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APRESENTACAO



Apresentacgao

A artrite reumatoide (AR) é uma doenca inflamatéria cronica de causa
ainda desconhecida, autoimune, que se caracteriza por inflamacdo em vérias
articulacoes e tecidos circundantes. A artrite idiopatica juvenil (AlJ) refere-se a um
grupo de doencas de causa ainda desconhecida, autoimunes, caracterizadas por
artrite crénica que ocorrem em criancas até os 16 anos de idade. Compreende
varios subtipos, sendo oligoarticular e poliarticular as formas mais comuns.

Apesar de alguns marcadores soroldgicos e exames de imagem auxiliarem
na detecgdo, o diagnostico da AR e AlJ é basicamente clinico, se baseando no
histérico do paciente e no exame fisico feito pelo médico. Por se tratar de uma
doenca autoimune, pacientes com artrite apresentam anticorpos dirigidos contra
componentes do préprio organismo, 0s autoanticorpos, que acabam servindo
como biomarcadores da doenca. Os dois autoanticorpos mais importantes
utilizados para auxiliar no diagnostico da AR e AlJ sdo os chamados fator
reutamoide e anti-CCP (anticorpos contra proteina citrulinada).

Biomarcadores sao definidos como parametros moleculares, anatdbmicos,
fisiolégicos, bioquimicos que podem ser utilizados para auxiliar no diagnéstico,
acompanhar o progresso de doencas, ou prever e monitorar os efeitos do
tratamento. Eles também podem ser associados com estagios especificos da
doenca. Biomarcadores podem ser selecionados de varios tipos de amostras
bioldgicas e por varias técnicas diferentes. Phage Display (PD) é uma técnica
rotineiramente utilizada para selecdo de anticorpos e peptideos com potencial
para serem utilizados no diagnostico de diversos tipos de doencas. Uma
biblioteca de PD contém até 10™ diferentes clones de fagos, cada um exibindo em
sua superficie, um tipo de peptideo aleatdrio. No que se refere a doencas
autoimunes, o grande numero de peptideos diferentes na composicdo da
biblioteca faz do PD uma tecnologia poderosa na selecdo de miméticos a
autoantigenos.

Neste estudo, utilizamos a técnica de PD para selecionar peptideos
ligantes a imunoglobulinas G presentes no soro de pacientes com AR e AlJ e
avaliar, através do imunoensaio ELISA, o potencial uso desses peptideos como
biomarcadores. No intuito de descrever novas ferramentas para auxiliar no
diagndstico da AlJ, a deteccéo de anticorpos direcionados contra o colageno tipo
Il também foi analisada.
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Capitulo I: Fundamentacédo Tedrica

Resumo

Introducéo: Artrite reumatoide (AR) e artrite idiopatica juvenil (AlJ) sdo doencas
reumaticas, de origem autoimune, sem causa conhecida, caracterizadas por
inflamac&o que pode provocar danos articulares e, em alguns casos, danos em
outras partes do corpos. Nao ha, até o momento, um teste Unico para o
diagndstico da AR e AlJ, que é baseado na histéria clinica do paciente, e em
varios exames laboratoriais e de imagem. Neste contexto, a busca por novos
biomarcadores com alta sensibilidade e especificidade para a AR e AlJ é de

grande interesse.

Objetivos: O foco do presente estudo foi selecionar, caracterizar e validar alvos
reconhecidos por anticorpos circulantes e que poderiam ser potencialmente
descritos como autoantigenos da AR ou AlJ.

Metodologia: A tecnologia de Phage Display foi empregada para selecionar
peptideos ligantes a anticorpos circulantes de camundongos apresentando sinais
de artrite apos indugcdo com colageno tipo Il (modelo CIA), e anticorpos
circulantes de pacientes com AlJ. Analises in silico, espectrometria de massas e
Western blot foram utilizadas para auxiliar na caracterizagdo de peptideos
selecionados. Ensaios de ELISA, ELISA avidez e voltametria de pulso diferencial
foram utilizados como plataforma para deteccdo de anticorpos direcionados
contra os alvos propostos neste estudo. A acuracia no diagnostico da AR e AlJ foi

determinada pela curva ROC (Receiver Operating Characteristics).

Resultados: O peptideo M12, selecionado contra IgGs circulantes de
camundongos com sinais de artrite, foi capaz de discriminar pacientes com AR de
pacientes com outras doengas autoimunes e individuos saudaveis (p < 0.0001)
com alta acuracia, apresentando 91% de especificidade e 84.3% de sensibilidade.
O peptideo M12 foi identificado como mimético de uma regido antigénica da
proteina anidrase carbénica lll, que ja foi previamente identificada como um
autoantigeno da AR. Os niveis de anticorpos contra o colageno tipo Il foram
significativamente maiores em pacientes com AlJ quando comparados aos niveis
obtidos por pacientes com espondilite anquilosante (p = 0.006) e individuos
saudaveis (p < 0.0001). Além do mais, a deteccdo de anticorpos contra o

coladgeno tipo Il foi mais frequente em pacientes com < 6 meses de duracao (p =

4
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0.0007). Anticorpos apresentando alta avidez para o coldgeno tipo Il foram
associados com a atividade da doenca (p = 0.004). O peptideo PRF+1,
selecionado contra IgGs circulantes de pacientes com AlJ, foi capaz de
discriminar pacientes com AlJ e AR de pacientes com outras doengas autoimunes
e individuos saudaveis (p < 0.0001) com alta acuracia, apresentando 91% de
especificidade e 61% de sensibilidade para AlJ, e 93% de especificidade e 94%
de sensibilidade para AR. O biosensor eletroquimico desenvolvido para deteccao
de anticorpos contra o peptideo PFR+1 provou ser uma forma rapida, barata e
eficaz de discriminar amostras de soro de pacientes com JIA e RA de individuos

saudaveis.

Conclusao: Em uma analise geral do conjunto de estudos aqui apresentados, é
possivel concluir que os antigenos utilizados para a deteccdo de anticorpos
circulantes em pacientes com AlJ ou AR podem ser utilizados com alta acuracia

para auxiliar no diagndéstico.

Palavras-chave: Artrite idiopatica juvenil, artrite reumatoide, phage display,

autoantigeno, sorodiagndstico
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Abstract

Introduction: Rheumatoid arthritis (RA) and juvenile idiopathic arthritis (JIA) are
autoimmune rheumatic diseases of unknown cause characterized by inflammation,
which can cause joint damage, and in some cases, damage to other parts of the
body. To date, there is no single, definitive test for the diagnosis of RA and JIA,
which is based on patient history, and various imaging and laboratory tests. In this
context, the search for novel biomarkers with high sensitivity and specificity for RA
and JIA is of great interest.

Objectives: The aim of this study was to select, characterize and validate targets
recognized by circulating antibodies that could be potentially described as
autoantigens of RA or JIA.

Methods: Phage Display technology was used to select peptides binding to
circulating antibodies from mice presenting signs of arthritis after collagen type I
induction (CIA model), and circulating antibodies from patients with JIA. In silico
analysis, mass spectrometry and western blot were used to assist in the
characterization of selected peptides. ELISA assays, ELISA avidity and differential
pulse voltammetry was used as platform for detection of antibodies directed
against the targets proposed in this study. Receiver Operating Characteristics
(ROC) curve was determined for diagnostic accuracy for JIA and RA.

Results: The M12 peptide selected against circulating IgGs from mice with signs
of arthritis was able to discriminate RA patients from patients with other
autoimmune diseases and healthy individuals (p < 0.0001) with high accuracy,
presenting 91% specificity and 84.3% sensitivity. The M12 peptide was identified
in an antigenic region of the protein carbonic anhydrase Ill, which has been
previously identified as a RA autoantigen. The levels of antibodies to type Il
collagen were significantly higher in patients with JIA compared to levels obtained
in patients with ankylosing spondylitis (p = 0.006) and healthy individuals (p <
0.0001). Moreover, the antibodies detection to type Il collagen was more frequent
in patients with < 6 months duration (p = 0.0007). Antibodies displaying high
avidity to collagen type Il were associated with disease activity (p = 0.004). The
PRF+1 peptide, selected from circulating IgGs from patients with JIA, was able to
discriminate patients with JIA and RA from patients with other autoimmune

6
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diseases and healthy individuals (p < 0.0001) with high accuracy, presenting 91%
specificity and 61% sensitivity for JIA, and 93% specificity and 94% sensitivity for
RA. The electrochemical biosensor designed to detect antibodies against the
peptide PFR+1 proved to be a fast, cheap and effective way of discriminating
serum samples from patients with RA or JIA from healthy individuals.

Conclusion: In a general analysis of the studies presented here, we conclude that
the antigens used for the detection of circulating antibodies in patients with RA or
JIA can be used with high accuracy to assist in diagnosis.

Key words: Juvenile idiopathic arthritis, rheumatoid arthritis, phage display,

autoantigen, serodiagnosis
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1. O sistema imunoldgico: uma breve revisao

O sistema imunolégico é formado por uma rede de células, tecidos e
orgaos que trabalham em conjunto para defender o organismo contra invasores,
bem como manter a sua homeostase. Estes invasores sao essencialmente
microrganismos, pequenos organismos como bactérias, parasitas, e fungos que
podem causar infec¢des. O corpo humano fornece um ambiente ideal para muitos
desses microrganismos, e € trabalho do sistema imunolégico manté-los fora ou,
destrui-los’. A era moderna da imunologia comecou com a teoria da selecdo
clonal expressa de forma independente por David W. Talmage e Sir Frank
Macfarlane Burnet® °. A teoria da selecdo clonal postula que uma vez que um
antigeno estranho entra no corpo, ele se liga a um uUnico tipo de anticorpo
selecionado a partir de um repertorio ilimitado de anticorpos formados no inicio da
vida do organismo. Isto explica a forma como o sistema imunitario é capaz de
reconhecer e de responder a um namero virtualmente inestimavel de antigenos
estranhos. A Figura 1 ilustra as diversas células que compdem o0 sistema
imunoldgico.

O sistema imunolégico tem sido conceitualmente dividido em dois
sistemas: inato e adaptativo. O sistema imunoldgico inato representa uma
resposta rapida a um numero grande, mas limitado, de estimulos, e é a primeira
linha de defesa contra patdgenos, trabalhando para reconhecer componentes
comuns para que mais respostas imunes possam ser sinalizadas na presenca de
agentes estranhos®. As principais células efetoras da imunidade inata s&o os
macréfagos, neutrofilos, células dendriticas e células Natural Killer (NK).
Fagocitose, liberacdo de mediadores inflamatérios, ativacdo de proteinas do
sistema complemento, bem como sintese de proteinas de fase aguda, citocinas e
quimiocinas sdo os principais mecanismos na imunidade inata®>. O sistema
imunoldgico adaptativo € um sistema antigeno-especifico que gera meméria
imunolbgica a partir da ativacdo de células T e B, e possui como principal
caracteristica a producdo de anticorpos especificos para responder a
microrganismos invasores ou células infectadas®. Ou seja, em contraposicdo ao
sistema inato, depende da ativagdo de células especializadas, os linfocitos, e das
células por eles diferenciadas®.
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O sistema imune sadio deve manter o balanco entre a capacidade de
responder a agentes infecciosos e de sustentar a autotolerdncia, nao
respondendo aos componentes proprios do organismo. A auséncia de resposta
adequada submete o individuo aos efeitos nocivos da invasédo por patdégenos, ao
passo que o sistema respondendo de modo exacerbado pode gerar respostas

inflamatoérias prejudiciais”.

Célula Tronco d

autorrenovavel
Linfécito T

© @

Célula Tronco
pluripotente

Linfécito B

\ Progenitor Progenitor
mieldide linféide

v

+ Célula NK

Unidades formadoras de colénias

Célula
Dendritica

Eritrécitos Plaquetas Basdfilos Eosindfilos Neutrdfilos Mondcitos

v
)

Macréfagos

Figura 1. Painel ilustrando a origem das diversas linhagens de células que compdem o sistema

imunolégico. Fonte:®
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1.1 Antigenos

Originalmente, o termo antigeno foi utilizado para designar qualquer
molécula que fosse capaz de induzir a producdo de anticorpos especificos pelas
células B. Atualmente, no entanto, o termo é amplamente utilizado para indicar
gualquer molécula que possa ser reconhecida pelos elementos do sistema imune
adaptativo, ou seja, céulas T, células B ou ambas’.

As respostas imunolégicas podem também ser geradas contra substancias
menores, chamadas haptenos, se estes forem quimicamente acoplados a uma
proteina transportadora maior, como por exemplo a albumina do soro bovino
(BSA) ou outras matrizes sintéticas. Uma variedade de moléculas, tais como
farmacos, aclcares simples, aminoacidos, peptideos pequenos, fosfolipidios, ou
triglicerideos podem funcionar como haptenos. Assim, dado o tempo suficiente,
gualquer substancia estranha podera ser identificada pelo sistema imunoldgico e
ativar a producdo de anticorpos especificos. No entanto, esta resposta
imunoldgica especifica € altamente varidvel e depende muito, em parte, do
tamanho, estrutura e composicdo do antigeno. Os antigenos que induzem fortes
respostas imunoldgicas s&o referidos como sendo fortemente imunogénicos®.

A pequena regidao de um antigeno ao qual um anticorpo pode se ligar de
forma especifica €é chamado de epitopo. Esta regido compreende de 1 a 6
monossacarideos ou 5 a 8 residuos de aminoacidos na superficie do antigeno.
Como moléculas antigénicas existem em espaco, o0 epitopo reconhecido por um
anticorpo pode ser dependente da presenca de uma conformagéao tridimensional
especifica (por exemplo, um sitio Unico formado pela interacdo de dois loops de
proteinas nativas ou subunidades), ou o epitopo pode corresponder a uma regiao
de sequéncia primaria simples. Tais epitopos sdo descritos como conformacional
e linear, respectivamente. A variedade de possiveis sitios de ligacdo é enorme,
com cada local de potencial ligacdo de anticorpos apresentando suas proprias
propriedades estruturais derivadas de ligacbes covalentes, ligacdes ionicas e
interacBes hidrofilicas e hidrofébicas®.

Para ocorrer uma interacdo eficaz entre antigeno e anticorpo, o epitopo
deve estar prontamente disponivel para a ligacdo. Se a molécula alvo estiver
desnaturada, como por exemplo por meio de fixacéo, reducéo, ou alteracbes de

10
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pH ou durante a preparacgao para eletroforese em gel, o epitopo pode ser alterado
e afetar sua capacidade de interagir com um anticorpo. Assim, o epitopo pode
estar presente no antigeno em sua forma nativa, ou apenas em sua forma
desnaturada. Por isso, uma anticorpo que funciona bem em analises de
imunohistoquimica, pode n&o funcionar em anélises de western blot por exemplo®.
As caracteristicas esperadas para um antigeno ser considerado um bom produto
imunogénico, estao listadas na Tabela 1.

Tabela 1. Caracteristicas esperadas para um antigeno ser considerado

imunogénico.

Areas de estabilidade estrutural e complexidade quimica dentro da molécula;

Extensdes significativas sem apresentar muitos componentes repetidos;

Peso molecular minimo entre 8.000 e 10.000 kDa (embora haptenos com pesos
moleculares menores que 200 kDa possam ser utilizados na presenca de uma

proteina transportadora);
Habilidade para ser processado pelo sistema imunoldgico;

Regifes imunogénicas acessiveis ao mecanismo de formacéo de anticorpos;

Elementos estruturais que sao suficientemente diferentes do hospedeiro;

Para peptideos antigénicos, regides contendo pelo menos 30% de aminoacidos
imunogénicos (K, R, E, D, Q, N), hidrofilicidade significativa ou residuos

modificados.

Fonte:®

1.2 Anticorpos

Os anticorpos (Ac) ou imunoglobulinas (Ig) sdo moléculas produzidas por
células denominadas linfécitos B e sdo capazes de localizar, reconhecer e ligar-se

a antigenos especificos com a finalidade de inativar ou dar inicio a sua
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eliminacdo. Possuem carater glicoproteico e estdo presentes no sangue circulante
e na linfa.

Existem cinco classes de imunoglobulinas diferentes (IgA, IgD, IgE, IgG e
IgM), sendo a IgG a mais abundante, chegando a 75% dos anticorpos totais do
sangue, e mais utilizada para fins terapéuticos e biotecnoldgicos’. As
imunoglobulinas possuem massa molecular de aproximadamente 150 kDa,
compostos por dois tipos de cadeias polipeptidicas: pesada (H) e leve (L). Cada
cadeia pesada é unida covalentemente a uma cadeia leve por uma ponte
dissulfeto e, as duas cadeias pesadas, ja ligadas as cadeias leves, sdo mantidas
unidas covalentemente, também por pontes dissulfeto, formando o anticorpo™.
Cada molécula de imunoglobulina tem duas regides idénticas, chamadas de Fab,
gue sao capazes de se ligar a antigenos, e uma regido constante, chamada de
Fc, que pode se ligar a receptores presentes na superficie de células, como
macrofagos. De fato, € a estrutura da regido Fc do anticorpo que determina a sua
classe, qual células do sistema imunoldgico ele ir4 se ligar, e como ele ira agir'*
(Figura 2).

Anticorpos sdo comumente conjugados com enzimas ou fluoréforos em
sua regido Fc. A regido Fc também ancora o anticorpo na placa para
procedimentos de ELISA e é nessa regido que se ligam anticorpos secundarios
em procedimentos de imunoprecipitacdo e imuno-histoquimica. Uma importante
funcdo bioldgica da regido Fc é sua participagcdo na degradacdo de antigenos
estranhos. Quando ja ligada ao seu antigeno especifico, a regido Fc ativa o
sistema complemento e auxilia a fagocitose por se ligar aos macréfagos®. As
imunoglobulinas podem ser fragmentadas por protedlise. Uma molécula de IgG
guando submetida a clivagem por enzimas proteoliticas especificas é dividida em
duas moléculas: uma delas comporta a regido de ligacdo ao antigeno (Fab) e a
outra a regido constante (Fc). A fragmentacdo de IgG’s as vezes é util porque (1)
fragmentos Fab ndo vao precipitar o antigeno em estudos in vitro; e (2) ndo sera
reconhecido pelas células do sistema imunolégico em estudos in vivo, devido a
falta da regido Fc. Frequentemente, por causa do seu tamanho menor e por nao
demonstrar reacdes cruzadas (devido a perda da regido Fc), os fragmentos Fab

sdo radiomarcados para utilizacdo em estudos funcionais. Curiosamente, 0s
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fragmentos Fc sédo frequentemente utilizados como agentes de bloqueio em

coloracao histoquimica® *°.

Sitio de ligagao

de antigenos
Cadeia pesada
2,

Regiao Fab

3 .". 4 -
...... S 4 Cadeia leve

( CH3

B Regido da dobradiga

Regido Fc

O —

‘ » Ligagao dissullelo

>
Dominio
de Imunogiobulina

Figura 2. Esquema de uma molécula de imunoglobulina secretada. Fonte:’

A associacdo especifica de antigenos e anticorpos € dependente de
ligacdes de hidrogénio, intera¢gdes hidrofdbicas, forcas eletrostaticas e de van der
Waals. Estes fatores sdo limitantes para algumas ligacbes fracas, de natureza
ndo-covalente, mas algumas das associacfes entre antigenos e anticorpos
podem ser bastante forte. Como o0s anticorpos, antigenos podem ser
multivalentes, apresentando multiplas copias do mesmo epitopo, ou apresentando
multiplos epitopos que sdo reconhecidos por varios anticorpos. Interacfes
envolvendo multivaléncia podem produzir complexos mais estabilizados, no
entanto, multivaléncia também pode resultar em dificuldades de natureza estérica,

reduzindo assim a possibilidade de ligac&o®.

2. Doencgas autoimunes

Doencas autoimunes sdo caracterizadas por condigdes cronicas iniciadas
pela perda da tolerancia imunoldgica a autoantigenos. Elas representam um

grupo heterogéneo de distlrbios que afetam érgdos-alvo especificos ou multiplos
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sistemas®?. A natureza crénica dessas doencas coloca o paciente sob constantes
cuidados médicos, aumentando seus custos diretos e indiretos, e diminuindo a
qualidade de vida. A incidéncia estimada para novos casos de doengas
autoimunes é de aproximadamente 80 para cada 100.000 pessoas por ano e sua
prevaléncia pode ir bem além de 3% da populacdo mundial®.

A maioria das doencas autoimunes afetam mulheres de meia-idade e estao
entre as principais causas de morte nesse grupo de pacientes. Embora a
incidéncia se difere entre paises®, varios estudos tém mostrado que, para alguns
tipos de doencas autoimunes, associacbes com diversos fatores sdo encontradas
entre as popula¢des, como uma pre-disposicdo genética por exemplo. Doencgas
autoimunes podem ser hereditarias e sdo assim classificadas quando pessoas de
um mesmo nudcleo familiar desenvolvem a mesma doenga, como € o caso do
diabetes mellitus tipo I*°.

Inflamacdo e autoimunidade estdo intimamente conectadas, seja no
desenvolvimento ou na progressdo das doencas autoimunes. A inflamacdo é
mediada por citocinas pré-inflamatérias que sdo responsaveis pelo combate a um
patégeno. Entretanto, em individuos que possuem uma desregula¢do do sistema
imunoldgico, a resposta inflamatéria severa pode contribuir para a patogenia das
doencas autoimunes®. O aumento da prevaléncia de infeccdo no curso das
doencas autoimunes é um aspecto importante entre a relacdo de infeccdo e
autoimunidade, representando claramente que infecgdes sdo uma causa comum
de morbidade e mortalidade em pacientes portadores de doencgas autoimunes
sistémicas®’.

Doengas autoimunes n&o se iniciam no momento em que se tornam
clinicamente aparentes, mas Vvarios anos antes. Isto implica que existe uma
possibilidade de prever a autoimunidade. Ao longo dos anos, varios fatores de
risco tém sido associados com o inicio da doenga. Entre eles os mais estudados
sdo os fatores ligados ao sexo feminino®®, os alelos especificos do sistema HLA
(antigeno leucocitatio humano) e ndo HLA' *° e agentes ambientais®® *. Além
disso, a presenca de autoanticorpos também pode prever manifestacées clinicas
especificas, gravidade e progressdo da doenca?’. Muitos autoanticorpos tém
capacidade preditiva e podem ser sorologicamente detectados muito antes do

aparecimento dos sintomas clinicos da doencga. Assim, a identificacdo desses
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biomarcadores, associados com a histéria de autoimunidade familiar, e avaliacao

do seu valor preditivo pode ser muito til para a medicina personalizada®.

2.1 Artrite idiopética juvenil

A Artrite Idiopética Juvenil (AlJ) é definida como uma doenca de ocorréncia
antes dos 16 anos de idade, caracterizada primariamente pela presenca de artrite
persistente em uma ou mais articulagbes, por no minimo 6 semanas, apos
exclusdo de outras causas. E uma doenca inflamatoria crénica que, se n&o
tratada precocemente, pode acarretar prejuizos permanentes?”.

De acordo com a “International League of Associations for Rheumatology
criteria”, a AlJ compreende sete subtipos, sendo oligoarticular e poliarticular os
mais comuns®. Artrite que afeta até quatro articulagbes apés os primeiros seis
meses da doenca é classificada como AlJ oligoarticular persistente. Embora por
vezes considerada como uma condicdo benigna, o subtipo oligoarticular
persistente pode ir da remissdo completa apés a interrupcéo do tratamento até o
desenvolvimento de danos graves nas articulagcbes afetadas. O subtipo AlJ
oligoarticular estendida tem um pior prognéstico e inclui pacientes que apés o
diagndstico, a artrite evolui para cinco ou mais articulacdes afetadas apos os
primeiros 6 meses da doenca®. Artrite que afeta cinco ou mais articulacées
durante os primeiros 6 meses da doenca é chamada de AlJ poliarticular, que é
classificada como artrite poliarticular com fator reumatoide negativo (FR-) ou
poliarticular com fator reumatoide positivo (FR+). Todos os subtipos de AlJ séo de
causas desconhecidas, e o diagnostico baseia-se na avaliacdo conjunta do
histérico médico, apresentacéo clinica e, alguns exames laboratoriais®” %,

Apesar de ser uma doenca altamente heterogénica, € provavel que haja
alguma sobreposicdo genética, ja que todos os subtipos de AlJ apresentam
inflamac&o das articulacdes como a caracteristica mais proeminente da doenca®®.

A patogénese da AlJ envolve inflamag&o do revestimento sinovial, com o
potencial de causar destruicdo da articulagdo, onde hd infiltracdo da membrana
sinovial por células inflamatérias causando a formac¢do do pannus. O pannus é

formado principalmente por células invasivas onde a membrana sinovial torna-se
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espessa causando danos articulares e 6sseos*. Acredita-se que os danos
0sseos que podem ser observados em pacientes com AlJ sdo consequéncias da
degradacdo da cartilagem causada por infiltrados de células, assim como
anticorpos. A inflamagdo pode também causar maiores danos, tanto
sistematicamente quanto localmente nas articulaces afetadas®.

Embora as manifestagfes clinicas na AlJ estejam relacionadas com o
sistema imune adaptativo, trabalhos envolvendo autoantigenos que impulsionam
a resposta humoral ndo tém recebido muita atengdo. Eventos autoimunes, tais
como células T auto-reativas e autoanticorpos ja foram detectados na maioria dos
subtipos de AlJ*® 3. Em contraste com a maioria das proteinas em circulac&o, os
anticorpos sao faceis de serem mensurados, S&0 menos sujeitos a variagdes no
sangue, mais estaveis em amostras de soro, e podem ser facilmente
detectados®.

Estudos envolvendo autoanticorpos tém geralmente focado na artrite
reumatoide (AR), e sO depois entdo o desempenho desses autoanticorpos sao
investigados em pacientes com AlJ. Mesmo que evidéncias fornecidas por esta
abordagem sejam limitadas, esses estudos tém fornecido um vislumbre dos
mecanismos moleculares heterogéneos que contribuem para a patogénese dos
varios subtipos de AlJ. A heterogeneidade da AlJ é exemplificada pelo fato de que
os resultados obtidos em paciente com AR podem ser aplicados apenas a alguns
subgrupos especificos de pacientes com AlJ. Por exemplo, o fator reumatoide,
gue tem uma sensibilidade de ~80% em paciente com AR, esta presente somente
em um pequeno subgrupo de pacientes com AlJ (subtipo poliarticular)®*. A
descoberta de autoanticorpos direcionados contra proteinas citrulinadas
presentes na AR tem despertado enorme interesse por conta de seu desempenho
em pacientes com AlJ**. No entanto, a descoberta de autoanticorpos que
conferem maior especificidade e sensibilidade ao diagndstico da AlJ é de grande

interesse clinico.
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2.2 Artrite Reumatoide

A artrite reumatoéide (AR) é uma doenca inflamatdria sistémica, autoimune,
gue afeta principalmente as articulagdes. Enquanto a taxa de prevaléncia exata
de toda a populacdo € desconhecida, os dados disponiveis sugerem que a AR
afeta ~ 1% da populagdo mundial, tornando-se uma das doencgas reumaticas
autoimunes mais comuns>. No Brasil, um estudo de 2004 sobre a prevaléncia de
doencas reumaéticas no pais mostrou que a prevaléncia da AR foi de 0.46%°. A
prevaléncia da AR parece ser menor nos paises em desenvolvimento, o que pode
estar relacionado ao numero reduzido de estudos epidemiolégicos realizados
nestes paises, ou mesmo a auséncia de diagnéstico em pacientes de
comunidades carentes pela dificuldade de acesso as unidades de saude.

Embora tratamentos modernos para a AR possam levar muitos pacientes a
remisséo, o diagndstico em estagios iniciais da doenga é importante para prevenir
danos irreversiveis ao revestimento sinovial e da cartilagem das articulacdes
doentes, e também para prevenir a progressao da doenca. Até o0 momento, nao
ha ainda um bom indicador clinico disponivel para o monitoramento do
desenvolvimento a longo prazo da AR*’. O Fator reumatoide é um autoanticorpo,
mais comumente do tipo IgM, que se liga a regido Fc de anticorpos 1gG. A
imunodetec¢do do fator reumatoide € o teste de sangue mais amplamente
utilizado na classificacdo da artrite®.

Nos atuais critérios de classificacdo®, o diagnéstico da AR baseia-se na
presenca confirmada de sinovite em pelo menos uma articulagéo, auséncia de um
diagndstico alternativo que explique melhor a ocorréncia de sinovite, e realizacao
de um escore total de = 6 (de 10 possiveis) em um sistema de pontuacdo. A
pontuacdo é derivada a partir de quatro critérios: o numero e local das
articulacbes afetadas (variando de 0 a 5), anormalidade sorolégica (niveis
elevados de fator reumatoide ou anticorpo anti-CCP; variando de 0 a 3), resposta
de fase aguda elevada (variagdo de 0 a 1), e duragéo dos sintomas (< 6 vs = 6
semanas; variando de 0 a 1). Afirma-se frequentemente que os niveis de fator
reumatoide aumentam com a idade*®, mas ndo ha muitos dados convincentes que
comprovem esta afirmacdo. Cerca de 80% de todos os pacientes com AR
acabara por ser soropositivo para fator reumatoide, enquanto apenas 40% sao
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positivos no inicio clinico da doenca®. No entanto, ndo se sabe se os niveis
elevados de fator reumatoide em individuos na populacdo em geral sem artrite
reumatoide esta associado com o desenvolvimento posterior de AR*’.

Vérios estudos demonstraram que existe uma fase "pré-clinica” da AR,
durante o qual hd a producdo de autoanticorpos e marcadores inflamatorios
anteriores ao inicio do aparecimento dos sinais e sintomas de doenca articular

que caracterizam clinicamente a doenca*" ** *® (Figura 3).

Fase pré-clinica da AR

A

Fase 3:
Sintomas de '
Fase 2: autoimunidade e Fase 4+ Fase 5- Fase .6.
Fase 1: Avitoi {dad inflamagdo (ex: dor Lo - Estabelecimento
.. k| Autoimunidade k- ticul k> Sinais e sintomas de &3 AR definida pelos < da doenga
Fatores Qenet_lcos assintomatica e at?sréfcl;::j)enzit artrite inflamatoria ultimos critérios (exacerbaciio,
e Ambientais inflamagéao o indiferenciada de classificagio remissdo e resposta
detectavel em a terapia)
exame fisico

Expansdo e envolvimento da autoimunidade, inflamagao
e lesdo tecidual

Intervengdes para interromper a autoimunidade e a inflamagao
e impedir a progressdo da artrite podem ser implementadas em
varios pontos dessa via de desenvolvimento da doenga

Figura 3. Fases do desenvolvimento da artrite reumatoide. Neste modelo de
desenvolvimento da AR, a doenca comega com riscos genéticos e ambientais
(Fase 1), seguido por auto-imunidade e inflamacgéo assintomética (por exemplo,
producdo de autoanticorpos, citocinas e quimiocinas; Fase 2), com progressao
para sintomas que possam estar presentes na auséncia de artrite inflamatéria em

exame fisico (Fase 3), e eventual desenvolvimento de artrite inflamatéria
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indiferenciada (Fase 4) que pode progredir para a classificacdo da AR (Fase 5). A
fase 6 é definida como a evolugdo da doenca (por exemplo, as exacerbacdes,
remissbes, e resposta a terapia), apdés desenvolvimento de doenca articular
clinicamente aparente. Manifestacdes da doenca na fase "pré-clinica" (fases 2 e
3) séo identificaveis por meio de testes para deteccdo de biomarcadores e antes
do desenvolvimento de artrite inflamatoéria (que € identifichvel através de um
exame comum). Este processo de desenvolvimento da AR é caracterizado pela
expansdo da autoimunidade e inflamacao, detectavel por meio de avaliagdo de
biomarcadores circulantes, embora que a Fase 1 também poderia ser incluido. As
setas de cabeca dupla que indicam a progressdo da doenca podem ser
interrompidas, ou invertidas, talvez por meio de intervencdo farmacoldgica
utilizando imunomoduladores, especialmente se iniciado antes do inicio do

desenvolvimento de artrite inflamatéria clinicamente aparente (Fase 4). Fonte:*

3 Autoantigenos

Um componente central no processo da autoimunidade s&o o0s
autoantigenos, contra 0s quais o sistema imunoldgico produz autoanticorpos e
células autorreativas. As regras que determinam o repertério de possiveis
autoantigenos e que os diferenciam das moléculas ndo autoantigénicas sao
atualmente desconhecidas. Entre a grande variedade de moléculas humanas,
apenas 1% foram observadas como provaveis autoantigenos**. Muitas doencas
autoimunes compartiiham os mesmos autoantigenos e 0s mesmos sintomas
clinicos*. Notavelmente, os repertérios de autoanticorpos parecem semelhantes
em humanos e modelos experimentais animais, como o camundongo*®. Estes
fatos e outras evidéncias sugerem que as propriedades autoantigénicas sao
governadas por regras ainda desconhecidas®’.

3.1 Colageno tipo I

Colagenos sdo um grupo de macromoléculas estruturais que estao

presentes no tecido conjuntivo incluindo osso, pele, cartilagem hialina, vasos
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sanguineos, membrana sinovial e figado, entre outros. Quarenta e dois genes
diferentes sé@o responsaveis pela producdo de, pelo menos, 28 tipos diferentes de
colageno, que ja foram identificados em diferentes tecidos de vertebrados®®.

O colageno tipo Il (Cll) é o tipo predominante na cartilagem articular. Mais
de 50% de todas as proteinas da cartilagem articular e 90% da cartilagem hialina
consistem do CII*°. Também esta presente no ouvido, laringe e traqueia, vitreo do
olho, disco intervertebral e, durante o desenvolvimento, em muitos tecidos ndo
condrogénicos®. Na AR, provavelmente na AlJ também (mecanismo ainda pouco
explorado), o sistema imunolégico reconhece o coldgeno como uma substancia
estranha e produz anticorpos que o atacam e o destroem, o que resulta em uma
inflamacé&o crénica que pode gerar destruicdo articular, deformidade e perda de
funcdo®’. Apesar de estar claro que, de alguma forma, autoanticorpos contra o
coladgeno tipo Il participam na imunopatogénese da AR e AlJ, esses mecanismos
ainda precisam ser esclarecidos.

Autoanticorpos contra o CllI ja foram detectados no soro de pacientes com

diferentes subtipos de AlJ°% °3 % 55

, reforcando a hipGtese de que a
autoimunidade ao CII presente nas cartilagens desempenha um forte papel na
patogénese da doenca.

Artrite pode ser induzida por coldgeno em algumas linhagens de roedores.
A imunizagdo com CIl em camundongos da origem a titulos significativos de
anticorpos anti-Cll. Trés anticorpos monoclonais especificos contra CII (CII-C1,
UL-1, e M2139) foram descritos e detalhadamente caracterizados pela interacéo

°6; 570 58 59 ligacdo in vivo®, e sua

molecular com a sua molécula alvo
patogenicidade e importancia reguladora®. Camundongos da linhagem DBA / 1
desenvolvem poliartrite quando imunizados com CIl de diferentes espécies. A
artrite observada normalmente ndo € simétrica e qualquer combinacgéo de patas /
juntas pode ser afetada®.

E de grande valor, portanto, desenvolver ensaios que ndo S&o
dependentes somente de colageno nativo extraido de tecidos, mas utilizar ClII
sintético ou recombinante de diferentes espécies que contenha diferentes
epitopos que possam ser reconhecidos por anticorpos, visando aplicacdo no
diagnéstico e monitoramento de doencas reumaticas®®. Um artigo de revisdo que

complementa este topico segue como anexo 1 desta tese.
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3.2 Anidrase carbdnica lll

As anidrases carbbnicas (CA) sdo enzimas que contém zinco, que
desempenham um papel critico na manuteng&o do pH intercelular/extracelular na
maioria das células de mamiferos por catalisar a interconversao entre dioxido de
carbono e bicarbonato. E um grupo de metaloenzimas e ha pelo menos 15
isoformas diferentes presentes em células de mamiferos®. A anidrase carb6nica
[l (CAIIl) é expressa a um nivel muito elevado no musculo esquelético, onde pode
desempenhar um papel na eliminacao de radicais de oxigénio e assim proteger as
células do dano oxidativo®.

Autoanticorpos contra a CAIlll em pacientes com AR foram descritos pela
primeira vez em 2007 por Robert-Pachot e colaboradores®, onde a proteina
recombinante foi utilizada como antigeno no ensaio de ELISA, com positividade
em 16.7% nos pacientes analisados, enquanto que amostras do grupo controle
ndo apresentaram anticorpos anti-CAlll. A sensibilidade desse novo autoantigeno
para a AR, utilizando a técnica imunoblot 1D, foi de 17%. A especificidade foi
elevada quando se comparada a outras doencas nao autoimunes (100%), e
baixa, quando comparada a algumas outras doengas autoimunes (67%).

Anticorpos anti-CAlll j& foram detectados em 33.3% dos pacientes com
[Gpus sistémico eritematoso (LSE), 13% com esclerose sistémica, 20% com
diabetes tipo I, 28% com doenca de Addison e 5% com tireoidite autoimune.
Portanto, apesar de serem detectados em maiores niveis em pacientes com AR,
anticorpos contra a CAlll ndo estdo restritos a AR. Em outro estudo, anticorpos
anti-CAlll também foram detectados em pacientes com AR, LSE e diabetes
mellitus tipo 1°”. Esses dados mostram que anticorpos anti-CAlll apresentaram
baixa especificidade para a AR quando comparados com outras doencas
autoimunes. Por ter essa caracteristica promiscua, a descoberta de novos
epitopos que conferem maior especificidade aos anticorpos anti-CAlll sdo de
grande interesse para o diagndstico da AR.
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4 Phage Display

A tecnologia de Phage Display (PD) foi desenvolvida por G. Smith em
1985% como um método para apresentacdo de polipeptidios na superficie de
bacteriéfagos filamentosos. Desde entdo, este método tornou-se uma das formas
mais eficazes para a producdo de grandes quantidades de peptideos, proteinas e
anticorpos. Utilizando as técnicas de DNA recombinante, cole¢Bes de bibliotecas
de peptideos, variantes proteicos ou fragmentos génicos (ou cDNA) podem ser
apresentados na superficie de bacteriéfagos e submetidos a inimeras estratégias
de selecdo®.

Fagos recombinantes expressando peptideos randbmicos em sua
superficie podem ser selecionados por afinidade, onde os fagos selecionados
podem ser amplificados em ciclos adicionais de crescimento em bactérias E. coli
hospedeiras apropriadas®.

A técnica de PD é baseada no uso de um bacteri6éfago filamentoso M13
capaz de infectar bactérias E. coli gram negativas. A particula do fago é formada
por uma fita simples de DNA circular envolta por uma capa proteica constituida
por cinco proteinas (plll, pVI, pVII, pVIIl e pIX) (Figuras 4" e 4B). A maioria dos
peptideos e anticorpos s&o expressos nas proteinas plll’® e pVIII™!, presentes na
superficie do fago M13, sendo a plll a mais comum’2. A plll esta relacionada com
a infectividade do fago pela ligacdo ao pilus F da célula bacteriana. Ela apresenta
trés dominios (D1, D2 e D3) separados por residuos de glicina. Estudos
cristalogréaficos dos dominios D1 e D2 mostraram uma conformacgédo semelhante a
uma ferradura de cavalo”® (Figura 4C). Devido a baixa quantidade de cépias da
plll em relacdo a pVIll as bibliotecas de peptideos sintéticos fusionados na plli
sdo mais indicadas para descoberta de ligantes com alta afinidade, quando
comparadas com as bibliotecas com peptideos fusionados a pVII1"™*.

O gene reporter lacZ presente no genoma do bacteriofago M13, facilita a
distingcdo visual entre colonias bacterianas infectadas com fagos que carregam
sequéncias exogenas (colbnias azuis) e colbnias ndo infectadas por particulas

virais (colénias brancas)’.

22



Capitulo I: Fundamentacédo Tedrica

A) ” v X

Figura 4. Estrutura do fago filamentoso. A) Composi¢cdo do gene lll, que
codifica para a proteina de superficie plll, mostrando o sitio de ligagdo de
clonagem para introducdo do gene adicional. B) Particula viral com as proteinas
plil, pVI, pVIl, pVIIl e pXl. C) Cristalografia dos dominios D1 e D2 da proteina lll,

as alfa-hélices estéo coloridas em vermelho e as fitas B em cianico. Fonte’

A técnica de PD permite a criacdo de bibliotecas que contém até 10'°
variantes diferentes de moléculas expressas na superficie dos fagos e pode ser
utilizada para selecdo por afinidade de bibliotecas combinatérias de peptideos
para estudar interacdes proteina-ligante e caracterizar estes ligantes’®, interacées
receptor e sitio de ligacdo de anticorpos’’, definir epitopos para anticorpos
monoclonais e selecionar alvos a partir de repertério de anticorpos’®. Cada
membro da biblioteca apresenta uma forma distinta, que determinard a
capacidade de interacdo deste com uma molécula alvo. Quanto maior for o
namero de formas representadas na biblioteca, mais facilmente sera encontrado
um ligante afim’®.

O processo de selecao de ligantes a partir de uma biblioteca é chamado de
biopanning. O processo de biopanning € baseado em repetidos ciclos de
incubacéo, lavagem, amplificacao e re-selecéo dos fagos ligados ao alvo. Para o
processo de selecdo de ligantes, a molécula alvo pode ser imobilizada em
diferentes plataformas como placas de microtitulacdo®, membranas de PVDF®,
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83 84 & até mesmo células inteiras®®. Um ciclo

imunotubos®, beads magnéticos
completo de biopanning estéa representado na Figura 5.

O processo de eluicdo dos fagos ligados a alvos proteicos imobilizados
compreende um ponto chave nos protocolos de selecdo, algumas alteracbes
realizadas nesta etapa durante os ciclos de selecao por afinidade, podem levar ao
isolamento de clones com maior afinidade para a molécula alvo, como por
exemplo, utilizar tampdes de eluicdo com pH decrescente®, utilizar solucdo com
proteina alvo como tampéo de eluicdo®’ e aumentar a estringéncia do tampéo de

lavagem em cada ciclo de selecao®.

Figura 5. Esquema representativo do processo de biopanning. 1) Biblioteca
de fagos. 2) Incubagdo da biblioteca de fagos com o alvo devidamente
imobilizado. 3) Retirada dos fagos nao ligantes por sucessivas lavagens. 4)
Eluicdo dos fagos ligados ao alvo. 5) Infecgéo de E. coli com pili F com os fagos
eluidos. 6) Titulacdo dos fagos eluidos. 7) Amplificacdo dos fagos eluidos
contendo a populacéo de fagos selecionados com maior afinidade pelo alvo.

A busca por novos componentes biotecnol6gicos que poderiam servir como
medicamentos ou biomarcadores para o diagndéstico de véarias doencas é um dos
grandes desafios da ciéncia moderna. Phage display é considerada uma
tecnologia poderosa para a obtencdo de grandes quantidades de proteinas
especificas, enzimas, anticorpos e peptideos em um tempo relativamente curto®,

com impacto significativo em varias patologias.
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5 OBJETIVOS

5.1 Objetivos Gerais

Investigar provaveis autoantigenos da artrite reumatoide e artrite idiopatica juvenil
e testar seu potencial uso como biomarcadores para serem utilizados como

antigenos para detec¢cao em imunodiagnaostico.

5.2 Objetivos especificos

Capitulo I: introducéo a tese com detalhamento dos temas abordados nos artigos.

Capitulo II (Artigo I): utilizar o modelo murino de artrite DBA1/J associado a
técnica de Phage Display para isolar e identificar biomarcadores que mimetizem
autoantigenos da artrite reumatoide e testar seu potencial uso em

imunodiagnastico.

Capitulo 11l (Artigo Il): investigar se anticorpos presentes no soro de criangas com
artrite idiopética juvenil oligoarticular e poliarticular reconhecem o colageno tipo Il

bovino e mensurar a avidez da interagdo antigeno-anticorpo.

Capitulo IV (Artigo Ill): selecionar, através da técnica de Phage Display, peptideos
miméticos a autoantigenos da artrite idiopatica juvenil, testar sua eficiéncia como
provaveis biomarcadores e propor um biosensor eletroquimico para deteccdo de

anticopos.
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Abstract
Introduction: Rheumatoid arthritis (RA) is a chronic inflammatory autoimmune
disease that affects around 1% of the human population worldwide. RA diagnosis
can be difficult by the fact that there is no definitive test for its detection. Therefore,
the aim of this study was to identify biomarkers that could be used for RA
diagnosis.

Methods: Sera from collagen-induced arthritis (CIA) mouse model were used to
select potential biomarkers for RA diagnosis by Phage Display technology. In silico
and in vitro analyses were performed to characterize and validate the selected
peptides. Samples were classified into three groups: RA, two other immune-
mediated rheumatic diseases (systemic lupus erythematosus — SLE and
ankylosing spondylitis — AS) and healthy controls (HC). ELISA assay was carried
out to determine antibody levels, and diagnostic parameters were determined by
constructing Receiver Operating Characteristic (ROC) curves. Mass spectrometry
and western blot were performed to identify the putative autoantigen that was
mimicked by a highly reactive mimotope.

Results: After three rounds of selection, fourteen clones were obtained and tested
for immunoreactivity analysis against sera from RA and HC groups. The phage-
fused peptide with the highest immunoreactivity (M12) was synthesized, and was
able of efficiently discriminate RA patients from SLE, AS and HCs (p < 0.0001) by
ELISA. The specificity and sensitivity of anti-M12 antibodies for RA diagnosis were
91% and 84.3%, respectively. The M12 peptide was identified as a peptide that
mimics a predicted antigenic site of the carbonic anhydrase Il (CAlll) protein, a
ubiquitous biomarker that has been identified in patients with other diseases.

Conclusion: M12 is the first peptide associated to CAlll protein that may be used
as an antigen for antibodies detection to aid in RA diagnosis with high sensitivity
and specificity.

Keywords: Rheumatoid Arthritis, CIA mice model, Carbonic Anhydrase I,

Autoantibodies
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Introduction

Rheumatoid arthritis (RA), the most common inflammatory autoimmune
disease, affects 0.8% of the adult population worldwide [1]. RA diagnosis is largely
a clinical one, relying, particularly in the early stages, on the history and
examination of the patient, with tests (blood or imaging) sometimes helping to
confirm the diagnosis [2]. Serological support to diagnosis has, up to now, been
restricted to the determination of rheumatoid factor (RF) and anti-citrullinated
peptide antibodies (ACPAs), where assays using cyclic citrullinated peptides
(CCP) as antigen for ACPAs detection have gained wide acceptance [3]. RF
presents higher sensitivity as compared to anti-CCP antibodies for the established
disease, with a relatively low specificity. In fact, the RF antibody is not specific for
RA due to cross-reactivity with many other inflammatory diseases as well as in
elderly healthy individuals [4]. ACPAs are considered a valuable serological
biomarker for RA [5] and the diagnostic performance of different generations of
CCPs (CCP1; CCP2 and CCP3) have been evaluated in many different studies [6-
8]. Differences in cut-off values, specificities and sensitivities exist between the
three different generations and also between different assays used to antibodies
detection. However, anti-CCP2 showed better performance characteristics with
values of sensitivity ranging from 41% to 92.2% and specificity ranging from 65%
to 100% [9]. At present, the detection of antibodies against CCP2 by ELISA is the
most widely used assay in studies involving ACPAs worldwide. The combination of
RF and anti-CCP2 assays demonstrate a positive predictive value close to 100%,
which is much higher than the value of either of the tests alone [10]. The presence
of RF and anti-CCP has been associated with progressive and destructive disease
[11, 12]. Seronegativity in both early and established RA remains a major limitation
of these two biomarkers, highlighting the need for new complementary markers
that could improve diagnostic sensitivity [13]. Because of the low sensitivity or
specificity of the current serological tests, the quest for new efficient auxiliary
biomarkers in RA is of clinical relevance.

Animal models of arthritis have contributed to the overall knowledge on RA
physiopathology and to the identification of important mediators of inflammation.
The Collagen-induced arthritis (CIA) mouse model has proven to be a valuable

experimental model for inflammatory RA studies [14-17]. After immunization with
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type Il collagen (CIl), DBA/1J mice develop a severe polyarthritis mediated by an
autoimmune response that shares many features with human RA [18].

With the goal of identifying new clinically useful biomarkers for RA, we have
explored the CIA mouse model and Phage Display (PD) technology to isolate
peptides that can mimic RA autoantigens. PD technology has been widely used by
our group and others to screen targeting peptides in drug discovery and
biomarkers selection, and has been highly effective in discovering peptides with
affinities to virtually any target [19-24]. Short peptide sequences selected by PD
libraries with high affinity to antibodies, receptors or proteins may present potential
applications in diagnostics or therapeutics kits and vaccines [25, 26]. Using the
cDNA phage display library for autoantigen selection, were recently identified
novel autoantibodies in early and seronegative RA patients with sensitivities
ranging from 2% to 29%, and specificities ranging from 95% to 100%. These
autoantibodies can be found in 44% to 67% ACPA negative RA patients [27].

This investigation describes the identification of a short peptide selected by
PD technology against sera from CIA mice. This short peptide was characterized
by in silico and in vitro strategies, and further tested as a potential biomarker for
RA diagnosis in comparison to other rheumatic diseases and healthy controls. Its
predicted antigenic epitope target was deduced by mass spectrometry and
western blot analyses.

Material and Methods

Study subjects

For this study, we used serum samples from patients who fulfiled the RA
diagnostic criteria according to the 2010 classification [28]. The demographic and
laboratory characteristics of all studied subjects are presented in Table 1. Well-
characterized serum samples used in this study were requested from Biobanco-
IMM, Lisbon Academic Medical Center, Lisbon, Portugal. Samples from healthy
subjects who did not have any arthritis symptoms were used as the healthy control
(HC) group. To provide data on assay specificity, samples from patients with other
rheumatic diseases (non-RA) were also analyzed. The subjects enrolled in this

study were classified into three groups: RA: 172 patients (151 females and 21
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males, mean age of 53.7 £ 11.2); HC: 113 subjects (79 females and 34 males,
mean age of 58.8 + 8.7); and Non-RA: 32 patients with other immune-mediated
rheumatic diseases that consisted of 19 systemic lupus erythematosus (SLE) and
13 ankylosing spondylitis (AS) patients. For RA patients, data recorded were: age
at disease diagnosis, disease duration, medication status, presence of RF and
anti-CCP, erythrocyte sedimentation rate (ESR), levels of C-reactive protein
(CRP), tender and swollen joint counts were obtained at the time of blood sample
collection. Blood samples were allowed to clot and then centrifuged at 4,000 rpm
for 10 min. All sera samples were filtrated with microcell filter (0.22 pm) to
eliminate red blood cell fragments and bacteria, and then frozen at -80°C
immediately until analysis. The parts of the study which involved human subjects
was approved by the ethics committees of the Centro Hospitalar Lisboa Norte,
Hospital de Santa Maria and the Hospital Garcia de Orta, Lisbon, Portugal, and
conducted in accordance with the regulations governing clinical trials such as the
Declaration of Helsinki (2008). Informed consent form was signed by all subjects
enrolled in this study before any protocol procedure was carried out.

Table 1 Demographic and laboratory characteristics of the studied population

RA HC SLE AS
Mean age + SD 53.7+11.2 58.8+8.7 55.7+5.7 495+7.5
Gender (F/M) 151/21 79/34 16/3 4/9
Caucasian, n (%) 146 (85 %) 104 (92 %) 18 (95 %) 11 (85 %)
Mean disease duration (years) = SD 8.1+8.4 9.2+6.5 12%9.1
Rheumatoid factor positives (n) 102 (59.3 %) T T
CRP + SD (mg/dL) 24+1.1 3.1+09 27+038
ESR + SD (mm/hr) 32+26 33.4+£195¢
Anti-CCP positives (n) 75 (43.6 %) T T
Biologic therapy (n of patients in treatment) 62 (36 %) 4(21%) 3(23%)
NSAIDs (n of patients in treatment) 127 (74 %) 9 (47 %) 5 (38 %)

Abbreviations: RA rheumatoid arthritis, HC healthy control, SLE systemic lupus
erythematosus, AS ankylosing spondylitis, SD standard deviation, F female, M
male, CRP C-reactive protein, ESR erythrocyte sedimentation rate, anti-CCP Anti-
cyclic citrullinated peptide antibodies, NSAIDs nonsteroidal anti-inflammatory
drugs. CRP value of = 0.8 mg/dL is considered elevated. ESR value of = 15 mm/hr
is considered elevated. T Values not available
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CIA Mice

A total of twelve male DBA/1J mice (8-10 weeks) were housed at the animal
facility of the Federal University of Uberlandia (Uberlandia-MG, Brazil) where they
fed ad libitum. This study was carried out in strict accordance with the
recommendations contained in terms for the use of animals in research and
teaching of the Federal University of Uberlandia (Uberlandia, MG, Brazil), in
compliance with the National Guidelines, as set forth by the Institutional Animal
Care (Law number 11.794, 2008). The study protocol was approved by the Animal
Ethics Committee from the Federal University of Uberlandia (UFU) under the
number CEUA/UFU 059/10.

Arthritis induction and assessment of CIA mice

Arthritis was induced in the isogenic murine model DBA/1J (males; 8-10 weeks
old) as described previously with some modifications [18]. Briefly, a commercial
bovine CII (Becton Sigma-Aldrich, St. Louis, MO) emulsified in complete Freund's
adjuvant (CFA) (Sigma-Aldrich, St. Louis, MO) was used for mice immunization.
DBA/1J mice (n = 9) were immunized by intradermal injections at the base of the
tail with 100 pg of bovine CII. For the control group, mice (n = 3) were immunized
with PBS in CFA. Mice were boosted at day 30 with 50 ug bovine CIl in CFA. After
immunization, mice were examined twice a week when paw edema was measured
using manual calipers and arthritis signs were visually scored by evaluating joint
inflammation, using an established scoring system from 0 to 4 [29], where: 0 = no
evidence of erythema and swelling, 1 = erythema and mild swelling confined to the
tarsals or ankle joints, 2 = erythema and mild swelling extending from the ankle to
the tarsals, 3 = erythema and moderate swelling extending from the ankle to
metatarsal joints, 4 = erythema and severe swelling encompass the ankle, foot
and digits, or ankylosis of the limb. Around sixty days after immunization, mice
presenting acute arthritis (score 4) were sacrificed under anesthesia. Blood (for
sera extraction) and inflamed joints were then extracted for peptides selection
through PD technology.
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Total protein extraction from inflamed joints of CIA mice

Inflamed joints were removed from CIA mice, macerated with liquid nitrogen and
suspended in extraction buffer (20mM Tris-HCI pH7.2, 10mM EDTA, 2mM EGTA,
250mM sucrose, 1mM DTT, 1mM Benzamidine, 1mM PMSF). The resulting
material was transferred to a microtube, and centrifuged at 20,000 x g for 30
minutes at 4°C. The supernatant was collected and concentration of the extracted
proteins was determined by the Bradford method [30]. As many inflammatory
cytokines indicative of RA are expressed in the cartilage, ligament, pannus,
articular capsule etc., of CIA mice [31], we used these proteins to dissociate the
selected phage clones from target antibodies by competitive elution.

Purification and isolation of Immunoglobulin G from sera

Immunoglobulin G (IgG) purification and isolation from sera of mice with acute
arthritis and naive were performed with Dynabeads® Protein G, purchased from
Invitrogen (Carlsbad, CA), following the manufacturer's instructions. Briefly, a total
of 50 pl of magnetic beads were washed twice with TBS-T 0.1% (Tris-Buffered
Saline, 50 mM Tris-HCI, 150 mM NacCl, pH 7.5 plus 0.1% Tween 20) and then
incubated with 100 ul of pooled serum for 1 h at room temperature (RT). After
binding, the beads-IgG complex was blocked with TBS plus 5% BSA at 37°C for 1
h, washed three times with TBS-T 0.1% and then resuspended in 200 ul of TBS.

Mimotopes selection through Phage Display

For mimotopes (phages expressing peptides on its surface) selection a PhD-
12mer phage display peptide library kit (New England Biolabs, Beverly, MA, USA)
was screened against IgG purified from CIA mice. This is a combinatorial library of
random dodecapeptides fused to the N-terminus of the minor coat protein (plil) of
M13 phages. The library consists of 2.7 x 10° diverse sequences that were
amplified once to yield about 50 copies of each peptide sequence.

Based on scientific evidences showing that CIA mice and RA patients share
several pathological features; circulating autoantibodies to common targets [29],
and also because arthritis can be much easier monitored in experimental animal
models than in human due the complexity of the symptoms, we decided to perform

the mimotopes selection against IgG purified from CIA mice.
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The strategy adopted for the mimotopes selection consisted in a subtractive
step to remove nonspecific phages by pre-incubating the phage peptide library
with 1gG purified from naive mice. In order to remove nonspecific phages, a
volume of 7 x 10® beads/ml coupled with 1gG purified from naive mice serum was
incubated with 1 x 10* phage particles from the PhD-12 library in 200 ul of TBS-T
0,1% solution for 30 min at RT. After paramagnetic beads precipitation by using
the Magnetic Particle Concentrator (Dynal MPC™ - Invitrogen), unbound phages
were collected and incubated with beads coupled with IgG purified from CIA mice
presenting signs of acute arthritis, following incubation for 30 min at RT. The
unbound phages were discarded this time by washing ten times with TBS-T 0.1%.
For competitive elution, the bound phages were incubated for 30 min with 10 ug of
the total protein extracted from inflamed joints of CIA mice. The eluted phages
were amplified in E. coli ER2738 strain (New England Biolabs, Beverly, MA, USA)
and purified by PEG-NaCl precipitation. After each of the three rounds of selection,
individual bacterial colonies containing amplified phage clones were grown in a

microtiter plate and titrated as described elsewhere [32].

DNA extraction and sequencing

Phages DNA were isolated from 1-ml overnight cultures by precipitation with
1/6 vol PEG/Nal (20% w/w, polyethylene glycol 8000) and iodide buffer [L0 mm
Tris-HCI (pH 8.0), 1 mm EDTA, and 4 m Nal]. Phage DNA was precipitated with
absolute ethanol, followed by wash with 70% ethanol, and resuspended in 20 pl of
Milli-Q water. Electrophoresis was performed on 0.8% agarose gel stained with
ethidium bromide solution in order to verify DNA quality. Sequencing reactions
were carried out by using the DyEnamic ET Dye Terminator Cycle Sequencing Kit
(GE Healthcare), with the primer -96 M13 (5-OH CCC TCA TAG TTA GCG TAA
CG-3) following the manufacturer’s instructions and detection was performed in a
MegaBace 1000 Genetic Analyzer (Amersham Biosciences) automatic capillary

sequencer.

Bioinformatic analysis
A tool that can be found on the Sequence Manipulation Suite collection of

JavaScript programs [33] was utilized to obtain the reverse complementary
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sequences of the DNA extracted from phages. Amino acid sequences were
deducted by ExPASy Proteomics and Sequence Analysis tool

(http://web.expasy.org/translate/) [34]. For sequence similarity analysis, multiple

sequence alignment was performed by ClustalW2 online server

(http://www.ebi.ac.uk/Tools/msa/clustalw2/). Three-dimensional structure

prediction was performed using The Pepitope Server (http://pepitope.tau.ac.il/)

[35], and Immune  Epitope Database and  Analysis Resource
(http://tools.iedb.org/mainp/). PyMOL (available at http://www.pymol.org) plugin

was used for showing the peptide surface. Antigenicity prediction was carried out
using Kolaskar and Tongaonkar antigenicity scale
(http://tools.immuneepitope.org/bceell/) [36].

Immunoreactivity of the selected mimotopes by Phage-ELISA

For immunoreactivity measurements of selected mimotopes against sera from RA
and HC groups, a phage-ELISA assay was performed. A ninety-six-well
Maxisorp™ microtiter plate (NUNC, NY, USA) was coated in triplicates with anti-
M13 monoclonal antibody (Amersham Biosciences, Little Chalfont, UK) diluted
(2:100) in carbonate buffer (0.1 M NaHCOg3, pH 8.6) overnight at 4°C. The plate
was washed once with TBS-T 0.5% and blocked for 1h at 37°C with 5% BSA
diluted in TBS. Additionally, the plate was washed twice and incubated with culture
supernatant containing amplified phage particles (~ 10* pfu/uL) for 1h at 37°C.
The plate was washed three times followed by incubation with serum pools of RA
and HC groups diluted (1:100) in TBS-T 0.5% plus 5% BSA for 1h at 37°C. The
plate was washed three times more with TBS-T 0.5% followed by incubation with
HRP-conjugated rabbit anti-human 1gG (Roche Applied Science) diluted (1:5000)
in TBS-T 0.5% plus 5% BSA for 1h at 37°C. The ELISA plate was washed three
times, revealed with OPD SigmaFast™ (Sigma-Aldrich) and read at 492 nm. The
reactivity obtained by the wild-type M13 phage without displaying any peptide
(performed for each sample tested) was used for data adjustment, where the final
optical density (OD) values obtained for each mimotope was adjusted by
subtracting the corresponding OD values obtained by the wild-type M13 phage.
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Purification of human anti-M12 antibody and M12 mimotope by
immunoprecipitation

For purification of IgG antibodies that bind to the M12 mimotope, 1x10* of M12
phage particles were covalently bound to Dynabeads® (Invitrogen). Thereafter, a
volume of 50 pL of the solution containing the beads-M12 complex was separately
incubated with 100 pyL of pooled sera from RA patients and HCs for 1h at RT
under shaking for IgG:M12 binding. After incubation, the complex was washed ten
times with TBS-T 0.1% and the unbound non-specific IgG present in the
supernatant were discarded. The IgG that bound with high affinity to the M12
phage clone were eluted with 100 pL of elution buffer (0.2 M Glycine-HCI, pH 2.2
and BSA 1 mg/mL) after incubation for 10 min at RT, followed by neutralization
with 15 pL of 1 M Tris-HCI (pH 9.1). The eluted IgG were incubated with 50 pL of
magnetic beads, as previous described. Subsequently, the solution containing the
bead-IgG complex was incubated with 1 ug of total protein extracted from inflamed
joints of CIA mice for 1h at RT, under shaking condition for protein binding. The
unbound proteins were discarded by washing ten times with TBS-T 0.1%, followed
by elution of the bound proteins with 100 pl of 0.8 M acetic acid (pH 2.0). Proteins
eluted were dried and submitted to mass spectrometry analysis.

Western blot analysis

Total proteins extracted from inflamed joints of CIA mice (1 ug) were separated by
10% sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and
transferred to a nitrocellulose membrane (GE Healthcare). The membrane was
blocked for 1 h with 3% BSA in PBS, and then rinsed three times in washing buffer
containing PBS-T 0.1%. Thereafter, the membrane was incubated overnight at
4°C with 1gG purified from sera of RA patients and HCs diluted at 100 pg/ml in
PBS plus 3% BSA, washed three times and incubated for 1 h with rabbit anti-
human IgG conjugated with peroxidase (Roche Applied Science) diluted at 1:5000
in PBS plus 3% BSA. The subsequent washing steps and detection procedures
were performed according to the ECL Plus manual (GE Healthcare).
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Mass Spectrometry

Protein digestion: dried proteins were suspended in 30 yL of 0.2% RapiGest and
vortexed for 5 min. Protein digestion was carried out as described elsewhere with
few modifications [37]. Briefly, 10 yuL of 50 mM Ammonium Bicarbonate was added
to the protein suspension to a final volume of 40 pL. Protein samples were
denatured with 25 pL of 0.2% (w:v) RapiGest SF for 15 min at 80°C, reduced with
2.5 uL of 100 mM dithiothreitol at 60°C for 30 min, alkylated with 2.5uL of 300 mM
iodoacetamide at RT, and enzymatically digested at 37°C overnight with trypsin at
a 1:100 (w/w) enzyme:protein ratio. Then, 10 pL of 5% trifluoroacetic acid was
added to the digestion mixture to hydrolyze the RapiGest, and samples were
incubated at 37°C for 90 min. The tryptic peptide solution was then centrifuged at
14,000 rpm for 30 min at 6°C, and the pH of the supernatant was adjusted to 2.6
by the addition of 10 yL 3% Acetonitrile 0,1% Formic Acid.

Liquid chromatography/mass spectrometry analysis: separation of peptides
was performed using nano liquid chromatography employing reversed-phase.
Peptides were injected into nanoLC through a nanoACQUITY system (Waters).
Samples were first trapped in a Symmetry C18 5 ym, 180mm x 20mm column
(Waters) with 0.1% TFA in 3% acetonitrile, then peptides were eluted from the trap
column to a HSS T3 1.8 um, 75 pm x 15 cm analytical column (Waters) using as
mobile phase A: water with 0.1 % formic acid and B: 0.1% formic acid in
acetonitrile. Mass spectrometric acquisition was achieved in a Synapt MS Q-TOF
mass spectrometer equipped with a NanoLockSpray source in the positive ion
mode (Waters, Manchester, UK). For all measurements, the mass spectrometer
was operated in the V' mode with a typical resolving power of at least 12,500.
Data-independent scanning (MSE) experiments were performed by switching
between low (3 eV) and elevated collision energies (15-50 eV) applied to the trap
‘T-wave’ cell filled with argon. Scan times of 0.8 s were used for low- and high-
energy scans from m/z 50 to 2000.

Protein identification and database analysis: protein identification was
performed in Global Server v.2.5 (PLGS) with mouse UniProtKkB Complete
Proteome database. Maximum missed cleavages by trypsin allowed were up to
one, fixed modification by carbamidomethylation (cysteine) and variable

modifications by acetyl N-terminal and oxidation (methionine) were considered.
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The precursor and fragment ion mass error tolerances were adjusted to 10 and 20
ppm, respectively (default values). The criteria used for a positive protein match
were at least three fragment ions per peptide, seven fragment ions per protein,
and at least one peptide per protein hit. A false-positive discovery rate was
allowed up to 4%.

Peptide design and synthesis

After bioinformatics analysis of the selected clones, the M12 peptide sequence
was designed and chemically synthesized by GenScript USA Inc (Piscataway, NJ,
USA). The peptide was constructed with 17 residues (CNVNSKSPVERITGGGS),
with amidation of the C-terminal and conjugation of the Bovine Serum Albumin to
cysteine at the N-terminus, a design strategy to increase sensitivity and decrease
cross-reactivity in ELISA assay [38].

Anti-M12 antibodies detection by ELISA

Specific ELISA test was carried out to determine the M12 synthetic peptide
reactivity to sera from patients with RA, SLE, AS and HCs. Ninety-six-well
Maxisorp™ microtiter plates (NUNC, NY, USA) were coated with synthetic M12
(1.5 pg/ml) in carbonate buffer (0.1 M NaHCOg3, pH 8.6), and incubated overnight
at 4°C. After blocking with 3% BSA in PBS at 37°C for 1h, 100 pL/well of sera from
the different groups were diluted in blocking buffer (1:100) and incubated for 1h at
37°C under gentle agitation. After four washes with PBS-T 0.05%, HRP-
conjugated rabbit anti-human 1gG (Roche Applied Science) diluted (1:5000) in the
blocking buffer was incubated for 1h at 37°C under gentle agitation. ELISA plate
was washed three times with PBS-T 0.05%, revealed with OPD SigmaFast™
(Sigma-Aldrich) and read at 492 nm. All samples were tested in triplicates. The
optimum point of reaction for anti-M12 antibodies detection was determined using
the receiver operating characteristic (ROC) curve, where a cut-off point was
determined as the value of the parameter corresponding to the highest possible
sensitivity without losing specificity. To calculate the ROC curve, sensitivity and
specificity we consider the control groups as a single group. Each serum sample
was tested without M12 as negative control. The final OD values obtained for each

RA, HC, SLE or AS samples were adjusted by subtracting the corresponding OD
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value obtained by the negative control. After data adjustment, OD values obtained
for each sample from all groups were divided by the cut-off value for data
normalization. The values obtained are expressed as reactivity index (RI), where:

samples presenting Rl = 1 were considered positives.

Statistical analysis

Unpaired t test with Welch’s correction was used to evaluate the differences of the
sera reactivity in ELISA assays among groups for phage clones and the synthetic
peptide. Sensitivity and specificity parameters were calculated based on the
receiver operating characteristic (ROC) curve analysis, and Fisher’s exact test was
used for categorical data. To estimate the positive predictive accuracy, the area
under the curve (AUC) was also determined. Pearson’s correlation was used for
analysis among variables. All statistical analyses were performed using GraphPad
Prism 5.0 software. P values less than 0.05 were considered statistically
significant.
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Results

Arthritis induction

Arthritis induction was efficient in CIA mice. A total of 80% of male DBA/1J mice
developed acute arthritis around 60 days after Cll immunization. The severity and
incidence of arthritis were assessed as described in materials and methods. No
manifestation of arthritis was observed in mice of the control group treated with
PBS in CFA. A schematic workflow illustrating the steps employed in this study is

shown in Figure 1.
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Figure 1 Schematic workflow illustrating the steps involved in this study. (A)
Selection step, and (B) validation step. Arthritis was induced in CIA mice by

immunization with CII. 1gG were purified by protein G beads from serum of mice
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presenting acute arthritis and naive. A Phage Display library was used to select
mimotopes against purified IgG from CIA mice (3 cycles of biopanning), with a
subtractive step against IgG from naive mice. IgG-bound phages from CIA mice
were competitively eluted by incubation with total proteins extracted from inflamed
joints. Total proteins extracted from inflamed joints were also used for anti-M12
antibodies recognition in Western blot. Immunoreactivity of each selected
mimotopes was tested by phage-ELISA. After DNA extraction, in silico and in vitro
analysis, the most reactive mimotope (M12) was identified as a peptide that
mimics a predicted antigenic site of the human CAIlll protein. Validation of the M12
synthetic peptide as a possible RA autoantigen was carried out by ELISA assay.

Selection of mimotopes by Phage Display

The enrichment of phages recovered after each round of biopanning was
determined by output/input ratio. The increase from 8 x 10*in the first round to 4 x
10° after three rounds of affinity selection, showed a clear enrichment of phage
particles (Table 2). These data indicate a successful affinity selection of phages
that specifically recognized IgG present in sera of DBA1/J mice with acute arthritis.
A total of thirty-seven randomly selected mimotopes were obtained after three
rounds of biopanning using a phage displayed 12-mer random peptide library.
From the thirty-seven mimotopes selected, fourteen presented different
sequences. Alignment analysis revealed some consensus sequence between the
mimotopes selected (Figure 2A), indicating that these motifs were positively
selected during the biopanning. The selected mimotopes showed different
reactivities when tested against human sera by phage-ELISA, and all of them were
able to discriminate RA patients from HCs. The reactivity values were very similar
for all tested mimotopes, except for M12, which showed the highest values of
absorbance (Figure 2B) and the highest difference compared to the other clones
(p < 0.05). Due to the higher reactivity compared to the other mimotopes; the
common motif shared with other five clones, and the highest ratio RA:HC, we
focused on M12 peptide for further investigation. However, the other mimotopes

selected will be explored in future studies.
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Table 2 Enrichment of phage for each round of selection from phage display
peptide library.
Number of phage particles

a Ratio
Round Input (cpu®) Output (cpu) (Output/input)
1st 1x 10" 8 x 10 8x 107"
2nd 1x 10" 9 x 10° 9x107°
3rd 1x 10" 4 x 10° 4 x107°
cpu = phage units
A B
Phage clones Mimotope sequences Frequencya
Il RA
M-04 & SKYTLNHA- 01/37 M-04 =3 HC
M-05 --NINSKLPIYVVR 01/37 M-05
M-06 -SNINSRMDTKID- 01/37 M-06
M-08 —--NINSKTNVTAL 01/37 M-08
M-09 --NINSKPALPVAG 01/37 M-09
M-12 = SKSPVERIT 01/37 M-12
M-02 -EQAGGAFITGAR- 03/37 M-02
M-03 -GQAGSPFGMIPI- 01/37 M-03
M-07 --QAGGAYLKSIPR 03/37 M-07
M-11 ——@J Y 01/37 M-11
M-10 ---meﬁvw 01/37 M-10
M-01 -~GFMNTNQLFFDP- 20/37 M-01
M-13 --NMPPPHPINHYK 01/37 M-13
M-14 -GSDIPITSRTRT- 01/37 M-14
OTO 0f1 D:2 0:3

Absorbance (492 nm)

Figure 2 Perfomance of the mimotopes selected by Phage Display. (A) Multiple
sequence alignment with all selected mimotopes showing their consensus
sequences and frequency, and (B) reactivity obtained though the interaction of the
mimotopes selected and pooled sera from RA patients and HCs. @ Frequency is
defined as the ratio of the number of phage clones expressing a common peptide
sequence to that of the total phage clones obtained in the biopanning.
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Western blot analysis

SDS-PAGE fractionated proteins from inflamed joints of CIA mice were transferred
to a nitrocellulose membrane. Western blot revealed that purified IgG from RA
patients against the M12 mimotope recognized a protein with a molecular weight
of approximately 29 kDa (Figure 3).

Ponceau staining

A B

kDa § 8§ kpa , T %
66.0 My B nt | [66.0
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30.0 30.0

20.1 % 20.1

14.4: -" 144 w—'

CAlll

Figure 3 Western blot analyses. (A) The Ponceau staining shows 1 pg of total
proteins extracted from inflamed joints of CIA mice (8) separated by 10% SDS-
PAGE. (B) The same membrane stained with Ponceau was probed with anti-M12
antibodies purified from pooled sera of RA patients () and HCs (1). Anti-M12
antibodies displayed strong reactivity with a protein extracted from inflamed joints
of CIA mice presenting mass of approximately 29 kDa (arrow). The Carbonic
anhydrase IIl (CAIlll) was identified as the protein target that is mimicked by the
M12 mimotope. Membrane was cropped in order to allow differential incubation
with anti-M12 antibodies purified from RA patients and HCs.

Antigen target and epitope prediction

Mass spectrometry (MS) analysis identified 15 putative proteins associated with
anti-M12 1gG, where 14 proteins presented few peptide matches, with very low
scores and sequence coverage and none of them presented a molecular mass
close to 29 kDa. Therefore, based on the molecular weight of the protein target by
anti-M12 antibodies observed in the Western blot results (29 kDa), the alignment

of putative proteins with the M12 peptide sequence, and the sequencing coverage
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by MS, we have identified the Carbonic anhydrase Il (CAIlll) [Uniprot/Swiss-
Prot:P16015] as the protein target that the M12 peptide mimics. The CAIIl protein
showed 49.62% of sequencing coverage, including the peptide sequence, which
was aligned by conserved and semi-conserved amino acids (aa) residues between
24-35 positions (KGDNQSPIELHT).

The multiple sequence alignment revealed several homologous sequences
between M12 peptide and the CAlll protein sequences from mouse and human.
Nine (75%) conserved or semi-conserved aa residues of the M12 peptide
sequence matched a domain of the CAIll protein (Figure 4A). A 3D structural
alignment was performed to predict the putative epitope site of the M12 peptide in
the CAIlll protein structure [PDB:3UYN], which confirmed its surface exposure and
corroborate to the possible antibody-binding region in the external sequences of
the predicted protein (Figure 4B). Five (41.6%) aa residues (SPVET) of the M12

peptide was matched to an antigenic region of the human CAlll protein (Figure 5).

A

khkkhkkhkhkkhkkhkhkhkhkhkhkhkhkhk :kx * dhkkhkhkkkkkhkkk kkhkk khkkkkkk

Homo sapiens MAKEWGYASHNGPDHWHELFPNAKGENQSPVELHTKDIRHDPSLQPWSVSYDGGSAKTIL 60

Mus musculus MAREWGYASHNGPDHWHELYPIAKGDNQSPIELHTKDIKHDPSLOPWSASYDPGSAKTIL 60

M12 peptide @ ------------m-—m——————- NVNSKSPVERIT---——-======————————————— 12
%k kX *

Figure 4 Peptide localization. (A) Multiple alignments of M12 peptide and deduced
amino acid sequences of carbonic anhydrase Il from Homo sapiens and Mus
musculus. Conserved (star marked) and semi-conserved residues are gray

highlighted. Valine (V) amino acid is star marked because it matches a position
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between M12 peptide and human CAIll protein. (B) Model of 3D structure
predicted in the PyMol server software for the human carbonic anhydrase Il with

M12 peptide localization.
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Figure 5 Antigenicity predictions by using Kolaskar-Tongaonkar Algorithm.
Threshold (0.993); average (0.993); minimum antigenicity (0.898); maximum
antigenicity (1.097). Regions with antigenic propensity scale upper 0.993 are
antigenic. Window size and center position were 7 and 4, respectively.
*Localization of M12 peptide in the CAlll protein (aa 24-35). Matched aa residues
are presented in red.

Evaluation of the M12 peptide as a possible biomarker for RA diagnosis

The M12 synthetic peptide was tested by ELISA with individual sera obtained from
172 RA patients, 113 HCs, 19 SLE and 13 AS in order to evaluate its potential
diagnostic. The cut-off point was determined as the value of the parameter
corresponding to the highest sensitivity without lowering the specificity. One
hundred forty-five out of the 172 (84.3%) RA patients were positive to anti-M12
antibodies. The synthetic molecule was able to efficiently discriminate sera from
RA patients and HCs (p < 0.0001), SLE (p < 0.0001) and AS (p < 0.0001) (Figure
6A). The ROC curve analysis constructed based on the control groups was
significant (p < 0.0001; AUC = 0.946). Based on the determined cut-off point, M12
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synthetic peptide presented specificity of 91% and sensitivity of 84.3% (Figure 6B).
For humoral immune response evaluation, 55 (32%) serum samples from RA
patients were simultaneously positive for RF, anti-CCP and anti-M12 antibodies;
while 45 (26.2%) samples were positive only for anti-M12 and 12 (7%) were
negative for the three antibodies (Table 3).

A Anti-M12 B ROC curve of M12 peptide
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Figure 6 Anti-M12 antibodies detection by ELISA. Detection of anti-M12
antibodies in sera from RA patients (n = 172), healthy controls (n = 113), SLE (n =
19) and AS (n = 13) patients and its respectively ROC curve. (A) Sera from the
four groups individually tested for their ability to bind to synthetic M12 peptide.
Horizontal line = cut-off value; error bars show mean and standard deviation. (B)
ROC curve constructed based on the control groups. The area under the curve

(AUC), sensitivity (Se), specificity (Sp) and corresponding P-value are indicated
inside the graph.
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Table 3 Antibodies positivity in the RA population.

Antibodies detection Positivity
Rheumatoid factor Anti-CCP Anti-M12 No. %
+ - - 8 4.6
- + - 0 0
- - + 45 26.2
+ + - 7 4
+ - + 32 18.6
- + + 13 7.6
+ + + 55 32
- - - 12 7
Total 172 100
+ = positive; — = negative

Correlation of anti-M12 humoral response with clinical variables

The weakly associated variables with anti-M12 levels from Gaussian populations
(Pearson) analysis were disease duration (r = 0.1753) and the use of biological
therapy (r = -0.2934) (Table 4).

Table 4 Clinical variables associated with detection of anti-M12 antibodies in
patients with RA.

Variables Anti-M12
Pearson r P R squared

Ethnicity T t t
Gender T t t

Age t t t
Disease duration 0.1753 <0.05 0.03072
Rheumatoid factor T t t

ESR T T T

CRP T T T
Anti-CCP T t t
Tender joints t t t
Swollen joints t t t
Biologic therapy -0.2934 <0.005 0.08616
NSAIDs T T T

Abbreviations: F/M Female/Male, P/N Positive/Negative, NSAIDs nonsteroidal
anti-inflammatory drugs. Correlations were performed from Gaussian populations

(Pearson) with a confidence interval of 95 %. T Values not statistically significant.
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Discussion

In order to identify new biomarkers for the improvement of RA diagnosis,
we have used the CIA mice model and PD technologies to select peptides that
could mimic RA autoantigens. This approach allowed us to discover a new peptide
with 12 amino acids (M12) that encompasses an antigenic domain of the Carbonic
anhydrase 1l protein. The use of the synthetic M12 peptide as an autoantigen in
ELISA assay confirmed the presence of specific anti-M12 antibodies in sera of
patients with RA with high specificity and sensitivity.

We have used the DBA1/J mice as a model for inflammatory RA, where
arthritis can be induced in susceptible mouse strains by immunization with CII [39].
DBA/1J mice are CIA models of particular interest, since this strain is not known to
have any immunologic aberrations or other pathologic defects [40]. CIA mice are
widely used as an animal model for RA studies [14-17, 41-43]. We have chosen
this experimental model due to the fact that genomic similarities between mice and
humans are quite high, reaching 98% [44]; it is much easier to monitor arthritis in
mice than in human, and also because it is a unique experimental opportunity to
increase our understanding of human arthritis. We confirmed the efficiency of the
arthritis induction in our CIA mice strain, when a total of 80% of DBA/1J developed
signs of arthritis around sixty days after Cll immunization. We have used a
subtractive phage display selection against IgG present in sera of CIA mice aiming
to select new RA biomarkers. We have chosen this technology due to its
successful applications in biomarkers discovery, especially when short random
peptides are selected against specific target molecules, such as those selected
against IgG present in sera for antigen discovery [45, 46].

The highly reactive peptide M12 was able to efficiently discriminate RA
patients from healthy controls as well as from patients affected by SLE and AS,
two other immune-mediated rheumatic diseases. In fact, M12 peptide was not the
most enriched mimotope after rounds of phages amplification. On the other hand,
the most frequent selected mimotope will not necessarily be the most reactive.
Selection is independent, what means that increasing one does not eliminate the
effect of the other [47]. Many events during viral infection may contribute to
increasing the amplification of specific phages. The biological reasons for

abundances and growth advantage of some mimotopes have been discussed in
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many reports and include events like the phages ability of binding to bacterial pili;
and interference with packing or infection [48-50]. The M12 peptide sequence was
further characterized by reverse binding using its specific IgG antibodies to
capture and identify its antigen target by mass spectrometry, which led us to the
CAlll protein. The CAIIl protein is a member of a multigene family that encodes
carbonic anhydrase isozymes. It is an abundant muscle protein and plays an
important role in facilitated CO, diffusion and diverse processes involving H+ and -
HCOg; transport [51]. The CAIIl gene encodes a protein of 260 aa and a molecular
weight of approximately 29 kDa, which is well conserved throughout human and
mice. This protein has already been identified as an autoantigen expressed in the
synovial membrane of RA patients [52] and its circulating autoantibodies have
been found in many diseases [53]. Kolaskar and Tongaonkar antigenicity scale is
a semi-empirical method that makes use of physicochemical properties of aa
residues and their frequencies of occurrence in experimentally known segmental
epitopes and is used to predict antigenic determinants on proteins. Using this
parameter, this method that can predict antigenic determinants with 75% accuracy
[36] has been used in many studies [54-56]. Amino acid residues of the M12
peptide matched conservative and semi-conservative residues in a predicted
antigenic and exposed site of a putative epitope of the human CAIll protein, which
probably gave this peptide the ability to be recognized by specific IgG during the
mimotopes selection. This hypothesis is supported by the fact that semi-conserved
aa residues present similar physicochemical properties with the original residue
allowing antibodies binding [57]. Of interest, a synthetic peptide between 24-54 aa
residures of the human CAIll, that encompasses the M12 epitope region, has been
commercially used to generate anti-CAlll antibodies in rabbits (Product ID:
ABIN391954). This fact probably reinforces the importance of CAIll protein in RA
and the potential use of this peptide as an antigen for antibodies detection to aid in
diagnosis.

A wide range of serum biomarkers has been assessed to improve diagnosis
and prognosis of RA. However, only the RF and anti-CCP antibodies have gained
wide acceptance [10]. The use of recombinant CAIll protein as an antigen has
confirmed the presence of specific anti-CAlll antibodies in RA sera [52, 53],

however, its sensitivity considering the entire CAlll protein was only 17%. In fact,
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when compared with healthy controls, the specificity of circulating autoantibodies
was high (100%), but reached only medium to low specificity when compared with
other autoimmune diseases, such as SLE (67%) [52]. The cross-reactivity and lack
of sensitivity of the whole CAIll protein suggests the presence of multiple epitopes
sharing common regions with other proteins, as well as the presence of
immunodominant epitopes that surpass the response to the M12 critical epitope,
which may have generated either false positive results or an insufficient reactivity.
On the other hand, the use of the M12 peptide conferred more sensitivity and
specificity in the detection of RA, since it was able to discriminate RA patients from
HCs, patients with AS and SLE, with high accuracy.

Several studies have measured the three different generations of anti-CCP
antibodies in RA patients in comparison with control groups. These antibodies
present specificities in the range of 65% to 100% (mean of 93.4%) and
sensitivities in the range of 42% to 92.2% (mean of 64.3%) [9, 58-65]. RF testing
presents specificities in the range of 85% to 90.29% and sensitivities in the range
of 46.26 to 90% [66-68]. The diagnostic parameters for the M12 peptide for RA
diagnosis presented specificity of 91% and sensitivity of 84.3%, which is very
close to the mean of values reported for anti-CCP and RF antibodies, the two most
currently used serum biomarkers for RA. On the other hand, anti-M12 antibodies
were detected in 26.2% of samples that are negative for anti-CCP and RF. We
speculate that the high percentage of positive samples for anti-M12 antibodies
might be due the different tests used to cut-off calculation, or even the patients
disease activity at the time of samples collection or individual response to therapy.
In this context, high levels of anti-CCP and RF antibodies in RA patients have
already been associated with an insufficient response to therapy [69, 70], while
anti-M12 antibodies were weakly associated with therapeutic response in our RA
cohort, what may help to explain the percentage of positive samples only for M12.
It is widely accepted that the identification of RA at early stages and consequently
the implementation of effective treatment strategies can significantly improve
patients prognosis [71]. Anti-M12 antibodies showed a weak association with
disease duration, suggesting its potential use as a biomarker in different stages
during the process of RA development.
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Conclusions

We have selected and identified a peptide that is able of detecting specific
circulating 1gG in the serum of RA patients with high specificity and sensibility.
Although antibodies against synthetic M12 peptide were detected in patients with
early and established RA, its potential use in the diagnosis at different stages of
the disease remains to be studied during follow-up in a well-caracterized cohort of
patients with early RA, and also, its specificity as a serum biomarker should be
further studied in a much larger cohort of patients with other inflammatory
diseases. This peptide mimics a predicted antigenic region of the human Carbonic
anhydrase Ill by linear sequence analysis and could be used as antigen for
detection of specific RA autoantibodies.
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ABSTRACT

Juvenile idiopathic arthritis (JIA) refers to a heterogeneous group of illnesses that
have in common the occurrence of chronic joint inflammation in children younger
than 16 years of age. The diagnosis is made only on clinical assessment. The
identification of antibody markers could improve the early diagnosis, optimizing the
clinical management of patients. Type Il collagen is one potential autoantigen that
has been implicated in the process of arthritis development. The aims of our study
were to investigate the occurrence of anti-type Il collagen antibodies and also to
determine the avidity of the antibody-antigen binding. Ninety-six patients with
oligoarticular or polyarticular JIA, 13 patients with ankylosing spondylitis (AS) and
61 healthy controls (HC) were tested for anti-type Il collagen antibodies by ELISA
and avidity ELISA. Sensitivity and specificity were determined by the receiver
operating characteristic (ROC) curve analysis. Forty-two JIA patients (44%) were
positive for antibodies against type Il collagen. Its detection was significantly
higher in JIA patients than in AS patients (p = 0.006) and HCs (p < 0.0001).
Furthermore, anti-type Il collagen antibody detection was significantly more
frequent in patients with JIA of < 6 months duration (p = 0.0007). Antibodies
displaying high avidity to type Il collagen were associated with disease activity (p =
0.004). This study demonstrates that antibodies against type Il collagen are
present in the serum of patients with oligoarticular and polyarticular JIA, being its
presence more prevalent in patients with early disease. It also demonstrates that
JIA patients with active disease present antibodies with high avidity against type II
collagen.

Keywords: Juvenile idiopathic arthritis; type Il collagen; serodiagnosis
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1. Introduction

Juvenile idiopathic arthritis (JIA), the most common chronic inflammatory
rheumatic disorder of childhood, is characterized by the onset of chronic arthritis of
unknown etiology in children younger than 16 years of age [1]. According to the
International League of Associations for Rheumatology criteria, JIA comprises
seven subtypes, being oligoarticular and polyarticular the most common [2].
Arthritis that affects four or fewer joints after the first six months of the disease is
classified as persistent oligoarticular JIA. Although sometimes thought of as a
benign condition, persistent oligoarticular JIA may, in fact, lead to a wide spectrum
of outcomes, ranging from complete remission after discontinuation of medication
to development of severe damage to affected joints. The extended oligoarticular
JIA subtype has a worse prognosis and includes patients who have five or more
joints affected after the first 6 months of disease [3]. Arthritis that affects five or
more joints during the first 6 months of the disease is called polyarticular JIA,
which is classified as rheumatoid factor-negative (RF’) or rheumatoid factor-
positive (RF"). JIA also encompasses juvenile psoriatic arthritis, enthesis-related
arthritis and systemic arthritis. All JIA subtypes are of unknown causes. Diagnosis
is based on the combined evaluation of medical history, clinical presentation and,
to some extent, laboratory abnormalities [4,5].

Type 1l collagen (Cll) is the predominant collagen type in joint cartilage and
anti-Cll antibodies have been reported to be present in serum, synovial fluid and
eluted from cartilage explants of Rheumatoid Arthritis (RA) patients [6,7]. Studies
have shown that antibodies from patients with RA react to various species of ClI
such as chicken, bovine, porcine and humans [6,8,9]. However, few studies have
evaluated the presence of anti-Cll antibodies in JIA [10-13]. Avidity ELISA has
been used for measuring antibodies-antigen interaction in many diseases,
including RA, in which different profiles could be detected with or without washing
with denaturing agents [6,14-16]. There are no published studies evaluating the
avidity of anti-ClIl antibodies in JIA.

In the present study we investigated whether antibodies present in serum of
children with oligoarticular and polyarticular JIA reacts with type Il collagen. In
addition, we measured the level of avidity between type Il collagen and IgG
antibodies by using the avidity ELISA assay.
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2. Materials and Methods

2.1 Patients

For this study, serum samples were obtained from Brazilian and
Portuguese donors. A total of 96 patients (72 female and 24 male, mean age 13.6
+ 6.8 years) who fulfilled the diagnostic criteria for oligoarticular and polyarticular
JIA, according to the International League of Associations for Rheumatology [2],
13 patients with ankylosing spondylitis (AS) were used as an inflammatory
rheumatic disease control (2 female and 11 male, mean age 49.3 + 7.9 years) and
61 Healthy Controls (HC) (41 female and 20 male, mean age 11.7 £ 4 years),
were enrolled in this study. Twenty-seven (27.8%) patients had samples collected
in the early phase of the disease (< 6 months duration). Seventy-one (73.2%)
patients had active disease at the time of sample collection. The criteria adopted
to classify active disease were that defined by Consolaro and colleagues [17] and
include 4 measures: positivity for CRP or ESR into a continuous measure of
inflammation; presence of swollen joints; a physician’s global assessment of
disease activity, and a parent/patient global assessment of well-being.

Serum samples collected from AS patients were used as a rheumatic
disease control group and healthy blood donors were used as the HC group. The
study protocol involving Brazilian patients was approved by the ethics committee
of the Federal University of Uberlandia whereas the study protocol involving
Portuguese patients was approved by the ethics committees of the Centro
Hospitalar Lisboa Norte, Hospital de Santa Maria, Lisbon Academic Medical
Centre. The Portuguese samples were obtained from the Biobanco-IMM, Lisbon
Academic Medical Centre. After approval of the consent procedure by the ethics
committee, written informed consent was obtained from every parent of each child
included in this study. The school-aged children provided their verbal and written
informed consent to participate in this study, while children under 6 years of age
only provided their verbal informed consent. After signed all informed consent
were scanned and the originals were filed. The study was conducted in
accordance with the Declaration of Helsinki.
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2.2 Blood tests for inflammation detection

C-reactive protein (CRP) detection was determined by latex agglutination
test (LAT) and a value of = 0.8 mg/dl was considered elevated. Latex fixation test
was utilized for the detection of IgM RF positivity and erythrocyte sedimentation
rate (ESR) was determined by modified Westergren technique and considered
elevated at =15 mm/hr.

2.3 ELISA and avidity ELISA

For antibody analysis we used serum samples stored at -80, collected
between 2011-2014. The best serum dilution, CII  concentration,
coating/blocking/washing buffers and anti-Human IgG were determined after
several tests. The best ELISA condition for Cll measurement was chosen based
on the difference of reactivity between patients with JIA and HCs. ELISA and
avidity ELISA were performed simultaneously. The avidity of Cll-specific 1gG
antibodies was determined as previously described [18], with some modifications.
Briefly, 96-well microtiter plates (NUNC MaxiSorp) were coated overnight at 4°C
with bovine CIlI 1.5pg/ml (Becton Dickinson Biosciences, San Jose, CA) previously
diluted in 0.06 M carbonate buffer (pH 9.6). To verify the presence of cross-
reaction between antibodies and the ELISA plate, each serum sample was tested
alone as blank control (without CIl). The microplates were blocked with PBS
supplemented with 3% of Bovine Serum Albumin (BSA) for 1 h at 37°C. Serum
samples diluted at 1:100 in PBS-BSA 1% plus 0.05% Tween 20 were added in
duplicate on separate plates. After incubation for 1 h at 37°C, the plates were
washed with PBS Tween 0.05% and then subjected to differential washing as
follows: one plate was incubated with 6 M urea solution diluted in PBS for 10 min,
while the other plate was incubated with PBS Tween 0.05% for 10 min. Anti-ClI
antibodies were detected using horseradish peroxidase-conjugated anti-IgG
(Sigma Chemical Co., St. Louis, Mo.) diluted 1:1000 and incubated for 1 h at
37°C. The reaction was revealed with a substrate solution consisting of ortho-
phenylenediamine (Sigma Chemical Co.) at 1 mg/ml in 0.01 M citrate-phosphate
buffer (pH 5.0) and 0.03% H,0,. After incubation for 15 min at room temperature,
the reaction was stopped with 2 N H,SO,4 and read at 492 nm.
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For ELISA analysis, the final optical density (OD) was normalized by the
ratio of OD readings for each JIA and AS sample divided by the mean of OD value
obtained by the HC group. Receiver operating characteristic (ROC) curve was
constructed comparing the ELISA results from JIA with HC group. Based on the
ROC curve, a cut-off point was determined as the value corresponding to the
highest sensitivity without lowering the specificity. Differences in anti-Cll antibodies
reactivity between JIA patients and control groups are expressed in Reactivity
index (RI), which was calculated based on the cut-off point (Rl = normalized OD of
each sample/cut-off). Samples with Rl > 1.49 (cut-off) were considered positive.

The criteria adopted to classify the avidity index (Al) were defined by
Marcolino and colleagues [18]. Als were calculated as the ratio between the
absorbance (Abs) obtained for the plate washed with urea (U") and the plate
without urea (U), and was expressed as a percentage: Al (%) = Abs(U")/Abs(U") x
100. Avidity index was arbitrarily defined as: less than 30%, which was considered
low avidity, between 30 and 60%, classified as average avidity and higher than
60%, corresponding to high avidity. Data were presented as a mean value *
standard deviation.

2.4  Statistical Analysis

Unpaired t test with Welch’s correction was used to evaluate the differences
among JIA vs HC and JIA vs AS groups. Kruskall-Wallis test was used when three
or more groups were compared. ELISA data were normalized based on the
overall average absorbance obtained in the detection of anti-Cll antibodies in the
HC group. Cut-off that allowed best sensitivity and specificity was determined
using the ROC curve. The area under the curve (AUC) was also determined.
Correlations were assessed using Pearson's correlation (r). A value of p < 0.05
was considered statistically significant. Data were analyzed by using the
GraphPad software package 5.0 (GraphPad Software Inc., San Diego, USA).

3. Results
3.1 Demographic characteristics

The studied population is presented in Table 1. At the time of samples
collection, 73 JIA patients were receiving treatment. Thirty-nine (40.6%) were

77



Capitulo IlI

receiving treatment with non-steroidal anti-inflammatory drugs, 46 (47.9%) were
on treatment with disease modifying anti-rheumatic drugs and 13 (13.5%) were
receiving treatment with biologic agents. Nine (9.4%) patients were untreated
because it was their first visit to the rheumatology clinic at the time of sample
collection or because they were in disease remission. Fifteen (15.6%) patients
were RF positive (mean concentration of 91 + 260 1U/ml). A total of 30 (31.2%)
patients had raised CRP (mean concentration of 1.4 £ 1.3 mg/dl) and 65 (67.7%)
had raised ESR (mean concentration 20.2 £ 10.7 mm/hr). JIA patients had mean

disease duration of 10 + 7 years.

Table 1. Demographic and laboratory features of the studied population.

Juvenile idiopathic arthritis = 96

P value
Persistent Extended Polyarticular  Polyarticular (Between JIA Ankylosing Healthy
2 - b )
oligoarticular oligoarticular RF RF* subtypes) spondylitis children
nt (Bb/P?) 41(21/20) 15 (8/7) 25 (5/20) 15 (6/9) 13 (0/13) 61 (38/23)
Gender (F/M)4 31/10 10/5 21/4 11/4 2/11 41/20
Mean age + SD¢ 10.5+6.8 128+ 8 14.1 =12 22.7=14 0.0038 493+79 11.7+4
Mean disease
duration (years) £ 62=56 9.1£55 10.1 £ 8.1 16 =14.2 NSi 12=9.1
SD
CRPf= SD (mg/dL) 14=18 1.1=09 09+12 22413
NS 2.7+0.8
Positive/Negative 9/32 /8 6/19 /7
ESRe#+ SD (mm/hr) 20.1 £ 18 19.5 £10.7 20.8+14.8 19.6 +12.7
NS Missing
Positive/Negative 30/11 10/5 14/9 11/4

n: number of subjects; "B: Brazilian population; °P: Portuguese population; °F:
female; M: male; °SD: standard deviation; 'CRP: C-reactive protein; °ESR:
erythrocyte sedimentation rate; "RF: rheumatoid factor; 'NS: not significant. p <
0.05 is statistically significant. Variables are expressed as means + SD.

Differences among groups were assessed by Kruskal-Wallis test.
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3.2 Immunoreactivity of collagen type Il against IgG from JIA patients and
controls

Anti-Cll antibodies levels were significantly higher in JIA than in AS patients
(p = 0.006) and HC group (p < 0.0001) (Fig. 1A and 1B). We found that 42 (44%)
JIA patients were positive to CIl in ELISA (Rl = 1.920 + 0.3; AUC = 0.856; p <
0.0001). Although we observed differences in positivity across JIA subtypes, no
significant differences were observed in the levels of anti-Cll reactivity. The
performance of the test was evaluated for sensitivity and specificity and found to
be 45.3% and 93.4%, respectively. On the other hand, we found that 2 AS patients
(15%) and 4 HCs (6.5%) were also anti-Cll positives. These results are
summarized in Table 2.

A B
4 : p <0.0001 : 100+
=0.006
X 4 —Ee— 80
o >
000 = 60+
(o] [o]e] -
'g 2 8002%20° = 2
2 k23 = AUC = 0.856
°§8€ 2 0 40
© Sy e c Cut-off = 1.49
8 e = 3 Se =453
- ﬁr .
" sgfeEe  enfls 20 Sp=93.4
0 Z p < 0.0001
0 v T g 0 T T T T 1
JIA AS HC 0 20 40 60 80 100
100% - Specificity%
C
4.
p =0.0007
>
> | %%
'E 2 o o
-.3 ~0p0 Ag o
o
11
<6 months > 6 months

Fig. 1. Anti-collagen type Il antibodies detection by ELISA. (A) Detection of anti-Cl|
antibodies in serum samples from JIA patients (96), AS patients (13) and healthy
children (61) by ELISA and the respective ROC curve (B). The area under the

curve (AUC), cut-off, sensitivity (se), specificity (sp) and corresponding P-value are
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indicated inside the graph. (C) Anti-Cll antibody levels in patients with early and
established JIA. The horizontal bar indicates the cut-off (1.49). Reactivity index =
normalized OD of each sample/cut-off.

Table 2. Positivity for anti-collagen type Il antibodies in the studied population.

Juvenile idiopathic arthritis

Persistent Extended Polyarticular Polyarticular Ankylosing Healthy
Oligoarticular  Oligoaritular RF- RF* PValue spondylitis  Cchildren
n=41 n=15 n=125 n=15 n=13 n =61
Reactivity
1.35+0.5 1.53+0.3 1.6 +0.5 1.6+0.4 NS* 1.1+04 0.85+0.3
Index
Positivity n
16 (39%) 7 (46.6%) 10 (40%) 9 (60%) 2 (15%) 4 (6.5%)

(%)

*No Significant. p < 0.05 is statistically significant. Variables are expressed as
means + SD. Differences among JIA subtypes were assessed by Kruskal-Wallis
test.

We did not observe significant differences in reactivity to Cll in JIA patients
across gender, ethnicity, number of joints affected or therapy. There was no
statistically significant difference between the Portuguese and the Brazilian
population. JIA patients with < 6 months of disease duration that were positives for
anti-Cll antibodies (n = 16) presented levels of anti-Cll antibodies significantly
higher (p = 0.0007) than patients with established disease (n = 26) (Fig. 1C). Of
interest, 32 (76%) of the anti-Cll positive patients had active disease. Anti-Cll
antibodies were directly correlated with RF (Pearson r = 0.7207, p < 0.005). No
correlations were found when levels of anti-Cll antibodies were analyzed
separately for the values of CRP, ESR and the number of inflamed joints.
However, a 13-year-old girl with polyarticular RF*, who presented inflammation in
more than 5 joints, high CRP concentration (2.8 mg/dl), increased ESR (38
mm/hr), and very high levels of rheumatoid factor (1118.80 Ul/ml), presented the
highest levels of anti-Cll antibodies in ELISA (RI = 2.9).
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3.3  Avidity of anti-Cll antibodies and controls
The levels of anti-Cll antibodies detected in the serum from different

subtypes of JIA without and after treatment with 6 M urea are shown in Fig. 2.

A Persistent oligoarticular B Extended oligoarticular
1.0+ 1.0+
0.8 0.8
: :
o~ 061 o 067
g 3
41 0.4
g 3
0.2- 0.2-
0.0 0.0 T T
u U+
C Polyarticular FR- D Polyarticular FR+
1.0+ 1.0~
0.8 0.8 \
: :
o~ 06 o~ 06
g 2
0.4 44
a a %4
Y O 42 \
0.0 L) L 0.0 Al T
u- U+ U- U+

Fig. 2. Anti-Cll antibody levels detected in JIA before and after treatment with 6 M
urea. Optical density differences before (U-) and after (U+) treatment with urea are
shown for each patient separately for each JIA subtype (A, B, C, D). The paired U-
and U+ samples from individual patients are identified by a line between points.

In the serum samples from JIA patients, Als ranged from 9.6% to 97%
(mean of 52.2% * 18) (Fig. 3A). Forty-six (47.9%) samples presented antibodies
with high avidity to Cll (mean of 73.9% + 10.4), 39 (40.6%) samples presented
antibodies with medium avidity (mean of 47.4% + 8.1) and 11 (11.4%) samples
presented antibodies with low avidity (mean of 24.1% + 5.3). Serum samples from
AS patients presented Als ranging from 20.3% to 52% (mean of 36.2% * 7.9), with
most patients displaying antibodies with medium avidity to Cll. Serum from HC
presented Als ranging from 7% to 47.1% (mean of 26% = 8.5), with most of

patients displaying antibodies with low avidity to CIll. When JIA patients were
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subdivided according to different populations, gender, ethnicity, treatment or
disease duration, no significant difference was observed in the avidity index in any
disease subtype. In the group displaying antibodies with high avidity against CII,
we observed that patients with active disease (n = 32; mean of 76.5% * 11) at the
time of sample collection presented Als significantly higher in comparison with
patients in inactive/remission disease (n = 14; mean of 68% + 5.6) (p = 0.004)
(Fig. 3B). Interestingly, polyarticular JIA patients presented Als significantly higher
than other JIA subtypes (p = 0.006). We did not observe significant association
between high avidity antibodies and levels of RF for polyarticular JIA patients. The
avidity of antibodies toward CIl was significantly higher in JIA patients when
compared with AS (p < 0.0001) or HC group (p < 0.0001).
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Fig. 3. Avidity profile of anti-collagen type Il antibodies. (A) Avidity profiles of anti-
Cll antibodies observed in 96 patients with oligoarticular and polyarticular forms of
JIA, 13 patients with AS and 61 HCs. (B) Antibodies displaying high avidity to type
Il collagen in patients with inactive and active JIA. The Avidity Index values were
defined as: < 30% = low avidity; between 30 and 60% = medium avidity; > 60% =

high avidity. Avidity Indexes are indicated as lines.
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4 Discussion

Most of what we know about autoimmune response to Cll comes from
experimental disease models. Particularly, from the collagen-induced arthritis
(CIA) experimental models, obtained by immunization with autologous or
heterologous type Il collagen with adjuvant [19]. Several studies have attempted to
identify antibodies to CIl in RA [6-9,20-22], however, only a small number of
published studies aimed to determine the prevalence of anti-Cll antibodies in JIA
patients [10-13]. The current work reports the occurrence and avidity of anti-type Il
collagen antibodies in patients with JIA compared with healthy individuals.

Different compositions of type Il collagen have been used as the antigen to
antibodies detection in RA and JIA in its native or denatured forms. The vast
majority of published studies about the occurrence of anti-Cll in JIA and RA, aimed
to determine the prevalence of antibodies to citrullinated ClII [12,23,24]. Antibodies
to native citrullinated Cll have already been detected in 78.5% of RA [24] and 24%
of JIA patients [12]. Antibodies to native human CII were detected in 20% [25] and
70% of RA [11], 47% [11] of JIA patients and recently, in 3.1% [13]. Antibodies to
native bovine CIl (the same we have used in our study) were detected in 31.5% of
RA patients [6]. Based on the most adequate cut-off value determined by the ROC
curve, we found that 44% of our JIA patients were positives to anti-Cll antibodies.
The positivity of anti-Cll antibodies in the AS population (15%) was lower than the
results reported in another study [26], which showed positivity in 33.3% of the
patients. Although anti-Cll antibodies were present in the AS group its detection
was much higher in JIA patients. The differences in the prevalence of anti-Cll in
the several published studies may be due to the different species of Cll used as
the antigen to antibodies detection, since studies that aimed to analyze CII
specificity revealed that autoantibodies are generally associated with
specific arthritogenic epitopes present in the CIl molecules from different species
[27,28]. The different methodologies of data analysis (normalization and cut-off
determination), the number of patients in which these anti-Cll antibodies have
been measured, or even patient’s disease activity [6] could also have contributed
to these heterogeneous results.

Our results also showed increased levels of anti-Cll antibodies in patients
with early JIA, with the vast majority of individuals presenting active disease at the
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time of sample collection. These data are consistent with previous findings
reporting higher frequencies of anti-Cll antibodies in early RA [29-31] and recently,
in JIA patients [13]. Similar results were also observed in CIA models after arthritis
induction by immunization with CII, where the levels of circulating anti-Cll
antibodies in MRL/I mice were as well highest at 6 months, thus immediately after
the development of arthritis [32]. Anti-Cll appearing early in the course of the
disease suggests that these autoantibodies might play a role in JIA
physiopathology. However, the clinical relevance of its detection in early JIA is still
an open question. We hypothesize that in patients with early JIA, high levels of
anti-Cll antibodies might induce an acute inflammation mediated by surface-bound
immune complexes (IC) containing anti-Cll, as has already been described in RA
[9]. Purified CllI-specific monoclonal antibodies were shown to induce an acute
form of arthritis in mice [33], which demonstrates that anti-Cll autoantibodies are
indeed directly pathogenic in vivo. These anti-Cll antibodies appearing around
clinical onset suggests that these autoantibodies play an early role in the process
of disease development. If it proves to be true, the detection of these antibodies
could lead to faster diagnosis and treatment. Our results also showed a high
percentage of anti-Cll positive patients presenting active disease (76%). Taking
into account what has already been reported [34-36], we believe that circulating
ICs containing anti-Cll can activate the complement system and stimulate the
production of cytokines of pathogenic importance in the inflammatory process,
such as interleukin-1B (IL-18), IL-6, IL-10 and tumor necrosis factor a (TNF-a).
This event could perpetuate joint inflammation and consequently maintain the
disease activity. This hypothesis is corroborated by Mullazehi et al [34] who
reported that in RA patients the production of the cytokines TNF-q, IL-13 and IL-8
decreased after the specific blockade of ICs containing anti-ClII.

Our results also showed a high percentage of anti-Cll antibody positive
samples in the group with polyarticular RF* and also a direct correlation between
anti-Cll antibodies and RF. This is in line with the fact that this subtype
corresponds basically to a juvenile RA onset, with a more persistent and severe
course of the disease as compared to other JIA subtypes [37]. Furthermore, we
reported a patient with polyarticular onset displaying high levels of RF, CRP and
ESR who presented the highest level of anti-Cll antibodies. Although when

84



Capitulo IlI

analyzed separately no correlation between levels of anti-Cll and values of CRP
and ESR was found, these findings are in agreement with what has already been
reported in RA patients [7], where levels of anti-Cll antibodies were higher in
patients with high CRP and ESR, and partially, with another study [13] involving
JIA patients, where anti-Cll antibodies was associated with high levels of CRP.

In the present study, we calculated the Al of specific anti-Cll antibodies,
determined from the avidity ELISA. A brief 6 M urea treatment allowed the
dissociation of the low-avidity interactions, retaining the antibodies that bind with
higher avidity to CIl. This is the first study investigating the nature of anti-Cll
antibodies avidity in patients with JIA. We have shown that levels of antibodies
displaying high avidity to CIl were significantly higher in patients with active
disease and in polyarticular patients. The driving force in the antibody binding and
progressive destruction of cartilage is still obscure. However, it has been
demonstrated that anti-Cll antibodies form immune complexes with CIlI joint
cartilage that, when not effectively removed, can activate complement and
contribute to chronic inflammation [36]. Treatment-resistant JIA results in joint
destruction, especially in patients with polyarticular subtype, which have the
poorest prognosis with a remission rate of only 15%. More than 50% of JIA
patients do not achieve remission despite treatment and require further
rheumatological care as adults [38]. A possible explanation for the high occurrence
of antibodies binding with high avidity against Cll in samples from patients with
active JIA could be that IC’s production is not being blocked properly, resulting in
active disease. In fact, it has been reported that the blocking of the complement
system resulted in decrease of inflammatory cytokine, showing that complement
plays a role in arthritis [36]. If this proves to be true, a target therapy based on this
mechanism could be highly promising for both RA and JIA.

In conclusion, the present study showed that anti-Cll antibodies are present
in patients with oligoarticular and polyarticular forms of JIA. Consistent with RA
data, high levels of anti-Cll antibodies were detected in patients with JIA of < 6
months duration, suggesting that anti-Cll antibodies in JIA patients are associated
with the early inflammatory process. Patients with active disease had more
frequently high avidity antibodies against Cll. Our data support the hypothesis that
anti Cll antibodies may play a role in the physiopathology of JIA.
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Abstract

Objective: Juvenile idiopathic arthritis (JIA) and rheumatoid arthritis (RA)
diagnosis are based on the clinical presentation, and many blood tests. The aim of
this study was to select new epitope-like peptides that could be targeted by
circulating autoantibodies of JIA patients, which could be used for JIA and RA

diagnosis.

Methods: A phage displayed random peptide library was screened against
immobilized IgG from JIA patients. ELISA assay was carried out to test
immunoreactivity of selected mimotopes against sera from JIA patients, healthy
individuals and patients with other autoimmune diseases. The PRF+1 mimotope
that was able to efficiently discriminate JIA patients from controls was chosen to
be chemically synthetized. Electrochemical analysis was carried out to test the
immobilization of the synthetic peptide onto bioelectrode surface for antibody
detection by differential pulse voltammetry.

Results: The PRF+1 synthetic peptide was able to efficiently discriminate patients
with JIA and RA from control groups (p < 0.0001). Its diagnostic potential was high
to both JIA (AUC > 0.84; sensitivity = 61%; specificity = 91%) and RA (AUC >
0.98; sensitivity = 94%; specificity = 93%). The electrochemical sensor proved to
be fast, low cost and effective in discriminating sera from JIA and RA patients from
healthy controls.

Conclusion: This study demonstrates an epitope-based biomarker for JIA and RA
diagnosis that was promptly incorporated onto bioelectrodes for a simple and fast
detection in an electrochemical platform. Its high accuracy makes it a promising
biomarker for RA.
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Juvenile idiopathic arthritis (JIA) and rheumatoid arthritis (RA) are
inflammatory rheumatic diseases that share clinical and pathological features,
which includes persistent synovitis, progressive joint destruction, and some
systemic and extra-articular manifestations. JIA and RA diagnosis up until now is
based on the combined evaluation of medical history of the patient, physical
manifestation, radiographic imaging, and some serologic markers (1, 2). Thus,
good biomarkers are still needed to guide decisions in the diagnosis and clinical
management of JIA and RA. Aiming to select novel mimetic peptides with potential
to be used as serum biomarkers, we screened a phage displayed random peptide
library against circulating 1gG purified from JIA patients, and submitted a selected
peptide to further validation to check sensitivity, specificity and electrochemical
properties.

The selected peptide that showed to be targeted by circulating
autoantibodies in patients with JIA and RA was successfully immobilized onto an
electrochemical sensor. This new platform could be used with high accuracy as a
portable, low cost and fast tool for antibodies detection to aid in diagnosis.
Additional studies still need to be performed to identify the protein that this peptide

mimics.

Patients and Methods

Ethical considerations. This research was approved by the Research Ethics
Committee from Federal University of Uberlandia (CEP-UFU; number 685/09),
state of Minas Gerais, Brazil and by the Ethics Committee of the Centro Hospitalar
Lisboa Norte, Hospital de Santa Maria and the Hospital Garcia de Orta, Lisbon,
Portugal. Informed consent form was signed by all subjects before any protocol

procedure was carried out.

Samples used for mimotopes selection. A total of 40 JIA patients who fulfilled
the diagnostic criteria for persistent oligoarticular (n = 21), extended oligoarticular
(n = 8), polyarticular rheumatoid factor negative (n = 5) and polyarticular
rheumatoid factor positive (n = 6), according to the International League of
Associations for Rheumatology (1), 20 healthy children, and 17 patients with other

autoimmune diseases were enrolled in this stage. In order to increase specificity of
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the selected mimotopes, a subtractive selection step was performed using pooled
serum from patients with rheumatic fever (n = 5), uveitis (n = 3), systemic lupus

erythematous (n = 4) and Hashimoto’s thyroiditis (n = 5).

Samples used for synthetic peptide validation. Well-characterized serum
samples were requested from Biobanco-IMM, Lisbon Academic Medical Center
(Lisbon, Portugal). A total of 57 JIA patients who fulfilled the diagnostic criteria for
persistent oligoarticular (n = 21), extended oligoarticular (n = 7), polyarticular
rheumatoid factor negative (n = 20) and polyarticular rheumatoid factor positive (n
= 9), 51 healthy children, 23 systemic lupus erythematous, 103 RA patients who
fulfilled the RA diagnostic criteria (revised American Rheumatism Association
(ARA) criteria, 1987) (3) and also the new revised criteria EULAR/ACR (2), and 43
healthy adults were enrolled in this stage.

Laboratory and clinical features. At the time of sample collection, personal and
clinical data as disease duration, current medication, presence of RF, CRP and
ESR, tender and swollen joint counts were obtained for each patient used in the
study. Demographic and laboratory characteristics of the studied subjects are
listed in Table 1.

Table 1. Demographic and laboratory characteristics of the different groups
included in the study.

Juvenile idiopathic arthritis = 97*

PO EO PRF PRF* RheF uv SLE HT HC1 RA HC2
- 2 15 % 15 5 3 23 5 71 103 43
(21/42)* (8115)  (5P25)  (6/15)  (5/5) (33)  (423) (550  (20/51)  (0/103)  (0/43)
Gender(FM) 31/11 1055 214 11/ 3 21 13/10 05 46125 8518 3112
Meanage: 11:7 128:8 0% 22T* 9431 gra 133 2B 123 596,47 531124
RF posiives 0 0 0 15 N/A 55 N/A
Mean

disease g5, 56 1% 45,89 6% 54,03 13109 6913 47+23 NA 104:20 NA
duration 55 14.2

(years + SD)
CRP+SD 1.1% 091 22+ AS i .
(mafdL) 14+18 0.9 12 13 3111 N/A 14+23 N/A
ESR+SD 19+ 21+ . o o axn
(mmvhr) 20.1+18 107 148 20+ 13 N/A 342+43 N/A

95



Capitulo IV

PO, persistent oligoarticular; EO, extended oligoarticular; PRF-, polyarticular
rheumatoid factor negative; PRF+, polyarticular rheumatoid factor positive; Rhe F,
rheumatic fever; UV, uveitis; SLE, systemic lupus erythematosus; HT, Hashimoto’s
thyroiditis; HC1, healthy children; RA, rheumatoid arthritis; HC2, healthy adults; n,
number of subjects; F, female; M, male; SD, standard deviation; RF, rheumatoid
factor; N/A, not applicable; CRP, C-reactive protein; ESR, erythrocyte
sedimentation rate. *except for one patient, all JIA patients were tested in a
previous publication (4). **Total of samples used for mimotopes selection/total of
samples used for synthetic peptide validation. **missing data. Variables are

expressed as means * SD.

Immunoglobulin G purification and coupling. Immunoglobulins G (IgG) from
pooled sera of different JIA subtypes; healthy children; and other autoimmune
diseases were covalently bound to protein G-coupled magnetic beads via their Fc-
region, according to the manufacturer's recommendations (Dynabeads® Protein
G, Invitrogen).

Selection of peptides specifically binding to IgG purified from JIA patients.
For mimotopes selection we used a Ph.D.-C7C Phage Display (PD) Peptide
Library Kit (New England Biolabs). This library is based on a 7-mer random
peptide combinatorial library fused to the plll capsid of the M13 phage. For
screening the PD library to select JIA mimotopes, we used a subtractive step
against purified IgGs from healthy children and patients with other autoimmune
diseases, followed by a positive selection against purified IgGs from JIA subtypes.
The biopanning procedure was performed as described elsewhere with some
modifications (5). Briefly, 1 x 10* phages particles of the PD library was diluted in
190 ul of TBS-T 0.1% (137 mM NacCl, 5.1 mM KCI, 1.35 mM CacCl,, 1.05 mM
MgClz, 1.4 mM NazHPO4, 24.8 mM Tris, pH 7.5 plus 0.1% Tween-20). A volume of
100 pl of the diluted PD library was transferred to a microtube containing 20 pl of
beads coupled to IgGs purified from serum of healthy children, and incubated for
30 min at room temperature (RT). The microtube was placed on a Magnetic
Particle Concentrator (Dynal MPC™ - Invitrogen), and the supernatant containing
non-bound phages was transferred to a microtube containing 20 pl of beads
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coupled to 1gGs purified from serum of RF patients, and incubated for 30 min at
RT. The same procedure was performed for each autoimmune disease. After
subtractive step, the non-bound phages were collected and divided in four
microtubes (55 pl each) containing 20 ul of beads coupled to IgGs purified from
serum of four JIA subtypes and incubated for 30 min at RT. Non-bound phages
were removed after 10 washes with TBS-T 0.1% in the first round, and TBS-T
0.5% in the two subsequent rounds. Between each round of selection, bound-
phages were eluted with 100 pl of 0.2 M glycine-HCI buffer (pH 2.2), neutralized
with 75 pl of Tris (pH 9) and 1 pl of the eluted phages was subjected to titration. To
enrich the phage clones selected, the eluted phages were amplified in Escherichia
coli ER2738 (New England Biolabs) between each round. The mimotopes
selection was performed separately for each JIA subtype due to the fact that our
initial strategy was to identify biomarkers able to differentiate each subtype of the

disease.

DNA sequencing of selected phage clones. After the third round of biopanning,
48 individual phage clones of each JIA subtype (total of 192 phage clones) were
randomly selected and amplified for DNA sequencing. Phages single-stranded
DNA were isolated by iodide buffer extraction procedure (Instruction Manual
Ph.D.-C7C Phage Display Peptide Library Kit) and analyzed with MegaBace 1000
Genetic Analyzer (Amersham Biosciences) automatic capillary sequencer using
200 ng of primer -96 glll (5-OH CCC TCA TAG TTA GCG TAA CG-3’; New
England Biolabs).

Peptide synthesis. The PFR+1 peptide (SSWLPRG) that presented highest
specificity in the phage-ELISA was chemically synthesized by GenScript USA Inc.
(Piscataway, NJ, USA), and submitted for further analysis in a larger cohort. The
peptide was constructed with 14 residues (ACSSWLPRGCGGGS) with amidation
of the C-Terminal region.

Synthetic peptide detection by ELISA. ELISA assay was carried out to test the
reactivity and binding specificity of the PRF+1 synthetic peptide against individual
sera from JIA patients, healthy children, patients with other autoimmune diseases
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and healthy adults. Briefly, a ninety-six-well Maxisorp microtiter plate (NUNC, NY,
USA) was coated with the synthetic PRF+1 peptide at 3 pg/ml diluted in carbonate
buffer (0.1 M NaHCO3, pH 8.6), and incubated overnight at 4°C. Peptide-coated
wells were emptied and washed once with PBS, and then blocked with 3% BSA in
PBS at 37°C for 1h. After blocking, a total of 100 pL of the blocking buffer solution
containing sera from the different groups diluted at 1:100 was added to each well
followed by incubation for 1h at 37°C under gentle agitation. After four washes
with PBS-T 0.05%, HRP-conjugated rabbit anti-human IgG (Roche Applied
Science) diluted at 1:5000 in the blocking buffer was added to each well followed
by incubation for 1h at 37°C under gentle agitation. ELISA plate was washed three
times with PBS-T 0.05%, and the reaction was revealed with OPD SigmaFast™
(Sigma-Aldrich) and read at 492 nm. All samples were tested in duplicates. Each
serum sample was tested alone (without PFR+1 peptide) as negative control.

The final OD was adjusted by subtracting the ratio of OD readings obtained for
each serum sample to the ratio of OD readings obtained by the negative control.
The optimum point of reaction for anti-PFR+1 antibodies detection was determined
using the receiver operating characteristic (ROC) curve, where a cut-off point was
determined as the value of the parameter corresponding to the highest possible
sensitivity without losing specificity. To calculate the ROC curves, sensitivity and
specificity, we considered the control groups as a single group. The overall
average achieved by control groups was used for data normalization.

Electrochemical analysis. To test the immobilization of the PFR+1 peptide onto
bioeletrodes surface for antibody detection, electrochemical analysis was carried
out. A 7 mm? ltalSens I1S-Au gold screen-printed electrode was pretreated with
cyclic voltammetry in sulfuric acid 0.5 mol L™ and the PFR+1 peptide solution (1
ug mL™) was applied onto the electrode surface. The surface was blocked with
PBS-BSA 3% and separately incubated with serum samples from patients with
JIA, RA or healthy controls. After each step, the system was incubated at 4°C for
40 min and then it was rinsed with 0.1 mol L™ phosphate buffer. All measures were
performed though differential pulse voltammetry. The electrolyte was phosphate
buffer 0.1 mol L™ to detect the immobilization of the peptide and 5 mmol L*
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potassium ferrocyanide (K4jFe(CN)e]) solution containing 0.1 mol.L* KCI to

evaluate the serum samples.

Statistical analysis. Unpaired t test with Welch’'s correction was used to
determine significant differences in reactivity between groups. Sensitivity and
specificity parameters were calculated based on the receiver operating
characteristic (ROC) curve analysis. To estimate the positive predictive accuracy,
the area under the curve (AUC) was also determined. All statistical analyses were
performed using GraphPad Prism 5.0 software. P values less than 0.05 were

considered statistically significant.

Results

Mimotopes selected by phage display and PRF+1 synthetic peptide
validation by ELISA. A total of 38 selected mimotopes presented different amino
acid sequences (Supplementary Table 1) and was tested for immunoreactivity
evaluation by phage-ELISA (Supplementary Figure 1). Although most mimotopes
was able to discriminate JIA patients from healthy children and patients with other
inflammatory diseases, the PRF+1 mimotope presented highest specificity
(Supplementary Figure 1E) and for this reason, was chosen to be chemically
synthetized for further evaluation. The other mimotopes selected will be explored

in forthcoming studies.

Supplementary Tablel. Sequence and frequency of the peptides selected.

Mimotopes ID Amino acids sequence Frequency (%)

PO1 PGLATNF 1
PO2 SPFWWSD 25
PO3 SPFWWTD 36
PO4 PNPFVLD 1
PO5 LGSVQHT 1
PO6 SPFWWSL 1
PO7 FSPFFWN 1
PO8 WILFFLD 1
PO9 NSPFQLF 1
EO1 SPFFLTP 1
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EO2 WNPFLLD 1
EOS3 QSPFHLF 1
EO4 SPFWWHQ 3
EO5 NPGWLGS 1
EO6 SAVIKSS 1
EO7 SSHLLSE 1
EOS LPSRSQT 1
EO9 NNPFQLW 1
EO10 SSFWWTD 1
PRF+1 SSWLPRG 1
PRF+2 WSPFLAP 1
PRF+3 FDPFGWS 2
PRF+4 SPFDWWF 1
PRF+5 NPFFLTA 1
PRF+6 SPNPPLH 1
PRF+7 SSPFFLW 1
PRF+8 SPFHLLP 1
PRF-1 NPFSLLA 1
PRF-2 YFTAPPD 1
PRF-3 DSPFRLW 1
PRF-4 TRPTASH 1
PRF-5 SESPGIA 1
PRF-6 FSPFFAP 1
PRF-7 SPFWLAA 1
PRF-8 SPFFLGP 1
PRF-9 TPFWFLD 1
PRF-10 PAPSRSQ 1
PRF-11 RFGGLIA 1
Total 100

To confirm the ability of the PRF+1 synthetic peptide to discriminate JIA

patients from HCs and patients with other inflammatory diseases, ELISA assay

was carried out. Based on the determined cut-off point, 57 out of 97 (59%) JIA

patients were positive for anti-PRF+1 antibodies. The PRF+1 peptide was able to

efficiently discriminate JIA patients from healthy children (P < 0.0001), rheumatic
fever (p < 0.0001), uveitis (P < 0.0001), systemic lupus erythematous (P < 0.0001)
and Hashimoto’s thyroiditis (P < 0.0001) (Figure 1A). The ROC curve constructed

for the anti-PRF+1 antibodies detection in samples from JIA patients was
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significant (AUC = 0.8478; P < 0.0001) and based on the cut-off value determined
presented sensitivity of 61% and specificity of 91% (Figure 1B).
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Supplementary Figure 1. Mimotopes selected by phage display and its
immunoreactivities. A total of 38 mimotopes was selected against IgG purified
from JIA patients. Phage-ELISA assay was first performed to test the
immunoreactivity and binding specificity of the selected mimotopes against pooled
sera from different subtypes of JIA patients and healthy children (A, B, C, D).
Mimotopes that presented significantly higher absorbance when compared to the
healthy control were individually tested with sera from 40 patients with JIA, 5 with
RF, 3 with UV, 4 with SLE, 5 patients with HT and 20 healthy children. Each
pooled serum sample was tested against wild M13 phage (without displaying any
peptide on its surface) as negative control. For data adjustment, the final optimal
density (OD) was adjusted by subtracting the ratio of OD readings obtained by the
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tested mimotopes to the OD readings obtained by the wild-type M13 phage. None
of the mimotopes selected was able to discriminate the subtype to which it was
obtained from other subtypes of the disease. (E) The PRF+1 mimotope presented
highest specificity in discriminating JIA patients from controls and was chosen to
be chemically synthetized for further analysis and validation.

When tested for RA detection, PRF+1 peptide was also able to discriminate
RA patients from healthy adults. A total of 97 out of 103 (94%) RA patients were
positive for anti-PRF+1 antibodies. The PRF+1 peptide was able to efficiently
discriminate RA patients from healthy adults (P < 0.0001) (Figure 1C). The ROC
curve constructed for anti-PRF+1 antibodies detection in samples from RA
patients was significant (AUC = 0.9836; P < 0.0001)) and based on the cut-off
value determined presented sensitivity of 94% and specificity of 93% (Figure 1D).
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Figure 1. Anti-PFR+1 antibody detection by ELISA. Immunoglobulin G antibodies

detection in serum samples from patients with JIA (n = 97), rheumatic fever (n=5),
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uveitis (n = 3), systemic lupus erythematosus (n = 23), Hashimoto’s thyroiditis (n =
5) and healthy children (n = 51); rheumatoid arthritis (n = 103) and healthy adults
(n = 43) by ELISA assay using the synthetic PRF+1 peptide as the antigen. (A)
Anti-PFR+1 antibodies detected in JIA patients and controls and the respective
ROC curve (B). (C) Anti-PFR+1 antibodies detected in RA patients and controls
and the respective ROC curve (D).

Correlation between anti-PRF+1 antibodies levels and studied variables.
Antibodies against PRF+1 peptide in JIA patients were directly correlated with the
number of swollen joints (Pearson r = 0.4626, P = 0.0005). On the other hand, no
correlation was found between anti-PRF+1 antibodies levels and any variable
analyzed to RA patients.

Anti-PRF+1 antibodies detection by electrochemical analysis. The differential
pulse voltammogram in phosphate buffer of the bare gold electrode (Figure 1A)
was significantly different from the base line in the gold electrode with the
immobilized peptide and between groups (Figure 1B). The proposed bioelectrode
was able to efficiently discriminate healthy controls from patients with JIA (P =
0.0049) and RA (P < 0.0001) (Figure 1C).
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Figure 2. Electrochemical analysis. (A) Differential pulse voltammograms in
phosphate buffer 0.1 mol L™ of bare gold electrode (dashed line) and gold with
immobilized peptide (red line). (B) Differential pulse voltammograms of gold
electrodes modified with synthetic PFR+1 peptide after applying serum from
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patient with JIA, RA and healthy individuals. The voltammetry was performed in 5
mmol L™ K4[Fe(CN)g] solution containing 0.1 mol.L"* KCI. (C) Bar plot of mean
peak current showing that the biosensor was able to significantly differentiate
patients with JIA and RA from healthy controls.

Discussion

To date, there are no specific laboratory tests for confirming JIA and RA
diagnosis. This study describes the successful strategy employed to select
peptides with high specificity that could be used as serum biomarkers to aid in JIA
and RA diagnosis. Different serum biomarkers have been reported to JIA (4, 6, 7)
and RA (8-10) patients. However, up to this date, only rheumatoid factor and
antibodies against cyclic citrullinated peptides (CCP) have been incorporated into
the clinical routine (11). The aim of this work was to select by phage displayed
random peptide library mimotopes that could be potentially recognized by IgG
antibodies present in JIA and RA patients. This approach enabled the selection of
a short peptide, named as PRF+1, that is target by autoantibodies in patients with
JIA and RA with high specificity and sensitivity.

Phage display libraries contain random peptides presenting either
continuous or discontinuous mimotopes, which are antibody-binding sites that
mimic essential properties of epitopes but do not necessarily present the same
amino acids sequence (12). Due to this advantage, we have chosen this method
to select new peptides against IgG antibodies that could mimic epitopes present in
JIA and RA patients. Our strategy included a subtractive panning against purified
IgGs from different inflammatory diseases and healthy subjects, which is strongly
recommended to limit the recovery of target-unrelated peptides (13), followed by a
positive panning against purified 1gG from JIA patients. This strategy led us to
select mimotopes with 38 different amino acid sequences, suggesting that these
are immunodominant epitopes involved in the humoral response in patients with
JIA.

We found that anti-PRF+1 antibodies were present in 59% of JIA and 94%
of RA patients, presenting AUC of 0.84 and 0.98, sensitivities of 61% and 94%,
and specificities of 91% and 93%, respectively. These results represent a very
good accuracy for diagnostic tests compared to anti-CPP antibodies and RF
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detection, the two most useful serum biomarkers for JIA and RA diagnosis (14,
15). The variable potentially associated with anti-PRF+1 levels was the number of
swollen joints in patients with JIA, suggesting that this peptide might be linked to
disease activity.

Electrochemical analysis demonstrated that the PRF+1 synthetic peptide
was successfully immobilized onto the gold electrode surface and after differential
pulse voltammograms in phosphate buffer was able to efficiently discriminate
healthy controls from JIA and RA patients, and although serum samples contain
many interfering substances, none of them have disturbed the detection process.
This immunosensor based on the anti-PFR+1 antibodies detection presented to be
very sensitive, low cost fast and reproducible.

In conclusion, we have selected a new target for circulating autoantibodies
in patients with JIA that presented high specificity and sensitivity to JIA and RA in
two different approaches and could be potentially used to aid in diagnosis.
Although this peptide is a promising target for antibodies detection, the protein that
this peptide mimics still needs to be identified in a forthcoming study.
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Abstract

Introduction: Rheumatoid arthritis (RA) is a chronic inflammatory autoimmune disease that affects around 1 % of
the human population worldwide. RA diagnosis can be difficult as there is no definitive test for its detection.
Therefore, the aim of this study was to identify biomarkers that could be used for RA diagnosis.

Methods: Sera from a collagen-induced arthritis mouse model were used to select potential biomarkers for RA
diagnosis by phage display technology. In silico and in vitro analyses were performed to characterize and

validate the selected peptides. Samples were classified into three groups: RA; two other immune-mediated
rheumatic diseases (systemic lupus erythematosus (SLE) and ankylosing spondylitis (AS)); and healthy controls
(HO). Enzyme-linked immunosorbent assay (ELISA) was carried out to determine antibody levels, and diagnostic
parameters were determined by constructing receiver operating characteristic curves. Mass spectrometry and
Westem blot were performed to identify the putative autoantigen that was mimicked by a highly reactive mimotope.

Results: After three rounds of selection, 14 clones were obtained and tested for immunoreactivity analysis against sera
from RA and HC groups. The phage-fused peptide with the highest immunoreactivity (M12) was synthesized, and was
able to efficiently discriminate RA patients from SLE, AS and HCs (p < 0.0001) by ELISA. The specificity and sensitivity of
anti-M12 antibodies for RA diagnosis were 91 % and 84.3 %, respectively. The M12 peptide was identified as one that
mimics a predicted antigenic site of the carbonic anhydrase Ill (CAlll) protein, a ubiquitous biomarker that has been
identified in patients with other diseases.

Conclusion: M12 is the first peptide associated with the CAlll protein that may be used as an antigen for antibody
detection to aid in RA diagnosis with high sensitivity and specificity.
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Introduction

Rheumatoid arthritis (RA), the most common inflamma-
tory autoimmune disease, affects 0.8 % of the adult
population worldwide [1]. RA diagnosis is largely a clin-
ical one, relying, particularly in the early stages, on the
history and examination of the patient, with tests (blood
or imaging) sometimes helping to confirm the diagnosis
[2]. Serological support to diagnosis has, up to now, been
restricted to the determination of rheumatoid factor (RF)
and anticitrullinated peptide antibodies (ACPAs), where
assays using cyclic citrullinated peptides (CCP) as antigen
for ACPA detection have gained wide acceptance [3]. RF
presents higher sensitivity as compared with antiCCP anti-
bodies for established disease, with a relatively low specifi-
city. In fact, the RF antibody is not specific for RA due to
crossreactivity with many other inflammatory diseases, as
well as in elderly healthy individuals [4]. ACPAs are con-
sidered a valuable serological biomarker for RA [5] and
the diagnostic performance of different generations of
CCPs (CCP1, CCP2 and CCP3) have been evaluated in
many different studies [6—8]. Differences in cut-off values,
specificities and sensitivities exist between the three differ-
ent generations and also between different assays used for
antibody detection. However, antiCCP2 showed better
performance characteristics with values of sensitivity ran-
ging from 41 % to 92.2 % and specificity ranging from
65 % to 100 % [9]. At present, the detection of antibodies
against CCP2 by enzyme-linked immunosorbent assay
(ELISA) is the most widely used assay in studies involving
ACPAs worldwide. The combination of RF and antiCCP2
assays demonstrate a positive predictive value close to
100 %, which is much higher than the value of either of
the tests alone [10]. The presence of RF and antiCCP has
been associated with progressive and destructive disease
[11, 12]. Seronegativity in both early and established RA
remains a major limitation of these two biomarkers,
highlighting the need for new complementary markers
that could improve diagnostic sensitivity [13]. Because of
the low sensitivity or specificity of the current serological
tests, the quest for new efficient auxiliary biomarkers in
RA is of clinical relevance.

Animal models of arthritis have contributed to the
overall knowledge on RA physiopathology and to the
identification of important mediators of inflammation.
The collagen-induced arthritis (CIA) mouse model has
proven to be a valuable experimental model for inflam-
matory RA studies [14-17]. After immunization with
type II collagen (CII), DBA/1 ] mice develop a severe
polyarthritis mediated by an autoimmune response that
shares many features with human RA [18].

With the goal of identifying new clinically useful bio-
markers for RA, we have explored the CIA mouse model
and phage display (PD) technology to isolate peptides
that can mimic RA autoantigens. PD technology has
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been widely used by our group and others to screen
targeting peptides in drug discovery and biomarker se-
lection, and has been highly effective in discovering pep-
tides with affinities to virtually any target [19-24]. Short
peptide sequences selected by PD libraries with high af-
finity to antibodies, receptors or proteins may present
potential applications in diagnostics or therapeutic kits
and vaccines [25, 26]. Using the cDNA PD library for
autoantigen selection, were recently identified novel auto-
antibodies in early and seronegative RA patients with
sensitivities ranging from 2 % to 29 %, and specificities
ranging from 95 % to 100 %. These autoantibodies can be
found in 44 % to 67 % of ACPA-negative RA patients [27].

This investigation describes the identification of a short
peptide selected by PD technology against sera from CIA
mice. This short peptide was characterized by in silico and
in vitro strategies, and further tested as a potential bio-
marker for RA diagnosis in comparison to other rheum-
atic diseases and healthy controls. Its predicted antigenic
epitope target was deduced by mass spectrometry (MS)
and Western blot analyses.

Methods

Study subjects

For this study, we used serum samples from patients who
fulfilled the RA diagnostic criteria according to the 2010
classification [28]. The demographic and laboratory char-
acteristics of all studied subjects are presented in Table 1.
Well-characterized serum samples used in this study were
requested from Biobanco-IMM, Lisbon Academic Medical
Center, Lisbon, Portugal. Samples from healthy subjects
who did not have any arthritis symptoms were used as the
healthy control (HC) group. To provide data on assay spe-
cificity, samples from patients with other rheumatic dis-
eases (nonRA) were also analyzed. The subjects enrolled
in this study were classified into three groups: RA, 172 pa-
tients (151 females and 21 males, mean age 53.7 + 11.2
years); HC, 113 subjects (79 females and 34 males, mean
age 58.8 + 8.7 years); and nonRA, 32 patients with other
immune-mediated rheumatic diseases that consisted of 19
systemic lupus erythematosus (SLE) and 13 ankylosing
spondylitis (AS) patients. For RA patients, data recorded
were age at disease diagnosis, disease duration, medication
status, presence of RF and antiCCP, erythrocyte sedimen-
tation rate (ESR), levels of C-reactive protein (CRP), and
tender and swollen joint counts obtained at the time of
blood sample collection. Blood samples were allowed to
clot and then centrifuged at 4,000 rpm for 10 minutes. All
sera samples were filtrated with a microcell filter (0.22
um) to eliminate red blood cell fragments and bacteria,
and then frozen at —80 °C immediately until analysis. The
parts of the study which involved human subjects was ap-
proved by the ethics committees of the Centro Hospitalar
Lisboa Norte, Hospital de Santa Maria and the Hospital
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Table 1 Demographic and laboratory characteristics of the studied population

RA HC SLE AS
Age (years; mean + SD) 537 €112 588 + 87 557 £57 495+ 75
Gender (female/male) 151/21 79/34 16/3 4/9
Caucasian (n (%)) 146 (85 %) 104 (92 %) 18 (95 %) 11 (85 %)
Disease duration (years; mean + SD) 81+84 92 + 65 12+9.1
Rheumatoid factor positive (n) 102 (59.3 %) NA NA
CRP (mg/dl; mean + SD) 24+ 1.1 31+09 27+08
ESR (mm/hour; mean + SD) 32+26 334 +£195 NA
AntiCCP positive (n) 75 (43.6 %) NA NA
Biologic therapy (n in treatment) 62 (36 %) 4(21 %) 3(23%)
NSAIDs (n in treatment) 127 (74 %) 9 (47 %) 5 (38 %)

CRP value >0.8 mg/dl is considered elevated. ESR value =15 mm/hour is considered elevated. antiCCP anticyclic citrullinated peptide antibodies, AS ankylosing
spondylitis, CRP C-reactive protein, ESR erythrocyte sedimentation rate, HC healthy control, NA not available, NSAIDs nonsteroidal anti-inflammatory drugs, RA

rheumatoid arthritis, SD standard deviation, SLE systemic lupus erythematosus

Garcia de Orta, Lisbon, Portugal, and conducted in ac-
cordance with the regulations governing clinical trials
such as the Declaration of Helsinki (2008). An informed
consent form was signed by all subjects enrolled in this
study before any protocol procedure was carried out.

CIA mice

A total of twelve male DBA/1 ] mice (8-10 weeks old)
were housed at the animal facility of the Federal University
of Uberliandia (Uberlandia-MG, Brazil) where they fed ad
libitum. This study was carried out in strict accordance
with the recommendations contained in terms for the use
of animals in research and teaching of the Federal
University of Uberlandia (Uberlandia, MG, Brazil), in
compliance with the National Guidelines, as set forth by
the Institutional Animal Care (Law number 11.794, 2008).
The study protocol was approved by the Animal Ethics
Committee from the Federal University of Uberlindia
(UFU) under the number CEUA/UFU 059/10.

Arthritis induction and assessment of CIA mice

Arthritis was induced in the isogenic murine model
DBA/1 J (males; 8—10 weeks old) as described previously
with some modifications [18]. Briefly, a commercial
bovine CII (Becton Sigma-Aldrich, St. Louis, MO, USA)
emulsified in complete Freund’s adjuvant (CFA) (Sigma-
Aldrich) was used for mice immunization. DBA/1 | mice
(n = 9) were immunized by intradermal injections at the
base of the tail with 100 pg bovine CIL For the control
group, mice (n = 3) were immunized with phosphate-
buffered saline (PBS) in CFA. Mice were boosted at day
30 with 50 pg bovine CII in CFA. After immunization,
mice were examined twice a week when paw edema was
measured using manual calipers and arthritis signs were
visually scored by evaluating joint inflammation, using
an established scoring system from 0 to 4 [29], where 0 =
no evidence of erythema and swelling, 1 = erythema and

mild swelling confined to the tarsals or ankle joints, 2 =
erythema and mild swelling extending from the ankle to
the tarsals, 3 = erythema and moderate swelling extending
from the ankle to metatarsal joints, 4 = erythema and se-
vere swelling encompass the ankle, foot and digits, or an-
kylosis of the limb. Around 60 days after immunization,
mice presenting acute arthritis (score 4) were sacrificed
under anesthesia. Blood (for sera extraction) and inflamed
joints were then extracted for peptide selection through
PD technology.

Total protein extraction from inflamed joints of CIA mice
Inflamed joints were removed from CIA mice, macer-
ated with liquid nitrogen and suspended in extraction
buffer (20 mM Tris—HCI pH 7.2, 10 mM EDTA, 2 mM
EGTA, 250 mM sucrose, 1 mM DTT, 1 mM Benzami-
dine, 1 mM PMSF). The resulting material was trans-
ferred to a microtube, and centrifuged at 20,000 x g for
30 minutes at 4 °C. The supernatant was collected and
the concentration of the extracted proteins was deter-
mined by the Bradford method [30]. As many inflamma-
tory cytokines indicative of RA are expressed in the
cartilage, ligament, pannus, articular capsule, and so
forth, of CIA mice [31], we used these proteins to dis-
sociate the selected phage clones from target antibodies
by competitive elution.

Purification and isolation of immunoglobulin G from sera

Immunoglobulin G (IgG) purification and isolation from
sera of mice with acute arthritis and naive mice was per-
formed with Dynabeads® Protein G ( Invitrogen, Carlsbad,
CA, USA), following the manufacturer’s instructions.
Briefly, a total of 50 pl magnetic beads were washed twice
with TBS-T 0.1 % (Tris-buffered saline: 50 mM Tris—HCI,
150 mM NaCl, pH 7.5 plus 0.1 % Tween 20) and then in-
cubated with 100 pl pooled serum for 1 hour at room
temperature. After binding, the bead-IgG complex was
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blocked with TBS plus 5 % bovine serum albumin (BSA)
at 37 °C for 1 hour, washed three times with TBS-T 0.1 %
and then resuspended in 200 pl TBS.

Mimotope selection through phage display

For mimotope (phages expressing peptides on their sur-
face) selection a PhD-12mer phage display peptide li-
brary kit (New England Biolabs, Beverly, MA, USA) was
screened against IgG purified from CIA mice. This is a
combinatorial library of random dodecapeptides fused to
the N-terminus of the minor coat protein (pIII) of M13
phages. The library consists of 2.7 x 10° diverse se-
quences that were amplified once to yield about 50 cop-
ies of each peptide sequence.

Based on scientific evidence showing that CIA mice
and RA patients share several pathological features, cir-
culating autoantibodies to common targets [29], and also
because arthritis can be much easier to monitor in ex-
perimental animal models than in humans due to the
complexity of the symptoms, we decided to perform the
mimotope selection against IgG purified from CIA mice.

The strategy adopted for the mimotope selection
consisted of a subtractive step to remove nonspecific
phages by pre-incubating the phage peptide library with
IgG purified from naive mice. In order to remove non-
specific phages, a volume of 7 x 10® beads/ml coupled
with IgG purified from naive mice serum was incubated
with 1 x 10" phage particles from the PhD-12 library in
200 pl TBS-T 0.1 % solution for 30 minutes at room
temperature. After paramagnetic bead precipitation using
the Magnetic Particle Concentrator (Dynal MPC™; Invitro-
gen), unbound phages were collected and incubated with
beads coupled with IgG purified from CIA mice present-
ing signs of acute arthritis, following incubation for 30 mi-
nutes at room temperature. The unbound phages were
discarded this time by washing ten times with TBS-T
0.1 %. For competitive elution, the bound phages were in-
cubated for 30 minutes with 10 pg of the total protein ex-
tracted from inflamed joints of CIA mice. The eluted
phages were amplified in Escherichia coli ER2738 strain
(New England Biolabs) and purified by PEG-NaCl precipi-
tation. After each of the three rounds of selection, individ-
ual bacterial colonies containing amplified phage clones
were grown in a microtiter plate and titrated as described
elsewhere [32].

DNA extraction and sequencing

Phage DNA was isolated from 1 ml overnight cultures
by precipitation with 1/6 volume PEG/Nal (20 % w/w,
polyethylene glycol 8000) and iodide buffer (10 mm
Tris—HCI (pH 8.0), 1 mm EDTA, and 4 m Nal). Phage
DNA was precipitated with absolute ethanol, followed
by a wash with 70 % ethanol, and resuspended in 20 pl
Milli-Q water. Electrophoresis was performed on 0.8 %
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agarose gel stained with ethidium bromide solution in
order to verify DNA quality. Sequencing reactions were
carried out using the DyEnamic ET Dye Terminator Cycle
Sequencing Kit (GE Healthcare, Pittsburg, PA, USA), with
the primer -96 M13 (5-OH CCC TCA TAG TTA GCG
TAA CG-3’) following the manufacturer’s instructions,
and detection was performed in a MegaBace 1000 Genetic
Analyzer (Amersham Biosciences, Little Chalfont, UK)
automatic capillary sequencer.

Bioinformatic analysis

A tool that can be found on the Sequence Manipulation
Suite collection of JavaScript programs [33] was utilized
to obtain the reverse complementary sequences of the
DNA extracted from phages. Amino acid sequences were
deducted by ExPASy Proteomics and Sequence Analysis
tool [34, 35]. For sequence similarity analysis, multiple
sequence alignment was performed by ClustalW2 online
server [36]. Three-dimensional structure prediction was
performed using The Pepitope Server [37, 38], and Im-
mune Epitope Database and Analysis Resource [39]. The
PyMOL (available at [40]) plugin was used for showing the
peptide surface. Antigenicity prediction was carried out
using Kolaskar and Tongaonkar antigenicity scale [41, 42].

Immunoreactivity of the selected mimotopes by
phage-ELISA

For immunoreactivity measurements of selected mimo-
topes against sera from RA and HC groups, a phage-
ELISA assay was performed. A 96-well Maxisorp™
microtiter plate (NUNC, New York, NY, USA) was
coated in triplicate with anti-M13 monoclonal antibody
(Amersham Biosciences) diluted (1:100) in carbonate buf-
fer (0.1 M NaHCOsg, pH 8.6) overnight at 4 °C. The plate
was washed once with TBS-T 0.5 % and blocked for 1
hour at 37 °C with 5 % BSA diluted in TBS. Additionally,
the plate was washed twice and incubated with culture
supernatant containing amplified phage particles (~ 10"!
pfu/pl) for 1 hour at 37 °C. The plate was washed three
times followed by incubation with serum pools from the
RA and HC groups diluted (1:100) in TBS-T 0.5 % plus
5 % BSA for 1 hour at 37 °C. The plate was washed three
times more with TBS-T 0.5 % followed by incubation with
HRP-conjugated rabbit anti-human IgG (Roche Applied
Science, Indianapolis, IN, USA.) diluted (1:5,000) in TBS-
T 0.5 % plus 5 % BSA for 1 hour at 37 °C. The ELISA plate
was washed three times, revealed with OPD SigmaFast™
(Sigma-Aldrich) and read at 492 nm. The reactivity ob-
tained by the wild-type M13 phage without displaying
any peptide (performed for each sample tested) was
used for data adjustment, where the final optical density
(OD) values obtained for each mimotope were adjusted
by subtracting the corresponding OD values obtained
by the wild-type M13 phage.
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Purification of human anti-M12 antibody and M12
mimotope by immunoprecipitation

For purification of IgG antibodies that bind to the M12
mimotope, 1 x 10'' of M12 phage particles were cova-
lently bound to Dynabeads® (Invitrogen). Thereafter, a
volume of 50 pl of the solution containing the bead—
M12 complex was separately incubated with 100 pl
pooled sera from RA patients and HCs for 1 hour at
room temperature under shaking for IgG:M12 binding.
After incubation, the complex was washed ten times
with TBS-T 0.1 % and the unbound nonspecific IgG
present in the supernatant was discarded. The IgG that
bound with high affinity to the M12 phage clone were
eluted with 100 pl elution buffer (0.2 M Glycine-HCI,
pH 2.2 and BSA 1 mg/ml) after incubation for 10 mi-
nutes at room temperature, followed by neutralization
with 15 pl 1 M Tris—HCI (pH 9.1). The eluted IgG was
incubated with 50 pl magnetic beads, as previous de-
scribed. Subsequently, the solution containing the bead—
IgG complex was incubated with 1 pg total protein
extracted from inflamed joints of CIA mice for 1 hour at
room temperature, under shaking condition for protein
binding. The unbound proteins were discarded by wash-
ing ten times with TBS-T 0.1 %, followed by elution of the
bound proteins with 100 pl 0.8 M acetic acid (pH 2.0).
Proteins eluted were dried and submitted for MS analysis.

Western blot analysis

Total proteins extracted from inflamed joints of CIA
mice (1 pg) were separated by 10 % SDS-PAGE and
transferred to a nitrocellulose membrane (GE Health-
care). The membrane was blocked for 1 hour with 3 %
BSA in PBS, and then rinsed three times in washing buf-
fer containing PBS-T 0.1 %. Thereafter, the membrane
was incubated overnight at 4 °C with IgG purified from
sera of RA patients and HCs diluted at 100 pg/ml in
PBS plus 3 % BSA, washed three times and incubated
for 1 hour with rabbit anti-human IgG conjugated with
peroxidase (Roche Applied Science) diluted 1:5,000 in
PBS plus 3 % BSA. The subsequent washing steps and
detection procedures were performed according to the
ECL Plus manual (GE Healthcare).

Mass spectrometry

Protein digestion: dried proteins were suspended in 30
pl 0.2 % RapiGest and vortexed for 5 minutes. Protein
digestion was carried out as described elsewhere with a
few modifications [43]. Briefly, 10 pul 50 mM ammonium
bicarbonate was added to the protein suspension to a final
volume of 40 pl. Protein samples were denatured with
25 pl 0.2 % (w:v) RapiGest SF for 15 minutes at 80 °C, re-
duced with 2.5 pl 100 mM dithiothreitol at 60 °C for 30
minutes, alkylated with 2.5 pl 300 mM iodoacetamide at
room temperature, and enzymatically digested at 37 °C
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overnight with trypsin at a 1:100 (w/w) enzyme to protein
ratio. Then, 10 pl 5 % trifluoroacetic acid (TFA) was added
to the digestion mixture to hydrolyze the RapiGest, and
samples were incubated at 37 °C for 90 minutes. The
tryptic peptide solution was then centrifuged at 14,000
rpm for 30 minutes at 6 °C, and the pH of the supernatant
was adjusted to 2.6 by the addition of 10 pl 3 % aceto-
nitrile 0.1 % formic acid.

Liquid chromatography/MS analysis: separation of
peptides was performed using nanoliquid chromatog-
raphy employing reverse phase. Peptides were injected
into nanoLC through a nanoACQUITY system (Waters,
Manchester, UK). Samples were first trapped in a Sym-
metry C18 5 pm, 180 mm x 20 mm column (Waters)
with 0.1 % TFA in 3 % acetonitrile, then peptides were
eluted from the trap column to an HSS T3 1.8 pm,
75 um x 15 cm analytical column (Waters; mobile phase
A, water with 0.1 % formic acid and B, 0.1 % formic acid
in acetonitrile). Mass spectrometric acquisition was
achieved in a Synapt MS Q-TOF mass spectrometer
equipped with a NanoLockSpray source in the positive ion
mode (Waters). For all measurements, the mass spec-
trometer was operated in the V' mode with a typical
resolving power of at least 12,500. Data-independent scan-
ning (MSE) experiments were performed by switching be-
tween low (3 eV) and elevated collision energies (15-50
eV) applied to the trap “T-wave’ cell filled with argon. Scan
times of 0.8 s were used for low- and high-energy scans
from m/z 50 to 2,000.

Protein identification and database analysis: protein
identification was performed in Global Server v.2.5
(PLGS, Waters) with mouse UniProtKB Complete Prote-
ome database. Up to one maximum missed cleavage by
trypsin was allowed; fixed modification by carbamido-
methylation (cysteine) and variable modifications by
acetyl N-terminal and oxidation (methionine) were con-
sidered. The precursor and fragment ion mass error tol-
erances were adjusted to 10 and 20 ppm, respectively
(default values). The criteria used for a positive protein
match were at least three fragment ions per peptide,
seven fragment ions per protein, and at least one pep-
tide per protein hit. A false-positive discovery rate was
allowed up to 4 %.

Peptide design and synthesis

After bioinformatic analysis of the selected clones, the
M12 peptide sequence was designed and chemically
synthesized by GenScript USA Inc. (Piscataway, NJ,
USA). The peptide was constructed with 17 residues
(CNVNSKSPVERITGGGS), with amidation of the C-
terminal and conjugation of the BSA to cysteine at the
N-terminus, a design strategy to increase sensitivity and
decrease crossreactivity on ELISA assay [44].
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Anti-M12 antibody detection by ELISA

A specific ELISA test was carried out to determine the
M12 synthetic peptide reactivity to sera from patients
with RA, SLE, AS and HCs. Ninety-six-well Maxisorp™
microtiter plates (NUNC) were coated with synthetic
M12 (1.5 pg/ml) in carbonate buffer (0.1 M NaHCOs,
pH 8.6), and incubated overnight at 4 °C. After blocking
with 3 % BSA in PBS at 37 °C for 1 hour, 100 pl/well of
sera from the different groups were diluted in blocking
buffer (1:100) and incubated for 1 hour at 37 °C under
gentle agitation. After four washes with PBS-T 0.05 %,
HRP-conjugated rabbit anti-human IgG (Roche Applied
Science) diluted (1:5,000) in the blocking buffer was in-
cubated for 1 hour at 37 °C under gentle agitation. The
ELISA plate was washed three times with PBS-T 0.05 %,
revealed with OPD SigmaFast™ (Sigma-Aldrich) and
read at 492 nm. All samples were tested in triplicate.
The optimum point of reaction for anti-M12 antibody
detection was determined using the receiver operating
characteristic (ROC) curve, where a cut-off point was
determined as the value of the parameter corresponding
to the highest possible sensitivity without losing specifi-
city. To calculate the ROC curve, sensitivity and specifi-
city, we considered the control groups as a single group.
Each serum sample was tested without M12 as negative
control. The final OD values obtained for each RA, HC,
SLE or AS samples were adjusted by subtracting the
corresponding OD value obtained by the negative
control. After data adjustment, OD values obtained for
each sample from all groups were divided by the cut-off
value for data normalization. The values obtained are
expressed as reactivity index (RI), where samples pre-
senting RI >1 were considered positives.

Statistical analysis

Unpaired ¢ test with Welch’s correction was used to evalu-
ate the differences in sera reactivity in ELISA assays among
groups for phage clones and the synthetic peptide. Sensitiv-
ity and specificity parameters were calculated based on the
ROC curve analysis, and Fisher’s exact test was used for cat-
egorical data. To estimate the positive predictive accuracy,
the area under the curve (AUC) was also determined. Pear-
son’s correlation was used for analysis among variables. All
statistical analyses were performed using GraphPad Prism
5.0 software (GraphPad Software, Inc, San Diego, CA). p
values less than 0.05 were considered statistically significant.

Results

Arthritis induction

Arthritis induction was efficient in CIA mice. A total of
80 % of male DBA/1 ] mice developed acute arthritis
around 60 days after CII immunization. The severity and
incidence of arthritis were assessed as described in
Methods. No manifestation of arthritis was observed in
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mice in the control group treated with PBS in CFA. A
schematic workflow illustrating the steps employed in
this study is shown in Fig. 1.

Selection of mimotopes by phage display

The enrichment of phages recovered after each round of
biopanning was determined by the output to input ratio.
The increase from 8 x 10* in the first round to 4 x 10°
after three rounds of affinity selection showed a clear
enrichment of phage particles (Table 2). These data indi-
cate a successful affinity selection of phages that specif-
ically recognized IgG present in sera of DBA1/] mice
with acute arthritis. A total of 37 randomly selected
mimotopes were obtained after three rounds of biopan-
ning using a phage displayed 12-mer random peptide
library. From the 37 mimotopes selected, 14 presented
different sequences. Alignment analysis revealed some
consensus sequence between the mimotopes selected
(Fig. 2a), indicating that these motifs were positively se-
lected during the biopanning. The selected mimotopes
showed different reactivities when tested against human
sera by phage-ELISA, and all of them were able to dis-
criminate RA patients from HCs. The reactivity values
were very similar for all tested mimotopes, except for
M12, which showed the highest values of absorbance
(Fig. 2b) and the highest difference compared to the other
clones (p < 0.05). Due to the higher reactivity compared to
the other mimotopes, the common motif shared with
another five clones, and the highest ratio of RA:HC, we
focused on M12 peptide for further investigation. How-
ever, the other mimotopes selected will be explored in
future studies.

Western blot analysis

SDS-PAGE fractionated proteins from inflamed joints of
CIA mice were transferred to a nitrocellulose mem-
brane. Western blot revealed that purified IgG from RA
patients against the M12 mimotope recognized a protein
with a molecular weight of approximately 29 kDa (Fig. 3).

Antigen target and epitope prediction

MS analysis identified 15 putative proteins associated
with anti-M12 IgG, where 14 proteins presented few
peptide matches, with very low scores and sequence
coverage and none of them presented a molecular mass
close to 29 kDa. Therefore, based on the molecular
weight of the protein target by anti-M12 antibodies ob-
served in the Western blot results (29 kDa), the alignment
of putative proteins with the M12 peptide sequence, and
the sequencing coverage by MS, we have identified the car-
bonic anhydrase III (CAIII) [Uniprot/Swiss-Prot:P16015]
as the protein target that the M12 peptide mimics. The
CAIIl protein showed 49.62 % of sequencing coverage,
including the peptide sequence, which was aligned by
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Fig. 1 Schematic workflow illustrating the steps involved in the
study. a Selection step, and b validation step. Arthritis was induced
in collagen-induced arthritis (CIA) mice by immunization with type I
collagen (Cll). Immunoglobulin G (IgG) was purified by protein G
beads from serum of mice presenting with acute arthritis and naive
mice. A phage display library was used to select mimotopes against
purified 1gG from CIA mice (three cycles of biopanning), with a
subtractive step against IgG from naive mice. IgG-bound phages
from CIA mice were competitively eluted by incubation with total
proteins extracted from inflamed joints. Total proteins extracted from
inflamed joints were also used for anti-M12 antibody recognition in
Western blot Immunoreactivity of each selected mimotope was
tested by phage exyme-linked immunosorbent assay (ELISA). After
DNA extraction and in silico and in vitro analysis, the most reactive
mimotope (M12) was identified as a peptide that mimics a predicted
antigenic site of the human carbonic anhydrase Ill protein. Validation
of the M12 synthetic peptide as a possible rheumatoid arthritis (RA)

autoantigen was carried out by ELISA assay

conserved and semi-conserved amino acid (aa) residues
between position 24—35 (KGDNQSPIELHT).

The multiple sequence alignment revealed several
homologous sequences between M12 peptide and the
CAIII protein sequences from mouse and human. Nine
(75 %) conserved or semi-conserved aa residues of the
M12 peptide sequence matched a domain of the CAIIL
protein (Fig. 4a). A three-dimensional structural alignment
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Table 2 Enrichment of phage for each round of selection from
phage display peptide library

Number of phage particles

Round Input (cpu) Qutput (cpu) Ratio (output/input)
1st 1x 10" 8 x 10 8x 1077

2nd 1x 10" 9 x 10° 9x107°

3rd 1x 10" 4x10° 4x10°°

cpu phage units

was performed to predict the putative epitope site of the
M12 peptide in the CAIII protein structure [PDB:3UYN],
which confirmed its surface exposure and corroborated to
the possible antibody-binding region in the external se-
quences of the predicted protein (Fig. 4b). Five (41.6 %) aa
residues (SPVET) of the M12 peptide was matched to an
antigenic region of the human CAIII protein (Fig. 5).

Evaluation of the M12 peptide as a possible biomarker
for RA diagnosis

The M12 synthetic peptide was tested by ELISA with in-
dividual sera obtained from 172 RA patients, 113 HCs,
19 SLE patients and 13 AS patients to evaluate its poten-
tial as a diagnostic. The cut-off point was determined as
the value of the parameter corresponding to the highest
sensitivity without lowering the specificity. Of 172 RA
patients, 145 (84.3 %) were positive to anti-M12 anti-
bodies. The synthetic molecule was able to efficiently dis-
criminate sera from RA patients and HCs (p < 0.0001),
SLE (p < 0.0001) and AS (p < 0.0001) (Fig. 6a). The ROC
curve analysis constructed based on the control groups
was significant (p < 0.0001; AUC = 0.946). Based on the
determined cut-off point, M12 synthetic peptide presented
a specificity of 91 % and sensitivity of 84.3 % (Fig. 6b).
For humoral immune response evaluation, 55 (32 %)
serum samples from RA patients were simultaneously
positive for RF, antiCCP and anti-M12 antibodies, while
45 (26.2 %) samples were positive only for anti-M12
and 12 (7 %) were negative for the three antibodies
(Table 3).

Correlation of anti-M12 humoral response with clinical
variables

The weakly associated variables with anti-M12 levels
from Gaussian populations (Pearson) analysis were dis-
ease duration (r = 0.1753) and the use of biological ther-
apy (r = —0.2934) (Table 4).

Discussion

In order to identify new biomarkers for the improve-
ment of RA diagnosis, we have used the CIA mouse
model and PD technologies to select peptides that could
mimic RA autoantigens. This approach allowed us to
discover a new peptide with 12 amino acids (M12) that
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Phage clones Mimotope sequences Frequency‘
== RA

M-04 01/37 M-04 amiic

M-05 01/37 M-05

M-06 01/37 M-06

M-08 01/37 M-08

M-09 01/37 M-09

M-12 01/37 M-12

M-02 03/37 M-02

M-03 - IPI- 01/37 M-03

M-07 - IPR 03/37 M-07

M-11 - ' 01/37 M-11

M-10 -~ ~KHMHW VW 01/37 M-10

M-01 ~GFMNTNQLFFDP- 20/37 M-01

M-13 ~=-NMPPPHPINHYK 01/37 M-13

M-14 -GSDIPITSRTRT- 01/37 M-14

0.0 01 0.2 0.3
Absorbance (492 nm)

Fig. 2 Perffomance of the mimotopes selected by phage display. a Multiple sequence alignment with all selected mimotopes showing their
consensus sequences and frequency. b Reactivity obtained though the interaction of the mimotopes selected and pooled sera from rheumatoid
arthritis (RA) patients and health controls (HC). *Frequency is defined as the ratio of the number of phage clones expressing a common peptide
sequence to that of the total phage clones obtained in the biopanning
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. -
v

Ponceau staining CAlll

Fig. 3 Westem blot analyses. a The Ponceau staining shows 1 pg of
total proteins extracted from inflamed joints of CIA mice (8) separated
by 10 % SDS-PAGE. b The same membrane stained with Ponceau was
probed with anti-M12 antibodies purified from pooled sera of RA
patients (1) and HCs (3). Anti-M12 antibodies displayed strong reactivity
with a protein extracted from inflamed joints of CIA mice presenting
with mass of approximately 29 kDa (arrow). Carbonic anhydrase il
(CAIll) was identified as the protein target that is mimicked by the

M12 mimotope. The membrane was cropped to allow differential
incubation with anti-M12 antibodies purified from RA patients and HCs

- J

encompasses an antigenic domain of the CAIII protein.
The use of the synthetic M12 peptide as an autoantigen
in ELISA confirmed the presence of specific anti-M12
antibodies in sera of patients with RA with high specifi-
city and sensitivity.

We have used the DBA1/] mouse as a model for
inflammatory RA, where arthritis can be induced in sus-
ceptible mouse strains by immunization with CII [45].
DBA/1 ] mice are CIA models of particular interest,
since this strain is not known to have any immunologic
aberrations or other pathologic defects [46]. CIA mice
are widely used as an animal model for RA studies
[14-17, 47-49]. We have chosen this experimental
model due to the fact that genomic similarities between
mice and humans are quite high, reaching 98 % [50]; it
is much easier to monitor arthritis in mice than in
humans, and also it is a unique experimental opportunity
to increase our understanding of human arthritis. We
confirmed the efficiency of the arthritis induction in our
CIA mice strain, when a total of 80 % of DBA/1 ]
developed signs of arthritis around 60 days after CII
immunization. We have used a subtractive PD selection
against IgG present in sera of CIA mice that aims to select
new RA biomarkers. We have chosen this technology due
to its successful applications in biomarker discovery, espe-
cially when short random peptides are selected against
specific target molecules, such as those selected against
IgG present in sera for antigen discovery [51, 52].
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A
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Ml12 peptide
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MAKEWGYASHNGPDHWHELYPIAKGDNQSPIELHTKDIKHDPSLOPWSASYDPGSAKTIL 60
NVNSKSPVERIT--~============mm=mmmmm = 12

Fig. 4 Peptide localization. @ Multiple alignments of M12 peptide and deduced amino acid sequences of carbonic anhydrase Ill from Homo
sapiens and Mus musculus. Conserved (stars) and semi-conserved residues (gray) are highlighted. Valine (V) amino acid is star marked because it
matches a position between M12 peptide and human CAlll protein. b Model of the three-dimensional structure predicted in the PyMol server
software for the human carbonic anhydrase Ill with M12 peptide localization

dkk ckkdkkkhkkk dkk kkkkkkk
PVELHTKDIRHDPSLOPWSVSYDGGSAKTIL 60

The highly reactive peptide M12 was able to efficiently
discriminate RA patients from HCs as well as from pa-
tients affected by SLE and AS, two other immune-
mediated rheumatic diseases. In fact, the M12 peptide
was not the most enriched mimotope after the rounds of
phage amplification; however, the most frequently se-
lected mimotope will not necessarily be the most react-
ive — selection is independent, which means that
increasing one does not eliminate the effect of the other
[53]. Many events during viral infection may contribute
to increasing the amplification of specific phages. The

biological reasons for abundances and growth advan-
tages of some mimotopes have been discussed in many
reports and include events like the phages ability to bind
to bacterial pili, and interference with packing or infec-
tion [54-56]. The M12 peptide sequence was further
characterized by reverse binding using its specific IgG
antibodies to capture and identify its antigen target by
MS, which led us to the CAIII protein. The CAIII pro-
tein is a member of a multigene family that encodes
carbonic anhydrase isozymes. It is an abundant muscle
protein and plays an important role in facilitated CO,

B Threshold = 0.993
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Fig. 5 Antigenicity predictions using the Kolaskar-Tongaonkar algorithm. Threshold (0.993); average (0.993); minimum antigenicity (0.898);
maximum antigenicity (1.097). Regions with antigenic propensity scale above 0.993 are antigenic. Window size and center position were 7 and 4,
respectively. *Localization of M12 peptide in the CAlll protein (aa 24-35). Matched aa residues are presented in red.
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A Anti-M12 B ROC curve of M12 peptide
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Fig. 6 Anti-M12 antibody detection by ELISA. Detection of anti-M12 antibodies in sera from rheumatoid arthritis (RA) patients (n = 172), healthy
controls (HO) (n = 113), systemic lupus erythematosus (SLE) patients (n = 19) and ankylosing spondylitis (AS) patients (n = 13) and the respectively
receiver operating characteristic (ROC) curve. a Sera from the four groups individually tested for their ability to bind to synthetic M12 peptide.
Horizontal line = cut-off value; error bars show mean and standard deviation. b ROC curve constructed based on the control groups. The area
under the curve (AUC), sensitivity (Se), specificity (Sp) and coresponding p-value are indicated inside the graph
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diffusion and diverse processes involving H" and -HCO;
transport [57]. The CAIII gene encodes a protein of 260
aa and a molecular weight of approximately 29 kDa,
which is well conserved throughout humans and mice.
This protein has already been identified as an autoanti-
gen expressed in the synovial membrane of RA patients
[58] and its circulating autoantibodies have been found
in many diseases [59]. The Kolaskar and Tongaonkar an-
tigenicity scale is a semi-empirical method that makes
use of physicochemical properties of aa residues and
their frequencies of occurrence in experimentally known
segmental epitopes, and is used to predict antigenic
determinants on proteins. Using this parameter, this
method that can predict antigenic determinants with 75
% accuracy [41] has been used in many studies [60-62].
Amino acid residues of the M12 peptide matched con-
servative and semi-conservative residues in a predicted
antigenic and exposed site of a putative epitope of the
human CAIII protein, which probably gave this peptide
the ability to be recognized by specific IgG during the

Table 3 Antibodies positivity in the rheumatoid arthritis
population

Antibody detection Positivity
Rheumatoid factor AntiCCP Anti-M12 n %
+ = = 8 46
- + - 0 0

= = + 45 26.2
+ + = 7 4

+ gt + 32 186
- - + 13 76
+ + + 55 32
- = - 12 7
Totl 172 100

+ positive, — negative, CCP cydlic citrullinated peptide

mimotope selection. This hypothesis is supported by the
fact that semi-conserved aa residues present similar
physicochemical properties with the original residue
allowing antibody binding [63]. Of interest, a synthetic
peptide between 24—54 aa residues of the human CAIII,
that encompasses the MI12 epitope region, has been
commercially used to generate antiCAIIl antibodies in
rabbits (Product ID: ABIN391954). This fact probably
reinforces the importance of the CAIII protein in RA
and the potential use of this peptide as an antigen for
antibody detection to aid in diagnosis.

A wide range of serum biomarkers has been assessed
to improve diagnosis and prognosis of RA. However,
only the RF and antiCCP antibodies have gained wide
acceptance [10]. The use of recombinant CAIII protein

Table 4 Clinical variables associated with detection of anti-M12
antibodies in patients with theumatoid arthritis

Variables Anti-M12
Pearson r p R squared

Ethnicity t t T
Gender ;5 | t

Age T T t
Disease duration 0.1753 <0.05 0.03072
Rheumatoid factor t t t

ESR t T T

CRP t t t
AntiCCP t t t
Tender joints t t T
Swollen joints T T t
Biologic therapy —-0.2934 <0.005 0.08616
NSAIDs t t t

Correlations were performed from Gaussian populations (Pearson) with a
confidence interval of 95 %. 'Values not statistically significant. CCP cyclic
citrullinated peptide, CRP C-reactive protein, ESR erythrocyte sedimentation
rate, NSAID nonsteroidal anti-inflammatory drug
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as an antigen has confirmed the presence of specific
antiCAIIIl antibodies in RA sera [58, 59]; however, its
sensitivity considering the entire CAIII protein was only
17 %. In fact, when compared with HCs, the specificity
of circulating autoantibodies was high (100 %), but
reached only medium to low specificity when compared
with other autoimmune diseases, such as SLE (67 %)
[58]. The crossreactivity and lack of sensitivity of the
whole CAIII protein suggests the presence of multiple
epitopes sharing common regions with other proteins,
as well as the presence of immunodominant epitopes
that surpass the response to the M12 critical epitope,
which may have generated either false positive results or
an insufficient reactivity. On the other hand, the use of
the M12 peptide conferred more sensitivity and specifi-
city in the detection of RA, since it was able to discrim-
inate RA patients from HCs, and patients with AS and
SLE, with high accuracy.

Several studies have measured the three different gener-
ations of antiCCP antibodies in RA patients in comparison
with control groups. These antibodies present specificities
in the range of 65 % to 100 % (mean of 93.4 %) and sensi-
tivities in the range of 42 % to 92.2 % (mean of 64.3 %)
[9, 64-71]. RF testing presents specificities in the range 85
% to 90.29 % and sensitivities in the range 46.26 % to 90 %
[72-74]. The diagnostic parameters for the M12 peptide
for RA diagnosis presented specificity of 91 % and sensi-
tivity of 84.3 %, which is very close to the mean of values
reported for antiCCP and RF antibodies, the two most
currently used serum biomarkers for RA. On the other
hand, anti-M12 antibodies were detected in 26.2 % of
samples that are negative for antiCCP and RF. We specu-
late that the high percentage of positive samples for anti-
M12 antibodies might be due to the different tests used to
cut-off calculation, or even the patients disease activity at
the time of sample collection or individual response to
therapy. In this context, high levels of antiCCP and RF
antibodies in RA patients have already been associated
with an insufficient response to therapy [75, 76], while
anti-M12 antibodies were weakly associated with thera-
peutic response in our RA cohort, which may help to
explain the percentage of positive samples only for M12.
It is widely accepted that the identification of RA at early
stages and consequently the implementation of effective
treatment strategies can significantly improve patient
prognosis [77]. Anti-M12 antibodies showed a weak asso-
ciation with disease duration, suggesting its potential use
as a biomarker in different stages during the process of
RA development.

Conclusions

We have selected and identified a peptide that is capable
of detecting specific circulating IgG in the serum of RA
patients with high specificity and sensitivity. Although
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antibodies against synthetic M12 peptide were detected
in patients with early and established RA, its potential
use in the diagnosis at different stages of the disease
remains to be studied during follow-up in a well charac-
terized cohort of patients with early RA, and also its spe-
cificity as a serum biomarker should be further studied
in a much larger cohort of patients with other inflamma-
tory diseases. This peptide mimics a predicted antigenic
region of the human carbonic anhydrase III by linear se-
quence analysis and could be used as an antigen for de-
tection of specific RA autoantibodies.
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Type II collagen (CII) is the major protein in articular cartilage. Autoantibodies to native and denatured CII
(anti-CII) have been reported in rheumatoid arthritis (RA) and juvenile idiopathic arthritis (JIA). The real
meaning of the anti-CII antibodies appearance is still an open question. Anti-CII antibodies may occur more
commonly very early in the disease course, suggesting that these autoantibodies could be associated with the
pathophysiology of RA and JIA. This finding is supported by the fact that in collagen antibody-induced arthritis
(CAIA) mouse model, immunization with anti-CII antibodies directed towards several epitopes on CII in joint
cartilage can induce polyarthritis that shares several pathological features with RA. This review focuses on the
inflammatory events that may be associated with anti-CII production and also the clinical application of these
antibodies in RA and JIA.
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Type II collagen (CII) 1s the predominant collagen type in
joint cartilage, constituting more than 50% of its dry weight
Ul Native CII consists of a triple-helix composed by three
identical a chains. The collagen fibrils resist stretching forces
caused by hydrophilic proteoglycan molecules in the
extracellular matrix of articular cartilage, contributing to
cartilage integrity @] The degradation of CII 1s associated
with cartilage degeneration and loss of function in RA
patients B) When CII is denatured the o chains are separated,
and the antigenic sites (epitopes) present in the molecule are
lost after disruption of the three dimensional structure )
Autoantibodies to native and denatured CII have been
reported in rheumatoid arthnitis (RA) B9l and juvenile
idiopathic arthnitis (JIA) [9'11], two autoimmune systemic
inflammatory disorders. The levels of anti-CII antibodies
detected may vary in the same patient at different times and

also between patients, suggesting that these antibodies might
be associated with specific events duning arthntis
development or even genetic susceptibility.

In mice susceptible to experimental collagen-induced
arthnitis (CIA), an autoimmune polyarthritis that shares
several pathological features with RA can be induced by
immunization with CII. This experimental model 1s the most
commonly studied autormmune model of RA 0213 11 the
collagen antibody-induced arthnitis (CAIA) model,
immunization with anti-CII antibodies, directed towards
several epito?es on CII in joint cartilage, can also induce
polyarthritis Y Thus it is clear that. somehow. CII 1s
involved in the RA pathogenesis.

CII degradation and cartilage damage
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Figure 1. Multiple sequence alignment of Cll molecule from different species.
(A) Genes from different species identified as putative homologous of CIl. (B) Cll
molecules used in sequence comparisons and their conserved domain architectures.
Proteins accession number is provided before proteins sequence. Conserved
domains: red - von Willebrand factor type C domain; blue - Fibrillar collagen
C-terminal domain; purple - von Willebrand factor type C domain; green - Collagen
triple helix repeat (20 copies). Multiple sequence alignment was carried out by the
NCBI HomoloGene database (http://www.ncbi.nlm.nih.gov/homologene).

Articular cartilage damage is one of the key features of
RA, ultimately leading to a loss of joint function @l I
healthy joints, a thin layer of proteinaceous material covers
the cartilage surface ™) inhibiting anti-CII antibodies binding
08 1 inflamed joints, CII epitopes are exposed to antibodies
due to disruption of this proteinaceous layer. High levels of
anti-CII antibodies might degrade CII molecules and induce
an acute inflammation mediated by surface-bound immune
complexes (ICs) containing antibodies agamnst CIT [7]’ which
leads to the complement system activation and stimulate the
production of proinflammatory cytokines such as tumor
necrosis factor a (TNFa), interleukin-18 (IL-1B) and IL-8 171,
contributing for perpetuation of joint inflammation and
consequently, cartilage damage. Antibodies to major CII
epitopes are present at the inflammation site in RA patients,
and have been detected in serum and synovial fluid samples
from these patients. supporting the notion of a local increased
immune response to CII in the joints o8] Thus, although the
involvement of anti-CII antibodies in the RA pathogenesis 1s
still an open question. they could be useful as markers for the
biomonitoring of joint destruction in some patients.

CII structure

The COL2AI gene encodes an important component of the
CII molecule. called pro-alphal(Il) chain 091 The sequence
of CII chains is conserved between different species, sharing
many epitope sites and conserved domains (Figure 1). In CIA
model, polyarthnitis can be induced by immunization with
CII from different species s § indicating that arthritogenic
epitopes are highly conserved. Furthermore, antibodies from
RA patients can react to various heterologous CII molecules,
such as mice, chicken. bovine, porcine and monkey 5,18, 25)
Analysis of the CII triple-helix showed that numerous
epitopes could be target by autoantibodies and responses
against different CII epitopes may vary at different stages of
the disease [25], which could help to explain the difference in
the levels of anti-CII antibodies detected in different studies.

Clinical interest of anti-CII antibodies detection in RA
and JIA patients

Many studies have evaluated the diagnostic performance
of anti-CII antibodies detection in cohorts composed by RA

123



Anexo Il

Inflammation & Cell Signaling 2015; 2: €813. doi: 10.14800/ics.813; © 2015 by Galber R. Araujo
http//lwww.smartscitech.com/index phpfics

Table 1. Prevalence of anti-CII antibodies in different studies

Test Positivity References
RA patients

Anti-CII native 222% [33]
Anti-CII native 20% [34]
Anti-CII denatured 27% [34]
Anti-CII native 27% [35]
Anti-CII denatured 82% [35]
Anti-CII native 88% M
Anti-CII native 315% [5]
Anti-CII denatured 21.5% [5]
Anti-Citrullinated CII 24% [11]
Anti-CII native 14.6% [36]
Anti-Citrullinated CII 78.5% [36]
Anti-CII native HLA-DR4/1+ 66.7% [371
Anti-CII native HLA-DR4/1- 30.3% [371
JIA patients

Anti-CII native 47% [10]
Anti-CII denatured 42% [10]
Anti-CII native 31% [30]
Anti-CII native 44% [9]
Anti-Citrullinated CII 24% [11]

and JTA patients. The detection of these autoantibodies vanes
depending of the methodology employed and the CII type
used as the anu'?g,en Increased levels of anti-CII have been
found in RA P and JIA 3 patients during the early
phase of the disease. DBA/1J CIA mice immunized with CII
bovine also presented high titles of anti-CII antibodies
immediately after the presentation of polyarthritis signs B
These findings support a major role of autoantibodies against
CII 1n the pathophysiology of RA. It has been reported that in
RA patients. high levels of autoantibodies specific for native
human CII detected in the time of RA diagnosis were
associated with early but not later signs of inflammation.
This event could be explained by proinflammatory cytokine
induction driven by surface-bound ICs containing anti-CII 1n
early inflammatory processes m High levels of anti-CII
antibodies were also associated with an elevated degree of
joint destruction at the time of diagnosis in RA patients B2
On the other hand, anti-CII antibodies detected early in the
disease course of JIA predicted joint damage when assessed
eight years after disease diagnosis B9 In a study about
prevalence and avidity of anti-CII. autoantibodies displaying
high avidity to CII were associated with disease activity mn
JIA patients ] The authors hypothesize that this event might
be associated with treatment-resistant patients where the ICs
production is not being blocked properly, resulting in active
disease. They suggest that, a target therapy based on this
mechanism could be highly promising for the treatment of
RA and JIA patients with poor remission rate.

The prevalence of anti-CII has been reported between
8.8% and 88% in RA P73 patients and between 3.1%
and 47% in JIA B11.301 patients. In an investigation about the
relationship between HLA-DR4/1 subtypes and T cell
responses to CII antibodies in RA patients was observed that

the HLA-DR4/1 positive group presented much higher
positivity to CII antibodies (66.7%) than HLA-DR4/1
negative group (34.8%) 67 suggesting that genetic
susceptibility may be associated with high levels of anti-CIT
antibodies detection. Table 1 provides a summary of
autoantibodies detected against native and denatured CII in
different studies involving RA and JIA patients. Due to the
high differences in the levels of anti-CII reported in several
studies and due to the lack of disease specificity, anti-CII
antibodies are mnot considered as useful diagnostic
biomarkers. In this context. studies focusing on the
standardization of assays for anti-CII antibodies detection
could be of great clinical interest.

In conclusion, it’s still not clear what the presence of
anti-CII antibodies in RA and JIA patients means, and their
use as biomarker to aid in diagnosis 1s still very
controversial. From CIA mice studies we can deduce that
type II collagen presents arthritogenic epitopes, which are
capable of inducing an acute inflammation response very
similar to that observed in RA patients. Anti-CII appearing
around the early phase of the disease indicates that these
autoantibodies may play a pivotal role 1in the
immunopathogenesis of RA and JIA.
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ABSTRACT

Juvenile idiopathic arthritis (JIA) refers to a heterogeneous group of illnesses that have in common the
occurrence of chronic joint inflammation in children younger than 16 years of age. The diagnosis is made
only on clinical assessment. The identification of antibody markers could improve the early diagnosis,
optimizing the clinical management of patients. Type II collagen is one potential autoantigen that has
been implicated in the process of arthritis development. The aims of our study were to investigate the
occurrence of anti-type Il collagen antibodies and also to determine the avidity of the antibody-antigen
binding. Ninety-six patients with oligoarticular or polyarticular JIA, 13 patients with ankylosing spondyli-
tis (AS) and 61 healthy controls (HC) were tested for anti-type Il collagen antibodies by ELISA and avidity
ELISA. Sensitivity and specificity were determined by the receiver operating characteristic (ROC) curve
analysis. Forty-two JIA patients (44%) were positive for antibodies against type II collagen. Its detection
was significantly higher in JIA patients than in AS patients (p=0.006) and HCs (p<0.0001). Furthermore,
anti-type Il collagen antibody detection was significantly more frequent in patients with JIA of <6 months
duration (p=0.0007). Antibodies displaying high avidity to type II collagen were associated with disease
activity (p=0.004). This study demonstrates that antibodies against type Il collagen are present in the
serum of patients with oligoarticular and polyarticular JIA, being its presence more prevalent in patients
with early disease. It also demonstrates that JIA patients with active disease present antibodies with high
avidity against type Il collagen.

© 2015 European Federation of Immunological Societies. Published by Elsevier B.V. All rights reserved.

1. Introduction

common |[2]. Arthritis that affects four or fewer joints after the
first six months of the disease is classified as persistent oligoar-

Juvenile idiopathic arthritis (JIA), the most common chronic
inflammatory rheumatic disorder of childhood, is characterized
by the onset of chronic arthritis of unknown etiology in children
younger than 16 years of age [1]. According to the International
League of Associations for Rheumatology criteria, JIA comprises
seven subtypes, being oligoarticular and polyarticular the most

* Corresponding author. Tel.: +55 34 3218 2478; fax: +55 34 3218 2203.
E-mail address: galber.araujo@gmail.com (G.R. Araujo).

http://dx.doi.org/10.1016/j.imlet.2015.03.006

ticular JIA. Although sometimes thought of as a benign condition,
persistent oligoarticular JIA may, in fact, lead to a wide spectrum of
outcomes, ranging from complete remission after discontinuation
of medication to development of severe damage to affected joints.
The extended oligoarticular JIA subtype has a worse prognosis and
includes patients who have five or more joints affected after the
first 6 months of disease [ 3. Arthritis that affects five or more joints
during the first 6 months of the disease is called polyarticular JIA,
which is classified as rheumatoid factor-negative (RF~) or rheuma-
toid factor-positive (RF"). JIA also encompasses juvenile psoriatic

0165-2478/© 2015 European Federation of Immunological Societies. Published by Elsevier B.V. All rights reserved.
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arthritis, enthesis-related arthritis and systemic arthritis. All JIA
subtypes are of unknown causes. Diagnosis is based on the com-
bined evaluation of medical history, clinical presentation and, to
some extent, laboratory abnormalities [4,5].

Type II collagen (CII) is the predominant collagen type in joint
cartilage and anti-CII antibodies have been reported to be present
in serum, synovial fluid and eluted from cartilage explants of
Rheumatoid Arthritis (RA) patients [6,7]. Studies have shown that
antibodies from patients with RA react to various species of Cll such
as chicken, bovine, porcine and humans [6,8,9]. However, few stud-
ies have evaluated the presence of anti-Cll antibodiesinJIA[10-13].
Avidity ELISA has been used for measuring antibodies-antigen
interaction in many diseases, including RA, in which different pro-
files could be detected with or without washing with denaturing
agents [6,14-16]. There are no published studies evaluating the
avidity of anti-CII antibodies in JIA.

Inthe present study we investigated whether antibodies present
in serum of children with oligoarticular and polyarticular JIA reacts
with type II collagen. In addition, we measured the level of avidity
between type II collagen and IgG antibodies by using the avidity
ELISA assay.

2. Materials and methods
2.1. Patients

For this study, serum samples were obtained from Brazilian and
Portuguese donors. A total of 96 patients (72 female and 24 male,
mean age 13.6 + 6.8 years) who fulfilled the diagnostic criteria for
oligoarticular and polyarticular JIA, according to the International
League of Associations for Rheumatology [2], 13 patients with anky-
losing spondylitis (AS) were used as an inflammatory rheumatic
disease control (2 female and 11 male, mean age 49.3 +7.9 years)
and 61 Healthy Controls (HC) (41 female and 20 male, mean age
11.7 £ 4 years), were enrolled in this study. Twenty-seven (27.8%)
patients had samples collected in the early phase of the disease (<6
months duration). Seventy-one (73.2%) patients had active disease
at the time of sample collection. The criteria adopted to classify
active disease were that defined by Consolaro etal. [17] and include
4 measures: positivity for CRP or ESR into a continuous measure
of inflammation; presence of swollen joints; a physician's global
assessment of disease activity, and a parent/patient global assess-
ment of well-being.

Serum samples collected from AS patients were used as a
rheumatic disease control group and healthy blood donors were
used as the HC group. The study protocol involving Brazilian
patients was approved by the ethics committee of the Federal
University of Uberlandia whereas the study protocol involving Por-
tuguese patients was approved by the ethics committees of the
Centro Hospitalar Lisboa Norte, Hospital de Santa Maria, Lisbon
Academic Medical Centre. The Portuguese samples were obtained
from the Biobanco-IMM, Lisbon Academic Medical Centre. After
approval of the consent procedure by the ethics committee, writ-
ten informed consent was obtained from every parent of each child
included in this study. The school-aged children provided their ver-
bal and written informed consent to participate in this study, while
children under 6 years of age only provided their verbal informed
consent. After signed all informed consent were scanned and the
originals were filed. The study was conducted in accordance with
the Declaration of Helsinki.

2.2. Blood tests for inflammation detection

C-reactive protein (CRP) detection was determined by latex
agglutination test (LAT) and a value of >0.8 mg/dl was considered

elevated. Latex fixation test was utilized for the detection of IgM
RF positivity and erythrocyte sedimentation rate (ESR) was deter-
mined by modified Westergren technique and considered elevated
at >15mm/h.

2.3. ELISA and avidity ELISA

For antibody analysis we used serum samples stored at —80,
collected between 2011 and 2014. The best serum dilution, CII con-
centration, coating/blocking/washing buffers and anti-Human IgG
were determined after several tests. The best ELISA condition for
CIl measurement was chosen based on the difference of reactiv-
ity between patients with JIA and HCs. ELISA and avidity ELISA
were performed simultaneously. The avidity of ClI-specific IgG anti-
bodies was determined as previously described [18], with some
modifications. Briefly, 96-well microtiter plates (NUNC MaxiSorp)
were coated overnight at 4°C with bovine CII 1.5 pg/ml (Becton
Dickinson Biosciences, San Jose, CA) previously diluted in 0.06 M
carbonate buffer (pH 9.6). To verify the presence of cross-reaction
between antibodies and the ELISA plate, each serum sample was
tested alone as blank control (without CII). The microplates were
blocked with PBS supplemented with 3% of Bovine Serum Albu-
min (BSA) for 1h at 37°C. Serum samples diluted at 1:100 in
PBS-BSA 1% plus 0.05% Tween 20 were added in duplicate on
separate plates. After incubation for 1h at 37 °C, the plates were
washed with PBS Tween 0.05% and then subjected to differen-
tial washing as follows: one plate was incubated with 6 M urea
solution diluted in PBS for 10min, while the other plate was
incubated with PBS Tween 0.05% for 10 min. Anti-CII antibodies
were detected using horseradish peroxidase-conjugated anti-IgG
(Sigma Chemical Co., St. Louis, Mo.) diluted 1:1000 and incubated
for 1h at 37°C. The reaction was revealed with a substrate solu-
tion consisting of ortho-phenylenediamine (Sigma Chemical Co.)
at 1 mg/ml in 0.01 M citrate-phosphate buffer (pH 5.0) and 0.03%
H,0,.Afterincubation for 15 min at room temperature, the reaction
was stopped with 2 N H,SO4 and read at 492 nm.

For ELISA analysis, the final optical density (OD) was normalized
by the ratio of OD readings for each JIA and AS sample divided by
the mean of OD value obtained by the HC group. Receiver operat-
ing characteristic(ROC) curve was constructed comparing the ELISA
results from JIA with HC group. Based on the ROC curve, a cut-off
point was determined as the value corresponding to the highest
sensitivity without lowering the specificity. Differences in anti-
CII antibodies reactivity between JIA patients and control groups
are expressed in Reactivity index (RI), which was calculated based
on the cut-off point (RI=normalized OD of each sample/cut-off).
Samples with RI> 1.49 (cut-off) were considered positive.

The criteria adopted to classify the avidity index (AI) were
defined by Marcolino et al. [18]. Als were calculated as the ratio
between the absorbance (Abs) obtained for the plate washed with
urea (U*) and the plate without urea (U~), and was expressed as a
percentage: Al (%)= Abs(U")/Abs(U~) x 100. Avidity index was arbi-
trarily defined as: less than 30%, which was considered low avidity,
between 30% and 60%, classified as average avidity and higher than
60%, corresponding to high avidity. Data were presented as a mean
value + standard deviation.

24. Statistical analysis

Unpaired t test with Welch's correction was used to evaluate the
differences among JIA vs HC and JIA vs AS groups. Kruskall-Wallis
test was used when three or more groups were compared. ELISA
data were normalized based on the overall average absorbance
obtained in the detection of anti-CII antibodies in the HC group.
Cut-off that allowed best sensitivity and specificity was determined
using the ROC curve. The area under the curve (AUC) was also
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Table 1
Demographic and laboratory features of the studied population.
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Juvenile idiopathic arthritis= 96 p-Value (between Ankylosing Healthy children
JIA subtypes) spondylitis
Persistent Extended Polyarticular Polyarticular
oligoarticular oligoarticular RF- RF*
n (B/P) 41(21/20) 15(8/7) 25(5/20) 15(6/9) 13(0/13) 61 (38/23)
Gender (F/M) 31/10 10/5 21/4 11/4 2/11 41/20
Mean age +SD 10.5+6.8 128+8 141+12 227+14 0.0038 493+79 11.7+4
Mean disease duration 6.2+56 9.1+55 10.1+8.1 16+14.2 NS 12+90.1
(years)+SD
CRP+SD (mg/dl) 1.4+18 1.1+09 09+1.2 22+13 NS 27+08
Positive/negative 9/32 718 6/19 8/7
ESR+SD (mm/h) 20.1+18 19.5+10.7 20.8+14.8 19.6+12.7 NS Missing
Positive/negative 30/11 10/5 14/9 11/4

n, number of subjects; B, Brazilian population; P, Portuguese population; F, female; M, male; SD, standard deviation; CRP, C-reactive protein; ESR, erythrocyte sedimentation
rate; RF, rheumatoid factor; NS, not significant. p<0.05 is statistically significant. Variables are expressed as means+SD. Differences among groups were assessed by

Kruskal-Wallis test.
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Fig. 1. Anti-collagen type Il antibodies detection by ELISA. (A) Detection of anti-ClII antibodies in serum samples from ]IA patients (96), AS patients (13) and healthy children
(61) by ELISA and the respective ROC curve (B). The area under the curve (AUC), cut-off, sensitivity (se), specificity (sp) and corresponding p-value are indicated inside
the graph. (C) Anti-CllI antibody levels in patients with early and established JIA. The horizontal bar indicates the cut-off (1.49). Reactivity index=normalized OD of each

sample/cut-off.

determined. Correlations were assessed using Pearson’s correla-
tion (r). A value of p<0.05 was considered statistically significant.
Data were analyzed by using the GraphPad software package 5.0
(GraphPad Software Inc., San Diego, USA).

3. Results
3.1. Demographic characteristics

The studied population is presented in Table 1. At the time
of samples collection, 73 JIA patients were receiving treatment.
Thirty-nine (40.6%) were receiving treatment with non-steroidal
anti-inflammatory drugs, 46 (47.9%) were on treatment with dis-
ease modifying anti-rheumatic drugs and 13 (13.5%) were receiving
treatment with biologic agents. Nine (9.4%) patients were untreated
because it was their first visit to the rheumatology clinic at the
time of sample collection or because they were in disease remis-
sion. Fifteen (15.6%) patients were RF positive (mean concentration
of 91 +£2601U/ml). A total of 30 (31.2%) patients had raised CRP

Table 2
Positivity for anti-collagen type Il antibodies in the studied population.

(mean concentration of 1.4 + 1.3 mg/dl) and 65 (67.7%) had raised
ESR (mean concentration 20.2 + 10.7 mm/h). JIA patients had mean
disease duration of 10+ 7 years.

3.2. Immunoreactivity of collagen type Il against IgG from JIA
patients and controls

Anti-CII antibodies levels were significantly higher in JIA than
in AS patients (p=0.006) and HC group (p <0.0001) (Fig. 1A and B).
We found that 42 (44%) JIA patients were positive to CII in ELISA
(RI=1.920+0.3; AUC=0.856; p<0.0001). Although we observed
differences in positivity across JIA subtypes, no significant dif-
ferences were observed in the levels of anti-CII reactivity. The
performance of the test was evaluated for sensitivity and speci-
ficity and found to be 45.3% and 93.4%, respectively. On the other
hand, we found that 2 AS patients (15%) and 4 HCs (6.5%) were also
anti-CII positives. These results are summarized in Table 2.

We did not observe significant differences in reactivity to CII in
JIA patients across gender, ethnicity, number of joints affected or

Juvenile idiopathic arthritis p-Value Ankylosing Healthy children
spondylitis n=13 n=61
Persistent Extended Polyarticular RF- Polyarticular RF*
oligoarticular n=41 oligoaritular n=15 n=25 n=15
Reactivity index 1.35+05 1.53+03 1.6+0.5 1.6+04 NS 1.1+04 0.85+0.3
Positivity n (%) 16 (39%) 7 (46.6%) 10 (40%) 9 (60%) 2(15%) 4(6.5%)

NS, not significant. p<0.05 is statistically significant. Variables are expressed as means < SD. Differences among JIA subtypes were assessed by Kruskal-Wallis test.
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Fig. 2. Anti-Cll antibody levels detected in JIA before and after treatment with 6 M urea. Optical density differences before (U~) and after (U*) treatment with urea are shown
for each patient separately for each JIA subtype (A, B, C, D). The paired U~ and U* samples from individual patients are identified by a line between points.

therapy. There was no statistically significant difference between
the Portuguese and the Brazilian population. JIA patients with <6
months of disease duration that were positives for anti-CII anti-
bodies (n=16) presented levels of anti-CII antibodies significantly
higher (p=0.0007) than patients with established disease (n=26)
(Fig. 1C). Of interest, 32 (76%) of the anti-CII positive patients had
active disease. Anti-CII antibodies were directly correlated with RF
(Pearson r=0.7207, p<0.005). No correlations were found when
levels of anti-CII antibodies were analyzed separately for the val-
ues of CRP, ESR and the number of inflamed joints. However, a
13-year-old girl with polyarticular RF*, who presented inflamma-
tion in more than 5 joints, high CRP concentration (2.8 mg/dl),
increased ESR (38 mm/h), and very high levels of rheumatoid factor
(1118.80 Ul/ml), presented the highest levels of anti-CII antibodies
in ELISA (R1=2.9).

3.3. Avidity of anti-CII antibodies and controls

The levels of anti-ClI antibodies detected in the serum from dif-
ferent subtypes of JIA without and after treatment with 6 M urea
are shown in Fig. 2. In the serum samples from JIA patients, Als
ranged from 9.6% to 97% (mean of 52.2%+18) (Fig. 3A). Forty-
six (47.9%) samples presented antibodies with high avidity to CII
(mean of 73.9% +10.4), 39 (40.6%) samples presented antibodies
with medium avidity (mean of 47.4%+8.1) and 11 (11.4%) sam-
ples presented antibodies with low avidity (mean of 24.1%+5.3).
Serum samples from AS patients presented Als ranging from 20.3%
to 52% (mean of 36.2% +7.9), with most patients displaying anti-
bodies with medium avidity to CII. Serum from HC presented Als
ranging from 7% to 47.1% (mean of 26% + 8.5), with most of patients
displaying antibodies with low avidity to CIl. When JIA patients
were subdivided according to different populations, gender, eth-
nicity, treatment or disease duration, no significant difference was
observed in the avidity index in any disease subtype. In the group
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Fig. 3. Avidity profile of anti-collagen type Il antibodies. (A) Avidity profiles of anti-
Cll antibodies observed in 96 patients with oligoarticular and polyarticular forms of
JIA, 13 patients with AS and 61 HCs. (B) Antibodies displaying high avidity to type
11 collagen in patients with inactive and active JIA. The avidity index values were
defined as: <30%=low avidity; between 30% and 60% = medium avidity; >60% = high
avidity. Avidity indexes are indicated as lines.
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displaying antibodies with high avidity against CII, we observed
that patients with active disease (n=32; mean of 76.5%+11) at
the time of sample collection presented Als significantly higher
in comparison with patients in inactive/remission disease (n=14;
mean of 68%+5.6) (p=0.004) (Fig. 3B). Interestingly, polyarticu-
lar JIA patients presented Als significantly higher than other JIA
subtypes (p=0.006). We did not observe significant association
between high avidity antibodies and levels of RF for polyarticular
JIA patients. The avidity of antibodies toward CII was significantly
higher in JIA patients when compared with AS (p<0.0001) or HC
group (p<0.0001).

4. Discussion

Most of what we know about autoimmune response to CII
comes from experimental disease models. Particularly, from the
collagen-induced arthritis (CIA) experimental models, obtained by
immunization with autologous or heterologous type II collagen
with adjuvant [ 19]. Several studies have attempted to identify anti-
bodies to CII in RA [6-9,20-22], however, only a small number of
published studies aimed to determine the prevalence of anti-CII
antibodies in JIA patients [10-13]. The current work reports the
occurrence and avidity of anti-type Il collagen antibodies in patients
with JIA compared with healthy individuals.

Different compositions of type II collagen have been used as the
antigen to antibodies detection in RA and JIA in its native or dena-
tured forms. The vast majority of published studies about the occur-
rence of anti-ClIin JIA and RA, aimed to determine the prevalence of
antibodies to citrullinated CII[12,23,24]. Antibodies to native citrul-
linated CII have already been detected in 78.5% of RA [24] and 24%
of JIA patients [12]. Antibodies to native human CII were detected
in20%[25]and 70% of RA [11],47%[11] of JIA patients and recently,
in3.1%[13]. Antibodies to native bovine CII (the same we have used
in our study) were detected in 31.5% of RA patients [6]. Based on
the most adequate cut-off value determined by the ROC curve, we
found that 44% of our JIA patients were positives to anti-CII anti-
bodies. The positivity of anti-CII antibodies in the AS population
(15%) was lower than the results reported in another study [26],
which showed positivity in 33.3% of the patients. Although anti-CII
antibodies were present in the AS group its detection was much
higher in JIA patients. The differences in the prevalence of anti-CII
in the several published studies may be due to the different species
of Cll used as the antigen to antibodies detection, since studies that
aimed to analyze CII specificity revealed that autoantibodies are
generally associated with specific arthritogenic epitopes present
in the CII molecules from different species [27,28]. The different
methodologies of data analysis (normalization and cut-off determi-
nation), the number of patients in which these anti-CII antibodies
have been measured, or even patient’s disease activity [6] could
also have contributed to these heterogeneous results.

Our results also showed increased levels of anti-CII antibodies
in patients with early JIA, with the vast majority of individuals
presenting active disease at the time of sample collection. These
data are consistent with previous findings reporting higher fre-
quencies of anti-CII antibodies in early RA [29-31] and recently,
in JIA patients [ 13]. Similar results were also observed in CIA mod-
els after arthritis induction by immunization with CII, where the
levels of circulating anti-CII antibodies in MRL/I mice were as well
highest at 6 months, thus immediately after the development of
arthritis [32]. Anti-CII appearing early in the course of the disease
suggests that these autoantibodies might play a role in JIA phys-
iopathology. However, the clinical relevance of its detection in early
JIA is still an open question. We hypothesize that in patients with
early JIA, high levels of anti-CII antibodies might induce an acute
inflammation mediated by surface-bound immune complexes (IC)

containing anti-Cll, as has already been described in RA [9]. Puri-
fied ClI-specific monoclonal antibodies were shown to induce an
acute form of arthritis in mice [33], which demonstrates that anti-
CII autoantibodies are indeed directly pathogenic in vivo. These
anti-CIl antibodies appearing around clinical onset suggests that
these autoantibodies play an early role in the process of disease
development. If it proves to be true, the detection of these antibod-
ies could lead to faster diagnosis and treatment. Our results also
showed a high percentage of anti-CII positive patients presenting
active disease (76%). Taking into account what has already been
reported [34-36], we believe that circulating ICs containing anti-CII
can activate the complement system and stimulate the production
of cytokines of pathogenic importance in the inflammatory process,
such as interleukin-1 (IL-1), IL-6, IL-10 and tumor necrosis fac-
tor a (TNF-a). This event could perpetuate joint inflammation and
consequently maintain the disease activity. This hypothesis is cor-
roborated by Mullazehi et al. [34] who reported that in RA patients
the production of the cytokines TNF-a, IL-1f3 and IL-8 decreased
after the specific blockade of ICs containing anti-CII.

Our results also showed a high percentage of anti-CII antibody
positive samples in the group with polyarticular RF* and also a
direct correlation between anti-CII antibodies and RF. This is in line
with the fact that this subtype corresponds basically to a juvenile
RA onset, with a more persistent and severe course of the disease as
compared to other JIA subtypes [37]. Furthermore, we reported a
patient with polyarticular onset displaying high levels of RF, CRP
and ESR who presented the highest level of anti-CII antibodies.
Although when analyzed separately no correlation between levels
of anti-CII and values of CRP and ESR was found, these findings are
in agreement with what has already been reported in RA patients
[7], where levels of anti-ClI antibodies were higher in patients with
high CRP and ESR, and partially, with another study [13] involving
JIA patients, where anti-CII antibodies was associated with high
levels of CRP.

In the present study, we calculated the Al of specific anti-CII
antibodies, determined from the avidity ELISA. A brief 6 M urea
treatment allowed the dissociation of the low-avidity interactions,
retaining the antibodies that bind with higher avidity to CII. This is
the first study investigating the nature of anti-CII antibodies avid-
ity in patients with JIA. We have shown that levels of antibodies
displaying high avidity to CII were significantly higher in patients
with active disease and in polyarticular patients. The driving force
in the antibody binding and progressive destruction of cartilage is
still obscure. However, it has been demonstrated that anti-CII anti-
bodies form immune complexes with CII joint cartilage that, when
not effectively removed, can activate complement and contribute
to chronic inflammation [36]. Treatment-resistant JIA results in
joint destruction, especially in patients with polyarticular subtype,
which have the poorest prognosis with a remission rate of only
15%. More than 50% of JIA patients do not achieve remission despite
treatment and require further rheumatological care asadults [38]. A
possible explanation for the high occurrence of antibodies binding
with high avidity against Cilin samples from patients with active JIA
could be that IC's production is not being blocked properly, result-
ing in active disease. In fact, it has been reported that the blocking
of the complement system resulted in decrease of inflammatory
cytokine, showing that complement plays a role in arthritis [36]. If
this proves to be true, a target therapy based on this mechanism
could be highly promising for both RA and JIA.

In conclusion, the present study showed that anti-CII antibod-
ies are present in patients with oligoarticular and polyarticular
forms of JIA. Consistent with RA data, high levels of anti-CII anti-
bodies were detected in patients with JIA of <6 months duration,
suggesting that anti-ClI antibodies in JIA patients are associated
with the early inflammatory process. Patients with active disease
had more frequently high avidity antibodies against CII. Our data
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support the hypothesis that anti CII antibodies may play a role in
the physiopathology of JIA.
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