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to stimulate synthesis of LC3. More refined studies 
indicated that autophagic clearance was simultane-
ously increased, and therefore the net LC3-II produc-
tion was even greater. In further studies, the authors 
confirmed increased autophagosomes and lipophagy 
by using fluorescence techniques and electron 
microscopy. Morphologic evidence confirmed the 
increased number of autophagosomes and lipo-
phagosomes within autolysosomes and lipid droplets. 
Using a knockin mouse model expressing a mutant 
T3 receptor known to confer resistance to thyroid 
hormone, the authors elegantly demonstrated that 
T3-mediated autophagy required a fully functional 
T3 receptor. In addition, they showed that lipophagy 
is tightly coupled with b-oxidation. Metabolomic 
analysis confirmed that there was an increased flux of 
fatty acid metabolites in the liver of T3-treated mice as 
compared with mice with hypothyroidism.

Conclusions
One of the mechanisms whereby thyroid hormones 
participate in the control of energy expenditure is the 
activation of b-oxidation of fatty acids. The present 
finding that T3 is specifically promoting lipophagy is 
consistent with its key role as an important regulator 
of the delivery of fatty acids to mitochondria. The data 
provide support for a novel mechanism that increases 
fat energy expenditure.

SUMMARY

Background
In the liver, physiological mobilization and metabo-
lism of free fatty acids is a crucial step in intracellular 
energy transfer. Autophagy is an essential cellular deg-
radation process of proteins and organelles. Recently, 
it was shown that autophagy is also involved in the 
transfer of lipid droplets to mitochondria—a process 
termed “lipophagy.” It is probably a major pathway of 
lipid mobilization. For more than 100 years, thyroid 
hormones were known to stimulate basal metabolic 
rate. Several hypotheses have been proposed to 
explain the mechanisms underlying this phenom-
enon. Yet, a satisfactory explanation is still missing. 
The authors of the present article provide important 
new information by demonstrating that the induction 
of lipophagy is under the control of thyroid hormones.

Methods and Results
In vitro studies were performed with hepatic cell 
cultures (HepG2 cells) transfected with functional 
T3 receptors. In the present studies, an easily identi-
fiable form of LC3 (i.e., LC3 conjugated to phospha-
tidylethanolamine (LC3-II) was studied. LC3-II is a 
critical component of autophagosomes. An increase in 
LC3-II indicates increased autophagy and is the most 
common marker of autophagy. Low concentrations 
of T3, similar to those encountered in vivo, are able 
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ANALYSIS AND COMMENTARY

Practicing physicians are often confronted with 
questions from patients concerning the mechanism 
of thyroid hormone action. The standard answer is 
an increase in metabolic rate or, in other words, of 
oxygen consumption in a quiet state. This remains a 
very elusive answer. Increased metabolic rate during 

hyperthyroidism requires mobilization of lipids and 
carbohydrates. For instance, the muscle glycogen 
stores are rapidly depleted. In this article, we find an 
answer to the question of how increased hepatic lipid 
oxidation is controlled by thyroid hormones. This is 
certainly a remarkable addition to our knowledge, 
even though it is only one piece of a puzzle.
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roid liver is more sensitive to fatty degeneration (1). 
The new discovery of T3-regulated lipophagy raises 
many questions that will stimulate clinical research.
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Autophagy is a complex mechanism that is regulated 
by insulin and glucagon in the liver; however, their 
role in lipophagy is not known. So far, only T3 has been 
shown to regulate lipophagy and thereby provide 
substrate for hepatic mitochondrial b-oxidation of 
fatty acids. T3 is decreased not only in hypothyroidism 
but also during fasting and during the euthyroid sick 
syndrome, and it has been shown that the hypothy-
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