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Summary

The extracellular matrix (ECM) constitutes an 
intricate molecular network that surrounds 
and integrates cells and tissues in multicellular 
organisms. Traditionally considered a static mass, 
today it is widely recognized as a highly dynamic 
biomaterial that confers mechanical strength to 
tissues, provides attachment and movement points 
to cells, and is also essential for the intercellular 
communication. Therefore, proper synthesis and 
assembly of the components of the ECM is essential 
for cell and tissue homeostasis, and defects or 
alterations in these processes are associated with 
the development of several human disorders, 
particularly in the cardiovascular system. The 
biosynthesis of collagen, the main component 
of the ECM, is a complex and highly regulated 
process involving numerous steps, including chain 
association and folding, extracellular secretion, 
proteolytic processing and cross-linking. A set 
of prolyl- and lysyl-hydroxylases, glycosidases, 
isomerases and lysyl oxidases catalyze an extensive 
series of post-translational modifications, most of 
which are unique to collagen protein. In the last few 
years our group has investigated different aspects 
of this biosynthetic pathway. To this respect, we 
have focused our work in the study of the biology 
of lysyl oxidases (LOX), the enzymes responsible 
for the collagen cross-linking, an essential post-
translational modification that largely determines 

the biomechanical properties of the collagen. 
The LOX family of matrix-remodeling enzymes is 
composed by 5 members, a canonical LOX and four 
LOX-like isoforms from 1 to 4 (LOXL1, LOXL2, LOXL3 
and LOXL4). The activity of the canonical LOX and 
the isoform LOXL1 are regulated by proteolysis and 
in the laboratory we have analyzed the molecular 
determinants of this proteolytic regulation. Our 
results have shown the existence of a complex pattern 
for the proteolysis of these LOX members, with 
multiple proteases contributing to the extracellular 
processing of these enzymes. Additionally, we have 
studied the regulation by hypoxia of several collagen 
remodeling enzymes, including lysyl- and prolyl-
hydroxylases and analyzed the contribution of this 
hypoxic regulation to the development of fibrosis in 
several pathological contexts.
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Location of BMP1 and ADAMTS14 cleavage sites within the tridimensional 
structure of LOXL1 protein. A) AlphaFold prediction model for LOXL1 
protein showing the degree of confidence (predicted local distance 
difference test, pLDDT) with a color code as indicated. N-terminal region 
up to position 360 mostly displays an unstructured folding (pLDDT<50, 
brown), a predictor of disordered region. This unstructured segment 
is highlighted within the LOXL1 protein sequence (B, C). The position of 
the BMP1 and ADAMTS14 cleavage sites is indicated in green. Note that 
these processing sites are within the disordered region (BMP1 at 151-
152, ADAMTS14 at 216-217 and 292-293), or solvent-exposed within the 
structure C-terminal domain (ADAMTS14 at 375-376).
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Summary

Fibrosis results from an unbalanced cellular 
response to inflammation and wound healing 
leading to the activation of specific subpopulations 
of resident mesenchymal cells promoting their 
transition towards myofibroblasts. These cells 
synthesize extracellular matrix components, such 
as collagen, that ultimately replace the cellular 
living tissue and establish fibrosis. While major 
advances regarding the mechanistic knowledge on 
the underlying cell biology alterations in fibrosis 
have helped to characterize the main phases and 
mediators involved, this knowledge has not yielded 
significant progress in treatment. This is due in 
part to a very incomplete understanding of the 
cellular types involved in the fibrotic response, the 
metabolic features associated to each of them, 
their mutual influence and the changes ultimately 
related to the metabolic shift or reprogramming 
occurring in the transition from physiological to 
pathological conditions. Metabolic derangement is 
now identified as a key culprit in the pathophysiology 
of fibrogenesis. 

During the past years we have studied the role of 
metabolism in the genesis of renal injury and repair 
focusing on: a) the importance of fatty acid oxidation 
and b) the crosstalk between fibrosis and circadian 
regulation. To this end we use animal models 
with specific gain-of-function for critical enzymes 
involved in fatty acid oxidation, such as CPT1a, as well 
as animals with a disruption of the circadian rhythm. 
These studies are complemented by cellular models 
and biochemical approaches directed towards the 
study of mitochondrial biogenesis and function. 
We have found that overexpression of the enzyme 
Cpt1a in kidney tubules promotes enhanced fatty 
acid oxidation, restores mitochondrial homeostasis 
and protects from fibrosis.  By dissecting the role 
of specific components of the circadian clock 
through the employment of genetically modified 
mouse models, we have investigated the cross-
regulation between the circadian rhythm and 
kidney inflammation and fibrosis, with a particular 
emphasis on the metabolic component. We have 
complemented this approach by evaluating the 
impact of circadian-related metabolically healthy 
diets, such as time restriction feeding, on kidney 
fibrosis and function.
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The enhancement of fatty acid oxidation in renal tubular 
epithelial cells protects against kidney fibrosis
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