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1. Abstract

Obesity is characterized by a dysregulation between food intake and energy
expenditure. Brown adipose tissue (BAT) and ventromedial hypothalamus (VMH) have
emerged as important regulators of energy expenditure in obesity through the control
of thermogenesis and food intake, respectively. Interestingly, BAT thermogenesis is
reduced in human obesity and diabetes. Carnitine palmitoyltransferase 1A (CPT1A) and
CPT1C have been involved in the control of energy homeostasis. While CPT1A is the
key enzyme in fatty acid oxidation (FAO), CPT1C has minimal catalytic activity, and
their role in the control of BAT thermogenesis is still unknown. Our main objective was
to find new approaches to reduce obesity through the modulation of CPT1 enzymes in
BAT or in VMH by: a) peripheral enhancement of BAT FAO and b) central reduction of

food intake and activation of BAT thermogenesis.

Our results showed that the increase in FAO by the overexpression of the permanently
active mutant form of CPT1A (CPT1AM) into the interscapular BAT of NCD or HFD-
treated mice was able to reduce body weight and blood glucose levels compared to
HFD control mice. At the central level, we have observed that: a) CPT1A deletion
specifically in AgRP neurons of the hypothalamus of mice results in a lean phenotype
with an increased thermogenesis and a reduced body weight and food intake, and 2)
CPT1C might be a sensor of malonyl-CoA levels in VMH activating satiety and BAT
thermogenesis. Furthermore, we have found a new product (UB-207) that reduces food
intake. Altogether, we conclude that the approaches explored in this project could be

new strategies to combat obesity.

2. Results

Peripheral enhancement of BAT FAO

To enhance BAT thermogenic power through an increase in its FAO we expressed, for
the first time in vivo, the permanently active mutant form of the FAO limiting enzyme,
CPT1AM. In collaboration with Dr. Fatima Bosch (UAB) we generated AAVs carrying the
enzyme CPT1AM under the UCP1 promoter to drive the expression specifically to BAT
(AAV8-UCP1-CPT1AM-WPRE). We have also produced the control AAVs (AAV8-UCP1-
Null-WPRE). These AAVs have been injected intradepot into the interscapular BAT of



NCD or HFD-treated mice. Importantly, CPT1AM-expressing mice under HFD improved
the obese phenotype and reduced body weight and blood glucose levels compared to
HFD control mice. No significant differences were seen in the interscapular temperature
measured with the thermographic camera. These results suggest that an enhancement
of BAT's fat-burning power could be a good strategy to fight against obesity. Some of
these results have been published in Advanced Science (2017) and the others are

being currently prepared for publication.

Central reduction of food intake and activation of BAT thermogenesis

To demonstrate the role of CPT1A and CPT1C in the activation of satiety and BAT
thermogenesis and to validate them as potential therapeutic targets, we have
performed three strategies: 1) we generated a mouse model with a CPT1A deletion
specifically in AgRP neurons of the hypothalamus and analyzed its phenotype. 2) We
studied the role of CPT1C as a sensor of malonyl-CoA in the VMH in the activation of
satiety and BAT thermogenesis by using VMH-specific CPT1A KO mice and CPT1C KO
mice. 3) We designed and synthesized new C75 and etomoxir analogs to test in vitro
and in vivo the inhibitory effect on CPT1A activity to promote satiety and BAT

thermogenesis.

We have found that: 1) The CPT1A deletion in AQRP neurons of the hypothalamus
results in a lean phenotype. Both male and females showed reduced body weight, an
enhanced BAT thermogenesis and reduced adipose depots. While males showed a
reduction in food intake, females did not show any change suggesting a sexual
dimorphism. All these results confirm that central CPT1A could be a therapeutic target
to combat obesity. Some of these results have been published in Molecular
Neurobiology (2018) and a review in Biochemical Pharmacology (2018) and others are
being currently prepared for publication. 2) We have demonstrated that CPT1C acts as
a malonyl-CoA sensor in the VMN of the hypothalamus activating thermogenesis
(published in Molecular Metabolism (2019)). In addition we have also discerned the
molecular mechanisms that involve CPT1C in the control of BAT thermogenesis and it
has been reported in the Journal of Lipid Research (2019) and British Journal
Pharmacology (2021). 3) We have synthesized and analysed six new products
derivatives from etomoxir and all of them showed less CPT1A inhibitory effect than
etomoxir. However, we found that two products derived from C75 (UB183 and UB207)
showed higher CPT1A inhibitory effect than C75. In vivo analysis of the ICV injection of
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UB207 showed a reduction in food intake. Further analysis are necessary to examine

their applicability as future anti-obesity drugs.

3. Relevance and future applications

We have confirmed in vivo in mice that the activation of BAT fat-burning power by
CPT1AM overexpression could be a new strategy to fight against obesity. At the central
level in mice, we have demonstrated that CPT1A and CPT1C in the hypothalamus could
be new potential targets to activate thermogenesis and to reduce food intake and body
weight. In addition, the UB207 product has been tested in mice with an important
effect on the reduction of food intake. If the future toxicity experiments are positive,
this product could be an interesting new anti-obesity drug with a potential application

to human therapy in the treatment of obesity and overweight.
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