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Résumé du projet de thèse (1 page maximum, en anglais) 

Aging, characterized by various changes at the cellular and integrative levels, is the major risk factor for most of the chronic 
diseases that account for morbidity, mortality, and health costs worldwide. A large part of the aging phenotype is explained 
by an imbalance between inflammatory and anti-inflammatory networks, which results in a low-grade sterile inflammation so 
called inflammaging. A major characteristic of inflammaging is the chronic activation of the innate immune system in which 
macrophages play a central role. These immune cells, at a resting state, are able to respond to changes in their 
microenvironment switching to a pro-inflammatory phenotype (M1) involved in antimicrobial host defense or to one 
counteracting inflammation and inducing tissue repair (M2). This phenotypic transition, going along with an important 
rewiring of metabolic pathways that facilitate appropriate cellular response to environmental changes, allow for an acute 
inflammation as a protective response to injury or infection and suppression of inflammation after the offending agent is 
eliminated. This phenotypic transition capability is a crucial dynamic process that has been shown to be altered with aging 
contributing to inflammaging. In this context, we are interested in the mechanisms of macrophage phenotypic transition and 
the means to resolve the macrophage-related inflammaging in a therapeutical purpose. We have previously shown that 
thioredoxin-1 (Trx-1), a highly conserved anti-oxidative and anti-inflammatory protein, promotes macrophage M2 anti-
inflammatory phenotype and antagonizes atherosclerosis in ApoE2.Ki mice, a well-known model of this age-related disease. 
Nevertheless, Trx-1 can be cleaved, primarily in macrophages, at its C-terminal generating Trx-80, a truncated protein with a 
conformational change and aggregative properties. It is important to note that Trx-1 and Trx-80 have contrasting roles. We 
demonstrated that Trx-80 exerts pro-inflammatory effects, promotes macrophages orientation into the pro-inflammatory M1 
phenotype and accelerates atherogenic process in ApoE2.Ki mice. Moreover, we have recently observed a significant increase 
of plasma Trx-80/Trx-1 ratio in healthy old people compared with healthy young subjects. In vivo cleavage of Trx-1 and 
subsequent Trx-80 generation compromises the therapeutic use of Trx-1 as a promising therapeutic tool. For this reason, it is 
important to find which mechanisms lead to the cleavage of the Trx-1. It has been previously described that two a-secretases, 
ADAM-10 and 17, are responsible for this process in the human neuroblastoma SH-SY5Y and monocytic U937 cell lines but 
it is unknown in other species and cell types. Our recent data showed that expression and activity of these proteases are induced 
in peripheral blood mononuclear cells from old human subjects compared with young ones. However, it is not known if these 
enzymes could be responsible for the cleavage of Trx-1 into Trx-80 in macrophages and how these proteolytic events may 
contribute to inflammaging. Moreover, it is suggested that other proteases could be involved in the cleavage of the Trx-1 as 
the amino acid sequence targeted for proteolysis is a basic-rich region usually involved in the processing of other procytokines. 
Moreover, pharmacological inhibition of ADAM-10 and 17 does not fully abolish Trx-80 production. 
Our project is outlined in four principal axes:  
1- Characterization of the cleavage of the Trx-1 and involvement of ADAM-10 and 17 in a model of murine macrophage 
aging in vitro 
A new model of murine macrophage aging in vitro has been developed in our team. These cells are characterized by the 
expression of the well-known biomarkers of aging and inflammation and will be used to analyze the cleavage of the Trx-1over 
time. As the murine Trx-80 is not recognized bay any antibody, the human Trx-1 with an N-terminal flag tag will be 
specifically overexpressed using an adeno-associated virus vector containing the corresponding FLAG-Trx-1 coding sequence 
downstream of a CD68 promoter that provides macrophage-specific expression. The expression of the transgene will be 
checked by RT-qPCR and Western blot. The role of ADAM-10 and 17 in this age-dependent proteolytic cleavage will be 
analyzed using pharmacological inhibitors (GW280264X, GI254023X and GM6001) and siRNA approach in macrophages 
aging in vitro. Also, we will analyze interaction between Trx-1 and these proteases by co-immunoprecipitation experiments. 
2- Characterization of the involvement of other proteases in the cleavage of the Trx-1 during macrophage aging 
As it is suggested that other proteases could be involved in the cleavage of the Trx-1, we have found several candidates using 
in silico approach. Some of them (cathepsins, metalloproteinases, …) are involved in inflammation and aging and their role 
in Trx-1 metabolism has to be deciphered. First, we will analyze the expression and activity profile of selected proteases in 
our model of macrophage aging. Then, a peptide derived from the putative cleavage site of Trx-1 will be incubated with the 
selected proteases and the products will be analyzed by HPLC, UV detection and mass spectrometry in order to determine 
precisely the cleavage site. These proteases will also be incubated with recombinant Trx-1 protein and the products of the 
reaction will be analyzed by SDS-PAGE and silver staining. Last, the role of these proteases in the cleavage of the Trx-1 over 
the age will be analyzed using pharmacological inhibitors and siRNA approach in murine macrophages in culture. 
3- In vivo analysis of protease involvement in mouse inflammaging 
The proteases identified may be some interesting targets for therapeutical strategy in preventing inflammaging and age-related 
diseases. We will inject some pharmacological inhibitors of these enzymes in old versus young mice and will characterize the 
effects obtained on aging biomarkers (senescence, inflammation, redox) in plasma and tissues. 
 Most of the proteases are ubiquitous and have some pleiotropic effects. Hence, it should be interesting to inhibit these 
molecules specifically in macrophages where the cleavage of the Trx-1 has been obviously described. In order to show the 
role of the proteases previously identified in this cell type, we will also develop some chemically modified protease inhibitors 
with a strong targeting to macrophages.  
All these results will lead to new mechanisms involved in the cleavage of the Trx-1 that could contribute to inflammaging. 
The regulation of the proteases involved will bring a new therapeutic approach in the treatment of age-related diseases. 
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Faisabilité du projet de thèse (1/2 page maximum, en anglais) 
Expliciter la faisabilité du projet en terme d'expertise de l'équipe d'accueil, des collaborations potentielles qui 
pourront être mises en place pour certains aspects du projet, de la disponibilité des appareils nécessaires au bon 
déroulement du projet...  
 

The team “Integrated Cellular Aging and Inflammation” has a great and long experience in cell aging especially in the field 
of inflammation, proteostasis and tools to study damaged proteins during stress, aging and inflammatory processes.  
Our thematic group in the team is particularly interested in thioredoxin system in macrophages and its implication in 
inflammaging and age-related pathologies. We are experts in this field and have published many articles related to these issues 
in the context of atherosclerosis, an age-related disease. The team has skills in metabolism, macrophage biology, 
inflammation, oxidative stress, biochemistry, pharmacology, peptide chemistry, atherosclerosis, adipose tissue 
physiology/physiopathology. Most of the technical approaches proposed in this project are already used in our lab: 
 

• Macrophage model of aging in vitro has been established and characterized in our lab showing senescence, oxidative 
and pro-inflammatory markers. 

• The peptide derived from the putative cleavage site of Trx-1 is already synthesized by C. Piesse (Plateforme de 
synthèse peptidique, IBPS, Sorbonne Université) and proteolysis assays and HPLC/Mass Spectrometry analysis will 
be carried out in collaboration with Pr A. Ladram (Equipe Biogenèse des Signaux Peptidiques, IBPS, Paris).  

• AAV vectors are produced by UMR1089 (Translational Research in Gene Therapy, Univ. Nantes, France). The 
plasmid vectors required for AAV production are already used in the lab.  

• Enzymology to study the cleavage of the Trx-1 and drug design to target specific cell types are already developed 
within our laboratory (Pr. C. El Amri).    

• Our project is funded by “Fondation de France” (72.000 euros, 2020-2023) 

 
Thèses actuellement en cours dans l’équipe  
Tous les encadrements doivent être indiqués (y compris les co-directions avec un autre HDR pour des doctorants d'une 
autre ED, et les encadrements dans le cadre de programmes doctoraux tels qu'IPV, FDV...) 
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Docteurs encadrés par le directeur de thèse ayant soutenu entre la date de dépôt de ce dossier et il y a 5 ans et publications 
relatives à leur sujet de thèse. Mettre en gras le nom du directeur de thèse et celui du docteur.  

Nom Prénom : Canesi Fanny Date de soutenance : 30 octobre 2018 
 Durée de thèse (en mois) : 37 
 Ecole Doctorale : ED 394 Physiologie,  
                                                                                                      physiopathologie et thérapeutique 
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