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FoxO1-autophagy axis regulates lipid droplet growth via FSP27
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The cellular regulatory system known as autophagy is an essen-
tial degradation pathway by which the body removes cellular
debris and recycles damaged components. During the process
of adipogenesis, which is the formation of adipocytes from the
precursor preadipocytes, the extensive cytoplasmic remodeling
requires autophagy.1 FoxO1, a forkhead O family protein, is a
transcription factor which has been shown to be a central
inhibitory molecule for the adipogenesis, where it transre-
presses PPARg by directly interacting with it.2 FoxO1 has been
shown to be a direct mediator of autophagy in a transcription-
independent manner, whereby acetylated FoxO1 interacts with
autophagy-related protein 7 (Atg7), to induce autophagy in
cancer cells.3 In this volume of the cell cycle, Liu et.al. 4 have
shown that FoxO1 regulates lipid droplet growth and size in
adipocytes by enhancing autophagy. Inhibition of FoxO1
reduced the expression of Beclin1 which increased the stability
of p62, an inhibitor of autophagy. Pharmacological antagonism
of FoxO1 suppressed lipid droplet growth, an essential event
during differentiation, by suppressing autophagy (Fig. 1). This
effect was dependent on Fat Specific Protein 27 (FSP27), a lipid
droplet protein associated with regulation of lipolysis 5 and
lipid droplet morphology in adipocytes.6 Consistent with the
role of FoxO1-autophagy mediated shrinkage of lipid droplets,
the inhibition of either FoxO1 or autophagy downregulated the
FSP27 protein expression in adipocytes. The authors followed a
rational approach in primary cells as well as white adipose tis-
sue to strengthen their findings showing FSP27 as a down-
stream effector of the FoxO1-autophagy axis.

Whether FoxO1 has any direct effect on FSP27 expression
independent of autophagy, or FoxO1-autophagy axis affects the
stability of FSP27 remains to be answered by future studies.
Contrary to the studies showing the inhibitory role of FoxO1
on adipocyte differentiation,2 the study by Liu et al. suggests
that a specific inhibitor of FoxO1, AS1842856, has a negative
effect on the differentiation of preadipocytes. In differentiated
adipocytes, inhibition of FoxO1 leads to reduction in lipid
droplet size. It might be that this effect on the lipid droplet size
is because inhibition of autophagy leads to shrinkage of lipid
droplets caused by conversion of white to brown-like or brite
adipocytes.1 Brite adipocytes have smaller lipid droplets with
increased b-oxidation.1 Another important question raised by

this study is how FoxO1 regulates autophagic machinery? Does
it directly control autophagic genes at the transcriptional level
or does it change the cellular ATP/AMP ratio to inhibit mTOR
or activate AMPK to regulate autophagy, given that FoxO1 can
modulate ATP production, and AMPK and mTOR regulates
autophagy in response to nutrient signaling.7 Interestingly this
work raises a possibility that nuclear FoxO1 and cytosolic
FoxO1 might play different roles during adipocyte differentia-
tion. Overall, the study by Liu et al. highlights the role of the
FoxO1-autophagy-FSP27 axis in regulating adipocyte differen-
tiation and lipid droplet size in adipocytes. Future studies
exploring tissue specific FoxO1 and autophagy knockouts in
the adipose tissue of adult mice are needed to determine
whether autophagy does contribute to lipid mobilization
physiologically.
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Figure 1. FoxO1 increases the expression of Beclin 1 which then degrades p62 to
induce autophagy. Induction of autophagy increases FSP27 expression and lipid
droplet growth in adipocytes.
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