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Adipose triglyceride lipase: Role in energy metabolism and implications for metabolic disorders

Robert Zimmermann
Institute of Molecular Biosciences, Graz, Austria

Lipolysis, i.e. the catabolism of cellular triacylglycerol (TG) stores, provides free fatty acids
(FFA) serving as energy substrate, precursors for other lipids, and lipid signaling molecules. Within the
last decade it became evident that the lipolytic pathway is incompletely understood. Hormone-sensitive
lipase (HSL) was considered as rate-limiting TG lipase and stayed in the focus of research for three
decades. However, the characterization of HSL-deficient mice provided compelling evidence that HSL
is not uniquely responsible for the hydrolysis of stored fat. This observation led to the discovery of a
novel TG hydrolase named adipose triglyceride lipase (ATGL) and its co-activator protein comparative
gene identification 58 (CGI-58). ATGL specifically cleaves the first fatty acid from TG generating
diacylglycerol and CGI-58 stimulates its activity manifold. Studies in mutant mice lacking ATGL
revealed a defect in lipolysis and severely reduced circulating FFA levels. Fasting of ATGL deficient
mice leads to depletion of liver glycogen stores within a few hours and prolonged starvation induces
hypoglycemia, reduced energy expenditure, and hypothermia. These observations suggest that
ATGL-deficient mice cannot mobilize sufficient energy from TG stores to maintain energy homeostasis
under fasting conditions. The reduced availability of FFA is compensated by an increased utilization of
carbohydrates for energy conversion.

Loss-of-function mutations in both the ATGL and the CGI-58 gene are associated with TG
" accumulation multiple tissues in humans and rodents. Yet, the resulting clinical manifestations are not
identical. Patients with defective ATGL function suffer from more severe myopathy than patients with
defective CGI-58 function, a rare inherited disease named Neutral Lipid Storage Disease with myopathy
(NLSD-M). On the other hand, CGI-58 mutations are always associated with ichthyosis, which is not
observed in NLSD-M, and this disease was thus named NLSD with ichthyosis (NLSD-I, also known as
Chanarin-Dorfman Syndrome). Similar observations were made in mutant mouse models lacking
ATGL or CGI-58 indicating a yet unknown ATGL-independent function of CGI-58 in the skin.
ATGL-deficiency is associated with massive TG accumulation in cardiomyocytes, cardiomyopathy, and
premature death. Recent evidence suggests that the lack of ATGL in cardiomyocytes decreases mRNA
levels of PPAR o and PPARS target genes. This leads to severely impaired mitochondrial substrate
oxidation and respiration. Interestingly, pharmacological reconstitution with PPARo. agonists reverses
mitochochondrial dysfunction, restores normal heart function, and prevents premature death. These
findings indicate that PPAR activation requires ATGL-mediated lipolysis and reveal a potential
treatment of patients suffering from NLSD.

The rate-limiting role in lipolysis makes ATGL to an interesting pharmacological target since
increased lipolysis is linked to at least two unfavorable metabolic conditions: Insulin resistance and
cachexia, which is most commonly observed in cancer patients. Notably, mice lacking ATGL exhibit
increased insulin sensitivity and glucose tolerance and do not develop high-fat diet-induced type 2
diabetes. Moreover, ATGL-deficient mice are resistant to cancer-associated cachexia implicating that
functional lipolysis is essential in the pathogenesis of this disease. Thus, pharmacological inhibition of
ATGL could improve insulin sensitivity in diabetic patients and counteract the development of
tumor-induced cachexia.




Dear Colleagues:

In 1975, a 22-year-old male was admitted to a hospital because of palpitation. He was
diagnosed as cardiomyopathy and ventricular tachycardia with multiple lipid droplets in his
peripheral leucocytes called “Jordans’ anomaly”. A couple of years later, he unfortunately died of
progressive heart failure. A pathologist observed massive triglyceride accumulation in his
autopsied heart and stored formalin-fixed specimens for future research (please see the cover).

In 2008, we reported a cardiac transplant recipient with massive TG accumulation in his
myocardium as well as unusual coronary atherosclerotic lesions. We named this phenotype
triglyceride deposit cardiomyovasculopathy (TGCV) (N Engl J Med. 2008). In 2009, we launched
the Japan TGCV study group supported by the Japanese Government. The known primary cause
of TGCV so far is the genetic mutation in the adipose triglyceride lipase (ATGL), an essential
molecule for intracellular hydrolysis of TG, which was discovered by Zimmermann et al (Science.
2004).

Recently, the patient whom | described at the beginning turned out to be ATGL deficiency
more than thirty years after his premature death. To our knowledge, he is the oldest ATGL
deficiency ever identified. Therefore, we have decided to use photos of his pathological sections as
the motif of our symposium, which was kindly provided by Dr. Michio Tanaka, Tokyo, Japan.

In this symposium, more than fifty scientists from abroad and Japan participated and
heatedly discussed about how we diagnose and treat patients. | assure that this is the first
important step to construct the international co-operative group to overcome this intractable
disease.

Thank you very much.

A -
o .i;l"f . ‘iw‘yf ﬁ‘ e
Ny .
St ef o |

Ken-ichi Hirano, MD, PhD

November 26, 2011, Kyoto University Clock Tower Centennial Hall

CONTACT: c/o Hirano Laboratory (Rm. #314)
Laboratory for Cardiovascular Disease Novel, Non-invasive, Nutritional Therapeutics
Open Laboratories for Advanced Bioscience and Biotechnology, Osaka University
6-2-3 Furuedai, Suita 565-0874, JAPAN
TEL +81-6-6872-8215 FAX +81-6-6872-8129 E-mail jim@cnt-osaka.com
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O-1 Triglyceride Deposit Cardiomyovasculopathy-A Novel Clinical Entity-

Ken-ichi Hirano
Departments of Cardiovascular Medicine, Osaka University, Japan/The Japan Triglyceride
Deposit Cardiomyovasculopathy Study Group

Heart diseases, including atherosclerotic cardiovascular disease and congestive heart failure, are ma-
jor life-threatening disorders in most countries. Cholesterol is a vital causal factor and focus for research into
heart diseases, but involvement of triglycerides remains unclear. We recently experienced a unique case
suffering from severe congestive heart failure and needing cardiac transplantation. Massive accumulation of
triglycerides was observed in coronary atherosclerotic lesions as well as in the myocardium, while plasma
triglyceride levels were normal. We suggested this phenotype was a novel clinical entity and named it
“Triglyceride deposit cardiomyovasculopathy”, or simply “Obesity of the heart”. The first-identified patient
was homozygous for a genetic mutation in the adipose triglyceride lipase (ATGL), an essential molecule for
hydrolysis of intracellular triglycerides. Because ATGL deficiency is a rare genetic disorder, I strongly be-
lieve that it is essential for researchers and physicians to get together, exchange information and discuss how
we diagnose and treat patients in order to overcome this intractable disease as soon as possible. I hope that
this symposium will provide such an opportunity.

0-2 ATGL gene mutations: from molecular diagnosis to functional studies

Daniela Tavian
Laboratory of Human Molecular Biology and Genetics, Department of Psychology, Catholic
University of the Sacred Heart, Milan, Italy

The lack of adipose triglyceride lipase (ATGL), a patatin-like phospholipase domain-containing enzyme
that hydrolyzes fatty acids from triacylglycerols stored in multiple tissues, underlies the autosomal genetic
disorder Neutral Lipid Storage Disease with Myopathy (NLSD-M).

In two families of Lebanese and Italian origin presenting NLSD-M, we identified two new missense
mutations in highly conserved regions of ATGL (pR221P and pN172K) and one novel nonsense mutation
(pW8X). Although the R221P mutation (Lebanese family) did not affect any of the putative catalytic
residues or the ability to localize to lipid droplets, it lacked most of lipolytic activity, and cytosolic lipid droplets
accumulated in cultured skin patient’s fibroblasts. Overexpressing wild-type ATGL in the patient’s fibroblasts
corrected the metabolic defect and reduced the number and area of lipid droplets. Prediction analysis of the
protein structure suggested that the mutation may destabilize a helix proximal to the patatin domain and
interfere with enzymatic activity. Despite the poor lipase activity in vitro, the two Lebanese patients, 28 and
33 year old, have only moderate muscle weakness and no apparent myocardial dysfunction. The two Italian
patients, 58 and 63 year old, are compound heterozygotes for the other reported mutations. They show a
severe myopathy, but only a light cardiomyopathy. Functional studies are in progress in order to verify the
pathogenic charge of pN172K mutation, since pW8X can be considered a null protein. The present data
show that molecular and functional characterization of ATGL mutations identified in NLSDM patients might
provide better insight into disease prognosis.



