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Resumo

Neves FS. Expressdo de receptores toll-like 2 e funcdo quimiotéxica de
neutrofilos na doenca de Behcet [tese]. Sdo Paulo: Faculdade de Medicina,

Universidade de Sao Paulo; 2009.

A doenca de Behcet tem sua fisiopatologia caracterizada por hiperatividade
neutrofilica, particularmente em relacdo a quimiotaxia, e periodos de
atividade da doenca podem ser desencadeados por exposicdo a
estreptococos. Uma vez que células do sistema imune inato sdo ativadas
pelo acido lipoteicoico (LTA) de bactérias gram-positivas via receptor toll-like
(TLR) 2 e CD14, cujas expressdes séo reguladas pelos fatores estimulantes
de colbnias de granuldcitos (G-CSF) e granuldcitos-macréfagos (GM-CSF), o
objetivo principal deste estudo foi determinar se ha hiperexpressao de TLR2
em neutrdfilos de DB ativa e se a quimiotaxia de polimorfonucleares (PMN)
neutrofilos na DB poderia ser hiperestimulada pelo LTA. Além do TLR2,
foram medidas as expressdes de TLR4, CD14, CD114 (receptor de G-CSF)
e CD116 (receptor de GM-CSF) nos neutréfilos e nos mondcitos de
pacientes com doenca de Behcet (DB), as concentracdes séricas de CD14
soluvel (CD14s) e as respostas quimiotaxicas dos PMNs de DB sob
diferentes estimulos. A expressdo dos receptores foi medida pela citometria
de fluxo, as concentracdes séricas por ELISA e as respostas quimiotaxicas
foram avaliadas em camara de Boyden. Nos PMNs, os receptores foram

igualmente expressos nos dois grupos e, estimulados com LTA, suas



Xi

respostas quimiotaxicas também foram similares. Somente a incubacdo com
plasma os PMNs de DB desenvolveram hiperquimiotaxia em relacdo aos
PMNs controles. A expressdo do TLR2 foi maior em mondcitos de DB em
relacdo aos controles, e a concentracdo de CD14s sérica, de origem
monocitaria, foi maior nos pacientes com DB ativa. Em conjunto, os
resultados demonstram que PMNs de DB, isoladamente, ndo reagem
exacerbadamente ao LTA, e suas respostas migratérias sdo estritamente

dependentes de fatores estimulantes soluveis.

Descritores: Sindrome de Behget/fisiopatologia, Receptor 2 Toll-like,

Receptor 4 Toll-like, Antigenos CD14, Quimiotaxia, Neutrofilos, Mondécitos
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Summary

Neves FS. Expression of toll-like receptor 2 and neutrophil chemotaxis in
Behcet's disease [thesis]. Faculty of Medicine, University of Sao Paulo, SP

(Brazil); 2009.

Expressions of toll-like receptor (TLR) 2, TLR4, CD14, CD114 and CD116
were assessed on polymorphonuclear (PMN) neutrophils and monocytes of
patients with Behget's disease (BD). PMN chemotactic responses under
different stimulations were also measured. The objective was to determine if
BD PMN chemotaxis may be overstimulated by lipoteichoic acid (LTA) from
gram-positive bacteria. Receptor expressions were measured by flow
cytometry and PMN chemotaxis was assessed in a Boyden chamber. Only
TLR2 expression was higher on monocytes of the BD group than in control
group. On PMNSs, however, TLR2 expression was similar in both groups and,
when stimulated with LTA, BD PMN cells showed chemotactic responses
similar to the controls. These cells only exhibited increased chemotaxis when
incubated with plasma. In conclusion, isolated BD PMN did not overreact to
LTA, and its hyperchemotaxis is strictly dependent on soluble stimulating

factors.

Descriptors: Behget syndrome/physiopathology, Toll-like receptor 2, Toll-like

receptor 4, Antigens CD14, Chemotaxis, Neutrophils, Monocytes



1. Introducéo

A doenca de Behcget (DB) é uma afeccdo inflamatoria de etiologia
desconhecida que se caracteriza clinicamente por Ulceras orais e genitais,
lesBes cutaneas, uveite e artrite, além de multiplas outras manifestacdes
menos frequentes (Yurdakul et al., 2004). Embora a maior parte de suas
manifestacdes possa ser considerada relativamente benigna e autolimitada,
ataques repetidos de inflamacao ocular podem levar a cegueira, principal
morbidade sequelar da doenca. Adicionalmente, o0 acometimento de grandes
vasos ou do sistema nervoso central pode ser agudamente grave ou
progressivo, com importante letalidade (Sakane et al., 1999). O curso tipico
da doenca consiste em surtos recorrentes de atividade inflamatéria
intercalados por periodos de remissao. Isto sugere que as exacerbacdes da
doenca podem ser causadas pela exposicdo de um individuo — com
determinada predisposicdo a respostas inflamatérias exacerbadas — a
fatores ambientais desencadeantes (Direskeneli, 2006).

Rara em boa parte do mundo, a DB concentra-se em distribuicao
geografica peculiar, coincidindo com a “Rota da Seda” — antiga rota
comercial ligando a Italia ao extremo Oriente. A Turquia apresenta as
maiores prevaléncias, alcancando 370 casos por 100.000 habitantes
(Zouboulis,1999) e foi a origem dos casos descritos em 1937 pelo
dermatologista turco Hulusi Behcet, que reconheceu como uma doenca

Gnica os casos de Ulceras genitais e orais recorrentes que se lhe



apresentavam, associados a outras manifestacfes sistémicas. Trabalhando
simultaneamente e de forma independente, o oftalmologista grego
Benediktos Adamantiades também descreveu como uma nova doenca uma
série de casos de uveites associadas a Ulceras orais e genitais. A
denominacdo Doenca de Behcet costuma ser mais empregada
internacionalmente, provavelmente porque os trabalhos do autor turco foram
traduzidos para a lingua inglesa e reproduzidos nos Estados Unidos da
América (EUA), jA na década de 1940, por alunos do Dr. Behcet que
emigraram da Turquia durante a Segunda Guerra Mundial. A denominacéo
“Doenca de Adamantiades-Behcget” é algumas vezes empregada para
homenagear ambos os autores (Zouboulis e Keitel, 2002). A doenca, no
entanto, é provavelmente milenar, sendo encontrados relatos compativeis
com suas manifestacdes clinicas nos textos de Hipdcrates, do século V a.C.:
“muitos tinham a boca afetada por ulceracdes aftosas (...) também muitas
lesBes nas suas partes genitais (...) oftalmias lacrimosas de carater crénico
(...) que destruiram a vista de muitas pessoas” (Hipdcrates, em sua obra
Epidemio, livro Ill, apud Cheng, 2001).

Atualmente considerada um modelo singular de vasculite, sua
etiopatologia ndo é totalmente conhecida. LesGes vasculares causadas por
infiltracbes de neutrofilos hiperativos, aparentemente coordenados por
respostas autoimunes especificas, constituem as principais caracteristicas
atualmente reconhecidas na fisiopatologia da DB (Erlich, 1997). Hiperfuncéo
de polimorfonucleares (PMNSs) neutréfilos tem sido associada a DB desde a

década de 1970, quando a quimiotaxia exacerbada destas células foi



descrita e a colchicina sugerida como terapia eficaz para a doenca, devido a
sua capacidade de inibicdo da motilidade dos PMNs. Essas observacdes
foram originalmente feitas por pesquisadores japoneses, outro pais de
elevada prevaléncia da DB (Matsumara e Mizushima, 1975). A eficacia da
colchicina no tratamento da DB foi de fato demonstrada 26 anos depois, num
ensaio clinico controlado e duplo-cego com 116 casos, que evidenciou
reducdo na frequéncia de episddios de artrites em homens e de artrites,
Ulceras genitais e eritema nodoso em mulheres com DB (Yurdakul et al.,
2001).

Ha mais de 30 anos, portanto, a hipétese da ocorréncia de um estado
hiperfuncional recidivante dos PMNs na DB tem sido empregada para
explicar suas caracteristicas clinicas e patoldgicas, inclusive para o
fenbmeno da patergia, peculiar a esta doenca. Na patergia ocorre a
formacdo de uma lesdo cutanea eritematosa, com infiltrado celular rico em
neutréfilos, 24 a 48 horas apos trauma cutaneo leve — a introducdo de uma
agulha estéril no subcutaneo serve como teste padréo e representa um dos
critérios diagnosticos da DB (Sakane et al., 1999). O motivo do surgimento
desta reacdo cutanea inespecifica seria a capacidade do paciente com DB
em desencadear rapida e intensa resposta inflamatoria, de natureza inata,
possivelmente baseada na hiper-reatividade de neutrofilos a estimulos

minimos.

Em 1977, Sobel et al. demonstraram que leucdcitos isolados do
sangue periférico de pacientes com DB tinham quimiotaxia superior a

leucécitos controles quando estimulados com lipopolissacarideo (LPS) na



presenca de soro de controles normais, mas, além disso, leucdcitos de
controles saudaveis também tinham quimiotaxia exacerbada quando
estimulados com LPS na presenca de soro proveniente de pacientes com
DB. Os autores concluiram que um fator presente no soro de pacientes com
DB é capaz de provocar hiper-reatividade em leucocitos normais, mas que
também é possivel que fatores intrinsecos aos leucécitos de DB,
independentemente de seu microambiente, possam permitir sua hiper-
reatividade a estimulos. Embora outras funcdes neutrofilicas exacerbadas
também tenham sido descritas na DB, a hiperquimiotaxia de PMN é o
achado mais consistentemente relacionado a fisiopatologia da doenca, tendo
sido observada in vivo e diretamente associada a atividade clinica da DB
(Carletto et al., 1997). Takeno et al. (1995) e Carletto et al. (1997)
discordaram quanto a origem do estado de hiper-reatividade neutrofilica:
para Takeno et al., neutrdfilos isolados de pacientes com DB eram hiper-
reativos per se, e tal condicdo de hiper-reatividade intrinseca as células seria
determinada geneticamente, estando associada ao marcador HLA-B51
(HLA, Human Leukocyte Antigen, Antigeno Leucocitario Humano). Carletto
et al., ao contrario, observaram hiperfuncdo neutrofilica in vivo, mas néo
conseguiram reproduzir estes resultados in vitro, e destacaram a importancia
do microambiente pré-inflamatoério do individuo doente na génese da hiper-
reatividade neutrofilica. De fato, ainda permanecem controvérsias, pois
outros autores também né&o reproduziram a hiperquimiotaxia de PMNs de

DB. Essa discrepancia, provavelmente, ocorre em funcao de diferencas nas



técnicas laboratoriais empregadas ou na populacdo estudada (Tuzun et al.,
1999).

A associacao da DB com o alelo HLA-B51 do MHC classe | (MHC,
Major Histocompatibility Complex, Complexo Principal de
Histocompatibilidade) foi feita inicialmente por Ohno et al. em 1982. Como a
funcdo béasica da molécula do MHC classe | é apresentar peptideos a
linfécitos T (LT) CD8+, a participacdo de mecanismos de imunidade
especifica passou a ser pesquisada na DB. Produtos de outros genes
proximos ao HLA, que poderiam ser transmitidos em desequilibrio de
ligacdo, passaram a ser investigados como candidatos ao peptideo autdlogo
capaz de desencadear uma resposta autoimune associada ao HLA-B51.
Nesse campo de pesquisa, destaque foi obtido pelo gene A relacionado ao
MHC classe | (MICA, MHC Class | related gene A): a DB foi associada a
freqUéncias elevadas do alelo MICA*009 (Wallace et al., 1999). Os genes do
grupo MICA sdo transcritos em resposta a situacdes de estresse
(hipertermia, andxia ou metabdlitos toxicos), gerando produtos do tipo
“proteinas de choque térmico” (HSP, Heat Shock Proteins). Yasuoka et al.,
em 2004, de fato demonstraram a presenca de respostas especificas de LT
CD8+ a um peptideo de nove aminoacidos da sequéncia codificada pelo
alelo MICA*009 em quatro de 14 pacientes com DB e HLA-B51+. Um perfil
de citocinas predominantemente LTh1l (linfécito T helper 1), caracterizado
por niveis elevados de IL-12 (interleucina-12) e IFNy (interferon-y), também é
descrito em lesGes mucocutaneas da DB, sugerindo a presenca de resposta

imune especifica celular nestes locais (Ben-Ahmed et al., 2004).



Adicionalmente, Niwa e Mizushima ja haviam demonstrado, em 1990, que
sobrenadantes de culturas de linfocitos T provenientes de pacientes com DB
estimulados com diferentes mitdgenos (particularmente compostos
estreptococicos) sao capazes de ativar respostas inflamatorias,
potencializando a quimiotaxia, a fagocitose e a producdo de superéxido por
neutroéfilos. A IL-8, o fator estimulante de colénias de granuldcitos (G-CSF,
granulocyte colony-stimulating factor) e o fator estimulante de colbénias de
granuldcitos e macrofagos (GM-CSF, granulocyte-macrophage colony
stimulating factor) estdo entre as citocinas estimuladoras das funcbes de
neutréfilos encontradas em niveis elevados nas fases ativas da DB (Gir-Toy
et al, 2005 e Kawakami et al., 2004).

O reconhecimento do MICA autdlogo por LT parece, portanto, dar
inicio ao processo autoimune da doenca que culmina em reacdes
neutrofilicas exacerbadas. Este tipo de reconhecimento de antigenos
autdlogos pode ocorrer por reacdo cruzada a antigenos microbianos
semelhantes, dentre os quais as proteinas de choque térmico (que séo
altamente conservadas entre diferentes espécies) tornaram-se, entdo, as
principais suspeitas. O maior conjunto de evidéncias sobre agentes
microbianos como desencadeadores da doenca acumula-se sobre os
estreptococos (Mumcu et al., 2007). O papel destas bactérias gram-positivas
na inducédo de periodos de atividade da DB foi sugerido pelo Comité de
Pesquisa em Doenca de Behget do Japéo (The Behcget's Disease Research
Committee of Japan, 1989) que reportou um numero expressivo de

exacerbacdes da DB apOs testes cutaneos com antigenos estreptocécicos.



Sorotipos incomuns de Streptococcus sanguis e anticorpos contra esta
bactéria sdo descritos em pacientes com DB, e a proteina de choque térmico
HSP-65KDa por ela expressa guarda significativa homologia com a HSP-
60KDa humana, que por sua vez é expressa em quantidade aumentada nas
células epiteliais das lesdes cutaneas de pacientes com DB (Lehner et al.,
1991). Lehner propés, em 1997, um modelo em que a reacdo imune cruzada
a HSPs homdélogas entre estreptococcos e células humanas esta na origem
da DB, e periodos de reativacdo podem ocorrer devido a uma nova
exposicao do individuo a fatores exdégenos que provocam expressdo de
HSPs enddgenas homologas as HSPs estreptocoécicas. Tais conceitos se
mantém ainda vigentes (Kaneko et al., 2008). Em concordancia com esta
hipétese, o tratamento com penicilina benzatina de forma profilatica
promoveu reducdo significativa na frequéncia de episédios de exacerbacéo
de sintomas mucocutaneos e articulares da DB (Calgtineri et al., 1996a,b).
Adicionalmente, um modelo experimental de uveite foi estabelecido pela
administracdo de peptideos derivados da HSP-65kDa a ratos Lewis
(Stanford et al., 1994).

Em 1998, Merino et al. descreveram outro modelo, em ratos, em que
uveite foi induzida pela administracdo de outra molécula proveniente de
bactérias gram-positivas, o acido lipoteicéico (LTA, lipoteichoic acid). Ao
contrario do modelo anterior, o LTA ndo é um peptideo especifico a ser
reconhecido pelo sistema imune, mas uma molécula glicolipidica constituinte
da parede externa das bactérias gram-positivas em geral. Desde a década

de 1980, o LTA tinha reconhecidas suas propriedades biolégicas como um



agente imunoestimulatério inespecifico, possuindo locais para ligacdo em
células do sistema imune inato (Courtney et al., 1981). Apenas dezesseis
anos depois, em 1997, Medzhitov et al. relataram a caracterizacdo de
proteinas humanas (analogas a proteina toll das droséfilas) presentes nas
células do sistema imune inato que, ao serem ativadas por ligantes
(moléculas associadas a patdégenos microbianos), provocam a ativacdo do
fator de transcricdo nuclear NF-xB e a transcricdo de diferentes citocinas
pro-inflamatérias. Diferentemente dos receptores da imunidade especifica,
os assim chamados receptores toll-like (TLR, toll-like receptor) sé&o
proteinas nao-clonais, adaptadas a reconhecer padrdes moleculares
presentes inespecificamente em grupos amplos de patdégenos, e ativam a
imunidade inata criando o ambiente pré-inflamatdério necessario ao combate
aos patdégenos. Onze diferentes subtipos de TLRs foram descritos até o
momento, sendo que o0s receptores TLR2 e TLR4 sdo receptores
extracelulares que reconhecem estruturas de bactérias gram-positivas (LTA)
e gram-negativas (LPS), respectivamente, em cooperacdo com 0S
receptores CD14 (Roelofs et al., 2008). Através de sua acao sobre TLR2 e
CD14, o LTA é capaz de estimular as funcdes de neutrdfilos (Lotz et al.,
2004) e mondcitos (Schroder et al., 2003). Além disso, sabe-se que as
expressdes de TLR2 e CD14 nas membranas de neutréfilos sdo reguladas
pelos fatores soliveis G-CSF e GM-CSF. Estas citocinas aumentam a
expressao de TLR2 e CD14 nas membranas de PMNs e sensibilizam estas
células a responder de forma exacerbada a estimulacfes subsequentes com

agonistas de TLR2 (Kurt-Jones et al., 2002). Sugestivamente, concentracdes



séricas elevadas de G-CSF sao observadas nos periodos de atividade da
DB (Kawakami et al., 2004).

Desse modo, a investigacdo da fisiopatologia da DB, que iniciou nos
anos 1970 a partir de respostas neutrofilicas exacerbadas e evoluiu
investigando o reconhecimento de antigenos estreptococos pela imunidade
especifica, retorna as células inflamatorias da imunidade inata com a
constatacdo de que componentes estreptococicos podem agir diretamente
sobre neutréfilos e mondcitos humanos de forma a ativar respostas
inflamatorias. Seria possivel que as células imunes inatas da DB estivessem
predispostas a uma ativacdo exacerbada quando expostas a estreptococos,
por uma disfuncdo do sistema de TLRs, criando o ambiente favoravel a
inflamacédo excessiva que caracteriza a doenca?

Investigadores que abordaram a expressdo de TLRs na DB
apresentaram resultados aparentemente conflitantes. Do et al. (2008)
demonstraram expressao aumentada de TLR2 e CD14 em mondcitos
periféricos circulantes nos casos de DB ativa; Kirino et al. (2008)
identificaram TLR4 com expressdo aumentada em células mononucleares
do sangue periférico, mas ndo TLR2, e Nara et al. (2008) observaram TLR2
e TLR4 sendo ambos expressados excessivamente em lesfes intestinais da
DB, mas ndo em células mononucleares do sangue periférico. Apenas
Yavuz et al. (2008) investigaram TLRs em neutréfilos da DB e néao
observaram diferencas na expressao de TLR2 ou TLR4. Entre as possiveis
razdes para essas discrepancias, duas sao particularmente relevantes do

ponto de vista clinico: 1) nenhum dos estudos avaliou a atividade clinica da
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doenca através de instrumentos padronizados e é sugerido que a
hiperexpressdo de TLRs dependa do estado de atividade da DB (Do et al.,
2008), entdo, resultados negativos poderiam ocorrer se apenas pacientes
com doenca inativa ou fracamente ativa forem considerados (Yavuz et al.,
2008, incluiram apenas pacientes com doenca inativa em seu estudo); 2) a
doenca de Behcget compromete diferentes sistemas organicos de forma
variavel, durante o curso da doenca, pode haver inflamacédo grave em
determinados sistemas, mas ndo em outros, e ndo esta definido se todas as
manifestacbes da DB compartiham 0s mesmos mecanismos
fisiopatoldgicos. Entdo, estudos com amostras heterogéneas de DB podem
revelar resultados contraditorios.

Além disso, embora a estimulacdo de PMN com agonistas de TLR
promova a estimulacdo de diversas funcdes celulares, ndo ha ainda
evidéncias de que ocorra aumento da quimiotaxia. Testes funcionais
revelaram que, sob estimulacdo com agonistas de TLR2 e TLR4, a migracéo
espontanea de PMNs humanos foi aumentada, mas as respostas
quimiotaxicas permaneceram inalteradas (Aomatsu et al., 2008). Se os
PMNs da DB teriam respostas quimiotaxicas exacerbadas frente a
estimulacdo com LTA de bactérias gram-positivas, trata-se de questdo ainda
nao investigada (na verdade, nenhum estudo que abordou a expressao de
TLR na DB correlacionou seus resultados a provas funcionais).

Apresenta-se, aqui, a hipotese de que existe hiperexpresséo de TLR2
nos neutrofilos durante as fases ativas da DB, e que isto permite que estas

células desempenhem respostas quimiotaxicas exacerbadas, quando
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expostas a bactérias gram-positivas. Esta hipétese foi verificada medindo-se
a expressdo de TLR2 nas membranas de neutrofilos do sangue periférico de
um grupo homogéneo de pacientes com DB ativa e aferindo-se a resposta
quimiotaxica de neutrofilos isolados desses pacientes apdés a estimulacéo
com LTA. Adicionalmente, foram medidas as expressdes de TLR4 e CD14,
dos receptores de G-CSF (CD114) e de GM-CSF (CD116), em neutrdfilos e
também nos mondcitos do sangue periférico. A concentracdo sérica de
CD14 solavel (CD14s, a contraparte solavel do receptor CD14 de
membrana) também foi medida e, porque CD14s também pode comportar-
se em diferentes doencas inflamatérias como um reagente de fase aguda
inespecifico dependente dos niveis de IL-6 (Bas et al., 2004), igualmente foi

medida a concentracao sérica de IL-6 nesses pacientes.
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2. Objetivos

Medir a expressdo de TLR2 em neutréfilos do sangue periférico de
pacientes com DB ativa, comparando-a com a expressdao de TLR2 em
neutrofilos de controles saudaveis;

Aferir as respostas quimiotaxicas dos neutréfilos isolados do sangue
periférico de pacientes com DB ativa apds estimulacdo com LTA,
comparando-as com as respostas de neutréfilos de controles saudaveis.

Medir as expressfes de TLR4, CD14, CD114 e CD116, além de
TLR2, em neutréfilos e mondcitos do sangue periférico de pacientes com
DB, comparando-as com as respectivas expressdes em células de controles
saudaveis.

Verificar a influéncia de fatores plasméticos presentes na DB sobre a
resposta quimiotaxica de neutréfilos.

Determinar a concentracdo sérica de CD14s nos pacientes com DB,
correlacionando-a a concentracdo seérica de IL-6, a expressdo de CD14 nas
membranas celulares dos leucdcitos circulantes e a intensidade da atividade

clinica da doenca.
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3. Métodos

3.1. Pacientes e controles

O grupo de estudo incluiu pacientes com DB acompanhados no
ambulatério de DB da Disciplina de Reumatologia, no Hospital das Clinicas
da Faculdade de Medicina da Universidade de S&o Paulo. Todos os
pacientes satisfizeram os critérios diagnosticos do ISGBD (International
Study Group for Behcget's Disease, 1991). Foram incluidos pacientes que
apresentassem manifestagbes mucocutdneas da DB com lesbes
papulospustulares, com ou sem queixas articulares. Pacientes que, no
momento do estudo, tivessem confirmada ou suspeita atividade da DB
afetando outros sistemas organicos (olhos, grandes vasos, sistema nervoso
central ou trato gastrointestinal) ndo foram incluidos. Também foram
excluidos pacientes com intercorréncias infecciosas (suspeitas ou
confirmadas) e com diagnéstico de outras doencas inflamatérias cronicas. A
versdo brasileira validada do Behcget's Disease Current Activity Form
(BDCAF, Anexo A) foi utilizada para mensurar clinicamente a atividade da
DB (Bhakta et al., 1999; Neves et al., 2007), sendo aplicada pelo mesmo
observador (FSN) a todos os pacientes incluidos no estudo. Ao considerar
apenas manifestagdes mucocutaneas e articulares da DB, o BDCAF fornece
um escore associado a atividade da doenca, variando de zero a trinta e dois.

Trés reumatologistas com experiéncia em DB (CRG, CGS, LVL) eram
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responsaveis pelo acompanhamento dos casos durante a realizacado deste
estudo e em cada consulta prescreveram o tratamento baseados em seu
julgamento clinico, desconhecendo os escores BDCAF obtidos em cada
avaliacdo. Os pacientes foram considerados com DB ativa quando a
prescricdo do reumatologista incluia a introducdo ou a elevacao da dose de
drogas destinadas ao controle da doenca (corticosteréides, colchicina,
pentoxifilina, dapsona, penicilina benzatina, agentes imunossupressores ou
agentes anti-TNFa — Tumor Necrosis Factor, fator de necrose tumoral); caso
contrario, os pacientes foram considerados com DB inativa. Ao todo, 55
pacientes com DB foram incluidos no estudo, embora numeros diferentes
tenham sido utilizados nos diferentes experimentos. Para 0os ensaios de
guimiotaxia, solicitou-se aos pacientes que interrompessem 0 uso de
colchicina dez dias antes da realizacdo do experimento, de acordo com a
meia-vida plasmatica da droga de 48 horas (Chappey e Scherrmann, 1995).
O regime terapéutico ndo foi modificado de nenhuma outra forma durante o
estudo. Voluntarios saudaveis, entre a equipe de assisténcia médica e de
laboratério, foram incluidos como grupo controle. O estudo foi elaborado e
conduzido de acordo com os principios da Declaracdo de Helsinki e recebeu
aprovacao prévia do comité de ética da instituicdo (CAPPesq, protocolo
ndmero 1215/06, Anexo B). O consentimento informado por escrito foi obtido

de todos os individuos incluidos no estudo.
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3.2. Medida das expressdes dos receptores TLR2, TLR4, CD14, CD114 e

CD116 ligados a membrana de mondcitos e neutrofilos circulantes

Amostras de sangue venoso foram coletadas de 20 pacientes com DB
e 20 controles saudaveis, pareados por sexo e idade, em tubos estéreis
contendo EDTA. Duzentos microlitros de cada amostra foram colocados em
tubos plasticos contendo 2 ml de solucdo salina tamponada com fosfato
(PBS, phosphate-buffered saline) e azida a 0,1% e centrifugados a 2000
rom. As amostras celulares, foram adicionados 50 pl de PBS com azida a
0,1% e soro fetal bovino a 2%. Tais amostras foram, ent&o, incubadas
durante 20 minutos com anticorpos monoclonais ndo conjugados
antirreceptor Fc humano (FcR Block Reagent, eBioscience, San Diego, CA,
EUA), para evitar subsequente ligacdo inespecifica dos anticorpos
conjugados aos receptores Fc de células imunes inatas. Em seguida, as
amostras foram incubadas durante 20 minutos com 0s seguintes anticorpos
monoclonais murinos, de acordo com as instru¢gdes do fabricante (BD
Biosciences, San Jose, CA, EUA). anti-CD66 humano, conjugado com
ficoeritrina (PE, phycoerythrin); anti-CD14 humano, conjugado com PerCP-
Cy5.5; e anti-TLR2 humano conjugado com Alexa-Fluor®, anti-TLR4
humano biotinilado (adicionando estreptavidina conjugada a isotiocianato de
fluoresceina — FITC, fluorescein isothiocyanate) ou anti-CD116 humano
conjugado a FITC. Anti-CD66 humano conjugado a FITC e anti-CD14 PerCP
foram utilizados em combinacédo a anti-CD114 humano conjugado a PE. Em

cada amostra, anticorpos conjugados controles isotipicos foram
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empregados. ApoOs a incubacéo, os eritrocitos foram lisados com a solucéo
apropriada (BD Biosciences), os leucdcitos restantes foram lavados duas
vezes em PBS-azida a 0,1% e, posteriormente, fixados em paraformaldeido
a 1% antes de serem submetidos a citometria de fluxo. Dez mil células em
cada amostra foram analisados em um citbmetro FACScalibur™ através do
software CellQuest™ (BD Biosciences), com trés fotodetectores. As regides
de mondcitos e de PMNs foram delimitadas no grafico de dispersdo de
pontos por tamanho e granularidade celulares (FSC vs. SSC, forward scatter
vs. side scatter) e, dentro de cada regido especifica, as populacbes de
neutrofilos e mondcitos foram definidas como as células com fluorescéncia
positiva para CD66 e CD14, respectivamente. A positividade de
fluorescéncia foi definida através da delimitacdo de quadrantes no gréafico de
dispersdo de pontos com as amostras incubadas com o0s anticorpos
conjugados controles isotipicos, com erro <1,5%. Posteriormente, foram
determinadas as médias geométricas das intensidades de fluorescéncia nas
populacdes de neutrdfilos e mondécitos no fotodetector FL1, como medida da
expressdo de TLR2, TLR4 ou CD116; no fotodetector FL2, como medida da
expressdo de CD114; e no fotodetector FL3, como medida da expressao de
CD14, nas amostras celulares marcadas com o0s respectivos anticorpos

conjugados.
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3.3. Isolamento de PMNs do sangue periférico

Amostras de sangue venoso foram coletadas de 12 pacientes com DB
e 12 controles saudaveis, pareados por sexo e idade, em seringas plasticas,
sendo imediatamente adicionadas 20 unidades/ml de heparina. Ap6s 10
minutos de centrifugacdo a 1500 rpm, o plasma sobrenadante foi
armazenado. O depdsito rico em leucocitos foi separado e centrifugado a
2000 rpm por 30 minutos em gradiente de Fycoll-Hypaque. Posteriormente,
a camada rica em PMN foi separada e os eritrocitos residuais lisados em
solucdo de cloreto de amoénio (0,13M). Os PMNs isolados foram, entéo,
suspendidos em solucdo salina balanceada de Hanks (HBSS, Hanks
balanced salt solution) com 0,5 mM de CaCl, e 1mM de MgSO,. Viabilidade

celular maior que 95% foi verificada com o corante azul de tripan.

3.4. Avaliagdo da quimiotaxia de PMNs

Doze ensaios de migracdo de PMN foram realizados, cada um
incluindo um paciente com DB e um controle saudavel, utilizando uma
camara de Boyden modificada com 30 pocos. Aliquotas contendo 1,5 x 10°
PMNs foram colocadas nos compartimentos superiores dos poc¢os da
camara, sendo separadas do agente quimiotaxico colocado no
compartimento inferior por um filtro de nitrocelulose com poros de 8 um
(Millipore, Billerica, MA, EUA). Trés agentes quimiotaxicos diferentes foram

testados para cada amostra celular: n-formil-metionina-leucil-fenilalanina 2 x
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10° M (FMLP), leucotrieno B, 3 x 107 M (LTB4) e C5a obtido de plasma
humano de controles saudaveis ativado por zymosan a 1% (todos os
estimulos de Sigma, St Louis, MO, EUA). A migracdo espontanea de PMN
de cada amostra celular também foi medida, preenchendo o compartimento
inferior do poco da camara de quimiotaxia com HBSS. A camara de
quimiotaxia foi incubada durante 60 minutos em atmosfera umidificada com
5% de CO, a 37°C, seguido da remocdo dos filtros de nitrocelulose. A
migracdo celular foi determinada em microscopia Otica, medindo-se a
distancia entre a superficie do filtro e o plano mais distante ainda contendo
dois PMNs, na objetiva 40x. Ensaios em duplicata foram realizados para
cada conjunto de variaveis (amostra celular, agente quimiotaxico e pré-
incubacdo, conforme descrita a seguir) e cinco campos de microscopia
foram medidos em cada filtro. A média das dez medidas foi considerada
como a medida da migracao celular, e os valores da quimiotaxia estimulada
foram considerados como a diferenca entre a migracéo sob estimulo (FMLP,

LTB4 ou C5a) e migracdo espontanea (HBSS) para cada amostra celular.

3.5. Influéncia do LTA e do plasma de DB sobre a quimiotaxia de PMNs

Para avaliar a influéncia do LTA sobre as respostas quimiotaxicas de
PMNSs, aliquotas contendo 1,5 x 10° PMNs obtidos de controle saudavel e
1,5 x 10° PMNs obtidos de paciente com DB foram pré-incubadas por 30
minutos a 37°C com 100 pg/ml de LTA de Staphylococcus aureus (Sigma)

ou com volume correspondente de HBSS (pré-incubacao controle) antes de
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serem colocadas nos compartimentos superiores dos poc¢os da camara de
quimiotaxia. Para avaliar a influéncia de fatores plasmaticos sobre as
respostas quimiotaxicas dos PMN, aliquotas contendo 1,5 x 10° PMNs
obtidos de controle saudavel foram pré-incubadas com 200 ul de plasma
fresco obtido de doente com DB ou com 200 nul de plasma fresco controle
autdlogo antes de sua colocacdo na camara de quimiotaxia. Da mesma
forma, aliquotas de 1,5 x 10° PMNs obtidos de doente com DB foram pré-
incubadas com 200 pl de plasma fresco de controle saudavel ou 200 ul de

plasma aut6logo de doente com DB antes do ensaio de quimiotaxia.

3.6. Medida da concentracéo sérica de CD14s e de IL-6

Amostras de sangue venoso foram coletadas de 53 pacientes com DB
e 35 controles saudaveis em tubos de vidro para separacdo de soros e
mantidos em repouso por 30 minutos para coagulacdo, antes da
centrifugacédo por 15 minutos a 1000 rpm. Posteriormente, 0s soros foram
removidos e armazenados a -70°C até a realizacdo dos ensaios. As
concentracfes séricas de CD14s foram medidas através de kits de ELISA
comerciais (Quantikine® Human sCD14, R&D Systems, Minneapolis, MN,
EUA). A variacao intraensaio indicada pelo fabricante foi de 4,8% a 6,4%. As
concentracbes séricas de IL-6 foram medidas também através de kit
comercial de ELISA sanduiche (DuoSet® human 1I-6, R&D Systems), de

acordo com as instru¢des do fabricante.
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3.7. Anélise estatistica

A andlise estatistica foi executada utilizando-se o software SPSS 15.0
para Windows® (Chicago, IL, EUA). Com relacdo aos resultados da
expressao de receptores, a comparacao entre grupos foi efetuada pelo teste
U de Mann-Whitney, as correlacdes avaliadas pelo coeficiente de correlacéo
de Spearman e o0s resultados, expressos como mediana * variacdo
interquartil, conforme sugerido pela distribuicdo ndo-paramétrica avaliada
pelo teste de Shapiro-Wilk. Analise de variancia (ANOVA) com medidas
repetidas foi calculada para avaliar as diferencas entre trés ou mais grupos
nos resultados dos ensaios de quimiotaxia (que empregaram trés estimulos
quimiotaxicos diferentes). As diferencas nas concentracdes séricas de
CD14s e IL-6 entre grupos foram avaliadas pelo teste t de Student e as
correlagcbes entre estas medidas foram verificadas pelo coeficiente de
correlacdo de Pearson, conforme sugerido pela distribuicdo normal destas
variaveis de acordo com o teste de Kolmogorov-Smirnov, e seus resultados
expressos como média + desvio-padrdao. Valores de p menores que 0,05

foram considerados significantes.
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4. Resultados

4.1. ExpressOes dos receptores TLR2, TLR4, CD14, CD114 e CD116

ligados a membrana de monadcitos e neutroéfilos circulantes

Vinte pacientes com DB ativa (dez homens e dez mulheres; mediana
de idade 41 anos, variagéo de 18 a 57 anos; mediana do BDCAF 5, variagcéo
de 1 a 14) e vinte controles saudaveis pareados por sexo e idade foram
estudados, e apenas um paciente com DB estava em uso de
corticosterdides (prednisona, 20 mg por dia). A expressdo de TLR2 foi
ligeiramente superior em mondcitos de DB em relagdo a mondcitos controles
(39,9 + 13,1 vs. 33,6 £ 5,3; p = 0,019). Em contraste, ndo houve diferenca
significativa na expressdo de TLR2 em neutréfilos DB em relagdo aos
controles (14,2 £+ 4,8 vs. 123 = 53; p = 0,317) (os resultados sé&o
apresentados como mediana = variagdo interquartil, e os valores de p
referem-se ao teste U de Mann-Whitney). Os receptores TLR4, CD14,
CD114 e CD116 tiveram expressdes similares em DB e controles saudaveis,
tanto em mondcitos quanto em neutroéfilos circulantes (Figura 1). Nao houve
correlacdo significativa entre a intensidade da expressdo dos receptores

estudados e os escores BDCAF associados a atividade clinica da doenca.
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Figura 1. Expressédo dos receptores toll-like (TLR) 2, TLR4, CD14, CD114 e CD116 ligados
a membrana de células do sistema imune inato, circulantes no sangue periférico, em
controles saudaveis vs. pacientes com doenca de Behget (DB). Caixas de cor preta
expressam os dados de 20 controles saudaveis, caixas de cor cinza expressam os dados de
20 pacientes com DB ativa (* indica diferenga significativa entre os grupos). Os painéis
superiores (a e b) referem-se aos polimorfonucleares (PMN) neutrofilos, enquanto os
painéis inferiores (c e d) referem-se aos mondcitos. Os eixos verticais expressam a média
geométrica das intensidades de fluorescéncia associadas aos anticorpos monoclonais
marcados para cada receptor especifico, conforme avaliada pela citometria de fluxo.
Expresséo significativamente aumentada de TLR2 (p = 0,019, Mann-Whitney) foi observada
apenas em monacitos de DB.
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4.2. Influéncia do LTA sobre a fungédo quimiotaxica dos PMNs

Para a avaliacdo das respostas quimiotaxicas frente ao LTA, PMNs
isolados de seis pacientes com DB ativa (trés homens e trés mulheres,
mediana da idade 42,5 anos, com variagdo de 29 a 51 anos; mediana do
BDCAF 4,5 com variacdo de 1 a 11; nenhum paciente estava em uso de
corticosterdides) e seis controles saudaveis pareados foram pré-incubados
com LTA ou HBSS antes dos ensaios de quimiotaxia. Houve um aumento
significativo da quimiotaxia estimulada com LTA em ambas as populacdes
celulares (DB e controles saudaveis) em relacdo a quimiotaxia das células
incubadas com HBSS (p = 0,005). Porém, esse aumento da resposta
quimiotaxica foi similar nos dois grupos celulares PMNs DB e PMNs
controles (p = 0,739). Além disso, as intensidades das respostas
quimiotaxicas de PMNs de DB, como um todo, ndo foram superiores as
respostas dos PMNs controles (p = 0,739). Os valores de p foram obtidos
através de ANOVA com medidas repetidas, uma vez que as respostas

obtidas com os trés estimulos quimiotaxicos foram similares (Figura 2).
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Figura 2. Resposta quimiotaxica de polimorfonucleares (PMN) sob a influéncia do &cido
lipoteicoico (LTA) ou solucdo salina balanceada de Hanks (HBSS). Os agentes
quimiotaxicos empregados foram LTB, (linha preta), FMLP (linha cinza) e C5a (linha
pontilhada). Os dados expressam média + desvio padrdo da quimiotaxia estimulada em seis
experimentos, medida em micrometros. Painel a: PMNs obtidos de controles saudaveis
apresentaram respostas quimiotaxicas mais expressivas quando incubadas com LTA.
Painel b: PMNs obtidos de pacientes com DB também demonstraram maior gquimiotaxia
guando incubados com LTA. A influéncia do LTA sobre as respostas quimiotaxicas foi
significante (p = 0,005, ANOVA), mas as respostas de PMNs DB e controles foram
similares.

4.3. Influéncia de fatores plasmaticos sobre a fungdo quimiotaxica dos

PMNs

Para avaliagdo de respostas quimiotaxicas de PMNs frente a fatores
plasmaticos da DB, amostras de PMNs de doze pacientes com DB ativa
(seis homens e seis mulheres; mediana da idade 43 anos, com variagéo de
29 a 53 anos; mediana do BDCAF 5, variacdo de 1 a 14; quatro pacientes
estavam em uso de corticosterodides, um deles com 40 mg/dia de prednisona
e trés com 20 mg/dia) e doze controles pareados foram pré-incubados com
plasma fresco obtido do paciente com DB ou do controle saudavel antes dos

ensaios de quimiotaxia. Observou-se que o uso de corticosteréides nos



25

experimentos com incubacdo com plasma de DB influenciou
significativamente os resultados de quimiotaxia. Quando foram excluidos da
analise os quatro casos em que os doadores de plasma estavam em uso de
prednisona, observou-se que houve um aumento significativo da quimiotaxia
estimulada com plasma DB em ambas as populacbes celulares (DB e
controles saudaveis) em relacdo a quimiotaxia das células incubadas com
plasma controle (p = 0,033). Esse aumento da resposta quimiotaxica foi
também similar nos dois grupos celulares PMNs DB e PMNs controles (p =
0,740). No entanto, as intensidades das respostas quimiotaxicas de PMNs
de DB, como um todo, foram sempre significativamente superiores as
respostas dos PMNs controles (p < 0,001). Os valores de p foram obtidos
através de ANOVA com medidas repetidas, uma vez que as respostas

obtidas com os trés estimulos quimiotaxicos foram similares (Figura 3).
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Figura 3. Respostas quimiotaxicas de polimorfonucleares (PMN) sob a influéncia de plasma
de pacientes com DB ou plasma controle. Os agentes quimiotdxicos empregados foram
LTB4 (linha preta), FMLP (linha cinza) e C5a (linha pontilhada). Os dados expressam média
+ desvio padrdo da quimiotaxia estimulada em oito experimentos, medida em micrometros.
Painel a: PMNs obtidos de controles saudaveis apresentaram respostas quimiotaxicas
maiores quando incubadas com plasma DB do que quando incubadas com plasma controle.
Painel b: PMNs obtidos de pacientes com DB também desempenharam quimiotaxia
exacerbada quando incubados com plasma DB. A incubacdo com plasma influenciou
significativamente as respostas quimiotaxicas (p = 0,033). Adicionalmente, as respostas
guimiotaxicas dos PMNs DB foram significativamente mais expressivas que a quimiotaxia
dos PMNs controles (p < 0,001).
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4.4. Concentracdo sérica de CD14 soluvel

A concentracdo sérica de CD14s foi medida em 53 pacientes com DB
(28 mulheres e 25 homens, média de idade 41 anos com variacdo de 18 a
60 anos) e em 35 controles saudaveis (24 mulheres e 11 homens, média de
idade 35 anos com variacdo de 20 a 56 anos). Os pacientes tinham BDCAF
médio 5,4, com variacdo de zero a 24. Os niveis séricos de CD14s foram
significativamente mais altos nos pacientes com DB do que em controles
saudaveis (1920,8 + 563,6 ng/ml vs. 1623,2 + 391,3 ng/ml, p = 0,008).
Também foram significativamente mais elevados nos doentes com DB ativa
em relacdo aos doentes com DB inativa (2139,6 + 616,9 ng/ml vs. 1710,1 +
418,9 ng/ml, p = 0,004) (os resultados sdo apresentados como média +
desvio-padrao, e os valores de p referem-se ao teste t de Student). N&o
houve correlacédo entre a concentracdo de CD14s e os escores BDCAF no
grupo completo de pacientes; porém, no subgrupo de pacientes com doenca
mais intensamente ativa (escores BDCAF maior que quatro), observou-se
correlacdo positiva significante entre niveis séricos de CD14s e o0 escore
associado a atividade clinica da doenca (coeficiente de correlacdo de
Pearson 0,363 com p = 0,025).

Observou-se correlagcdo positiva significante entre a concentracéo
sérica de sCD14 e a intensidade da expressao de CD14 ligado a membrana
de mondcitos (coeficiente de correlacdo de Pearson 0,530, com p = 0,035).

Ao contrario, ndo houve correlacao entre os niveis séricos de CD14s e IL-6.
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5. Discusséao

Com as premissas de que 0s estreptococos sdo desencadeadores de
periodos de atividade da DB (Kaneko et al., 2008), de que as células do
sistema imune inato sdo diretamente ativadas por LTA de bactérias gram-
positivas via TLR2 (Roelofs et al., 2008), e de que a hiperquimiotaxia de
neutréfilos é a caracteristica mais marcante da fisiopatologia da DB (Carletto
et al., 1997), testou-se, neste trabalho, a hip6tese de que a hiperexpresséo
de TLR2 estivesse associada a hiperquimiotaxia dos PMNs na DB.

Uma vez que nao ha inteira concordancia na literatura a respeito da
expressdo de TLRs nas células inflamatorias de DB, decidiu-se explorar esta
questdo em um grupo homogéneo de pacientes com DB que
compartilhassem as mesmas caracteristicas clinicas. Certas associacoes
recorrentes de 6rgaos-alvo tém sido relatadas na DB (Tunc et al., 2002) e a
associacao entre lesbes cutaneas papulopustulares e artrite € bem definida
(Diri et al., 2001). Portanto, nesse grupo, provavelmente, atua um
mecanismo fisiopatoldgico semelhante em todos 0s casos, e esta foi a razéo
de terem sido consideradas as lesGes papulopustulares como critérios de
inclusédo obrigatorios neste estudo.

A atividade da doenca € outra questdo que poderia influenciar os
resultados de expresséo de TLRs e é particularmente importante na DB, pois
dificilmente ha um estado cronico e sustentado de atividade inflamatoria. A

DB costuma cursar com periodos recorrentes e subitos de atividade da
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doenca intercalados por periodos variaveis de remissdo. Quantificar a
atividade clinica da doenca quando da avaliacdo de caracteristicas
fisiopatolégicas da DB pode ser entdo importante. Neste estudo, empregou-
se a versdo brasileira do BDCAF, um instrumento originalmente
desenvolvido em lingua inglesa por pesquisadores de Leeds (Bhakta et al.,
1999). A versdo brasileira apresenta boa confiabilidade na avaliacdo de
manifestac6es mucocutaneas e articulares da DB (Neves et al., 2007). Uma
vez que a avaliacdo da atividade da DB em outros sistemas organicos €&
insuficientemente confidvel com este instrumento, optou-se por excluir deste
estudo os pacientes com atividade de doenca ocular, gastrointestinal, em
grandes vasos ou em sistema nervoso central, confirmada ou suspeita, no
momento da realizacdo dos experimentos. Tais medidas asseguraram a
homogeneidade da populacdo desse estudo.

Apenas Yavuz et al. (2008) j4 descreveram a expressao de TLR2 em
neutréfilos de DB e concluiram ndo haver hiperexpressao destes receptores,
embora apenas pacientes com DB inativa tenham sido incluidos em seu
estudo. Os resultados do presente estudo concordam com os achados de
Yavuz et al., e permitem concluir que ndo ha significativa hiperexpressao de
TLR2 nos neutrdfilos circulantes da DB, mesmo na situacdo de doenca
mucocutanea ativa.

A hiperexpressdao de TLR2 em mondcitos, aqui demonstrada, é
consistente com os achados de Do et al., (2008) que também reportaram
que esta hiperexpresséao é evidente apenas nos casos de doenca ativa. Nara

et al. (2008) também estudaram uma pequena populacdo homogénea de
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pacientes com DB intestinal e, embora tenham descrito ndo haver
hiperexpressdo de TLR2 ou TLR4 em células mononucleares do sangue
periférico, observaram a expressdo de ambos TLRs nas lesdes intestinais da
DB (em contraste a auséncia de TLR2 nas lesdes da doenca de Crohn e a
auséncia de ambos TLRs na mucosa intestinal normal). Em concluséo, Nara
et al. também sugerem a participacdo de TLR2 na patogénese da DB. Pode-
se supor que a auséncia de sua hiperexpressdo em células mononucleares
circulantes do sangue periférico possa ter ocorrido pelo pequeno nimero de
pacientes estudados (oito casos) ou pela intensidade pouco significativa das
manifestacfes extra-intestinais da doenca (alguns casos com a forma
incompleta da DB - isto &, ndo preenchendo totalmente os critérios
diagnésticos da doenca — foram incluidos em seu estudo). Em conclusao, a
expressdo de TLR2 é de fato aumentada nos mondcitos circulantes da DB
durante os periodos de atividade da doenca.

Adicionalmente, observou-se no presente estudo que ndo ha
expressdo aumentada dos receptores de G-CSF (CD114) e GM-CSF
(CD116) nestas células, fatores envolvidos na regulacdo positiva da
expressdo de TLR2 (Kurt-Jones et al., 2002). Portanto, ndo se encontrou
evidéncia de que a hiperexpressdo de um receptor a montante pudesse
justificar a expressdo aumentada de TLR2 em mondcitos de DB, que pode
ser resultado, entdo, isoladamente, da presenca dos fatores estimulantes
soltveis em maior concentracdo na DB ativa (Kawakami et al., 2004).

Para verificar a possivel importancia da ativacdo de TLR2 na

fisiopatologia da DB, seria importante demonstrar que as respostas
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quimiotaxicas de neutréfilos da DB podem ser amplificadas pela estimulacéo
com LTA. Embora tenha sido observado que LTA pode aumentar as
respostas quimiotaxicas de PMNs de ambos grupos (DB e controle), ndo
houve hiperquimiotaxia nos PMNs DB nestes experimentos em relacdo aos
PMNs controles — o0 que é consistente com o achado de ndo haver
expressdo aumentada de TLR2 nos neutrofilos de DB em relacdo aos
neutrofilos controles.

Apenas nos ensaios envolvendo incubacdo com plasma tornou-se
evidente a hiperquimiotaxia de PMNs de DB. Notavelmente, até mesmo
plasma normal permitiu aos neutroflos DB desempenhar respostas
guimiotaxicas exacerbadas, mas plasma DB induziu respostas ainda mais
exuberantes e induziu hiperquimiotaxia em PMN controles. A concluséo é
que fatores soluveis estimulantes, presentes mesmo no plasma normal (mas
em maior concentracdo no plasma DB, como parte da caracterizacdo de um
microambiente pré-inflamatoério) sdo responsaveis pelo desenvolvimento das
respostas hiperquimiotaxicas de neutrofilos que caracterizam o estado ativo
da DB — e sdo também indispensaveis, uma vez que os PMNs isolados néo
apresentaram hiperquimiotaxia na auséncia de plasma (demonstrando que
tal resposta exacerbada ndo ocorre devido a fatores celulares intrinsecos
isoladamente). Embora este comportamento ja tenha sido descrito em
estudos primordiais (Sobel et al., 1977), tornou-se valioso reproduzi-lo e
confirma-lo no presente estudo, porque se esclarece controvérsia mais
recente sobre quimiotaxia em BD: Tidzun et al. (1999) ndo reproduziram

hiperquimiotaxia em PMNs isolados de pacientes com DB e questionaram a
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validade dessa antiga associacdo entre DB e quimiotaxia de neutroéfilos
(apesar de descreverem uma tendéncia, ndo significante, a respostas
guimiotaxicas exacerbadas em pacientes do sexo masculino com DB). Com
os resultados aqui descritos, conclui-se que a hiperquimiotaxia de PMN em
DB de fato ocorre, mas depende de fatores plasmaticos para ser
experimentalmente verificada.

Os resultados sobre CD14s reproduziram observacdes feitas por
outros autores sobre niveis séricos elevados desse receptor sollvel na DB,
acompanhando a atividade clinica da doenca (Sahin et al., 1996).
Adicionalmente, a correlacdo aqui apresentada entre CD14s e expresséo de
CD14 na membrana de mondcitos, na auséncia de correlagdo com os niveis
séricos de IL-6, sugere a origem predominantemente monocitaria do
excesso de CD14s circulante na DB ativa (em vez de uma producdo em
hepatocitos dependente de IL-6 como um reagente de fase aguda
inespecificamente relacionado a atividade inflamatoria, como foi verificado
por Bas et al. em 2004 em diferentes artropatias inflamatérias). Isso reforca
a importancia da ativacdo monocitaria na fisiopatologia da DB. Mege et al.
(1993) j4 haviam demonstrado que mondcitos de pacientes com DB ativa
produzem excessivamente citocinas pro-inflamatérias quando estimulados
com lipopolissacarideo (LPS) e, particularmente, Cuchacovich et al. (2005)
reportaram a producdo excessiva de IL-8, uma citocina capaz de estimular a
quimiotaxia de PMNs, por mondcitos isolados de pacientes com DB ativa
estimulados com LTA. Este ultimo achado, especialmente, é condizente com

o resultado em que se demonstrou, neste trabalho, a hiperexpressao de
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TLR2 em mondcitos de DB ativa. Se os mondcitos na DB desempenham um
papel reconhecendo bactérias gram-positivas em maior intensidade (devido
a hiperexpressdo de TLR2) durante as fases ativas da DB e ativando as
respostas quimiotaxicas de PMN exacerbadamente (através da producéo
aumentada de citocinas esimuladoras agindo sobre os PMNs), € uma
hipotese que se impde, e outros estudos funcionais seriam necessarios para
investiga-la. No presente estudo, estimulos com LTA sobre mondcitos néo
foram contemplados — a demonstracdo de que fatores solUveis de origem
em monocitos de DB estimulados com LTA induzissem hiperquimiotaxia de
PMN seria uma evidéncia a favor dessa hipotese. Além disso, curiosamente,
0 proprio receptor CD14s de origem monocitaria poderia ter um papel na
regulacdo das funcdes neutrofilicas na DB. A respeito da estimulacéo celular
frente a componentes bacterianos, o CD14s pode ter papéis diametralmente
opostos: em primeiro lugar, o desprendimento de CD14 da membrana
monocitaria pode ter um papel contrarregulatorio, uma vez que 0 excessivo
CD14s circulante competiria com o receptor de membrana pela ligacdo as
moléculas estimuladoras de origem bacteriana (Maliszewski, 1991). Por
outro lado, ja se demonstrou que o CD14s pode atuar permitindo que células
endoteliais (que ndo expressam CD14 de membrana) sejam estimuladas por
LPS circulante (Pugin et al., 1993). Os neutrofilos, que expressam CD14 de
membrana em pequena intensidade, também sdo mais fortemente ativados
por LPS ou por lipoproteina com a presenca de CD14s (Troelstra et al.,
1997). Sendo assim, mais que um marcador inespecifico de ativacdo

monocitaria, os niveis de CD14s poderiam influenciar as respostas
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inflamatoérias da DB? Estudos adicionais sdo necessarios para confirmar
esta possibilidade e definir se o papel predominante deste receptor solavel
seria anti-inflamatoério ou pré-inflamatério durante os periodos de ativacédo da
DB.

Em resumo, a hipétese inicial deste estudo foi descartada: TLR2 nao
apresentou-se mais expresso nos neutrofilos dos pacientes com DB, cujas
respostas quimiotaxicas estimuladas por LTA ndo foram superiores as de
neutréfilos controles. Adicionalmente, verificou-se que: a hiperquimiotaxia de
PMNs em DB de fato ocorre, mas € estritamente dependente de fatores
estimuladores solaveis; que o TLR2 é hiperexpresso por mondcitos dos
pacientes com DB ativa; e que os niveis séricos de CD14s (de origem
monocitaria) acompanham a atividade clinica da DB. Sugere-se que
pesquisas futuras possam investigar o papel das células de linhagem
monocitaria no reconhecimento de agentes bacterianos e na subsequente

estimulacao de respostas neutrofilicas através de fatores solaveis.
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6. Conclusdes

N&o houve hiperexpressao de TLR2 em neutrofilos de pacientes com
DB ativa, em relacao a neutréfilos de controles saudaveis.

As respostas quimiotéxicas de neutréfilos de pacientes com DB,
quando estimulados com LTA, nao foram superiores as respostas de
neutréfilos de controles saudaveis.

A expressdo de TLR2 foi significativamente superior em mondcitos
circulantes de pacientes com DB ativa em relacdo a mondcitos de controles
saudaveis. Ndo houve diferencas significativas nas expressdes de TLR4,
CD14, CD114 ou CD116 em mondcitos ou neutréfilos entre os grupos DB e
controle.

A hiperquimiotaxia de neutréfilos ocorre de fato na DB, sendo
estritamente dependente de fatores estimuladores solUveis presentes no
plasma.

A concentracdo seérica de CD14s correlaciona-se a atividade clinica

da DB e tem origem monocitéaria.
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7.1. Anexo A

Versao brasileira validada do instrumento de avaliacdo de atividade da

Doenca de Beh¢cet BDCAF (Behcet's Disease Current Activity Form)



BR - BDCAF
FORMULARIO DE ATIVIDADE ATUAL DA DOENGCA DE BEHCET (BRASIL)

Escala de bem-estar nas Gltimas 4 semanas @ @ @ @ @ @ @
(Paciente deve marcar o rosto escolhido)

Escala de bem-estar hoje

(Paciente deve marcar o rosto escolhido) @ @ @ @ @ @ @

DADOS CLINICOS ATIVIDADE (faca as guestdes do item 2)
Fadiga (“cansaco fora do normal’) 01 2 3 4
Cefaléia (“dor de cabeca”) 01 2 3 4
Ulceras orais (“boca”) 012 3 4
Ulceras genitais (“regi&o pénis/vagina”) 01 2 3 4
Lesdes cutaneas eEritema nodoso ou 01 2 3 4
(“da pele”) tromboflebite superficial;

ePUstulas 0 1 2 3 4
ArticulagBes  eArtralgia (“dor”) 01 2 3 4
(“juntas™) eArtrite (“inchaco quente™) 01 2 3 4
Gastrintestinal e Nauseas, vomitos ou 01 2 3 4

dor abdominal,

eDiarréia com sangue 01 2 3 4

Ocular Ha atividade ocular? ()Sim () Néo (faca as questdes do item 3)

indice de Oculopatia de Behget (0) (1) (2) (3) (preenchido por oftalmologista)

SNC Hé& nova atividade em sistema nervoso central?  ( )Sim ( )N&o (faca as questdes do item 4)

(Se "sim", responder as questdes abaixo:)

QL. ()Sim ( )Ndo Q2. ( )Sim ( )Nao Q3.( )Sim ( )Ndo Q4.( )Sim ( )Ndo Q5. ( )Sim ( )N&o

Grandes vasos Ha nova atividade em grandes vasos? ( )Sim ( )Nao (faca as questdes do item 5)

(Se "sim", responder as questdes abaixo:)
QL. ()Sim ( )Ndo Q2.( )Sim ( )Nao Q3.( )Sim ( )Nao Q4. ( )Sim ( )Nao

Atividade da Doenca de Behget nas ultimas 4 @ @ @ @ @ @ @

semanas: impressdo do médico




INSTRUCOES

Sistema de pontuagdo do Formulario de Atividade

Toda a pontuacdo depende dos sintomas presentes nas Ultimas 4 semanas. Apenas 0s dados clinicos que 0 médico
julga serem devidos & Doenca de Behcet devem ser considerados.

(1) Para completar a “escala de bem-estar nas Ultimas 4 semanas”, faca a seguinte pergunta ao paciente:
""Aqui estdo alguns rostos. Eles representam varios sentimentos, desde muito bem a muito mal-estar. Pensando
apenas na sua Doenca de Behget, qual destes rostos representa melhor como vocé vem se sentindo nas Ultimas
4 semanas?"’
Para completar a “escala de bem-estar hoje”, faga a seguinte pergunta ao paciente:
""Aqui estdo alguns rostos. Eles representam varios sentimentos, desde muito bem a muito mal-estar. Pensando
apenas na sua Doenca de Behget, qual destes rostos representa melhor como vocé esta se sentindo hoje?"

(2) Pontos para fadiga, cefaléia, Ulceras orais e genitais, lesdes cutaneas, sintomas articulares e sintomas
gastrintestinais sdo baseados na duragdo dos sintomas (em semanas). Facga a seguinte pergunta completando com o
sintoma a ser avaliado e marque 0 nimero correspondente de semanas:

""Nas ultimas 4 semanas, durante quantas semanas no total vocé teve.................... o
0 sem o sintoma
1 sintoma durante 1 semana (1-7 dias no total)
2 sintoma durante 2 semanas (8-14 dias no total)
3 sintoma durante 3 semanas (15-21 dias no total)
4 sintoma durante 4 semanas (22-28 dias no total)

(3) Comprometimento ocular
Atividade ocular pode estar presente se algum dos seguintes sintomas esta presente: (1) olho vermelho, (2) visao
borrada, (3) dor ocular.
Faca entdo a seguinte pergunta (assinale na frase quais 0s sintomas presentes):
""Nas ultimas 4 semanas vocé teve: olho vermelho ( ), dor no olho ( ), vista borrada ou reduzida ( )?"
Se qualquer um deste sintomas esteve presente, ou se vocé acha que pode haver atividade ocular, encaminhe o
paciente ao oftalmologista que determinara o escore ocular (Indice de Oculopatia de Behget)

(4) Sistema nervoso central
Faca a seguinte pergunta (assinale na frase quais os sintomas presentes):
"Nas Gltimas 4 semanas vocé teve algum desmaio, perda da consciéncia e da visdo ( ), dificuldade para falar
ou ouvir( ), enxergando em duplo( ), fraqueza ou perda da sensibilidade no rosto, braco ou perna ( ), perda
de memoria ( ) ou perda do equilibrio ( )?"
Se todas as respostas forem “néo”, entdo as questdes Q1 a Q5 serdo consideradas negativas; caso contrério, tente
determinar o seguinte:

Q 1. Hanovos sinais ou sintomas compativeis com comprometimento meningeo?

Q 2. Hanovos sinais ou sintomas compativeis com comprometimento de par craniano?

Q 3. Hanovos sinais ou sintomas compativeis com comprometimento de tronco cerebral ou cerebelar?
Q 4. Hanovos sinais ou sintomas compativeis com comprometimento de hemisfério cerebral?

Q5. Hanovos sinais ou sintomas compativeis com comprometimento da medula espinhal?

(5) Grandes vasos
Faca a seguinte pergunta (assinale na frase quais os sintomas presentes):
"Nas Gltimas 4 semanas vocé teve dor no peito ( ), falta de ar ( ), tosse com sangue ( ), ou teve alguma dor ( ),
inchaco ou descoloracéo de alguma parte do rosto ( ), braco( ) ou perna ( )?
Se todas as respostas forem “néo”, entdo as questdes Q1 a Q4 serdo consideradas negativas; caso contrario tente
determinar o seguinte:

Q 1. Hanovos sinais ou sintomas compativeis com trombose venosa profunda periférica?

Q 2. Hanovos sinais ou sintomas compativeis com trombose venosa profunda central?

Q 3. Hanovos sinais ou sintomas compativeis com trombose arterial periférica ou aneurisma?
Q 4. Hanovos sinais ou sintomas compativeis com trombose arterial pulmonar ou aneurisma?
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7.2. Anexo B

Parecer da Comissédo de Etica para Anélise de Projetos de Pesquisa —
CAPPesq — da Diretoria Clinica do Hospital das Clinicas e da Faculdade

de Medicina da Universidade de Sao Paulo



re~
L
APROVACAO

A Comissdo de Etica para Andlise de Projetos
de Pesquisa - CAPPesq da Diretoria Clinica do Hospital das Clinicas e da

Faculdade de Medicina da Universidade de Sdo Paulo, em sessdo de
20.12.06, APROVOU o Protocolo de Pesquisa n° 1215/06, intitulado:

“Avaliacdo da fungdo dos receptores TLR-2 e CD-14 pela ag¢do do G-
C$F/GM-CSF na atividade de neutréfilos empacientes com Sindrome de
Behget”, apresentado pelo Departamento de CLINICA MEDICA,

inclusive Termo de Consentimento Livre e Esclarecido.

Cabe ao pesquisador elaborar e apresentar G
CAPPesq, os relatérios parciais e final sobre a pesquisa (Resolugdo do

Conselho Nacional de Salde n° 196, de 10.10.1996, inciso IX. 2, letra “c")

Pesquisador(a) Responsdvel: Suzana Beatriz Verissimo de Mello

Pesquisador (a) Executante: Fabricio de Souza Neves

CAPPesq, 20 de dezembro de 2004.

PROF. DR. EUCLIDES AY@ES DE CASTILHO
Presidente da Comissdo de Etica para Andlise

de Projetos de Pesquisa

Comissdo de Etica para Andlise de Projetos de Pesquisa do HCFMUSP e da FMUSP
Diretoria Clinica do Hospital das Clinicas da Faculdade de Medicina da Universidade de Sdo Paulo
Rua Ovidio Pires de Campos. 225, 5° andar - CEP 05403 010 - Sdo Paulo - SP
Fone: O11 - 30696442 fax : OL1 - 3069 6492 - e-mail : cappesq@hcnet.usp.br / secretariacappesq2@hcnet.usp.br
tms
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7.3. Anexo C
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ABSTRACT

We wished to assess the expressions of Toll-like receptor (TLR) 2 and the correlated
receptors TLR4, CD14, CD114 and CD116 on polymorphonuclear (PMN)
neutrophils and monocytes of patients with Behget’s disease (BD) and to verify PMN
chemotaxis under different stimulations. Our objective was to verify if BD PMNs
express TLR2 excessively and if its chemotaxis can be over stimulated by
lipoteichoic acid (LTA), a component of gram-positive bacteria that is a TLR2
agonist. Receptor expressions were assessed by flow cytometry. PMN chemotaxis
was assessed after incubation with BD and normal plasma, LTA and Hanks solution
in a Boyden chamber. On PMNSs, expressions of all receptors were similar in BD and
control groups. When stimulated with LTA, BD PMN cells showed chemotactic
responses similar to the controls. These cells only exhibited increased chemotaxis
when incubated with plasma. TLR2 expression was higher only on BD monocytes.
We concluded that isolated BD PMNs does not hyperexpress TLR2 neither overreact
to LTA. As additional findings, because TLR2 expression was higher on BD
monocytes and BD PMN hyperchemotaxis occurred on strict dependence of soluble
factors, we suggest a possible role for bacterial stimulation of monocytes in

production of BD proinflammatory milieu.

Key words: Behget’s disease, chemotaxis, neutrophils, monocytes, Toll-like

receptors
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INTRODUCTION

Behcet’s Disease (BD) is a systemic inflammatory disorder characterized by
vasculitis that is often accompanied by oral and genital ulcers, skin lesions, uveitis
and arthritis [1]. Its typical course consists of sudden recurrent inflammatory attacks
intercalated with periods of remission. This fact suggests that BD flare-ups may be
caused by occasional exposure to environmental triggers in the case of an individual
with a predisposed pro-inflammatory  immunologic  background  [2].
Polymorphonuclear (PMN) neutrophil hyperfunction has been linked to BD since
1975, when increased granulocyte chemotaxis was first described and colchicine was
suggested as an efficient BD treatment [3]. Since then, PMN hyperchemotaxis is the
one finding that has been most consistently linked to BD pathophysiology. This
phenomenon has been reported in vivo and is well correlated with disease activity
[4]. However, there is still controversy and some authors reported no difference of in
vitro chemotaxis between BD and control PMN [5].

As causative triggers, streptococci have been implicated in BD, probably as a
consequence of cross-reactivity between their microbial structures and host tissues
[6-8]. In accordance to this hypothesis, penicillin had demonstrated benefit in BD
treatment [9] and supernatants of BD T cell cultures stimulated with streptococcal
preparations had accelerate PMN cell functions, including chemotaxis [10].
Additionally, besides T cell antigen recognition, human innate immune cells may act
in direct response to bacterial components through a system that primarily comprises
Toll-like receptors (TLR) [11]. TLR2 and TLR4 are extracellular receptors that

recognize, respectively, gram-positive and gram-negative bacterial lipid-based
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structures in cooperation with CD14 [12]. Lipoteichoic acid (LTA), a major
component of the cell membranes of gram-positive bacteria, has been associated with
stimulation of human neutrophil [13] and monocyte [14] functions via TLR2 and
CD14 activation. It also has been demonstrated that expressions of TLR2 and CD14
on PMN surfaces are regulated by granulocyte-macrophage colony-stimulating factor
(GM-CSF) and by granulocyte colony-stimulating factor (G-CSF). These soluble
cytokines increase TLR2 and CD14 expression on PMN membranes, thereby
priming these cells to respond swiftly after subsequent stimulation with TLR2
agonists [15].

This system may be involved in BD pathophysiology. Nevertheless, the
expression of TLR2 and TLR4 in BD patients has been investigated by other authors
with conflicting results. Do et al. reported higher expressions of TLR2 and TLR4 on
circulating BD monocytes [16]; Kirino et al. identified increased expression of
TLR4, but not of TLR2, on BD peripheral blood mononuclear cells (PBMC) [17].
Nara et al. concluded that TLR2 and TLR4 are expressed in BD intestinal lesions,
but they reported no differences between their expression levels on PBMCs of BD
patients and healthy controls [18]. Only Yavuz et al. investigated TLR expression on
BD PMN and observed no differences in TLR2 and TLR4 expressions between BD
patients and controls. However, they included only patients with inactive disease
[19]. Among the possible reasons for these discrepancies, two are of particular
interest: 1) none of these studies measured the intensity of BD clinical activity using
standardized instruments. It has been suggested that TLR hyperexpression in BD
may depends on disease activity status [16], and hence false negative results may be

recorded if only patients with low disease activity were studied; 2) BD is a protean
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inflammatory disorder. During the course of disease, some patients present severe
inflammation in certain organ systems, but not in others (e.g., major vessel,
gastrointestinal, central nervous system or ocular inflammation). It is unclear
whether all of these manifestations share the same pathological mechanisms. If not,
studies with heterogeneous BD populations may reveal conflicting results.

Furthermore, although stimulation of PMN with TLR agonists may enhance
several cell functions [20], it remains unclear whether it induces PMN
hyperchemotaxis. Actually, isolated human PMN exhibited downregulation of the
chemokine receptors CXCR1 and CXCR?2 following LTA stimulation [21]. Recently,
functional chemotactic tests were performed under stimulation with agonists of
TLR2 and TLR4: the results confirmed that spontaneous PMN migration was
enhanced, but chemotaxis remained unchanged [22]. Regarding chemotaxis after
LTA stimulation, whether PMN from BD patients would respond differently than
control PMN have not been evaluated yet. In fact, studies regarding TLR expression
in BD did not correlate their findings with cellular functional assays [16-19].

Our main objectives were to measure TLR2 expression on BD PMN and to
assess chemotactic responses of BD PMN under LTA stimulation. Our hypothesis
was that TLR2 could be overexpressed by BD PMN during active periods of disease,
leading to PMN hyperchemotaxis when stimulated by gram-positive bacterial
compounds. Additionally, we measured the expression rates of TLR4 and CD14 on
these cells and, because expression of these receptors is regulated by the G-CSF and
GM-CSF pathways, we also assessed the expression levels of G-CSF receptor
(CD114) and GM-CSF receptor (CD116), and measured the expressions of all these

receptors on BD monocytes as well.
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METHODS

Patients and Controls. Our study group included BD patients who were followed at
the Behcet’s disease outpatient clinic at the Rheumatology Division of the Hospital
das Clinicas, the teaching hospital of the University of Sao Paulo, Brazil. All patients
met the International Study Group criteria for the diagnosis of BD [23]. The
validated Brazilian version [24] of the Behcget’s Disease Current Activity Form
(BDCAF) [25] was used to assess BD activity. We included patients who exhibited
BD mucocutaneous manifestations with papulopustular lesions, with or without
articular complaints. Patients with suspected ongoing ocular, gastrointestinal, major
vessel or central nervous system BD activity were not included. We also excluded
patients with suspected or diagnosed infectious episodes or who presented with other
chronic inflammatory diseases. By considering only mucocutaneous and articular
complaints, BDCAF offers a disease activity score range of 0-32. Healthy volunteers
recruited from laboratory and hospital staffs were included as a control group.
Thirty-two BD patients (18 female, 14 male, median age 42.0 years, range 18-60
years) and 32 healthy controls (matched according age and gender) were included.
BD patients had a median BDCAF score of 4.0, range 1-24. Twenty patients were
taking colchicine, while 13 patients were on prednisone, four on azathioprine, three
on thalidomide, three on pentoxyphilline, two on cyclosporine, two on penicillin, one
on dapsone and one on mycophenolate mofetil. For the purpose of the chemotaxis
assay, twelve patients were asked to stop taking colchicine ten days before the start
of the investigation. The therapeutic regimen was otherwise unadjusted during the

study. Our study design was consistent with the principles of the Declaration of
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Helsinki and received institutional ethics committee approval (CAPPesq, protocol
number 1215/06). Written informed consent was obtained from all subjects prior to

study commencement.

Assessment of membrane-bound expressions of TLR2, TLR4, CD14, CD114 and
CD116 on circulating monocytes and PMNs. Venous blood samples were taken
from 20 BD patients (median BDCAF 5, range 1-14) and 20 normal controls in
EDTA tubes. Two hundred microlitres of each sample was placed in tubes containing
2 ml of 0.1% azide in phosphate-buffered saline (PBS), centrifuged at 2000 rpm for 3
minutes and mixed with 50 ul of 2% foetal calf serum (FCS) and 0.1% azide-PBS.
Afterwards, cell samples were incubated for 20 minutes with unconjugated anti-
human Fc Receptor (FCR Block Reagent, eBioscience, San Diego, CA, USA) to
avoid subsequent unspecific adhesion of labelled monoclonal antibodies (mAb) to Fc
receptors on innate immune cells. Following the manufacturer’s instructions (BD
Biosciences, San Jose, CA, USA), cells were stained with the following mAbs:
phycoerythrin (PE) conjugated mouse anti-human CD66 mAD, as a specific marker
of PMN (FL2), PerCP-Cy5.5 conjugated mouse anti-human CD14 mAb (FL3) and
Alexa-Fluor® conjugated mouse anti-human TLR2, biotinylated mouse anti-human
TLR4 mADb (added to streptavidin labelled with fluorescein isothiocyanate — FITC)
and FITC conjugated mouse anti-human CD116 mAb (FL1) or isotype control
antibody for 20 minutes. FITC conjugated anti-human CD66 (FL1) was used as a
PMN marker with PE conjugated mouse anti-human CD114 (FL2). Erythrocytes
were lysed with appropriated lysing solution (BD Biosciences), and stained cells

were washed twice in 0.1% azide-PBS solution and fixed in 1% paraphormaldeyde
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prior to flow cytometric analysis. Ten thousand cells from each sample were then
analyzed in a three-fluorescence detector FACScalibur™ device with CellQuest™
software (BD Biosciences). PMN and monocyte regions were gated in the forward
scatter/side scatter chart. In each specific region, PMNs and monocytes were defined
as CD66+ or CD14+ cells, respectively. After that, the FL-3 geometric mean
fluorescence intensity was assessed as a measure of membrane-bound CD14
expression. FL-1 geometric mean intensity of fluorescence was measured as a means
of monitoring TLR2, TLR4 or CD116 expression. The FL-2 geometric mean

fluorescence intensity indicated CD114 expression.

Isolation of peripheral blood PMN. Venous blood samples from 12 BD patients
(median BDCAF 4, range 1-24) and 12 controls were collected in plastic syringes
and immediately mixed with 20 units/ml of heparin. After 10 minutes of
centrifugation at 1500 rpm, the supernatant plasma was stored. The leukocyte-rich
plasma was separated and centrifuged at 2000 rpm for 30 minutes in a Ficoll-
Hypaque gradient. The PMN-rich pellet was separated, and lysis of the erythrocytes
was performed using ammonium chloride solution (0.13 M). The purified cells were
then resuspended in Hanks balanced salt solution (HBSS) with 0.5 mM and 1 mM of
CaCl; and MgSQ,, respectively. Cell viability > 95% was assessed with trypan-blue

dye exclusion.

Assessment of chemotaxis. Twelve PMN migratory assays, each of which included
one BD patient and one gender and age matched healthy control, were performed

using a multi-well chemotaxis chamber. Briefly, aliquots containing 1.5 x 10° PMN
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cells (obtained as described above) were added to the upper compartment of the
chamber and were separated from the chemotactic agent in the lower compartment
by a cellulose nitrate filter of 8 um average pore size (Millipore, Billerica, MA,
USA). Three different chemotactic agents were used for each cell sample: n-
formylmethionine leucyl-phenilanine, 2 x 10° M (FMLP), leukotriene B4, 3 x 107 M
(LTB4) and human Cb5a obtained from normal human plasma activated by 1%
zymozan (all stimuli purchased from Sigma, St Louis, MO, USA). Free, non-
stimulated PMN migration was also assessed. This system was incubated in
humidified 5% CO, air at 37°C for 60 min, followed by removal of the filters for
fixation and staining of the cells. PMN migration within each filter was determined
under light microscopy by the “leading front” method, in which the distance was
measured from the top of the filter to the furthest plane that still contained two cells
under a 40x zoom objective view. We made duplicate wells for every set of variables
(cell sample, pre-incubation as described below and chemotactic agent). Five fields
were counted and averaged for each filter, and the value of the stimulated chemotaxis
was considered as the difference (A) between migration with stimulation (FMLP,

LTB, or C5a) and spontaneous (non-stimulated) PMN migration.

BD plasma influence and LTA influence on PMN chemotaxis. In order to
investigate the action of BD plasma factors on chemotaxis, samples containing 1.5 x
10° control PMN and 1.5 x 10° BD PMN were pre-incubated with 200 pl of plasma
either from BD patients or from control healthy donors for 30 min at 37°C before
being transferred to the chemotaxis chamber and undergoing the migratory assay

procedure as described above. This was repeated for all twelve chemotaxis
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experiments. To assess LTA influence on PMN migratory response, samples with 1.5
x 10° normal control PMN and 1.5 x 10° BD PMN were pre-incubated for 30 min at
37°C with 100 pg/ml LTA from Staphylococcus aureus (Sigma) before being placed
in the chemotaxis chamber. This was repeated for six different chemotaxis

experiments.

Statistical analysis. All analyses were performed with the SPSS 15.0 for Windows®
(Chicago, IL, USA) statistical software package. For results concerning membrane
receptor expression rates, comparisons between groups were carried out using the
Mann-Whitney U test and results are expressed as median + interquartile range,
consistent with a non-parametric distribution as assessed by the Shapiro-Wilk test. A
univariate analysis of variance (ANOVA) with repeated measures was calculated to
assess the differences between three or more groups in the chemotaxis essays. Values

of p under 0.05 were considered significant.

RESULTS

Expression of membrane-bound receptors TLR2, TLR4, CD14, CD114 and
CD116 on BD PMN and monocytes. TLR2 expression level was found to be
slightly higher on BD monocytes than on controls (39.9 + 13.1 vs 33.6 + 5.3, p =
0.019). In contrast, there was no significant difference in TLR2 expression rates
between BD and control PMN. TLR4 and CD14 expression levels on both BD

monocytes and PMN were similar than on controls. Also, we found no difference in
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CD114 and CD116 expression rates between BD and control cells (Fig. 1). Only one

patient was taking prednisone (20 mg/day).

BD plasma influence on PMN chemotactic function. Twelve BD patients and
twelve healthy controls were enrolled in the chemotaxis assays. Four patients were
taking prednisone (one at 40 mg/day, three at 20 mg/day). PMNs obtained from
controls (control PMN) were pre-incubated with their own fresh plasma or with BD
fresh plasma, and PMNs obtained from BD patients (BD PMN) were pre-incubated
with their own fresh plasma or with control fresh plasma prior to the chemotaxis
assay, as described in the methods section. Concerning plasmatic influence on
chemotaxis: overall, pre-incubation with BD or with control plasma did not have a
significant effect on results (p = 0.065), but we observed that corticosteroid from BD
patients significantly influenced these results. When we excluded the 4 experiments
in which control PMN were pre-incubated with plasma from BD patients taking
corticosteroids, we observed that pre-incubation with BD plasma enhanced PMN
chemotactic responses (p = 0.033). Regarding the specific cell used for these
experiments, BD PMN was associated with significantly higher overall chemotactic
responses than control PMN (p < 0.001), but both cell groups exhibited similarly
strengthened chemotaxis under the influence of BD plasma (p = 0.740). All the p

values were calculated using univariate repeated measures ANOVA (Fig. 2).

LTA influence on PMN chemotactic function. During the chemotaxis experiments
described above, PMN isolated from six BD patients and from six healthy controls

were also pre-incubated with LTA or HBSS (without plasma) before the assay. There
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was a significant increase in stimulated chemotaxis with LTA pre-incubation of both
normal PMN and BD PMN (p = 0.005). Regarding the specific cells used for these
experiments, BD PMN failed to show higher overall chemotactic responses than
control PMN (p = 0.528). Both cell groups exhibited similar accelerated chemotaxis
under the influence of LTA (p = 0.739). All p values were obtained from univariate

repeated measures ANOVA (Fig. 3).

DISCUSSION

Since streptococcal triggering of BD inflammatory flare-ups is recognized
[26] and innate immune cells can be activated by microbial compounds via the Toll-
like receptor system [11-14], our objective was to correlate the possible
hyperexpression of TLR2 to PMN hyperchemotactic responses (although still
controversial, it is the most characteristic pathophysiologic finding in BD).

Because there is no agreement in the literature regarding TLR expression
rates on BD inflammatory cells, we decided to explore this question using a
homogeneous group of BD patients who shared the same clinical characteristics.
Certain recurrent target organ associations have been linked to BD [27], and the
association between papulopustular skin lesions and arthritis is now well defined
[28]. Therefore, within this group, there is probably a common pathologic
mechanism, and this is the reason that we defined papulopustular skin lesions as an
obligatory manifestation for our study’s inclusion criteria.

Disease activity is another question that may influence TLR expression. It is

particularly difficult to deal with this question in BD patients because no chronic
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state of active inflammation actually exists. BD is associated with sudden attacks of
inflammation, of variable intensity, intercalated by periods of remission. Some effort
must be made, therefore, to quantify the intensity of disease activity when assessing
BD inflammatory phenomena. We employed the validated Brazilian version of the
BDCAF, an instrument originally developed for English language users by
researchers from Leeds, UK [25]. The Brazilian version was considered reliable to
assess mucocutaneous and articular manifestations of BD in another study [24].
Because measurement of BD activity in other organ systems is insufficiently reliable
with this instrument, we decided not to include BD cases with suspected ongoing
ocular, gastrointestinal, major vessel or central nervous system inflammation.

Before our study, only Yavuz et al. had ever described TLR2 expression on
BD PMN and they reported no hyperexpression of this receptor on these cells [19].
However they included only patients with inactive BD, their results are in accordance
to our findings in patients with active disease, thus we conclude that TLR2
expression on BD PMN is not upregulated, irrespective of disease activity status.

Our results showed hyperexpression of TLR2 on BD monocytes, consistent
with the findings of Do et al. These authors also described that TLR2
hyperexpression was evident only in active BD cases [16]. Nara et al. also studied a
small population of relatively homogeneous BD cases with intestinal inflammation.
Although they found that PBMC expression levels of TLR2 and TLR4 were the same
in BD and in control subjects, the expression of both TLRs was observed in BD
intestinal samples (in contrast to the absence of TLR2 in Crohn’s disease and the
absence of both TLRs in normal intestinal mucosa) [18]. Consequently, data from

Nara et al. also suggest the involvement of TLR in BD cases. We believe that a lack
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of TLR hyperexpression in peripheral blood cells may had occur if extraintestinal
manifestations in the cases studied were extremely mild (although the clinical
scenarios were described, data on the intensity of clinical signs have not been
published). Hence, we suggest that expression of TLR2 is upregulated on BD
monocytes during the active periods of disease.

To verify the link between TLR2 hyperexpression and BD pathophysiology,
it would be important to demonstrate that chemotactic responses of BD PMN can be
enhanced following LTA stimulation. Although we observed that LTA can stimulate
both control and BD PMN chemotaxis, there were not higher chemotaxis rates from
BD PMN in these experiments. This is consistent with the finding of no TLR2
hyperexpression on BD PMN.

Only during experiments with plasma incubation, it did become evident that
BD PMN cells exhibited stronger chemotactic responses. Of note, even the control
plasma encouraged BD PMN cells to exhibit enhanced chemotaxis, but BD plasma
induced even higher chemotaxis rates. Hence, we suggest that soluble factors that are
present even in normal plasma (but that are more concentrated in BD plasma
samples) are necessary for stimulating PMN chemotactic responses that characterize
the BD active state. Although this had been previously verified by Sobel et al in
primeval studies [29], we consider that it was worthwhile to experimentally confirm
it in our work because it may clarify relentless controversy about PMN chemotaxis
and BD [5]: in conclusion, we suggest that BD PMN hyperchemotaxis really occurs,
but is strictly dependent on the proinflammatory microenvironment of disease
activity. Mege et al. had already suggested that monocytes may play a role in BD

pathogenesis, by overproducing proinflammatory cytokines that trigger PMN
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functions [30], and Cuchacovic et al. demonstrated that mononuclear cells isolated
from patients with active BD had increased secretion of IL-8 when stimulated with
LTA [31]. This latter finding is particularly consistent with our results of TLR2
hyperexpression on BD monocytes and suggests a possible role for monocytes in BD
by producing stimulating factors for PMN chemotaxis.

In conclusion, our initial hypothesis has been discarded: TLR2 was not
hyperexpressed on BD PMNs, and isolated BD PMNs do not develop
hyperchemotactic responses when stimulated with LTA. As additional findings, we
confirmed that BD PMNs perform hyperchemotaxis (but it strictly depends on
soluble proinflammatory factors) and TLR2 is overexpressed on BD monocytes.
Thus we suggest that further investigation on BD bacterial triggering may focus on
the role of monocyte stimulation via TLR2 and overproduction of cytokines that

would activate PMN hyperfunction.

Disclosure statement: Neves FS, none; Carrasco S, none; Gongalves CR, none;

Goldenstein-Schainberg C, none; Mello SBV, none.

Acknowledgements: We are grateful to Maria Aurora Gomes da Silva and Maria de
Fatima de Almeida for their contributions to our laboratory chemotaxis experiments,
to Rogério Ruscitto do Prado for statistical assistance and to Janet Fu McDevitt for
reviewing our English-language manuscript. Discussions with many colleagues were
important during this study, but we are particularly grateful to Dr. Roger Chammas,
Ph.D. This work was supported by Fundacdo de Amparo a Pesquisa do Estado de

Séo Paulo (FAPESP) [Grant number 2007/52448-4].



58

REFERENCES

1. Yurdakul S, Hamuryudan V, Yazici H (2004) Behcet syndrome. Curr Opin
Rheumatol 16:38-42.

2. Direskeneli H (2006) Autoimmunity vs autoinflammation in Behget’s
disease: do we oversimplify a complex disorder? Rheumatology 45:1461-5.

3. Matsumara N, Mizushima Y (1975) Leucocyte movement and colchicine
treatment in Behcet’s disease. Lancet 2:813.

4. Carletto A, Pacor ML, Biasi D et al (1997) Changes of neutrophil migration
without modification of in vitro metabolism and adhesion in Behget’s disease.
J Rheumatol 24:1332-6.

5. Tiazin B, Tdzun Y, Yurdakul S, Hamuryudan V, Yazici H, Ozyazgan Y
(1999) Neutrophil chemotaxis in Behcget’s syndrome. Ann Rheum Dis
58:658.

6. The Behcet’s Disease Research Committee of Japan (1989) Skin
hypersensitivity to streptococcal antigens and the induction of systemic
symptoms by the antigens in Behcet’s disease — a multicenter study. J
Rheumatol 16:506-11.

7. Lehner T (1999) Immunopathogenesis of Behcet's disease. Ann Med Interne
(Paris) 150:483-7.

8. Direskeneli H, Eksioglu-Demiralp E, Yavuz S et al (2000) T cell responses to
60/65 kDa Heat Shock protein derived peptides in Turkish patients with

Behcet’s disease. J Rheumatol 27:708-13.



10.

11.

12.

13.

14.

59

Calguneri M, Kiraz S, Ertenli I, Benekli M, Karaarslan Y, Celik I (1996) The
effect of prophylactic penicillin treatment on the course of arthritis episodes
in patients with Behcet’s disease. Arthritis Rheum 39:2062-5.

Niwa Y, Mizushima Y (1990) Neutrophil-potentiating factors released from
stimulated lymphocytes; special reference to the increased in neutrophil-
potentiating factors from streptococcus-stimulated lymphocytes of patients
with Behcet’s disease. Clin Exp Immunol 79:353-60.

Medzhitov R, Hurlburt-Preston P, Janeway CA Jr (1997) A human
homologue of the Drosophila Toll protein signs activation of adaptive
immunity. Nature 388:394-7.

Roelofs MF, Abdollahi-Roodsaz S, Joosten LAB, van den Berg WB,
Radstake TRDJ (2008) The orchestra of Toll-like receptor and their potential
role in frequently occurring rheumatic conditions. Arthritis Rheum 58:338-
48.

Lotz S, Aga E, Wilde I et al (2004) Highly purified lipoteichoic acid activates
neutrophil granulocytes and delays their spontaneous apoptosis via CD14 and
TLR2. J Leuk Biol 75:467-77.

Schréder NWJ, Morath S, Alexander C et al (2003) Lipoteichoic Acid (LTA)
of streptococcus pneumoniae and staphylococcus aureus activates immune
cells via toll-like receptor (TLR)-2, lypopolysaccharide-binding protein
(LBP), and CD14, whereas TLR-4 and MD-2 are not involved. J Biol Chem

278:15587-94.



15.

16.

17.

18.

19.

20.

21.

60

Kurt-Jones EA, Mandell L, Whitney C et al (2002) Role of Toll-like receptor
2 (TLR2) in neutrophil activation.: GM-CSF enhances TLR2 expression and
TLR-2 mediated interleukin 8 responses in neutrophils. Blood 100:1860-8.
Do JE, Kwon SY, Park S, Lee ES (2008) Effects of vitamin D on expression
of Toll-like receptors of monocytes from patients with Behget’s disease.
Rheumatology 47:840-8.

Kirino Y, Takeno M, Watanabe R et al (2008) Association of reduced heme
oxygenase-1 with excessive Toll-like receptor 4 expression in peripheral
blood mononuclear cells in Behget’s disease. Arthritis Res Ther 10:R16

Nara K, Kurokawa MS, Chiba S et al (2008) Involvement of innate immunity
in the pathogenesis of intestinal Behget’s disease. Clin Exp Immunol
152:245-51.

Yavuz S, Elbir Y, Tulunay A, Eksioglu-Demiralp E, Direskeneli H (2008)
Differential expression of toll-like receptor 6 on granulocytes and monocytes
implicates the role of microorganisms in Behget’s disease etiopathogenesis.
Rheumatol Int 28:401-6.

Sabroe 1, Prince LR, Jones EC et al (2003) Selective roles for Toll-like
receptor (TLR)2 and TLR4 in the regulation of neutrophil activation and life
span. J Immunol 170:5268-75.

Sabroe I, Jones EC, Whyte MKB, Dower SK (2005) Regulation of human
neutrophil chemokine receptor expression and function by activation of Toll-

like receptors 2 and 4. Immunology 115:90-8.



22.

23.

24.

25.

26.

217.

28.

61

Aomatsu K, Kato T, Fujita H et al (2007) Toll-like receptor agonists
stimulate human neutrophil migration via activation of mitogen-activated
protein kinases. Immunology 123:171-80.

International Study Group for Behget’s Disease (1991) Criteria for diagnosis
of Behget’s Disease. Lancet 335:1078-80.

Neves FS, Moraes JCB, Kowalski SC, Goldenstein-Schainberg C, Lage LV,
Goncalves CR (2007) Cross-cultural adaptation of the Behcet’s Disease
Current Activity Form (BDCAF) to Brazilian Portuguese language. Clin
Rheumatol 26:1263-7.

Bhakta BB, Brennan P, James TE, Chamberlain MA, Noble BA, Silman AJ
(1999) Behcet’s disease: evaluation of a new instrument to measure clinical
activity. Rheumatology 38:728-33.

Mumcu G, Inanc N, Yavuz S, Direskeneli H (2007) The role of infectious
agents in the pathogenesis, clinical manifestations and treatment strategies in
Behcet’s disease. Clin Exp Rheumatol 25(4 Suppl 45):527-33.

Tunc R, Keyman E, Melikoglu M et al (2002) Target organ associations in
Turkish patients with Behcget’s disease: a cross sectional study by exploratory
factor analysis. J Rheumatol 29:2393-6.

Diri E, Mat C, Hamuryudan V, Yurdakul S, Hizli N, Yazici H (2001)
Papulopustular skin lesions are seen more frequently in patients with
Behcet’s syndrome who have arthritis: a controlled and masked study. Ann

Rheum Dis 60:1074-6.



29.

30.

31.

62

Sobel JD, Haim S, Obedeanu N, Meshulam T, Merzbach D (1977)
Polymorphonuclear leukocyte function in Behcet’s disease. J Clin Pathol
30:250-3.

Mege JI, Dilsen N, Sanguedolce V et al. (1993) Overproduction of monocyte
derived tumor necrosis factor alpha, interleukin (IL) 6, IL-8 and increase
neutrophil superoxide generation in Behget’s disease. A comparative study
with familial Mediterranen fever and healthy subjects. J Rheumatol 20:1544-
9.

Cuchacovich M, Merino G, Yamamoto JH et al (2005) Behget’s disease
patients present high levels of deglycosylated anti-lipoteichoic acid 1gG and
high IL-8 production after lipoteichoic acid stimulation. Clin Exp Rheumatol

23(4 Suppl.38):S27-S34.



63

Monocyte

300—

1 I
200= -

60— *

8 40 I 8
- 5
D = §
W
o g .
S 3 .
o w
: B o
| 1
— 1
b
- ¢ “ . 0=
a o I I 1 I I
TLR2 TLR4 cD114 CD116 CD14
Receptor Receptor
PMN

] 150 =
30— .
] 00—
20—
; - - —
5o ]

TLR2 TLR4 CD14 Ch14 cbne
Receptor Receptor

Fluorescence
Fluorescence

(@]
o
|
Q
l=
|

Fig. 1 Expression of membrane-bound Toll-like receptor 2 (TLR2), TLR4, CD14,
CD114 and CD116 in healthy controls vs. Behget’s disease (BD) patients on innate
immune cells in peripheral blood. Black boxes express data from 20 healthy controls,
grey boxes express data from 20 BD patients (* indicates significant differences
between groups). Upper panels (a and b) refer to monocytes while lower panels (c
and d) involve polymorphonuclear (PMN) cells. Vertical axes express geometric
mean intensities of the fluorescence associated with labelled monoclonal antibodies
for each specific receptor as assessed by flow cytometry. Slight but statistically

significant higher expression of TLR2 (p = 0.019) was found only on BD monocytes.



64

Control PMN BD PMN

m - ; m
H g H Lo 5194203

y ‘/‘ 6134256
1 e “57.7+20.9
46.3 4+ 25.6 —:/
0423+ 275—

30,6 + 231 37.9+17.7

271 +148
%263+ 140

Chemaotaxis
Chemotaxis

1187+ 1710 . -
15.3+138-—®"
4 8B+11.7

T T T
MNeemal peasma B plasma Normal plasma BO plasma
Incubation Incubation

Fig. 2 Chemotactic response of polymorphonuclear (PMN) cells under the influence
of Behcet’s disease (BD) or normal plasma. Chemoattractants were LTB, (black
line), FMLP (grey line) and C5a (dotted line). Data labels express estimated marginal
means + standard deviation associated with stimulated chemotaxis during 8
experiments, measured in micrometers. Plasma incubation significantly influenced
chemotactic responses (p = 0.033). In panel a, PMN collected from controls showed
higher chemotaxis values when incubated with BD plasma than when incubated with
normal plasma. In panel b, BD PMN incubated with BD plasma also exhibited higher

chemotactic responses than those incubated with normal plasma. In addition, overall

BD PMN chemotactic responses were higher than those of control PMN (p < 0.001).
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Fig. 3 Chemotactic response of polymorphonuclear (PMN) cells under the influence
of lipoteichoic acid (LTA) or Hanks Balanced Salt Solution (HBSS).
Chemoattractants were LTB, (black line), FMLP (grey line) and C5a (dotted line).
Data labels express estimated marginal means + standard deviation of stimulated
chemotaxis from 6 experiments, measured in micrometers. Panel a: PMN collected
from controls showed higher chemotaxis values when incubated with LTA than
when incubated with HBSS. Panel b: Behcget’s disease (BD) PMN incubated with
LTA also exhibited higher chemotactic responses than did those incubated with
HBSS. The influence of LTA on BD and on control PMN was statistically significant
(p = 0.005). However, the chemotactic responses of BD and control PMN were

identical.
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ABSTRACT

Soluble CD14 (sCD14) is the soluble counterpart of CD14, an auxiliary receptor of
Toll-like receptor (TLR) 2 and TLR 4 in recognizing bacterial compounds which
may be involved in Behget’s disease (BD) pathophysiology. Two major sources of
sCD14 have been identified: shedding from monocytes membrane and hepatocyte
production induced by interleukin-6 (IL-6) as an acute phase protein. Because raised
serum concentrations of sCD14 have been described in BD, our objectives were to
correlate sCD14 levels with disease activity and to identify the source of sSCD14 in
these cases. Fifty-three BD patients were evaluated. Serum sCD14 and IL-6
concentrations were quantified by ELISA. Membrane-bound CD14 expression on
peripheral blood monocytes was assessed by flow cytometry. All patients met the
diagnostic criteria of the International Study Group for BD, and BD activity was
assessed by BDCAF (Behget’s Disease Current Activity Form). Serum concentration
of sCD14 was higher in BD patients than in controls (1920.8 + 563.6 ng/ml vs.
1623.2 + 391.3 ng/ml, p = 0.008) and it was also higher in active BD cases than in
inactive ones (2139.6 + 616.9 ng/ml vs. 1710.1 + 418.9 ng/ml, p = 0.004). Levels of
sCD14 correlate positively with BDCAF scores and with membrane expression of
CD14 on monocytes, but not with IL-6 concentrations. We concluded that serum
concentration of sSCD14 correlates with BD activity and its major source is shedding

from monocytes membrane.

Key words: Behget’s disease, CD14, monocytes, innate immunity
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INTRODUCTION

Behcet’s disease (BD) is an inflammatory disorder characterized by oral and
genital ulcers, skin lesions, uveitis and arthritis [1]. Although its etiopathogenesis
remains mostly unclear, neutrophil hyperfunction is considered a hallmark of the
disease [2-4] and some BD flare-ups are closely related to streptococcal exposure,
probably due to molecular mimicry regarding human and microbial heat shock
proteins (HSP) [5-7].

Because Toll-like receptors (TLR) were recently described as key activators
of innate immune system by recognizing microbial patterns [8], its possible role in
BD has been investigated. TLR2 and TLR4 are extracellular receptors that recognize,
respectively, gram-positive and gram-negative bacterial lipid-based structures in
cooperation with CD14 molecules [9]. These receptors are of particular interest in
BD because they are also activated by HSP60, a human homologue of bacterial HSP
[7]. Interestingly, TLR2 hyperexpression was observed on BD peripheral blood
mononuclear cells (PBMC) [10], but not on neutrophils [11]. This suggests that BD
neutrophils are not intrinsically hyperreactive to bacterial compounds, but depend on
a proinflammatory milieu to produce exacerbated responses. Actually, neutrophil
functions can be stimulated in vitro by BD plasma [12], and several proinflammatory
cytokines produced by lymphocytes [13] and monocytes [14] are probably
responsible for this feature.

Moreover, soluble CD14 (sCD14) was observed in higher concentrations in
BD patients [15] and it may also play a role in neutrophil stimulation. A major

source of sCD14 is shedding from monocytes membrane and, as a soluble



71

counterpart of membrane-bound CD14, sCD14 has complex effects interacting with
TLRs in different cell types: it may inhibit or enhance cell responses depending on
several variables, like membrane CD14 expression levels and lipopolysaccharide
binding protein (LBP) concentration [16]. However, sCD14 serum levels are also
increased unspecifically in several inflammatory conditions, produced by
hepatocytes as an acute-phase protein regulated by IL-6 concentration [17]

We intended to investigate if SCD14 serum concentration in BD is related to
BD activity and if it has monocyte or hepatocyte origin. Thus, we measured serum
sCD14 and IL-6 concentrations, assessed membrane-bound CD14 expression on
peripheral blood monocytes and evaluated clinical disease activity in patients with

BD.

METHODS

Patients and Controls. Our study group included BD patients who were followed at
the Behcet’s disease outpatient clinic at the Rheumatology Division of the Hospital
das Clinicas, the teaching hospital of the University of Sao Paulo, Brazil. All patients
met the International Study Group criteria for the diagnosis of BD [18]. We excluded
patients with suspected or diagnosed infectious episodes or who presented other
chronic inflammatory diseases. The same observer (FSN) used the validated
Brazilian version [19] of the Behget’s Disease Current Activity Form (BDCAF) [20]
to assess BD activity of all patients. Three senior rheumatologists with expertise in
BD, who were blind about BDCAF scores (CRG, CGS and LVL) were responsible

for following the patients and prescribed medications according to their clinical
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judgement. BD patients were considered to have active disease when prescription
drugs included the introduction or dosage elevation of corticosteroids, colchicine,
pentoxifilline, dapsone, benzathine penicillin, or immunosuppressive agents.
Otherwise, they were considered inactive BD cases. Healthy volunteers recruited
from laboratory and hospital staffs were included as a control group. Our study
design was consistent with the principles of the Declaration of Helsinki and received
institutional ethics committee approval (CAPPesq, protocol number 1215/06).
Written informed consent was obtained from all subjects prior to study

commencement.

Measurement of serum sCD14 and IL-6. Peripheral venous blood samples from 53
BD patients and 35 healthy controls were collected in serum separator glass tubes
and were allowed to clot for 30 minutes before centrifugation for 15 minutes at 1000
rom. After that, serum was removed and stored at -70 °C until assay procedure.
Soluble CD14 levels in sera were determined using a commercial ELISA kit
(Quantikine® Human sCD14, R&D Systems, Minneapolis, MN, USA). Intra-assay
variation indicated by the manufacturer was 4.8-6.4%. 1L-6 levels were assessed in
36 BD serum samples by developing a sandwich ELISA assay using a commercial
system (DuoSet® human IL-6, R&D Systems), following manufacturer’s

instructions.

Assessment of CD14 membrane-bound expressions on circulating monocytes.
Venous blood samples were taken from 16 BD patients. Two hundred microliters of

each sample were placed in tubes containing 2 ml of 0.1% azide in phosphate-
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buffered saline (PBS), centrifuged at 2000 rpm for 3 minutes and mixed with 50 pl
of 2% fetal calf serum (FCS) and 0.1% azide-PBS. Afterwards, cell samples were
incubated for 20 minutes with unconjugated anti-human Fc receptor (FCR Block
Reagent, eBioscience, San Diego, CA, USA) to avoid subsequent unspecific
adhesion of labeled monoclonal antibodies (mAD) to Fc receptors on innate immune
cells. Following the manufacturer’s instructions (BD Biosciences, San Jose, CA,
USA), cells were stained with phycoerythrin (PE) conjugated mouse anti-human
CD14 mAb. Erythrocytes were lysed with appropriated lysing solution (BD
Biosciences), and stained cells were washed twice in 0.1% azide-PBS solution and
fixed in 1% paraformaldehyde prior to flow cytometric analysis. Ten thousand cells
from each sample were then analyzed in a FACScalibur™ device with CellQuest™
software (BD Biosciences). Monocyte regions were gated in the forward scatter/side
scatter chart and monocytes were defined as CD14+ cells. After that, the FL-2
geometric mean fluorescence intensity was assessed as a measure of membrane-

bound CD14 expression.

Statistical analysis. All analyses were performed with the SPSS 15.0 for Windows®
(Chicago, IL, USA) statistical software package. Student’s t test was used to compare
serum sCD14 and IL6 concentrations between groups and Pearson’s correlation
coefficient was used to assess correlations between two variables, as suggested by
normality distribution assessed by Kolmogorov-Smirnov test. Except where
indicated, results are expressed as mean + standard deviation. Values of p under 0.05

were considered significant.
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RESULTS

Fifty-three BD patients (28 female, 25 male, mean age 41.0 years, range 18-
60 years) and 35 healthy controls (24 female, 11 male, mean age 35.0 years, range
20-56 years) were included. BD patients had a mean BDCAF score of 5.4, range 0-
24,

Serum concentration of sCD14 was found higher in BD patients than in the
control group (1920.8 + 563.6 ng/ml vs. 1623.2 + 391.3 ng/ml, p = 0.008, Fig. 1a). It
was also higher in active BD patients than in inactive cases (2139.6 + 616.9 ng/ml vs.
1710.1 + 418.9 ng/ml, p = 0.004, Fig. 1b). BDCAF scores and sCD14 were not
correlated in the overall BD group, but in the subgroup with BDCAF scores higher
than four (n = 38) there was a significant positive correlation between sCD14 levels
and disease activity scores (Pearson’s correlation coefficient 0.363, p = 0.025).

There was a significant positive correlation between sCD14 serum levels and
monocytes membrane-bound CD14 expression (Pearson’s correlation coefficient
0.530, p = 0.035, Fig. 2a), but not between serum sCD14 and IL-6 concentrations

(Fig. 2b).

DISCUSSION

Our results confirm previous observation of elevated sCD14 levels in sera of

BD patients [15]. Additionally, we correlated sCD14 concentration in BD with

clinically assessed disease activity and found evidence that shedding from monocytes
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membrane is the major source of excessive SCD14 in these cases. This reinforces the
importance of monocyte activation in BD inflammatory responses.

Because neutrophil hyperfunction is a characteristic finding in BD,
proinflammatory cytokines probably constitute the link between monocyte activation
and neutrophil responses [14]. However, it must be considered that sCD14, from
monocyte origin, may also play a role in neutrophil stimulation. Interestingly, sCD14
has dual effects regarding cell stimulation induced by bacterial components.
Shedding of CD14 from monocytes membrane may constitute a down-regulation
mechanism of LPS-induced activation, because sCD14 competes with membrane-
bound CD14 to LPS interaction [21]. In the opposite way, sCD14 was shown to
enable endothelial cells, which do not express membrane CD14, to respond to LPS
[22]. Neutrophils, which express low levels of membrane CD14, also achieved more
prominent activation induced by LPS or by lipoprotein with the addition of sCD14
[16,23].

In conclusion, we observed that serum concentration of sCD14 correlates
with BD activity and its major source is shedding from monocytes membrane.
Because sCD14 may interfere in cell activation induced by bacterial compounds, we
suggest that excessive sCD14 in BD patients may have a role in inflammatory
responses during disease flare-ups. Further research is warranted to confirm this
hypothesis, and functional studies concerning neutrophils and endothelial cells are
necessary to define the pro- or anti-inflammatory effects of SCD14 in the context of

BD activity. This would define sCD14 as a potential therapeutical target in BD.
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Figures should always be cited in text in consecutive numerical order.
Figure parts should be denoted by lowercase letters (a, b, c, etc.).

If an appendix appears in your article and it contains one or more figures,
continue the consecutive numbering of the main text. Do not number the
appendix figures, "Al, A2, A3, etc.”

Figure Captions
Each figure should have a concise caption describing accurately what the figure
depicts.
Figure captions begin with the term Fig. in bold type, followed by the figure
number, also in bold type.
No punctuation is to be included after the number, nor is any punctuation to be
placed at the end of the caption.
Identify all elements found in the figure in the figure caption; and use boxes,
circles, etc., as coordinate points in graphs.
Identify previously published material by giving the original source in the form
of a reference citation at the end of the figure caption.

Figure Placement and Size
When preparing your figures, size figures to fit in the column width.,

For most journals the figures should be 39 mm, 84 mm, 129 mm, or 174 mm
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wide and not higher than 234 mm.
For books and book-sized journals, the figures should be 80 mm or 122 mm
wide and not higher than 198 mm.

Permissions

If you include figures that have already been published elsewhere, you must obtain
permission from the copyright owner(s) for both the print and online format.
Please be aware that some publishers do not grant electronic rights for free and
that Springer will not be able to refund any costs that may have occurred to receive
these permissions. In such cases, material from other sources should be used.

Ethical standards

Manuscripts submitted for publication must contain a statement to the effect that all
human studies have been approved by the appropriate ethics committee and have
therefore been performed in accordance with the ethical standards laid down in the
1964 Declaration of Helsinki. It should also be stated clearly in the text that all
persons gave their informed consent prior to their inclusion in the study. Details that
might disclose the identity of the subjects under study should be omitted.
The editors reserve the right to reject manuscripts that do not comply with the above-
mentioned requirements. The author will be held responsible for false statements or
failure to fulfill the above-mentioned requirements

Conflict of interest

Authors must indicate whether or not they have a financial relationship with the
organization that sponsored the research. They should also state that they have full
control of all primary data and that they agree to allow the journal to review their
data if requested.
Therefore the manuscript must be accompanied by the “Conflict of Interest
Disclosure Form”. To download this form, please follow the hyperlink on the right.

Languages

Articles and abstracts must be in English or in the journal's official language(s), but
the journal accepts additional abstracts in other languages of the author’s choice (for
instance in the author’s first language, if not English or the journal's official
language). Such abstracts are optional. Authors would need to supply such abstracts
themselves, certify that they are a faithful translation of the official abstract, and they
must be supplied in Unicode (see www.unicode.org for details), especially if they are
using non-roman characters.

http://www.unicode.org

Such  abstracts in  other languages will carry a  disclaimer:

"This abstract is provided by the author(s), and is for convenience of the users only.
The author certifies that the translation faithfully represents the official version in the
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language of the journal, which is the published Abstract of record and is the only
Abstract to be used for reference and citation.”

Open Choice

In addition to the normal publication process (whereby an article is submitted to the
journal and access to that article is granted to customers who have purchased a
subscription), Springer provides an alternative publishing option: Springer Open
Choice. A Springer Open Choice article receives all the benefits of a regular
subscription-based article, but in addition is made available publicly through
Springer’s online platform SpringerLink. We regret that Springer Open Choice
cannot be ordered for published articles.

Springer Open Choice

Copyright transfer

Authors will be asked to transfer copyright of the article to the Publisher (or grant the
Publisher exclusive publication and dissemination rights). This will ensure the widest
possible protection and dissemination of information under copyright laws.
Open Choice articles do not require transfer of copyright as the copyright remains
with the author. In opting for open access, they agree to the Springer Open Choice
Licence.

Offprints
Additional offprints can be ordered by the corresponding author.

Color illustrations
Online publication of color illustrations is free of charge. For color in the print
version, authors will be expected to make a contribution towards the extra costs.

Proof reading

The purpose of the proof is to check for typesetting or conversion errors and the
completeness and accuracy of the text, tables and figures. Substantial changes in
content, e.g., new results, corrected values, title and authorship, are not allowed
without the approval of the Editor.
After online publication, further changes can only be made in the form of an
Erratum, which will be hyperlinked to the article.

Online First

The article will be published online after receipt of the corrected proofs. This is the
official first publication citable with the DOI. After release of the printed version, the
paper can also be cited by issue and page numbers.

Copyright information
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Submission of a manuscript implies: that the work described has not been published
before (except in form of an abstract or as part of a published lecture, review or
thesis); that it is not under consideration for publication elsewhere; that its
publication has been approved by all co-authors, if any, as well as - tacitly or
explicitly - by the responsible authorities at the institution where the work was
carried out. Transfer of copyright to Clinical Rheumatology becomes effective if and
when the article is accepted for publication. The copyright covers the exclusive right
(for U.S. government employees: to the extent transferable) to reproduce and
distribute the article, including reprints, translations, photographic reproductions,
microform, electronic form (offline, online) or other reproductions of similar nature.

All articles published in this journal are protected by copyright, which covers the
exclusive rights to reproduce and distribute the article (e.g., as offprints), as well as
all translation rights. No material published in this journal may be reproduced
photographically or stored on microfilm, in electronic data bases, video disks, etc.,
without first obtaining written permission from the publisher. The use of general
descriptive names, trade names, trademarks, etc., in this publication, even if not
specifically identified, does not imply that these names are not protected by the
relevant laws and regulations.

An author may self-archive an author-created version of his/her article on his/her
own website. He/she may also deposit this version on his/her institution's and
funder's (funder designated) repository, including his/her final version, provided it is
not made publicly available until after 12 months of official publication. He/she may
not use the publisher's PDF version which is posted on www.springerlink.com for the
purpose of self-archiving or deposit. Furthermore, the author may only post his/her
version provided acknowledgement is given to the original source of publication and
a link is inserted to the published article on Springer's website. The link must be
accompanied by the following text: "The original publication is available at
www.springerlink.com".

Please use the appropriate DOI for the article (go to the Linking Options in the
article, then to OpenURL and use the link with the DOI). Articles disseminated via
SpringerLink are indexed, abstracted and referenced by many abstracting and
information services, bibliographic networks, subscription agencies, library
networks, and consortia.

The author warrants that this contribution is original and that he/she has full power to
make this grant. The author signs for and accepts responsibility for releasing this
material on behalf of any and all co-authors.

After submission of this agreement signed by the corresponding author, changes of
authorship or in the order of the authors listed will not be accepted by Springer.

While the advice and information in this journal is believed to be true and accurate at
the date of its publication, neither the authors, the editors, nor the publisher can
accept any legal responsibility for any errors or omissions that may be made. The
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