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1. Summary of the project 

 

The aim of this study was to investigate the relationship between obesity-associated 

metabolic disorders, mainly insulin resistance, and intestinal secretion of fibroblast 

growth factor 15/19 (FGF15/19) and lipopolysaccharide binding protein (LBP), and to 

determine the impact of FGF15/19 and LBP on insulin sensitivity, metabolic 

homeostasis and browning of adipose tissue, as potential therapeutic intervention 

systems. 

 

Human studies indicated that circulating levels of FGF19 are decreased in patients with 

morbid obesity whereas levels of LBP are increased, especially in those with non-

alcoholic fatty liver disease (NAFLD). Using the FGF15-null mouse model and gain-of-

function approaches based on mouse FGF15 or human FGF19 overexpression, 

FGF15/19 was identified as a molecular mechanism that facilitates the communication 

of the intestine to adipose tissue, thus regulating the adaptive browning of white 

adipose tissue. We also evaluated the potential use of LBP as a therapeutic target. 

Specific adipose tissue LBP gene knock-down prevented obesity-associated fat 

accretion and induced adipose tissue browning. Moreover, liver specific LBP gene 

knock-down using siRNA lipid nanoparticles reduced hepatic steatosis and improved 

insulin resistance in diet-induced obesity mouse models. Altogether current results 

substantiate tissue-specific targeting of LBP as a therapeutic strategy in the prevention 

and therapy of obesity associated liver steatosis and adipose disturbances. Likewise, 

FGF15/19-mediated induction of adipose tissue browning appears as an intestine-

originating process that contributes to metabolic health improvement by promoting 

energy expenditure and protecting against hyperglycemia and hyperlipidemia. 

 

 

2. Results 

 

FGF15 (and its human orthologue, FGF19) is an enterokine (a hormone secreted by the 

intestine) and liver is its main recognized target. Our findings indicated a negative 

association between circulating FGF19 levels and BMI, adiposity, insulin, and HOMA-IR 

levels in a cohort of morbidly obese patients. In contrast, plasma FGF19 levels 

positively correlated with the expression of the brown/beige marker gene UCP1 in 

human subcutaneous adipose tissue. This prompted us to use mouse models to study 
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the role of FGF15/19 as a potential mediator of intestine originating signaling to control 

the browning of adipose tissues. Experimental increases in FGF15 or FGF19 induced 

white fat browning in mice, including increased UCP1 protein levels. Mice lacking FGF15 

showed markedly impaired white adipose tissue browning and a mild reduction in 

parameters indicative of BAT activity in response to cold-induced environmental 

thermogenic challenges. This was concomitant with signs of altered systemic 

metabolism, such as reduced glucose tolerance and impaired cold-induced insulin 

sensitization. Browning of white adipose tissue was also impaired in mice with reduced 

β-klotho (KLB), the obligatory co-receptor for FGF15/19 (and FGF21) action on target 

tissues. In conclusion, FGF15/19 is a molecular mechanism that facilitates the 

communication of the intestine to adipose tissues, thus promoting energy expenditure 

and improving metabolic health. The intestinal origin of FGF15/19 shows promise to be 

explored for being targeted through dietary interventions to profit its potential 

beneficial effects on obesity and/or diabetes. 

 

Our transcriptomic studies of the human jejunum showed that expression of genes 

related to the immune response, and in particular the antiviral response, is significantly 

associated with insulin sensitivity and basal blood glucose levels. The negative 

association between fat mass and the expression of genes related to the catabolism of 

fatty acids in the jejunum would indicate that inhibition of these genes could have an 

obesogenic effect, enhancing the accumulation of body fat. The expression in jejunum 

of lysozyme (marker of Paneth cell functionality) correlates significantly (and 

negatively) with age, suggesting that aging would reduce the functionality of Paneth 

cells. However, there was no association with other metabolic parameters. In contrast, 

serum/plasma and adipose tissue lysozyme levels were significantly associated with 

obesity and insulin resistance. In addition, our pre-clinical studies (in mice) showed 

that lysozyme silencing in adipose tissue reduced weight gain and improved adipose 

tissue physiology. 

 

LPS-binding protein (LBP) is a relevant component of innate immunity response, 

thought to be mainly produced by the liver but also synthesized in adipose tissues and 

small intestine. Circulating LBP levels were found to be increased with obesity and, in 

patients with morbid obesity, in those with non-alcoholic fatty liver disease (NAFLD). 

Mice deficient in LBP showed decreased liver lipid accumulation in the context of 

obesity. LBP-null mice also showed decreased weight gain, induction of adipose tissue 
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browning and protection against inflammatory responses induced by a high-fat diet. 

We further evaluated the use of LBP as a therapeutic target using diet-induced obesity 

mouse models. Liver specific LBP gene knock-down using lipid encapsulated unlocked 

nucleic acid modified siRNA nanoparticles reduced hepatic steatosis and improved 

insulin resistance in diet-induced obesity mouse models. Moreover, specific LBP gene 

knockdown in adipose tissue through lentiviral shRNA-LBP vectors prevented diet-

induced body weight and induced adipose tissue browning. In conclusion, LBP is both a 

biomarker and an active actor in determining the inflammation associated with insulin 

resistance and hepatic steatosis in obesity. Our results support that intervention upon 

LBP is a promising therapeutic strategy, via tissue-specific silencing in the liver and/or 

adipose tissue, for improvement of obesity/diabetes related metabolic disease. 

 

 

3. Relevance with possible future implications 

 

Our data and others have revealed a negative correlation between circulating FGF19 

levels and obesity and type II diabetes in humans. We propose plasma FGF19 levels as 

a biomarker and regulatory actor in relation to obesity and associated metabolic 

disorders 

 

The endocrine factor FGF15/19 is a signaling component of intestinal origin 

(enterokine) that participates in the control of adipose tissue plasticity during 

thermogenic adaptations. Considering that browning of adipose tissue protects against 

metabolic diseases in rodent models and possibly also in humans, FGF15/19 is 

proposed as a molecular mechanism mediating intestine to adipose tissue 

communication, and as a therapeutic target for promoting energy expenditure and 

metabolic homeostasis. 

 

Serum/plasma lysozyme and adipose tissue levels are significantly associated with 

obesity and insulin resistance. In addition, preclinical studies (in mice) performed show 

that lysozyme silencing in adipose tissue reduces weight gain and improves adipose 

tissue physiology. In future projects, we propose to evaluate the impact of lysozyme 

modulation on obesity and insulin resistance in humans. 
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Inhibition of hepatic LBP expression using lipid nanoparticles is a safe way to reduce 

circulating LBP levels, and has a therapeutic effect, preventing and reducing liver fat 

accumulation and improving adipose tissue physiology and sensitivity to insulin. These 

findings have led to the development of a patent. The next step would be to plan 

preclinical experiments in nonhuman primates to confirm these beneficial effects before 

proposing clinical trials in humans. 

 

Silencing of LBP in adipose tissue would confirm the importance of LBP in adipose 

tissue expansion and hypertrophy. 

 

In summary, and taking into account our data, several gene therapy approaches can 

be envisaged: silencing of hepatic LBP using of siRNA nanoparticles can be a very 

useful tool to prevent hepatic steatosis and improve insulin sensitivity, while silencing 

of LBP and lysozyme in adipose tissue could improve obesity-associated metabolic 

disorders. 
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