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MEYER/DUTOUR Anne
MICCALEF/ROLL Joélle
MICHEL Fabrice
MICHEL Gérard
MICHEL Justin
MICHELET Pierre disponibilité
MILH Mathieu
MILLION Matthieu
MOAL Valérie
MORANGE Pierre-Emmanuel
MOULIN Guy
MOUTARDIER Vincent
NAUDIN Jean
NICOLAS DE LAMBALLERIE Xavier
NICOLLAS Richard
NGUYEN Karine
OLIVE Daniel
OLLIVIER Matthieu
OUAFIK L'Houcine
OVAERT-REGGIO Caroline
PADOVANI Laetitia
PAGANELLI Franck
PAPAZIAN Laurent
PAROLA Philippe
PELISSIER-ALICOT Anne-Laure
PELLETIER Jean
PERRIN Jeanne
PESENTI Sébastien
PETIT Philippe
PHAM Thao
Secrétariat Général - RH
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PROFESSEURS DES UNIVERSITES-PRATICIENS HOSPITALIERS

PIERCECCHI/MARTI Marie-Dominiq ROUDIER Jean VALERO René

PIQUET Philippe SALAS Sébastien VAROQUAUX Arthur Damien
PIRRO Nicolas SARLON-BARTOLI Gabrielle VELLY Lionel

POINSO Frangois SCAVARDA Didier VEY Norbert

RACCAH Denis SCHLEINITZ Nicolas VIDAL Vincent

RADULESCO Thomas SEBAG Frédéric VIENS Patrice

RANQUE Stéphane SIELEZNEFF Igor VILLANI Patrick

REGIS Jean SIMON Nicolas VITON Jean-Michel
REYNAUD/GAUBERT Martine STEIN Andréas VITTON Véronique
REYNAUD Rachel SUISSA Laurent VIEHWEGER Heide Elke détachement
RICHARD/LALLEMAND Marie-Alett TAIEB David VIVIER Eric

RICHIERI Raphaélle THOMAS Pascal XERRI Luc

ROCHE Pierre-Hugues THUNY Franck ZIELESKIEWICZ Laurent
ROCH Antoine TOSELLO Barthélémy

ROCHWERGER Richard TREBUCHON-DA FONSECA Agnés

ROLL Patrice TROPIANO Patrick

ROSSI Dominique TSIMARATOS Michel détachement

ROSSI Pascal TURRINI Olivier

PROFESSEUR DES UNIVERSITES
ADALIAN Pascal
AGHABABIAN Valérie
BELIN Pascal
CHABANNON Christian
CHABRIERE Eric
COLSON Sébastien
FERON Frangois
LE COZ Pierre
LEVASSEUR Anthony
RANIJEVA Jean-Philippe
SOBOL Hagay
PROFESSEUR CERTIFIE
FRAISSE-MANGIALOMINI Jeanne
PROFESSEUR DES UNIVERSITES ASSOCIE a MI-TEMPS
REVIS Joana
PROFESSEUR DES UNIVERSITES MEDECINE GENERALE
GENTILE Gaétan
PROFESSEUR ASSOCIE DES UNIVERSITES a MI-TEMPS MEDECINE GENERALE

BARGIER Jacques
JANCZEWSKI Aurélie

PROFESSEUR DES UNIVERSITES ASSOCIE a TEMPS PLEIN DES DISCIPLINES MEDICALES
BOUSSUGES Alain
PROFESSEUR DES UNIVERSITES ASSOCIE A MI-TEMPS DES DISCIPLINES MEDICALES

BOURVIS Nadege Secrétariat Général - RH
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MAITRES DE CONFERENCES DES UNIVERSITES-PRATICIENS HOSPITALIERS

AHEREFTI Sarah GASTALDI Marguerite
ANGELAKIS Emmanouil (disponibilitc) GAUDRY Marine

APPAY Romain GELSI/BOYER Véronique

ATLAN Catherine (disponibilité) GIUSIANO COURCAMBECK Sophie
BEGE Thierry GOURIET Frédérique
BENYAMINE Audrey GUERIN Carole

BIRNBAUM David GUENOUN MEYSSIGNAC Daphné
BOBOT Mickael GUIDON Catherine

BONINI Francesca GUIVARCH Jokthan

BOUCRAUT Joseph HABERT Paul

BOULAMERY Audrey HAUTIER Aurélie
BOULLU/CIOCCA Sandrine IBRAHIM KOSTA Manal
BOUSSEN Salah Michel JALOUX Charlotte

BUFFAT Christophe JARROT Pierre-André

CAMILLERI Serge KASPI-PEZZOLI Elise

CARRON Romain

CASSAGNE Carole

CHAUDET Hervé

CHRETIEN Anne-Sophie

COZE Carole

CUNY Thomas

DADOUN Frédeéric (disponibilité)
DALES Jean-Philippe

DARIEL Anne

L'OLLIVIER Coralie

LABIT-BOUVIER Corinne
LAFAGE/POCHITALOFF-HUVALE Marina
LAGARDE Stanislas

LAGIER Aude (disponibilité)
LAGOUANELLE/SIMEONI Marie-Claude
LAMBERT Isabelle

LENOIR Marien

LEVY/MOZZICONACCI Annie

DEGEORGES/VITTE Joélle disponibilitt MAAROUF Adil

DEHARO Pierre
DELLIAUX Stéphane
DELTEIL Clémence
DESPLAT/JEGO Sophie
DUBOURG Grégory
DUCONSEIL Pauline
DUFOUR Jean-Charles
ELDIN Carole
FOLETTI Jean- Marc
FRANKEL Diane
FROMONOT Julien

MACAGNO Nicolas
MALISSEN Nausicaa
MAUES DE PAULA André
MEGE Diane
MORAND-HUGGET Aurélie
MOTTOLA GHIGO Giovanna
NINOVE Laetitia
NOUGAIREDE Antoine
PAULMYER/LACROIX Odile
RESSEGUIER Noémie
ROBERT Philippe

ROBERT Thomas
ROMANET Pauline
SABATIER Renaud
SARI-MINODIER Iréne
SAULTIER Paul

SAVEANU Alexandru
STELLMANN Jan-Patrick
SUCHON Pierre

TABOURET Emeline

TOGA Isabelle

TOMASINI Pascale

TROUDE Lucas

TROUSSE Delphine
TUCHTAN-TORRENTS Lucile
VELY Frédéric

VENTON Geoffroy
VION-DURY Jean
ZATTARA/CANNONI Héléne

MAITRES DE CONFERENCES DES UNIVERSITES

ABU ZAINEH Mohammad DESNUES Benoit

BARBACARU/PERLES T. A. MARANINCHI Marie

BERLAND Caroline MERHEJ/CHAUVEAU Vicky

BOYER Sylvie MEZOUAR Soraya

DEGIOANNI/SALLE Anna MINVIELLE/DEVICTOR Bénédicte retraite au 1/10/2022

(mono-appartenants)

POGGI Marjorie
RUEL Jérome

THOLLON Lionel
THIRION Sylvie
VERNA Emeline

MAITRE DE CONFERENCES DES UNIVERSITES DE MEDECINE GENERALE

CASANOVA Ludovic
JEGO SABLIER Maéva

MAITRES DE CONFERENCES ASSOCIES DE MEDECINE GENERALE a MI-TEMPS

BERNAL Alexis
FIERLING Thomas
FORTE Jenny
MITILIAN Eva

ROUSSEAU-DURAND Raphaé¢lle
THERY Didier
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MAITRES DE CONFERENCES ASSOCIE a MI-TEMPS

BOURRIQUEN Maryline
LAZZAROTTO Sébastien
LUCAS Guillaume
MATHIEU Marion
MAYENS-RODRIGUES Sandrine
MELLINAS Marie
MORIN-GALFOUT Sara
ROMAN Christophe

TRINQUET Laure
VILLA Miléne

CDI LRU TEMPS PLEIN ECOLE DES SCIENCES ET DE LA READAPTION

FORMATION ERGOTHERAPIE
BLANC Catheline
DESPRES Géraldine
GIRAUDIER Anais
PAVE Julien

FORMATION PODOLOGIE
GRIFFON Patricia
PETITJEAN Aurélie

FORMATION ORTHOPTIE
MONTICOLO Chloé

FORMATION MASSO-KINESITHERAPIE
AUTHIER Guillaume
CAORS Béatrice
CHAULLET Karine
ERCOLANO Bruno
HENRY Joannie
HOUDANT Benjamin
MIRAPEIX Sébastien
MULLER Philippe
ROSTAGNO Stéphan

CDD LRU TEMPS PLEIN ECOLE DES SCIENCES INFIRMIERES
CHAYS-AMANIA Audrey
CDD LRU TEMPS PLEIN ANGLAIS
GILSINN Amanda
ATTACHE TEMPORAIRE D'ENSEIGNEMENT ET DE RECHERCHE
SACHAU-CARCEL Géraldine

CDI LRU ECOLE DE MAIEUTIQUE
CLADY Emilie
FREMONDIERE Pierre
MATTEO Caroline
MONLEAU Sophie
MUSSARD-HASSLER Pascale
RIQUET Sébastien

ZAKARIAN Carol . .
arote Secrétariat Général - RH
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PROFESSEURS DES UNIVERSITES et MAITRES DE CONFERENCES DES UNIVERSITES - PRATICIENS HOSPITALIERS
PROFESSEURS ASSOCIES, MAITRES DE CONFERENCES DES UNIVERSITES mono-appartenants

ANATOMIE 4201

| ANTHROPOLOGIE 20

CHAMPSAUR Pierre (PU-PH)
LE CORROLLER Thomas (PU-PH)
PIRRO Nicolas (PU-PH)

GUENOUN-MEYSSIGNAC Daphné (MCU-PH)
LAGIER Aude (MCU-PH) disponibilité

THOLLON Lionel (MCF) (60eme section)

ADALIAN Pascal (PR)

DEGIOANNI/SALLE Anna (MCF)
VERNA Emeline (MCF)

SACHAU-CARCEL Géraldine (ATER)

I BACTERIOLOGIE-VIROLOGIE ; HYGIENE HOSPITALIERE 4501

CHARREL Rémi (PU PH)
DRANCOURT Michel (PU-PH)
FENOLLAR Florence (PU-PH)
FOURNIER Pierre-Edouard (PU-PH)

ANATOMIE ET CYTOLOGIE PATHOLOGIQUES 4203

INICOLAS DE LAMBALLERIE Xavier (PU-PH)

CHARAFE/JAUFFRET Emmanuelle (PU-PH)
DANIEL Laurent (PU-PH)
FIGARELLA/BRANGER Dominique (PU-PH)
GARCIA Stéphane (PU-PH)

XERRI Luc (PU-PH)

APPAY Romain (MCU-PH)

DALES Jean-Philippe (MCU-PH)

GIUSIANO COURCAMBECK Sophie (MCU PH)
LABIT/BOUVIER Corinne (MCU-PH)
MACAGNO Nicolas (MCU-PH)

MAUES DE PAULA André (MCU-PH)

LA SCOLA Bernard (PU-PH)

AHERFI Sarah (MCU-PH)

ANGELAKIS Emmanouil (MCU-PH) disponibilité
DUBOURG Grégory (MCU-PH)

GOURIET Frédérique (MCU-PH)
NOUGAIREDE Antoine (MCU-PH)

NINOVE Laetitia (MCU-PH)

CHABRIERE Eric (PR) (64eme section)
LEVASSEUR Anthony (PR) (64eme section)

DESNUES Benoit (MCF) ( 65éme section )
MERHEJ/CHAUVEAU Vicky (MCF) (87eme section)

ANESTHESIOLOGIE ET REANIMATION CHIRURGICALE ;
MEDECINE URGENCE 4801

BIOCHIMIE ET BIOLOGIE MOLECULAIRE 4401

BRUDER Nicolas (PU-PH)

LEONE Marc (PU-PH)

MICHEL Fabrice (PU-PH)

VELLY Lionel (PU-PH)
ZIELESKIEWICZ Laurent (PU-PH)

BOUSSEN Salah Michel (MCU-PH)
GUIDON Catherine (MCU-PH)

BARLIER/SETTI Anne (PU-PH)
GABERT Jean (PU-PH)
GUIEU Régis (PU-PH)
OUAFIK L'Houcine (PU-PH)

BUFFAT Christophe (MCU-PH)
FROMONOT Julien (MCU-PH)
MARLINGE Marion (MCU-PH)
MOTTOLA GHIGO Giovanna (MCU-PH)
ROMANET Pauline (MCU-PH)

ANGLAIS 11

ISAVEANU Alexandru (MCU-PH)

FRAISSE-MANGIALOMINI Jeanne (PRCE)

I BIOLOGIE CELLULAIRE 4403

ROLL Patrice (PU-PH)

BIOLOGIE ET MEDECINE DU DEVELOPPEMENT
ET DE LA REPRODUCTION ; GYNECOLOGIE MEDICALE 5405

FRANKEL Diane (MCU-PH)

METZLER/GUILLEMAIN Catherine (PU-PH)
PERRIN Jeanne (PU-PH)

GASTALDI Marguerite (MCU-PH)
KASPI-PEZZOLI Elise (MCU-PH)
LEVY-MOZZICONNACCI Annie (MCU-PH)
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I BIOPHYSIQUE ET MEDECINE NUCLEAIRE 4301

I CARDIOLOGIE 5102

GUEDJ Eric (PU-PH)
GUYE Maxime (PU-PH)
TAIEB David (PU-PH)

BELIN Pascal (PR) (69éme section)
RANJEVA Jean-Philippe (PR) (69éme section)
CAMMILLERI Serge (MCU-PH)

VION-DURY Jean (MCU-PH)

BARBACARU/PERLES Téodora Adriana (MCF) (69éme section)

AVIERINOS Jean-Frangois (PU-PH)
BONELLO Laurent (PU PH)
BONNET Jean-Louis (PU-PH)
CUISSET Thomas (PU-PH)
DEHARO Jean-Claude (PU-PH)
FRANCESCHI Frédéric (PU-PH)
HABIB Gilbert (PU-PH)
PAGANELLI Franck (PU-PH)
THUNY Franck (PU-PH)

DEHARO Pierre (MCU PH)

I CHIRURGIE VISCERALE ET DIGESTIVE 5202

BERDAH Stéphane (PU-PH)

BIOSTATISTIQUES, INFORMATIQUE MEDICALE
ET TECHNOLOGIES DE COMMUNICATION 4604

BEYER-BERJOT Laura (PU-PH)
HARDWIGSEN Jean (PU-PH)

GAUDART Jean (PU-PH)
GIORGI Roch (PU-PH)
MANCINI Julien (PU-PH)

CHAUDET Hervé (MCU-PH)
DUFOUR Jean-Charles (MCU-PH)

ABU ZAINEH Mohammad (MCF) (5éme section)
BOYER Sylvie (MCF) (5éme section)

MOUTARDIER Vincent (PU-PH)
SEBAG Frédéric (PU-PH)
SIELEZNEFF Igor (PU-PH)
TURRINI Olivier (PU-PH)

BEGE Thierry (MCU-PH)
BIRNBAUM David (MCU-PH)
DUCONSEIL Pauline (MCU-PH)
GUERIN Carole (MCU PH)
MEGE Diane (MCU-PH)

I CHIRURGIE ORTHOPEDIQUE ET TRAUMATOLOGIQUE 5002

ARGENSON Jean-Noél (PU-PH)
BLONDEL Benjamin (PU-PH)
FLECHER Xavier (PU PH)
OLLIVIER Matthieu (PU-PH)
ROCHWERGER Richard (PU-PH)
TROPIANO Patrick (PU-PH)

I CHIRURGIE INFANTILE 5402

FAURE Alice (PU PH)
JOUVE Jean-Luc (PU-PH)
LAUNAY Franck (PU-PH)
MERROT Thierry (PU-PH)
PESENTI Sébastien (PU-PH)

I CANCEROLOGIE ; RADIOTHERAPIE 4702

IVIEHWEGER Heide Elke (PU-PH) détachement

BERTUCCI Frangois (PU-PH)
CHINOT Olivier (PU-PH)
DUFFAUD Florence (PU-PH)
GONCALVES Anthony PU-PH)
HOUVENAEGHEL Gilles (PU-PH)
LAMBAUDIE Eric (PU-PH)
PADOVANI Laetitia (PH-PH)
SALAS Sébastien (PU-PH)
VIENS Patrice (PU-PH)

SABATIER Renaud (MCU-PH)
TABOURET Emeline (MCU-PH)

Secrétariat Général - RH
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I CHIRURGIE MAXILLO-FACIALE ET STOMATOLOGIE 5503

CHOSSEGROS Cyrille (PU-PH)
GUYOT Laurent (PU-PH)

FOLETTI Jean-Marc (MCU-PH)
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I CHIRURGIE THORACIQUE ET CARDIOVASCULAIRE 5103

COLLART Frédéric (PU-PH)
D'JOURNO Xavier (PU-PH)
DODDOLI Christophe (PU-PH)
FOUILLOUX Virginie (PU-PH)
GARIBOLDI Viad (PU-PH)
MACE Loic (PU-PH)
THOMAS Pascal (PU-PH)

LENOIR Marien (MCU-PH)
TROUSSE Delphine (MCU-PH)

CHIRURGIE PLASTIQUE,
RECONSTRUCTRICE ET ESTHETIQUE ; BRULOLOGIE 5004

CHIRURGIE VASCULAIRE ; MEDECINE VASCULAIRE 5104

ALIMI Yves (PU-PH)

AMABILE Philippe (PU-PH)

BARTOLI Michel (PU-PH)

BOUFI Mourad (PU-PH)

MAGNAN Pierre-Edouard (PU-PH)
PIQUET Philippe (PU-PH)
SARLON-BARTOLI Gabrielle (PU PH)

GAUDRY Marine (MCU PH)

BERTRAND Baptiste (PU-PH)
CASANOVA Dominique (PU-PH)

HAUTIER Aurélie (MCU-PH)
JALOUX Charlotte (MCU PH)

GASTROENTEROLOGIE ; HEPATOLOGIE ; ADDICTOLOGIE 5201

HISTOLOGIE, EMBRYOLOGIE ET CYTOGENETIQUE 4202

LEPIDI Hubert (PU-PH)

PAULMYER/LACROIX Odile (MCU-PH)

BARTHET Marc (PU-PH)
DAHAN-ALCARAZ Laetitia (PU-PH)
GEROLAMI-SANTANDREA René (PU-PH)
GONZALEZ Jean-Michel ( PU-PH)
GRANDVAL Philippe (PU-PH)

VITTON Véronique (PU-PH)

GENETIQUE 4704

DERMATOLOGIE - VENEREOLOGIE 5003

BERBIS Philippe (PU-PH)
DELAPORTE Emmanuel (PU-PH)
GAUDY/MARQUESTE Caroline (PU-PH)

GROB Jean-Jacques (PU-PH) Retraite au 1/10/2022
RICHARD/LALLEMAND Marie-Aleth (PU-PH)

MALISSEN Nausicaa (MCU-PH)

BEROUD Christophe (PU-PH)
KRAHN Martin (PU-PH)

LEVY Nicolas (PU-PH) Disponibilité
NGYUEN Karine (PU-PH)

ZATTARA/CANNONI Héléne (MCU-PH)

GYNECOLOGIE-OBSTETRIQUE ; GYNECOLOGIE MEDICALE 5403

AGOSTINI Aubert (PU-PH)

ENDOCRINOLOGIE ,DIABETE ET MALADIES METABOLIQUES ;
GYNECOLOGIE MEDICALE 5404

BRUE Thierry (PU-PH)
CASTINETTI Frédéric (PU-PH)

CUNY Thomas (MCU PH)

BRETELLE Florence (PU-PH)
CARCOPINO-TUSOLI Xavier (PU-PH)
COURBIERE Blandine (PU-PH)
CRAVELLO Ludovic (PU-PH)
D'ERCOLE Claude (PU-PH)
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I EPIDEMIOLOGIE, ECONOMIE DE LA SANTE ET PREVENTION 4601

I HEMATOLOGIE ; TRANSFUSION 4701

AUQUIER Pascal (PU-PH)
BERBIS Julie (PU-PH)
BOYER Laurent (PU-PH)
GENTILE Stéphanie (PU-PH)

LAGOUANELLE/SIMEONI Marie-Claude (MCU-PH)
RESSEGUIER Noémie (MCU-PH)

MINVIELLE/DEVICTOR Bénédicte (MCF) Retraite au 1/10/2022

BLAISE Didier (PU-PH)

COSTELLO Régis (PU-PH)

CHIARONI Jacques (PU-PH)

DEVILLIER Raynier (PU PH)
GILBERT/ALESSI Marie-Christine (PU-PH)
LOOSVELD Marie (PU-PH)

MORANGE Pierre-Emmanuel (PU-PH)
VEY Norbert (PU-PH)

GELSI/BOYER Véronique (MCU-PH)

IBRAHIM KOSTA Manal (MCU PH)
LAFAGE/POCHITALOFF-HUVALE Marina (MCU-PH)
SUCHON Pierre (MCU-PH)

VENTON (MCU-PH)

| IMMUNOLOGIE 4703

KAPLANSKI Gilles (PU-PH)
MEGE Jean-Louis (PU-PH)
OLIVE Daniel (PU-PH)
VIVIER Eric (PU-PH)

FERON Frangois (PR) (69éme section)

BOUCRAUT Joseph (MCU-PH)
CHRETIEN Anne-Sophie (MCU PH)
DEGEORGES/VITTE Joélle (MCU-PH)
DESPLAT/JEGO Sophie (MCU-PH)
JARROT Pierre-André (MCU PH)
ROBERT Philippe (MCU-PH)

VELY Frédéric (MCU-PH)

POGGI Marjorie (MCF) (64eme section)

I MEDECINE LEGALE ET DROIT DE LA SANTE 4603

BARTOLI Christophe (PU-PH)

LEONETTI Georges (PU-PH)
PELISSIER-ALICOT Anne-Laure (PU-PH)
PIERCECCHI-MARTI Marie-Dominique (PU-PH)

DELTEIL Clémence (MCU PH)
TUCHTAN-TORRENTS Lucile (MCU-PH)

BERLAND Caroline (MCF) (1ére section)

I MALADIES INFECTIEUSES ; MALADIES TROPICALES 4503

I MEDECINE PHYSIQUE ET DE READAPTATION 4905

BROUQUI Philippe (PU-PH)
LAGIER Jean-Christophe (PU-PH)
MILLION Matthieu (PU-PH)
PAROLA Philippe (PU-PH)

STEIN Andréas (PU-PH)

ELDIN Carole (MCU-PH)

BENSOUSSAN Laurent (PU-PH)
VITON Jean-Michel (PU-PH)

I MEDECINE ET SANTE AU TRAVAIL 4602

LEHUCHER/MICHEL Marie-Pascale (PU-PH)

| MEDECINE D'URGENCE 4805

|SARI/MINODIER Iréne (MCU-PH)

GERBEAUX Patrick (PU PH)
KERBAUL Frangois (PU-PH) détachement
MICHELET Pierre (PU-PH) Disponibilité

MEDECINE INTERNE ; GERIATRIE ET BIOLOGIE DU
VIEILLISSEMENT ; ADDICTOLOGIE 5301

BONIN/GUILLAUME Sylvie (PU-PH)
DISDIER Patrick (PU-PH)

EBBO Mikael (PU-PH)
GRANEL/REY Brigitte (PU-PH)
ROSSI Pascal (PU-PH)
SCHLEINITZ Nicolas (PU-PH)

BENYAMINE Audrey (MCU-PH)

Secrétariat Général - RH
MAJ 01.09.2022



MEDECINE GENERALE 5303

| NEPHROLOGIE 5203

GENTILE Gaétan (PR Méd. Gén. Temps plein)

BARGIER Jacques (PR associé Méd. Gén. A mi-temps)
JANCZEWSKI Aurélie (PR associé Méd. Gén. A mi-temps)

CASANOVA Ludovic (MCF Méd. Gén. Temps plein)
JEGO SABLIER Maéva (MCF Méd. Gén. Temps plein)

BERNAL Alexis (MCF associé Méd. Gén. A mi-temps)
FIERLING Thomas (MCF associé Méd. Gén. A mi-temps)
FORTE Jenny (MCF associé Méd. Gén. A mi-temps)
MITILIAN Eva (MCF associé Méd. Gén. A mi-temps)

ROUSSEAU-DURAND Raphaélle (MCF associé Méd. Gén. A mi-temps)
THERY Didier (MCF associé Méd. Gén. A mi-temps) (nomination au 1/10/2019)

BRUNET Philippe (PU-PH)
BURTEY Stépahne (PU-PH)
DUSSOL Bertrand (PU-PH)
JOURDE CHICHE Noémie (PU PH)
MOAL Valérie (PU-PH)

BOBOT Mickael (MCU-PH)
ROBERT Thomas (MCU-PH)

| NEUROCHIRURGIE 4902

DUFOUR Henry (PU-PH)
FUENTES Stéphane (PU-PH)
GRAILLON Thomas (PU PH)

NUTRITION 4404

|REGIS Jean (PU-PH)

BELIARD Sophie (PU-PH)
DARMON Patrice (PU-PH)
RACCAH Denis (PU-PH)
VALERO René (PU-PH)

ATLAN Catherine (MCU-PH) disponibilité

MARANINCHI Marie (MCF) (66éme section)

ROCHE Pierre-Hugues (PU-PH)
SCAVARDA Didier (PU-PH)

CARRON Romain (MCU PH)
TROUDE Lucas (MCU-PH)

NEUROLOGIE 4901

ONCOLOGIE 65 (BIOLOGIE CELLULAIRE)

CHABANNON Christian (PR) (66eme section)
SOBOL Hagay (PR) (65éme section)

MEZOUAR Soraya (65éme section)

ATTARIAN Sharham (PU PH)
AUDOIN Bertrand (PU-PH)
AZULAY Jean-Philippe (PU-PH)
CECCALDI Mathieu (PU-PH)
EUSEBIO Alexandre (PU-PH)
FELICIAN Olivier (PU-PH)

OPHTALMOLOGIE 5502

JPELLETIER Jean (PU-PH)

DAVID Thierry (PU-PH)
DENIS Daniéle (PU-PH) Surnombre

SUISSA Laurent (PU-PH)

MAAROUF Adil (MCU-PH)

I PEDOPSYCHIATRIE; ADDICTOLOGIE 4904

DA FONSECA David (PU-PH)
POINSO Frangois (PU-PH)

OTO-RHINO-LARYNGOLOGIE 5501

|BOURVIS Nadege (PR associ¢e)

DESSI Patrick (PU-PH)
FAKHRY Nicolas (PU-PH)
GIOVANNI Antoine (PU-PH)
LAVIEILLE Jean-Pierre (PU-PH)
MICHEL Justin (PU-PH)
NICOLLAS Richard (PU-PH)
RADULESCO Thomas (PU-PH)

GUIVARCH Jokthan (MCU-PH)

PHARMACOLOGIE FONDAMENTALE -
PHARMACOLOGIE CLINIQUE; ADDICTOLOGIE 4803

BLIN Olivier (PU-PH)
MICALLEF/ROLL Joélle (PU-PH)
SIMON Nicolas (PU-PH)

BOULAMERY Audrey (MCU-PH)
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I PARASITOLOGIE ET MYCOLOGIE 4502

PHILOSPHIE 17

RANQUE Stéphane (PU-PH)

CASSAGNE Carole (MCU-PH)
L'OLLIVIER Coralie (MCU-PH)
TOGA Isabelle (MCU-PH)

LE COZ Pierre (PR) (17éme section)
MATHIEU Marion (MAST)

PHYSIOLOGIE 4402

PEDIATRIE 5401

ANDRE Nicolas (PU-PH)
BARLOGIS Vincent (PU-PH)
CHAMBOST Hervé (PU-PH)
DUBUS Jean-Christophe (PU-PH)
FABRE Alexandre (PU-PH)
GIRAUD/CHABROL Brigitte (PU-PH)
MICHEL Gérard (PU-PH)

MILH Mathieu (PU-PH)
OVAERT-REGGIO Caroline (PU-PH)
REYNAUD Rachel (PU-PH)
TOSELLO Barthélémy (PU-PH)
TSIMARATOS Michel (PU-PH)

COZE Carole (MCU-PH)
MORAND-HUGGET Aurélie (MCU-PH)
SAULTIER Paul (MCU-PH)

PSYCHIATRIE D'ADULTES ; ADDICTOLOGIE 4903

BARTOLOMEI Fabrice (PU-PH)

BREGEON Fabienne (PU-PH)

GABORIT Bénédicte (PU-PH)
MEYER/DUTOUR Anne (PU-PH)
TREBUCHON/DA FONSECA Agnés (PU-PH)

BOUSSUGES Alain (PR associé & temps plein)

BONINI Francesca (MCU-PH)
BOULLU/CIOCCA Sandrine (MCU-PH)
DADOUN Frédéric (MCU-PH) (disponibilité)
DELLIAUX Stéphane (MCU-PH)

LAGARDE Stanislas (MCU-PH)
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Résumé

Approche génomique des maladies rénales indéterminées malgré biopsie rénale

Introduction

Les maladies rénales chroniques (MRC) d’origine indéterminée représentent pres de 20% des
insuffisances rénales chroniques (IRC) en France. L’acces aux techniques de séquengage a haut
débit (Whole Exome Sequencing (WES)) a permis de montrer que les maladies rénales
héréditaires représentent une part importante des néphropathies indéterminées

Méthode

Nous avons réalisé une étude prospective entre Janvier 2019 et Décembre 2021. Nous avons
inclus les patients avec une maladie rénale d’origine indéterminée malgré une biopsie rénale
qui ont ét¢ adressés a une consultation de néphrogénomique a I’Hopital de la Conception pour
réaliser un WES en pratique courante.

Résultats

52 patients avec une maladie rénale indéterminée malgré biopsie rénale ont €té inclus. L’age
médian était de 39,5 ans, un tiers des patients avaient une insuffisance rénale chronique
terminale au moment de la biopsie rénale et 30 (58%) au moment de la réalisation du WES. La
consanguinité était rapportée chez 8 patients (15%) et une histoire familiale de maladie rénale
chez 27 patients (51%). Le rendement diagnostique de 1’exome était de 40% (21/52 cas). Les
pathologies glomérulaires étaient majoritaires (57%), en particulier les syndromes d’Alport :
variants pathogeénes de COL4A3 (4), COL4A4 (3), COL4AS5 (1), TRPC6 (2), NPHSI(1),
APOLI (1). Venaient ensuite les maladies tubulo-interstitielles et kystiques (38%): UMOD (2),
NPHP1 (2), PKHDI1 (1), CNCLS5 (1), TTC21B (1), TULP3 (1). Le principale facteur prédictif
d’identifier un variant pathogene était I’antécédent familial de maladie rénale (p=0.02). Nous
avons identifi¢ 5 phénocopies.

Conclusion

L’analyse génomique par exome a établi un diagnostic étiologique chez 40% des patients dont
la néphropathie restait indéterminée malgré une biopsie rénale adéquate et souligne la sous-
estimation des maladies rénales héréditaires. Ce nouvel outil diagnostique pourrait réduire
I’errance diagnostique, clarifier les transmissions, permettre une prise en charge plus précoce
des apparentés et modifier les thérapeutiques dans la prévention de la MRC et I’acces a la
transplantation.

Mots-clés : Séquencage de I'exome entier, Maladie rénale inconnue, Biopsie rénale,
Antécédents familiaux, Alport.
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Abstract

Background : Unknown Kidney Disease (UKD) concern about 20% of Chronic Kidney
Disease (CKD). Easy access to Whole Exome Sequencing (WES) in renal healthcare show that
inherited kidney disease contribute substantially to UKD in a gene-oriented approach

Methods : We performed a prospective study between January 2019 and December 2021. We
included UKD patients with kidney biopsy which have been addressed to a nephrogenomic
consultation at Conception hospital for WES in routine care practice.

Results : 52 UKD patients with kidney biopsy were included. Median age was 39,5 years, one
third of patients was at ESKD at the time of the biopsy and 30 (58%) at the time of WES.
Consanguinity was reported in 8 patients (15%) and positive family history of kidney disease
in 27 patients (51%). Diagnosis yield was 40% (21/52 cases). Glomerular diseases were
predominant (57%), especially with Alport syndrome : pathogenic variants of COL4A3 (4),
COL4A4 (3), COL4AS (1), TRPC6 (2), NPHSI(1), APOL1 (1). Tubulointerstitial and cystic
diseases are the second diagnostic subgroup (38%): UMOD (2), NPHP1 (2), PKHD1 (1),
CNCLS5 (1), TTC21B (1), TULP3 (1). Principal predictive factor for positive WES was familial
history of kidney disease (p=0.02). We identified 5 phenocopies.

Conclusion : WES lead to diagnostic yield in 40% of UKD patients with kidney biopsy and
highlight underestimation of inherited kidney disease. Frequency of phenocopies emphasize
WES utility compared to genes panels. This new diagnostic tool could reduce diagnostic
wandering, clarify transmissions, allow earlier management of relatives and modify
therapeutics in the prevention of CKD and access to transplantation.

Keywords : Whole Exome Sequencing, Unknown Kidney Disease, Kidney Biopsy, Familial
History, Alport



Introduction

Chronic kidney disease (CKD) affects more than 10% of the general population worldwide,
accounting to 840 million individuals (1). It is associated with a high risk of morbi-mortality
and will become the fifth highest cause of years of life lost by 2040 (2). It represents a burden
in terms of costs and quality of life (3).

Undetermined kidney disease (UKD) is a diagnosis of exclusion defined by Kidney Disease
Improving Global Outcomes (KDIGO) CKD criteria and the absence of obvious etiology or
risk factor of CKD after diagnostic investigations including history and physical examinations,
blood test, renal imaging and kidney biopsy (4). Despite all these diagnostic tools, UKD
prevalence in France is at 17.7% in 2019 according to the French Renal Epidemiology and
Information Network (REIN) registry. Similar proportion of UKD is reported in other
developed countries: 20% in Germany(5), 25% in USA (6).

Familial clustering is common in patients with end-stage renal disease (ESRD). It suggests that
genetic cause should be considered in diagnostic investigations (7)(8)10/3/2022 12:21:00 AM.
Inherited nephropathies represent approximately 10% of adult CKD (9) and 70% of pediatric
CKD (10). Historically genetic tests were focused on pediatric population with a phenotype-
oriented approach to choose a gene panel testing. Groopman et al report suggests that genetic
testing 1s a powerful diagnostic tool in adult patients and that prevalence of inherited kidney
diseases is under estimated (8). Easy access to Whole Exome Sequencing (WES) in renal
healthcare showed that genetic etiologies contribute substantially to UKD in a gene-oriented
approach (11). The approach differ from classical phenotype-oriented approach with gene
panel. In adult population, CKD may have silencing evolution with poor clinical phenotype and
the multiple morbidity making phenotyping difficult. Furthermore, some gene-associated
diseases may have variable phenotype expression, including within the same family, with
ultimately phenocopy ((eg, glomerular nephropathy phenotype with detection of an unexpected
genotype (eg, tubulointerstitial gene like CLCNY)). Thus gene panels provide a small spectrum
of diagnosis, diagnostic yield of WES is higher and its cost is nowadays similar to gene panels
(12).

We have analyzed our registry of kidney biopsy (NéphroMIC?, NCT03305211) in our
experience, around 20% of patients have inconclusive kidney biopsy and remains with UKD
(data not published). Since 2019, whole exome sequencing (WES) by next-generation
sequencing is proposed to all patient with UKD in our institution including those with kidney
biopsy. No study has reported the usefulness of the WES in patients with biopsy-associated
UKD. To address this question, we reported in this particular population our experience of

WES as routine care diagnostic workup as defined in methods.



Methods

Patient Population and Phenotype Characterization:

Whole exome sequencing by next-generation sequencing was proposed in routine care practice
to patients with UKD between January 2019 and December 2021.

UKD is defined as the absence of all the following criteria: a biopsy-proven diagnosis (eg, I[gA
nephropathy), a specific morphological renal diagnosis (eg, polycystic kidney disease suspected
of autosomal/recessive polycystic kidney disease), or a specific or plausible renal diagnosis
(eg, history of long-term insulin-dependent diabetes mellitus before the onset of CKD,
ciclosporin-induced nephropathy). Since hypertensive nephropathy is a nonspecific diagnosis
and hypertension is also a very common consequence of CKD, patients with hypertensive
nephropathy in the absence of a clear underlying disorder such as renal artery stenosis are
considered to have unexplained CKD. Patients with renal hypoplasia, renal atrophy, and
nonspecific histological conditions (such as secondary focal segmental glomerulosclerosis,
glomerulonephritis of unknown origin, or interstitial nephritis) are also considered to have
UKD. Patients with UKD from our center or from tertiary care center were referred to
nephrogenomic consultation with an adult nephrologist in our centre. If prior genetic analyses
were performed, this was done at the discretion of the referring clinician. We excluded patients
with typical presentation of ADPKD, Gitelman or Bartter syndrome, familial IgA nephropathy
or established genetic diagnosis. In the 288 patients for those WES were performed, 65 patients
with UKD had an appropriate kidney biopsy. 52 patients with available pathology slides for
histological review were subsequently included (Figure 1).

Phenotypes were acquired by using a standardized questionnaire and review of medical reports
during consultation. Consanguinity was acquired during consultation either as reported by the
patient or suspected by the clinician.

Blood samples were collected after written informed consent from the patients or their legal

guardians during the consultation.

Patients were assigned to 4 clinical subgroups of nephropathy based on the medical history, the
clinical, biological and the histological parameters: undetermined nephropathy; undetermined
vascular nephropathy; undetermined glomerular nephropathy ; undetermined tubulo-interstitial
or cystic nephropathy.

We defined phenocopy as the situation in which a patient has a phenotype that corresponds to
a specific nephropathy subgroup (eg, glomerular nephropathy) without detection of the
expected genotype (eg, glomerular gene like TRPC6 gene) but with detection of a different
genotype (eg, tubulointerstitial gene like CLCNY).



Renal histology

In the present analysis, all patient biopsy samples were re-analyzed for the purpose of this study
by one renal pathologist (JT) and scored systematically for every predefined features
(Table 1).

We described all the findings in lights microscopy from the following anatomic compartments:
glomerular, tubulointerstitial and vascular. Additionally, we classified the patient according to
the dominant findings as follow: vascular, glomerular and tubulo-interstitial, global chronic
lesion and insignificant lesion (minimal change disease).

The renal pathologist was aware of the WES result. Reinterpretation of the renal histology was
defined as change of histological conclusion after re-analysis and the renal pathologist

considered if it was due to WES result.

WES and Sequence Interpretation:

DNA was extracted from peripheral blood using the QIAsymphony® DSP DNA Mini Kit on a
QIAsymphony instrument following the recommendation of QiaGen. From 50 ng of
fragmented DNA, indexed libraries were prepared and hybridized with biotinylated probe from
Twist Human core Exome (33Mb) then Twist Human Comprehensive Exome (37Mb) since
04/2019. Exome sequencing was performed on the Illumina NextSeq 500 in paired-end mode
(2x75 bp reads) then NextSeq 2000 platform in paired-end mode (2x150 bp reads) on FlowCell
P3 since 03/2021. Raw data (bcl format) were converted to fastq format using Dragen logiciel
from sequencer (Il1lumina). Reads were aligned to the human reference genome (UCSC Genome
Browser build hgl9). Sequences were analyzed according to GATK Broad Institute good
practice with two pipelines : Intern pipeline (BWA-MEM, GATK v3.6-44ge7d1cd2) and
SeqOne pipeline (v1.2, 2018).

To identify diagnostic variants, we assessed the pathogenicity of the variant with American
College of Medical Genetics (ACMG) guidelines(13). Variants were filtered according to
coverage level (DP>10), allelic frequency (>20%) and protein effect. Frequency of variants in
GnomAd was also considered : for the analysis of de novo, autosomal dominant, autosomal
recessive and X-linked variants, only variants with a minor allele frequency (MAF) < 1% in the
GnomAd database were considered. For the analysis of autosomal recessive and X-linked
variants (homozygous, hemizygous, or putative compound heterozygous) variants in unsolved
case, additional research with an MAF up to 3% were considered. In addition, we assessed the
APOLI genotype (G1 (rs73885139 and rs60910145) and G2(rs71785313)) as Mendelian forms
of nephropathy when two copies were present as follow :G1/G1, G1/G2 or G2/G2. Identified



variants were compared with available databases for pathogenic variants such ClinVar, the
Human Gene Mutation Database (HGMD), the Leiden Open Variation Database (LOVD) and
databases for pathogenic CNVs such as DECIPHER. Only variants rated as “likely pathogenic”
or “pathogenic” according to the ACMG classification and with a genotype in agreement with
the mode of inheritance led to a positive WES result. Patients with variants classified as benign,
likely benign, or of unknown significance according to ACMG led to a negative exome result.
Exome sequencing results were communicated to the patients by the same nephrologist who

performed the initial nephrogenomic consultation.

Statistical analysis and graphical visualization

Descriptive statistics are recorded as counts and percentages for categorial variables, median
and interquartile range for continuous variables. Statistical analyses were performed with chi-
squared test. We considered P values <0.05 as statistically significant. Statistical analyses were

performed using graphpad prism software.

Results

Patient Cohort and Phenotype Characterization

52 kidney biopsy-unsolved cases (32 males) were included with median age of 39.5 years
(IQR 25.8-49.5 years). 35 (67%) were self-declared Caucasians and 21% North-Africans
native. Consanguinity was reported by 6 patients and suspected in 2 patients. Family history of
kidney disease was present in 27 patients. Almost one third of patients had ESKD at the time
of the biopsy and most patients (58%) have evolved to end stage kidney disease at the time of
WES (dialysis patients in 27% of cases, 21% with kidney transplantation). Median delay
between kidney biopsy and WES was 1 years [0,5-5]. Gene panel was previously realized in 2
cases (Table 2). Clinical glomerular nephropathy (42%) and dominant glomerular lesion (27%)

were dominant (Figure 2).

Genetic findings and diagnostic yield
We detected 13 genes-associated disease in 21 patients. The diagnostic yield is 40.4% with
20 pathogenic or likely pathogenic variants (SNV/small indels) and 1 copy number variant

(COL4A45). Details of the genetic findings are provided in the Supplemental Table 1.



Glomerular diseases are the first diagnostic subgroup (57%), especially with Alport disease
(COL4A3/4/5) : pathogenic variants of COL4A3 (n=4), COL4A4 (n=3), COL4A45 (n=1), TRPC6
(n=2), NPHSI (n=1), APOLI (n=1). Tubulointerstitial and cystic diseases are the second
diagnostic subgroup (38%): UMOD (n=2), NPHPI (n=2), PKHDI (n=1), CNCL5 (n=1),
TTC21B (n=1), TULP3 (n=1). One vascular disease was identified with a pathogenic variant in
TREXI gene (Figure 3).

Diagnostic yield of pathogenic variant was significantly higher for patients with familial history
of kidney disease (71% vs 39%, p=0.02). Positive WES was more frequent in women (57 vs
29%, p=0.02).

We identified no other predictive factor for WES positivity among the following parameters:
no difference in age (p=0.26), geographical origin (p=0.81), consanguinity (p=0.39), age of
disease onset (p=0.69), clinical nephropathy (p=0.08).

Reinterpretation of the renal histology according in patient with positive WES modify the
conclusion in 4/21 (19%) patients (Table 3). Global chronic lesions were higher in WES-solved
group (38% vs 10%, p=0.018) (Supplementary Table 2). We observed that all the patients
with interstitial infiltrate without tubulitis had a gene-associated tubulointerstitial disease
(p<0.01) (Supplementary Table 3). We observed foemy macrophages in four biopsies :
3 patients with Alport findings (COL4A43 n=1, COL4A4 n=2) and one WES-unsolved case was
in glomerular nephropathy category(14). No other histological findings difference were
relevant (Supplementary Table 3).

Among WES-solved cases, 2/21 (10%) patients (index case 66 and 179) underwent
inappropriate immunosuppressive therapy (FSGS lesions on biopsy leading to corticosteroid
and anticalcineurin therapy). Genetic diagnosis avoided inappropriate immunosuppressive
therapy in 2/21 (10%) patients with histological FSGS (COL4A43 and TTC21B variants) (index

case number 29 and 97).

Relationship between genotype and nephropathy category in WES solved-case

From WES-solved case which can be classified in a clinical nephropathy category,
undetermined tubulointerstitial/ cystic nephropathy have the highest WES-solved case with
50%, followed by glomerular nephropathy (32%). Vascular nephropathy had the lowest WES-
solved case (12%) (Figure 4). Among the WES-solved unclassified kidney disease, glomerular
and tubulointerstitial/ciliopathy-gene associate disease are the genetic findings respectively

with 60% and 40%.



Among the 8 WES-solved case patients with global chronic lesions as the dominant histologic

features, glomerular and tubulo interstitial-gene associated disease were genetic findings.

Phenocopy in WES-solved case

Among WES-solved case, 5/21(23.9%) were a phenocopy (index case number 25, 97, 243, 260
and 290). One patient with TRPC6 mutation had glomerular phenotype with minimal change
disease at renal biopsy which was considered as a phenocopy. We observed full concordance

between tubulo-interstitial clinical nephropathy and genetic findings (Figure 5).

Discussion

Our study is the first to evaluate implementation of WES in the diagnostic work-up of UKD
patients with kidney biopsy. We show that diagnostic yield rate of mendelian kidney disease is
close to 40% helped to resolve diagnostic errancy in the routine healthcare. Our diagnostic yield
is higher compared to Groopman et al which included all patient with chronic disease whatever
the history and the nephropathy (8). Even in the subgroup of UKD, diagnostic yield in
Groopman study is lower at 17%. This difference may be explained by smaller proportion of
patients with positive familial history of kidney disease in Groopman study (28%) compared to
our study (51%). Our study illustrate the underestimated prevalence of the inherited kidney
disease in UKD adult patients while UKD represent around 20% of the CKD in the developed
country and that CKD affects 11-16% of the population worldwide (15).The classification of
kidney disease based on pathogenesis, in addition to clinical and kidney biopsy features,
represents a major challenge in nephrology and WES will have a major impact on the kidney
disease ontology.

Genetic diagnosis reached 55% (15/27) in patients with positive familial history of kidney
disease which represented the major predictive factor for positive WES in our study. The
prevalence of kidney disease due to inherited genetic conditions has been reported close to 10%
in cohort of chronic kidney disease (8)(9). Interestingly, 25% of patients with chronic kidney
disease report a family history (16). Connaughton et al reported in a study from the irish
population that the commonest etiology of kidney disease in the positive family history patient
was UKD (17). Interestingly, excluding the most frequent inherited kidney disease, unspecified
tubulo-interstitial nephritis and glomerulonephritis with histology unknown or indeterminate

were highly associated with positive family history of kidney disease independently of all other
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parameters. It is now established that 1st-degree relative with ESKD conferred a higher risk of
developing kidney disease (16). Freedman et al reported in incident dialysis patients a 20%
prevalence in a relative with ESKD (18). In clinical nephrology practice, the systematic
investigation of family history should be a standard element of the interview, especially when
the renal disease is of undetermined origin. History of kidney disease in a relative can be defined
as requiring renal replacement therapy either with dialysis or kidney transplant or kidney
disease that warrants repeated follow-up with a nephrology service as an out-patient. Depending
on the patient, this may require a thorough survey of the patients' and relatives' history prior to
the nephrology consultation.

Female gender was also reported associated with positive family history of kidney disease.
Being female conveys a protective effect on the progression of chronic renal disease (17).
Nowaday, X-linked kidney disorders including Alport syndrome, Fabry disease, nephrogenic
diabetes insipidus, X-linked hypophosphatemic rickets, Dent disease, Oral facial digital
syndrome and Lowe syndrome are widely recognized (19). Males have single X chromosome
whereas females have two X chromosomes, and thus 100 Mb more DNA than males (X: 155
Mb, Y: 55 Mb) leading to a dosage imbalance between males and females for the 1000 X-linked
genes. Most of these diseases affect predominantly males and have variable penetrance in
female carriers. In our cohort, only two X-linked inherited kidney diseases (COL4A45 and
CLCNS) are present and do not explain this difference. X inactivation may contribute to this
difference by cellular mosaicism because most of the kidney is formed after the onset of X
inactivation. The distribution of the two mosaic populations is expected to be random, following
a bell-shaped curve around a mean of 50%. It is possible that women with inherited kidney may
have very skewed patterns of X inactivation leading to major expression of the maternal
autosomal chromosome.

The phenotype-oriented approach is classical approach method use by geneticists to choose a
gene panel testing. This method is referred as the « reverse genetics » approach and is
responsible for most of the human gene-disease association that has been discovered. Since few
years, a gene-oriented approach has emerged with the NGS access facility and consists in
starting from the gene and seeks to associate any phenotype of the patient probably associated
with the genetic findings. This method is referred as the « reverse phenotype » and seems
particularly interesting in the setting of UKD patients. This approach is particularly valuable in
genetic disease that can go completely undiagnosed until the end stage of the kidney disease

(20).
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Indeed, in our cohort one third of patients were biopsied at ESKD and more than 50% of WES-
solved case concerned ESKD at the time of genetic analyze. Glomerular disease and especially
Alport syndrome represented the major genetic findings in our cohort which differ from the
children and young adult population where congenital anomalies of the kidney and urinary tract
(CAKUT) is the main clinical diagnostic groups (50% of cases) (21).

Among UKD patients with kidney biopsy, glomerular and TI-gene associated disease represent
the major findings emphasizing the complexity to establish a phenotype and the clinical
heterogeneity and the variable expression of gene-associated phenotype. Our result confirm the
findings of Groopman (8) with respectively 57% and 38% of glomerular and TI-gene associated
disease in patient with UKD. This distribution highlight that precise clinical diagnosis of
monogenic kidney diseases is complicated in elderly CKD population due to their high
phenotypic overlap due to the presence of comorbidities and confirm that COL4A43, COL4A44
and COL4AS5 are the major causative genes of monogenic CKD in UKD population (22).

In our study COL4A43, COL444 and COL4A45 are the major causative genes of monogenic CKD
(38% (8/21)) like expected and were associated with a clinical diagnosis of nephrotic syndrome
(2), CKD without other manifestation (3), isolated hematuria (1), predominant glomerular
clinical manifestations (1) or predominant vascular clinical manifestations (1), representing a
broad spectrum of disease like previously described (23) (24). Histological Alport’s
manifestations were also varied like in others studies(25) with FSGS lesions (2/8), chronical
lesions (2/8) and absence of significant lesion in 50% of cases. Electron microscopic
retrospectively confirmed Alport disease in 3 cases, emphasizing that electron microscopy is
not easily accessible in routine care in France as opposed in the United states or in England
because of highly restricted indication and the scarcity of this expertise in France.

In this study, we identified 5/21 (24%) phenocopies among WES-solved cases remembering
that the clinical and genetic heterogeneity of many inherited nephropathies is a challenging
task. Ratio of phenocopies was similar to others studies like Riedhammer et al (26) with ten
phenocopies of the 52 WES-solved cases (19%). This phenomenon illustrate why the clinicians
should be free to initiate a genetic testing by WES in UKD population and probably more
largely in CKD population and will be in charge of assessing the clinical significance of genetic
findings to finally establish a conclusive diagnosis with the help of the molecular geneticist.
The assessment of a renal biopsy is influenced by the clinical phenotype determined by the
patient's clinical, biological and radiological parameters. However, when the renal biopsy is
performed at an advanced stage of the renal disease, the extensive fibrous lesions do not allow

a more precise etiological orientation. We have observed high proportion of re-interpretation
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(4/21; 19%) in WES-solved cases supporting the difficulty of interpretation in ESKD biopsy
and the utility of the genotype-associated kidney disease. WES could be an additional
examination to kidney biopsy in the diagnostic process and we may avoid kidney biopsy in
some patient with advance kidney disease.

Thus varied clinical presentations and chronic histological lesions suggest that WES is more
appropriate than gene panels (27). Ottlewski et al reported in UKD cohort that a 200 targeted
gene panel, genetic diagnostic yield was 12% (28). Schrezenmeier et al reported a higher
diagnostic yield at 20% with bigger 600 targeted gene panel (29). These data highlighted that a
single sequencing by WES with the use of bioinformatic gene panel is cost save and more
efficient in UKD population, especially since rapid and continuous discovery of novel genes

associated with human kidney diseases leads to re design panels regularly.

Diagnostic yield of genetic test is essential to stop diagnostic odyssey and lead to precision
medicine. In our study 21 patients received kidney disease diagnosis, transmission clarification
and family screening. Genetic diagnosis allows to change treatment plan and surveillance (30).
There immunosuppression was avoided in 2 cases (corticosteroids and anticalcineurin for FSGS
lesions with COL4A4A3 and TTC2IB variant). 2 patients underwent inappropriate
immunosuppressive therapy (FSGS lesions on biopsy leading to corticosteroid and
anticalcineurin therapy unnecessarily because of genetic nephropathy : NPHSI and APOLI).
60% of patients with positive WES benefited from complementary examinations (mostly
ophthalmologic and otolaryngologic). Like in children cohorts (31), knowledge of genetic
diagnosis help management of transplant patients notably determining that FSGS will not
recurred after kidney transplantation allowing living donor with more confidence (32).

While WES is less expensive and time consuming, it could take a prominent place in diagnostic
approach of ESKD (33), thus avoiding risky biopsy on atrophic kidney. WES could replace
renal biopsy as gold standard in others difficult situations like pregnancy or in case of high
suspicion of inherited kidney disease (glomerular presentation and familial history for
example). With expanding indications of genetic tests , registries will be essential to improve

our understanding of genetic kidney disease (34).

Our study have some limitations. This was a single center approach with a modest cohort size.
Failure to identify age of first kidney manifestation as risk factor suggests lack of statistical
power, studies having demonstrated link between early-onset CKD and inherited kidney disease

(35). Lack of double blind reviewing of the pathology slide is another limitation of the study.
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One important limitation of our study is the MUC! variable number tandem repeat analysis
(GC-rich sequence) which is not actually possible while it is the dominant gene-
tubulointerstitial disease association (23). WES presents suboptimal coverage of regions of
interest like mitochondrial genome, difficulties to detect intronic and copy number variations.
This leads to underestimation of genetic diagnosis (36). Moreover, genetic findings are
constantly evolving. Variants of unknown significance (VUS) could become new pathogenic
variation with advances of knowledge. It means organization to recontact patients, up-to-date
genomic findings and practice guidelines (37) 10/3/2022 12:21:00 AM. In addition, WES could
lead to discovery of mutation unrelated to primary testing indication. These incidental findings
cause additional testing and therapy like with BRCA2 (38) generating ethical challenges:
explanation of the test, process of consent, discloser every genetic finding to patients.
Noteworthy in our study patients could chose if there want to be informed of incidental

diagnosis.

Conclusion

WES have high diagnostic yield in UKD patient with kidney biopsy and highlight the fact that
inherited kidney disease is underestimated. Positive history of family kidney disease should
encourage the clinician to prescribe a WES as the next step after kidney biopsy in UKD patient
to limit the diagnostic odyssey and performed a precision medicine as NGS is now widely

available.
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Table

Table 1. Light microscopic findings

Vascular findings

Nephroangiosclerosis, Arteriosclerosis (Intensity a: +, b : ++, ¢ : +++), Arteriolar hialynosis,

Intimal edema, Fibrinoid necrosis

Glomerular Findings

e Number of glomeruli

e Glomerular hypertrophy, FSGS without NS (Number of FSGS lesions), Sclerotic
glomeruli (Number of sclerotic glomeruli), Ischemic glomeruli (Number of ischemic
glomeruli), Extracapillary proliferation (Number of cellular crescent), Glomerular

thrombotic microangiopathy

Tubulo-interstitial Findings

e Fibrosis (0 : 0%, 1 : 1-24%, 2: 25-49%, 3: 50-74%, 4 > 75%), Interstitial edema,
Infiltrate without tubulitis, Acute interstitial nephritis, Acute tubular necrosis,

Tubular dilatation, Foamy macrophages

Immunofluorescence Findings (if available)

Glomerular and/or vascular deposits and type (IgG, IgA, IgM, Kappa, Lambda, C3,

Fibrinogen) and Fluorescent patterns if necessary

18



Table 2. Demographic characteristics

Variable®

Patients

(n=52)

Age at WES (years)

Male
Geographic origin:
e FEurope

e North Africa

e Sub-Saharan Africa

e French Antilles

e South East Asia

e Western Asia
Consanguinity

e Self-reported

e Supposed
Kidney disease onset before 35 years old

e with familial history
Familial history of kidney disease

e First degree

e Second degree

e Both first and second degree

Prior negative genetic exploration with gene

panel

Delay between kidney biopsy and WES (years)
Undetermined Clinical Nephropathy Subgroup

e Undetermined

e Glomerular

e Tubulointerstitial/cyst
e Vascular

Stage of kidney disease at kidney biopsy

o |
o ]I
o III

39.5 [25.8;49.5]
32 (62)

35 (67)
11 (21)
2 (4)
24)
1(2)
1(2)

6 (12)
2 (4)

33 (63)
15 (45)
27 (51)
8 (30)
10 (37)
9 (33)
2 (4)

1 (0,5-5)

16 31)
22 (42)
6 (12)
8 (15)

9(17)
5(10)
15 (29)
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o IV 6(11)
o V 17 (33)
Stage of kidney disease at WES

o 1 8 (15)

o I 2(4)

o III 8 (15)

o IV 4 (8)

o V 5(10)

e V(D) 14 (27)

e V(D) 11(21)
Patient with transplantation project 19 37)

e Active in transplant waiting list 5(10)

Histological Subgroup

e Vascular 12 (23)

e Glomerular 14 (27)

e Tubulointerstitial/ cyst 4 (8)

e Global chronic lesion 1121

e Insignificant lesion 1121
Number of glomeruli 10 [7-16]

aFor quantitative variables, values are expressed as median [interquartile ranges]. For qualitative variables, values
are expressed as n (%).

D : dialyzed T : transplanted
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Table 3. Re-interpretation of renal histology

Case Gene First Second Comment
associated- interpretation interpretation
disease with knowledge
of WES result
29 COL4A3 Global chronic Glomerular
lesion dominant lesion
71 NPHP1 Global chronic Tubulo-
lesion interstitial
dominant lesion
179 APOLI1 Glomerular Global chronic
dominant lesion  lesion
260 TREX1 Vascular Vascular More detailed

dominant lesion

dominant lesion

analysis of the
lesions
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Figures

Figure 1. Flow shart of study population

Data extraction from 2019
January to 2021 December Exclusion of typical presentation
N =288 of ADPKD, familial IgA
nephropathy, patients with
typical presentation of Gitelman
" or Bartter syndrome or
established genetic diagnosis
in the family
UKD patients with kidney
biopsy
N =65
13 pathology slides not
available
Patients included
N=52
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Figure 2. Clinic and Histologic nephropathy repartition

100
80 I no lesion
— undetermined or
60~ global fibrosis
:\o‘ W Vascular
40- Bl Tubulointerstitial
mm Glomerular
20+
o_
clinical Predominant
nephropathy histological lesion

23



Figure 3. Genetic findings repartition

24



Figure 4. Percentage of WES-solved case of respective clinical nephropathy category
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Figure 5. Phenocopies
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Supplementary Table 2 : Histologic characteristics associated with positive exome

Variable® Negative exome  Positive exome P value
31 (60) 21 (40)
Number of glomeruli 12 (8-16) 8 (7-11) 0.051
Histological Subgroup 0.018
e Vascular 10 (32) 2 (10)
e Glomerular 11 (35) 3 (14)
e Tubulointerstitial 1(3) 3(14)
e Chronic lesion 3 (10) 8 (38)
e Insignificant lesion 6 (20) 5(24)
Vascular Findings 17 (55) 10 (48) 0.61
e Nephroangiosclerosis 6 (19) 1(5) 0.22
e Arteriosclerosis 9(29) 8 (38) 0.49
e Arteriolar hialynosis 3 (10) 3 (14) 0.68
e Intimal edema 5(16) 0(0) 0.073
e Fibrinoid necrosis 1(3) 0(0) 1
Glomerular Findings : 26 (84) 16 (76) 0.5
¢ Glomerular hypertrophy 4 (13) 1(5) 0.64
e FSGS without NS 11 (35) 6 (29) 0.6
e Sclerotic glomeruli 23 (74) 15 (71) 0.83
e Ischemic glomeruli 7(23) 4 (19) 1
e Extracapillary 1(3) 0 (0) 1
proliferation
e Glomerular thrombotic 3(10) 0(0) 0.26
microangiopathy
Tubulo-interstitial Findings 20 (65) 16 (76) 0.37
e Fibrosis 20 (65) 16 (76) 0.37
e Interstitial edema 0(0) 1(5) 0.4
e Infiltrate without tubulitis 4 (13) 5(24) 0.46
e Acute interstitial 1(3) 2 (10) 0.56
nephropathy
e Acute tubular necrosis 1(3) 2(10) 0.56
e Tubular dilatation 1(3) 2 (10) 0.56
e Foemy macrophages 1(3) 3(14) 0.29
Immunofluorescence Findings
e Vascular deposits 10 (36) 6 (29) 0.6
e Glomerular deposits 12 (43) 10 (48) 0.74
Re-interpretation of renal 3 (10) 8 (38) 0.019

histology

aFor quantitative variables, values are expressed as median [interquartile ranges]. For qualitative variables, values
are expressed as n (%).
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Supplementary Table 3 : Histological characteristics according to gene subgroup

Variable® Positive Glomerular Tubulo- Vascular P value
Exome intersti- 15
21 12 (57) tial/ cyst
8 (38)
Glomerular Findings 15 (75) 7 (58) 7 (100) 1 0.14
e FSGS without NS 6 (29) 4 (33) 1(12) 1 0.2
e Sclerotic glomeruli 15 (71) 6 (50) 8 (100) 1 0.06
e Ischemic glomeruli 4 (19) 2 (17) 2 (25) 0 1
e Glomerular hypertrophy 1(5) 0 1(12) 0 0.4
Vascular Findings 10 (48) 4 (33) 5(62) 1 0.26
e Nephroangiosclerosis 1(5) 0 1(12) 0 0.43
e Arteriosclerosis 8 (40) 3 (25) 4 (57) 1 0.22
e Arteriolar hialynosis 3(14) 1 (8) 1(12) 1 0.18
Tubulo-interstitial Findings 16 (76) 7 (58) 8 (100) 1 0.1
e Fibrosis 16 (76) 7 (58) 8 (100) 1 0.1
e Acute tubular necrosis 2 (10) 1(8) 1(12) 0 1
e Acute interstitial 2 (10) 0 2 (25) 0 0.23
nephropathy
e Foamy macrophages 3(14) 3(25) 0 0 0.35
e Tubular dilatation 2 (10) 0 2 (25) 0 0.23
e Infiltrate without 5(24) 0 5(62) 0 <0.01
tubulitis
e Interstitial edema 1(5) 0 1(12) 0 0.4
Glomerular deposits 10 (48) 8 (67) 1(12) 1 0.057
o IgM 5(24) 4 (33) 0 1
e (3 1(5) 1(8) 0 0
e IgMandC3 4 (20) 3(25) 1(12) 0
Vascular deposits 6 (29) 4 (33) 2 (25) 0 1
e (3 4 (67) 4 (100) 0 0
e IgMandC3 2(33) 0 2 (25) 0
Electron Microscopic in favor 3(14) 3(25) 0 0 0.35
of Alport Syndrom
Histological Subgroup <0.01
e Vascular 2 (10) 0 1(12) 1
e Glomerular 3(14) 3(25) 0 0
e Tubulointerstitial 3(14) 0 3 (38) 0
e Chronic lesion 8 (38) 4 (33) 4 (50) 0
e Insignificant lesion 5(24) 5(42) 0 0
Re-interpretation of renal 8 (38) 5(41) 2(25) 0 0.35
histology

*For quantitative variables, values are expressed as median [interquartile ranges]. For qualitative variables, values
are expressed as n (%).
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Résumé

Approche génomique des maladies rénales indéterminées malgré biopsie rénale

Introduction

Les maladies rénales chroniques (MRC) d’origine indéterminée représentent prés de 20% des insuffisances rénales
chroniques (IRC) en France. L accés aux techniques de séquencage a haut débit (Whole Exome Sequencing (WES)) a
permis de montrer que les maladies rénales héréditaires représentent une part importante des néphropathies indéterminées

Méthode

Nous avons réalisé une étude prospective entre Janvier 2019 et Décembre 2021. Nous avons inclus les patients avec une
maladie rénale d’origine indéterminée malgré une biopsie rénale qui ont été adressés a une consultation de
néphrogénomique a I’Hopital de la Conception pour réaliser un WES en pratique courante.

Résultats

52 patients avec une maladie rénale indéterminée malgré biopsie rénale ont été inclus. L’age médian était de 39,5 ans, un
tiers des patients avaient une insuffisance rénale chronique terminale au moment de la biopsie rénale et 30 (58%) au
moment de la réalisation du WES. La consanguinité était rapportée chez 8 patients (15%) et une histoire familiale de
maladie rénale chez 27 patients (51%). Le rendement diagnostique de 1I’exome était de 40% (21/52 cas). Les pathologies
glomérulaires étaient majoritaires (57%), en particulier les syndromes d’Alport : variants pathogénes de COL4A3 (4),
COL4A4 (3), COL4AS (1), TRPC6 (2), NPHS1(1), APOLI (1). Venaient ensuite les maladies tubulo-interstitielles et
kystiques (38%): UMOD (2), NPHP1 (2), PKHDI (1), CNCL5 (1), TTC21B (1), TULP3 (1). Le principale facteur
prédictif d’identifier un variant pathogene était 1’antécédent familial de maladie rénale (p=0.02). Nous avons identifi¢ 5
phénocopies.

Conclusion

L’analyse génomique par exome a établi un diagnostic étiologique chez 40% des patients dont la néphropathie restait
indéterminée malgré une biopsie rénale adéquate et souligne la sous-estimation des maladies rénales héréditaires. Ce
nouvel outil diagnostique pourrait réduire I’errance diagnostique, clarifier les transmissions, permettre une prise en charge
plus précoce des apparentés et modifier les thérapeutiques dans la prévention de la MRC et I’accés a la transplantation.

Mots-clés : Séquencage de I'exome entier, Maladie rénale inconnue, Biopsie rénale, Antécédents familiaux, Alport.

Abstract

Background : Unknown Kidney Disease (UKD) concern about 20% of Chronic Kidney Disease (CKD). Easy access to
Whole Exome Sequencing (WES) in renal healthcare show that inherited kidney disease contribute substantially to UKD
in a gene-oriented approach

Methods : We performed a prospective study between January 2019 and December 2021. We included UKD patients
with kidney biopsy which have been addressed to a nephrogenomic consultation at Conception hospital for WES in
routine care practice.

Results : 52 UKD patients with kidney biopsy were included. Median age was 39,5 years, one third of patients was at
ESKD at the time of the biopsy and 30 (58%) at the time of WES. Consanguinity was reported in 8 patients (15%) and
positive family history of kidney disease in 27 patients (51%). Diagnosis yield was 40% (21/52 cases). Glomerular
diseases were predominant (57%), especially with Alport syndrome : pathogenic variants of COL4A3 (4), COL4A4 (3),
COLA4AS (1), TRPC6 (2), NPHS1(1), APOL1 (1). Tubulointerstitial and cystic diseases are the second diagnostic
subgroup (38%): UMOD (2), NPHP1 (2), PKHD1 (1), CNCLS (1), TTC21B (1), TULP3 (1). Principal predictive factor
for positive WES was familial history of kidney disease (p=0.02). We identified 5 phenocopies.

Conclusion : WES lead to diagnostic yield in 40% of UKD patients with kidney biopsy and highlight underestimation of
inherited kidney disease. Frequency of phenocopies emphasize WES utility compared to genes panels. This new
diagnostic tool could reduce diagnostic wandering, clarify transmissions, allow earlier management of relatives and
modify therapeutics in the prevention of CKD and access to transplantation.

Keywords : Whole Exome Sequencing, Unknown Kidney Disease, Kidney Biopsy, Familial History, Alport.
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