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EDITORIALS: CELL CYCLE FEATURES

Lipin-1 flexes its muscle in autophagy

Peixiang Zhang and Karen Reue*

Department of Human Genetics; David Geffen School of Medicine at UCLA; Los Angeles, CA USA

Lipid biosynthesis and storage in tis-
sues must be carefully balanced, as too lit-
tle or too much lipid storage is
detrimental. Lipin-1 is an enzyme that
plays a key role in lipid biosynthesis and
storage through its conversion of phospha-
tidic acid to diacylglycerol (DAG), the
immediate precursor of the primary fat
storage molecule triacylglycerol. Lipin-1
levels are correlated with fat storage in adi-
pose tissue, and lipin-1 also serves as a
transcriptional coactivator for fatty acid
gene expression in liver." Tt was therefore
unexpected that the defining feature of
lipin-1 deficiency in humans is severe
rhabdomyolysis (muscle breakdown) dur-
ing childhood, typically triggered by fast-
ing or febrile illness.””
lipin-1  haploinsufficient

Interestingly,
(LPINI1+/5)
individuals also develop muscle symptoms
(myopathy) after treatment with statin
drugsz, which are commonly used to
lower plasma cholesterol levels to prevent
cardiovascular disease. Myopathy is a side-
effect observed in ~5% of statin drug
users, but the mechanism is not fully
understood.

Based on the activity of lipin-1 in lipid
metabolism, the basis for lipin-1-related
thabdomyolysis has been mysterious. We
recently utilized mouse models to identify
a role for lipin-1 in muscle homeostasis
through effects on autophagy.® We first
established that muscle pathology in lipin-
1 mutant mice parallels that observed in
humans. When mice were stressed by fast-
ing and refeeding, Lpinl—/— mice had
signs of muscle damage (elevated creatine
kinase levels, muscle fiber necrosis and
myocyte Lpinl+/— mice
appeared normal after fasting stress, but

turnover).

statin drug treatment initated muscle
damage in these mice, and worsened

muscle symptoms in LpinI—/— mice. The
restoration of lipin-1 in muscle prevented
primary muscle damage and statin myo-
toxicity in both Lpinl—/— and Lpinl-/+
mice.

An analysis of muscle ultrastructure
provided a clue to the mechanism under-
lying damage in lipin-1-deficient muscle.
Lpinl—/— myocytes accumulated enlarged,
aberrantly shaped mitochondria, with
reduced maximal respiratory activity.* We
detected  autophagosomes  in
Lpinl—/— muscle, but never in wild-type
muscle. These observations suggested that

also

macroautophagy—a critical mechanism
for removal of damaged proteins and
organelles (including mitochondria) and
for cellular survival during starvation—is
dysregulated in response to reduced lipin-
1 levels. The resulting impaired function
of mitochondria, as well as other organ-
elles and proteins, likely contributes to
impaired muscle function in individuals
with impaired lipin-1 function.

To characterize the role of lipin-1 in
autophagy, we systematically evaluated the
stages of this process in wild-type and
lipin-1—deficient cells. Using a combina-
tion of molecular probes and genetic
manipulations, we determined that lipin-1
enzymatic activity is required for the mat-
uration of autophagosomes to autolyso-
somes.” This was due to a role for the
lipin-1 enzymatic product, DAG, in the
fusion of autophagosomes with lysosomes
(Fig. 1). Earlier work had shown that the
substrate for the lipin-1 enzyme activity
(phosphatidic acid) is produced by phos-
pholipase D on the surface of autophago-
somes.” The action of lipin-1 on this
substrate produces DAG, which activates
protein kinase D and leads to phosphory-
lation and activation of Vps34 lipid
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kinase. The product, phosphatidylinositol-
3-phosphate, has previously been shown
to  promote lysosome/autophagosome
fusion.® Thus, phospholipase D and lipin-
1 may act in sequence to generate the
DAG required for membrane fusion in
autophagy. It should be noted that Vps34
also has a role in the initiation of autoph-
agy, which is not impaired in lipinl—defi-
cient cells. We suspect that this is due to
the presence of Vps34 in distinct protein
complexes that act at the initiation and
maturation steps of autophagy, with lipin-
1 being present only in the latter complex.
lipin-1-deficient
muscles in humans and mice accumulate
neutral lipids.>” Tt has been hypothesized
that triglycerides accumulate due to loss of
lipin-1 coactivator activity for induction

Paradoxically,

of fatty acid oxidation genes.” However,
analysis of muscle from Lpini—/— mouse
showed normal expression of fatty acid
oxidation genes, and revealed that the
lipid droplets are comprised of cholesteryl
esters rather than triglycerides.* To our
knowledge, this is a unique feature of
lipin-1 deficiency compared to other mus-
cle lipidoses. We surmise that muscle
accumulates fatty acids and cholesteryl
esters to adapt to an inadequate capacity
for triglyceride synthesis; the persistence
of these lipid droplets may be related to
impaired degradation by autophagy.
Thus, impaired autophagy in lipin-1—defi-
cient muscle likely leads to impaired turn-
of both lipid

components.

over and  protein

How does statin action intersect with
lipin-1 activity in autophagy? We noticed
that muscle from wild-type mice treated
with statin had attenuated protein kinase
D activation similar to that resulting
lipin-1

from deficiency.” We also
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Figure 1. Lipin-1 has roles in lipid synthesis and autophagy clearance. Lipin-1 resides in the cytosol
and translocates to the ER membrane (and other specific intracellular membranes) to interact with
its substrate, phosphatidic acid (PA), to produce diacylglycerol (DAG). Lipin-1 generated DAG may
serve as a precursor of triacylglycerol (TAG), and may also activate protein kinase D (PKD) at the
lysosomal surface, with subsequent phosphorylation and activation of Vps34, promoting matura-
tion of autolysosomes. Reduced lipin-1 levels and statin treatment converge at the level of PKD acti-
vation, leading to impaired autophagy clearance and muscle damage.

determined that statin treatment of wild-
type cells causes lipin-1 to translocate to
lysosomes/autolysosomes, suggesting that

statins may induce the autophagy
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reduced. The intersection between statin
and lipin-1 haploinsufficiency in the
autophagy pathway may constitute 2
hits” that together impair autophagic flux
and contribute to muscle dysfunction in
Lpinl+/— mice and LPINI1+/- humans.

Do these findings have therapeutic
implications? Based on data from the
1000 (heep://
www.1000genomes.org/data), LPINI
missense and nonsense mutations are pres-
ent at significant levels in the “healthy”
population. Lipin-1 haploinsufficiency
may represent a genetic risk factor for
statin induced myopathy, and further
evaluation of this possibility in relevant
patient populations is warranted. Addi-
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individuals with compounds that selec-
tively promote autophagy clearance might
be useful to prevent rhabdomyolytic
episodes.
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