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Lipid metabolic enzymes:emerging drug targets for the treatment of obesity

CNS regulation
Satiety signals

( Obesity \

Type 2 diabetes
* Insulin resistance
Eneray expenditure * Dyslipidaemia
 Hypertension
 Coronary heart disease
 Stroke
* Gallbladder disease
 Sleep apnoea
* Osteoarthritis
 Hyperuricaemia

K « Cancer

Energy absorption
Fat digestion and absorption

Energy storage and conversion
Short-term fat storage
Fat oxidation

Yuguang Shi & Paul Burn Nature Reviews Drug Discovery 3, 695-710 (August 2004)



Metabolic control of gene expression. The beginning
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PPAR-mediated fatty acid control of mitochondrial fatty acid metabolism
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FGF21 expression is regulated by diet and its effects are widely distributed.

Nutritional impacts
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Pérez-Marti A et al. Horm Mol Biol Clin Invest 2016



FGF21: A missing link in the biology of fasting

Fibroblast growth factor (FGF) 21 is a member of the FGF family, predominantly produced by the liver in response to the PPARa
transcription factor, inducing adipose tissue lipolysis, liver ketogenesis, and metabolic adaptation to the fasting state.
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Vernia S et al. Cell Metabolism, 2014. 20:1-14



FGF21 expression is induced by the 26S proteasome inhibitor MG132
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Amino acid starvation (HisOH) induces FGF21 transcription
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FGF21 is an ATF4 target gene
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ATF4 binds to the FGF21 gene (ChlIP analysis)
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Effect of sSiRNA-mediated ATF knockdown on endogenous FGF21 expression
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Leucine deprivation induces FGF21 serum levels and mRNA expression in liver
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FGF21, the mising link between amino acid deprivation and lipid metabolism

FGF21induces: LIVER:

» gluconeogenesis -Inhibits Lipogenesis

« fatty acid oxidation -Induces mobilization of lipid

» ketogenesis stores

» brown fat activation -WAT: Increases FAO gene expression

« reduction in adipose tissue and body weight Decreases Lipogenesis

-BAT: Increases UCP1 expression

FGF21: ADAPTATIVE STARVATION RESPONSE LEUCINE DEPRIVATION

Could be FGF21 the link between aminoacid deprivation and lipid metabolism

response observed in liver, WAT, and BAT?



Leucine deprivation in FGF21 knockout mice
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FGF21 is differently regulated by leucine deprivation in liver and adipose tissues
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FGF21 is required for (-)leu diet effects on body weight without affecting food

consumption.
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Leucine deprivation effects on white adipocytes size are FGF21 dependent
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Leucine deprivation effects on lipid metabolism in WAT are FGF21 dependent
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FGF21-KO liver has impaired lipid metabolism in response to leucine deprivation
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FGF21-KO liver has impaired lipid accumulation in response to leucine deprivatio
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FGF21 is required for inducing BAT activation during amino acid deprivation

Figure 7
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Working model of the FGF21 regulatory pathway under leucine deprivation
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Generation and characterization of the Fgf21 liver-specific knockout mice
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Experimental design

Fgf21 liver-specific
knockout mice CD: Control diet (20%)

. i 1 0]
LoxP mice LPD: Low protein diet (5%)




FGF21 is induced by a LPD in liver but not in BAT or WAT, and this

Induction correlates positively with plasma concentration
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LPD increases ATF4 protein levels in liver
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Fgf21 deficiency significantly attenuates weight loss under a LPD
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Hepatic FGF21 is required for inducing thermogenic gene expression in

scWAT under a LPD.
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FGF21 plasma levels correlate negatively with protein intake in humans
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A low-protein diet induces body weight loss and browning of subcutaneous

white adipose tissue through enhanced expression of hepatic FGF21
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Insulin Resistance is Attenuated by Sofrito Supplemented-Diet in OZR
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FGF21 Serum Levels are not Influenced by Sofrito
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FGF21 Signaling is Improved in vVWAT of OZR Fed with a Sofrito-Supplemented

Diet

A B
3,0 1 25 -
# #
< 25 A < i
, pd
=z o 2,0 A
& £
o 201 ®
o Q 15 4
- ()]
g)- 1,5 - 23
o S 1,0 -
- 1,0 - @
...N_ -—
O’ <«
L 05 - % 0,5
LL
0,0 - 0,0 -
FgiR1  FgfR4 Kib Egr1 c-Fos

B Obese Control @ 0Obese Sofrito



Sofrito Induces UCP1 Expression in the vVWAT of OZR
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