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THOLLON Lionel (MCF) (60ème section)

A Magali, je ne sais même plus depuis combien de temps on est censé se connaître mais des âges auxquels on ne risque pas de se souvenir de grand-chose ! Merci pour ta vitalité, ton courage et pour la maturité dont tu as toujours fait preuve et qui seront des atouts de taille dans la poursuite de ton internat puisque tu t'es aussi engagée sur la route tortueuse de la médecine !

Le 💯

A Hugo, le keumi, le compère, le frr. Merci pour tout. Merci de me faire profiter de ton énergie illimitée qui me permet de sortir de ma torpeur larvesque dont je peux parfois faire preuve. Merci d'être ce soutien infaillible dont j'ai eu systématiquement besoin toutes les fois où je me suis mis dans la merde. Merci à l'équilibre que tu proposes entre troll insupportable et mec sensible. Merci pour la voiture que tu m'achèteras si tu claques un jour un épisode maniaque. Le kiss frr.

A Crotale, merci pour ta folie, ton raisonnement dichotomique et à l'aura que tu dégages. Ces soirées avec toi toutes plus improbables les unes que les autres. Dire que tout a commencé grâce à un mec que j'ai vu une fois, enfin pas le mec directement, mais le frère du mec… ou sa soeur… enfin en fait surtout au tout début j'avais un chien… A Jory, à ta force tranquille, à ton statut de mec le plus mature du groupe, à notre collaboration étroite alors que nous étions les 2 seuls éléments fiables de l'AMPc (le coeur sur vous les autres <3). Merci à tes dédicaces dans ta thèse et à ta capacité à reconnaître à l'oreille une Mazzerati Venom X6000 à propulsion alternée, jantes alliages 18 pouces édition limitée quand elle passe dans la rue.

A Tich', eEeh le sale chien, le président du monde, pour ton statut de petit diable sur notre épaule divulguant des conseils qu'il s'agit de ne jamais suivre, à ta tête de ravi après un coup de pute, à ta capacité de passer d'un élégant gentleman au pire des idiots que cette Terre ait porté en passant par la case Trichtesse.

A Claire L., pour ta bonne humeur, à ta façon d'encaisser la cardiologie et de supporter Chitadou avec le sourire, à ta capacité à dépenser un mois de salaire en fringues. J'espère que tu sauras apprécier le monde de la pipitologie et apprendre tout plein de choses à tes amis cardiologues (#FuroBurinex #ionoU)

A Queja, merci à ton humour de chirurgien, merci de rire à toutes mes blagues mêmes les nombreuses qui ne mériteraient pas et que tu sauves d'un flop par un « Mdrrrrrrrrrrr » tonitruant. Merci de me faire relativiser sur le temps que je passe à l'hôpital. Merci d'avoir décalé ton week-end surprise pour venir à mon pot de thèse… Oh wait… A Rémy, notre barman d'amour. Merci de ta gentillesse et de ta générosité sans limite. A notre amour du Palmashow qui nous a valu des heures de barres, notamment parce que 2 points c'est chaud (mais tu veux quoi, un 2, un # ?). A ta façon de mettre les gens mal à l'aise avec une sombre histoire de lymphome. Maintenant que cette thèse est finie on va pouvoir se caler des petits week-end à Lyon tranquille (pain briochééééé). A Clio, à ton caractère bien trempé qui cache quand même un coeur qui bat. A tous nos Ferium et manades qui nous permis de laisser libre cours à notre bêtise.

A Nathan, partenaire de bouteille depuis la P1, gymnaste dans l'âme capable d'envoyer un salto arrière en morphsuit après quelques verres dans le plus grand des calmes. A ce voyage au DT de 37 heures, merci la courroie (non mec l'odeur de brûlé ça vient de dehors).

Beaucoup trop de souvenirs à évoquer mais que la décence (et le fait que mes parents lisent mes remerciements) m'empêchent de relater. Pas merci pour la kératite caustique au vinaigre blanc. A « Antéha » merci de ta gentillesse et de ta patience pour supporter le geek qu'est Nathan.

A Kewan, Kiwi le fillot, merci d'être resté le même, à la différence que tu pleures moins qu'avant. Merci de ne pas avoir démonté mon chat à la clé de 12. Nice a gagné un mec en or.

A Pauline, pour avoir été là toutes ces années, pour ce que tu as représenté et ce que tu continues de représenter malgré tout.

A Léa T., pour ta mignonitude générale et ton amour des licornes, tu peux être fière de la kiné que tu es devenue, tes patients tout cassés sont entre de bonnes mains ! A Doudou pour ton calme exemplaire (<3),Claire P. pour ta gentillesse, et pour votre voyage de rêve qui nous a tous rendu un peu jaloux.

A Pauline D., notre parisienne préférée, merci pour ton accueil à Paris lors de mes passages mensuels ! Et pour ces heures de psychothérapie mutuelle.. ! Reviens quand tu veux sur Marseille, mais surtout très vite.

Aux plus jeunes (maintenant plus si jeunes en fait…) : Léa, notre bizuth pour toujours, Mélodie ma dernière fillote et pas des moindres, EvanéJeff qui ne sont maintenant plus qu'une seule et même personne, merci d'avoir repris le flambeau de la bêtise, Léa F. qui a eu l'honneur de travailler sous mes ordres aux soins intensifs, Camille S., Romane et ton sourire impérissable (me frappe pas, jte kiffe frère), Estelle, Alice/Anthony/Dana/Florian, mes impétrants de GM éphémère.

A Claire, merci d'être dans ma vie. Merci d'avoir pris soin de moi (et de mon appart…) pendant tes mois de vacances et de m'avoir permis de travailler dans des conditions de zenitude optimale. Merci d'avoir voulu faire mon recueil de données à ma place mais je crois que Noémie n'aurait pas été d'accord. Merci d'être un peu psycho mais surtout très sweet, pour nos playlist et pour le Brésil (et désolé pour ma poisse en voyage). Je sais que tu seras une interne de ouf <3. Et merci à Richard de m'épauler dans la prise en charge de tes phases psycho.. !

Team Néphro

A Lucie Fagèsse, merci pour tes enseignements, qui ont commencé en fait bien avant l'ère de la néphrologie. Merci à l'ambiance que tu as apporté dans la Team Nephro, pour cette année en tant qu'assistante en transplantation puis dialyse où on a quand même réussi à rigoler presque autant que ce qu'on a travaillé. Merci d'être la tête de file de la Team Full Ski à notre traditionnel week-end. 

Aux autres Team

A l'AMPc 2013-2014 : la seule, l'unique, la meilleure, celle de la Coupe des coupes ! J'en ai déjà remercié la plupart mais je me dois de rajouter Camille pour ton grain de folie (ou ton grain tout court en fait) et ta joie de vivre et Manon pour tes valeurs et ta folie passée qui a laissé place à une grande maturité depuis ta ponte.

A toute l'équipe de la Revue : Edeline pour cette meneuse de malade que tu as été, Mickael pour ton talent de bassiste qu'on connaît, Bérangère même si tu es un peu dure envers toimême (pour ta défense c'est difficile de rivaliser avec Violaine), Mathilde et tes skills de danseuse étoile canadienne, Sarkis, Mathias, Megan, Maxime, Flora, Marion, Pierre… Et un gros merci à Camille pour ton talent de réalisateur/monteur inestimable ! Merci et désolé aux personnes que j'oublierais de remercier.

Pas merci à ceux qui sont en train de compter pour voir si mes remerciements sont plus longs que ma thèse (la réponse est non). Proliferative LN will require in addition an induction immunosuppressive therapy, aiming at remission, followed by a maintenance immunosuppressive therapy to avoid relapses [START_REF] Bertsias | Joint European League Against Rheumatism and European Renal Association-European Dialysis and Transplant Association (EULAR/ERA-EDTA) recommendations for the management of adult and paediatric lupus nephritis[END_REF][START_REF] Dörner | Novel paradigms in systemic lupus erythematosus[END_REF] .

Because proteinuria, urinary sediment, serum creatinine or immunological markers (anti-dsDNA, complement fractions) are poorly correlated with pathological lesions, a kidney biopsy (KB) is required for every suspected flare of LN [START_REF] Narváez | The value of repeat biopsy in lupus nephritis flares[END_REF] . Yet, KB is associated with significant complications [START_REF] Bataille | Comparative safety and efficiency of five percutaneous kidney biopsy approaches of native kidneys: a multicenter study[END_REF] such as macroscopic hematuria, pain, hematoma or exceptionally nephrectomy or death.

Non-invasive biomarkers, such as urinary biomarkers, are needed to predict the pathological severity of LN, and to predict the response to therapy and the risk of chronic kidney disease (CKD) in patients with LN.

The dosage of urinary cytokines or markers of tubular injury, alone [START_REF] Soliman | Lupus nephritis biomarkers[END_REF] or combined [START_REF] Gulati | Prospective validation of a novel renal activity index of lupus nephritis[END_REF] , or the quantification of inflammatory cell markers [START_REF] Kitagawa | Urinary levels of the leukocyte surface molecule CD11b associate with glomerular inflammation in lupus nephritis[END_REF] , have shown interesting predictive values for LN activity/severity and/or the prediction of renal flares. Yet, the validation of these urinary biomarkers in independent cohorts is still awaited. The complexity of LN pathogenicity probably calls for the combination of non-invasive biomarker [START_REF] Ding | Composite urinary biomarkers to predict pathological tubulointerstitial lesions in lupus nephritis[END_REF] . In this regard, urinary proteomics or peptidomics is appealing, as an integrated approach for the evaluation of local tissue inflammation and damage.

The analysis of urinary peptides shows a strong reproducibility under different storage conditions. Using Mass-Spectrometry coupled to liquid chromatography or capillaryelectrophoresis (CE-MS), it has been used as a prognostic or diagnostic tool in fetal medicine [START_REF] Klein | Fetal Urinary Peptides to Predict Postnatal Outcome of Renal Disease in Fetuses with Posterior Urethral Valves (PUV)[END_REF] , chronic kidney disease (CKD) with the CKD273 classifier [START_REF] Good | Naturally occurring human urinary peptides for use in diagnosis of chronic kidney disease[END_REF][START_REF] Pontillo | Prediction of Chronic Kidney Disease Stage 3 by CKD273, a Urinary Proteomic Biomarker[END_REF] , and different glomerular diseases [START_REF] Varghese | Urine biomarkers predict the cause of glomerular disease[END_REF] . In the field of LN, studies used former technologies, comprised few patients, often lacked validation cohorts [START_REF] Varghese | Urine biomarkers predict the cause of glomerular disease[END_REF][START_REF] Zhang | Biomarkers of lupus nephritis determined by serial urine proteomics[END_REF][START_REF] Suzuki | Identification of a urinary proteomic signature for lupus nephritis in children[END_REF][START_REF] Suzuki | Initial validation of a novel protein biomarker panel for active pediatric lupus nephritis[END_REF][START_REF] Oates | Prediction of urinary protein markers in lupus nephritis[END_REF][START_REF] Mosley | Urinary proteomic profiles distinguish between active and inactive lupus nephritis[END_REF] , or aimed to discriminate LN from healthy controls or from other renal diseases [START_REF] Pejchinovski | Urine peptidomic biomarkers for diagnosis of patients with systematic lupus erythematosus[END_REF] .

In the present study, we aimed to assess whether urinary peptidomics could discriminate active proliferative LN from non-proliferative or chronic lesions in patients undergoing a kidney biopsy (KB) for a suspicion of LN flare. The secondary objectives were to investigate if the urinary peptidome could predict: 1) glomerular chronic lesions, 2) interstitial fibrosis and tubular atrophy (IF/TA), 3) renal response to treatment, 4) renal flares and 5) renal function after 24 months. We also evaluated the performances of the CKD273 classifier on the same parameters.

MATERIALS AND METHODS

Patients' characteristics

Patients were included from July 2011 to December 2016 in 3 French centers participating in the "Groupe Coopératif sur le Lupus Rénal" (GCLR). All patients signed an informed consent before any study procedure, and the samples were included in the biological collections of these 3 centers (Marseille: DC 2012-1704; Paris Bichat: ID-RCB 2014-A00809-38; and

Toulouse: DC2011-1388). We analyzed 100 urinary samples, undertaken on the day of KB, from 93 patients with LN. This cohort was split in two groups to form one discovery cohort and one validation cohort. Inclusion criteria were: age ≥ 18 years, SLE according to the ACR 1997 [START_REF] Hochberg | Updating the American College of Rheumatology revised criteria for the classification of systemic lupus erythematosus[END_REF] or SLICC 2012 [START_REF] Petri | Derivation and validation of the Systemic Lupus International Collaborating Clinics classification criteria for systemic lupus erythematosus[END_REF] classification criteria, urinary sample collected before KB, biopsy including ≥ 10 glomeruli. Clinical data and laboratory results were collected on the day of KB, and during the follow-up.

Initial clinical characteristics included age, sex and ethnicity. Serum creatinine and estimated-Glomerular Filtration-Rate (eGFR) with MDRD formula [START_REF] Levey | Using Standardized Serum Creatinine Values in the Modification of Diet in Renal Disease Study Equation for Estimating Glomerular Filtration Rate[END_REF] , urinary proteinuria/creatininuria ratio (UPCR), urinary sediment, complement and anti-dsDNA antibodies, were collected at the time of KB and during the longitudinal follow-up. Therapeutic regimens for SLE before the renal flare, at the time of KB, and for the flare of LN, were recorded. The renal response to treatment was evaluated from eGFR and UPCR at M6, M12 and M18 and the long-term renal function was estimated from the same parameters measured at M24 and at the end of followup. Remission was defined with 3 possible thresholds of UPCR (0.2g/g, 0.5g/g or 0.7g/g), together with a return to baseline eGFR or a decrease in eGFR not exceeding 20%. CKD was defined by a persistent decline of eGFR < 60ml/min/1.73 m². LN relapse was defined as a new kidney biopsy showing active lesions and leading to therapeutic implementation. molecular mass [in Daltons], CE-migration time (in minutes), and normalized ion signal intensity. MS signal intensities were used as measure of relative abundance and normalized using 29 internal standard peptides (peptides generally present in at least 90% of all urine).

All detected peptides were deposited, matched and annotated in a Microsoft SQL database, permitting further correlation and statistical analysis.

Sequencing of peptides

Candidate biomarkers were sequenced using LC-MS/MS and CE-MS/MS analysis [START_REF] Klein | Comparison of CE-MS/MS and LC-MS/MS sequencing demonstrates significant complementarity in natural peptide identification in human urine[END_REF] . All LC-MS/MS analysis experiments were performed on a Dionex Ultimate 3000 RSLC nano flow system (Dionex, Camberly UK). For CE-MS/MS, the samples were injected under constant flow and pressure conditions at a pH of 2.2 to ensure that all peptides are positively charged. Both CE and LC were directly interfaced with an LTQ-Orbitrap XL (Thermo Finnigan, Bremen, Germany) using data-dependent high-energy collisional dissociation (HCD) MS/MS sequencing of a maximum of the top 20 ions. All resultant MS/MS data were analysed using Proteome Discoverer 1.3 (activation type: HCD; min-max precursor mass: 790-6000; precursor mass tolerance: 10 ppm; fragment mass tolerance: 0.05 Da; S/N threshold: 1) and were searched against the Uniprot human non-redundant database without enzyme specificity. No fixed modifications were selected, oxidation of methionine and proline were selected as variable modifications. The peptide data were extracted using high confidence peptides, defined by an Xcorr ≥ 1.9, a delta mass between experimental and theoretical mass ± 5 ppm, absence of cysteine in the sequence (because cysteines without reduction and alkylation form disulphide bonds), absence of oxidized proline in protein precursors other than collagens or elastin, and top one peptide rank filters.

For further validation of peptide identification, the strict correlation between peptide charge at pH 2 and CE-migration time was utilized to minimize false-positive identification rates [START_REF] Zürbig | Biomarker discovery by CE-MS enables sequence analysis via MS/MS with platform-independent separation[END_REF] .

Calculated CE-migration time of the sequence candidate based on its peptide sequence (number of basic amino acids) was compared to the charges of the peptides and the experimental CE-migration time. Peptides were accepted only if they had a mass deviation below ± 90 ppm and a CE-migration time deviation below ±2 min.

Biomarker selection and modelling

For the identification of candidate urinary biomarkers, the reported p-values were calculated using the Wilcoxon Rank-Sum test (R software package, version 3.1.3) followed by adjustment for multiple testing (Benjamini and Hochberg, 1995). Peptides that were detectable in at least 60% of the samples in one of the two groups (AKI versus non-AKI) and reached an adjusted pvalue of <0.05 were further considered as relevant. An R-based (version 3.1.3) support vector machine (SVM)-package was used to generate biomarker models. Sensitivity and specificity were calculated based on the number of properly classified samples. The overall yield of the polypeptide pattern was evaluated by receiver operating characteristic (ROC) and area under curve (AUC) plots using the Prism 7.00 GraphPad software.

RESULTS

Patients' characteristics

The 93 patients included were mostly women (91.4%), with a median age of 35 There was no difference of gender, age, ethnicity or renal function between the 46 patients from the discovery cohort and the 47 patients from the validation cohort (Supplementary data, Table S1), except for a higher proportion of "class IV+V LN" in the validation cohort, and a difference in the center of origin (more patients from Marseille in the discovery cohort, more patients from Paris Bichat in the validation cohort).

Urinary peptidome does not predict proliferative LN

In the discovery cohort of 46 samples, comprising 30 samples from patients with proliferative LN (class III or IV +/-V with active lesions) and 16 from patients with non-proliferative LN, no peptide was found to significantly predict proliferative LN after multiple testing correction, even after the exclusion of samples from patients with >25% sclerotic glomeruli on KB.

To increase the size of the cohort, we gathered the discovery and validation cohorts together and randomly assigned patients in two groups corresponding to a new discovery cohort (accounting for two thirds of patients) and a new validation cohort (accounting for one third of patients). There was no significant difference between these two groups. Still, no peptide was predictive of proliferative LN after multiple testing correction. A ROC curve was built from a model comprising 36 peptides which differed between proliferative LN and nonproliferative/chronic LN in this cohort after Mann-Whitney test. The area under the curve (AUC) was 0.746, corresponding to 81% sensitivity and 53% specificity, with positive predictive value (PPV) of 62% and negative predictive value (NPV) of 75%. Among these 36 peptides, 17

were sequenced, but still, they failed to discriminate proliferative from non-proliferative LN with sufficient accuracy (AUC 0.64; PPV 50%; NPV 57%).

Assuming that glomerular activity was a continuous dimension, we hypothesized that the limit of our analysis may be the dichotomic distinction between proliferative and non-proliferative LN and that urinary peptidome may be correlated to the amount of active glomerular lesions but no peptide was significantly correlated to glomerular activity after multiple testing correction.

On the other hand, routine laboratory parameters were tested as potential discriminative markers between proliferative and non-proliferative LN (Table 3). Complement consumption, anti-dsDNA antibodies and pyuria were significantly associated to proliferative LN (p=0.0485, p=0.003, p=0.009 respectively), and eGFR was significantly higher in non-proliferative LN (106.7±45.8 versus 85.9±31; p = 0.009). Anti-dsDNA antibodies offered the best sensitivity (95%) and pyuria the best specificity (67%). Serum creatinine, UCPR and hematuria did not differ significantly between proliferative and non-proliferative LN.

Urinary peptidome does not predict glomerulosclerosis

Since urine peptidome reflects glomerular rearrangements, we made the hypothesis that important glomerular sclerosis may significantly change the composition of peptides found in patients developing LN. We tried to identify a peptide signature able to predict glomerular chronicity defined by glomerulosclerosis ≥ 25% (or ≥ 50% in a second analysis). After the multiple testing correction, 177 peptides were predictive of glomerular chronicity in the discovery cohort, but none of them was confirmed in the validation cohort. To abolish the center effect and the potential other bias existing between the groups, we gathered the two cohorts into one and split it as described previously. No peptide remained after the multiple testing correction but 38 peptides were found significantly associated to glomerulosclerosis in both cohorts. We designed a ROC curve to assess the discriminative power of these 38 peptides to distinguish LN with chronic glomerular lesions from others, we obtained an AUC of 0.748 corresponding to a sensitivity and a specificity of 0.82 and 0.55 respectively (PPV 78%;

NPV 60%). The results were similar when testing only the 22 sequenced peptides (PPV 73%; NPV 57%). We found 49 peptides significantly correlated to the percentage of glomerulosclerosis in the discovery cohort, but they were poorly correlated to chronic lesions in the validation group.

CKD273 is correlated to tubulointerstitial chronicity

No peptide profile appeared reliable to predict tubulointerstitial chronicity or its severity, but a significant correlation was found between the level of IF/TA and the CDK273 (r=0.3139; p=0.0015). (Figure 1) Several clinical characteristics were strongly correlated to IF/TA (Table 4), such as SLE duration (r=0.3966; p<0.0001) and LN duration (r=0.4688; p<0.0001). Age was also associated to IF/TA (r=0.2503; p=0.012). No correlation was found with hematuria or UCPR but the level of IF/TA at inclusion was correlated with serum creatinine and eGFR (r=0.2988; p=0.003 and r=-0.3132; p=0.0016 respectively).

Urinary peptidome does not predict early remission

We hypothesized that urinary peptidomic may predict early renal remission and thus renal response to treatment. No peptide profile was significantly predictive of renal remission at M6, whatever the UPCR threshold used to define remission (0.2, 0.5 or 0.7 g/g).

One possible pitfall that could blunt the predictive value of urinary peptidomics in LN is the abundance of proteinuria. Mean UPCR was over 2g/g in the discovery and validation cohorts in the present study. The influence of high proteinuria flow on the urinary peptidome is still unclear, and could have hidden or reduced a significant difference. Yet, among the 177 peptides which appeared correlated to glomerular chronicity in the discovery cohort, only 6

were correlated to UPCR. Similarly, among 240 peptides identified by Ru Wei & al [START_REF] Wei | Alterations in urinary collagen peptides in lupus nephritis subjects correlate with renal dysfunction and renal histopathology[END_REF] as significantly increased in LN compared with non-renal SLE patients and controls, only 13 were correlated to proteinuria.

Another possible limit, which is also a strength, is the stringency of statistics when analyzing CE-MS data. Because this technology enables the analysis of thousands of peptides, a multiple testing correction is applied, meaning that a potential peptide profile must reach a strong level of significance to be selected [START_REF] Klein | The role of urinary peptidomics in kidney disease research[END_REF] . In addition, results obtained with the discovery cohort were tested on an independent validation cohort. However, we also applied less strict statistics for the analysis of these data, and did not identify signatures with strong positive or negative predictive values.

Similarly, anti-dsDNA antibodies, complement consumption and pyuria were significantly associated to proliferative LN, but showed poor diagnostic performances to predict proliferative LN. The combination of 12 clinical and biological markers has been previously used to predict proliferative LN [START_REF] Mavragani | Clinical and Laboratory Predictors of Distinct Histopathogical Features of Lupus Nephritis[END_REF] , with a ROC curve AUC of 0.83, offering a fine orientation but still insufficient to replace KB.

The poor correlation of molecular markers and renal pathological results was also noticed in the renal tissue directly, with the transcriptomic analysis of dissected glomeruli and tubules from KB of patients with LN [START_REF] Mejia-Vilet | Immune gene expression in kidney biopsies of lupus nephritis patients at diagnosis and at renal flare[END_REF][START_REF] Almaani | Rethinking Lupus Nephritis Classification on a Molecular Level[END_REF] . Single-cell RNA sequencing from KB of patients with LN and controls [START_REF] Birmingham | The complex nature of serum C3 and C4 as biomarkers of lupus renal flare[END_REF] showed specific gene expression profiles in LN, strongly correlated to the profile found in urinary cells, suggesting a possible use of urinary transcriptomics to identify immunological pathways activated within the kidney.

Some potential contributions of urinary peptidomic in LN were not explored in this study. First, its possible role in the early detection of LN flare through the detection of early renal rearrangements. Some immunological parameters are associated with the risk of LN in SLE [START_REF] Birmingham | The complex nature of serum C3 and C4 as biomarkers of lupus renal flare[END_REF][START_REF] Mok | Predictors and outcome of renal flares after successful cyclophosphamide treatment for diffuse proliferative lupus glomerulonephritis[END_REF][START_REF] Linnik | Relationship between anti-double-stranded DNA antibodies and exacerbation of renal disease in patients with systemic lupus erythematosus[END_REF] , but remain poorly predictive of flares [START_REF] Steiman | Prolonged serologically active clinically quiescent systemic lupus erythematosus: frequency and outcome[END_REF][START_REF] Acronim | Predictive biological markers of systemic lupus erythematosus flares: a systematic literature review[END_REF] . Moreover, some patients show active renal lesions while no proteinuria, hematuria or pyuria is detected [START_REF] Rosa | A prospective observational cohort study highlights kidney biopsy findings of lupus nephritis patients in remission who flare following withdrawal of maintenance therapy[END_REF][START_REF] Piñeiro | Repeated Renal Biopsy -A Predictive Tool to Assess the Probability of Renal Flare in Lupus Nephritis[END_REF] . Here, all patients were sampled while clinically flaring, and had a renal biopsy because of proteinuria. Second, the value of urinary peptidomics for the prediction of CKD or ESRD could not be tested in this work.

CONCLUSION

No urinary peptidomic profile was predictive of proliferative LN, or of glomerular activity or chronicity in this cohort of patients with LN. The CKD273 classifier was correlated to IF/TA, but did not perform better than clinical characteristics. We could not test the value of urinary peptidomics for the prediction of CKD, but it was not an early predictor of response to therapy.

Whether urinary peptidomics allow the early detection of renal flares in SLE remains to be determined. Kidney biopsy remains to date the cornerstone the management of patients with LN, and could provide useful information on the molecular pathways activated in a patient, in addition to the pathological lesions observed [START_REF] Dörner | Novel paradigms in systemic lupus erythematosus[END_REF] . 
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Etude Peptidu-LUP : contexte, résultats et perspectives

  La problématique soulevée dans le cadre des néphropathies lupiques nait d'une mauvaise corrélation des marqueurs biologiques de routine (tels que la protéinurie, la créatininémie ou l'hématurie) et des marqueurs immunologiques (tels que les anticorps anti-ADN natif ou les fractions du complément) avec l'atteinte histologique sous-jacente, rendant obligatoire la réalisation d'une biopsie rénale pour guider le traitement. L'analyse histologique de l'atteinte rénale, et sa classification entre des formes prolifératives (classe III ou IV avec lésions actives +/-V de la classification ISN/RPS 2003) et des formes non prolifératives (classe I-II, class V isolée, classe VI, ou lésions purement chroniques) déterminera en effet la prise en charge un tissu ou d'un milieu. Dans le cadre du lupus et de la néphropathie lupique, les omiques ont permis la compréhension de certains processus physiopathologiques grâce à des analyses de transcriptomique sanguine et tissulaire. Les études préliminaires de peptidomique urinaire suggèrent une modification du peptidome urinaire au cours des différentes phases de la néphropathie lupique bien que ces études ne portent généralement que sur de faibles nombres de patients et relèvent pour certaines de technologies obsolètes. La peptidomique urinaire est par ailleurs en expansion depuis une dizaine d'années dans le champ de la maladie rénale, notamment depuis l'avènement du score CKD273. Ce score, regroupant un ensemble de 273 peptides urinaires associés à la maladie rénale chronique, est désormais validé en tant que marqueur diagnostique et pronostique dans l'insuffisance rénale chronique et certaines pathologies rénales telles que la néphropathie diabétique.

	De nombreux travaux ont échoué dans l'identification d'un biomarqueur unique permettant
	de prédire de façon fiable et reproductible les lésions histologiques de la néphropathie
	lupique. La complexité immunologique de cette maladie et la variabilité des lésions
	histologiques impliquées rendent par ailleurs improbable l'identification d'un marqueur isolé
	mais plus vraisemblable l'hypothèse d'un panel de biomarqueurs, notamment urinaires.

thérapeutique. Les premières relèvent en effet d'un traitement immunosuppresseur d'induction lourd, dans le but d'obtenir une rémission clinique, suivi d'un traitement d'entretien visant à éviter les rechutes, tandis que les secondes ne nécessitent le plus souvent qu'un traitement néphroprotecteur en plus de Plaquenil. Cette mauvaise corrélation clinico-histologique rend également approximative la notion de rémission clinique, puisque certains patients répondant aux critères de rémission conservent une activité histologique de leur néphropathie lupique. Cependant, l'évaluation de la rémission histologique imposerait la réalisation de biopsies rénales récurrentes dont les contraintes techniques et les risques limitent la réalisation. Cette problématique révèle le besoin de biomarqueurs non-invasifs, corrélés de façon fiable aux lésions histologiques, qui permettraient ainsi de se passer de biopsie rénale chez certains patients, et d'adapter le traitement de la néphropathie lupique de façon personnalisée sans avoir recours à des biopsies rénales répétées. L'expertise toulousaine développée dans le champ de la peptidomique urinaire est donc apparue comme une réponse attractive à la problématique actuelle. Les « omiques », qui regroupent essentiellement la génomique, la protidomique/peptidomique et la métabolomique, sont en effet des technologique « à haut débit » qui permettent l'étude exhaustive d'La recherche de biomarqueurs non invasifs est l'un des axes de travail du Groupe Coopératif sur le Lupus Rénal (GCLR), regroupant des néphrologues, pathologistes et chercheurs travaillant sur la néphropathie lupique en France. Les équipes de néphrologie de Toulouse, Paris Bichat et Marseille ont ainsi constitué des collections biologiques permettant le stockage d'échantillons sanguins et urinaires cryoconservés à des fins de recherche clinique ou fondamentale. L'étude Peptidu-LUP, financée par une bourse Genzyme/Fondation pour la Recherche Médicale/Fondation Du Rein attribuée au Pr Jourde-Chiche en 2015 par la Société Française de Néphrologie Dialyse et Transplantation, repose sur l'utilisation de ces échantillons urinaires, sur l'expertise de l'équipe de Toulouse dans l'analyse peptidomique urinaire, et sur l'analyse des données de suivi clinique et biologique des patients inclus dans les biocollections.

L'objectif l'

étude PeptiduLup était de préciser l'intérêt de l'analyse du peptidome urinaire dans la néphropathie lupique, en particulier pour distinguer les formes prolifératives des formes non-prolifératives.

  par Électrophorèse Capillaire couplée à la Spectrométrie de Masse permettant la discrimination des différents peptides urinaires en fonction de leur masse, de leur temps de migration et de leur abondance relative. L'objectif principal de ce travail était d'identifier une signature peptidique urinaire capable d'identifier de façon fiable les formes D'autre part, la peptidomique urinaire a été particulièrement étudiée et validée dans le cadre de l'insuffisance rénale chronique, un recul plus important pourrait donc permettre d'évaluer son rôle en tant que facteur pronostique de la fonction rénale à long terme.Le rôle de la biopsie rénale reste pour l'instant central dans la prise en charge de la néphropathie lupique. L'hypothèse selon laquelle les technologies à « haut débit » des omiques pourrait permettre d'appréhender la complexité de cette maladie reste séduisante.La mauvaise corrélation entre transcriptome tissulaire rénal et classification histologique a fait proposer par certaines équipes une prise en compte des mécanismes moléculaires impliquées chez un patient donné pour guider le traitement. Cette approche, probablement intéressante,INTRODUCTIONSystemic Lupus Erythematosus (SLE) is a systemic auto-immune disease which can affect many organs. Lupus Nephritis (LN), which occurs in 20-70% of patients according to ethnicity 1 , worsens the prognosis of SLE 2 and leads to End Stage Renal Disease (ESRD) in 5-10% of patients after 10 years 3 . treatment of LN is based on histopathological classification[START_REF] Bajema | Revision of the International Society of Nephrology/Renal Pathology Society classification for lupus nephritis: clarification of definitions, and modified National Institutes of Health activity and chronicity indices[END_REF][START_REF] Weening | The Classification of Glomerulonephritis in Systemic Lupus Erythematosus Revisited[END_REF] which mainly distinguishes proliferative (severe) from non-proliferative LN. Patients with non-proliferative LN will receive antimalarials and renin angiotensin aldosterone system (RAAS) blockers.

	prolifératives au sein de patients présentant une néphropathie lupique prouvée
	histologiquement. Les objectifs secondaires visaient à évaluer l'apport diagnostique de la
	peptidomique urinaire sur d'autres lésions histologiques telles que la glomérulosclérose ou la
	fibrose interstitielle et atrophie tubulaire (FI/AT), ainsi que son rôle en tant que facteur
	pronostique d'insuffisance rénale chronique ou de réponse au traitement. Le score CKD273 a
	été testé sur ces différents paramètres.
	Ainsi, la peptidomique urinaire n'apparaît pas comme un biomarqueur non-invasif
	Dans cette étude, nous avons recueilli 100 échantillons urinaires auprès de 93 patients suffisamment robuste pour remplacer la biopsie rénale au cours des néphropathies lupiques.
	différents, prélevés le jour d'une biopsie rénale pour néphropathie lupique (en tant que Elle pourrait cependant présenter d'autres intérêts au cours de cette maladie qui n'ont pas
	diagnostic initial ou à l'occasion d'une rechute). Ces patients ont par la suite été suivis de façon été étudiés dans ce travail. D'une part, l'intuition que des modifications de composition du

prospective pendant au moins 2 ans, suivi au cours duquel ont pu être relevés différents paramètres cliniques et biologiques permettant d'évaluer leur devenir et l'évolution de leur fonction rénale. Les prélèvements urinaires ont été acheminés à l'INSERM de Toulouse, où ils ont été analysés Nous avons pour ce faire constitué deux cohortes, une cohorte test et une cohorte de validation, la première permettant de rechercher un profil peptidique prédictif des différents éléments d'intérêt et la seconde permettant de s'assurer de la reproductibilité de cet éventuel profil. Nous n'avons cependant pas pu mettre en évidence de signature peptidique urinaire permettant de distinguer les formes prolifératives des formes non-prolifératives. La peptidomique urinaire ne s'est pas non plus montrée corrélée au degré d'activité de la néphropathie lupique ou au degré de glomérulosclérose. Concernant la FI/AT, nous n'avons pas mis en évidence d'association de peptides significativement associée à cette fibrose, mais le score pré-existant CKD273 s'est montré corrélé positivement à cette fibrose bien que des données clinico-biologiques telles que l'ancienneté de la néphropathie lupique ou le Débit de Filtration Glomérulaire estimé aient montré de plus fortes corrélations. Il n'a pas été possible d'identifier de profil peptidique permettant de prédire une bonne réponse au traitement, tandis que le caractère prédictif d'évolution vers l'insuffisance rénale chronique n'a pas pu être évalué devant le faible nombre d'événements au cours du suivi. peptidome urinaire opèrent entre les différentes phases de cette néphropathie est soutenue par différentes études de la littérature ; la peptidomique pourrait ainsi trouver sa place en tant que facteur de détection précoce des poussées rénales (plus précoce que l'apparition de la protéinurie). reste cependant invasive puisque la biopsie reste nécessaire à la réalisation de la transcriptomique tissulaire. Une étude récente a démontré une corrélation entre le transcriptome des cellules urinaires et des cellules inflammatoires tissulaires au cours de la néphropathie lupique. Cette approche transcriptomique urinaire pourrait ainsi refléter les modifications histologiques et inflammatoires opérant au cours de la néphropathie lupique et de son traitement.

Table 1 .

 1 

	Patients, n

IF/TA : Interstitial Fibrosis and Tubular Atrophy ; LN : Lupus nephritis ; MMF : Mycophenolic mofetil ; UPCR : urine protein to creatinine ratio ; SLE : Systemic Lupus Erythematosus ;

Table S1 .

 S1 Comparaison of the discovery cohort and the validation cohort at baseline

IF/TA : Interstitial Fibrosis and Tubular Atrophy ; LN : Lupus nephritis ; MMF : Mycophenolic mofetil ; UPCR : urine protein to creatinine ratio ; SLE : Systemic Lupus Erythematosus ;
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ABSTRACT

Background and objectives

Lupus nephritis (LN) is a frequent manifestation of Systemic Lupus Erythematosus (SLE). The therapeutic strategy relies on the result of kidney biopsy, which differentiates proliferative LN (PLN) from non-proliferative LN (NPLN)). We tested whether urinary peptidomics, a noninvasive biomarker associated with renal damage, could predict renal pathological injury and damage in LN, in order to avoid kidney biopsy and related complications.

Design, setting, participants, and measurements

We collected 100 urinary samples from 93 patients with LN (collected on the day of biopsy), forming a discovery (n=46) and an independent validation (n=54) cohorts. Samples were analyzed by Mass-Spectrometry coupled to Capillary-Electrophoresis (CE-MS). Urinary peptide profiles were compared (Benjamini Hochberg) between PLN and NPLN. Predictive values for chronic lesions and response to therapy were also assessed. Clinical characteristics, routine laboratory parameters and immunological SLE markers were collected at inclusion and prospectively for at least 24 months.

Results

Overall the cohorts comprised 69 patients with PLN (class III or IV +/-V with active lesions) and 31 patients with NPLN (class II or V or chronic lesions). No urinary peptidomic profile could discriminate proliferative from non-proliferative LN. Urinary peptidomics were not predictive of glomerulosclerosis, Interstitial Fibrosis and Tubular Atrophy (IF/TA), or early response to therapy. IF/TA was correlated to the pre-existing CKD273 classifier. Few patients developed chronic kidney disease (CKD) after a mean follow-up of 4 years.

Conclusions

Urinary peptidomics is not a reliable biomarker to differentiate proliferative from nonproliferative forms of LN, assess chronic lesions, or predict early response to therapy. Its value to predict long-term CKD, or as an early predictor of renal flares, remains to be evaluated. Kidney biopsy remains central for the care of patients with LN.

Kidney biopsy pathological analysis

Pathological data were interpreted according to the ISN/RPS 2003 classification [START_REF] Weening | The Classification of Glomerulonephritis in Systemic Lupus Erythematosus Revisited[END_REF] , with the addition of IF/TA evaluation (F0: ≤5%; F1: 6-25%; F2: 26-50%; F3: >50%) according to the Banff classification [START_REF] Haas | The Revised (2013) Banff Classification for Antibody-Mediated Rejection of Renal Allografts: Update, Difficulties, and Future Considerations[END_REF] .

Proliferative LN was defied as class III or IV LN with active lesions, +/-associated class V.

Non-proliferative LN was defined as class II LN, isolated class V LN or the presence of chronic lesions only.

Sample preparation

Urine samples were thawed immediately before use. A volume of 0.7 mL was diluted with 0.7 mL 2 M urea, 10 mM NH4OH and 0.02% sodium dodecyl sulphate (SDS). In order to remove high molecular weight polypeptides, samples were filtered using Centrisart ultracentrifugation filter devices (20 kDa molecular weight cut-off); Sartorius, Goettingen, Germany) at 3000 g until 1.1 mL of filtrate was obtained. The filtrate was desalted with PD-10 column (GE Healthcare, Sweden) equilibrated in 0.01% NH4OH in HPLC-grade water. The prepared samples were lyophilized and stored at 4°C. Shortly before CE-MS analysis, lyophilised samples were resuspended in HPLC-grade water (Merck KGaA, Darmstadt, Germany). The preparation method has previously been described in more detail. [START_REF] Narváez | The value of repeat biopsy in lupus nephritis flares[END_REF] 

CE-MS analysis and data processing

CE-MS analysis was performed as previously described [START_REF] Mischak | Technical aspects and inter-laboratory variability in native peptide profiling: The CE-MS experience[END_REF] .Briefly, CE-MS analyses were performed using a Beckman Coulter Proteome Lab PA800 capillary electrophoresis system (Beckman Coulter, Fullerton, USA) on-line coupled to a micrOTOF II MS (Bruker Daltonic, Bremen, Germany). The electro-ionization sprayer (Agilent Technologies, Palo Alto, CA, USA) was grounded, and the ion spray interface potential was set to -4.5 kV. Data acquisition and MS acquisition methods were automatically controlled by the CE via contact-close-relays. Spectra were accumulated every 3 s, over a range of m/z 350 to 3000. In the next step the MosaiquesVisu software package was applied to deconvolute mass spectral ion peaks, because ionization produced ions at different charged states from the original urinary peptides. MosaiquesVisu was used to deconvolute mass spectral peaks representing identical molecules into singles masses. The obtained peak list of each polypeptide is characterized by

The relation between urinary peptidome and long term renal evolution could not be tested Since only three patients developed CKD during follow-up, statistical analysis could not be performed to predict renal long-term evolution.

DISCUSSION

In this study, comprising a discovery and a validation cohort, no specific urinary peptidomic signature could discriminate proliferative from non-proliferative LN. To our knowledge, although this distinction is crucial because it determines the need for immunosuppressive therapy, this is the first study using urinary peptidomics to address this question. Previous works aimed to discriminate LN from other causes of renal damage [START_REF] Varghese | Urine biomarkers predict the cause of glomerular disease[END_REF] , or renal SLE from nonrenal SLE [START_REF] Wei | Alterations in urinary collagen peptides in lupus nephritis subjects correlate with renal dysfunction and renal histopathology[END_REF] . Other studies identified significant changes in urinary proteome in the course of LN. For instance, Zhan & al. [START_REF] Zhang | Biomarkers of lupus nephritis determined by serial urine proteomics[END_REF] Because LN was not always diagnosed early, and 45% of patients from this study had a previous history of LN flare, our second hypothesis was that urinary peptidome analysis would reflect the severity of chronic kidney damage, either glomerular or tubulo-interstitial. Indeed, to date urinary peptidome has essentially been tested and validated through the development of the CDK273 classifier, which targets chronic kidney rearrangements, in CKD diagnosis and prediction [START_REF] Pontillo | Prediction of Chronic Kidney Disease Stage 3 by CKD273, a Urinary Proteomic Biomarker[END_REF] , and in diabetic kidney disease (early prediction, diagnosis and CKD prediction) [START_REF] Lindhardt | Urinary proteomics predict onset of microalbuminuria in normoalbuminuric type 2 diabetic patients, a sub-study of the DIRECT-Protect 2 study[END_REF] .

Yet, in this work, no robust "SLE-specific" peptidomic signature predicted glomerular chronicity or tubulo-interstitial fibrosis. In addition, despite a minimum follow-up of 2 years (with a median of 4 years), we could not assess the predictive value of urinary peptidomic for the development of CKD, which was infrequent in this cohort. The CKD273 signature was positively correlated to the level of IF/TA in patients with LN, supporting the hypothesis that peptidomic can reflect chronic rearrangement. Yet, SLE vintage and LN duration, as well as serum creatinine, performed better than CKD273 to predict renal fibrosis in this cohort.
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