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1. Introduction  

 

 Actuellement, le diagnostic de polyarthrite rhumato•de (PR) repose sur des crit•res 

cliniques et biologiques qui comportent essentiellement deux types dÕanticorps rŽalisŽs au 

quotidien : le facteur rhumato•de (FR) et les anticorps anti-peptides citrullinŽs cycliques (anti-

CCP) (1). Devant la prŽsence dÕarthrites rŽcentes indiffŽrenciŽes, notre bilan biologique 

actuel comprend entre autres ces deux anticorps. 

 Or, il est frŽquent de poser un diagnostic de PR alors que ces anticorps sont nŽgatifs 

et notre diagnostic est alors moins certain (2). De m•me , dans les cas o• seul le FR est 

positif, le doute diagnostique persiste car sa spŽcificitŽ est faible (3).  

 Un enjeu actuel est donc de trouver de nouveaux biomarqueurs permettant de faire 

sortir de la sŽronŽgativitŽ un certain nombre de PR et amŽliorer ainsi la sensibilitŽ 

diagnostique du bilan immunologique.  

De plus, ces nouveaux biomarqueurs pourraient apporter de nouvelles informations 

sur la physiopathologie de la PR, ainsi que sur son pronostic. En effet, il existe non pas une 

forme de PR mais plusieurs PR avec un phŽnotype hŽtŽrog•ne (2)(4). La plupart des Žtudes 

physiopathologiques publiŽes actuellement se rapportent aux PR anti-CCP positifs (5). Il 

sÕagit de PR avec un pronostic diffŽrent de celles anti-CCP nŽgatifs, notamment sur le plan 

Žrosif, avec une physiopathologie bien particuli•re (4).  

  Il y a 4 ans, ont ŽtŽ dŽcrits pour la premi•re fois de nouveaux anticorps chez les 

patients atteints de PR, les anticorps anti-protŽines carbamylŽes (anti-CarP) (6). Les anti-

CarP semblent •tre un marqueur intŽressant , car ˆ la fois prŽsents chez les PR 

sŽronŽgatives et sŽropositives (6)(7)(8)(9)(10)(11), ils seraient associŽs ˆ une Žvolution 

radiographique plus sŽv•re (6)(9)(11). Ils pourraient donc dŽlimiter un nouveau groupe de 

patients avec une physiopathologie et un phŽnotype diffŽrents. 

 Notre but Žtait donc de regarder si ces anticorps anti-CarP Žtaient prŽsents chez des 

patients atteints de PR dans une autre grande cohorte nationale, la cohorte fran•aise 
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ESPOIR (Etude et Suivi des Polyarthrites IndiffŽrenciŽes RŽcentes). Cette cohorte regroupe 

des polyarthrites indiffŽrenciŽes rŽcentes, incluses de 2002 ˆ 2005 et dont le diagnostic de 

PR Žtait probable ou certain ˆ lÕinclusion (12). Gr‰ce au laboratoire Inova  Diagnostics de 

Boston, nous avons obtenu des kits ELISA non commercialisŽs anti-anticorps anti-CarP et 

avons pu prŽalablement tester une trentaine de sŽrums de patients du service de 

rhumatologie ˆ Bordeaux ayant une PR. Suite ˆ ces rŽsultats encourageants dŽmontrant la 

faisabilitŽ du test, nous avons pu rŽaliser cet ELISA ˆ plus grande Žchelle, sur les sŽrums 

des patients issus de la cohorte ESPOIR. 
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1.1. Les anticorps actuellement utilisŽs en pratique clinique dans la 
polyarthrite rhumato•de  

 

1.1.1. UtilitŽ diagnostique  
 

La PR est une maladie auto-immune systŽmique chronique qui affecte principalement 

la membrane synoviale des articulations pouvant conduire ˆ leur destruction. Elle touche 0,5 

ˆ 1% de la population  (13). 

Actuellement, lÕassociation FR/anti-CCP correspond au test de routine utilisŽ pour 

diagnostiquer une PR chez des patients prŽsentant des arthralgies ou des arthrites 

indiffŽrenciŽes. Ces anticorps ont m•me ŽtŽ intŽgrŽs aux crit•res diagnostiques ACR 

(American College of Rheumatology) en 2010 (Tableau 1) (1). Cependant, m•me si les anti -

CCP sont des marqueurs tr•s spŽcifiques (spŽcificitŽ aux alentours de 95%) (14), les FR le 

sont moins (spŽcificitŽ aux alentours de 85%) (3) et la sensibilitŽ combinŽe de ces deux 

anticorps est encore limitŽe ˆ environ 70% (7). Un nombre non nŽgligeable de PR sont donc 

sŽronŽgatives avec un pourcentage variant de 10 ˆ 48% selon les Žtudes (2).  
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 Tableau 1 : Crit•res ACR/EULAR 2010 pour le diagnostic de PR (1) 

ACR, American College of Rheumatology ; EULAR, European League Against Rheumatism ; RA, 
polyarthrite rhumato•de ; RF, facteur rhumato•de ; ACPA, anticorps anti-peptides citrullinŽs ; ESR, 

vitesse de sŽdimentation ; CRP, C reactive protein 
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1.1.2. R™le dans la physiopathologie de la PR  
 

La dŽcouverte des anti-CCP a permis de mieux comprendre une partie de la 

physiopathologie de la PR. Des facteurs gŽnŽtiques (HLADRB1, PTPN22) et des facteurs 

environnementaux (tabagisme, parodontopathie) ont ainsi ŽtŽ identifiŽs comme Žtant des 

facteurs de risque de PR anti-CCP+ (5). En effet, le tabac dans les poumons tout comme la 

prŽsence de Porphyromonas gingivalis au niveau gingival (via sa peptidyl arginine 

dŽiminase) entra”nent une citrullination locale des protŽines (Figure 1). La citrullination 

correspond ˆ la transformation enzy matique dÕun acide aminŽ arginine en citrulline. 

 

Figure 1 : Citrullination (15) 
Arg, arginine ; PADs, peptidyl arginine deiminases 
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Si lÕon poss•de des all•les de susceptibilitŽ des g•nes HLA-DR (human leukocyte 

antigen), les cellules prŽsentatrices dÕantig•nes vont fixer de mani•re plus affine la citrulline 

gr‰ce ˆ une rŽgion spŽcifique de leur CMH (complexe majeur dÕhistocompatibilitŽ) appelŽe 

lÕŽpitope partagŽ. Elles vont ainsi prŽsenter cet antig•ne aux lymphocytes T4 qui seront 

ensuite activŽs dans un contexte de polymorphisme de PTPN22 par exemple (Figures 2 et 

3) (5). La physiopathologie des PR anti-CCP- est quant ˆ elle moins bien connue (2). 

 

 

Figure 2 : Physiopathologie de la polyarthrite rhumato•de (dÕapr•s L. Klareskog et al., 
Autoimmunity : Lungs and citrullination, Nature Reviews Rheumatology, 17 mars 2015) 
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Figure 3 : Production des anticorps anti-CCP gr‰ce aux facteurs de susceptibilitŽ gŽnŽtique 
(4) 

HLA, human leukocyte antigen ; ACPA, anticorps anti-peptides citrullinŽs ; T cell, lymphocyte 
T ; B cell, lymphocyte B 

 

 

 Ces anticorps sont dŽtectŽs de nombreuses annŽes avant de dŽvelopper les 

premiers sympt™mes et cÕest la maturation de cette rŽponse immunitaire qui va entra”ner 

lÕapparition de signes cliniques et le dŽveloppement dÕune PR : augmentation du nombre 

dÕŽpitopes reconnus, augmentation du taux dÕanticorps, de leur aviditŽ, et des isotypes 

(Figure 4) (4)(16).   

Figure 4 : Maturation de la rŽponse des anti-CCP dans le dŽveloppement de la PR (4) 
 RA, rheumatoid arthritis  

 



! ! !*# !

1.1.3. UtilitŽ pronostique  
 

Les PR anti-CCP+ ou anti-CCP- ont la m•me prŽsentation clinique initiale mais leur 

Žvolution est diffŽrente. Les PR anti-CCP+ sont plus inflammatoires et prŽsentent des 

lŽsions radiographiques plus prŽcoces et plus nombreuses que les PR anti-CCP- (4). De 

plus lÕabsence dÕanticorps est associŽe ˆ une plus forte probabilitŽ de rŽmission sans 

traitement de fond (17). Il existe donc plusieurs PR, diffŽrentes sur le plan phŽnotypique en 

fonction des profils immunologiques. 
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1.2.  La carbamylation   
 

1.2.1. Les modifications post -traductionnelles  
 

La synth•se protŽique est un processus dont les derni•res Žtapes sont reprŽsentŽes 

par de nombreuses modifications post-traductionnelles modifiant la nature et la fonction des 

protŽines (18). Ces modifications aboutissent ˆ la formation de nŽo -antig•nes pouvant 

constituer des cibles pour le syst•me immunitaire car considŽrŽs comme Žtrangers. SÕen suit 

alors la production dÕanticorps dirigŽs contre ces antig•nes (Figure 5). 

Les modifications post-traductionnelles les plus connues dans la PR sont la glycation 

du fragment Fc des IgG, possible prŽambule ˆ lÕŽmergence du FR (19) (Figure 6), et la 

citrullination, modification enzymatique permettant la transformation de lÕarginine en citrulline 

sous lÕeffet de la peptidyl arginine dŽiminase (20) (Figure 1). 
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Figure 5 : Production dÕanticorps contre des nŽo-antig•nes  

 

Figure 6 : Glycation (15) 
 Lys, lysine ; Arg, arginine 
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1.2.2. Description de la carbamylation  
 

La carbamylation est une modification post-traductionnelle chimique, et non pas 

enzymatique comme la citrullination (Figure 7). LÕacide aminŽ lysine va, sous lÕaction du 

cyanate, •tre transformŽ en homocitrulline ; dÕautres acides aminŽs prŽsentant des cha”nes 

latŽrales, notamment au niveau de la partie terminale des protŽines, peuvent aussi •tre 

modifiŽs. La protŽine subit alors un changement conformationnel par modification dÕune 

charge positive en charge neutre. Sa structure et ses fonctions sont modifiŽes (20)(21). 

Cette protŽine est dite carbamylŽe ou homocitrullinŽe. 

Dans lÕorganisme, le cyanate est en Žquilibre avec lÕurŽe. CÕest lÕaugmentation 

anormale des concentrations de cyanate dans lÕorganisme qui va permettre ces 

phŽnom•nes de carbamylation, m•me si cette derni•re est possible ˆ lÕŽtat physiologique , 

notamment sur les protŽines ˆ longue demi -vie. 

Les conditions pathologiques entra”nant une augmentation de la concentration de 

cyanate sont (Figure 8) (20)(22)(23):   

 - lÕinsuffisance rŽnale par augmentation des concentrations dÕurŽe, 

 - lÕinflammation : la myŽloperoxidase stockŽe puis libŽrŽe par les 

polynuclŽaires neutrophiles transforme le thiocyanate en cyanate par oxydation par le 

peroxyde dÕhydrog•ne ainsi que le chlorure en cyanate, 

 - le tabagisme : la fumŽe inhalŽe contient des particules dÕacide isocyanique 

qui sont dŽgradŽes en thiocyanate puis en cyanate, 

 - lÕinhalation directe de cyanates : biocarburants, combustion, cuisine, tabac, 

sapin. 
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Figure 7 : Carbamylation et citrullination (6) 

 
Figure 8 : MŽcanismes et consŽquences de la carbamylation (22) 

Anti-CarP, anti-carbamylated protein antibodies 
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La carbamylation est donc dŽjˆ connue et impliquŽe dans certaines pathologies 

(22)(23) :  

 - maladie rŽnale chronique : cÕest dans un contexte dÕinsuffisance rŽnale 

terminale que la carbamylation a ŽtŽ dŽcrite pour la premi•re fois il y a une trentaine 

dÕannŽes. Le degrŽ de carbamylation est un facteur pronostique indŽpendant de progression 

de la maladie rŽnale, il est associŽ au taux dÕurŽe et aux autres marqueurs comme la 

crŽatinine. 

  - pathologies cardio-vasculaires : les protŽines carbamylŽes sont plus souvent 

retrouvŽes dans les zones inflammatoires des plaques athŽromateuses que dans les 

vaisseaux normaux. De plus, la carbamylation conf•re une activitŽ proathŽrog•ne aux 

molŽcules modifiŽes, notamment les LDL (low density lipoprotein), par diminution de leur 

capacitŽ ˆ se mobiliser, altŽration de leur pouvoir anti -inflammatoire et anti-oxydant,  

accumulation dans les macrophages, apoptose des cellules endothŽliales et enfin 

prolifŽration des cellules musculaires lisses. Un taux ŽlevŽ de carbamylation est corrŽlŽ ˆ la 

prŽvalence des maladies athŽrosclŽreuses coronariennes et au risque dÕŽv•nement 

cardiovasculaire majeur : cÕest un facteur de risque pronostique indŽpendant chez ces 

patients. Elle est favorisŽe par le tabagisme car il entra”ne un taux ŽlevŽ de thiocyanates 

comme vu prŽcŽdemment.  

 Ce lien entre carbamylation et pathologies cardio-vasculaires est un ŽlŽment 

important ˆ souligner puisque lÕon sait que le risque cardio-vasculaire est 1,5 fois plus 

important chez les PR que dans la population gŽnŽrale (24). On pourrait donc supposer que 

la carbamylation soit liŽe au risque cardio-vasculaire des patients atteints de PR. 

 Par ailleurs, de nombreuses protŽines cibles ont ŽtŽ identifiŽes comme lÕEPO 

(Žrythropo•Žtine) dont la carbamylation entra”ne la perte de ses fonctions dÕerythropo••se, ou 

bien encore les IgG1 qui, une fois carbamylŽes, ne peuvent plus fixer le C1Q perdant ainsi 

leur fonction activatrice du complŽment (25).  
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1.2.3. Lien entre carbamylation et PR  
 

LÕidŽe quÕune carbamylation accrue puisse avoir lieu lors de la PR est plus rŽcente. 

 Comme Žcrit prŽcŽdemment, les modifications post-traductionnelles ont la capacitŽ 

de rompre la tolŽrance immunologique et donc dÕinduire la formation dÕauto-anticorps. 

Steinbrecher et al., ont montrŽ pour la premi•re fois que cette rupture de tolŽrance pouvait 

survenir avec des antig•nes carbamylŽs. Les anticorps alors produits sont dirigŽs contre les 

protŽines modifiŽes mais ne reconnaissent pas les Žpitopes natifs (26). Mydel et al. ont 

ensuite dŽmontrŽ que des protŽines homocitrullinŽes Žtaient dŽtectŽes dans le sŽrum et le 

liquide intra-articulaire de patients atteints de PR ; et que dans des mod•les murins , 

lÕimmunisation avec des protŽines homocitrullinŽes pouvait induire des arthrites (27). Par 

ailleurs, des protŽines homocitrullinŽes ont ŽtŽ retrouvŽes dans des nodules de PR (28).  

 Plus rŽcemment, Bright et al. ont Žmis lÕhypoth•se que lÕinflammation gingivale et 

pŽriodontale retrouvŽe dans les pŽriodontopathies (facteur de risque environnemental de la 

PR) pouvait entra”ner une carbamylation ; ils ont de plus mis en Žvidence des protŽines 

carbamylŽes dans les tissus gingivaux enflammŽs (29). 
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1.3. Les anticorps anti -protŽines carbamylŽes (anti -CarP) 
 

1.3.1. Une entitŽ ˆ part?  
 

La citrulline, produit de la transformation enzymatique de lÕarginine, et lÕhomocitrulline, 

produit de la carbamylation de la lysine, sont 2 acides aminŽs tr•s proches sur le plan  

chimique (Figure 7). Ces deux acides aminŽs contiennent une cha”ne latŽrale avec un 

groupe ÐNH-CO-NH2 et la diffŽrence se trouve sur la longueur de cette cha”ne, plus longue 

dÕun groupe mŽthyl•ne pour lÕhomocitrulline (20). 

Turunen et al. ont montrŽ que le test anti-CCP2 peut reconna”tre ˆ la fois des 

protŽines citrullinŽes et homocitrullinŽes. Par ailleurs, des lapins immunisŽs avec des 

protŽines homocitrullinŽes produisent des anticorps anti-CCP (30). Et, in vitro, les anticorps 

anti-peptides citrullinŽs peuvent fixer lÕhomocitrulline et les anticorps anti-protŽines 

homocitrullinŽes peuvent •tre inhibŽs par la citrulline et lÕhomocitrulline (8). 

Existe-t-il donc rŽellement dÕauthentiques anticorps anti-protŽines carbamylŽes et 

constituent-ils une entitŽ ˆ part enti•re, diffŽrente des anti -CCP? 

Il semblerait, puisque certains anticorps anti-CCP et certains anticorps anti-CarP ne 

reconnaissent que leur antig•ne spŽcifique (31).  

En 2011, Shi et al. ont mis en Žvidence des autoanticorps dirigŽs contre des 

protŽines carbamylŽes, ˆ la fois chez les PR sŽropositives et sŽronŽgatives, montrant ainsi 

la distinction entre ces deux anticorps (6). Ce rŽsultat a ŽtŽ confirmŽ par plusieurs autres 

Žtudes plus tard (7)(8)(9)(10)(11). De plus la cinŽtique dÕapparition de ces deux anticorps est 

globalement identique mais, sur le plan individuel, celle-ci peut •tre diffŽrente (anti -CarP 

prŽcŽdant les anti-CCP ou inversement)(7)(11)(32). Enfin, chez les double positifs, les anti-

CarP sont inhibŽs par les antig•nes carbamylŽs mais pas par les antig•nes citrullinŽs ou  les 

contr™les et inversement pour les anti-peptites citrullinŽs (6).  
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Donc, m•me sÕil existe un risque de rŽaction croisŽe, il est possible de dŽvelopper 

des anticorps anti-CarP distincts des anti-CCP.  

 

1.3.2. Les anticorps anti -CarP et la PR  
 

1.3.2.1. PrŽvalence  
 

 Shi et al. ont ŽtŽ les premiers ˆ tester les sŽrums humains de 557 patients atteints de 

PR issus dÕune cohorte de polyarthrites rŽcentes et de 305 tŽmoins sains pour les anti-CarP. 

Dans cette cohorte, 45% des PR ont des IgG anti-CarP et 43% des IgA anti-CarP, contre 

respectivement 2,95% et 5,24% des sujets sains (6).  

Puis, dans 2 cohortes europŽennes (Leiden Early Arthritis Clinic et Swedish 

Epidemiological Investigation of Rheumatoid Arthrits), les anti-CarP Fcs (anticorps dirigŽs 

contre des protŽines de veau fÏtal carbamylŽes) sont respectivement retrouvŽs chez 44,9% 

et 35,6% des PR et les anti-CarP Fib  (anticorps dirigŽs contre du fibrinog•ne carbamylŽ) 

chez 38% et 42,6% (10).  

Yee et al. (9), Scinocca et al. (8) et Brink et al. (11) ont retrouvŽ respectivement des 

anti-CarP chez 30, 49 et 42,2% des PR.  

Tous ces anticorps sont retrouvŽs aussi bien chez les patients anti-CPP+ que les anti-CCP-. 
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1.3.2.2. PrŽvalence des anticorps anti -CarP chez les PR 
sŽronŽgatives  

 

Selon les Žtudes, la prŽvalence des anti-CarP chez les PR anti-CCP- est de 0 ˆ 

31,4% (6)(7)(8)(9)(10)(11)(32)(33). Ils sont retrouvŽs ˆ la fois avant et apr•s le diagnostic de 

PR. 

Jiang et al. et Shi et al. ont montrŽ que les anticorps anti-CarP sont significativement 

plus prŽsents chez les patients anti-CCP+ que chez les anti-CCP- (respectivement p<0,0001 

et p<0,001) (10)(33) contrairement ˆ Yee et al. qui nÕa pas retrouvŽ de diffŽrence (9).  

Chez les double nŽgatifs (FR et anti-CCP), Gan et al. nÕont pas retrouvŽ dÕanticorps 

anti-CarP (0/9) (7). 

La prŽsence de ces anticorps chez les PR anti-CCP- confirme que les anti-CarP sont 

bien une entitŽ ˆ part enti•re.  

 

1.3.2.3. PrŽsence des anticorps anti -CarP avant la PR et 
caract•re prŽdictif  

 

Les anti-CCP et le FR sont prŽsents des annŽes avant lÕapparition des premiers 

sympt™mes et sont, quand ils sont prŽsents, prŽdictifs dÕune Žvolution dÕarthralgies ou 

dÕarthrites indiffŽrenciŽes vers une PR. Leur prŽsence a donc un impact sur la prise en 

charge diagnostique.  

Les anticorps anti-CarP sont eux aussi prŽsents avant le diagnostic de PR (7) chez 

des patients avec des arthralgies FR+ et/ou CCP+ (33) ou avant m•me les premiers 

sympt™mes. Ils sont retrouvŽs jusquÕˆ 14 ans avant lÕapparition de la symptomatologie, 

comme les anti-CCP, avec un taux augmentant avec le temps et donc plus important au 

stade de PR quÕen prŽ-symptomatique (11)(32). Ils sont prŽdictifs du dŽveloppement 

ultŽrieur vers une PR, que les patients soient symptomatiques (arthralgies avec anti-CCP 

positifs) (33) ou non (7)(11).  
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1.3.2.4. SpŽcificitŽ et sensibilitŽ des anticorps anti -CarP 
dans la PR  

 

 Les anticorps anti-CarP ne sont pas retrouvŽs chez des sujets sains et sont 

significativement plus importants chez les PR (49%) que chez les patients atteints de lupus 

(5%) ou de rhumatisme psoriasique (3%) (p<0,05) (8).  

Gan et al. ont montrŽ que le dosage dÕanticorps anti-CarP est peu sensible (<30%) 

mais hautement spŽcifique (>95%) pour le diagnostic de PR. Cependant, lÕajout du dosage 

de lÕanti-Carp aux FR et anti-CCP nÕaugmenterait pas significativement la spŽcificitŽ ou la 

sensibilitŽ (7). 

1.3.2.5. Anticorps anti -CarP et activitŽ et durŽe de la 
maladie  

 

 LÕassociation ACPA1 et anti-CarP, dans lÕŽtude de Yee et al., est associŽe ˆ la durŽe 

de la maladie (p=0.0128) et ˆ lÕactivitŽ mesurŽe par le DAS28 contrairement ˆ lÕanticorps 

anti-CarP pris seul. Le taux dÕanticorps ACPA1-anti-CarP est corrŽlŽ significativement au 

score du DAS28 (p=0.0264) (9). 

Hormis Yee et al., le lien entre le phŽnotype clinique de la PR et les anticorps anti-

CarP a ŽtŽ assez peu investiguŽ. Notre Žtude pourrait donc permettre dÕapporter une 

information majeure confirmant lÕobservation de Yee et al., et ce sur une cohorte nationale. 
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1.3.2.6. Anticorps anti -CarP et pronostic radiographique  
 

Shi et al. ont montrŽ que la prŽsence des anti-CarP est associŽe ˆ une progression 

radiographique plus sŽv•re selon le score de SharP et ce notamment chez les anti -CCP 

nŽgatifs avec anti-CarP IgG (! =1,86 [1,41-2,26] , p<105) (6). Chez les PR anti-CCP+, les 

anti-CarP+ ne sont pas plus Žrosives. Cette constatation est confirmŽe par Yee et al. o• le 

score de Sharp est significativement plus ŽlevŽ chez les CarP+, avec un score moyen de 20 

vs 10 chez les anti-CarP- (9). De plus, le taux dÕanticorps est corrŽlŽ au score de Sharp 

(p=0,0332) (9).  

Brink et al. ont montrŽ, dans une population de PR suŽdoises, que la prŽsence des 

anti-CarP avant le diagnostic de PR est associŽe aux lŽsions radiographiques au diagnostic 

mesurŽes par le score de Larsen (p=0,003). De plus leur prŽsence au diagnostic est corrŽlŽe 

aux lŽsions radiographiques au diagnostic (p=0,017), ˆ 24 mois (p=0,002) et ˆ leur 

progression (p=0,013), lÕassociation Žtant plus forte chez les anti-CarP+/anti-CCP-  et non 

significative chez les CCP+ (11). 

 

1.3.2.7. Association entre anticorps anti -CarP et 
facteurs de risque gŽnŽtiques  et environnementaux  

 

Les facteurs gŽnŽtiques (HLADRB1, PTPN22) et les facteurs environnementaux 

(tabagisme, parodontopathie) sont des facteurs de risque de PR anti-CCP+. Ils ont permis 

de mieux comprendre la physiopathologie de la PR. Il est lŽgitime de se demander sÕils sont 

aussi des facteurs de risque de PR anti-CarP+. Jiang et al. nÕont pas retrouvŽ, dans 2 

cohortes europŽennes de PR, de lien significatif entre les anticorps anti-CarP et les facteurs 

gŽnŽtiques (HLADRB1 et PTPN22) ainsi quÕavec le tabac conduisant donc ˆ lÕhypoth•se 

dÕun mŽcanisme physiopathologique diffŽrent (10) m•me si un lien non significatif entre la 

prŽsence des anti-CarP et lÕall•le HLA-DRB1*03 semble appara”tre dans le sous-groupe 
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CCP-. Par ailleurs, Scinocca et al. sugg•rent in vitro quÕun lien entre les all•les SE de 

lÕŽpitope partagŽ et lÕhomocitrulline est possible (8).  

 

 

En dŽfinitive, la recherche de nouveaux biomarqueurs associŽs ˆ la PR est un sujet 

dÕactualitŽ ayant son importance notamment pour amŽliorer notre prise en charge 

diagnostique et thŽrapeutique. Les donnŽes actuelles concernant les anticorps anti-CarP 

sont tr•s prometteus es avec notamment des liens apparaissant entre ces anticorps et les 

phŽnotypes clinique et radiographique de la PR. De nouvelles Žtudes sur de larges cohortes 

sont donc nŽcessaires pour confirmer ces rŽsultats.  
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2. Dosage des anticorps anti -CarP dans les sŽrums des patients de la 
cohorte nationale ESPOIR  
 

2.1. Justification  
 

Au vu de la littŽrature existante sur les anticorps anti-CarP dans la PR, tr•s 

prometteuse, il nous a semblŽ intŽressant de rŽpliquer et de complŽter ces donnŽes sur une 

cohorte fran•aise de polyarthrites rŽcentes.  

Trouver un nouveau biomarqueur pour les patients atteints de PR permettrait 

dÕamŽliorer la sensibilitŽ diagnostique, de rattraper les PR sŽronŽgatives et enfin de 

conna”tre le profil Žvolutif des polyarthrites associŽes ˆ ces anticorps afin dÕamŽliorer leur 

prise en charge. 

Il est donc nŽcessaire de complŽter ces rŽsultats par de nouvelles Žtudes, le but 

Žtant, peut-•tre dans un futur proche, dÕintŽgrer le dosage des anticorps anti-CarP dans le kit 

diagnostique de routine des PR avec les FR et les anti-CCP.  

Le biomarqueur idŽal serait ˆ la fois prŽdictif de la maladie, sensible et spŽcifique, 

pronostique, reflŽtant lÕactivitŽ de la maladie, et prŽdisant la rŽponse au traitement. 

Nous avons donc dŽcidŽ dÕŽtudier ces anticorps anti-CarP dans une cohorte 

nationale fran•aise, la cohorte ESPOIR.  
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2.2. Patients et donnŽes  
 

La cohorte ESPOIR est une cohorte nationale fran•aise longitudinale de patients 

prŽsentant des arthrites rŽcentes avec un diagnostic probable ou certain de PR ˆ lÕinclusion. 

813 patients, inclus entre dŽcembre 2002 et mars 2005, ont ŽtŽ suivis de mani•re rŽguli•re 

avec, ˆ chaque visite , un recueil de donnŽes cliniques, biologiques et radiographiques. Nous 

avons pu obtenir les sŽrums des patients issus de la visite des 6 mois afin de les tester pour 

ces nouveaux anticorps. A dŽfaut dÕavoir pu tester les sŽrums ˆ lÕinclusion, la stabilitŽ des 

sŽrums dans le temps nous permet de conclure que si les anticorps Žtaient prŽsents ˆ 

lÕinclusion, ils le restent ensuite. Sur les 750 Žchantillons de sŽrums re•us la disponibilitŽ des 

kits ELISA nous a permis de tester 720 dÕentre eux. 

Par ailleurs, nous avons Žgalement re•u pour chaque patient de la cohorte ESPOIR 

les donnŽes dŽmographiques, cliniques, biologiques, radiographiques, et thŽrapeutiques 

demandŽes. 
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2.3. MŽthodes de dŽtection des anticorps anti -Carp 
 

Pour tester les sŽrums des patients issus de la cohorte ESPOIR, nous avons utilisŽ 

un kit Elisa non commercial, gracieusement donnŽ par le laboratoire Inova Diagnostics 

(Boston). Ce kit avait ŽtŽ utilisŽ par Shi et al. en 2010 dans la premi•re Žtude portant sur les 

anticorps anti-CarP dans la PR. Nous avons rŽalisŽ ces tests dans le laboratoire 

dÕImmunologie de lÕuniversitŽ de Bordeaux (CIRID, UMR CNRS 5164 du Professeur 

Moreau). 

 

2.3.1. Protocole de lÕELISA anticorps anti -CarP 
 

La technique ELISA (Enzyme Linked ImmunoSorbent Assay) est une technique 

immuno-enzymatique de dŽtection, qui permet de visualiser une rŽaction antig•ne -anticorps 

gr‰ce ˆ une rŽaction colorŽe produite par l'action sur un substrat d'une enzyme 

prŽalablement fixŽe ˆ l'anticorps.  

Notre but Žtant de dŽtecter des anticorps et non pas des antig•nes, nous avons donc utilisŽ 

un test ELISA indirect qui se dŽcoupe en 4 grandes Žtapes : le ÒcoatingÓ de lÕantig•ne, la 

fixation des anticorps anti-CarP sur les antig•nes carbamylŽ s, la fixation des anticorps de 

dŽtection sur les anticorps anti-CarP et la rŽvŽlation des anticorps fixŽs gr‰ce ˆ une rŽaction 

enzymatique (Figure 9). Nous avons pour cela suivi le protocole fourni par le laboratoire. 

 

MatŽriels et Ž tapes prŽalables  :  

Nous disposions des rŽactifs suivants : CarP Wash Concentrate, Diluent, Low Positive 

Control, six CarP Elisa Calibrators (correspondant ˆ des concentrations diffŽrentes en 

anticorps anti-CarP), HRP IgG Conjugate, TMB Chromogen, HRP Stop Solution. 

Tous les sŽrums et tous les rŽactifs, prŽalablement conservŽs ˆ tempŽrature adaptŽe, 

Žtaient mis ˆ tempŽrature ambiante avant de dŽbuter les tests. Le CarP Wash Concentrate 

fut diluŽ au 1:40. 
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Etape 1  : Ç coating  È de lÕantig•ne 

Cette Žtape avait ŽtŽ prŽalablement rŽalisŽe par le laboratoire Inova Diagnostics. Le fond 

des puits des plaques fournies Žtait prŽ-recouvert avec des antig•nes de veau fÏtal 

carbamylŽs (Ca-FcS). 

 

Etape 2  : fixation des anticorps anti -CarP sur les antig•nes carbamylŽ s 

- nous avons prŽparŽ une dilution au 1:101 pour chaque Žchantillon de patient ̂  lÕaide du 

diluent. 

- nous avons ensuite disposŽ dans chaque plaque 100µl de chaque Žchantillon selon la 

disposition indiquŽe dans le tableau ci-dessous (Tableau 2) :  

 - 6 contr™les ou calibrators, et leurs duplicats (concentrations dŽcroissantes de A ̂  F) 

 - 1 low positive control et son duplicat 

 - 1 blanc (diluent) et son duplicat 

 - 80 sŽrums de patients (S) 

 

Tableau 2 : Exemple type de plaque 
 1 2 3 4 5 6 7 8 9 10 11 12 

A Calibrator Calibrator S S S S S S S S S S 

B Calibrator Calibrator S S S S S S S S S S 

C Calibrator Calibrator S S S S S S S S S S 

D Calibrator Calibrator S S S S S S S S S S 

E Calibrator Calibrator S S S S S S S S S S 

F Calibrator Calibrator S S S S S S S S S S 

G Low Positiv Low Positiv S S S S S S S S S S 

H Blanc Blanc S S S S S S S S S S 

 

- les anticorps anti-CarP, sÕils sont prŽsents, se fixent sur les antig•nes carbamylŽs prŽsents 

au fond des puits. 
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- les plaques ont incubŽ pendant 30 minutes ˆ tempŽrature ambiante  et ˆ la lumi•re du jour , 

- puis ont ŽtŽ lavŽes manuellement ˆ 5 reprises avec le CarP Wash Concentrate. Apr•s 

lavage, seul les anticorps anti-CarP sÕŽtant fixŽs restent.  

 

Etape 3  : fixation des anticorps de dŽtec tion sur les anticorps anti -CarP 

- nous avons rajoutŽ dans chaque puits 100µl de HRP IgG conjugate, cette solution 

contenant des anticorps reconnaissant les anticorps anti-CarP et  se fixant ˆ eux . Ces 

anticorps de dŽtection sont couplŽs ˆ une enzyme HRP (horseradish peroxidase). 

- nous avons fait incuber pendant 30 minutes ˆ la lumi•re du jour et les plaques ont ŽtŽ 

lavŽes. Seuls les anticorps de dŽtection fixŽs ˆ des anticorps anti-Carp restent fixŽs. 

 

Etape 4  : rŽvŽlation des anticorps de dŽtection fixŽs gr‰ce ˆ une rŽaction enzy matique  

- nous avons ensuite ajoutŽ dans chaque puits 100 µl du TMB Chromogen (3,3Õ,5,5 ;-

tetramethylbenzidine), cette solution correspondant au substrat de lÕenzyme HRP couplŽe 

aux anticorps de dŽtection (Žtape 4a). LÕenzyme HRP va transformer, si elle est prŽsente, 

son substrat en produit de rŽaction dŽtectable gr‰ce ˆ lÕapparition dÕune coloration bleue. 

- les plaques ont incubŽ 30 minutes dans le noir.  

- enfin nous avons ajoutŽ dans chaque puits 100 µl de HRP Stop Solution afin de figer la 

rŽaction enzymatique et donc de figer la coloration (Žtape 4b).  

- les plaques ont incubŽ encore une fois 30 minutes dans le noir. La couleur devient donc 

jaune si une rŽaction enzymatique avait eu lieu auparavant. 

- l'intensitŽ de la coloration est proportionnelle ˆ la quantitŽ d'enzyme prŽsente et donc ˆ la 

concentration en anticorps recherchŽs. 

 

Nous avons ensuite procŽdŽ ˆ la lecture des puits (1heure maximum apr•s avoir 

stoppŽ la rŽaction). Les plaques ont ŽtŽ lues ˆ 450nm gr‰ce au spectrophotom•tre 

(Varioskan Flash) pour transformer les valeurs dÕabsorbance en unitŽs arbitraires par 

millilitres (UA/ml). 
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2.3.2. Illustrations (Figure 9 et Photo)  
!"#$%&#'( ')*+' ' ''' ' ' ' ' ' ' !"#$%&#', ')-+ '

!
!
!
!
!
!
!
!
! Etape 1 
      Ag carbamylŽ 
!
!
!
!
!
!
!
!!!! Etape 2 
      SŽrum patient 
!

!
!
!
!

!
! Etape 3 
   Ac contre Ac anti-         
CarP+enzyme HRP 
!

!
!
!!!!!!!!!!!!!!Etape 4a 
!!!!!!TMB Chromogen 
!!!!RŽaction avec HRP 

     Coloration bleue 
!
!
!!!
!
!
!
! Etape 4b 
   Bloquage rŽaction!!!!
! !!!!HRP!
!!!!!!Coloration jaune 

'



! ! !#%!

 

 
Photo 1 : Exemple de plaque obtenue apr•s rŽalisation de lÕensemble des manipulations 

 

La disposition est conforme ˆ celle dŽtaillŽe dans le tableau ci -dessus (Tableau 2). 

Sur les deux premi•res colonnes, on peut noter un dŽgradŽ de jaunes de A ˆ F, du plus 

foncŽ au plus clair, correspondant ˆ des concentrations dŽcroissantes dÕanticorps anti-CarP.  

Les deux premi•res colonnes de la ligne G correspondent au Low Positiv e Control et celles 

de la ligne H au diluent qui appara”t donc transparent. On peut observer au sein de cette 

plaque :  

- des puits transparents correspondant ˆ des sŽrums de  patients ne contenant pas 

dÕanticorps anti-CarP  

- des puits jaunes correspondant ˆ des sŽrums contenant des anticorps anti -CarP, les 

concentrations Žtant diffŽrentes selon lÕintensitŽ du jaune. 

!  
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2.3.3. RŽsultats  
 

Pour chaque plaque nous obtenions les rŽsultats sous la forme suivante :  

 - une courbe de titration rŽalisŽe gr‰ce aux Calibrators, avec un coefficient de 

corrŽlation stable aux alentours de 0,999 pour chaque courbe (Figure 10) 

- les valeurs dÕabsorbance totale 

- les valeurs apr•s soustraction de lÕabsorbance due au FcS 

- les valeurs transformŽes en unitŽ arbitraire (UA/ml) selon cette courbe de 

titration. 

 

 
Figure 10 : courbe de titration rŽalisŽe avec les Žchantillons des Calibrators 

 

2.3.4. Calcul du seuil de positivitŽ  
 

 Pour dŽterminer le seuil de positivitŽ des anticorps anti-CarP nous avons utilisŽ le 

Low Positive Control (LPC) fourni par le laboratoire . Le LPC correspond ˆ la concentration 

seuil permettant dÕaffirmer la prŽsence (si la concentration du sŽrum testŽ S Žtait supŽrieure 

ˆ l a concentration du LPC) ou lÕabsence dÕanticorps anti-CarP (si la concentration du sŽrum 

testŽ S Žtait infŽrieure). Pour chaque plaque le seuil de positivitŽ a ŽtŽ calculŽ en faisant la 

moyenne des deux LPC. Ainsi, un seuil diffŽrent a donc ŽtŽ utilisŽ pour chaque plaque.  
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2.4. Objectifs  
 

2.4.1. Objectif primaire  
 

 LÕobjectif principal de lÕŽtude est de conna”tre la prŽvalence des anticorps anti-CarP 

et leur rŽpartition au sein des diffŽrentes populations de patients au vu de leur statut anti-

CCP et FR dans la cohorte ESPOIR. 

 

2.4.2. Objectifs secondaires  
 

 Le but est de conna”tre les caractŽristiques clinique, biologique, radiographique et 

thŽrapeutique associŽes aux anticorps anti-CarP, et dÕŽvaluer leur caract•re prŽdictif d ans le 

dŽveloppement ultŽrieur dÕune PR.  

Enfin, nous souhaitons Žtudier le lien entre ces anticorps et le tabagisme, 

lÕinsuffisance rŽnale, les facteurs de risque cardio-vasculaires et les Žv•nements cardio -

vasculaires. Car, du fait de la physiopathologie de la carbamylation et de son importance 

dans lÕathŽrosclŽrose et lÕinsuffisance rŽnale, il nous a semblŽ important de vŽrifier si cette 

modification post-traductionnelle Žtait liŽe ˆ ces Žv•nements chez les patients atteints de 

PR.  

Dans nos analyses, nous avons comparŽ les patients avec anticorps anti-CarP 

positifs versus anti-CarP nŽgatifs, mais aussi diffŽrentes associations dÕanticorps. 
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En conclusion , notre Žtude pourrait avoir un impact important pour plusieurs raisons. 

LÕeffectif de notre cohorte, comportant 720 patients, est un des effectifs les plus importants 

dans cette littŽrature. La cohorte ŽtudiŽe est une cohorte de polyarthrites rŽcentes, 

population intŽressante en pratique clinique, avec un suivi longitudinal sur 10 ans permettant 

une analyse exhaustive. Enfin, nous avons ŽtudiŽ des ŽlŽments globalement peu abordŽs et 

m•me nouveaux, en lien avec ces anticorps (activitŽ de la maladie, facteurs de risque et 

Žv•nements cardio -vasculaires, insuffisance rŽnale, analyse approfondie de diffŽrentes 

associations dÕanticorps). Tous ces ŽlŽments permettraient donc de complŽter la littŽrature 

existante et dÕapporter des informations nouvelles. 
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3. Anti -carbamylated protein antibodies are present in patients with early 
arthritis and ar e associated with disease activity and radiological 
damages  
 

INTRODUCTION 
 
 Rheumatoid factor (RF) and anti-citrullinated protein antibodies (anti-CCP) are 

currently used, in routine, for the diagnosis of rheumatoid arthritis (RA) (1). However a 

substantial number of seronegative RA remains, with a diagnosis made based on clinical 

characteristics. For this population of patients, new biomarkers would make the identification 

easier and would help with their management, refining their prognosis. 

 Recently, a new autoantibody family with antibodies directed against carbamylated 

protein (anti-CarP antibodies) have been identified in RA patients (2). Carbamylation is a 

post-translational modification in which lysine is chemically converted into homocitrulline 

under the influence of cyanate. In the organism, cyanate is in equilibrium in low concentration 

with urea, in physiologic conditions. Carbamylation is caused by an increased concentration 

of cyanate (increase of urea concentration, inflammation, smoking) (3). Presence and 

involvement of carbamylated proteins in atherogenesis and renal failure has been highlighted 

(3)(4)(5).  

Anti-CarP antibodies have been recently described in RA. These antibodies are 

present in both anti-CCP positive and anti-CCP negative RA with a total prevalence ranging 

from 30% to 49% depending on studies (2)(6)(7)(8)(9). 

 They appear before the first symptoms and are predictive of future development of 

RA both in patients with arthralgia (10) and in apparently healthy blood donors (9)(11). 

Moreover, these anti-CarP antibodies are associated with more severe clinical disease when 

associated with ACPA1 (7) and with radiological progression (2)(7)(9). Finally, they seem to 

be specific for RA (6)(11). Further studies are still needed to confirm these associations. 

 Therefore, the main goal of the present study was to test the French national cohort 

of recent arthritis for the presence of anti-CarP antibodies with identification of patient 

clusters according to the antibody status for RF, anti-CCP and anti-CarP. The second goal 
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was to evaluate the association between anti-CarP antibodies and disease activity, biological 

data, radiographic data, therapeutic data, renal failure, cardiovascular risk factors and 

events, and development of RA, by itself or in combination with RF and anti-CCP. 

 

METHODS 
 
Study population  

 The ESPOIR cohort (Etude et Suivi des Polyarthrites IndiffŽrenciŽes RŽcentes) is a 

French National, multicentre, longitudinal prospective cohort of early arthritis (12). The cohort 

was constituted by asking general practitioners and rheumatologists to refer patients with 

early arthritis to one of the 14 university hospitals participating in the ESPOIR project. 813 

patients were included between December 2002 and March 2005.  

Inclusion criteria were : age between 18 and 70, clinical diagnosis of RA as certain or 

probable or clinical diagnosis of undifferentiated arthritis potentially becoming RA, at least 2 

swollen joints since 6 weeks and less than 6 months, no prescription of DMARDS or 

corticoids (except if less than 2 weeks or as an intra-articular injection less than 4 weeks 

before inclusion). Exclusion criteria were the other inflammatory rheumatisms or connective 

tissue diseases clearly determined according to usual criteria. 

Every patient was seen every 6 months during the first 2 years then every year for a follow-

up of at least 10 years. The protocol was approved by French authorities in July 2002 and all 

patients signed an informed consent. The scientific committee of the cohort accepted our 

project and we obtained sera at 6 months after inclusion and data from patients including 

demographic, clinic, biologic, radiographic and therapeutic data at baseline and at 96 months 

after inclusion. 
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Detection of anti -CarP antibodies  

 For IgG anti-CarP antibodies detection in sera, we used an ELISA test, developed by 

Inova Diagnostics (Boston) as described by Shi and al. (2). The ELISA test was performed 

following the manufactorÕs instructions. Plates were pre-coated with carbamylated fetal calf 

serum (FcS). We tested patients sera, diluted at 1:101. Anti-CarP levels were expressed in 

arbitrary units (UA/ml). The cut-off value for positivity was determined, for each plate, by 

calculating the mean of both Low Positive Controls values. 

 

Analysed data  

 We collected patients characteristics from the ESPOIR cohort database. Clinical data 

retained were : gender, age, weight, body mass index, disease activity assessment by 

DAS28-ESR (erythrocyte sedimentation rate) at baseline, symptoms duration, type of 

beginning symptoms, smoking and alcoholism at baseline, diabetes, hypertension, 

dyslipidemia, myocardial infarction, and cerebrovascular disease at baseline and 8 years. 

Biological data collected at baseline were : ESR (mm at first hour, positivity was determined 

by ESR>10), C reactive protein (CRP, mg/l, positivity was determined by CRP>5), RF (UI/ml, 

positivity was determined in each center), anti-CCP antibodies (UI/ml, positivity was 

determined in each center) and creatinine (mmol/l). Radiological data collected were : 

presence or absence of erosion joints at baseline and at 8 years (M96), Sharp score at 

baseline. Therapeutic data collected were : use of DMARDs (disease modifying anti-

rheumatic drugs) at 8 years. Final diagnosis of RA was validated if patients fulfilled the 

ACR/EULAR 2010 criteria at least once over the 8 years. 

 

 

 

 



! ! !$" !

Statistical analysis  

 Quantitative variables were presented as mean with their standard deviation (as well 

as median with interquartile range), and qualitative variables as percentages. To compare 

anti-CarP+ and anti-CarP- groups in the whole population and in each cluster, chi-2 test was 

used for qualitative variables and StudentÕs t-test for quantitative variables. Non parametric 

correlation analyses were performed using a Spearman correlation test. Odds ratios with 

their 95% confidence intervals were also estimated. All analyses were performed using 

STATA 13.1 software.  P-values less than 0.05 were considered significant. 

 

RESULTS 
 
Population characteristics  

 We analysed the sera for anti-CarP status for 720 ESPOIR patients collected at 6 

months.   

 The baseline characteristics of the 720 patients were described in  Table 1. Among 

the 720 patients, 711 had available datas for all antibodies (RF, anti-CCP and anti-CarP). 

Among the 720 patients, 663 had available datas for ACR criteria. 96.2% of these patients 

fulfilled the ACR 2010 criteria for RA at least once over the 8 years (638/663).  

 

Table 1 : Baseline characteristics of the 720 patients with early arthritis 
 ESPOIR cohort, n=720 
Age, years, mean+/-SD 48,2+/-12,5 
Sex, female, n (%) 547 (76) 
Duration of symptoms, days, median (IQR) 147 (124.25) 
BMI, mean+/-SD (n=718) 25+/-4.6  
DAS28-ESR, mean+/-SD (n=708) 5,1+/-1.3  
IgM-RF positive, n (%) (n=711) 297 (41.8)  

Anti-CCP positive, n (%) (n=711) 273 (38.4)  
IgM-RF negative and anti-CCP negative, n (%) (n=711) 356 (50.1)  

SD, standard deviation ; IQR, interquartile range ; BMI, body mass index ; IgM-RF, IgM rheumatoid 
factor ; anti-CCP, anti-cyclic citrullinated peptid antibodies ; n, patients with available data 
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Prevalence of anti -CarP antibodies, association with anti -CCP and RF 

 Anti-CarP antibodies were detected in sera of 32.6% of ESPOIR patients at 6 months 

(235/720). The demographic characteristics at baseline of anti-CarP+ and anti-CarP- patients 

were comparable and described in Table 2.  

 

Table 2 : Baseline characteristics according to the presence of anti-CarP 
 Anti-CarP+ (n=235) Anti-CarP- (n=485) p 
Age, years, mean+/-
SD 

47.3+/-11.9 48.6+/-12.7 NS 

Sex, female, n (%) 181 (77) 366 (75.5) NS 
Duration of 
symptoms, days, 
median (IQR) 

143 (112.5) 150 (129) NS 

BMI, mean+/-SD 25.1+/-4.6 (n=234) 24.9+/-4.6 (n=484) NS 
SD, standard deviation ; IQR, interquartile range ; BMI, body mass index ; Anti-CarP, anti-

carbamylated protein antibodies ; NS : non significative difference 
 
 
 

The percentage of positivity of each antibody was resumed in Figure 1 : 41.8% were 

RF+, 38.4% were anti-CCP+ and 32.3% were anti-CarP+ (considering patients with available 

data for all antibodies, ie 711 patients). 

 

      
Figure 1 : Antibodies positivity in 711 patients (patients with complete available data). 

 1: anti-CCP= 38.4% (273/711), 2: RF-IgM=41.8% (297/711), 3: anti-CarP antibodies=32.3% 
(230/711) 

Anti-CCP, anti-cyclic citrullinated peptid antibodies ; RF-IgM, rheumatoid factor IgM; anti-CarP, anti-
carbamylated proteins antibodies 
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 Anti-CarP antibodies were detected both in anti-CCP+ and anti-CCP- patients and in 

RF+ and RF- patients (Figure 2A et 2B). There were significantly more anti-CarP+ patients in 

anti-CCP+ than in anti-CCP- group (41.8% versus 26.5%, OR=1.990 [1.425-2.778], 

p<0.0001). There were significantly more anti-CarP+ in RF+ than in RF- patients (42.1% 

versus 25.4%, OR=2.139[1.534-2.982], p=<0.0001).  

 

 

 

A/ B/  
Figure 2 : anti-CarP antibodies repartition according to anti-CCP and RF positivity. 

A/Relative distribution (in percentage) of the combinations of positivity and negativity of anti-
CarP and anti-CCP antibodies illustrated by pie charts. 

B/Relative distribution (in percentage) of the combinations of positivity and negativity of anti-
CarP and RF antibodies illustrated by pie charts. 

CarP, anti-carbamylated protein antibodies ; CCP,  anti- cyclic citrullinated peptid antibodies; FR, 
rheumatoid factor IgM 
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 Among the 711 patients with available data for all antibodies, anti-CarP antibodies 

were present in 23.6% of double seronegative patients (RF negative and anti-CCP negative) 

and among these 711 patients, 11.8% are single positive for anti-CarP antibodies. 

Frequence of single-positive, double-positive and triple-positive in these 711 patients were 

reported in Figure 3.  

 

 
Figure 3 : Distribution of antibodies in ESPOIR cohort (available data for 711 patients). 
Anti-CarP, anti-carbamylated protein antibodies ; FR, rheumatoid factor ; anti-CCP, anti-cyclic 

citrullinated peptid antibodies 
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RA characteristics in anti -CarP- versus anti -CarP+ patients  

 Among our population of patients with early arthritis, anti-CarP+ and anti-CarP- 

presented differences in their clinical, biological and radiological features (Table 3).  

 Briefly, anti-CarP positivity was associated with a more active disease at baseline as 

measured by the mean of DAS28-ESR (4.977 [4.860-5.094] versus 5.342 [5.180-5.504], 

p=0.0004) (Figure 4). More precisely, the distribution in the different DAS subgroups was 

also significantly different (p=0.009) with, in class 1 (DAS<3.2), more anti-CarP- patients (9.7 

versus 3.4%) (Figure 5). Moreover, there was more positive CRP and/or ESR in patients with 

anti-CarP+ than in anti-CarP- (p=0.049 and p=0.002 respectively). Anti-CarP positivity was 

also associated with more radiological damages at 96 months as measured by the presence 

or absence of erosions (55.6% versus 37.3%, OR=2.101[1.166-3.793], p=0.008) (Figure 6).  

 Interestingly, there was no link between anti-CarP positivity and renal failure, use of 

DMARD or cardio-vascular history. There was no correlation either between anti-CarP levels 

and levels of DAS28-ESR, CRP, ESR and SharP score.  

 For the RA diagnosis, 95% of anti-CarP- patients fulfilled ACR criteria against 98.6% 

of anti-CarP+ (p=0.022) (Figure 8).  Sensibility and specificity of anti-CarP antibodies were 

respectively of 34 and 88%. Positive predictive value and negative predictive value of anti-

CarP antibodies were respectively of 98.6 and 5%. 

 

RA characteristics in anti -CCP+/anti -CarP- versus anti -CCP+/anti -CarP+ 

patients  

 Among the 273 anti-CCP+ patients, 41.8% were double positive and 58.2% were 

anti-CCP+/anti-CarP- (Table 4). Double positive patients had a more active disease as 

measured by the mean of DAS28-ESR at baseline (5.131 [4.924-5.338] versus 5.442 [5.221-

5.664], p=0.0465) (Figure 4). Moreover, the distribution in different DAS categories was also 
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different (p=0.010) with, in class 1 (DAS<3.2), significantly more anti-CCP+/anti-CarP- 

patients (9.8 versus 0.9%) (Figure 5) .  

 There was no significant difference between both populations for radiologic damages 

at 96 months as measured by the presence or absence of erosions (56.1% versus 59.2%, 

OR=1.135 [0.522-2.483], p=0.730) (Figure 6). However, anti-CCP+/anti-CarP- patients had a 

significantly more severe radiological profile at inclusion (45.1% versus 28.8%, 

OR=0.493[0.283-0.854], p=0.007) (Figure 7).  

 Regarding the cardio-vascular risk factors, there were significantly more diabetics 

patients at 96 months in anti-CCP+/anti-CarP+ than in anti-CCP+/anti-CarP- (10.8% versus 

3%, (OR=3.892 [1.035-17.789], p=0.019).  There was no link between double positivity of 

anti-CCP and anti-CarP and renal failure, use of DMARD or cardio-vascular history. 

 Sensibility and specificity of anti-CarP antibodies on anti-CCP+ group were 

respectively of 41.9 and 75%. Positive predictive value and negative predictive value of anti-

CarP antibodies on this group were respectively of 99.1 and 1.9%. 

 

RA characteristics in RF+/anti -CCP-/anti -CarP- versus RF+/anti -CCP-

/anti -CarP+ patients  

 Among the 82 patients RF+/anti-CCP-, 39% were anti-CarP+ (Table 5). Patients with 

RF+/anti-CCP-/anti-CarP+ had a significantly more active disease at baseline than patients 

with RF+/anti-CCP-/anti-CarPÐ as measured by the mean of DAS28-ESR (4.876 [4.510-

5.241] versus 5.682 [5.265-6.099], p=0.005) (Figure 4). The distribution in the different DAS 

categories was also significantly different (p=0.020) with, in class 1 (DAS<3.2) and in class 2 

(3.2<DAS<5.1), more RF+/anti-CCP-/anti-CarPÐ patients (12.2 versus 0% and 49 versus 

34.4%) and in class 3 (DAS>5.1) more RF+/anti-CCP-/anti-CarP+ patients (65.6 versus 

38.8%) (Figure 5). Moreover, RF+/anti-CCP-/anti-CarP+ had more frequently positive ESR at 

baseline than RF+/anti-CCP-/anti-CarPÐ (p=0.022). 
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 There was no significant difference between both populations for radiologic damages 

at 96 months as measured by the presence or absence of erosions (p=0,235) (Figure 6). 

 Interestingly, no link was found between positivity of anti-CarP in RF+/anti-CCP- 

patients and renal failure, use of DMARD or cardio-vascular history. 

 In both groups, all patients fulfilled ACR 2010 criteria.  

 

RA characteristics in RF -/anti -CCP-/anti -CarP- versus RF -/anti -CCP-/anti -

CarP+ patients  

 Among the 356 patients RF-/antiCCP-, 23.6% were anti-CarP positive (Table 6). 

Patients with RF-/anti-CCP-/anti-CarP+ had the same disease activity than patients with RF-

/anti-CCP-/anti-CarPÐ as measured by the mean of DAS28-ESR at baseline (p=0,188).  

 There was no link between positivity of anti-CarP antibodies in RF-/anti-CCP- patients 

and radiological damages at 96 months (p=0,077). 

 In this same subgroup of patient, we did not find any association between anti-CarP 

antibodies positivity and renal failure, use of DMARD or cardio-vascular history. 

 Sensibility and specificity of anti-CarP antibodies on RF-/anti-CCP- group were 

respectively of 24.4 and 90.5%. Positive predictive value and negative predictive value of 

anti-CarP antibodies on this group were respectively of 97.2 and 8.1%. 
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Table 3 :  Comparison of anti-CarP negative vs anti-CarP positive patients (n=720) 
 Anti-CarP- (n=485) Anti-CarP+ (n=235) OR [95% CI] p value 
Clinic      
-Beginning ,n (%)    0.955 
  1:explosive 111/485 (22.9%) 51/235 (21.7%)   
  2:subacute 126/485 (26%) 64/235 (27.2%)   
  3:insidious 205/485 (46.3%) 101/235 (43%)   
  4:paroxystic 43/485 (8.9%) 19/235 (8.1%)   
-DAS28VS t0 (n=708)     
  Mean, [95%CI]  4.977[4.860-5.094] 

(n=476) 
5.342[5.180-5.504] (n=232)  0.0004* 

  Class, n (%)    0.009* 
   <3,2 46/476 (9.7%) 8/232 (3.4%)   
   3,2< <5,1 206/476 (43.3%) 99/232 (42.7%)   
   >5,1 224/476 (47%) 125/232 (53.9%)   
Biology      
-CRP t0 (n=708)     
  Mean, [95%CI]  20.519[17.426-23.611] 

(n=476) 
25.103[21.007-29.200] 
(n=232) 

 0.088 

  Positivity, n (%) 303/476 (63.6%) 165/232 (71.1%) 1.406[0.989-2.009] 0.049* 
-ESR t0 (n=711)     
  Mean, [95%CI]  28.408[26.197-30.618] 

(n=478) 
31.661[28.519-34.803] 
(n=233) 

 0.097 

  Positivity, n (%) 360/478 (75.3%) 199/233 (85.4%) 1.918[1.245-3.010] 0.002* 
Radiology      
-Erosive t0, n (%) (n=689) 160/462 (34.6%) 75/227 (33%) 0.931[0.655-1.320] 0.679 
-Erosive M96, n (%) 
(n=257) 

69/185 (37.3%) 40/72 (55.6%) 2.101[1.166-3.793] 0.008* 

-Sharp t0, mean[95%CI] 
(n=689) 

5.074[4.445-5.702] 
(n=462) 

5.092[4.076-6.109] (n=227)  0.974 

Treatment      
-DMARD M96, n (n=480) 
(%) 

250/336 (74.4%) 118/144 (81.9%) 1.561[0.938-2.659] 0.073 

Renal      
-Renal failure t0, n (%) 
(n=710) 

28/478 (5.9%) 13/232 (5.6%) 0.954[0.444-1.948] 0.892 

Cardio -vascular      
-Risk factors t0, n (%)     
  Smoking 235/485 (48.4%) 112/235 (47.7%) 0.969[0.700-1.339] 0.842 
  Alcohol 97/485 (20%) 39/235 (16.6%) 0.796[0.514-1.217] 0.274 
  Hypertension 81/485 (16.7%) 36/235 (15.3%) 0.902[0.570-1.407] 0.637 
  Hyperchol. 81/485 (16.7%) 33/235 (14%) 0.815[0.508-1.285] 0.360 
  Hypertrigly. 17/485 (3.5%) 7/235 (3%) 0.845[0.292-2.182] 0.712 
  Diabetes 17/485 (3.5%) 12/235 (5.1%) 1.481[0.633-3.350] 0.306 
-Risk factors M96, n (%) 
(n=476) 

    

  Hypertension 110/332 (33.1%) 37/144 (25.7%) 0.698[0.437-1.102] 0.107 
  Hyperchol. 133/332 (40.1%) 49/144 (34%) 0.772[0.501-1.183] 0.213 
  Hypertrigly. 53/332 (16%) 21/144 (14.6%) 0.899[0.493-1.593] 0.703 
  Diabetes 21/332 (6.3%) 13/144 (9%) 1.470[0.655-3.180] 0.293 
-Events t0 , n (%)     
  Myocardial i. 6/485 (1.2%) 1/235 (0.4%) 0.341[0.007-2.848] 0.298 
  Cerebral. 2/485 (0.4%) 2/235 (0.8%) 2.073[0.149-28.729] 0.458 
-Events M96, n (%) 
(n=476) 

    

  Myocardial i. 9/332 (2.7%) 4/144 (2.8%) 1.025[0.227-3.749] 0.967 
  Cerebral. 2/332 (0.6%) 4/144 (2.8%) 4.714[0.664-52.478] 0.051 
Diagnosis      
-ACR, n (%) (n=663) 421/443 (95%) 217/220 (98.6%)  0.022* 

OR, odds ratio ; anti-Carp, anti-carbamylated protein antibodies ; t0, inclusion ; M96, 96 months ; 
Dmard, disease modifying anti-rheumatic drug ; hyperchol.,hypercholesterolemia ; hypertrigly., 

hypertriglyceridemia ;Cerebral., stroke or ischemic attack transient; ACR, ACR 2010 criteria fulfilled at 
least once over the 8 years 
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Table 4 : Comparaison of anti-CCP+/anti-CarP- vs anti-CCP+/anti-CarP+ (n=273) 
 CCP+CarP- (n=159) CCP+CarP+   (n=114) OR [95%CI] p value 
Clinic      
-Beginning, n (%)     0.552 
  1:explosive 39/159 (24.5%) 23/114 (20.2%)   
  2:subacute 34/159 (21.4%) 32/114 (28.1%)   
  3:insidious 67/159 (42.1%) 48/114 (42.1%)   
  4:paroxystique 19/159 (18.2%) 11/114 (9.6%)   
-DAS28VS t0 (n=265)     
  Mean [95%CI]  5.131[4.924-5.338] 

(n=153) 
5.442[5.221-5.664] 
(n=112) 

 0.0465* 

  Class, n (%)    0.010* 
   <3,2 15/153 (9.8%) 1/112 (0.9%)   
   3,2> >5,1 52/153 (34%) 45/112 (40.2%)   
   >5,1 86/153 (56.2%) 66/112 (58.9%)   
Biology      
-CRP t0 (=269)     
  Mean [95%CI] 23.237[17.146-29.328] 

(n=156) 
28.327[21.992-34.663] 
(n=113) 

 0.262 

  Positivity, n (%) 114/156 (73.1%) 90/113 (79.6%) 1.442[0.781-2.703] 0.214 
-ESR t0 (n=268)     
  Mean[95%CI] 33.174[29.096-37.253] 

(n=155) 
34.850[30.422-39.277] 
(n=113) 

 0.587 

  Positivity, n (%) 131/155 (84.5%) 104/113 (92%) 2.117[0.900-5.393] 0.064 
Radiology      
-Erosive t0, n (%) (n=264) 69/153 (45.1%) 32/111 (28.8%) 0.493[0.283-0.854] 0.007* 
-Erosive M96, n (%) 
(n=131) 

46/82 (56.1%) 29/49 (59.2%) 1.135[0.522-2.483] 0.730 

-Sharp mean[95%CIJ 
(n=264) 

6.157[4.844-7.470] 5.315[3.845-6.786]  0.403 

Treatment      
-Dmard M96, n (%) 
(n=218) 

118/135 (87.4%) 76/83 (91.6%) 1.564[0.581-4.670] 0.341 

Renal      
-Renal failure t0, n (%) 
(n=268) 

5/156 (3.2%) 8/112 (7.1%) 2.323[0.647-9.259] 0.139 

Cardio -vascular      
-Risk factors t0, n (%)     
  Smoking 84/159 (52.8%) 57/114 (50%) 0.893[0.536-1.487] 0.644 
  Hypertension 27/159 (17%) 12/114 (10.5%) 0.575[0.253-1.245] 0.133 
  Alcohol 38/159 (23.9%) 20/114 (17.5%) 0.677[0.350-1.287] 0.205 
  Hyperchol. 25/159 (15.7%) 13/114 (11.4%) 0.690[0.308-1.485] 0.309 
  Hypertrigly. 3/159 (1.9%) 2/114 (1.7%) 0.929[0.076-8.246] 0.936 
  Diabetes 2/159 (1.3%) 5/114 (4.4%) 3.601[0.574-38.283] 0.107 
-Risk factors M96, n (%) 
(n=215) 

    

  Hypertension 39/132 (29.5%) 20/83 (24.1%) 0.757[0.381-1.475] 0.383 
  Hyperchol. 53/132 (40.1%) 25/83 (30.1%) 0.642[0.342-1.195] 0.136 
  Hypertrigly. 23/132 (17.4%) 10/83 (12%) 0.649[0.260-1.522] 0.287 
  Diabetes 4/132 (3%) 9/83 (10.8%) 3.892[1.035-17.789] 0.019* 
-Events t0, n (%)     
  Myocardial i. 1/159 (0.6%) 1/114 (0.1%) 1.398[0.018-110.436] 0.812 
  Cerebral 0 0   
-Events M96, n (%) 
(n=215) 

    

  Myocardial i. 4/132 (3%) 3/83 (3.6%) 1.2[0.171-7.287] 0.814 
  Cerebral. 0/132 (0%) 2/83 (2.4%)   
Diagnosis      
-ACR, n (%) (n=269) 154/157 (98.1%) 111/112 (99.1%)  0.496 

OR, odds ratio ; anti-Carp, anti-carbamylated protein antibodies ; CCP, anti-citrullinated peptid 
antibodies ;  t0, inclusion ; M96, 96 months ; Dmard, disease modifying anti-rheumatic drug;  

hyperchol.,hypercholesterolemia ; hypertrigly., hypertriglyceridemia ;Cerebral., stroke or ischemic 
attack transient; ACR, ACR 2010 criteria fulfilled at least once over the 8 years 
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Table 5 : Comparison of RF+/anti-CCP-/anti-CarP- vs RF+/anti-CCP-/anti-CarP+(n=82) 
 FR+CCP-CarP- (n=50) FR+CCP-CarP+ (n=32) OR [95%CI] P value 
Clinic      
-Beginning, n (%)    0.896 
  1:explosive 14/50 (28%) 7/32 (21.9%)   
  2:subacute 13/50 (26%) 10/32 (31.2%)   
  3:insidious 18/50 (36%) 11/32 (34.4%)   
  4:paroxystique 5/50 (10%) 4/32 (12.5%)   
-DAS28VS t0     
  Mean [95%CI] (n=81) 4.876[4.510-5.241] (n=49) 5.682[5.265-6.099] (n=32)  0.005* 
  Class, n (%)    0.020* 
   <3,2 6/49 (12.2%) 0/32 (0%)   
   3,2> >5,1 24/49 (49%) 11/32 (34.4%)   
   >5,1 19/49 (38.8%) 21/32 (65.6%)   
Biology      
-CRP t0     
  Mean  23.347 25.375  0.201 
  Positivity, n (%) (n=81) 29/49 (59.2%) 23/32 (71.9%) 1.762[0.617-5.245] 0.244 
-ESR t0     
  Mean 29.918 33.906  0.122 
  Positivity, n (%)  
(n=81) 

36/49 (73.5%) 30/32 (93.7%) 5.417[1.073-52.277] 0.022* 

Radiology      
-Erosive M0, n (%)  
(n=78) 

18/48 (37.5%) 11/30 (36.7%) 0.965[0.334-2.732] 0.941 

-Erosive M96, n (%)  
(n=26) 

6/19 (31.6%) 4/7 (57.1%) 2.889[0.346-25.470] 0.235 

-Sharp t0, mean (n=78)  5.333 3.867  0.360 
Treatment      
-Dmard M96, n (%)  
(n=58) 

31/40 (77.5%) 15/18 (83.3%) 1.452[0.299-9.485] 0.612 

Renal      
-Renal failure t0, n (%) 
(n=80) 

6/49 (12.2%) 1/31 (3.2%) 0.239[0.005-2.158] 0.164 

Cardio -vascular      
-Risk factors t0, n (%)     
  Smoking 25/50 (50%) 13/32 (40.6%) 0.684[0.252-1.837] 0.406 
  Hypertension 5/50 (10%) 7/32 (21.9%) 2.52[0.608-11.069] 0.138 
  Alcohol 10/50 (20%) 6/32 (18.7%) 0.923[0.245-3.218] 0.890 
  Hyperchol. 10/50 (20%) 7/32 (21.9%) 1.12[0.317-3.757] 0.838 
  Hypertrigly. 2/50 (4%) 2/32 (6.2%) 1.6[0.110-23.025] 0.644 
  Diabetes, n 2/52 (3.8%) 2/32 (6.2%) 1.6[0.110-23.025] 0.644 
-Risk factors M96 , n 
(%) (n=58) 

    

  Hypertension 12/40 (30%) 7/18 (38.9%) 1.485[0.385-5.461] 0.505 
  Hyperchol. 17/40 (42.5%) 10/18 (55.6%) 1.691[0.479-6.053] 0.356 
  Hypertrigly. 8/40 (20%) 4/18 (22.2%) 1.143[0.215-5.172] 0.847 
  Diabetes 4/40 (10%) 3/18 (16.7%) 1.8[0.232-11.981] 0.471 
-Events t0, n (%)     
  Myocardial i. 1/50 (2%) 0/32 (0%)   
  Cerebral. 0 0   
-Events M96, n (%) 
(n=58) 

    

  Myocardial i. 1/40 (2.5%) 1/18 (5.6%) 2.294[0.028-184.601] 0.555 
  Cerebral. 0 0   
Diagnosis      
-ACR, n (%) (n=81) 49/49 (100%) 32/32 (100%)   

OR, odds ratio ; anti-Carp, anti-carbamylated protein antibodies ; CCP, anti-citrullinated peptid 
antibodies ;  RF, rheumatoid factor ; t0, inclusion ; M96, 96 months ; Dmard, disease modifying anti-

rheumatic drug ; hyperchol.,hypercholesterolemia ; hypertrigly., hypertriglyceridemia ;Cerebral., stroke 
or ischemic attack transient; ACR, ACR 2010 criteria fulfilled at least once over the 8 years 
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Table 6 : Comparison of RF-/anti-CCP-/anti-CarP- vs RF-/anti-CCP-/anti-CarP+(n=356) 
 FR-CCP-CarP- (n=272) FR-CCP-CarP+ (n=84) OR [95%CI] P value 
Clinic      
-Beginning, n (%)    0.684 
  1:explosive 58/272 (21.3%) 21/84 (25%)   
  2:subacute 77/272 (28.3%) 20/84 (23.8%)   
  3:insidious 118/272 (43.4%) 39/84 (46.4%)   
  4:paroxystique 19/272 (7%) 4/84 (4.8%)   
-DAS28VS t0     
  Mean [95%CI] (n=353) 4.897[4.743-5.051] 

(n=270) 
5.114[4.814-5.413] (n=83)  0.188 

  Class, n (%)    0.929 
   <3,2 24/270 (8.9%) 7/83 (8.4%)   
   3,2> >5,1 130/270 (48.1%) 38/83 (45.8%)   
   >5,1 116/270 (43%) 38/83 (45.8%)   
Biology      
-CRP t0 (n=350)     
  Mean [95%CI]  18.563[14.854-22.273] 

(n=268) 
21.610[14.911-28.309] 
(n=82) 

 0.433 

  Positivity, n  (%) 159/268 (59.3%) 50/82 (61%) 1.071[0.628-1.843] 0.790 
-VS t0 (n=353)     
  Mean[95%CI]  25.426[22.648-28.204] 

(n=270) 
26.976[21.419-32.533] 
(n=83) 

 0.603 

  Positivity, n  (%) 189/270 (70%) 61/83 (73.5%) 1.188[0.666-2.174] 0.540 
Radiology      
-Erosive t0, n (%) 
(n=339) 

72/257 (28%) 29/82 (35.4%) 1.406[0.795-2.454] 0.205 

-Erosive M96, n (%) 
(n=98) 

16/83 (19.3%) 6/15 (40%) 2.792[0.702-10.235] 0.077 

-Sharp t0, 
mean[95%CI](n=339) 

4.389[3.662-5.116] 
(n=257) 

4.463[3.057-5.869] (n=82)  0.923 

Treatment      
-Dmard M96, n (%) 
(n=198) 

99/158 (62.7%) 24/40 (60%) 0.894[0.417-1.958] 0.757 

Renal      
-Renal failure t0, n (%) 
(n=353) 

17/269 (6.3%) 2/84 (2.4%) 0.361[0.040-1.579] 0.163 

Cardio -vascular      
-Risk factors t0, n (%)     
  Smoking 125/272 (46%) 38/84 (45.2%) 0.971[0.576-1.634] 0.908 
  Hypertension 48/272 (17.6%) 15/84 (17.9%) 1.014[0.496-1.982] 0.965 
  Alcohol 49/272 (18%) 12/84 (14.3%) 0.758[0.348-1.548] 0.428 
  Hyperchol. 46/272 (16.9%) 13/84 (15.5%) 0.900[0.421-1.813] 0.757 
  Hypertrigly. 12/272 (4.4%) 3/84 (3.6%) 0.802[0.142-3.076] 0.737 
  Diabetes 13/272 (4.8%) 4/84 (7.4%) 0.996[0.230-3.343] 0.995 
-Risk factors M96, n 
(%)(n=197) 

    

  Hypertension 58/157 (36.9%) 9/40 (22.5%) 0.495[0.194-1.164] 0.085 
  Hyperchol. 62/157 (39.5%) 14/40 (35%) 0.825[0.368-1.792] 0.602 
  Hypertrigly. 22/157 (14%) 6/40 (15%) 1.083[0.333-3.040] 0.873 
  Diabetes 13/157 (8.3%) 1/40 (2.5%) 0.284[0.006-2.013] 0.204 
-Events t0, n (%)     
  Myocardial i. 4/272 (1.5%) 0/84 (0%)   
  Cerebral. 2/272 (0.7%) 2/84 (2.4%) 3.293[0.234-45.883] 0.211 
-Events M96, n (%) 
(n=197) 

    

  Myocardial i. 4/157 (2.5%) 0/40 (0%)   
  Cerebral. 2/157 (1.3%) 2/40 (5%) 4.079[0.284-57.387] 0.136 
Diagnosis      
-ACR, n (%) (n=304) 214/233 (91.8%) 69/71 (97.2%)  0.120 

OR, odds ratio ; anti-Carp, anti-carbamylated protein antibodies ; CCP, anti-citrullinated peptid 
antibodies ;  RF, rheumatoid factor ; t0, inclusion ; M96, 96 months ; Dmard, disease modifying anti-

rheumatic drug; hyperchol.,hypercholesterolemia ; hypertrigly., hypertriglyceridemia ;Cerebral., stroke 
or ischemic attack transient; ACR, ACR 2010 criteria fulfilled at least once over the 8 years 
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A/ B/ 

C/ D/ 
Figure 4: Mean of DAS28-ESR at baseline, results for each clusters according to the 

antibody status for FR, anti-CCP and anti-CarP, illustrated by histograms. 
A/ Mean of DAS28-ESR in CarP- vs CarP+.  

B/ Mean of DAS28-ESR in CCP+/CarP- vs CCP+/CarP+.  
C/ Mean of DAS28-ESR in FR+/CCP-/CarP- vs FR+/CCP-/CarP+.  
D/ Mean of DAS28-ESR in FR-/CCP-/CarP- vs FR-/CCP-/CarP+. 

FR, rheumatoid factor ; CCP, anti-cyclic citrullinated peptid antibodies ; CarP, anti-carbamylated 
protein antibodies 
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A/  

B/  

C/  

D/  
Figure 5 : Class of DAS28-ESR at baseline, results for each clusters according to the 

antibody status for FR, anti-CCP and anti-CarP, illustrated by histograms. 
1 : DAS28ESR<3,2 ; 2 : 3,2" DAS28ESR" 5,1 ; 3 : DAS28ESR>5,1 

A/ Class of DAS28-ESR in CarP- vs CarP+.  
B/ Class of DAS28-ESR in CCP+/CarP- vs CCP+/CarP+.  

C/ Class of DAS28-ESR in FR+/CCP-/CarP- vs FR+/CCP-/CarP+.  
D/ Class of DAS28-ESR in FR-/CCP-/CarP- vs FR-/CCP-/CarP+.  
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A/  B/ 

C/  D/ 
Figure 6 : Erosive or not at 96 months, results for each clusters according to the antibody 

status for FR, anti-CCP and anti-Carp, illustrated by histograms. 
A/ Erosive or not at 96 months in CarP- vs CarP+.  

B/ Erosive or not at 96 months in CCP+/CarP- vs CCP+/CarP+.  
C/ Erosive or not at 96 months in FR+/CCP-/CarP- vs FR+/CCP-/CarP+.  
D/ Erosive or not at 96 months in FR-/CCP-/CarP- vs FR-/CCP-/CarP+. 

FR, rheumatoid factor ; CCP, anti-cyclic citrullinated peptid antibodies ; CarP, anti-carbamylated 
protein antibodies 
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A/  B/ 

C/  D/ 
Figure 7 : Erosive or not at baseline, results for each clusters according to the antibody 

status for FR, anti-CCP and anti-Carp, illustrated by histograms. 
A/ Erosive or not at baseline in CarP- vs CarP+.  

B/ Erosive or not at baseline in CCP+/CarP- vs CCP+/CarP+.  
C/ Erosive or not at baseline in FR+/CCP-/CarP- vs FR+/CCP-/CarP+.  
D/ Erosive or not at baseline in FR-/CCP-/CarP- vs FR-/CCP-/CarP+. 

FR, rheumatoid factor ; CCP, anti-cyclic citrullinated peptid antibodies ; CarP, anti-carbamylated 
protein antibodies 
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A/  B/ 

C/  D/ 
Figure 8 : ACR 2010 criteria fulfilled or not, results for each clusters according to the antibody 

status for FR, anti-CCP and anti-Carp, illustrated by histograms. 
A/ ACR 2010 criteria fulfilled or not in CarP- vs CarP+.  

B/ ACR 2010 criteria fulfilled or not in CCP+/CarP- vs CCP+/CarP+.  
C/ ACR 2010 criteria fulfilled or not in FR+/CCP-/CarP- vs FR+/CCP-/CarP+.  
D/ ACR 2010 criteria fulfilled or not in FR-/CCP-/CarP- vs FR-/CCP-/CarP+. 

FR, rheumatoid factor ; CCP, anti-cyclic citrullinated peptid antibodies ; CarP, anti-carbamylated 
protein antibodies 
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DISCUSSION 
 
 In this study, and for the first time in a French national cohort, we observed that anti-

CarP antibodies were present in patients with early arthritis with a prevalence of 32.6%. 

Moreover 23.6% of FR-/anti-CCP- patients were anti-CarP+, which is almost one in four. We 

confirmed that anti-CarP antibodies are associated with a more active disease at baseline as 

measured by the mean of DAS28-ESR (4.977 [4.860-5.094] versus 5.342 [5.180-5.504], 

p=0.0004) and with more radiological damages at 96 months as measured by the presence 

or absence of erosions (55.6% versus 37.3%, OR=2.101[1.166-3.793], p=0.008). 

Interestingly we did not find any association with renal failure or cardiovascular events. 

96.2% of patients fulfilled at least once in the 8 years the ACR 2010 criteria for RA (638/663 

patients with available datas). 

  To date, the association of anti-CCP and RF is the commonly test used to detect 

rheumatoid arthritis (1). But there is a significant number of seronegative RA (13). Shi et al. 

were the first to describe anti-carbamylated protein antibodies in RA with a prevalence of 43 

to 45% (2) and since, other studies have focused on anti-CarP antibodies with a prevalence 

of 30 to 49% (6)(7)(8)(9). Our prevalence was also similar to other studies and confirmed 

previous studies with a large number of patients. We have the second biggest prevalence in 

terms of size with respect to the samples of Jiang and al..  

 With this presence of anti-Carp antibodies in both anti-CCP- and anti-CCP+ patients, 

we proved and confirmed that anti-CarP and anti-CCP antibodies are different antibodies 

even if we can not eliminate a part of cross-reactivity. Citrulline and homocitrulline have a 

very similar chemical structure (only one methylene-group longer for homocitrulline). Turunen 

et al. showed that anti-CCP2 could recognize citrullinated and homocitrullinated antigens and 

that rabbits immunized with homocitrullinated protein could produce anti-CCP antibodies 

(14). But some anti-CCP and anti-CarP antibodies recognized only their specific antigen (15)  

and in double-positive, anti-CarP antibodies were inhibited by homocitrullined antigen but not 

by citrullinated antigen (2).  
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 Concerning disease activity, anti-CarP antibodies were associated with more severe 

clinical disease as measured by the mean of DAS28VS with a significant difference 

(4.977[4.860-5.094] versus 5.342[5.180-5.504], p=0.0004). This unique association had 

already been shown once by Yee A et al. but only regarding the anti-CarP/ACPA1 

association (7) which makes our result very interesting. This was also the first study to find a 

statistical link between anti-CarP antibodies and disease activity mesured by mean of 

DAS28-VS. 

 Moreover, anti-CarP antibodies were associated with more severe radiological 

disease, as shown by the presence of more erosive arthritis among anti-CarP positive 

antibodies at 96 months than anti-CarP negative (OR=2.101[1.166-3.793], p=0.008). It 

confirmed the results of three previous studies concerning this association with more severe 

radiological disease (2)(7)(9). Brink and al. found this association at 24 months and at 

baseline which was not found in our study (9). Indeed, anti-CarP antibodies were not 

associated with presence of erosions at baseline in ESPOIR cohort (p=0,679). Shi and al, 

have found more destruction over 7 years in anti-CarP positive patients (2). These 3 studies 

found results with Larsen or Sharp score. Our study revealed a statistical association with 

presence of erosion but not with Sharp score. Besides that, it was a first to have results at 8 

years. 

 In our study, we also tested patients with early arthritis. In this population, sensibility 

and specificity of anti-CarP antibodies for diagnosing RA were respectivly of 34 and 88%. 

There was more diagnosis of RA in anti-CarP+ patients (p=0,022) but this test was also not 

sensible enough and unspecific. To actually conclude on the intrinsic validity of anti-CarP 

test, both a healthy population and others rheumatisms should be tested. Scinocca and al 

found anti-CarP antibodies in 5% of patients with systemic lupus and in 3% of patients with 

psoriasic arthritis (6) which was significantly less than in RA (p<0,005). However these 

antibodies were found in juvenile idiopathic arthritis and their prevalence was higher than 

anti-CCP and RF (16). Concerning the 5% negative predictive value of anti-CarP, this low 

value was due to a very small sample of patients without RA.  
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 Subgroups analysis allowed to provide useful information for future practice. In the 

anti-CCP+ patients subgroup, diagnosis is certain due to the presence of these antibodies 

(17). But we learned that in these population, presence of anti-CarP antibodies was 

associated with a more active clinical disease as measured by the mean of DAS28-ESR 

(5.131[4.924-5.338] versus 5.442[5.221-5.664], p=0.0465) but not associated with a more 

severe radiological disease at 96 months (56.1% versus 59.2%, OR=1.135 [0.522-2.483], 

p=0.730). Shi and al didnÕt find any association between anti-CarP positivity and radiological 

damages in anti-CCP+ patients (2). However, anti-CCP+/anti-CarP- patients had a 

significantly more severe radiological profile at inclusion (45.1% versus 28.8%, 

OR=0.493[0.283-0.854], p=0.007) and we found an association between anti-CarP positivity 

and diabetes at 96 months (p=0 ,019).  

 RF+/anti-CCP- was a very interesting subgroup in clinical practice. Indeed, because 

of the low specificity of RF, diagnosis of RA remains uncertain (18). In our subgroup, 39% 

were anti-CarP positive so arthritis with RF+/anti-CCP- could become RA due to anti-CarP 

antibodies. The prevalence in our study was slightly bigger than in previous studies with 

prevalences of 0 to 31.4% (2)(6)(7)(8)(9)(11)  . Moreover RF+/anti-CarP+ were associated 

with a more active disease at baseline (4.876[4.510-5.241] versus 5.682[5.265-6.099], 

p=0.005) but in this subgroup presence of anti-CarP was not associated with more 

radiological damages at 96 months (p=0,235).  

 Finally we analysed the subgroup of RF-/anti-CCP-. In our study, 23,6% of RF-/anti-

CCP- patients were anti-CarP+ which is a new data. Indeed, Gan and al. were the only ones 

studying this population and found no patient positive for anti-CarP but there were fewer 

patients seronegative tested in their study (nine patients vs 356 patients in our study) (11). It 

meaned that this new antibody could allow making up for the RA diagnosis of almost one 

patient in four in this subgroup.  Moreover, no association was found between anti-CarP 

antibodies and disease activity and radiological damages. Also, presence of anti-CarP 

antibodies in this subgroup did not change the phenotype of RA. 
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 Concerning cardio-vascular risk factors, events and renal failure, we wanted to 

analyze, for the first time, their association with anti-CarP antibodies because of the link 

between carbamylation and these pathologies. Indeed, carbamylation was for the first time 

described in terminal renal failure then in atheromatous pathologies (3)(4). In our study we 

did not found association except the onset of diabetes more present in CCP+/CarP+ than in 

CCP+/CarP- patients (OR=3.892[1.035-17.789], p=0.019). This lack of association showed 

for the first time that presence of anti-CarP antibodies in early arthritis was not only in 

conjunction with cardio-vascular data or renal failure, result very interesting. However we 

found an association between anti-CarP positivity and presence of blood inflammation 

(positivity of CRP and ESR, respectively OR=1.406[0.989-2.009], p=0.049 and 1.918[1.245-

3.010], p=0.002). This association was also found in RF+/anti-CCP- for ESR positivity 

(p=0,0022). But presence of anti-CarP could be precisely explained by inflammation because 

inflammation is one of the causes for increased cyanate levels (3)(4)(5). 

 The study of anti-CarP levels and their associations with CRP, ESR and SharP did 

not show any association.  

 Twenty-five patients had no RA according to the criteria and among these patients, 

three had anti-CarP antibodies, and nineteen are negative for all antibodies. 

 There was some other limitations to the current study mainly concerning  antibodies. 

The cut-off of positivity was determined with the help of the low positive controls samples 

provided by Inova Diagnostics and we did not use healthy population. We chose a different 

cut-off for each plate of samples, indeed, each patient sample were determined as positive or 

negative by comparing it to the mean of the two low positive value of the plate. Moreover, 

some data were missing because of the method applied to this study which was a pre-

existing data collection. Concerning positivity of ESR, a threshold of 10 has been chosen 

(this one was different depending on the center with values from 10 to 30) and could explain 

these significant results so more studies are necessary to confirm them. Finally, for some 

samples, we did not have anti-CarP levels because they were out of range so the 



! ! !&"!

spectrophotometer could not transform optical density into arbitrary units but still, data 

regarding their positivity or negativity were known. 

 It would be interesting to watch the evolution over time of antibody levels in this 

cohort (available sera at 36 months). Furthermore, it would be necessary to test a population 

of healthy patients in order to know if antibodies are present, to know validity of this test and 

to confirm the link between anti-CarP and inflammation. Finally, thanks to the discovery of 

these new antibodies we may learn more about pathophysiology of RA and we may 

understand the risk factors predisposing to the formation of these antibodies. We proved that 

anti-CarP antibodies were present in this French national cohort so we could now analyse 

genetic risk factors associated with anti-CarP antibodies. New studies are required especially 

because the two best-known factors related to anti-CCP (smoking and genetic factors as 

HLADRB1 and PTPN22) are not associated with presence of anti-CarP (8). In our study we 

confirmed that there was no association between smoking and anti-CarP antibodies 

(OR=0.969[0.700-1.339], p=0.842).  

 The current challenge is to find new biomarkers to help for diagnosis and 

management of RA. In our cohort 38,3% were negative for RF, anti-CCP and anti-CarP, thus 

proving that finding new biomarkers, different from these 3 antibodies, would be very helpful. 

 In the near future, and regarding these studies, research of anti-CarP antibodies will 

possibly be part of the routine kit for RA detection.  

 In conclusion, anti-CarP antibodies are present in one third of patients with early 

arthritis in ESPOIR cohort and are associated with both more severe clinical and 

radiographic disease. They allow making up for the RA diagnostic of 23% of seronegative 

patients. There is no link between anti-CarP antibodies and cardio-vascular history and renal 

failure. 
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4. Annexe  
 
SERMENT DÕHIPPOCRATE  

Au moment dÕ•tre admis(e) ˆ exercer la mŽdecine, je promets et je jure dÕ•tre fid•le 

aux lois de lÕhonneur et de la probitŽ.  

Mon premier souci sera de rŽtablir, de prŽserver ou de promouvoir la santŽ dans tous 

ses ŽlŽments, physiques et mentaux, individuels et sociaux.  

Je respecterai toutes les personnes, leur autonomie et leur volontŽ, sans aucune 

discrimination selon leur Žtat ou leurs convictions. JÕinter- viendrai pour les protŽger si elles 

sont affaiblies, vulnŽrables ou menacŽes dans leur intŽgritŽ ou leur dignitŽ. M•me sous la 

contrainte, je ne ferai pas usage de mes connaissances contre les lois de lÕhumanitŽ.  

JÕinformerai les patients des dŽcisions envisagŽes, de leurs raisons et de leurs 

consŽquences.  

Je ne tromperai jamais leur confiance et nÕexploiterai pas le pouvoir hŽritŽ des 

circonstances pour forcer les consciences.  

Je donnerai mes soins ˆ lÕindigent et ˆ quiconque me les demandera. Je ne me 

laisserai pas influencer par la soif du gain ou la recherche de la gloire.  

Admis(e) dans lÕintimitŽ des personnes, je tairai les secrets qui me seront confiŽs. 

re•u(e) ˆ lÕintŽrieur des maisons, je respecterai les secrets des foyers et ma conduite ne 

servira pas ˆ corrompre les moeurs.  

Je ferai tout pour soulager les souffrances. Je ne prolongerai pas abusi- vement les 

agonies. Je ne provoquerai jamais la mort dŽlibŽrŽment.  

Je prŽserverai lÕindŽpendance nŽcessaire ˆ lÕaccomplissement de ma mission. Je 

nÕentreprendrai rien qui dŽpasse mes compŽtences. Je les entretiendrai et les 

perfectionnerai pour assurer au mieux les services qui me seront demandŽs.  

JÕapporterai mon aide ˆ mes confr•res ainsi quÕˆ leurs familles dans lÕad- versitŽ.  

Que les hommes et mes confr•res mÕaccordent leur estime si je suis fid•le ˆ mes 

promesses ; que je sois dŽshonorŽ(e) et mŽprisŽ(e) si jÕy manque.  

  



! ! !&&!

ABSTRACT  
Introduction Rheumatoid factor (RF) and anti-citrullinated peptid (CCP) antibodies are 
commonly used for the diagnosis of rheumatoid arthritis (RA). However some RA, diagnosed 
on clinical characteristics remain seronegative. Anti-CarP antibodies were recently identified 
and could be a new serological marker for diagnosis of RA and for prognostic. In this study, 
we analysed prevalence of anti-Carp antibodies, relationships with other antibodies, and their 
correlation with the disease phenotype. 
Methods Sera of patients from ESPOIR cohort were tested for the presence of anti-CarP 
antibodies with an ELISA test. We studied their prevalence, associations between anti-CarP 
and other antibodies, and associations between anti-Carp and disease activity, radiographic 
data, therapeutic data, renal failure, cardiovascular risk factor and events and development 
of future RA. 
Results Data and sera (month 6 after inclusion in ESPOIR cohort) were available and 
analysed for 720 patients. Anti-Carp antibody positivity was detected in 32,6% of patients. In 
the group where anti-CCP and RF were negative, anti-CarP were detected in 23,6%. Anti-
CarP antibodies were  associated with a more active disease as measured by DAS28-ESR 
at baseline (p=0,0004). Even if anti-CCP+/anti-CarP- patients have more erosions at 
baseline than anti-CCP+/anti-CarP+ (OR=0,493[0,283-0,854], p=0,007), anti-CarP+ are 
associated with a more severe radiological disease as measured by the presence of erosions 
at ninety-six months after inclusion in the ESPOIR cohort (OR=2,101[1,166-3,793], p=0,008).  
Conclusions Anti-CarP antibodies are present in one third of the French ESPOIR cohort. 
They allow making up for the RA diagnostic of 23% of seronegative patients. Finally they are 
associated with a more severe clinical and radiologic disease. 
 
 
RƒSUMƒ  
Introduction Le facteur rhumato•de (FR) et les anticorps anti-peptides citrullinŽs (anti-CCP) 
sont utilisŽs en pratique pour le diagnostic de polyarthrite rhumato•de (PR). Cependant 
certaines PR, diagnostiquŽes sur des crit•res cliniques, restent sŽronŽgatives. Des anticorps 
dirigŽs contre des protŽines carbamylŽes (anti-CarP) ont ŽtŽ rŽcemment identifiŽs et 
pourraient •tre un nouveau marqueur biologique pour le diagnostic et le pronostic des PR. 
Dans cette Žtude nous avons analysŽ la prŽvalence des anticorps anti-CarP, leur association 
avec les autres anticorps et leur corrŽlation avec le phŽnotype de la maladie. 
MŽthodes Les sŽrums des patients issus de la cohorte ESPOIR ont ŽtŽ testŽs pour la 
prŽsence des anticorps anti-CarP avec un test ELISA. Nous avons ŽtudiŽ leur prŽvalence, 
leur association avec les autres anticorps puis avec lÕactivitŽ de la maladie, les donnŽes 
radiographiques et thŽrapeutiques, lÕinsuffisance rŽnale, les facteurs de risque et 
Žv•nements cardio -vasculaires ainsi que le dŽveloppement dÕune PR. 
RŽsultats Les donnŽes et les sŽrums (prŽlŽvŽs 6 mois apr•s lÕinclusion dans ESPOIR), ont 
ŽtŽ analysŽs pour 720 patients. Les anticorps anti-Carp Žtaient positifs chez 32,6% des 
patients. Chez les patients FR et anti-CCP nŽgatifs, les anti-CarP Žtaient dŽtectŽs chez 
23,6%. Les anti-CarP Žtaient associŽs ˆ une maladie plus active, mesurŽe par le DAS28-VS 
ˆ lÕinclusion (p=0,0004). M•me si les patients anti-CCP+/anti-CarP- avaient plus dÕŽrosions ˆ 
lÕinclusion que les anti-CCP+/anti-CarP+ (OR=0,493 [0,283-0,854], p=0,007), les anticorps 
anti-CarP Žtaient associŽs ˆ une maladie plus sŽv•re radiologiquement mesurŽe par la 
prŽsence dÕŽrosions ˆ 96 mois apr•s inclusion dans la cohorte ESPOIR (OR=2,101 [1,166-
3,793], p=0,008). 
Conclusions Les anticorps anti-CarP sont prŽsents chez un patient sur trois de la cohorte 
fran•aise ESPOIR. Ils permettent le diagnostic biologique de 23% des PR sŽronŽgatives. 
Enfin ils sont associŽs ˆ une maladie clinique et radiologique plus sŽv•re.  
 
 

 


