissue is reduced with increases in adiposity and that
it is associated with insulin sensitivity as indicated by lower
homeostatic model assessment of insulin resistance in obese
individuals.1,14 One of the studies also found that bariatric
surgery–induced weight loss results in an increase in Fsp27
expression in subcutaneous adipose tissue. Despite the
discrepancies in manifestation of the metabolic phenotypes,
these results in mouse models of obesity and in humans
collectively indicate that Fsp27 plays a major role in lipid
metabolism in adipose tissue affecting systemic metabolic
health.

In the current issue of the Journal of the American Heart
Association (JAHA), Karki et al have discovered Fsp27 in an
unexpected place: in endothelial cells derived from adipose
tissue microvasculature.15 Using quantitative immunofluores-
cence, they have shown that Fsp27 is abundantly expressed
in the primary endothelial cells isolated from human adipose
tissues, and that the expression is lower in cells isolated from
visceral fat depots compared with those from subcutaneous
depots. They have further demonstrated that addition of
recombinant Fsp27 ex vivo augments insulin-induced vasodi-
lation in arterioles isolated from human visceral fat. Together
with the previous finding by the authors’ group indicating that
insulin-induced vasodilation ex vivo is attenuated in arterioles
from visceral fat compared with subcutaneous fat,16 the data
suggest that lower expression of Fsp27 may contribute to
endothelial dysfunction in obese visceral fat depots. In
culture, treatment of primary endothelial cells with recombi-
nant Fsp27 enhanced stimulatory phosphorylation of Akt and
endothelial nitric oxide synthase, as well as in vitro angio-
genesis. Silencing of Fsp27 in endothelial cells showed
opposite effects on the endothelial functions. The importance
of these discoveries is further emphasized in the studies
comparing microvascular endothelial cells isolated from fat
depots extracted from the patients before and after weight
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loss by bariatric surgery. There was a significant increase in
expression levels of Fsp27 and an enhancement in angiogenic
capacity after weight loss. A positive correlation was observed
between cellular Fsp27 levels and angiogenic capacity.
Mechanistically, the study found that in the cultured endothe-
lial cells, Fsp27 co-immunoprecipitates with vascular endothe-
lial growth factor (VEGF)-A and that silencing of Fsp27 results
in loss of VEGF-A, suggesting that Fsp27 may regulate
vasodilation and angiogenesis through the VEGF-A/VEGFR2
pathway. Collectively, the work by Karki et al has uncovered a
novel function of Fsp27 in endothelial cells that may
contribute to maintenance of normal vascular functions in
the adipose tissue.

As is often the case with novel discoveries, the work by
Karki et al raises many interesting questions.15 First, the
human epidemiological studies indicate that Fsp27 levels in
adipocytes are positively associated with insulin sensitivity,
whereas in mice, global loss of Fsp27 is associated with
protection from obesity-induced insulin resistance.1,2,8 Inter-
estingly, adipocyte-specific Fsp27 deletion in mice, in which
endothelial Fsp27 expression is presumably unaffected,
results in lower adiposity with smaller adipocytes and
resistance to high fat diet–induced body weight gain;
however, it leads to hepatosteatosis and systemic insulin
resistance.17 Therefore, it is of great importance to deter-
mine whether an endothelium-specific manipulation of Fsp27
alters systemic metabolic health. Does an elevation of
endothelial Fsp27 provide protection against obesity-induced
vascular dysfunction and insulin resistance? Does a deletion
of endothelial Fsp27 result in aggravation of metabolic
abnormalities? Future experiments in mice with selective
Fsp27 overexpression or deletion in endothelium will answer
these questions. Secondly, what is the molecular basis of
Fsp27 actions on VEGF-A? The results by Karki et al have
shown that Fsp27 interacts with VEGF-A and that Fsp27
silencing causes marked downregulation of VEGF-A. In
parallel to the actions of Fsp27 in endothelium, Fsp27
regulates lipolysis in adipocytes through 2 independent
modes of action; it can directly interact with adipose
triglyceride lipase to inhibit lipolytic function and it can also
suppress adipose triglyceride lipase transcription by facili-
tating the inhibitory effect of transcription factor Egr1.9,10 In
endothelium, is the Fsp27 interaction with VEGF-A required
for Fsp27 actions? Does Fsp27 regulate VEGF-A expression
at the transcriptional level? Does Fsp27-VEGF-A interaction
modulate the VEGF-A/VEGFR2 signaling independent of its
regulation of expression? Additionally, it is well known that
adipocytes abundantly produce VEGF-A.18 VEGF expression
may be regulated by Fsp27 in a similar manner in
adipocytes. Further mechanistic investigations in both cell
types are warranted. Third, what are the sources of Fsp27
that modulate endothelial functions? The work by Karki et al

showed exogenous addition of recombinant Fsp27 and
manipulation of Fsp27 production by the endothelial cells
are both effective in modulating the cellular functions. Does
Fsp27 produced by endothelium act on VEGF-A intracellu-
larly or in an autocrine manner? Alternatively, does Fsp27
produced by neighboring adipocytes play a role? A recent
finding has revealed that there is a close communication
between endothelium and adipocytes in the adipose tissue
via exosomes.19 Tissue-specific deletion of Fsp27 in mice
will also answer some of these questions. Fourth, recent
attempts to silence Fsp27 using anti-sense oligonucleotides
in high-fat-fed mice or ob/ob mice successfully decreased
visceral adiposity, improved insulin sensitivity, and lowered
liver steatosis.20,21 The current study by Karki et al suggests
that increasing Fsp27 in endothelium may provide protection
against vascular dysfunction induced by obesity. As such,
potential interventions to boost Fsp27 expression need to be
specific for endothelium, which would require an endothelial
cell–specific delivery system.

Endothelial cell dysfunction in adipose tissue results in
suppression of angiogenesis during adipose expansion,
resulting in local hypoxia and inflammation that contribute
to systemic metabolic abnormality.18 Manipulations to
enhance angiogenesis facilitate healthy adipose tissue expan-
sion, associated with attenuated inflammation and fibrosis of
adipose tissue. In contrast, inadequate angiogenesis leads to
adipose tissue hypoxia, enlarged adipocyte size, increased
inflammation, and fibrosis, representing an unhealthy pattern
in adipose tissue expansion. As such, promoting angiogenesis
during early adipose tissue expansion has beneficial effects
on systemic metabolic homeostasis. Several studies have
proven that local activation of the VEGF-A/VEGFR2 signaling
in adipose tissue results in improved vascularization and
resistance to high-fat-diet-induced metabolic dysfunction.22,23

The current study by Karki et al provides a novel mechanism
that is intrinsic to endothelial cells, by which Fsp27 regulates
VEGF-A expression to potentially influence metabolic pheno-
types of the adipose tissue during fat expansion associated
with obesity.
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