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RESUMO

A Artrite Reumatoide (AR) é caracterizada como uma doenga autoimune e de
carater sistémico altamente debilitante. Acredita-se que esta patologia apresenta uma
etiologia multifatorial, visto que fatores genéticos e ambientais influenciam no
desenvolvimento da doenga. A inflamag&o cronica e progressiva presente nas articulagdes
sinoviais € uma das principais caracteristicas da AR, juntamente com o desenvolvimento
de um processo hiperplasico que resulta na formacdo de um tecido invasor conhecido
como pannus. A medida que a doenga evolui, esses processos promovem a degradagéo

de 0ssos e cartilagens da articulacdo de forma irreversivel.

Diversos mecanismos celulares estdo envolvidos na patogénese da AR, dentre eles
a apoptose destaca-se como um dos eventos centrais, uma vez que esse processo parece
atuar diretamente no desenvolvimento da hiperplasia sinovial bem como contribuir para
a persisténcia de células do sistema imune na articulacdo sinovial e, desta forma, para a

perpetuacdo do processo inflamatdrio.

As células Natural Killer exercem um importante papel imunomodulatorio através
da liberagéo de citocinas como TNF-a e INF-y na articulag@o sinovial. No liquido sinovial
de pacientes com AR, as células NK apresentam um perfil fenotipico diferenciado,
caracterizado pela elevada expressdo de CD56 e receptores CD94/NKG2, os quais
determinam um maior potencial de sinalizacdo em detrimento da atividade citotoxica.
Ainda, acredita-se que a expressdo desses receptores esta associada a menores taxas de
apoptose, contribuindo para o acumulo dessas células na articulacao.

A apoptose é um evento celular regulado por uma intrincada rede de moléculas
como Fas, FasL, familia Bcl-2, p53 e caspases, sendo um processo importante na
manutencdo do equilibrio do organismo. Na AR, apesar de varias células mostrarem-se
susceptiveis aos eventos de apoptose in vitro, baixas taxas de apoptose sdo observadas in
vivo. Acredita-se que hd um prejuizo na inducéo de apoptose no contexto inflamatério da
AR. Esse prejuizo pode estar relacionado a diferentes fatores como: a presenca de Fas e
FasL sollveis, expressdao de fatores anti-apoptéticos como Bcl-2 por fibroblastos

sinoviais e mutacdes em p53.

Considerando todos esses aspectos, 0 presente trabalho teve como objetivo
contribuir para a compreensao do papel dos receptores NKG2, dos fatores de apoptose e

de citocinas na susceptibilidade e patogénese da AR. A investigacdo dos polimorfismos



nos genes NKG2 ndo evidenciou qualquer relacdo das variantes NKG2A, NKG2C e
NKG2D com a susceptibilidade ou a severidade a AR. Com relacdo ao papel dos
polimorfismos em genes que codificam proteinas de apoptose, identificamos as variantes
FAS -670AA e BCL-2 -938CC como potenciais marcadores de susceptibilidade a doenca,
e as variantes FAS -1377GG e TP53 Pro/Pro como fatores importantes ha modulacdo da
severidade da AR. Na investigacdo da contribuicdo dos fatores sollveis sFas, sFasL e
citocinas na patofisiologia da AR, destacaram-se a participacdo dos fatores sFas, 1L-6,
IL-10 e TNF-a..



ABSTRACT

Rheumatoid arthritis (RA) is characterized as a systemic and highly debilitating
autoimmune disease. It is believed that the development of the disease has a multifactorial
etiology, since genetic and environmental factors are associated to its susceptibility. The
major features of RA include a chronic and progressive inflammation in the synovial
joints, along with the development of a hyperplastic process that results in a growing of
an invading tissue known as pannus. As disease progress, irreversible bone and cartilage

destruction is observed.

The RA pathogenesis is regulated by several and distinct molecular mechanisms.
Among them, apoptosis stands out as one of the central events, since this process seems
to act directly in the development of synovial hyperplasia, as well as, may contribute to
the immune system cells survival in the synovial joint and consequently, lead to the
perpetuation of the inflammatory process.

Natural Killer (NK) cells plays an important immunomodulatory role through the
release of cytokines, as TNF-a and INF-y into the synovial joint. In the synovial fluid of
RA patients, NK cells shows an distinct phenotype - characterized by the high expression
of CD56 and CD94/NKG2 receptors - which determine a greater potential of signaling in
detriment of the cytotoxic activity. Furthermore, it is suggested that the expression of
NKG2 receptors is associated to lower apoptosis rates, contributing to the accumulation

of these cells in the synovial joint.

Apoptosis is a cellular event regulated by an intricate network of molecules such
as Fas, FasL, Bcl-2 family, p53 and caspases. In addition, apoptosis is an important
process involved in body's homeostasis maintenance. In RA, although several cells seems
to be susceptible to apoptosis events in vitro, low rates of apoptosis are observed in vivo.
The most acceptable hypothesis is related to an apoptosis impairment, which may be
related to different factors as the presence of soluble Fas and FasL molecules, expression

of anti-apoptotic factors such as Bcl-2 by synovial fibroblasts and mutations in p53.

Taking into account all these facts, the present thesis aimed to contribute to the
understanding of NKG2 receptors, apoptosis factors and cytokines role in the
susceptibility and pathogenesis of RA. Investigation of the NKG2 polymorphisms showed
no relationship of the NKG2A, NKG2C and NKG2D variants with RA susceptibility or

severity. Considering the role of polymorphisms in the genes that encodes apoptosis
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proteins, we identified FAS-670AA and BCL-2-938CC variants as potential disease
susceptibility markers, and the FAS-1377GG and TP53Pro/Pro variants as important
modulation factors of RA severity. The investigation of the soluble factors as sFas, sFasL
and cytokines contribution in the pathophysiology of RA, the participation of the sFas,
IL-6, IL-10 and TNF-a factors was highlighted.
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CAPITULO 1: INTRODUC;AO
A Artrite Reumatoide

A Artrite reumatoide (AR) é uma doenga sistémica, inflamatdria e crénica de
etiologia autoimune. Caracteriza-se pela presenca de sinovite periférica simétrica e
erosiva, acometendo majoritariamente as articulacdes sinoviais do corpo humano,
levando a destruicdo Ossea e cartilaginosa. Conforme a doenca progride, esta pode
acometer outros 6rgdos, como coragao, pulméao, entre outros (LEE; WEINBLATT, 2001).

A AR ¢é considerada uma das doencas autoimunes mais frequentes no mundo,
atingindo de 0,5 a 1% da populacdo mundial (pode chegar a 5% em grupos e faixas etarias
especificas) (Figura 1) (SHAPIRA; AGMON-LEVIN; SHOENFELD, 2010). No Brasil,
a prevaléncia se assemelha aos dados mundiais. Um estudo conduzido por Senna e
colaboradores identificou uma prevaléncia de 0,46%, 0 que representa aproximadamente
um milh&o de pessoas com essa doenca (SENNA et al., 2004). Esses dados confirmam
estimativas prévias da literatura, que apontavam para uma prevaléncia de AR em adultos
de 0,2%-1% (MARQUES-NETO et al, 1993). Observa-se um predominio da AR no sexo
feminino (frequéncia de 2,5 a 3 vezes superior quando comparada ao sexo masculino)
com surgimento entre a quarta e sexta década de vida, sendo observado o aumento da
incidéncia da doenca com o aumento da idade (LEE; WEINBLATT, 2001; SHAPIRA,;
AGMON-LEVIN; SHOENFELD, 2010).

A AR é uma doenca que apresenta um significativo impacto econdmico-social,
uma vez que a maioria dos pacientes apresenta limitagdes no desenvolvimento de suas
atividades cotidianas, devido as les@es nas articula¢fes sinoviais. Além disso, estima-se
que o indice de afastamento do trabalho pode chegar a 60% ap6s 15 anos da doenca. A
mortalidade também é alta, sendo proporcional a gravidade do quadro. A expectativa de
vida pode cair de trés a dez anos, dependendo da gravidade e da idade de inicio da doenca.
Estima-se que pacientes com formas poliarticulares da AR podem ter sobrevida de 40%
em 5 anos (GOELDNER et al., 2011).
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Figura 1. Prevaléncia mundial de AR em adultos. A cor verde-escura destaca regides que apresentam
elevada prevaléncia de AR (por exemplo, Austrélia), enquanto regides destacadas na cor verde-clara (por
exemplo, Brasil) possuem menor frequéncia. Observa-se ainda, extensa area territorial com dados néo
disponiveis. Adaptado de SHAPIRA; AGMON-LEVIN; SHOENFELD, 2010.

As doencas cardiovasculares, doencas cerebrovasculares, infeccdes, doencas
linfoproliferativas e complicagOes gastrointestinais estdo descritas como as principais
causas de Obitos entre os pacientes com AR. Dentre os fatores preditivos de mortalidade,
estdo incluidos: idade avancada, incapacidade funcional, nimero de articulacdes
acometidas, fator reumatoide (FR) positivo, nédulos reumatoides e velocidade de
sedimentacdo globular (VSG - também conhecida como velocidade de
hemossedimentacéo [VHS]) elevada (BRENOL et al., 2007; DE CAMPOS et al., 2016;
LOPEZ-MEJIAS et al., 2016).

O curso clinico da doenca € extremamente variavel entre os pacientes podendo
envolver de limitagOes fisicas pequenas até inflamacdo progressiva e sistémica. Os
principais sintomas observados em pacientes portadores de AR sdo dor, edema, calor e
vermelhiddo em qualquer articulacdo do corpo, em especial nas mdos e punhos.
Comumente observa-se dor e rigidez matinal com duragdo maior que uma hora nas
articulacGes inflamadas, além de fraqueza, fadiga, febre, perda de peso, depressao e mal-
estar (LEE; WEINBLATT, 2001).

O processo inflamatdrio pode se estender para sistemas e 6rgdos, ocasionando o

que é denominado de manifestacbes extra-articulares (MEA). N& ha um consenso
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internacional sobre a classificacdo das MEA, o que limita as comparacdes entre diferentes
estudos publicados. S&o exemplos de MEA comumente descritas na literatura: nédulos
reumatoides, pericardite, derrame pericardico, pleurite, derrame pleural, doenca
pulmonar intersticial, hipertensdo da artéria pulmonar, sindrome de Caplan, sindrome de
Felty, anemia de doenca cronica, trombocitose, neuropatia, esclerite, episclerite,
escleromalécia perforans, glomerulonefrite, Ulceras cutaneas, vasculites, tenossinovite de
De Quervain, amiloidose e Sindrome de Sjogren. Estima-se que 40% dos pacientes
apresentem MEA em algum momento do curso da doenca, sendo a presenca dessas
manifestacdes correlacionada com pior prognéstico da doenca (GOELDNER etal., 2011;
MOURA et al., 2012; YOUNG; KODURI, 2007).

O aprimoramento dos métodos laboratoriais e de imagem permite a deteccéo e
diagnostico precoce da doenca. O reconhecimento precoce da AR é essencial para o
tratamento adequado dos pacientes, evitando a evolucdo do quadro para formas mais
agressivas da doenca. Atualmente, o diagnostico de AR é estabelecido com base no
conjunto de achados clinicos, radioldgicos e laboratoriais. Os critérios propostos pelo
American College of Rheumatology (ACR) e European League Against Rheumatism
(EULAR) em 2010 (Tabela 1) - os quais se baseiam em um sistema de pontuacdo por
meio de um escore de soma direta - auxiliam no estabelecimento do diagnéstico clinico
de AR. As manifestacfes sdo divididas em quatro dominios: acometimento articular,
sorologia, duracdo dos sintomas e provas de atividade inflamatéria. Uma pontuacdo maior
ou igual a seis é necessaria para classificacdo definitiva de um paciente com AR
(ALETAHA etal., 2010; DA MOTA et al., 2013).

Considerando que o proprio diagnostico da AR baseia-se na identificacdo de
condicdes e marcadores a partir da doenca estabelecida, ainda ndo ha caracteristicas
especificas que possibilitem a distincdo da AR de outras artrites na sua fase inicial. O
periodo inicial da doenga (AR inicial), conhecido como os doze primeiros meses de
sintomatologia, configura uma janela de oportunidade terapéutica, isto €, um momento
em que a intervencdo farmacoldgica efetiva pode mudar o curso da AR, pois a maior parte
das lesOes erosivas se estabelece nos dois primeiros anos da doengca (DA MOTA;
LAURINDO; NETO, 2010b).

Dentre as provas soroldgicas, a presenca de FR e Anticorpos antipeptideo ciclico
citrulinado (Anti-CCP) é rotineiramente utilizada para a diferenciacdo de AR de outras

patologias. O FR representa um grupo de autoanticorpos caracterizados pela habilidade
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de reagir com determinados epitopos da porcdo fragmento cristalizavel (Fc) da
imunoglobulina (1g) G. Suas sensibilidade e especificidade s&o de aproximadamente 80%
e 70% para o diagndstico de AR, respectivamente (ALETAHA; BLUML, 2016;
GOELDNER et al., 2011).

Tabela 1. Critérios classificatorios para AR 2010 ACR/EULAR.

A. Acometimento articular (0-5) Escore
1 grande articulagéo 0
2 -10 grandes articulacbes 1
1 - 3 pequenas articulagbes (com ou sem envolvimento de grandes 2

articulagoes)
4 -10 pequenas articulagbes (com ou sem envolvimento de grandes 3

articulagoes)

> 10 articulagdes (pelo menos uma pequena) 5
B. Sorologia (0-3)

FR e Anti-CCP negativos 0
FR e Anti-CCP positivo (baixos titulos) 2
FR e Anti-CCP positivo (altos titulos) 3
C. Provas de Atividade Inflamatoria

Proteina C Reativa (PCR) e VHS normal 0
PCR e VHS alterados 1
D. Duracéo dos Sintomas (0-1)

< 6 semanas 0
> 6 semanas 1

S80 consideradas articulagbes pequenas: metacarpofalangeanas, interfalangeanas proximais,
metatarsofalangeanas (segunda a quinta), primeira interfalangeana e punhos. Grandes articula¢fes sdo:
ombros, cotovelos, quadril, joelhos e tornozelos. No dominio “sorologia”, considera-se o resultado de fator
reumatoide ou de anticorpos antipeptideos citrulinados negativo se o valor encontrado for igual ou menor
ao limite superior da normalidade para o respectivo laboratério; positivo baixo se o resultado encontrado
for maior que o limite superior da normalidade, mas menor ou igual trés vezes o limite superior da
normalidade; e positivo alto quando o valor encontrado for superior a trés vezes o limite superior da
normalidade. O dominio “duragéo dos sintomas” refere-se ao relato do proprio paciente quanto & duragéo
maxima dos sinais e sintomas de qualquer articulacdo que esteja clinicamente envolvida no momento da
avaliagdo. Ja as “provas de atividade inflamatoria” (VHS e PCR) sdo consideradas normais ou anormais de

acordo com o valor de referéncia do laboratério utilizado. Adaptado de DA MOTA et al., 2013.

Os anticorpos anti-CCP, por sua vez, tém sensibilidade de 67% e especificidade

de 95% para o diagndstico de AR. Esses anticorpos sdo produzidos localmente na
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membrana sinovial inflamada e no liquido sinovial de pacientes com AR e séo capazes
de reagir contra diversos peptideos citrulinados. A citrulinizacdo consiste na modificacao
pos-traducional de determinada proteina, na qual um residuo de arginina é convertido em
citrulina. Esse processo é catalisado pela enzima peptidil arginina deiminase (PAD) e
neutraliza o carater fortemente basico da arginina. Uma vez que 0s autoanticorpos podem
ser detectados em fases precoces da AR, sua utilidade diagnostica e prognostica é notavel,
sendo sua presenga considerada como marcadora de pior prognostico (ALARCON;
ANDRADE, 2007; ALETAHA; BLUML, 2016).

O tratamento medicamentoso de AR inclui o uso de anti-inflamatdrios nao
esteroidais, glicocorticoides, drogas modificadoras do curso da doenga (DMCD) -
sintéticas e bioldgicas - e imunossupressores. Os principais objetivos do tratamento séo:
reduzir a dor, o edema articular e os sintomas constitucionais como a fadiga, melhorar a
funcdo articular, interromper a progressao do dano Osseo-cartilaginoso, prevenir
incapacidades e reduzir a morbimortalidade (DA MOTA; LAURINDO; NETO, 2010a).

Uma vez estabelecido o tratamento, monitoracéo estrita da atividade da doenga,
progressdo radiografica e avaliagho do progndstico sdo fundamentais no
acompanhamento do paciente com AR. Atualmente, na pratica clinica, o escore
conhecido por DAS (do inglés, Disease Activity Score) € utilizado como indice para
medida da atividade da AR. O escore DAS28 leva em consideracdo o numero de
articulac6es dolorosas e edemaciadas (entre 28 articulacdes avaliadas), os niveis VHS e
PCR, e a avaliacdo global de saude ou da atividade da doenca feita pelo paciente (DA
MOTA,; LAURINDO; NETO, 2010a; LAURINDO et al., 2004). O uso desse indice ainda
permite categorizar o paciente em diferentes faixas de atividade da doenca: em remissdo
(escore <2,6), atividade leve (escore >2,6 e <3,2), moderada (escore >3,2 e <5,1) e alta
(escore >5,1). O objetivo do tratamento da AR deve ser sempre pautado em se atingir a
minima atividade de doenca ou a remissao, sendo esse ultimo estagio uma forma de se

evitar a evolugéo para formas erosivas e potencialmente deformantes (PINHEIRO, 2007).

A patogénese da AR

Assim como muitas outras doengas autoimunes, a AR caracteriza-se por uma
etiologia multifatorial. Padrbes epidemioldgicos demonstram uma influéncia de fatores

geneéticos, socioecondmicos e infec¢es no desenvolvimento da doenca. A observagao do
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aumento da incidéncia de AR entre individuos geneticamente relacionados,
principalmente entre gémeos monozigdticos aponta para a existéncia de componentes
genéticos em sua etiopatogénese. Analises de herdabilidade sugerem que
aproximadamente 60% da suscetibilidade a AR pode ser determinada pela presenca de
fatores genéticos (GOELDNER et al., 2011).

Os fatores genéticos associados ao desenvolvimento de AR podem ser
classificados em dois grandes grupos: genes do complexo principal de
histocompatibilidade (MHC do inglés, major histocompatibility complex) - também
conhecido como antigeno leucocitario humano (HLA, do inglés, human leukocyte
antigen) — e genes fora do complexo MHC. Até o momento, a associa¢do genética mais
clara descrita refere-se a presenca do alelo HLA-DRB1 (MCINNES; SCHETT, 2011;
TOBON; YOUINOU; SARAUX, 2010).

Os alelos HLA-DRB1 compartilham uma sequéncia conservada de aminoacidos
glutamina-leucina-arginina-alanina-alanina nas posi¢ées 70-74 da terceira regido de
hipervariabilidade da cadeia beta da molécula de HLA. Essa sequéncia especifica de
aminoéacidos é conhecida como epitopo compartilhado e designa o alelo HLA-SE (SE, do
inglés shared epitope) (PERRICONE; CECCARELLI; VALESINI, 2011). Estudos da
literatura demonstram que a associagdo entre HLA-DRB1 e AR é mais forte em pacientes
anti-CCP positivos, quando comparado a pacientes soronegativos para este mesmo tipo
de anticorpo. Ainda, diferencas entre os alelos na predisposicdo a doenca sdo observadas,
sendo os alelos DRB1*04:01 e *04:04 os que apresentam associa¢fes mais claras com o
desenvolvimento de AR (FUGGER; SVEJGAARD; SYGEHUS, 2000). Ainda ndo ha um
consenso sobre 0s mecanismos biolégicos que permeiam a associa¢do de HLA-DRB1 e
a AR, no entanto, uma das hip6teses mais aceitas refere-se a interacdo entre gene e
ambiente, a qual promove a perda de tolerancia a proteinas préprias que contém residuos
citrulinados. Acredita-se que o papel dos alelos HLA-DRBL1 esteja relacionado a
apresentacdo desses peptideos citrulinados, os quais seriam reconhecidos como néo-
préprios por células do sistema imune. Nesse contexto, uma resposta contra esses
antigenos, mediada por linfocitos T e B autorreativos, se instalaria na articulagdo dando
inicio ao processo inflamatério (MCINNES; SCHETT, 2011; MIYADERA,;
TOKUNAGA, 2015).

Além dos alelos HLA, estudos de associacdo gendmica ampla, conhecidos por

GWAS (do inglés, genome-wide association study), ja identificaram mais de 100
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variantes geneéticas associadas ao desenvolvimento de AR. Dentre essas, destacam-se
polimorfismos nos genes PTPN22, TRAF1-C5, PADI4, STAT4. Contudo, apesar de sua
importancia, a presenca de variacGes nesses genes parece responder por somente de 3-5%
da influéncia genética total observada na AR (PERRICONE; CECCARELLI;
VALESINI, 2011).

Com relagéo aos fatores ambientais, o tabagismo é considerado o principal fator
de risco para o desenvolvimento e severidade da AR, além de estar relacionado ao
desenvolvimento de manifestacdes extra-articulares e a presenca de autoanticorpos. O
risco de desenvolvimento da AR aumenta linearmente conforme a duragdo e o nimero de
cigarros consumidos e mantém-se elevado mesmo apos a cessacao tabagica. O risco de
desenvolvimento de AR associado ao tabagismo ainda é modificado pelo numero de
copias de alelos HLA-SE do individuo, o que sugere uma forte interacdo gene-ambiente
(Figura 2) (GOELDNER et al.,, 2011; LIAO; ALFREDSSON; KARLSON, 2010;
MCINNES; SCHETT, 2011).

O evento inicial da AR parece estar relacionado a entrada de antigenos no tecido
sinovial, os quais estimulam uma resposta imunoldgica local que acarreta o
desenvolvimento de sinovite. Em condi¢cBes normais, a membrana sinovial €
relativamente acelular, apresentando poucos macréfagos junto a um tecido composto por
fibroblastos sinoviais e alguns vasos sanguineos. Com o inicio do processo inflamatério,
observa-se um remodelamento da sinGvia com a expansao do nimero de células presentes
na membrana sinovial (hiperplasia celular), influxo de células do sistema imune inato
(macrdéfagos, células dendriticas, Natural Killer, entre outras) e adaptativo (linfocitos T e
B), e ocorréncia de neoangiogénese (Figura 3) (CHOY, 2012; LEE; WEINBLATT, 2001,
STRAND; KIMBERLY: ; ISAACS, 2007).

O processo hiperplasico da membrana sinovial associado & inflamacéo continuada
leva a formacéo de um tecido invasor conhecido como pannus (Figura 4). O pannus é um
tecido composto de fibroblastos e macrofagos que se expande na cartilagem e invade a
matriz 6ssea. Alem das células anteriormente mencionadas, observa-se a agdo local de
osteoclastos, que destroem 0 0ss0, enquanto enzimas secretadas por neutréfilos,
sinovidcitos e condrécitos degradam a cartilagem (CHOY, 2012; SHIOZAWA et al.,
2011).
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Figura 2. Representacdo esquematica do desenvolvimento de AR em individuos Anti-CCP positivos. Em

uma fase inicial, a interacdo entre fatores genéticos e fatores ambientais promove a ativagdo da resposta

imunoldgica contra o proprio. O fumo, entre outros fatores ambientais, promove a citrulinizagdo de

peptideos, os quais se ligam a moléculas HLA-DR de células apresentadoras de antigenos, sendo o

complexo peptideo-HLA reconhecido como nédo préprio por linfdcitos T. A citrulinizacdo de proteinas na

articulacdo também promove a ativacdo de células B do sistema imune que promovem a producdo de

autoanticorpos e contribuem para a perpetuacdo do processo inflamatério. Adaptado

SANTOSA; DIAZ-PENA, 2016.
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Figura 3. Representacdo esquematica de uma articulagdo normal (a) e de articulagdo afetada na AR (b). Na

articulacdo de pacientes com AR observa-se o influxo de células do sistema imune, uma hiperplasia da
membrana sinovial e eventos de neoangiogénese. Adaptado de STRAND; KIMBERLY; ISAACS, 2007.
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Os fibroblastos sinoviais apresentam um importante papel no remodelamento
tecidual que caracteriza a AR, pois essas células apresentam alto potencial migratorio,
alto potencial de proliferacdo, promovem ativagdo de condrocitos e liberam elevados
niveis de metaloproteinases, as quais estdo envolvidas na destruicdo da cartilagem

articular. Além disso, os fibroblastos sinoviais participam do recrutamento, retencéao e

ativacdo de leuctcitos no sitio inflamatorio através da liberacdo de citocinas e
quimiocinas especificas (FIRESTEIN; MCINNES, 2017).
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Figura 4. A articulacdo sinovial na AR. (a) imagem histoldgica da presenca de pannus em tornozelo de um
paciente com artrite reumatoide. (b) representacdo esquematica da imagem. Presenca de tecido erosivo
conhecido como pannus. Esse tecido contém macrofagos, fibroblastos e osteoclastos, que contribuem para
a destruicdo da cartilagem e do 0sso. Observa-se a presencga de vasos sanguineos, 0s quais sdo importantes
para a o fluxo de células inflamatérias & articulacdo, como mondcitos e linfocitos. Adaptado de POPE,
2002.

As primeiras evidéncias sobre os potenciais mecanismos da patogénese da AR
comegaram a surgir apos a identificagdo do FR no soro de pacientes portadores da doenga,
indicando que a AR poderia ser uma doenga autoimune provocada pela reatividade de
autoanticorpos. Atualmente, sabe-se que aproximadamente 70-80% dos pacientes
apresentam o FR e/ou Anti-CCP no soro e que sua presenca esta relacionada a uma doenga
mais agressiva e destrutiva (FIRESTEIN, 2003).

A producdo de autoanticorpos como FR e anti-CCP é uma caracteristica marcante
da AR, no entanto, acredita-se que a contribuicdo dos linfocitos B na patogénese da
doenca vai além da producdo de anticorpos. Sdo também descritas como fungdes dos
linfocitos B: i) a apresentagdo de antigenos a linfécitos T autorreativos; ii) a expresséo de
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moléculas de adesdo e moléculas co-estimulatorias, as quais promovem ativacdo de
linfocitos T; iii) a sintese de quimiocinas que promovem a infiltracdo de leucdcitos na
articulacdo; 1v) a producdo de citocinas como interleucina (IL)-6, Fator de necrose
tumoral o (TNF-a), entre outras; v) a producdo de fatores que iniciam e sustentam a
angiogénese; vi) a manutencao de resposta de memoria a autoantigenos (FIRESTEIN;
MCINNES, 2017; MCINNES; SCHETT, 2011; SILVERMAN; CARSON, 2003).

A acdo dos linfécitos B em conjunto com linfdcitos T autorreativos contribui para
0 aparecimento de sinovite. O acumulo dos linfécitos na articulacdo sinovial €
primariamente um reflexo do influxo de células para o local de inflamacéo, o qual €
propiciado pelo aumento do nimero de vasos sanguineos, aumento da expressdo de
moléculas de adesdo e quimiocinas. Na AR observa-se uma predominancia de linfocitos
T com polaridade Th1l (do inglés, T helper 1), provavelmente mantida pela expressdo de
citocinas como IL-18, IL-12 e IL-15, na membrana sinovial. Ainda, os préprios linfécitos
Th1 estdo envolvidos na producéo de citocinas pro-inflamatérias, como interferon (INF)-
v e TNF-a, e metaloproteinases, através de interacdes com outras células da membrana
sinovial como macrofagos e fibroblastos, o que contribui diretamente para o processo de
cronificacdo da inflamacdo e inducdo do processo de lesdo tecidual (Figura 5)
(MCINNES; LEUNG,; LIEW, 2000; SHI; LIUNGGREN; SARVETNICK, 2001).

Recentemente, a investigacao do papel de linfocitos Th17 (do inglés, T helper 17)
e células T regulatérias (Tregs) na patogénese da AR vem ganhando destaque na
literatura. Enquanto os linfécitos Th17 presentes na articulacdo sinovial sdo responsaveis
pela producdo das citocinas IL-17A, IL-17F, IL-21, IL-22 e TNF-a, as células Tregs,
apresentam limitacdes na sua capacidade funcional, o qual parece ser mediado pela agéo
de TNF-a. Acredita-se ainda que uma acéo sinérgica entre IL-17A e TNF-a promove a
ativacdo de fibroblastos, condrocitos e osteoclastos, contribuindo diretamente para a
degradacdo da articulacdo (Figura 5) (FIRESTEIN; MCINNES, 2017; MCINNES;
SCHETT, 2011; SMOLEN; ALETAHA; MCINNES, 2016).

Dentre as citocinas, 0 TNF-a exerce papel central na patogénese da AR, sendo
produzido principalmente por macréfagos e em menor escala por linfocitos T, células B
e fibroblastos sinoviais. Seus efeitos inflamatdrios incluem a ativacdo de osteoclastos,
inducdo da expressdo de moléculas de adesdo endoteliais, supressdo de atividade de
células Tregs e secrecdo de citocinas e quimiocinas (KIM; MOUDGIL, 2017; SMOLEN;
ALETAHA; MCINNES, 2016). Devido ao seu importante papel no processo inflamatorio
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na AR, diversos farmacos bloqueadores de TNF-a (adalimumabe, certolizumabe,
etanercept, golimumabe, infliximabe) sdo utilizados no tratamento da doenga,
representando um dos maiores avancos no controle da AR nos Gltimos anos (DA MOTA
etal., 2012; MA; XU, 2012).
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Figura 5. Representacéo esquematica do mecanismo imunopatolégico envolvido na AR. Células do sistema
imune infiltram a articulacdo sinovial. Linfocitos B participam da producéo de autoanticorpos; Linfocitos
Thle Th17 influenciam no processo inflamatorio através da interagdo com outras células do sistema imune,
como macr6fagos, e pela sintese de citocinas pro-inflamatérias (TNF-o, INF-y e IL-17). Essas citocinas
pré-inflamatérias, por sua vez, atuam na ativacdo do endotélio, ativagdo de fibroblastos a produzirem IL-6,

ativacdo de osteoclastos, condrécitos e mastocitos. Adaptado de MORAIS et al., 2014.

A IL-6 também é uma citocina que apresenta importante papel na patogénese da
doenca. E uma das mais abundantes em liquido sinovial de individuos com AR e suas
funcdes estdo relacionadas a ativacdo de leucdcitos, ativacdo de osteoclastos,
diferenciacdo de linfécitos B e producdo de anticorpos (KIM; MOUDGIL, 2017;
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SMOLEN; ALETAHA; MCINNES, 2016). Assim como o TNF-a, o blogueio de IL-6 ¢é
utilizado como estratégia terapéutica no manejo da AR (DA MOTA et al., 2012). Cabe
ainda mencionar que outras citocinas como INF-y, IL-1b, IL-2 e IL-17 também
apresentam funcbes importantes na inducdo e perpetuacdo do processo inflamatorio da
AR (KIM; MOUDGIL, 2017).

Apesar dos avancos no diagndstico e tratamento da AR, a persisténcia da doenca
ao longo de anos aliada a inflamacdo cronica que leva a incapacitagdo fisica do paciente,
ainda sdo os maiores desafios dessa doenca. Além disso, a interacdo entre multiplos
fatores como diferentes células do sistema imunoldgico, células sinoviais, autoanticorpos
e citocinas presentes na articulagdo sinovial, tornam complexa a compreensédo de seu

mecanismo fisioldgico.

As células Natural Killer e os receptores NKG2

As células Natural Killer (NK) foram identificadas em 1975 como linfécitos
atuantes na resposta imune inata. Essas células encontram-se amplamente distribuidas
pelo corpo e correspondem a 5 - 10% dos linfocitos presentes no sangue periférico. Além
da sua presenca em tecidos linfoides secundarios (linfonodos, bago), sob condigfes
normais, também podem ser encontradas em érgaos periféricos como pulmaoes, Utero, pele
e figado (BJORKSTROM; LJUNGGREN; MICHAELSSON, 2016; CALIGIURI, 2008).

O papel dessas células esta primariamente relacionado ao reconhecimento da
presenca ou ndao de moléculas de MHC de classe | na superficie de células periféricas. A
teoria do missing-self (auséncia do proprio) propbe que células T e células NK
representam mecanismos complementares de defesa do sistema imune. Enquanto as
células T reconhecem e séo ativadas por complexos de peptideos e moléculas de MHC,
as células NK séo responsaveis pela morte de células-alvo na auséncia dessas proteinas
na superficie celular (BJORKSTROM; LJUNGGREN; MICHAELSSON, 2016;
MIDDLETON; CURRAN; MAXWELL, 2002). Essa acdo permite a eliminagéo de
células tumorais e células infectadas por virus, uma vez que nessas situacdes, observa-se
a supressédo da expressao de MHC classe I na superficie celular como forma de escape do
reconhecimento pelo sistema imunoldgico. A lise da célula-alvo ocorre através da acdo
citotoxica da célula NK, a qual engloba a liberagdo de granulos citoplasméticos como
granzima e perforina (MIDDLETON; CURRAN; MAXWELL, 2002).
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Atualmente, sabe-se que as fungdes da célula NK sdo muito mais amplas do que
um simples papel citotoxico mediado por auséncia da expressdo do MHC, incluindo uma
extensa participacdo no processo de gestacdo (permitindo a toleréncia ao ndo préprio),
acao citotoxica sobre células em um contexto de estresse celular e importante atuacdo na
producdo de citocinas e quimiocinas, as quais atuam na modulacdo da resposta imune
adaptativa. As células NK, quando estimuladas por INF-a, 1L-12, IL-15 e IL-18,
promovem a sintese e liberacdo de citocinas e quimiocinas incluindo INF-y, TNF-a, fator
estimulador de colonia de granuldcitos e macréfagos (GM-CSF) (BJORKSTROM;
LJUNGGREN; MICHAELSSON, 2016).

Fenotipicamente essas células caracterizam-se pela auséncia da expresséo de CD3
e pela presenca da molécula CD56 na superficie celular. Classicamente, as células NK
presentes no sangue periférico em humanos sao classificadas em dois subgrupos distintos,
baseados na intensidade de expressdo da molécula CD56: CD56'9" e CD56%™M. As
células NK CD56°"9" apresentam pouca ou nenhuma expressio de CD16, KIR (do inglés,
Killer Cell Immunoglobulin-like Receptors) e CD57. Além disso, apresentam elevada
expressao de NKG2A/CD94, NKp30, NKp46 e receptores de citocinas. Por outro lado,
as células NK CD56%™ caracterizam-se pela elevada expressido de CD16, KIR, CD57,
perforina e baixos niveis de NKG2A/CD94 (CALIGIURI, 2008). Existem evidéncias
indicando que células CD56"9" s3o0 precursoras de células CD56%™ uma vez que, células
CD569" quando estimuladas com 1L-2 in vitro podem adquirir a expressio de CD16 e
KIR e em paralelo, modular negativamente a expressdo de CD127 e CD117. Mudancas
fenotipicas alteram a funcionalidade celular, pois células CD56%™ mais diferenciadas
perdem gradualmente a sua capacidade de responder a citocinas como IL-12 e IL-15,

contudo retém e potencializam suas propriedades citotoxicas (CHAN et al., 2007).

As funcgdes das células NK sdo reguladas através do balanco na expressao de
diversos receptores na superficie celular, os quais se subdividem em ativadores e
inibitérios. A interacdo desses receptores de superficie com moléculas especificas
(conhecidas por ligantes) em células-alvo permite o estabelecimento de sinapses
imunoldgicas ativadoras - as quais estdo envolvidas na ativacdo da citotoxicidade e
producdo de citocinas - ou inibitorias, relacionadas a supressdo dessas funcdes
(BORREGO et al., 2006; VIVIER et al., 2008).

Existem duas grandes classes de receptores de celulas NK: a superfamilia dos

receptores homologos as lectinas tipo C e os receptores NK com dominios semelhantes a
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Ig. Fazem parte da superfamilia de receptores de NK homélogos as lectinas tipo C, a
familia de receptores Ly49 (expressos somente em camundongos) e os receptores NKG2
(expressos em camundongos e humanos). Dentro do grupo de receptores com dominios
semelhantes a Ig destacam-se a familia de receptores KIR e 0s receptores naturais de
citotoxicidade (NCR do inglés, natural cytotoxicity receptor) como NKp46, NKp80 e
NKp30 (BARTEL; BAUER; STEINLE, 2013; PEGRAM et al., 2011).

Os receptores NKG2 também conhecidos por KLR (do inglés, killer cell lectin-
like receptor), sdo produzidos a partir de cinco genes - KLRC1 (NKG2A), KLRC2
(NKG2C), KLRC3 (NKG2E), KLRC4 (NKG2F), KLRK1 (NKG2D) - os quais estdo
localizados no cromossomo 12p13.2 (Figura 6). Os receptores NKG2A, NKG2C,
NKG2E sdo expressos na superficie celular ligados covalentemente a molécula CD94,
enquanto que o receptor NKG2D ¢é expresso na forma de homodimero na superficie
celular (IWASZKO; BOGUNIA-KUBIK, 2011; MIDDLETON; CURRAN;
MAXWELL, 2002).

Recentemente, foi descrito NKG2H, produto de um splicing alternativo do pré-
RNA mensageiro (MRNA) do gene de NKG2E, no entanto, seu papel ainda ndo esta bem
elucidado. O receptor NKG2F encontra-se expresso somente em compartimentos
intracelulares. Além disso, apresenta dominio extracelular menor comparado aos demais
receptores da familia NKG2 devido a adicdo de dois nucleotideos em sua sequéncia
génica, os quais levam a formacéo de um cddon de término prematuro (BORREGO et al.,
2006).

E importante destacar que os receptores NKG2 s&o abundantemente expressos em
células NK, contudo também s&o encontrados em subpopulagdes de linfécitos T- CD8+
e T-CD4+. O entendimento sobre o papel dessas moléculas na resposta imunoldgica
depende da compreensdo de suas diferencas estruturais, das diferencas de sua expresséo
entre distintos subtipos celulares bem como do potencial de interagdo com seus ligantes
especificos (SNYDER; WEYAND; GORONZY, 2004).

Enquanto NKG2C/D/E sao receptores ativadores, NKG2A atua como um receptor
inibitorio, ou seja, regulando negativamente as a¢Oes de citotoxicidade e de producdo de
citocinas a partir da interacdo com seu ligante HLA-E. De forma semelhante, NKG2C
também interage com a molécula HLA-E, apesar da afinidade dessa ligacédo ser dez vezes
mais fraca quando comparada a interacdo entre NKG2A e HLA-E (BORREGO et al.,
2006). Os ligantes de NKG2D incluem as proteinas relacionadas ao MHC de classe | A e
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B (MICA e MICB - do inglés, MHC class | chain-related protein A and B), além de
proteinas ligadoras UL16 - ULBP1-4 (do inglés, UL16 binding protein). O aumento da
expressdo dessas moléculas estd principalmente relacionado a situacBes de estresse
celular, transformacdo maligna das células ou infec¢bes por microrganismos (PEGRAM
etal., 2011).
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Figura 6. Representagdo dos genes CD94/NKG2 e seus produtos. O gene de CD94 é capaz de produzir,
através de splicing alternativo, seis transcritos diferentes. Das sete proteinas descritas como membros da
familia NKG2, somente 0 NKG2D e NKG2F ndo formam heterodimeros com a molécula de CD94. As
moléculas inibitérias NKG2A e NKG2B sdo variantes de splicing alternativo do mesmo transcrito do gene
NKG2A, enquanto que NKG2E e NKG2H sdo variantes de splicing alternativo do mesmo transcrito de
NKG2E. Adaptado de IWASZKO; BOGUNIA-KUBIK, 2011.

A sinalizacgdo induzida pela agéo de receptores NKG2 ativadores como NKG2C e
NKG2E ocorre atraves da interagdo com a proteina adaptadora 12 (DAP12) a qual induz
a sinalizacdo através do motivo ITAM (do inglés, immunoreceptor tyrosine-based
activating motif). O receptor NKG2D, por sua vez, encontra-se associado a proteina
adaptadora DAP10, promovendo a sinalizagdo via PI3K (do inglés, phosphatydylinositol-
3 kinase) (PEGRAM et al., 2011). Finalmente, o receptor inibitorio NKG2A induz
sinalizacdo via ITIM (do inglés, immunoreceptor tyrosine-based inhibitory motifs)
localizado na porgédo citoplasmatica desses receptores (BORREGO et al., 2006;
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MIDDLETON; CURRAN; MAXWELL, 2002). A interacdo dos receptores NKG2 com
seus ligantes promove, por exemplo, a fosforilagdo do motivo ITIM e ITAM a qual
desencadeia a ativacdo de uma cascata de quinases que resulta na liberagdo de granulos
citotoxicos pela célula NK e/ou na transcricdo de genes de citocinas e quimiocinas
(PEGRAM et al., 2011).

Geneticamente, os receptores NKG2 apresentam menor variabilidade quando
comparados com outros receptores de NK, como, por exemplo, os receptores KIR.
NKG2A ¢ formado por sete éxons, incluindo o eéxon inicial ndo codificante (SEO et al.,
2007). Diferentes polimorfismos ja foram descritos para NKG2A, apesar da maioria dos
estudos ndo demonstrar associagdo dessas variantes com o desenvolvimento de doencas
(HIZEM et al., 2014; MA et al., 2010; MARIASELVAM et al., 2016; PARK; PARK;
SONG, 2008). Dentre esses polimorfismos estdo incluidos c¢.-4258C>G localizado na
regido promotora do gene; rs2734414 localizado na regido 3’ ndo traduzida (3’UTR do
inglés, 3’ - untranslated region) do gene e duas variantes (rs7301582 e rs2734440)
localizadas em regides intronicas (MA et al., 2010; SEO et al., 2007).

Dentre as variantes de NKG2, o polimorfismo rs2255336 de NKG2D é o mais
estudado. Essa variante genética caracteriza-se por uma transicdo de base (guanina por
adenina) que acarreta na substituicdo do aminodacido alanina por uma treonina na posicao
72 da sequéncia de aminoacidos da proteina. Estudos sugerem que a modificacdo do
aminoacido ndo altera a expressdo do receptor na superficie celular, porém pode
potencialmente interferir na afinidade de ligacdo de NKG2D ao seu adaptador DAP10
influenciando a transmissdo do sinal de ativacéao celular (SHUM et al., 2002). O genétipo
GG (Ala/Ala) de rs2255336 NKG2D foi associado a susceptibilidade a lGpus eritematoso
sistémico (LES) em uma populacédo alema (KABALAK et al., 2010), enquanto que, em
outro estudo, o alelo Thr apresentou efeito protetor ao desenvolvimento do LES
(PIOTROWSKI; LIANERI, 2012). O efeito protetor do alelo Thr também foi evidenciado
com relacdo ao desenvolvimento do cancer (ROSZAK; LIANERI; JAGODZINSKI,
2012), apesar de resultados opostos ja terem sido descritos (MELUM et al., 2008).

Hayashi e colaboradores identificaram que oito polimorfismos de NKG2
constituiam dois blocos haplotipicos (homeados hb-1 e hb-2, respectivamente) os quais
estdo diretamente associados a atividade citotoxica das células NK. Dentre esses o0ito
polimorfismos, sete estdo no gene NKG2D (rs1049174, rs2255336, rs2617160,
rs2246809, rs2617169, rs2617170, rs2617171) e um na regido promotora do gene NKG2A
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(rs1983526) (Figura 7). Cada bloco haplotipico é formado por dois alelos: hb-1 LNK1 e
HNK1; e hb-2 LNK2 HNK2. Os alelos LNK1 e LNK2 estdo associados a uma baixa
atividade citotdxica de células NK enquanto os alelos HNK1 e HNK2 determinam alta
atividade citotoxica de NK (HAYASHI et al., 2006). Dentre os oito polimorfismos
identificados, a variante rs1049174 parece apresentar papel determinante na regulacao da
atividade das células NK, pois este polimorfismo esta localizado em uma regido que
contém um potencial sitio de ligacdo de microRNAs como miR-1245. A ligacdo de miR-
1245 ocorre com maior afinidade nos alelos haplotipicos de LNK do que nos alelos HKN
(ESPINOZA et al., 2016; FURUE et al., 2008).

Polimorfismos complexo génico NKG2

Alelos Atividade de S
N 3 4 7 53 ol O 2 T

NKG2D hb-1

LNK1 Baixa - C T T

HNKI Alta - G A -
NKG2D hb-2

LNK2 Baixa G G=— T

HNK2 Alta A A =— A

Figura 7. Representagdo dos blocos haplotipicos hb-1 e hb-2 de NKG2D/NKG2A. Os polimorfismos do
complexo génico (NKC/NKG2) estéo representados por nimeros. NKC3: rs1049174; NKC4: rs2255336;
NKC7: rs2617160; NKC9: rs2246809; NKC10: rs2617169; NKC11: rs2617170; NKC12: rs2617171
(NKG2D) e NKC17: rs1983526 (NKG2A). Cada bloco haplotipico da origem a dois alelos os quais estdo
vinculados a baixa e alta atividade das células NK. Adaptado de HAYASHI et al., 2006.

Em 2003, Hikami e colaboradores genotiparam uma amostra da populacdo
Japonesa encontrando uma freqiiéncia de homozigotos para a variante de delecdo de
NKG2C igual a 4,3% (HIKAMI et al., 2003). Essa delecdo contempla uma regido de
aproximadamente 16kb que engloba o gene NKG2C e ja foi previamente associada com
diferentes niveis de expressdo do respectivo receptor na superficie de células NK
(MUNTASELL et al., 2016; NOYOLA et al., 2012; THOMAS et al., 2012). Os pontos
de quebra desta delecdo foram determinados a partir da compara¢do com sequéncias
génicas de NKG2A e NKG2E (MIYASHITA et al., 2004).

A presenca da delecdo de NKG2C em diversas populagdes (LI et al., 2015;
MIYASHITA et al., 2004; MORARU et al., 2012; THOMAS et al., 2012) e a auséncia
de influéncia dessa delecdo na susceptibilidade a diferentes doencas como infecgdes
virais, cancer e doencas autoimunes (LI et al., 2015; MIYASHITA et al., 2004;
MORARU et al., 2012; NOYOLA et al., 2012; VILCHEZ et al., 2013) corroboram a
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hipdtese de que essa molécula ndo € essencial para a sobrevivéncia do individuo e que
sua auséncia pode ser compensada pela presenca de outros receptores ativadores
(GONCALVES et al., 2016).

Considerando a escassez de dados disponiveis na literatura sobre a influéncia
desses polimorfismos na expressao de seus respectivos receptores e, consequentemente,
no desenvolvimento de doengas, torna-se indispensavel que mais estudos sejam
conduzidos nessa rea. A investigacdo do papel dessas moléculas em doengas autoimunes
como a AR, destaca-se como um tdpico de interesse, pois as células NK assumem papel
imunoregulador importante na patogénese AR, o qual é comandado pelos sinais
ativadores e inibitorios enviados pelos receptores NKG2 (SHEGARFI; NADDAFI;
MIRSHAFIEY, 2012).

As células Natural Killer e os receptores NKG2 na AR

O papel das células NK na AR ndo estd completamente elucidado. Alguns estudos
sugerem que essas células apresentam um papel importante na inducdo e manutencdo da
inflamacdo, uma vez que sdo capazes de sintetizar e liberar diferentes citocinas
inflamatorias. Por outro lado, acredita-se que o potencial citotdxico dessas células pode
contribuir para a eliminacgdo de linfécitos T e B autorreativos, atuando assim, de forma
protetora no desenvolvimento da autoimunidade (AHERN; BRENNAN, 2011,
SHEGARFI; NADDAFI; MIRSHAFIEY, 2012).

Diversos estudos descrevem o acimulo de células NK CD56"19" CD94/NKG2A*
em articulacbes inflamadas de pacientes com AR. Contudo, essa caracteristica ndo é uma
exclusividade da AR, uma vez que essas células foram encontradas em grande quantidade
em diferentes sitios inflamatérios como fluido pleural e fluido peritoneal de individuos
com outras condigdes clinicas (DALBETH et al., 2004; DALBETH; CALLAN, 2002;
PRIDGEON et al., 2003). Segundo Dalbeth e Callan (2002), analises comparativas entre
o0 sangue periférico e o liquido sinovial de individuos com artrite inflamatéria indicam
que ndo h& uma diferenca no percentual de células NK entre esses dois compartimentos
bioldgicos do mesmo paciente, contudo, observa-se uma diferenca significativa no
fenotipo dessas células NK. Celulas NK do liquido sinovial expressam grande quantidade
de CD94 (93%) e NKG2A (88%) em comparagdo as células NK do sangue periférico
(expressdo de 56% de CD94 e 48% de NKG2A) dos mesmos pacientes. E importante
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ressaltar que esses resultados ndo foram exclusivos para pacientes com AR, mas
extendem-se também para individuos com artrite psoridtica e pacientes com trauma
articular. Um estudo posterior também ndo encontrou diferencas no nimero de células
NK entre sangue periférico e liquido sinovial, mas identificou o0 mesmo perfil de células
NK NKG2A+ em articulacdes inflamadas de pacientes com AR, além de uma elevada
expressdo de NKG2D em sangue periférico e liquido sinovial (97% vs. 93%
respectivamente) desses pacientes (DE MATOS et al., 2007).

Sabe-se que a expressao de receptores NKG2 ndo se restringe as células NK. No
tecido sinovial e no sangue periférico de pacientes com AR identificou-se a expressao de
NKG2D em células T CD4+ CD28-. Diferentemente das demais células T auxiliares, as
células T CD4+ CD28- produzem grande quantidade de INF-y e apresentam potencial
citotoxico, indicando um papel semelhante ao das células NK (YEN et al., 2001). Sugere
-se ainda que a expressdo de NKG2D em células T-CD4+ pode ser induzida por altos
niveis de TNF-a e IL-15 (GROH et al., 2003; SNYDER; WEYAND; GORONZY, 2004).
A expressdo de NKG2A/CD94 em linfdcitos T foi sugerida como possivel marcador de
sangue periférico para diferenciacdo do estagio clinico de pacientes com AR sob
tratamento de anti-TNF, pois pacientes em estagio de remissdo apresentaram maior
expressdo de CD161, CD57 e NKG2A/CD94 em células T quando comparados a
pacientes com AR ativa. Além disso, uma correlacdo inversa entre a expressao de
NKG2A em linfocitos T e DAS28 foi observada (WALSH et al., 2011).

Conforme exposto anteriormente, células CD56""9" apresentam grande potencial
na producdo de citocinas pré-inflamatorias, especialmente INF-y e TNF-q, as quais sdo
capazes de induzir respostas Thl e aumentar a expressao de moléculas de MHC classe |
em varias células apresentadoras de antigenos (AGGARWAL; SHARMA;
BHATNAGAR, 2014; SHEGARFI; NADDAFI; MIRSHAFIEY, 2012).

A producdo dessas citocinas ocorre principalmente quando celulas NK
encontram-se estimuladas por IL-2, IL-12, IL-15 e IL-18 (DALBETH et al., 2004;
SHEGARFI; NADDAFI; MIRSHAFIEY, 2012). Estudos in vitro demonstram que a
presenca dessas citocinas em conjunto com células NK CD569" estimula a producéo de
TNF-a por macréfagos, contribuindo dessa forma, para a exacerbacdo do processo
inflamatdrio (DALBETH et al., 2004). Tambeém sugere-se que as células NK presente na
sindvia estimulam a diferenciacdo de macrofagos em células dendriticas e podem levar a

um aumento de proliferacdo de fibroblastos sinoviais através da secrecdo de IL-22
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(POPKO; GORSKA, 2015; REN et al., 2011). A producéo de INF-y que é induzida por
IL-12 derivada de célula dendritica, pode atuar como um fator sinérgico da regulacéo da
maturacgdo de células dendriticas e aumentar a expressdo de MICA e MICB que, por sua
vez, ativardo células NK a partir da interacdo com receptores NKG2D (SHEGAREFI;
NADDAFI; MIRSHAFIEY, 2012).

Todas essas evidéncias apontam para um importante papel das células NK na
perpetuacdo do processo inflamatdrio na AR, contudo alguns estudos propdem um papel
protetor dessas células no desenvolvimento da doenca. Em um estudo de Aggarwal e
colaboradores (2014), a deplecdo de células NK de sangue periférico foi associada a
pacientes com AR e maior severidade da doenca. De forma semelhante, outro estudo
observou uma reducdo no nimero de celulas NK em sangue periférico de pacientes com
artralgia e AR soropositiva quando comparado a individuos saudaveis (CHALAN et al.,
2016). Conigliaro e colaboradores, (2014) descreveram uma reducdo basal no nimero de
células NK, mas ndo percentual, em pacientes com AR e pacientes com artrite psoriatica.
Ap0s tratamento com blogueador de TNF-a, observou-se um aumento significativo no
numero dessas células em sangue periférico de ambos os grupos (CONIGLIARO et al.,
2014).

A diminuicdo de células NK em sangue periférico de pacientes com AR esta
diretamente relacionada ao comprometimento da atividade citolitica dessas células, o que
pode ocasionar a persisténcia de linfocitos T autorreativos e contribuir para a producao
de citocinas (RICHTER et al., 2010; SHIBATOM I et al., 2001). Aramaki e colaboradores
identificaram um menor potencial litico das células NK de sangue periférico de pacientes
com AR quando comparado a controles. Ainda, o percentual de células NK que
expressavam NKG2D também foi menor nos pacientes com AR. Esses resultados foram
correlacionados positivamente com a presenca de IL-6 sugerindo que a presenca desta
citocina poderia estar associada a diminuigdo do numero de células NK, que por sua vez,
levaria a uma diminuigdo da atividade NK em pacientes com AR (ARAMAKI et al.,
2009). Uma das explicacdes para a reducdo no nimero de células NK na periferia de
pacientes com AR pode estar relacionada ao aumento da apoptose nesse subtipo celular,
mediado por uma elevada atividade de caspase-3 (AGGARWAL; SHARMA,;
BHATNAGAR, 2014; CHALAN et al., 2016).

Analises mais detalhadas de apoptose em células NK revelam que os diferentes

subgrupos dessas células apresentam susceptibilidade diferente ao processo de apoptose.
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A expressdo de CD94/NKG2A foi relacionada a uma diminuicdo nas taxas de apoptose
em células NK e linfécitos T-CD8+, sugerindo um importante papel desses receptores na
protecdo contra o processo apoptotico (GUNTURI et al., 2003). Esses resultados
poderiam explicar, pelo menos em parte, o acumulo de células NK CD569" observado
no liquido sinovial de pacientes com AR e corroboram o aumento de apoptose observado

em células NK CD569™ periféricas.

Considerando todos esses estudos, fica evidente a participacdo das células NK na
patogénese da AR. Por um lado, as células NK, especialmente o subgrupo de células
CD56"9" exercem importante contribuicdo para processos inflamatorios, incluindo os
eventos relacionados principalmente a exacerbagdo da AR. O acUmulo dessas células na
articulacdo sinovial pode ser reflexo de recrutamento preferencial, diferenciagéo local,
proliferacdo local ou ainda sobrevivéncia seletiva. Por outro lado, esses mesmos fatores
podem ser responsaveis pela diminuicdo do nimero de células CD56%™ periféricas e
ainda contribuir para o0 menor potencial citotoxico exercido por essas células (DALBETH
et al., 2004).

Polimorfismos de NKG2 na AR

O primeiro estudo que investigou o potencial de variantes em genes NKG2 na AR
foi realizado por Hikami et al., (2003). Neste trabalho, foram investigados polimorfismos
nos genes NKG2A, NKG2C e CD94 em uma amostra de individuos Japoneses. Para
NKG2A, onze novas variantes genéticas foram descritas, sendo apenas uma delas
localizada na regido codificante (c.238T>A; Cis80Ser). Duas novas variantes foram
identificadas em NKG2C (c.287-29T>A e ¢.704_705GG>AA) e uma variante em CD94
(c.-134A>T) na regido 5’ ndo traduzida. Um dos resultados mais significativos deste
trabalho refere-se a identificacdo da delecdo de NKG2C como uma variante comum na
populacdo. Até o momento, no entanto, a delecdo de NKG2C nédo foi associada ao
desenvolvimento de AR ou de LES (HIKAMI et al., 2003; MIYASHITA et al., 2004).

Com relacdo a NKG2A, apenas um estudo identificou um efeito protetor do
genotipo AA do rs2734440 no desenvolvimento de AR, em uma populacdo Coreana.
Nesse mesmo estudo, 0s gendtipos Ser/Ser de NKG2C rs1141715 e Thr/Thr de NKG2D

rs2255336 foram associados ao aumento do risco para AR, engquanto que as variantes de
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NKG2D rs1049172 e rs1049174 ndo apresentaram qualquer associacdo significativa
(PARK; PARK; SONG, 2008).

O unico trabalho que contempla a andlise de variantes NKG2 em um grupo de
pacientes caucasoides com AR foi conduzido por Iwasko et al., 2016. Neste estudo,
apenas variantes de CD94 (rs2302489) e NKG2A (rs7301582, rs2734440, 2734414)
foram incluidas. Os resultados evidenciam um papel do polimorfismo de CD94 na
susceptibilidade & AR e resposta ao tratamento com anti-TNF, uma vez que a frequéncia
do gendtipo AA estava significativamente diminuida em pacientes. Além disso, pacientes
com o genotipo AA apresentaram melhor resposta ao tratamento em comparacdo a
pacientes com o genétipo TT. O desfecho relacionado ao tratamento com anti-TNF
também parece estar associado ao polimorfismo rs2734440 de NKG2A, pois a frequéncia
do gendtipo AA foi significativamente maior entre os pacientes ndo respondedores ao

tratamento quando comparado a pacientes respondedores (IWASZKO et al., 2016).

A escassez de trabalhos que contemplam o tema em questéo limita o entendimento
do papel das variantes de NKG2 na susceptibilidade a AR. Ainda, a maioria dos estudos
disponiveis na literatura foi conduzida com individuos de origem asiatica, ndo permitindo
que as associacdes encontradas sejam extrapoladas para populacdes com origens étnicas

distintas.

O processo de apoptose

A apoptose é um reconhecido e distinto processo de morte celular programada que
ocorre naturalmente durante o desenvolvimento das células do corpo humano e representa
um importante mecanismo de manutencdo do equilibrio das populacGes celulares nos
tecidos periféricos (ELMORE, 2007). Esse processo € responsavel pela eliminacdo de
células potencialmente danosas ao organismo como, por exemplo, células que apresentam

alterac@es no controle do ciclo celular (FESIK, 2005).

Tanto estimulos fisioldgicos quanto patoldgicos sdo capazes de desencadear o
processo de apoptose, no entanto, sabe-se que as células apresentam diferengas na
susceptibilidade de resposta a esses estimulos. Durante 0 processo de apoptose, a célula
sofre diversas alteragdes morfoldgicas, como a diminuicdo de seu tamanho (devido a
compactacao de organelas e aumento da densidade do citoplasma), o condensamento da

cromatina e a formac&o de corpos apoptoticos (vesiculas compostas por citoplasmas com
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organelas altamente compactadas). Os corpos apoptoticos sao fagocitados e degradados
em uma reacdo ndo inflamatdria, pois células em apoptose ndo liberam seu contetdo

citoplasmatico no meio extracelular (ELMORE, 2007).

Classicamente, a literatura reporta a existéncia de duas vias que desencadeiam o
processo de apoptose: a via extrinseca e a via intrinseca. A primeira envolve a ativacao
de receptores transmembrana de morte celular. Esses receptores pertencem a superfamilia
de receptores de TNF, os quais apresentam um dominio citoplasmético composto por 80
aminoéacidos conhecido como dominio de morte (do inglés, death domain). Esse dominio
é responsavel pela transducéo do sinal originario na membrana plasmatica para o interior
da célula. As moléculas Fas (CD95), TNFR (do inglés, TNF receptor 1), DR4 (do inglés,
death receptor 4) ou DR5 (do inglés, death receptor 5) séo exemplos desses receptores.
Por outro lado, Fas ligand (CD95L), TNF, TNF-related apoptosis inducing ligand
(TRAIL) sdo os respectivos ligantes dos receptores de morte celular (FESIK, 2005;
IGNEY; KRAMMER, 2002). Neste capitulo, o modelo Fas/FasL serd utilizado como
exemplo de ativacdo de via extrinseca e suas caracteristicas e funcdes serdo detalhadas a

sequir.

A interacdo entre Fas e FasL resulta na ligacdo da proteina adaptadora FADD (do
inglés, Fas associated death domain). Em seguida, FADD se associa a pré-caspase 8 e
pré-caspase 10 através da dimerizacdo com o dominio de morte formando o complexo
DISC (do inglés, death-inducing signaling complex). A formacéao desse complexo resulta
na ativacdo auto-catalitica de prd-caspase 8. Uma vez ativada, a caspase-8 induz o
processo auto-catalitico das caspases efetoras 3, 6 e 7, resultando na sua liberacdo no
citoplasma. Este processo pode ser blogueado e é reversivel em seus estagios iniciais. A
proteina c-FLIP (do inglés, FLICE-like inhibitory protein) é capaz de se ligar a FADD e
caspase-8 inibindo a ativacao da via das caspases e consequentemente a apoptose celular
(Figura 8) (ASHKENAZI, 2008; ELMORE, 2007).

A ativagdo da via intrinseca envolve uma série de estimulos intracelulares
positivos e negativos que agem diretamente na mitocéndria da célula-alvo. A auséncia de
fatores de crescimento, horménios e citocinas sdo exemplos de sinais negativos que
regulam essa via, pois a auséncia desses componentes resulta na perda da capacidade de
supressdo do processo de apoptose. Por outro lado, a exposi¢édo a radiacéo, a toxinas, a
hipdxia, a infecgdes virais e a presenca de radicais livres atuam como sinais positivos na

indugdo de morte celular. Quando presentes, independentemente do tipo, esses estimulos
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promovem uma alteracdo na permeabilidade da membrana interna da mitocéndria que
resulta na formacdo de um poro, levando, consequentemente, a perda do potencial
transmembrana e a liberacdo de proteinas no citoplasma da célula. A liberagdo de
citocromo ¢, Smac/DIABLO (do inglés, second mitochondria-derived activator of
caspase/direct IAP binding protein with low pl) desencadeiam a ativacdo da via das
caspases. O citocromo c se liga e ativa as moléculas de Apaf-1 (do inglés, apoptotic
protease-activating factor 1) e pro-caspase 9 formando um complexo conhecido como
apoptossomo. Nesse complexo, a caspase-9 torna-se ativa. As proteinas Smac/DIABLO
promovem a apoptose pela inibicdo da proteina IAP (do inglés, inhibitors of apoptosis
proteins) (ELMORE, 2007; FESIK, 2005; IGNEY; KRAMMER, 2002).

Ambas as vias culminam na ativacdo da cascata de caspases efetoras, considerada
a fase final da via de apoptose. Dentre as diversas proteinas envolvidas nessa fase,
destacam-se a caspase-3, a caspase-6 € a caspase-7 as quais atuam como “executoras” do
processo. A caspase-3 (induzida pelas caspases iniciadoras 8, 9 e 10) é considerada uma
das principais proteinas apoptéticas, pois quando ativada, desencadeia o processo de
degradacdo do DNA cromossomal, promove o condesamento da cromatina, induz a
reorganizacdo do citoesqueleto celular e estimula a formacdo dos corpos apoptoticos
(ELMORE, 2007; IGNEY; KRAMMER, 2002).

Apesar de apresentaram mecanismos de ativacao distintos, as vias de apoptose séo
capazes de agir sinergicamente, o que resulta em amplificacdo do sinal, através da
interacdo entre proteinas presentes em cada uma das vias. A ativacdo de caspase-8 pela
via extrinseca pelo receptor Fas pode promover a clivagem de BID (proteina
proapoptdtica de dominio BH3-only agonista da morte celular). Essa molécula, por sua
vez, apos clivada, se liga nas proteinas BAX e BAK presentes na membrana da
mitocondria, ocasionando o0 aumento da permeabilidade mitocondrial e a liberacdo de
citocromo e Smac. Esse processo resulta na ativacdo de caspase 9 e caspases subsequentes
(ASHKENAZI et al., 2017; FESIK, 2005).

A apoptose destaca-se como um importante processo envolvido em distintos
eventos do corpo humano, como por exemplo, no desenvolvimento embrionério, selecéo
de células T e B e eliminacgdo de linfocitos autorreativos na periferia. Essa miriade de
eventos é finamente regulada por uma série de moléculas que atuam em diferentes niveis.

A perda da regulacdo fina desse processo parece estar diretamente relacionada ao
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desenvolvimento e perpetuacdo de condi¢bes autoimunes como a AR (FAVALORO et
al., 2012).
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Figura 8. Representacéo esquematica das vias extrinseca e intrinseca de apoptose. A via intrinseca inicia a
partir de um dano a célula que ativa a proteina supressora de tumor p53, a qual estimula positivamente as
moléculas Puma (do inglés, p53 upregulated modulator of apoptosis) e Noxa que, por sua vez, ativam Bax
e Bak. As alteracdes na permeabilidade da membrana mitocondrial resultam no efluxo de citocromo ¢ para
0 citoplasma, o qual se liga a Apaf-1, recrutando caspase-9. A interagdo entre citocromo c, Apaf-1 e
caspase-9 resulta na formacdo de um complexo de sinalizacdo conhecido por apoptossomo. A caspase-9
ativada promove a clivagem e consequentemente ativacdo das caspases efetoras 3, 6 e 7. As proteinas
mitocondriais Smac/DIABLO participam da ativagdo do processo de apoptose através da inibigéo de fatores
como IAP. A via extrinseca de apoptose inicia a partir da interacdo entre um receptor de membrana e seu
respectivo ligante na membrana celular. A interacdo entre essas moléculas desencadeia o recrutamento de

FADD e pré-caspases 8 e 10, resultando na formagao do complexo DISC. A molécula de FLIP é capaz de
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inibir a formacdo de DISC através da sua interagdo com FADD. A partir da formacdo desse complexo,
caspases-8 e -10 se tornam ativas, sendo liberadas no citoplasma onde iniciam a ativacdo das caspases
efetoras 3, 6 e 7, resultando no evento de apoptose. Adaptado de ASHKENAZI, 2008.

A apoptose na AR

Uma caracteristica comum as doencas autoimunes é a perda de tolerancia a
antigenos proéprios e a geracdo de auto-anticorpos. Acredita-se que defeitos na regulacéo
do processo de apoptose contribuem para a ndo eliminagdo de células autorreativas bem
como para a persisténcia de autoantigenos no organismo (NAGATA; TANAKA, 2017).
A hiperplasia sinovial e a infiltracdo de células do sistema imune na cavidade articular
sdo caracteristicas marcantes da AR. A formacédo de um tecido invasivo, conhecido como
pannus, promove diversas alteracfes nas articulagbes sinoviais - como proliferacdo
celular (especialmente de fibroblastos sinoviais) e angiogénse - as quais assemelham-se
as mudancas observadas no processo de transformacdo maligna de células. Acredita-se
que o desbalanco entre a proliferacdo celular e os eventos de apoptose assumem papel
central na inducdo desse processo hiperplésico, além de contribuir para a manuten¢éo do
processo inflamatério (POPE, 2002). A desregulacdo entre esses eventos inclui um
conjunto de células e moléculas dentre as quais pode-se destacar: a participacdo de
citocinas como TNF-o e I1L-15 na protecdo contra os eventos de apoptose induzida por
Fas em células sinoviais; a producdo de inibidores de apoptose como c-FLIP por
macrofagos e fibroblastos sinoviais; a presenca de 6xido nitrico no liquido sinovial que €
capaz de inibir a acdo de caspase-3; presenca de metaloproteinases no liquido sinovial
que participam da producéo de FasL soltvel (sFasL); e o acimulo das formas sollveis de
Fas (sFas) e sFasL na articulacdo sinovial que blogueiam a interagcdo com as respectivas
proteinas de membrana, inibindo a sinalizacdo para apoptose (AUDO et al., 2014; LE
GALLO etal., 2017; PENG, 2006; SAHIN et al., 2007).

A patogénese da AR ainda inclui o influxo de células do sistema imune como
macrofagos, células dendriticas, NK, linfocitos T e B na articulagéo sinovial, células estas
que tambem estdo susceptiveis a regulacdo mediada pelos eventos descritos acima. A
desregulacdo do processo de apoptose nessas células também contribui para sua
permanéncia no ambiente articular e perpetuacdo dos processos inflamatorios.
Macrofagos sinoviais presentes em pacientes com AR expressam Fas e FasL indicando

uma susceptibilidade dessas células ao processo de apoptose. Fas ainda € expresso por
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outros subtipos celulares presentes na articulacdo como fibroblastos e linfocitos. Apesar
de expressarem moléculas capazes de induzir a morte celular, estudos in vivo descrevem
baixas taxas de apoptose nessas células. Estudos demonstram que essas mesmas células
expressam c-FLIP, molécula atuante na inibi¢ao da via extrinseca de apoptose. A acdo de
c-FLIP também parece atuar no bloqueio do processo de apoptose em fibroblastos
sinoviais, enquanto que a ativagdo da via PI3K/Aktl estimula a proliferagdo dessas
células. Ainda, a expressdo de c-FLIP nessas células parece ser induzida pela acdo de
TNF-a (GAO et al., 2016; LIU; POPE, 2003; POPE, 2002).

O acumulo de linfocitos T e B na articulagéo sinovial também é parte importante
do processo de patogénese da AR. Um estudo realizado por Aldahlawi et al., (2015)
demonstrou o acumulo de células CCR7+ CD95+ CD4+ em pacientes com AR e doenca
ativa, inferindo que CCR7 e CD95/Fas estdo relacionados com a progressao da doenca e
possivelmente com o processo inflamatorio per se. Contudo, apesar de células T isoladas
da articulacdo de pacientes com AR serem passiveis de morte celular devido a presenca
de Fas, a expressdo da proteina anti-apoptotica Bcl-xL as tornam mais resistentes a esse
processo (RAZA et al., 2006; SALMON et al., 1997).

Com relacdo as células NK, observa-se que os diferentes subgrupos celulares
apresentam diferencas na susceptibilidade a apoptose in vitro. Quando estimuladas por
IL-2, células CD56Y™ apresentam maiores taxas de apoptose em comparacio a células
CD56""9" (AGGARWAL; SHARMA; BHATNAGAR, 2014; CHALAN et al., 2016).
Esse fato pode estar relacionado a expressdo de moléculas CD94/NKG2 na superficie de
células NK CD56°9" uma vez que menores taxas de apoptose foram observadas em
células T-CD8+ e NK de camundongos infectados com Lysteria monocytogenes que
expressavam CD94/NKG2 (GUNTURI; BERG; FORMAN, 2003a). De forma oposta,
outros estudos ja descreveram o aumento de apoptose em células NK que expressavam
CD94 e uma auséncia de efeito da presenca de CD94/NKG2A sobre o acumulo de células
T-CD8+ e NK na infeccdo por citomegalovirus (CAVANAUGH; RAULET;
CAMPBELL, 2007; IDA et al., 1997). Os resultados obtidos por Gunturi et al., (2003)
poderiam explicar, pelo menos em parte, a diminuicdo do ndmero de células NK
periféricas e o prejuizo de sua atividade citotdxica, além do acimulo de células NK,

particularmente CD56°"9", no liquido sinovial de pacientes com AR.

Dentre todos os fatores envolvidos no processo de apoptose, estudos destacam a

participacdo das moléculas Fas/FasL na patogénese das doencas autoimunes (NAGATA,;
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TANAKA, 2017). Devido a sua importancia esse sistema sera detalhado separadamente,
assim como Bcl-2 e p53, que também representam tdépicos de interesse do presente
trabalho.

O sistema FAS/FASL

A proteina Fas, também conhecida como CD95 € um importante receptor
transmembrana tipo | pertencente a familia TNF. Esse receptor € composto por um
dominio extracelular amino-terminal rico em cisteina que contribui para a especificidade
de ligacdo a CD95L (FasL) e um dominio de morte na porcao citoplasmatica que regula
a ativacdo da via extrinseca de apoptose (LE GALLO et al., 2017). A molécula de FasL
é uma proteina de membrana homotrimérica, ligante de Fas, composta por um dominio
transmembrana, um dominio intracelular rico em prolina e um dominio extracelular.
(NAGATA; TANAKA, 2017; YAMADA et al., 2017)

Na AR, além dos receptores Fas e FasL de membrana, destaca-se a participacdo
de suas isoformas sollveis. A molécula de sFasL € originada a partir da clivagem de FasL
por metaloproteinases, enquanto que sFas é formada a partir de splicing alternativo do
mesmo gene FAS (HONG et al., 2015). A ativacdo da via de apoptose mediante interacao
de Fas/FasL requer a oligomerizacao do receptor Fas para ativacdo de DISC, no entanto,
apesar das duas formas de FasL - ligada a membrana e forma sollUvel - serem
potencialmente capazes de interagir com Fas de membrana, sFasL ndo permite a formacao
de oligbmeros com Fas e, por conseguinte, ndo ativa o sinal de apoptose (CALMON-
HAMATY et al., 2015; PENG, 2006; YAMADA et al., 2017). Por sua vez, a forma
sollvel de Fas se liga a FasL de membrana bloqueando a sua interagdo com o receptor
Fas de membrana (HONG et al., 2015). Ainda, infere-se que a presenca de Fas atua na
proliferacdo de fibroblastos sinoviais e indugdo de inflamacdo através da via de
sinalizagdo PI3K/Akt (LI et al., 2014).

Considerando que diferentes estudos apontam para um papel das proteinas de
Fas/FasL na patogénese da AR e demais doencas autoimunes, sugere-se que variagdes
nos genes responsaveis pela producdo de tais moléculas podem conferir diferente
susceptibilidade ao desenvolvimento da doenga bem como modular sua progresséo. O
gene FAS esta localizado no cromossomo 10g23, e € composto por nove éxons e 0ito

introns. Neste gene, dois polimorfismos sdo amplamente estudados no contexto nas
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doencgas autoimunes: -670 A>G rs1800682 e -1377 G>A rs2234767, ambos localizados
na regido promotora. A presenca dessas variantes modula a ligagdo dos fatores de
transcrigdo Spl (do inglés, stimulatory protein 1) e STAT1 (do inglés, signal transducer
and activator of transcription 1) a regido alterando, consequentemente, a expressdo
génica de FAS (HUANG; MORRIS; MANOLIOS, 1997).

O gene FASL esté localizado no cromossomo 1923 e consiste de quatro éxons que
codificam 281 aminoacidos. De forma semelhante a FAS, dois polimorfismos destacam-
se na literatura: -844 C>T rs763110 e INV2nt_124A>G, rs5030772. O primeiro esta na
regido promotora do gene e apresenta-se como um potencial sitio de ligacéo para o fator
de transcricdo CAAT/enhancer-binding protein, enquanto que o segundo esta localizado
no intron 2 sendo um potencial alvo de splicing alternativo (WU et al., 2017).

A investigacdo quanto ao papel de polimorfismos em FAS com a susceptibilidade
a AR apresenta resultados discordantes. Enquanto um estudo demonstrou associagdo do
genotipo GG -1377 G>A com inicio precoce de AR, outro trabalho relacionou a presenca
do alelo A da mesma variante ao risco de desenvolvimento de AR (HUANG et al., 1999;
ZHU et al., 2016). De forma semelhante, a presenca do alelo A do polimorfismo -1377
G>A foi associada ao desenvolvimento de LES (LEE et al., 2012a; LEE; BAE; SONG,
2015). Para o polimorfismo -670 A>G a presenca do alelo G foi associada a
susceptibilidade a LES e outras doencas autoimunes (BOLLAIN-Y-GOYTIA etal., 2014;
LEE et al., 2012a). Diferentemente desses resultados, uma série de estudos disponiveis
na literatura ndo evidenciam associagdo entre esses polimorfismos e o desenvolvimento
de AR (KOBAK; BERDELI, 2012; MOHAMMADZADEH et al., 2012; YILDIR;
SEZGIN; ERDAL, 2013).

Com relacdo aos polimorfismos em FASL, a presenca do alelo T e dos gendtipos
CT e TT do polimorfismo -844 C>T foi associada a um maior risco para 0
desenvolvimento de AR (YILDIR; SEZGIN; ERDAL, 2013), enquanto que em LES, a
presenca do alelo C foi associada a susceptibilidade a doenca (MOUDI et al., 2013).
Outros estudos ndo demonstraram influéncia de variantes em FASL no desenvolvimento
de AR (KOBAK; BERDELI, 2012; MOHAMMADZADEH et al., 2012; ZHU et al.,
2016).

Alguns estudos demonstram ainda que essas variantes em FAS e FASL podem
modular os niveis de sFas e sFasL, apesar de ndo existir um consenso na literatura sobre

tal relagdo. Um aumento nos niveis de sFas foi observado em pacientes com LES
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portadores dos genotipos GG e AG do polimorfismo -670 G>A comparado a portadores
do gendétipo AA (BOLLAIN-Y-GOYTIA et al., 2014). Em pacientes com sindrome de
Sjogren primaria, maiores niveis de sFas foram associados ao gendtipo AA em
comparacdo ao genétipo GG (TREVINO-TALAVERA et al., 2014). Com relagdo a
FASL, a presenca do alelo C do polimorfismo -844 C>T foi associada a maior expressao
do FasL de membrana e maiores niveis de sFasL quando comparado com o gendtipo TT
(WU et al., 2017; ZHANG et al., 2006).

A familia BCL-2

O controle e regulacdo dos eventos de apoptose mediados pela mitocondria sdo
promovidos por membros da familia Bcl-2 (do inglés, B cell lymphoma 2 family). Vinte
e cinco genes compdem a familia de Bcl-2, os quais ddo origem a proteinas pro-
apoptoticas como Bcl-10, Bax, Bak, Bid, Bad, Bim, Bik e BIk; e anti-apopt6ticas como
Bcl-2, Bcl-x, Bel-XL, Bel-XS, Bel-w, BAG. As moléculas pré-apoptoticas Bax e Bak
podem induzir diretamente o processo de apoptose formando oligbmeros na membrana
mitocondrial a medida que recebem o sinal de morte celular, levando a desestabilizacdo
dessa membrana pela formacdo de um canal permeavel e liberagdo de citocromo c,
recrutamento de Apaf-1 e ativacdo de caspases. As demais proteinas pré-apoptoticas
atuam estimulando a oligomerizacdo de Bak ou Bax ou inibindo a acdo de proteinas anti-
apoptoticas (ELMORE, 2007; FESIK, 2005; IGNEY; KRAMMER, 2002).

A proteina anti-apoptdtica Bcl-2 é normalmente expressa em células B e T. Na
AR, acredita-se que as baixas taxas de apoptose associadas a linfocitos T sdo devidas a
expressao elevada de moléculas anti-apoptéticas como Bcl-2 nessas células
(FIRESTEIN; YEO; ZVAIFLER, 1995; VAN DER GEEST et al., 2014). Em fibroblastos
sinoviais de pacientes com AR observa-se um aumento da expressaio mMRNA de Bcl-2 e
menores niveis de MRNA de Bax quando comparado a pacientes com osteoartrite (LEE
et al., 2013). Em células mononucleares de sangue periférico de pacientes com AR
também observa-se menor expressdo de Bax e elevada expressao de Bcl-2 (SZODORAY
et al., 2003).

Variagbes no gene BCL-2, podem alterar sua funcdo e/ou expressdo e
consequentemente provocar um desequilibrio nos mecanismos reguladores de apoptose.

Este gene esta localizado no cromossomo 18¢21.3 e consiste de 3 éxons e 2 promotores

42



(NUCKEL et al., 2007; TSUJIMOTO et al., 1985). O alelo Thr do polimorfismo
rs1800477 (G127A, Ala43Thr), no éxon 2 do gene, foi associado a um efeito protetor no
desenvolvimento de doencas autoimunes (incluindo RA, LES e Sindrome de Sjogren) em
uma populacdo japonesa (KOMAKI et al., 1998). Para o polimorfismo da regido
promotora (rs2279115 -938 C>A), o genotipo BCL-2 -938AA foi associado a expressao
aumentada de Bcl-2 e é um marcador genético desfavordvel em pacientes com leucemia
linfocitica cronica de células B e linfoma ndo-hodgkin (NUCKEL et al., 2007; WANG et
al., 2014). No contexto da AR, dois polimorfismos ja foram estudados: rs12454712 T>C
e rs17757541 C>G. A presenca do genotipo heterozigoto de rs17757541 foi associada
com o desenvolvimento de AR quando o gendtipo CC foi utilizado como referéncia.
Quando agrupados os genotipos CG e GG, manteve-se 0 mesmo efeito. Por fim, o
polimorfismo rs12454712 T>C nao demonstrou influéncia na susceptibilidade a AR
(ZHU et al., 2016).

A proteina p53

Descoberta em 1979, a proteina p53 esta envolvida em varios processos celulares
incluindo proliferacdo, senescéncia, diferenciacdo, apoptose, reparo de DNA,
metabolismo, angiogénese e autofagia. Destaca-se também o papel dessa molécula como
fator de transcricdo de diversos genes (SABAPATHY; LANE, 2018; ZILFOU; LOWE,
2009). Sua funcdo mais notoria esta relacionada a capacidade de supressdo tumoral, pois
atua na prevencdo da proliferacdo de células que apresentam material genético alterado
(BROWN; ATTARDI, 2005). A inativacdo de p53 em modelos tumorais in vitro diminui
a ocorréncia dos eventos de apoptose e propicia a expansdo do tumor. Acredita-se que
aproximadamente 50% dos tumores de diferentes tipos apresentam mutacdes em TP53
(SABAPATHY; LANE, 2018; ZILFOU; LOWE, 2009). Adicionalmente, 80% das
mutacdes de TP53 encontradas em tumores localizam-se na regido de dominio de ligacao
ao DNA, indicando que a atividade de p53 como fator de transcri¢do é crucial para o
processo de supressdo tumoral (BIEGING; MELLO; ATTARDI, 2014; ZILFOU,
LOWE, 2009).

A participacdo de p53 nos processos de apoptose pode ocorrer a partir de
diferentes vias. Sua atuagdo como fator de transcri¢do pode induzir a expresséo de genes

pré-apoptéticos, como BAX e FAS, ou reprimir genes anti-apoptéticos, como BCL-2.
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Adicionalmente, a interacdo de p53 com outros membros da familia Bcl-2, como NOXA
e PUMA, influencia especialmente a ativacdo da cascata intrinseca de apoptose
(ASHKENAZI, 2008; VOUSDEN; LANE, 2007). Por outro lado, p53 pode ativar de
maneira independente a via intrinseca de apoptose alterando diretamente o potencial de
membrana mitocondrial (MARCHENKO; ZAIKA; MOLL, 2000).

Na AR, a elevada taxa de remodelamento tecidual e a formacdo de um tecido
hiperpléasico justifica a investigacdo do papel de p53 na patogénese da doenca (POPE,
2002). Em tecido sinovial, analises histoquimicas e de Western-blot, demonstraram maior
expressdao de p53 em pacientes com AR quando comparados a tecidos sinoviais
provenientes de pacientes com osteoartrite ou tecidos ndo-inflamatorios (FIRESTEIN et
al., 1996). Em outro estudo, também foi observado maior expressdo de p53 em pacientes
com AR quando comparados a pacientes com osteoartrite e pds-trauma articular. Nesses
individuos, a maioria das células positivas para a expressao de p53 em tecido sinovial
eram fibroblastos e 80% dessas células encontravam-se sob processo de apoptose
(CHOU; YANG; LEE, 2001). Por outro lado, alguns estudos demonstram a presenca de
mutagdes somaticas em TP53 de células sinoviais de individuos com AR. Essas mutacdes
poderiam suprimir as funcdes da proteina p53 nativa e inibir o processo de apoptose
nessas celulas (FIRESTEIN et al., 1997; YAMANISHI et al., 2002).

Considerando todos esses resultados, especula-se que p53 esteja envolvida na
susceptibilidade a AR, pois além desta molécula atuar como fator de regulacdo da
transcricdo de genes pré e anti-apoptoticos como BAX, FAS e BCL-2, a presenca de
mutacBes em TP53 em células sinoviais prejudica sua atuacdo na inducéo da apoptose,
contribuindo para a proliferacdo de células e inflamagao tecidual (MULLER-LADNER,;
NISHIOKA, 2000; ZHANG et al., 2016).

O gene TP53 foi mapeado no cromossomo 17 (17p13.1) (McBride et al., 1986).
Dentre as varia¢Oes genéticas encontradas em TP53, o polimorfismo Pro72Arg é o mais
estudado. Esse polimorfismo resulta de uma mudanca de uma Unica base C>G na
sequéncia nucleotidica que acarreta a substituicdo do aminoacido prolina pelo aminoacido
arginina no cédon 72. Este codon encontra-se dentro de um motivo rico em prolina, o
qual estd diretamente relacionado a capacidade de ligagdo de p53 a mitocondria e,
portanto, a seu potencial na inducdo de apoptose (MATLASHEWSKI et al., 1987).
Estudos in vitro demonstram que o alelo arginina apresenta maior potencial na inducao

de apoptose quando comparado ao alelo prolina (DUMONT et al., 2003). Os estudos que
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investigaram o papel dessa variante em AR, apesar de escassos, ndo apontam para uma
influéncia desse polimorfismo na susceptibilidade a doenga em diferentes populacGes
(ASSMANN et al., 2009; LEE et al., 2001, 2012b; MACCHIONI et al., 2007;
MOODLEY; MODY; CHUTURGOON, 2010).
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CAPITULO 2: JUSTIFICATIVA

A AR é uma patologia de carater autoimune e sistémico altamente debilitante. Seu
mecanismo etioldgico ainda nédo esta completamente esclarecido, porém acredita-se que
tanto fatores genéticos quanto ambientais influenciam no desenvolvimento da doenca. A
inflamacdo crénica e progressiva presente nas articulagfes sinoviais € uma das principais
caracteristicas da AR, juntamente com o desenvolvimento de um processo hiperplasico
que resulta na formacdo de um tecido invasor conhecido como pannus, o qual penetra na
cavidade articular, invadindo a cartilagem e o tecido 6sseo. Neste contexto, diversos
mecanismos parecem estar envolvidos na indugdo e persisténcia do processo
inflamatorio.

Uma das hipoteses descritas na literatura refere-se a uma desregulacdo do
processo de apoptose, a qual ocasiona o acumulo de células em tecidos sinoviais bem
como a proliferacdo de células que contribuem para exacerbacdo do processo
inflamatdrio. A apoptose € um evento celular regulado por uma intrincada rede de
moléculas (como Fas/FasL, moléculas da familia Bcl-2, p53 e caspases), sendo um
processo importante na manutengdo da homeostase do organismo com a eliminacgdo de
celulas auto reativas.

Acredita-se que uma perturbacdo dos eventos de apoptose também ocorra em
células do sistema imune que infiltram a articulacdo como linfécitos T-CD4+, T-CD8+ e
Natural Killer, uma vez que o acimulo dessas células ja foi descrito em liquido sinovial
de pacientes com AR. As células NK apresentam um perfil diferenciado no liquido
sinovial de pacientes com AR quando comparado com sangue periférico destes mesmos
pacientes. Adicionalmente, no liquido sinovial, estas células podem exercer um
importante papel imunomodulatdrio através da liberacéo de citocinas, papel este que esta
relacionado a expressao de receptores NKG2 na superficie celular. Ainda, a expressdo de
NKG2 pelas células NK parece estar associada a menores taxas de apoptose nessas
células, o que contribuiria para a permanéncia dessas células na articulagdo e perpetuacéo
do processo inflamatério.

O presente trabalho apresenta trés abordagens distintas: a primeira esta
relacionada ao estudo da contribuicéo das variantes em genes NKG2 na susceptibilidade
e gravidade da AR devido a importancia desses receptores na inducdo e manutencéo da
inflamacé&o na articulacdo sinovial de pacientes com AR. A segunda abordagem visa a

investigacdo do papel de polimorfismos nos genes das vias intrinsecas e extrinsecas de

47



apoptose no desenvolvimento da AR bem como na severidade da doenca. A terceira
abordagem refere-se a investigacdo dos niveis de fatores sollveis Fas, FasL e citocinas
em diferentes grupos de pacientes. A apoptose € um tema que se destaca no contexto da
AR, uma vez que trata de um dos principais processos relacionados as alteracdes descritas
nas articulacdes sinoviais dos pacientes com AR bem como a perda do equilibrio na
eliminacdo de células autorreativas. Cabe salientar que o presente trabalho utiliza
diferentes abordagens metodoldgicas para atingir os objetivos propostos e que 0s
resultados obtidos contribuirdo para o entendimento das bases genéticas e moleculares
envolvidas na patogénese da AR. Por fim, ressalta-se o ineditismo da investigacao desses

fatores, especialmente os genéticos, na populacao brasileira no contexto da AR.
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CAPITULO 3: OBJETIVOS

Objetivo Geral

Identificar o papel dos receptores de células Natural Killer e das proteinas de

apoptose na patogénese da Artrite Reumatoide.

Objetivos especificos

Avaliar quatro variantes polimorficas em genes NKG2 em individuos com AR e
em individuos controle, descrevendo as frequéncias alélicas, genotipicas e
haplotipicas. As variantes a serem avaliadas sdo: c. 338-90G>A em NKG2A,
delecdo de NKG2C, Ala72Thr; c.214 G>A e ¢.*348C>G de NKG2D.

Avaliar em individuos com AR e em individuos controle seis variantes
polimorficas em genes que codificam proteinas envolvidas no processo de
apoptose, comparando as frequéncias alélicas, genotipicas e haplotipicas entre 0s
grupos. Dentre os polimorfismos descritos para os genes de interesse foram
incluidos -1377 G>A e -670 A>G do gene FAS; -844 T>C e INV2nt 124 A>G do
gene FASL; -938 C>A do gene BCL-2 e Pro72Arg (G12139C) do gene TP53.

Comparar os niveis de Fas e FasL soltuveis em plasma e liquido sinovial de
individuos com AR, osteoartrite e trauma de joelho e correlacionar esses niveis

com a atividade da doenca em pacientes com AR.

Avaliar o padréo qualitativo e quantitativo (perfil) de citocinas (Th1, Th2 e Th17)
em plasma e liquido sinovial de individuos com AR, osteoartrite e trauma de

joelho.

50



CAPITULO 4
Artigo original “NKG2 in Rheumatoid Arthritis: the influence of NKG2

polymorphisms on disease susceptibility in a Brazilian population and a
comprehensive review”

Artigo em preparacdo para submissdo ao periodico International Journal of
Immunogenetics.
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Summary

Rheumatoid arthritis (RA) is an autoimmune disorder associated to an excessive
activation of innate and adaptive immune responses. The pathogenesis of RA
encompasses synovial lining hyperplasia and immune system cellular influx to the joints
and is characterized by a chronic inflammatory condition. The NKG2 family consists of
five molecules — NKG2A/B, C, D, E/H, F - that could be divided in activating and
inhibitor surface receptors. The balance between the signals delivered by these molecules
coordinates the activation of Natural Killer (NK), CD4+ T, and CD8+ T cells,
contributing therefore to the immune system regulation and to the inflammatory process
observed in RA. The present study investigated the influence of NKG2 polymorphisms
in RA susceptibility and disease severity. In this case-control study, 376 RA Caucasian
patients and 322 Caucasian healthy subjects from the south of Brazil were genotyped for
NK2GA (rs2734440), NKG2D (rs2255336 and rs1049174) and NKG2C polymorphisms.
Genotyping was performed by either Real-time TagMan™ PCR or conventional PCR.
No association of NKG2 genetic variants and RA susceptibility or disease severity was
observed. Our results corroborate some previous published data. However, considering
the limited data available in the literature especially in Caucasian populations, and the
existence of controversial findings, we suggest that more studies should be conducted in
order to contribute to the knowledge of the role of NKG2 variants on RA pathogenesis.
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Introduction

Rheumatoid arthritis (RA) is an autoimmune disorder associated to an excessive
activation of innate and adaptive immune responses that result from the interplay between
genetic and environmental factors. RA affects 0.5 to 1% of the world population and is
three times more prevalent in women as compared to men. In RA, the loss of immune self
tolerance culminates in severe joint damage and irreversible destruction of the synovial
membrane, cartilage, and bone (Pope, 2002; Firestein and Mclnees, 2017).

Hallmarks of the disease pathogenesis are synovial membrane hyperplasia and the
influx of immune system cell to the joints. Amongst these cells, Natural Killer (NK),
CDA4+ T, and CD8+ T cells stands out in their contribution to the induction of the chronic
inflammation seen in RA (Mclnees and Schett, 2011). The function of these cells is
regulated by a balance between activating and inhibitory signals delivered by a wide range
of cell surface molecules, including lectin-like receptors such as NKG2. The NKG2
family consists of five molecules — NKG2A/B, C, D, E/H, F —encoded by several genes
clustered in a region of 270 kb mapped on chromosome 12. These receptors are mainly
expressed by NK cells, although they can also be found on the surface of CD8+v3 T cells,
acting as co-stimulatory molecules. Additionally, they are found covalently dimerized
with the CD94 molecule, with the exception of NKG2D, which is expressed as a
homodimer (Borrego et al., 2006).

An enhanced NKG2/CD94 expression was observed in CD56"9" NK cells
purified from inflammatory sites. Of note, the major function of this cell subset is related
to the production of pro-inflammatory cytokines. NKG2C and NKG2D, when bounded
to specific ligands on the target cell surface, trigger NK functions through the transduction
of an activating cell signaling. The MHC class Ib HLA-E molecule is recognized by the
NKG2C receptor, whereas NKG2D interacts with MIC-A, MIC-B and ULBPs.
Conversely, NKG2A negatively regulates cell functions when bounded to the HLA-E
molecule (Synder et al., 2004; Borrego et al., 2006).

Several studies point to an important role of NKG2 molecules in the induction and
perpetuation of the inflammatory processes observed in RA. The presence of NK
CD56""9" cells in synovial joints contributes to the synovial inflammation through TNF-
a and INF-y production as well as through immune signaling mediated by cell-cell
contacts (Dalbeth and Callan, 2002; de Matos et al., 2007; van Bijen et al., 2011).
Additionally, high levels of IL-15 and TNF-a contribute to the expansion of the NKG2D+
T cell population in the peripheral blood and in synovial tissues of the RA patient (Groh
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et al., 2003). Finally, low apoptotic levels were detected in cells expressing the
CD94/NKG2 molecule, which might contribute to the maintenance of the CD8+ T and
NK cells repertoires in the RA synovial joints (Gunturi et al., 2003).

NKG2 molecules are much less variable at the genetic level then are the members
of the Killer Immunoglobulin-like receptor family (KIR) (Pegram et al., 2011). However,
polymorphisms in NKG2 genes have already been described and were associated to
several diseases and/or clinical conditions (Espinoza et al., 2009; Kabalak et al., 2010;
Roszak et al., 2012; Taniguchi et al., 2015; Iwasko et al., 2016). The molecular diversity
of NKG2 genes includes the total absence of the NKG2C gene, which occurs in high
frequencies in different human populations (Hikami et al., 2003). Moreover, single
nucleotide polymorphisms within NKG2 genes might influence receptor expression, and
consequently its functions. Understanding the role of these molecules in RA susceptibility
and in clinical manifestations of this condition may provide further information about
disease pathogenesis, potentially contributing to the development of new therapeutic
strategies. Therefore, the aim of this study was to evaluate potential relationships of
NKG2A, NKG2C and NKG2D polymorphisms and disease susceptibility and severity in

a Brazilian RA cohort.

Materials and Methods
Subjects

The study population consisted of 376 RA Caucasian patients and 322 Caucasian
healthy subjects from Porto Alegre, capital of the southernmost state of Brazil. RA
patients were recruited at the Division of Rheumatology of the Hospital de Clinicas de
Porto Alegre (HCPA, Porto Alegre, Brazil), and were diagnosed according to the 2010
American College of Rheumatology/European League Against Rheumatism criteria for
RA (Aletaha et al., 2010). Patients having any other autoimmune disease were excluded.
The control group was composed by healthy blood donor individuals, without a family
history of autoimmune diseases, as declared in a standard questionnaire.

Clinical and laboratory data, such as positivity to rheumatoid factor, anti-
citrullinated protein antibodies (ACPASs), bone erosions, extra articular manifestations,
smoking, abusive alcohol consumption, presence of secondary Sjogren’s syndrome, and
disease activity score (DAS28) were collected from the patient’s medical records. The

highest DAS28 index registered in medical charts throughout RA patients clinical follow-
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up was used to access disease severity. Data concerning positivity to rheumatoid factor
was available for 346 out of the 376 RA patients, although data concerning ACPAs (a
nonconventional test in terms of the Brazilian public healthcare system) was available to
only 64 patients. All participants of this study signed a written informed consent. The
study protocol was approved by the Medical Ethics Committee of the HCPA (CAAE
52996015.6.0000.5327).

DNA Extraction and Genotyping

Genomic DNA was extracted from peripheral blood samples through a salting-out
technique, as described by Lahiri and Nurnberger (1991). Genotyping of NKG2A
rs2734440 (c.338-90 A>G; intron 4), NKG2D rs2255336 (Ala72Thr; ¢.214 G>A; exon
6) and rs1049174 (c.*348C>G; 3° UTR) polymorphisms were performed by Real-time
TagMan™ PCR on an Applied Biosystems StepOne PCR System (Applied Biosystems,
Foster City, CA, USA) according to the manufacturer’s standard protocols.

The NKG2C gene variant was analyzed by conventional polymerase chain
reaction (PCR) in which two pairs of primers were designed. Specific primers annealing
to gene-flanking regions create a 411bp DNA fragment in the absence of the NKG2C
gene. The second pair of primers amplifies a 201bp fragment in an internal gene region
(Moraru et al., 2012). Amplified fragments were visualized in a 2% agarose gel with
ethidium bromide, under ultraviolet light. In order to avoid genotyping errors, genotyping

was repeated in 10% of the samples.

Statistical Analysis

The genotype and allele frequencies were determined by direct counting. Allelic
and genotypic frequencies were compared between patients and controls using the Chi-
square test (¥2) and Yates's correction when appropriated. Odds ratio (OR) and 95%
confidence interval (95% CI) were calculated to assess the relative risk conferred by a
specific allele or genotype in RA susceptibility or disease severity. Comparisons between
the polymorphisms and continuous variables were performed using ANOVA. The
significance level was set at a=0.05 (two tailed). All statistical analyses were performed
with SPSS 18.0 (SPSS, Inc., Chicago, IL). Haplotype and linkage disequilibrium (LD)
analyses between the three polymorphisms were performed using Haploview version 4.2
(Barrett et al., 2005).
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Results
Clinical and demographic features

Clinical and demographic features of the 376 RA patients and 322 healthy
individuals are shown in Table 1. An increased proportion of females was observed in the
RA group (81.6%) compared to the control group (46.3%) (p<0.01). In addition, the mean
age at diagnosis for RA patients (46.3 + 13.8) was higher compared to the control group
mean age (41.9 £ 9.4) (p<0.001). Within the RA group, 86.7% of the patients had positive
RF. Secondary Sjogren’s syndrome was observed in 5.11% of the patients. Extra articular
manifestations were reported in 31.2% of the individuals, being rheumatoid nodules the
most frequent manifestation observed (24%), followed by episcleritis and vasculitis. The
presence of extra articular manifestations was significantly associated to RF positivity (x?
with Yates's correction p=0.018). Disease activity score (DAS28) mean was 4.83 (+1.72).
Similar values of DAS28 were observed between RF seropositive and seronegative RA
patients (5.53 £ 1.48 vs 5.34 £+ 1.15).

Association between the NKG2 polymorphisms and RA susceptibility

The genotypic distributions for NKG2D rs1049174C>G, rs2255336C>T, NKG2A
rs2734440G>A, and NKG2C were in Hardy-Weinberg equilibrium for both RA patients
and controls. The genotypic and allelic frequencies did not differ between patients and
controls for any of the studied polymorphisms (Table 2) even when different genetic
models were explored (dominant, recessive, and additive models). An additional
regression model including sex and age was also tested and similar results were obtained

(data not shown).

Association between the NKG2 polymorphisms, disease phenotypes, and clinical
manifestations

In order to unveil the potential impact of NKG2 polymorphisms on RA phenotypes
and severity we investigated genotypes and alleles association with the presence of extra
articular manifestations, secondary Sjogren’s syndrome, DAS28 score and remission
status (considered as at least one measure of DAS28 <2.6). No association between the
NKG2A, NKG2D and NKG2C polymorphisms and RA clinical manifestations and
severity was observed (Table 3). Again, no differences were observed when the RA

patients were classified according to RF positivity (data not shown).
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Linkage disequilibrium amongst NKG2 polymorphisms

Linkage disequilibrium analysis was performed for NKG2D and NKG2A
polymorphisms. The D’ and r? analyses showed a strong linkage disequilibrium amongst
the polymorphisms, with D’ values >0.9. The CCA haplotype (NKG2D rs1049174,
NKG2D rs2255336, and NKG2A rs2734440, respectively) was the most frequent among
both patients (64.9%) and controls (62.2%) (p=0.329). Three other haplotypes were
identified (GTG, GCG, and CCG), although similar frequencies for such haplotypes were

also observed between the studied groups.

Discussion

Natural killer cell activation signaling results from complex interactions of several
activating and inhibitor surface receptors and their respective ligands. NKG2 is a family
of molecules included amongst these receptors and exerts an important role in the
regulation of NK cells functions. Additionally, it was suggested that these receptors can
act as co-stimulatory molecules in T lymphocytes (Borrego et al., 2006; Synder et al.,
2004). Considering the involvement of NKG2 molecules in self-tolerance maintenance
and in the modulation of immune responses, it was hypothesized that genetic variants in
NKG2 might influence the pathogenesis of autoimmune diseases such as RA. However,
evidences for such a behavior are limited so far. Thus, the present study investigated the
potential relationship among NKG2A (rs2734440), NKG2D (rs1049174 and rs2255336)
variants, and NKG2C deletion and RA susceptibility, and disease severity in a Caucasian
population from the south of Brazil. Moreover, we provide a comprehensive review of
the major literature findings considering NKG2 polymorphisms influence within different

immune contexts.

In the present study, no association between genotypic or allelic frequencies of
NKG2A (rs2734440), NKG2D (rs1049174 and rs2255336) and NKG2C polymorphisms
and RA susceptibility was observed, even when distinct genetic models were tested.
Conflicting results have been described for NKG2A variants. While some studies pointed
to a lack of association to disease susceptibility (Iwasko et al., 2016; Hikami et al., 2003;
Mariaselvam et al., 2016), one study conducted with Korean RA patients observed a
protective effect of the NKG2A rs2734440 AA genotype on disease susceptibility (Park
et al., 2008). In a study approaching Behcet’s disease (BD), a significant lower frequency
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of NKG2A rs2734440 G allele and of the c.-4258*C allele were observed in BD patients
compared to healthy controls (Seo et al., 2007).

Considering NKG2D polymorphisms, a higher risk for RA susceptibility was
associated to the rs2255336 AA genotype (Thr/Thr). The risk increased 12—fold in the
combined presence of Thr/Thr and NKG2C Ser/Ser (Ser102Phe; c305C>T) genotypes
(Park et al., 2008). In systemic lupus erithematosus (SLE), the same rs2255336 Thr allele
presented an opposite effect to disease susceptibility in a Polish cohort and in a German
population (Kabalak et al., 2010; Piotrowski et al., 2012). This difference can be
attributed to specific features of each disease. The inflammatory condition observed in
RA seems to be related to the presence of the activating receptors NKG2C and NKG2D
in synovial joints, which stimulate the release of pro-inflammatory cytokines by NK cells
(Groh et al., 2003; de Matos et al., 2007). In SLE, in contrast, the presence of NKG2D in
CDA4+ cells seems to exert regulatory activity, once the presence of NKG2D+ T cells was

inversely correlated to juvenile SLE onset (Dai et al., 2009).

In our study, no influence of NKG2 polymorphisms in the disease severity,
remission status and clinical manifestations was detected. In contrast to our data, in
addition to the influence on disease susceptibility, NKG2D polymorphisms were already
associated with RA severity (Mariaselvam et al., 2016), while NKG2A variants have been
associated to differences in anti-TNF treatment response (lwasko et al., 2016 ).

Several studies reported strong linkage disequilibrium among eight NKG2D-
NKG2A variants, which originates two haplotypes alleles associated to high and low
natural cytotoxic activity levels of NK cells (Mariaselvam et al., 2016; Hayashi et al.,
2006). In the present study, a strong linkage disequilibrium among NKG2D-NKG2A
variants was also observed. The most frequent haplotype observed was CCA (rs1049174,
rs2255336, and rs2734440 respectively), albeit haplotype frequencies did not differ
between RA patients and controls. More recently, since NKG2D rs1049174 demonstrated
the closest association with NKG2D expression in NK and CD8+ T cells, this variant was

suggested to be used as a tagSNP (Imai et al., 2012; Espinoza et al., 2016).

A potential role of the NKG2C deletion on RA development was also recently
approached. In our study, the NKG2C del allele frequencies were 0.17 and 0.16
respectively for RA patients and controls. These frequencies were quite similar to those
observed in other human populations (Thomas et al., 2012; Noyola et al., 2012; Vilchez

et al., 2013), excepted for the Mexican mestizo (0.103) and Gambian (0.293) populations
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(Rangel-Ramirez et al., 2013; Gongcalves et al., 2016). We observed a higher frequency
of the NKG2C del/del genotype in RA patients compared to control group (4.5% versus
2.8%) although this difference did not reach statistical significance. Our results
corroborate previous data concerning the influence of NKG2C deletion in RA and SLE
susceptibility (Miyashita et al., 2004) however the same is not true considering other
autoimmune diseases. For example, in psoriasis the presence of NKG2C deletion alone
or combined with HLA-E*01:01 allele (NKG2C ligand) was described as a risk factor to
disease development (Zeng et al., 2013). Importantly, it has been shown that NKG2C
copy number variation is associated with the amount of receptor expression on the cell
surface (Noyola et al., 2012; Rangel-Ramirez et al., 2013; Gongcalves et al., 2016).
However, the maintenance of the deleted allele at high frequencies in different
populations suggests that the presence of this receptor is not essential for survival and its
absence may be compensated by the expression of other NK receptors (Miyashita et al.,
2004; Goncalves et al., 2016).

It is important to highlight that our study evaluated 376 RA individuals and 322
healthy controls, being one of the most important sample analyzed so far in the context
of NKG2 polymorphisms and autoimmunity. In the literature, only five studies addressed
the influence of NKG2 in RA, most of them approaching Asian populations (Hikami et
al., 2003; Park et al., 2008, Miyashita et al., 2004; Mariaselvam et al., 2016). Therefore,
the differences observed between our results and these previous data might be due to the
genetic background of the studied populations. In the present study, only Caucasian
individuals (classified by self-identification) were included, however, it is noteworthy
that the Brazilian population has a high level of miscegenation. Additionally, some of the
genetic variants previously associated to RA susceptibility in the literature were not

investigated in the present study.

Published data considering the potential role of NKG2 genes variants and its
influence on diseases susceptibility and pathogenesis is scarce. In order to contribute to a
better comprehension of this field, a literature search was conducted, and thirty-two
articles including NKG2 polymorphisms were selected and summarized in Table 4.
Considering viral infections, NKG2D polymorphisms — respectively the rs2617160 TT
genotype and rs2233556 A allele - were associated to Hepatitis B virus susceptibility and
to specific symptoms in human cytomegalovirus infection (Ma et al., 2010; Taniguchi et
al., 2015). In chronic Hepatitis C virus infection, the NKG2D rs1049174 GG genotype
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was associated to a better response to interferon therapy, indicating a potential role of this
variant as a marker to sustained virologic response (Asadi-Saghandi et al., 2016).
Considering NKG2C, the impact of the gene deletion seems to be more pronounced in the
infection course rather than in the context of virus susceptibility. The presence of the gene
was associated to protection against HIV-1 infection, once a higher proportion of carriers
of this variant was found in the long term non-progressor group (LTNP) and also in
infected patients with viral load <30,000 copies/mL (Thomas et al., 2012). In HCMV
infection, anti-HCMV antibody titers were significantly higher in NKG2C deletion
homozygous individuals than in NKG2C +/+ children, suggesting that a low ability to
control of HCMV infections in NKG2C del/del carriers may lead to more frequent
reactivation and boosting of antibody responses (Goodier et al., 2014). In other viral
infections evaluated, such as HSV-1, respiratory virus, HPV and HTLV-1, neither the
susceptibility nor the clinical outcomes were influenced by NKG2C or NKG2D
polymorphisms (Talledo et al., 2012; Moraru et al., 2012b; Vilchez et al., 2013; Rangel-
Ramirez et al., 2013).

In scenarios of tumor development, the most significant finding was the
association of the NKG2D-NKG2A HKN1/HKN1 genotype (previously associated to
high NK cytotoxic activity) with a reduced risk of cancer in comparison to the
LNK1/LNK1 genotype (associated to low NK cytotoxic activity) (Hayashi et al., 2006).
A protective effect of the HKN1 haplotype was also observed against aerodigestive tract
cancer development (Furue et al., 2008), but no effect of this variant was described
concerning HPV-related cancer risk (Vilchez et al., 2013). Other independent
associations of NKG2D polymorphisms were also described for cholangiocarcinoma and
cervical cancer (Melum et al., 2008; Roszak et al., 2012), while no association was
evidenced for colon rectal cancer (Melum et al., 2008b). Only one study investigated the
relationship between NKG2C copy number variation and cancer, although no significant

influence was observed (Li et al., 2015).

Due to the importance of the NKG2 family in the regulation of NK cell activity
and in the activation of the immune system, polymorphisms in NKG2 genes were also
evaluated in other important conditions involving immune tolerance, such as recurrent
miscarriage and in the context of transplantation. In both situations, significant

associations were described, especially related to NKG2D variants (Espinoza et al., 2009;
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Hizem et al., 2014), however, the paucity of studies considering this issue jeopardize

conclusions about the actual role of NKG2 variants within these conditions.

In conclusion, the present study investigated the influence of NKG2A, NKG2D
and NKG2C polymorphisms in RA susceptibility and disease severity in a Brazilian
population. No association of NKG2 genetic variants and RA was observed, corroborating
some of the previous findings from the literature. Differences in the genetic/ethnic
background of the studied populations might explain some of the discrepancies found
between our results and previous published data. A combined investigation of the NKG2
genetic variability and expression as well as studies approaching the expression of both
NKG2 and its ligands could bring new insights about the role of these molecules in the
RA pathogenesis. In addition, more studies addressing the influence of NKG2
polymorphisms in other important physiological and pathological conditions, such as
viral infections, cancer, pregnancy and transplantation should be conducted in different
populations in order to contribute to the knowledge of the role of these genetic variants

in the development of distinct immune responses.
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Table 1. Characteristics of the studied population.

Characteristics R’(ﬁ:ggr;)éj)p Cor(1rt]r:031292r33 up

Female gender, n (%) 307 (81.6%) 149 (46.3%) p<0.01?
Age, mean (xSD)* 46.3 (+13.8) 41.9 (x9.4) p<0.001°
Smoke, n (%) 94 (25.0%) - -
Abusive alcohol consumption, n (%) 13 (3.5%) - -
Erosions, n (%) 308 (81.9%) - -
Pannus, n (%) 128 (34.0%) - -
Extra articular manifestations, n (%)  104/333 (31.2%) - -

n: sample number; RA: Rheumatoid Arthritis; #Age of RA group is represented by age at diagnosis; a: (2

test; b: Student’s t-test.
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Table 2. NKG2 polymorphisms and RA susceptibility.

RA group  Control group
n (%) n (%) O.R. C.1. (95%)
rs1049174
NKG2D C>G Genotype
CC 170 (48%) 122 (45.5%) 1 -
CG 150 (42.4%) 123 (45.9%) 0.875 0.63-1.22
GG 34 (9.6%) 23 (8.6%) 1.061 0.59-1.89
NKG2D C>G Allele
C 490 (69%) 367 (68%)
G 218 (31%) 169 (32%)
rs2255336
NKG2D G>A Genotype
GG 234 (66.5%) 177 (66%) 1 -
GA 102 (29%) 83 (31%) 0.930 0.66 - 1.32
AA 16 (4.5%) 8 (3%) 1.513 0.63 -3.61
NKG2D G>A Allele
G 570 (81%) 437 (82%)
A 134 (19%) 99 (18%)
rs2734440
NKGA A>G Genotype
AA 157 (45.2%) 106 (39.7%) 1 -
AG 150 (43.2%) 128 (47.9%) 0.791 0.56-1.11
GG 40 (11.5%) 33 (12.4%) 0.818 0.49-1.38
NKG2A A>G Allele
A 464 (67%) 340 (64%)
G 230 (33%) 194 (36%)
NKG2C Genotype
wt/wt 252 (71.4%) 173 (70%) 1 -
wt/del 85 (24.1%) 67 (27.1%) 0.871 0.60 - 1.27
del/del 16 (4.5%) 7 (2.8%) 1.569 0.63 - 3.89
NKG2C Allele
wt 589 (83%) 413 (84%)
del 117 (17%) 81 (16%)

n: sample number; O.R.: Odds Ratio; C.l.: Confidence interval.
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Table 3. Influence of NKG2 polymorphisms on RA clinical manifestations and disease severity.

Polvmorphism Extra articular pa Secondary Sjogren’s pa DAS28 score pb Remission status pa
ymorp manifestations syndrome mean (£SD) n (%)
n (%) n (%)
rs1049174 Presence Absence Presence Absence Presence Absence
NKG2D C>G Genotype
107 104
0, 0 0, 0,
CC 50(51.6%) (48.4%) 7 (53.8%) (48.8%) 5.29 (£1.52) 77 (49.4%) 28 (45.2%)
CG 37(38.1%) 94 (42.5%) 0.76 6(46.2%) 86 (40.4%) 0.46 5.37 (£1.30) 0.75 67 (42.9%) 25(40.3%) 0.30
GG 10(10.3%) 20 (9.1%) 0 (0%) 23 (10.8%) 5.50 (£1.53) 12 (7.7%) 9 (14.5%)
rs2255336
NKG2D G>A Genotype
GG 66 (67.3%) 147 11 (84.6%) 142 5.36 (£1.42) 109 (69.9%) 40 (64.5%)
' (67.4%) ' (66.7%) AT ' '
GA 27(27.6%) 63(28.9%) 0.83 2(15.4%) 60 (28.2%) 0.37 5.35 (+1.39) 0.99  42(26.9%) 16(25.8%) 0.14
AA  5(5.1%) 8 (3.7%) 0 (0%) 11 (5.1%) 5.31 (+2.01) 5 (3.2%) 6 (9.7%)
rs2734440
NKGA A>G Genotype
AA 43 (45.3%) 97 (45.8%) 5(41.7%) 93 (45.1%) 5.18 (+1.31) 66 (44%) 26 (42.6%)
AG 40 (42.1%) 91(42.9%) 095 7(58.3%) 85(41.3%) 0.29 5.57 (£1.51) 0.11 66 (44%) 27 (44.3%) 0.97
GG 12(12.6%) 24 (11.3%) 0 (0%) 28 (13.6%) 5.30 (£1.57) 18 (12%) 8 (13.1%)
NKG2C
NKG2C Genotype
wt/wt 67 (67.7%) 161 12 (92.3%) 150 5.39 (£1.42) 113 (72%) 43 (69.3%)
' (73.5%) ' (70.1%) AT '
wt/del 28 (28.3%) 48 (21.9%) 0.47 1(7.7%) 53 (24.8%) 0.22 5.25 (+1.40) 0.71  38(24.2%) 14(22.6%) 0.43
delidel 4 (4.0%) 10 (4.6%) 0w  11(G1%) 5.14 (£1.97) 6(38%)  5(8.1%)

n: sample number; a: Pearson's chi square test; b: ANOVA,; DAS: disease activity score.
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Table 4. Literature review: NKG2 polymorphisms and susceptibility to different diseases.

Reference

Context

Studied genes

Sample

Ethnicity/Population

Viral infections

Ma et al. 2010
Thomas et al. 2012

Moraru et al. 2012b

Talledo et al. 2012

Noyola et al. 2012

Vilchez et al. 2013

Rangel-Ramirez et al. 2013

Goodier et al. 2014

Taniguchi et al. 2015

Asadi-Saghandi et al. 2016

HBV
HIV
HSV-1
HTLV-1
HCMV

HPV

respiratory viruses
HCMV
HCMV

HCV

CD94, NKG2A, NKG2D, NKG2F

NKG2C

KIR, NKG2C, HLA class I and Il,

FCGR2A, FCGR3A

45 genes, including NKG2D
NKG2C

NKG2C

NKG2C

NKG2C
NKG2D, MICA

NKG2D

500 HBV-infected patients

433 HIV+ and 280 HIV-

164 symptomatic patients and 138
asymptomatic subjects

141 HAM/TSP and 260 asymptomatic

subjects

26 children with congenital CMV infection

and 30 controls

867 subjects: 263 LSIL, 309 HSIL and 295

controls

300 healthy donors; 61 subjects with RSV and
70 patients with HIN1

191 African subjects

87 congenital CMV:
57 asymptomatic and 30 symptomatic

107 HCV-infected patients

Asian
(China)
Caucasian
(Germany)
Caucasian
(Spain)
Andean/Mestizo
(Peru)

Caucasian
(Spain)
Caucasian
(Spain)
Native American/
Caucasian
(Mexico)
African
(Gambia)
Asian
(Japan)
Asian
(Iran)

Autoimmunity

Hikami et al. 2003
Miyashita et al. 2004
Seo et al. 2007
Park et al. 2008
Kabalak et al. 2010
Piotrowski et al. 2012
Zeng et al. 2013
lwazko et al. 2016

Mariaselvam et al. 2016

RA and SLE

RA and SLE

BD

RA

SLE

SLE

Psoriasis

RA

RA

NKG2A, NKG2C, CD9%4

NKG2C

NKG2A, NKG2C, CD9%4

NKG2A, NKG2C, NKG2D

NKG2D

NKG2D

NKG2C, HLA-E

CD9%4, NKG2A

NKG2D, NKG2A

201 RA, 123 SLE and 215 healthy individuals
174 RA, 89 SLE and155 healthy individuals
345 BD patients and 368 healthy controls
210 RA and 298 healthy controls
531 SLE and 667 healthy controls
243 SLE and 502 healthy controls
611 psoriasis cases and 493 healthy controls
284 RA and 124 healthy subjects

236 RA and 187 healthy controls

Asian
(Japan)

Asian/Caucasian
(Japan and Netherlands)

Asian
(Korea)

Asian
(Korea)

Caucasian
(Germany and Spain)

Caucasian
(Poland)

Caucasian
(NA)
Caucasian
(Poland)

Asian
(Tamil South India)

Cancer

Li et al. 2015

Hayashi et al. 2006

Espinoza et al. 2016

Furue et al. 2008

Roszak et al. 2012

Melum et al. 2008b

Melum et al. 2008

NPC

Cancer

HPV-related cancer

Aerodigestive tract cancer

Cervical cancer

CRC

CCA

NKG2C

NKG2D, NKG2A

NKG2D

NKG2D

NKG2D

NKG2D

NKG2D, MICA

653 NPC patients and 1129 healthy controls

102 cancer cases and 612 controls

153 cervical cancer, 123 anogenital cancers;
206 healthy subjects

502 patients with cancer and 1004 healthy

controls

353 cervical cancer and 366 healthy women
1072 CRC and 760 healthy controls

365 CCA patients and 368 healthy controls

Asian
(China)
Asian
(Japan)

Asian
(Vietnam)

Asian
(Japan)

Caucasian
(Poland)

Caucasian
(Germany)

Caucasian
(Norwegian)

Miscellaneous

Imai et al. 2012

Garrido et al. 2008

Goncalves et al. 2016

Espinoza et al. 2009

Hizem et al. 2014

Ucisik-Akkaya and Dorak 2009

Atomic bomb survivors

Large granular
lymphocytes (LGL)

Trachomatous disease

Transplant

Recurrent miscarriage
(RM)

European population

NKG2D, NKG2A

IL-10, CTLA-4, TNF-a, FAS,
RANTES, IL1-a, FASL,
NKG2D

NKG2C

NKG2D

NKG2D, NKG2A, MICA

NKG2D, NKG2F, NKG2A

732 atomic bomb survivors

81 LGL and 176 healthy controls.

1522 subjects with and without TF or TS.

145 pairs of unrelated donors-recipients of

bone marrow

312 women with RM and 334 multiparous women

82 reference cell lines and 388 newborn samples

Asian
(Japan)

Caucasian
(Spain)
African®
Asian
(Japan)

African
(Tunisia)

Caucasian
(Europe)
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Sex-specific prenatal 107 genes, including NKG2D 388 newborn: 201 girls and 187 boys Ca(usaKs)lan

Ucisik-Akkaya et al. 2009 ;
signature

HBV: Hepatitis B virus; HIV: Human Immunodeficiency virus; HSV-1: Herpes simplex type 1 virus; HTLV-1: Human T
lymphotropic virus type 1; HCMV: human cytomegalovirus; HPV: Human Papilloma virus; HCV: Hepatitis C virus; RSV:
respiratory syncytial virus; HAM/TSP: HTLV-1 associated myelopathy/tropical spastic paraparesis; LSIL: low-grade
squamous intraepithelial lesions; HSIL: high-grade squamous intraepithelial lesions; RA: Rheumatoid Arthritis; SLE:
Systemic Lupus Erythematous; BD: Bechet’s disease; NPC: nasopharyngeal carcinoma; CRC: colorectal cancer; CCA:
cholangiocarcinoma

LGL.: large granular lymphocytes; TF: trachomatous inflammation-follicular; TS: trachomatous scarring; RM: recurrent
miscarriage; 2 African population studied from five distinct regions: Gambia, Kilimanjaro Region, Tanzania, Bijagos
Archipelago in Guinea-Bissau

72



CAPITULO5

Artigo original “Rheumatoid arthritis and apotosis: investiganting the role

of apoptotic genes on disease susceptibility”

Artigo em preparacdo para submissao ao periodico Clinical Rheumatology.

73



CAPITULO 5: ARTIGO ORIGINAL 2

Rheumatoid Arthritis and Apoptosis: Investigating the role of apoptotic genes on

disease susceptibility

Maria Cristina Cotta Matte?, Nadine Glesse?, Rafael Tomoya Michita?, Claiton Viegas

Brenol®, Ricardo Machado Xavier®, José Artur Bogo Chies?

Laboratorio de Imunobiologia e Imunogenética, Universidade Federal do Rio Grande do
Sul, Porto Alegre, RS, Brazil

bServico de Reumatologia, Hospital de Clinicas de Porto Alegre, Universidade Federal
do Rio Grande do Sul, Porto Alegre, RS, Brazil

Corresponding author
José Artur Bogo Chies

Permanent Address

Department of Genetics

Universidade Federal do Rio Grande do Sul
Av. Bento Gongalves, 9500

Caixa Postal 15053

91501-970 Porto Alegre, RS

Brazil

Email address: jabchies@terra.com.br

Keywords: Rheumatoid arthritis, apoptosis, Fas, FasL, Bcl-2, p53.

74



Funding Information

The authors disclosed receipt of the following financial support for the research,
authorship, and/or publication of this article: this work was supported by grants from

Conselho Nacional de Desenvolvimento Cientifico e Tecnologico (CNPq).

Acknowledgments

The authors would like to thank clinical support given by the medical professionals from

the Rheumatology Division of the Hospital de Clinicas de Porto Alegre.

75



ABSTRACT

Introduction: The synovial hyperplasia and inflammatory infiltrate are the main
characteristics of the Rheumatoid Arthritis (RA). These features might be the result of an
unbalance between cellular proliferation and apoptosis levels. Several proteins are
responsible for triggering or suppressing the intrinsic and extrinsic apoptosis pathways
and therefore, contribute to RA pathogenesis. In this way, the apoptosis deregulation may
be affected by polymorphic variants in apoptotic-related genes. Method: The present
study we evaluated the relationship of FAS, FASL, BCL-2 and TP53 polymorphisms with
RA susceptibility and disease severity. A total of 372 RA patients from the Hospital de
Clinicas de Porto Alegre and 322 healthy controls from south of Brazil were included.
All the polymorphisms were genotyped by PCR-RFLP. Results: Our results points to a
possible influence of FAS -670 AA and BCL-2 CC genotypes to RA susceptibility risk.
In addition, FAS -1377 and TP53 polymorphism was identified as disease severity
markers. Conclusions: Considering our data we support the role of apoptotic-related
genes in RA susceptibility and severity. Nevertheless, we suggest that further studies
targeting the FAS-670, BCL-2 -938, FAS-1377 and TP53 Pro72Arg polymorphisms

should be conducted in order to confirm our results.
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INTRODUCTION

Rheumatoid Arthritis (RA) is the most common type of autoimmune arthritis and
affects 0.5 to 1% of the world population. It is a chronic, systemic and inflammatory
disorder characterized by synovial hyperplasia. The persistent inflammation observed in
the synovial membrane promotes an alteration of the synovial fibroblasts (SF) which
become hyperplastic, invasive and acquire a high migratory potential that contribute to
pannus formation. The pannus tissue infiltrates in the synovial joint layers causing bone

erosion, cartilage destruction and joint deformation [1].

The disease etiology remains unclear, although published data support the
hypothesis that the RA pathogenesis results from the unbalance between cellular
proliferation and apoptosis process [2]. Programed cell death mechanism is essential for
immunological tolerance, homeostasis and regulation of tissue composition. Apoptosis
can be activated through extrinsic or intrinsic pathway. The first is initiated by the
interaction of transmembrane Death Receptors (DR), which results in an activation of
DISC (Death Initiation Signaling Complex). The latter is induced by the disruption of
mitochondrial integrity by DNA damage by cytotoxic agents. After mitochondrial
potential membrane loss, Cytochrome C is released in the cytoplasm of the cell. Both
pathways converge to caspases pathway activation and thereafter promotes the apoptosis
of the cell [3].

The apoptosis event is regulated by the interplay of several pro-apoptotic (as Fas,
FasL, Bak, Bcl-x, Bok, BAD, BIK, Bid and Bim) and anti-apoptotic proteins (as Bcl-2,
Bcl-xI and Bcl-w). Changes in the expression of these proteins could be involved in RA
development or disease progression [4]. Cross-linking of Fas by Fas ligand (FasL)
triggers apoptotic cell death via extrinsic pathway. In RA, synoviocytes and lymphocytes
undergo Fas-mediated apoptosis in vitro, however low levels of apoptotic cells are
observed in vivo [4, 5]. This fact might be explained by the elevated levels of the soluble
forms of Fas and FasL (sFas and sFasL, respectively) found in the synovial fluid of RA
patients. These molecules have been implicated in apoptosis inhibition, since, when
bound to the membrane Fas or FasL forms, do not trigger apoptosis event [6].
Additionally, the expression the anti-apoptotic molecules as Bcl-2 in the synovial joints,

contributes to enhance lymphocyte and SF survival [7].

The p53 tumor suppressor is also an important molecule that plays a central role
in cell proliferation and death regulation. This molecule is largely known for its properties

in the tumorigenesis process, therefore, it is suggested that elevated expression of p53 in
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RA synovia might stimulate the growth of the synovial lining tissue and contribute to
disease pathogenesis [8, 9]. All these findings support an important role of apoptotic
factors on RA development. It is noteworthy that polymorphisms in the apoptotic genes
may affect the expression of these molecules. However, few studies have addressed the
impact of polymorphisms in genes that encode apoptosis proteins in RA susceptibility as
well as clinical features, especially in European-derived populations. Thus, the aim of this
study was investigate the influence of the polymorphisms rs2234767 (FAS -1377 G>A),
rs1800682 (FAS -670 A>G), rs763110 (FASL -844 T>C), rs5030772 (FASL inv2nt_124
A>G), 152279115 (BCL-2 -938 C>A), rs1042522 (TP53 Pro72Arg) in RA susceptibility

and disease severity in a population from the South of Brazil.

MATERIALS AND METHODS
Study population

For this case-control study, 372 RA patients and 322 healthy control subjects were
selected. Only Caucasian subjects were included. RA patients were recruited from the
Division of Rheumatology at Hospital de Clinicas de Porto Alegre (HCPA, Porto Alegre,
Brazil) and were diagnosed according to the 2010 American College of
Rheumatology/European League Against Rheumatism criteria for RA [10]. Clinical and
laboratory data of RA patients, as rheumatoid factor, bone erosions, extra articular
manifestations, comorbidities, smoke, abusive alcohol consumption and disease activity
score (DAS28) were collected from medical records. The presence of anti-citrullinated
protein antibodies was not explored in our analysis since only 64/372 patients had this
information available in their medical charts. The control group was composed of healthy
blood donor individuals without autoimmune disease history, as registered in a standard
questionnaire. All participants signed written informed consent. The study protocol was
approved by the Medical Ethics Committee of the involved institutions (CAAE
52996015.6.0000.5327).

DNA Extraction and Genotyping

Total DNA extraction from blood samples was performed as described by Lahiri
and Nurnberger [11]. Six polymorphisms located within apoptosis genes were selected
for this study: FAS -1377 G>A (rs2234767) and -670 A>G (rs1800682); FASL -844 T>C
(rs763110) and Inv2nt124 A>G (rs5030772); BCL-2 -938 C>A (rs2279115); and TP53
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Pro72Arg (rs1042522). Molecular identification of these genetic variants was performed
by polymerase chain reaction (PCR) followed by restriction fragment length
polymorphism assay (RFLP) accordingly to previous protocols described in the literature
[12-15].

Statistical Analysis

Genotypic and allelic frequencies were estimated through direct counting. The
agreement of genotype frequencies with Hardy—Weinberg equilibrium (HWE)
expectations was tested using Pearson chi-squared (}2) test. Comparisons of genotype
and allelic frequencies between groups were done using y2 test. Odds ratio (OR) and 95%
confidence interval (95% CI) were calculated to assess the relative risk conferred by a
specific allele or genotype in RA susceptibility. Comparisons of DAS28 mean among the
genotypes and alleles were performed using ANOVA or T-student test when
appropriated. Haplotype and linkage disequilibrium (LD) analysis between the FAS
polymorphisms was performed using Haploview version 4.2 [16] and PHASE version 2.1
[17]. All statistical analyses were performed with IBM SPSS Statistics for Windows,
version 18.0 (IBM Corp, Armonk, NY) and p<0.05 was considered to indicate statistical

significance.

RESULTS

In this case-control study, we evaluated 372 RA patients and 322 healthy controls.
A significant higher frequency of female sex was observed in RA group (81.5%)
compared to control group (46.3%) (p<0.001). The mean age at diagnosis of RA patients
was 46.3 £13.8, whereas the mean age of the control group was 41.9 9.4 (p<0.001).
Considering these differences between RA patients and healthy controls, these variables
were included in multivariate logistic regression model. The clinical, demographic and
laboratory features of RA patients are shown in Table 1. Within RA group, 31.5% had
extra-articular manifestations, being rheumatoid nodules the most frequent
manifestations observed in our sample (24%). Other manifestations as vasculitis, felty’s

syndrome, episcleritis, pneumonitis and pericarditis showed frequencies below 5%.

RA severity was accessed through the analysis of DAS28 score, Rheumatoid
factor (RF) positivity and the presence of extra-articular manifestations. The highest
DAS28 measure registered in medical charts throughout RA patients clinical follow-up

was used as disease severity marker.
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All the polymorphisms analyzed were in HWE, except for the FASL -844 C>T,
which showed deviation from the expected frequencies only in the control group. For FAS
-1377 G>A polymorphism there was no significant difference between the groups in
terms of genotypic and allelic distribution (Table 2). No significant association was found
when the genotypes frequencies were compared between seropositive RA (positive RF)
and seronegative RA (negative RF) patients, and between the presence and absence of
extra articular manifestations. Similar results were found when alleles were investigated
(data not shown). Patients carrying FAS -1377 GG genotype showed higher DAS28
measure compared to patients carrying GA and AA genotypes (p=0.05). When GG
genotype was compared to A allele a significant difference in DAS28 values was
observed (5.47+1.50 for GG genotype; 5.03+1.38 for A allele; p=0.014) (Table 4).

Concerning the FAS -670 A>G polymorphism, AA genotype frequency was
significantly higher in RA group compared to control group (29.7% vs 20.7% residual
p=0.010) (Table 2). Also, RA group showed higher A allele frequency compared to
control group (53.1% vs 47.4%, respectively; p=0.043) (Table 2). Additionally, the AA
genotype seems to be a risk factor for RA development (OR 1.587, 95% CI 1.02 — 2.48).
In multivariate logistic regression analysis, no influence of this polymorphism on RA
susceptibility was observed (Table 3). When DAS28 score, RF positivity and presence of

extra articular manifestations were evaluated (Table 4), no influence was found.

At the haplotype level, no significant differences in FAS haplotypes frequencies
were observed between RA patients and control subjects (Table 5). When diplotypes were
analyzed, we observed a higher frequency of the diplotype GA/GA (derived from the
combination of FAS -1377 GG and -670 AA) in RA patients compared to control subjects,

although the frequencies did not show statistical significant differences (Table 5).

FAS ligand polymorphisms FASL -844 C>T and inv2nt_124 A>G did not
demonstrate a significant difference in genotypic or allelic distributions between groups
(Table 2). Moreover, these genetic variants did not reveal an influence on disease activity
or severity (Table 4). Considering that FASL -844 C>T genotype frequencies were not in
HWE in the control group, no further comparisons, as haplotype analyses were

performed.

For the BCL-2 -938 C>A polymorphism, the CC genotype showed a higher
frequency in RA group compared to controls (26.8% vs 17.6% respectively; residual
p=0.008) (Table 2). Moreover, individuals carrying CC genotype showed a 1.71-fold
increased risk for RA development (95% CI 1.15 — 2.54) compared to CA+AA genotypes.
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No significant influence was found in multivariate logistic regression model (Table 3), as

well as, no influence on disease severity was observed for this polymorphism (Table 4).

Finally, TP53 polymorphism genotypes and alleles did not show any significant
influence considering RA susceptibility (Table 2). However, the presence of CC genotype
and C allele might be associated to a worst disease severity. Patients carrying CC
genotype displayed higher DAS28 means in comparison to those carrying CG or GG
genotypes (p=0.004). Moreover, patients carrying C allele showed higher DAS28 values
compared to those carrying GG genotype (P=0.003) (Table 4).

DISCUSSION

Rheumatoid arthritis is a chronic autoimmune disease characterized by an
inflammation of the synovial joints that leads to cartilage and bone tissues damage [2].
This autoimmune disorder is more prevalent among women than men [1], which explain
the higher frequency of female gender observed in our study sample. Impaired cellular
apoptosis appears to be an important underlying process that contribute to cellular
hyperplasia and inflammation exacerbation in the synovial joint [2]. The present study
investigated the influence of six polymorphisms distributed in genes encoding molecules
involved in the apoptosis pathway (FAS, FASL, BCL-2 and TP53). We observed an
influence of FAS -670 AA genotype and BCL-2 -938 CC genotype on RA susceptibility
and, FAS -1377 GG and TP53 CC in disease severity.

Conflicting results have been reported in the literature considering the impact of
FAS and FASL polymorphisms on RA susceptibility and disease activity [18-20].
Considering the FAS gene, the two major polymorphisms located in the 5" flanking region
of the gene were first described by Huang et al., 1997: FAS -1377 G>A located at the
silencer region and FAS -670 A>G located at the enhancer region [21]. For FAS -1377
G>A, the presence of GA/AA genotypes were previously associated to high RA risk and
disease severity (DAS28 >3.20) in a Chinese population [22]. A meta-analysis conducted
by Lee et al.,[23] did not find an association of this variant with RA risk, but reported a
significant association between FAS -1377A and systemic lupus erythematosus (SLE)
susceptibility. Similar to these results, we did not observe a significant association
between FAS -1377 G>A polymorphism and RA development, although we did find a
potential role of this polymorphism in disease severity. RA patients carrying GG
genotype showed significant higher DAS28 measure compared to patients carrying A

allele.
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In a recent study conducted by our research group including SLE patients, no
influence of FAS -1377 or FAS -670 polymorphisms in disease susceptibility were
observed [24]. In the same meta-analysis aforementioned [23], FAS -670 GG+GA
combined genotypes was associated to rheumatic diseases (SLE and RA) development in
Asian sample group, but not in European population. However, in a recent analysis [20]
including results from six published articles, no association between RA and FAS -670
was found, even when stratification by ethnicity was performed. In the present study, a
significant association of FAS -670 AA genotype and RA risk was found suggesting that
this polymorphism could be an important genetic factor for disease susceptibility. The A
allele, leads to enhanced binding STAT1 factor and is associated to a higher
transcriptional activity compared to G allele. Furthermore, AA genotype was associated
to higher soluble Fas (sFas) levels, which in turns, is observed in synovial fluid of RA
subjects and have been implicated to apoptosis inhibition [25, 26]. The expression of the
soluble isoform of Fas downregulates the expression of its respective membrane form
(mFas). In addition, it modifies ligand (FasL) concentration and inhibits mFasL-mFas
interaction in the extracellular space. Consequently, the induction of apoptosis is blocked
[6].

One of the most studied polymorphisms in FASL gene is rs763110 (-844 C>T)
[18, 27]. A significant RA risk for T allele and TT genotype have already been reported
[19], whereas other studies failed to show a significant association [18, 22, 27]. In our
study, no influence of FASL -844 C>T polymorphism was observed for RA susceptibility
or disease severity. However, the fact that the genotype frequency of the control group
were not in HWE hinders further extrapolations about this variant. In addition, no
influence of FASL inv2nt_124 A>G polymorphism was observed for RA susceptibility or
disease severity, in agreement to the results reported in a Iranian population [18]. In
contrast, FASL inv2nt_124 AA genotype frequency was 3.4-fold higher in RA group

compared to control group in Caucasians subject from Turkey [19].

The -844 C>T polymorphism is located in a binding motif for the CAAT/enhancer
B transcription factor, being the C allele responsible for a higher expression of FasL
compared to T allele [18, 28]. The higher frequency of the T allele among RA patients
reduce the expression of FasL in patients with RA and may inhibit the apoptotic activity
of the Fas—FasL pathway [19]. In contrast, besides FasL role in extrinsic pathway
activation, higher levels of the FasL soluble form (sFasL) have been described in the
synovial fluid or serum of RA patients. Contrary to its respective membrane form

(mFasL), sFasL display non-apoptotic features, once when bounded to membrane Fas
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receptor do not trigger apoptosis events [25, 29, 30]. In other autoimmune diseases, as
systemic lupus erythematous (SLE), the presence of FASL -844 CC genotype and C allele
have been associated to SLE risk [24, 28]. As aforementioned, -844C is related to high
FasL expression [26]. Since apoptotic cells are the major source of autoantigens
production in SLE pathogenesis, high FasL expression could contribute to increased

apoptosis events and to the breakdown of immunological tolerance observed in SLE [24].

B cell lymphoma-2 (Bcl-2) is an important oncogenes involved in apoptosis
intrinsic pathway regulation. Currently research shows that Bcl-2 function abnormalities
and genetic variations might be associated to cancer development [31, 32]. In RA, a
destructive tissue known as pannus grows adjacently to the joint space promoting bone
erosion ad cartilage destruction. The changes observed in the synovia resemble typical
features of transformed cells [2]. It has been hypothesized that elevated expression of Bcl-
2 results in low apoptosis rates observed in lymphocytes and fibroblast-like synoviocytes
of RA patients [33, 34] and could contribute therefore to pannus development. However,
opposite results about Bcl-2 expression in RA synovia have been described [35]. Albeit
its importance in apoptosis pathway regulation, little is known about the influence of Bcl-
2 polymorphisms in RA susceptibility and disease severity. One study conducted by Zhu
et al., [22] observed a significant influence of BCL-2 rs17757541 and the risk of RA. Our
study investigated a different polymorphism in BCL-2 (rs2279115), located in the
promoter region of the gene, which have been extensively associated to cancer risk [36—
38]. We observed a RA risk for CC genotype (OR 1.710 95% CI 1.15-2.54) compared to
A allele. No influence of BCL-2 -938 in disease severity was found. The C allele was
previously associated to lower expression of Bcl-2 compared to A allele [37], which
might explain the lack difference in Bcl-2 expression in RA synovia compared to
osteoarthritis patients [39].

To asses the RA risk, odds ratio analysis was performed for FAS -670 and BCL-2
-938 polymorphisms. When the analysis included sex and gender as co-variables, the
significances were lost. However, considering the significant physiological impact of
these molecules in RA pathogenesis, as described previously, results obtained from

univariate regression model should not be ignored.

The role of p53 in RA is not completely understood. Both an overexpression of
P53 protein and the presence of several TP53 mutations have been described in the
rheumatoid synovium [9, 40]. In the TP53 gene, the polymorphism Pro72Arg

polymorphism directly affects the apoptosis levels. The presence of Arginine amino acid
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at 72 position is more efficient to induce apoptosis compared to the Pro72 variant [41].
Despite its clear importance in protein function, this polymorphism was not associated to
RA risk development [42—44]. A meta-analysis conducted by Lee et al., [45] evaluated
ten studies (4 RA and 6 SLE studies) in populations with distinct ethnicities and did not
report an association of TP53 polymorphism and RA or SLE development risk when the
total sample was analyzed. However, association of C allele and SLE and RA were
detected in Asians [45]. Our results are in accordance to those previous findings of the
literature regarding the role of TP53 on disease susceptibility however, we reported a role
of TP53 polymorphism with RA severity, since patients carrying CC genotype (Pro/Pro)
and C allele showed higher DAS28 levels in comparison to those carrying other
genotypes. A previous study in a Italian population observed an association between
TP53 Pro/Pro genotype and the development of joint erosions [44].

Apoptosis is a remarkably process involved on RA pathogenesis. Although its
importance, few studies have explored the relationship of apoptotic genes polymorphisms
and RA susceptibility. In summary, our results points to FAS -670 C>T and BCL-2 -938
C>A on RA susceptibility, and FAS -1377 and TP53 polymorphism were identified as a
marker for disease severity. The differences between our results and previous published
data might be related to sample ethnicity, since only few studies included Caucasian
subjects. In addition, the Brazilian population has a high level of miscegenation, which
may result in a unique genetic profile of this population. Some limitations exist for the
interpretation of the data found in the present study. RA is a multifactorial disorder
characterized by the influence of several genetic and environmental factors, being each
factor responsible for a small contribution to disease susceptibility. With this in mind, we
chose to not apply a statistical correction for multiple comparisons since the use of such
a stringent method could mask the potential contributions of the studied polymorphisms
to disease susceptibility or severity. Nevertheless, considering that some of the
associations found are being described for the first time, we suggest that further studies
targeting the FAS-670, BCL-2 -938, FAS -1377 and TP53 Pro72Arg polymorphisms

should be conducted in order to confirm our results.
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Table 1. Demographic, clinical and laboratorial features of RA patients

Characteristics ?r'f‘:g?rggg)
Female gender 303 (81.5%)
Age at diagnosis (years) 46.3 (£13.8)
Smoke 94/157 (25.3%)
Abusive alcohol consumption 13/104 (3.5%)
Erosions 308 (81.9%)
Pannus 128 (34.0%)
DAS28 score 4.83 (x1.72)
Extra articular manifestations 104/330 (31.5%)
Rheumatoid nodule 79/330 (23.9%)
Atlantoaxial Subluxation 55/330 (16.7%)
Secondary Sjogren Syndrome 17/330 (7.1%)
Osteoporosis 104/240 (43.3%)
Rheumatoid factor (RF) positivity 295 (87%)
Anti-citrullinated protein antibody (ACPA) 64 (17.2%)
Antinuclear antibody (ANA) 37 (22.8%)
Anti-extractable nuclear antigen (anti-ENA) 6 (5.6%)
Anti-DNA 2 (2.8%)
Viral infections 5 (6.7%)

n, sample number; RA: Rheumatoid Arthritis; SD: standard deviation
Frequencies are represented as n (%). Age at diagnosis (years) and DAS28 score

are represented as mean (xSD).
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Table 2. Genotypic and allelic frequencies of the studied polymorphisms between RA patients and

controls.
RA Controls
n (%) n (%) P
rs2234767 FAS -1377 G>A Genotype
GG 250 (69.6) 204 (71.3)
GA 97 (27.0) 77 (26.6) ns
AA 12 (3.3) 5(1.7)
FAS-1377 G>A Allele
G 597 (83.1) 485 (84.8) ns
A 121 (16.9) 87 (15.2)
rs1800682 FAS -670 A>G Genotype
AA 105 (29.7) 59 (20.7)
AG 166 (46.9) 152 (53.3) 0.010°
GG 83 (23.4) 74 (26.0)
FAS-670 A>G Allele
A 376 (53.1) 270 (47.4) 0.0438
G 332 (46.9) 300 (52.6)
rs763110 FASL -844 C>T Genotype
CcC 118 (33.5) 116 (40.8)
CT 167 (47.5) 113 (39.8) na
TT 67 (19.0) 55 (19.4)
FASL -844 T>C Allele
C 403 (57.2) 345 (60.7) na
T 301 (42.8) 223 (39.3)
rs5030772 FASL inv2nt_124 A>G Genotype
AA 270 (76.7) 210 (75.5)
AG 74 (21.0) 65 (23.4) ns
GG 8(2.3) 3(1.1)
FASL inv2nt_124A>G Allele
A 614 (87.2) 485 (87.2) N
G 90 (12.8) 71 (12.8)
rs2279115 BCL-2 -938 C>A Genotype
CC 94 (26.8) 46 (17.6)
CA 172 (49.0) 141 (54.0) 0.008"
AA 85 (24.2) 74 (28.4)
BCL-2 -938 C>A Allele
C 360 (51.3) 233 (44.6) 0,024
A 342 (48.7) 289 (55.4)
rs1042522 TP53 Pro72Arg (C>G) Genotype
cC 33 (9.5) 24 (8.9)
CG 134 (38.7) 104 (38.5) ns
GG 179 (51.7) 142 (52.6)
TP53 Pro72Arg Allele
C 200 (28.9) 152 (28.1) ns
G 492 (71.1) 388 (71.9)

RA: rheumatoid arthritis; @ Pearson's chi square test; ® Residual p

ns: not significant. na: not applicable (genotypic frequencies were not in HWE).
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Table 3. Univariate and Multivariate Logistic Regression Analysis of FAS -670 A>G and BCL-2 -938 C>A polymorphisms.

Univariate model

Multivariate model?

OR 95% ClI p OR 95% ClI p
rs1800682 FAS -670 A>G
AA 1587 (1.02-2.48) 0.043* 1.378 (0.83 -2.29) 0.211
AG 0.974 (0.66 —1.43) 0.891 0.970 (0.63 - 1.49) 0.890
GG 1 - 1 -
AA 1.615 (1.12-2.33) 0.010* 1.406 (0.93-2.12) 0.105
GG + GA 1 - 1 -
rs2279115 BCL-2-938 C>A
CC 1.779 (1.11-2.85) 0.016* 1.591 (0.94 - 2.69) 0.084
CA 1.062 (0.72-1.56) 0.758 1.236 (0.80-1.90) 0.335
AA 1 - 1 -
CcC 1710 (1.15-254) 0.008* 1.383 (0.89 — 2.15) 0.151
CA + AA 1 - 1 -

OR, Odds Ratio; ClI, confidence interval; *p<0.05

2 OR analysis controlled by gender and age.
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Table 4. Influence of apoptosis polymorphisms on RA clinical manifestations and disease severity

Extra articular manifestations P2  Rheumatoid Factor (RF) P2 DAS28score P
Presence Absence Presence  Absence
n (%) n (%) n (%) n (%) Mean (+SD)
rs2234767 FAS -1377 G>A
GG 73(70.2) 148 (67.0) 198 (68.0) 28 (66.7) 5.47 (£1.50)
GA 30(28.8) 62 (28.1) 0.449 82(28.2) 13(31.0) 0.857 5.02(+1.38) 0.05
AA 1(1.0) 11 (5.0) 11(3.8) 1(2.3) 5.08 (+1.39)
(GG vs AA+AG) 0.014*
rs1800682 FAS -670 A>G
AA  25(25.0) 69 (31.5) 82 (28.6) 14 (35.0) 5.44 (£1.33)
AG 46 (46.0) 103 (47.0) 0.286 132 (46.0) 21(52.5) 0.195 5.39(+1.64) 0.228
GG 29(29.0) 47 (21.5) 73 (25.4) 5(12.5) 5.06 (£1.29)
rs763110 FASL -844 C>T
CC 32(32.0) 79 (36.4) 99 (34.9) 13(31.7) 5.38 (£1.32)
CT 51(51.0) 96 (44.2) 0.661 133(46.8) 19(46.3) 0.836 5.31(x1.65) 0.930
TT 17 (17.0) 42 (19.4) 52 (18.3)  9(22.0) 5.31 (+1.34)
rs5030772 FASL inv2nt_124 A>G
AA 77 (77.0) 171 (79.2) 217 (76.1) 34 (85.0) 5.36 (+1.40)
AG 20 (20.0) 41 (19.0) 0.330 61(21.4) 6(15.0) 0.361 5.19(%£1.33) 0.599
GG 3(3.0) 4(1.9) 7(2.5) 0(0.0) 5.74 (£4.13)
rs2279115 BCL-2 -938 C>A
CC 32(32.0) 54 (25.0) 81 (28.5) 8 (20.0) 5.18 (+1.35)
CA 44 (44.0) 108 (50.0) 0.353 136 (47.9) 23(57.5) 0.448 5.32(+1.46) 0.395
AA 24 (24.0) 54 (25.0) 67 (23.6) 9 (22.5) 5.51 (£1.59)
rs1042522 TP53 Pro72Arg (C>G)
CC (Pro/Pro) 11 (10.9) 21 (10.0) 26 (9.3) 7(17.9) 5.98 (+1.98)
CG (Pro/Arg) 42 (41.6) 80 (37.9) 0.817 110(39.1) 13(33.3) 0.238 5.48(+1.24) 0.004*
GG (Arg/Arg) 48 (47.5) 110 (52.1) 145 (51.6) 19 (48.7) 5.06 (+1.48)

(CC + CG vs GG)

0.003*

DAS: disease activity score. 2Pearson’s chi square test; PANOVA. *p<0.05
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Table 5. Haplotypic and diplotypic frequencies estimated
considering both Fas polymorphisms (FAS -1377 G>A and -
670 A>G).

RA Controls p
n (%) n (%)
Haplotypes n=708 n =568
G/A 365 (51.6) 261 (46.0)
G/G 224 (31.6) 221 (38.9) 0.060
AIA 11 (1.6) 7(1.2)
AIG 108 (15.2) 79 (13.9)
Diplotypes n=2354 n=284
GG/GA 109 (30.8) 105 (37.0)
GA/GA 98 (27.7) 55 (19.4)
GA/AG 54 (15.3) 42 (14.8) 0.134
GG/GG 40 (11.3) 43 (15.1)
GG/AG 35(9.9) 27 (9.5)
Other 18 (5.1) 12 (4.2)

Pearson’s chi square test was used to compare haplotypic and
diplotypic frequencies between patients and controls; RA:
rheumatoid arthritis
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Increased sFas, IL-6 and IL-10 levels in plasma and synovial fluid —

who defines cell fate in rheumatoid arthritis?

Abstract

Rheumatoid arthritis (RA) is characterized by synovial hyperplasia and inflammatory cell
infiltration in the joint. These features might be a consequence of impaired apoptosis
allied to cellular proliferation, and it is possible that molecules such as Fas and FasL,
which act as regulatory factors of these processes, would affect RA activity. In this study,
we evaluated soluble Fas (sFas), soluble FasL (sFasL) and cytokine levels in plasma and
in synovial fluid of RA, osteoarthritis (OA) and knee trauma patients. Soluble Fas and
sFasL levels were measured by ELISA, and cytokines were measured using a Cytometric
Bead Array kit. Significantly higher plasma sFas levels were observed in RA patients
compared to OA patients (»p=0.019) and knee trauma patients (»p=0.026). In the RA group,
negative correlations of sFas plasma levels with DAS28-ESR (r=-0.448; p=0.037) and
ESR values (r=-0.600, p=0.003) were observed. No significant differences were detected
in sFasL values between RA and OA patients. Increased levels of IL-6 and IL-10 in
synovial fluid and plasma of RA were observed as compared to OA patients. A significant
correlation between plasma IL-10 and plasma sFas levels was detected (r=0.707,
p=0.015) in OA patients. No correlation between sFas, sFasL levels and cytokines was
observed in RA patients. Our results show increased levels of sFas in RA and an
association of sFas levels with lower disease activity, suggesting a possible role of sFas

in pathogenesis of the disease.

Keywords: Rheumatoid arthritis, apoptosis, soluble Fas, soluble FasL, cytokines.
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Introduction

Apoptosis is an essential physiological mechanism, which helps the maintenance
of immunological homeostasis. Any imbalance in the ability to eliminate self-reactive T
or B cells could potentially lead to autoimmune disease development. Although several
receptors and biochemical pathways regulate the apoptosis process, the Fas/FasL pathway
has been the most extensively studied in autoimmunity, especially concerning
Rheumatoid Arthritis (RA) [1].

Fas (CD95/APO-1) is a cell surface receptor, also known as a death receptor, that
belongs to the TNF receptor family. Similarly, FasL (CD178) is a transmembrane protein
that binds to the Fas receptor. The Fas-FasL interaction triggers the assembly of a protein
complex (DISC, Death Initiation Signaling Complex) that leads to the activation of a
downstream caspase cascade, resulting in cell apoptosis [2]. Both Fas and FasL occur
either attached to the cell membrane (mFas and mFasL) and as soluble molecules (sFas
and sFasL). Although apoptosis is the major consequence of Fas/FasL interaction, it has
already been described that interactions of soluble forms of these molecules do not always
drive this process. Actually, it was suggested that RA pathogenesis might be related to
these molecules independently of apoptosis induction [3].

Rheumatoid arthritis is the most prevalent chronic autoimmune disorder that
affects the synovial joints, leading to both cartilage and bone destruction. The disease is
characterized by morphological changes, as synovial membrane hyperplasia, leukocyte
infiltration, neoangiogenesis and chronic inflammation [4]. There is evidence that cellular
accumulation, as well as pannus growth, observed in the RA synovia result from
interaction between the cytokine milieu, cellular proliferation and low levels of local
apoptosis. A complex network of cytokines and chemokines, including TNF-a, IFN-y and
IL-6, regulates all these processes. In vitro studies showed that RA synovial fibroblasts
express Fas, but not FasL, and are sensitive to FAS-mediated apoptosis [5-7]. However,
apoptotic cells are very rarely detectable in the synovial cavity of RA, indicating a
disruption in this process [8]. Previous studies described elevated levels of sFas and sFasL
in the synovial fluid of RA patients, and these soluble molecules seem to act as
antagonists of the apoptosis process by blocking the membrane Fas/FasL activation [9,
10]. Therefore, the aim of this study is to investigate sFas, sFasL and cytokine levels in

plasma and synovial fluid from RA patients and to evaluate the potential association of
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these molecules with disease severity. Samples from osteoarthritis patients and from knee
trauma patients are used for comparison, establishing parameters of distinct inflammatory

patterns.

Materials and Methods
Subjects

For the present study, patients with RA, osteoarthritis (OA) and individuals with
knee trauma submitted to surgery were recruited. Subjects with RA and OA were
consecutively selected from the Division of Rheumatology at Hospital de Clinicas de
Porto Alegre (HCPA, Porto Alegre, Brazil), and from the Division of Rheumatology at
Hospital Nossa Senhora da Conceicdo (HNSC, Porto Alegre, Brazil), two major
rheumatology centers in Rio Grande do Sul, the southernmost state of Brazil. Knee trauma
patients were selected from the Department of Orthopedics and Traumatology at Hospital
de Clinicas de Porto Alegre (HCPA, Porto Alegre, Brazil). The RA group comprised 28
patients diagnosed according to the 2010 American College of Rheumatology/European
League Against Rheumatism criteria [11]. Patients who concomitantly had any other
autoimmune disease were excluded. Twenty-nine OA patients and 11 patients with knee
trauma were selected as controls (Figure 1). This last group was composed by patients
who have suffered physical trauma and needed surgical intervention. These individuals
had no family history of autoimmune diseases, as declared in a standard questionnaire.

The collection of samples was carried out during 2008-2010, 2012-2013 and
2016-2017. Plastic citrate tubes were used for collecting peripheral blood and synovial
fluid (SF) samples. SF samples were obtained from knee arthrocentesis and samples
exhibiting blood contamination during collection procedure were excluded.

Disease activity in RA patients was determined using DAS28-ESR (Disease
activity score including 28 joints — erythrocyte sedimentation rate). Assessment of clinical
variables of DAS28 and collection of blood for C-reactive protein (CRP) and ESR
measurements were performed in the same day or within a maximum of one week prior
to plasma and SF sample collection. Further clinical and laboratory information,
including rheumatoid factor (RF) positivity, and current treatment, were obtained from

the medical records of the RA patients. All participants of this study signed a written
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informed consent. The study protocol was approved by the Medical Ethics Committee of
the involved institutions (CAAE 52996015.6.0000.5327).

sFas and sFasL levels

To assess sFas and sFasL levels in RA, OA and knee trauma patients, 5mL of
peripheral blood was collected. Blood samples were centrifuged and plasma stored
immediately at -20°C. Synovial fluid samples were centrifuged, treated with
hyaluronidase (20 units/ml) for 30 minutes at 37°C, and stored at -20°C in a maximum of
2 hours after collecting. Samples stored for more than six months were transferred to a -
80°C freezer. Fas and sFasL plasma and synovial fluid levels were measured by
commercially available ELISA kits (ThermoFisher Scientific, Wilmington, USA),
following manufacturer’s instructions. Data were analyzed using a five parameter
regression  for the standard curves on the MyAssays.com  website

(http://www.myassays.com/).

Th1/Th2/Th17 Cytokine Profile

Cytokine analyses were performed using the Human Th1/Th2/Th17 Cytometric
Bead Array kit (CBA; BD Biosciences, San Jose, CA, USA), which allowed the
simultaneous detection of IL-2, I[L-4, IL-6, IL-10, TNF, IFN-y, and IL-17A levels by flow
cytometry. In order to ensure quality, only RA and OA synovial fluid and plasma samples
stored at -80°C until use were included (Figure 1). Plasma and SF samples were treated
as described previously and diluted 1:2 and 1:4, respectively. Due to potential direct
implications in the cytokine levels, RA patients under biologic treatment were excluded
from this analysis (n=5). CBA analysis was performed according to the manufacturer’s
instructions and final values were multiplied by the sample dilution factor. The analysis
was performed on a FACS Array Bioanalyzer, using the FCAP FCS Filter and FCAP
Array software (BD Biosciences, San Jose, CA). After debris removal, mean fluorescence

intensities (MFIs) obtained for each sample were used to infer cytokine levels (pg/mL).

Statistical Analyses
Data were expressed as frequency, mean + standard deviation (SD) for variables

following normal distribution or median and interquartile range (IQR) for variables not
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following normal distribution. Circulating levels of sFas and sFasL were compared by a
Kruskal-Wallis test followed by Dunn’s multiple comparison test. Cytokine levels were
compared using a Mann-Whitney U test for independent samples. The Spearman rank
correlation coefficient (r) was used to explore associations of sFas, sFasL and cytokine
levels with disease activity variables (DAS28-ESR, ESR, CRP, RF). P-values <0.05 were
considered as statistically significant. Statistical analyses were performed using the SPSS
software for Windows Version 20.0 (IBM Corporation, Armonk, NY, USA) and GraphPad
Prism 5.01 software (GraphPad Software, Inc., San Diego, CA, USA).

Results
sFas and sFasL levels in Rheumatoid Arthritis patients.

Clinical, laboratory and socio-demographic data from RA, OA and knee trauma
patients are shown in Table 1. No differences in sex composition were observed amongst
the three groups. A significant difference in mean age was observed among the groups.
CRP levels were significantly higher in RA as compared to OA patients. According to
DAS28-ESR, 61% of the RA patients were classified as having a high disease activity
(>5.1) whereas 39% were classified as having a moderate disease activity (3.2 to 5.1).

Significantly higher sFas plasma levels were observed in RA as compared to OA
patients (adjusted p=0.019) and in RA as compared to knee trauma patients (adjusted
p=0.026) (Table 2 and Figure 2). Considering sFas synovial fluid levels, no statistically
significant differences were observed among groups, although RA patients showed
numerically higher values compared to both OA and knee trauma patients (Table 2 and
Figure 2).

When the associations of plasma and SF levels of sFas was tested, there were no
significant correlations between them in all groups of patients (RA group, r=-0.164

p=0.559; OA group, r=-0.361 p=0.118; knee surgery group r=0.349; p=0.444).

sFas plasma levels significantly correlated with markers of RA disease activity. A
negative correlation between sFas plasma levels and DAS28-ESR (r=-0.448; p=0.037),
and ESR values (ESR r=-0.600, p=0.003) was observed. No correlation was found
between sFas plasma levels and CRP, or RF titer. Moreover, no correlation of SF sFas
levels with DAS28-ESR, ESR, CPR or RF was observed. Considering the OA patients,

no significant correlation between sFas levels with CRP or ESR was observed.
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Of note, sFasL levels were detectable in plasma or in synovial fluid of only a few
patients, which hinder comparisons between groups. A value equal to zero was attributed
to those samples with values below the detection limit of the test. sFasL was detected in
13 (46%) plasma and 8 (44%) synovial fluid samples of RA patients, and 9 (31%) plasma
and 6 (27%) synovial fluid samples of OA patients and 3 (27%) plasma samples from
knee trauma patients. All synovial samples from knee trauma patients displayed values
below the detection limit of the test. No significant differences were detected comparing
the sFasL levels of RA, OA patients and knee trauma patients (Table 2). Also, no
significant correlation between sFasL levels and RA disease severity (DAS28-ESR) or
ESR and CRP levels in RA and OA groups was observed.

Plasma and synovial fluid cytokine levels

Cytokine plasma and SF levels measured in RA and OA patients are depicted in
Table 3. Significant differences between RA and OA patients were observed for IL-6, IL-
10 and TNF levels, always in the direction of higher levels observed in the biological
material from RA patients (Table 3). Of note, the highest value for IL-6 levels was
observed in the synovial fluid of RA patients. IL-6 levels were significantly higher in RA
as compared to OA patients in both plasma and SF (p=0.030 and p=0.039, respectively).
Additionally, higher IL-10 plasma and SF levels were observed in RA as compared to OA
patients (p=0.008 and p=0.025, respectively). Finally, RA patients had higher TNF levels
in both plasma and SF as compared to OA patients, although the results only reached a

significant statistical difference concerning the plasma levels (p=0.026).

When the clinical profile of the RA patients was analyzed, no correlation between
plasma cytokine levels with DAS28-ESR was observed (including IL-6; r=0.198,
p=0.447). On the other hand, SF IL-6 levels positively correlated to DAS28-ESR
(r=0.752, p=0.008), ESR (r=0.586, p=0.058) and CRP (r=0.060, p=0.861) values. No
correlation between plasma cytokine levels with ESR or CRP values was observed for
RA and OA patients. Considering the OA patients, SF IL-6 levels positively correlated to
CRP (r=0.943, p=0.005). No correlation was detected considering plasma or SF sFas
levels and cytokine levels in RA patients. In contrast, a significant correlation between

plasma IL-10 and sFas levels was observed (r=0.707, p=0.015) in OA patients.
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Discussion

Synovial hyperplasia and inflammatory cell infiltration in the joints are typical
features in the clinical course of rheumatoid arthritis. The presence of an inflammatory
milieu in RA is characterized by proinflammatory cytokines, activation of immune cells,
proliferation of synovial fibroblasts, and tissue remodeling. The presence of a
hyperplastic tissue in the synovial cavity may possibly be a consequence of impaired
apoptosis and/or exacerbated cellular proliferation. In both scenarios, the involvement of
molecules such as Fas and FasL as regulatory factors has been suggested [3, 12]. In this
context, the present study evaluated sFas and sFasL levels in plasma and SF of RA,
osteoarthritis and knee trauma patients. Of note, OA and knee trauma patients were
evaluated as “controls” to allow the establishment of parallels with distinct inflammatory
patterns, since obtaining synovial fluid from normal/healthy individuals would be
ethically unacceptable. Additionally, plasma and synovial fluid levels of several
cytokines were evaluated in RA and OA patients and correlated to sFas and sFasL levels

and clinical features.

Our results suggest an important role of sFas in the RA pathogenesis. sFas levels
were higher in RA compared to OA patients and knee trauma patients, both in plasma as
well as in synovial fluid, although in SF the differences were not statistically significant.
Nevertheless, conflicting results considering sFas levels in RA can be found in the
literature. Some studies also reported elevated levels of sFas in serum [10, 13] or SF [9]
from RA patients, whereas other authors described no differences in sFas levels between
RA patients and controls [14-18].

It has also been suggested that the presence of the sFas is an exacerbating factor
of RA, once its levels have been positively correlated with serum CRP, ESR, RF titers
and disease activity [14, 19]. Contrary to these findings, our results point to a significant
and negative correlation between plasma sFas levels and DAS28-ESR and ESR values in
RA patients. In the SF, no significant correlation of sFas with disease activity was
observed, which could be explained by the fact that all joints aspirated in this study
similarly presented high levels of local inflammation. High RA activity has been
associated to lower apoptotic levels in synovia, higher levels of sFas in SF and lower

levels in serum [ 15, 20]. The accumulation of sFas in inflamed RA joints, may be involved
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in the inhibition of apoptosis of synovial cells or synovial infiltrating cells, leading to the

persistence of inflammation and synovial hyperplasia [19].

Interestingly few samples showed detectable sFasL levels in plasma or SF
although previous studies have demonstrated increased sFasL levels in the plasma and SF
from RA patients compared to OA controls [16, 22, 23, 24]. sFasL production is mediated
by cleavage of the membrane form by metalloproteinases, which are enriched in the
inflamed synovial cavity of RA patients [21], which might explain the elevated SF sFasL
levels observed in the literature. Also, higher levels of sFasL in SF were observed in RA
patients with severe disease [23]; however, in the present study, sFasL levels did not

correlated with disease activity.

The low levels of sFasL detectable in our sample seems to be a result of the
inflammatory pattern of each group, since the proportion of individuals with detectable
sFasL in plasma and SF was higher among RA patients when compared to OA and knee
trauma patients. The atribution of zero as a numerically value for all levels below the
detection limit of the test may underestimate sFasL levels in our sample. However, since
less than a half of all tested individuals showed detectable sFasL levels, we chose not to

disregard these samples in the analysis.

Actually, the role of sFas/sFasL in the RA pathogenesis is still under debate.
Fibroblast-like synoviocytes (FLS) are a major cell type involved in synovia hyperplasia.
Despite evidences that these cells are susceptible to Fas-mediated apoptosis in vitro,
apoptotic cells are very rarely detectable in the synovia of RA [8, 24]. High expression of
anti-apoptotic proteins as Bcl-2 and Flip in the synovia might explain these findings [25].
Additionally, the soluble isoforms of Fas and FasL have been implicated in apoptosis
inhibition. It has been suggested that sFas modifies ligand concentration, downregulates
membrane receptor numbers, and specifically inhibits ligand—receptor association in the
extracellular space, thus preventing induction of apoptosis [26]. Similarly, previous
studies demonstrated that sFasL does not form oligomers with Fas receptor, therefore not
triggering apoptosis, in contrast to its respective membrane-bound form [21]. Indeed, the
binding of sFasL to Fas receptor has been associated to FLS proliferation through Akt

signaling pathway [27], contributing, in turn, to disease pathogenesis and inflammation.
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It is noteworthy that the inflammatory milieu observed in RA plays a pivotal role
in immune activation, cellular proliferation and apoptosis. In this sense, we also
investigated cytokine levels in SF and plasma samples from RA and OA patients. A
significant increased level of IL-6 was observed in plasma and SF from RA patients
compared to OA patients. In RA patients, IL-6 SF levels also positively correlated to
DAS28-ESR and ESR values, which is in agreement to previous findings [28]. This
cytokine is considered a key mediator in the RA inflammatory process, and significantly
higher IL-6 levels have been seen in the synovial fluid of RA patients [29]. Importantly,
IL-6 is related to immunoglobulin secretion by activated B cells, also acting as a regulator

of CD4+ T cell differentiation and activation [30].

In the present study, high IL-10 levels were observed in RA patients, both in
plasma and in SF, which is in agreement with previous data [31]. TNF levels were also
higher in plasma from RA patients compared to OA patients. Interestingly, IL-10 is a
cytokine known for its immunosuppressive properties. However, in chronic inflammatory
conditions as RA, increased levels of IL-10 could represent a compensatory mechanism
of the immune system in an attempt to reach homeostasis. Besides, in RA synovial tissue
cultures, IL-10 production occurs concomitantly with the synthesis of proinflammatory
cytokines such as TNF-a and IL-6, suggesting the existence of a tightly controlled
signaling network involved in the regulation of synovial inflammation. Moreover, IL-10
induces B cell proliferation and differentiation to antibody producing cells, and might

upregulates the production of RF in RA [32, 33].

When approaching potential correlations of sFas and cytokine levels, we observed
a positive correlation between sFas and IL-10 plasma levels in OA, but not in RA patients.
In a previous study in RA, IL-6 and sFas levels were positively correlated in the synovial
fluid, whereas negatively correlated in serum [9]. In addition, increased sFas expression
was observed in RA FLS culture supernatant after TNF-o stimulation [24]. Despite the
higher levels of IL-6 and TNF detected in RA patients, no correlation between these
cytokines and sFas or sFasL levels was observed in our study. This result suggests that
the role of these molecules is not dependent of an autoimmune process. The lack of
correlation with any of the crucial proinflammatory cytokines that drives RA possibly

underlies the fact that these molecules, in the synovium, exert independent functions [22].
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In summary, the present study investigated the role of sFas, sFasL and cytokines
in RA pathogenesis. Our results confirm previous findings concerning sFas levels in
plasma and synovial fluid from RA individuals. The presence of this molecule can, at
least partially, explain the apoptosis impairment observed in RA. Moreover, the high IL-
6 and IL-10 levels in both plasma and synovial fluid from RA patients, observed in our
study, do reinforce a potential role of these cytokines in the disease pathogenesis. Taking
into consideration that no strong correlations between sFas, sFasL and cytokine levels
were observed, we suggest that these factors exert independent but complementary roles
in the disease pathogenesis. In conclusion, the cell fate in RA will be driven by the
interaction of an inflammatory milieu and distinct soluble factors, among which sFas

potentially stands out.
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Sample group sFas and sFasL Cytokine levels

Plasma sFas and Plasma CK levels
sFasL (n=28) (n=20)
SF sFas and SF CK levels
sFasL (n=18) (n=13)
Plasma sFas and Plasma CK levels
sFasL (0=29) (o=11)
SF sFas and SF CK levels
sFasL (n=22) (n=8)

Plasma sFas and
sFasL (n=11)

Knee trauma
patients

(n=11)

SF sFas and sFasL
(n=08)

Figure 1. Stratification of RA, OA and knee trauma samples according to the type of the samples available
and its storage conditions. For all groups, sFas/sFasL assays were performed in samples stored at -20°C or
-80°C, whereas only samples stored at -80°C were used for cytokine analyses. RA: Rheumatoid Arthritis;
OA: Osteoarthritis; CK: Cytokine; SF: Synovial fluid.
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Figure 2. (A) sFas levels in the plasma measured from RA, OA and knee trauma patients. Significant
differences in sFas levels are observed between RA and knee trauma, and RA and OA patients. (B) sFas
levels in the synovial fluid measured from patients with RA, OA and knee trauma. Data are presented as
median (IQR). Statistical analysis was performed using Kruskal-Wallis test with Dunn’s multiple
comparison test. *p<0.05, ns: not significant.
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Table 1. Clinical, laboratorial and socio-demographic features of RA, OA and knee trauma patients.

RA group OA group Knee trauma group
(n=28) (n=29) (n=11) p-value
Female sex, n (%) 20 (74.1) 19 (82.6) 5(45.5) 0.074*
Age, mean (+SD) 58.1 (£10.0) 66.2 (£11.4) 39.3 (+11.8) 0.015°
CRP levels, mean (+SD) 11.7 (:11.0) 5.9 (£3.8) - 0.020°¢
ESR levels, mean (+SD) 23.6 (£14.1) 21.2 (x14.4) - 0.532¢
DAS28-ESR, mean (+SD) 4.5 (+1.2) - - -
Rheumator factor positive, n (%) 20 (71.4) - - -
Current treatmen,t n (%)
DMARD 28 (100) - - -
Biological treatment* 5(17.9) - - -

aPearson’s qui-square; "one-way ANOVA; ° Student’s ¢ test. CRP: C-reactive protein; ESR: erythrocyte
sedimentation rate; DMARD: disease-modifying anti-rheumatic drugs. * Anti-TNF therapy (n=3); Anti-IL-

6 therapy (n=1); JAK inhibitor (n=1).
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Table 2. sFAS and sFasL levels in RA, OA and Knee trauma groups.

RA group OA group Knee trauma group .
p-value
(n=28) (n=29) (n=11)
sFas levels
0.019*
Plasma 878.5 (640.2 - 2008.5) 442.5 (6.6 —1007.0) 390.4 (77.1 — 586.2) 0.026"
Synovial Fluid 1212.0 (472.3 - 2390.0) 552.9 (74.7 - 1865.0) 361.2 (6.6 —454.4) 0.056
sFasL levelst
Plasma 0.00 (0.00 - 0.07) 0.00 (0.00 —0.02) 0.00 (0.00 - 0.10) ns
Synovial Fluid 0.00 (0.00 - 0.04) 0.00 (0.00 - 0.00) 0.00 (0.00 - 0.00) ns

sFas and sFasL levels are represented as median (IQR), (Fas: pg/mL; FasL ng/mL). * Samples were
compared using Kruskal-Wallis test with Dunn’s multiple comparison test. ns: not significant. + Zero was
imputed to levels of sFasL below the limit of detection.

*RAvs. OA

> RA vs. knee trauma
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Table 3. Cytokine levels in RA and OA patients.

RA RA OA OA
Cytokine (plasma) (synovial fluid) (plasma) (synovial fluid) p-value
(n=20) (n=13) (n=11) (n=8)

IL-2 2.39 (2.11-3.65) 2.16 (2.08-2.33) 2.21(2.01-2.36) 2.13 (2.04-2.30) 8'522

0.103?

IL-4 1.89 (1.72-2.62) 1.80 (1.66-2.23) 1.72 (1.63-1.89) 1.70 (1.65-2.00) 0624
IL-6 3.04 0.030*
- .04 (2.24-5.93) 367.69 (30.34-1537.88)  1.99 (1.74-2.26) 44.0(8.93-144.19) 2o
IL-10 1.15 0.008*
- 15 (1.01-1.55) 1.18 (1.07-2.54) 0.95 (0.93-1.01) 1.01 (0.93-1.24) 0,025
0.171

IL-17 2.58 (2.33-3.72) 3.86 (2.87-5.35) 2.85 (2.69-3.09) 3.14 (2.46-9.11) 0.678
TNF 2.03 0.026°
.03 (1.56-2.62) 1.85 (1.63-2.32) 1.58 (1.46-1.68) 1.77 (1.47-2.50) 0624

IFN-y 1.36 (1.25-1.62) 1.50 (1.34-2.37) 1.29 (1.26-1.78) 1.46 (1.21-1.88) (1)-(6)322

Cytokine levels are represented as median (IQR, interquartile range), (pg/mL). Significant p-values are shown

in bold.

2RA plasma cytokine level vs. OA plasma cytokine level

bRA SF cytokine level vs. OA SF cytokine level

116



CAPITULO 7
DISCUSSAO

117



CAPITULO 7: DISCUSSAO

A AR é uma doenca autoimune que afeta aproximadamente 1% da populacdo
Brasileira (MARQUES-NETO et al., 1993). Seu carater cronico e inflamatério ocasiona
o desenvolvimento de deformidades incluindo erosédo 6ssea que se tornam extremamente
debilitantes para o paciente, impossibilitando-o de exercer suas atividades cotidianas,
domesticas e de lazer. Além disso, a inflamagdo persistente pode comprometer outros
6rgdos do corpo humano, o que contribui para as altas taxas de mortalidade e morbidade
associadas a doenca (FIRESTEIN; MCINNES, 2017). O impacto social e econdmico
dessa doenca € evidente visto que 60% dos individuos portadores de AR sédo afastados de
suas atividades de trabalho ap6s 15 anos da doenca (DA MOTA; LAURINDO; NETO,
2010a).

Apesar de ser uma doenca extensivamente estudada, a patogénese da AR ainda
ndo foi completamente elucidada. Uma das hipoteses descritas na literatura refere-se a
uma desregulacdo do processo de apoptose, a qual ocasiona o acimulo de células em
tecidos sinoviais bem como a proliferacéo de células que contribuem para a exacerbacao
do processo inflamatorio. A apoptose € um evento celular regulado por uma intrincada
rede de moléculas (como Fas/FasL, moléculas da familia Bcl-2, p53 e caspases), sendo
um processo importante na manutencdo da homeostase do organismo com a eliminagéo
de células auto reativas. Acredita-se que uma perturbacdo dos eventos de apoptose
também ocorra em células do sistema imune que infiltram a articulacdo como linfdcitos
T-CD4+, T-CD8+ e células NK, uma vez que o acimulo dessas células ja foi descrito em
liquido sinovial de pacientes com AR (LIU; POPE, 2003; POPE, 2002).

Dentre as células que infiltram a articulacdo sinovial de pacientes com AR,
destaca-se a participacdo das células NK. A célula NK é um importante componente do
sistema imune inato, pois apresenta um notorio potencial citotdxico nos tecidos
periféricos (especialmente considerando-se as células NK CD56%™). No entanto, nas
articulacOes sinoviais de pacientes com AR, observa-se um acumulo de células NK
fenotipicamente caracterizadas como CD56"", Essas células expressam receptores
NKG2 e apresentam um importante papel imunorregulador, através da produgdo das

citocinas TNF-a e INF-y. Além disso, um estudo realizado por Gunturi et al., demonstrou
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menores taxas de apoptose associadas as células NK CD94/NKG2* (GUNTURI; BERG;
FORMAN, 2003).

Considerando as informagOes disponiveis na literatura, esta tese foi elaborada
sobre trés pilares: as células NK, os fatores de apoptose e a inflamacdo, os quais se
interrelacionam (Figura 9). Os objetivos da presente tese foram estruturados a partir da
hipdtese que as células NK presentes na articulacdo de pacientes com AR apresentam o
perfil CD56""9" expressam receptores NKG2, apresentam menores taxas de apoptose
(influenciada pelo recrutamento de fatores pré-apoptéticos e anti-apoptdticos como

Fas/FasL, Bcl-2 e p53) e contribuem para a exacerbacdo do processo inflamatério da AR.

Células NK e
receptores NKG2

Inflamacado Fatores de
(citocinas) | h apoptose

Figura 9: Representacdo esquematica da interacdo entre células NK, receptores NKG2, fatores de apoptose
e inflamag8o. A interacdo entre esses fatores decorreria do fato de células NK presentes na articulagio de
pacientes com AR apresentarem o perfil CD569" NKG2*. Essas células seriam menos susceptiveis a
morte celular programada, permanecendo mais tempo no sitio inflamatério, contribuindo desta forma, para
a exacerbacéo da inflamacéo através da producéo das citocinas TNF-a e INF-y. Fonte: Elaborada pelo autor.

Este trabalho partiu de uma abordagem imunogenética com foco na avaliagéo do
papel de quatro polimorfismos em genes de receptores de células NK (NKG2) e seis
variantes em genes que codificam proteinas envolvidas nas vias apoptose na
susceptibilidade & AR e gravidade da doenca. As variantes genéticas foram escolhidas
com base na sua funcionalidade bem como a partir de estudos prévios que descreveram
associagéo desses fatores e o desenvolvimento de doencas autoimunes. Cabe ressaltar que
ndo foram identificados trabalhos envolvendo o estudo de tais variantes na populacao
brasileira e sua relagdo com a AR. Com o objetivo de complementar as anélises

moleculares, realizou-se uma analise da expressdo de fatores solUveis Fas e FasL e
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citocinas em pacientes com AR, osteoartrite (OA) e individuos com trauma de joelho. As
analises dessas moléculas em pacientes com diferentes perfis de inflamacgéo

complementam o entendimento da participacdo desses fatores na patofisiologia da AR.

A primeira etapa do presente trabalho gerou, dois artigos cientificos, os quais
foram apresentados nos capitulos anteriores. A investigacao dos polimorfismos nos genes
NKG2 ndo evidenciou qualquer relacéo das variantes NKG2A (c. 338-90G>A rs2734440),
delecdo de NKG2C e NKG2D (Ala72Thr G>A,; rs1049174 e *348 G>C rs2255336) com
a susceptibilidade ou a severidade a AR. Os resultados encontrados nesse estudo estdo de
acordo com dados prévios da literatura (HIKAMI et al., 2003; IWASZKO et al., 2016;
MARIASELVAM et al., 2016; MIYASHITA et al., 2004). No entanto, resultados
discordantes j& foram descritos. A presenca do gen6tipo AA em NKG2D rs225533 ja foi
associada a um maior risco no desenvolvimento de AR e efeito protetor no
desenvolvimento de LES (KABALAK et al.,, 2010; PARK; PARK; SONG, 2008;
PIOTROWSKI et al., 2012). Além disso, polimorfismos em NKG2A e NKG2D foram
associados, respectivamente, a diferencas na resposta ao tratamento com anti-TNF e a
severidade da AR (IWASZKO et al., 2016; MARIASELVAM et al., 2016). Atribuimos
as diferencas encontradas a composicdo étnica e, consequentemente genética, das
populacdes estudadas, pois a maioria dos estudos com dados disponiveis na literatura

foram conduzidos em populages asiaticas.

Considerando a escassez de estudos na literatura a respeito de polimorfismos em
NKG2, acrescentamos ao estudo uma revisao bibliografica sobre o topico. A partir desta
revisdo identificou-se um importante papel dessas variantes em outras condicdes
patoldgicas ou de interesse para a clinica médica, além das situacBes de autoimunidade,
como infecgBes virais, cancer, gestacdo e transplantes. A dindmica da atividade das
células NK depende da expressao de um conjunto de receptores em sua superficie celular,
0s quais regulam as sinalizacfes ativadoras e inibitdrias desencadeadas pela interacéo
dessas moléculas com seus respectivos ligantes (PEGRAM et al., 2011). Além disso, as
moléculas NKG2 parecem apresentar um importante papel de regulacdo da inflamagéo,
pois estdo diretamente envolvidas na inducdo da sintese de citocinas pré-inflamatorias
como TNF-a e INF-y pelas células NK (DE MATOS et al., 2007). Ainda, linfécitos T-

CD4" e T-CD8" NKG2* ja foram avaliados em pacientes com AR, sugerindo um papel
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de coestimulacdo dos receptores NKG2 na ativacdo de linfocitos T em condicdes
inflamatdrias (GROH et al., 2003; WALSH et al., 2011).

Nesse contexto, apesar da falta de associacdo entre os polimorfismos de NKG2 e
a susceptibilidade & AR em nosso estudo, sustentamos que o papel dessas moléculas em
situacBes de inflamacdo, como a AR, ndo pode ser ignorado. Além disso, o papel de
polimorfismos em genes NKG2 ainda é pouco explorado, sendo o conhecimento dos
efeitos dessas variantes na expressao dos seus respectivos receptores e sua capacidade de

interacdo com seus ligantes, ainda incipientes.

Com relag&o ao papel dos polimorfismos -1377 G>A e -670 A>G do gene FAS; -
844 T>C e INV2nt 124 A>G do gene FASL; -938 C>A do gene BCL-2; e Pro72Arg
(G12139C) do gene TP53 na suscetibilidade a AR e severidade da doenga, identificamos
FAS -670AA e BCL-2 -938CC como potenciais marcadores de susceptibilidade a doenca,
e FAS -1377GG e TP53 Pro/Pro como variantes importantes na modulacédo da severidade
da AR.

Fas e FasL, atuando em conjunto como receptor/ligante, compde um dos
principais receptores ativadores da via extrinseca de apoptose. A interagdo entre FasL de
membrana com o receptor de membrana Fas provoca o recrutamento do complexo DISC,
que culmina na ativacdo da via das caspases e apoptose da célula. De forma oposta, a
presenca das isoformas solUveis de Fas e FasL (sFas e sFasL, respectivamente) inibe esse
evento, pois as formas sollUveis competem pelo mesmo sitio de interacdo que suas
respectivas formas de membrana, no entanto essa interacdo ndo € capaz de induzir o
processo de apoptose. No entanto, a interagdo entre sFasL e o receptor Fas de membrana
ja foi associada a proliferacdo de fibroblastos sinoviais (HONG et al., 2015; KOBAK;
BERDELLI, 2012; TREVINO-TALAVERA et al., 2014).

O papel dos genes de BCL-2 e TP53 ainda é pouco explorado no contexto da
autoimunidade, sendo a maioria dos estudos relativos ao desenvolvimento do cancer
(MATAKIDOU; EISEN; HOULSTON, 2003; ZHANG et al., 2014). Os resultados do
nosso estudo apontam para existéncia de um efeito de variantes em BCL-2 e TP53 na
susceptibilidade & AR e severidade da doenca, respectivamente. Devido ao papel anti-
apoptotico da molécula BCL-2, uma das hipéteses a ela relacionada era que a variante

responsavel por uma maior produgdo da molécula estaria associada a presenca de AR,
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uma vez que elevados niveis de BCL-2 contribuiriam para as baixas taxas de apoptose in
vivo observadas na doenca. Contudo, nossos resultados contrariam esta visao: o genétipo
CC de BCL-2 foi associado a um maior risco no desenvolvimento de AR quando
comparado ao alelo A, sendo a variante C, associada a uma menor expressdo de BCL-2
(MEKA et al., 2016). No entanto, quando da andlise da expressdo dessa molécula em
pacientes com AR, alguns estudos ndo observam diferencas nos seus niveis em
comparagdo a individuos com osteoartrite (ISOMAKI et al., 1996). Assim, cabe ainda
investigar se a similaridade nos niveis pode ser atribuida a fatores genéticos.

Em relacdo ao gene TP53, nenhum dos estudos identificou papel da variante
Pro72Arg na susceptibilidade a AR (ASSMANN et al., 2009; MOODLEY; MODY;
CHUTURGOON, 2010), o que esta de acordo com os nossos resultados. Por outro lado,
encontramos uma relacdo da variante CC (Pro/Pro) com niveis mais elevados de DAS28.
Sendo DAS28 um escore de avaliacdo de atividade de doenca em pacientes com AR, este
foi utilizado como um dos parametros para inferéncia de severidade da doenca a partir de
uma analise transversal. Salienta-se, no entanto, que este indice pode apresentar
influéncia do tratamento, percepc¢do do paciente sobre a doenca, e niveis de marcadores
inespecificos de inflamacdo. Encontramos um Unico estudo, conduzido na populacdo
italiana, que descreve uma associacdo do mesmo gendtipo (Pro/Pro) com o

desenvolvimento de erosfes 6sseas em pacientes com AR (MACCHIONI et al., 2007).

De uma forma geral, nosso trabalho corrobora alguns dados previamente descritos
na literatura para outras populacdes além de descrever, pela primeira vez, a associacéo de
certas variantes genéticas com AR e a severidade da doenca. Uma vez que optamos por
ndo utilizar métodos estatisticos para compara¢fes multiplas - pois estes podem
influenciar na deteccdo de polimorfismos que apresentam uma pequena contribuicdo a
um desfecho multifatorial como a AR - sugerirmos que nossos achados sejam avaliados

e corroborados em outras populagoes.

A segunda etapa do presente trabalho teve como objetivo o estudo do papel de
fatores soluveis (sFas, sFasL e citocinas) na patofisiologia da AR. Nesse estudo,
destacaram-se os fatores sFas, IL-6, IL-10 e TNF-a como moléculas importantes na
patogénese da AR. Foram observados niveis elevados de sFas em plasma e liquido

sinovial em pacientes com AR quando comparados a pacientes com OA e pacientes com
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trauma de joelho, apesar da diferenca ter se mostrado estatisticamente significativa
somente em amostras de plasma. Ainda, foi observada uma correlacdo negativa dos
valores de sFas de plasma com o escore de DAS28 e niveis de velocidade de
hemossedimentagdo. Com relagdo aos valores de sFasL, ndo observamos diferencas
significativas entre 0s grupos, seja para plasma ou para liquido sinovial. Contudo, é
importante ressaltar que uma parcela significativa dos individuos analisados tanto no
grupo de AR quanto nos grupos controles, ndo apresentou niveis detectiveis dessa
molécula, seja no plasma ou no liquido sinovial, o que difere de resultados previamente
descritos na literatura (MRABET et al., 2015; HASHIMOTO et al., 1998). Uma das
limitacdes do nosso estudo esta relacionada a uma possivel subestimativa nos valores de
sFasL na nossa amostra, uma vez que o valor zero foi atribuido para as amostras que
apresentaram valores abaixo do limite de deteccdo do teste. Por outro lado, analisar
somente os valores detectaveis representaria um viés de selecao, pois mais da metade dos
individuos analisados apresentou valores indetectaveis. Especula-se que diferentes
fatores como o tratamento dos individuos, a presenca de FR nos pacientes com AR e
especialmente o proprio contexto inflamatério de cada grupo pode ter influéncia nos

niveis de sFasL observados no presente estudo.

Conforme mencionado anteriormente, hipotetiza-se que a presenca das moléculas
sFas e sFasL no liquido sinovial e no plasma de pacientes com AR seja um dos principais
fatores envolvidos na desregulacdo dos eventos de apoptose observada nesses pacientes.
Os resultados evidenciados na anélise dos fatores soltveis condizem com nossos achados
moleculares, especialmente no que diz respeito ao gene FAS. Demonstramos uma relagédo
do gendtipo AA do polimorfismo FAS -670 com aumento do risco de desenvolvimento
de AR. A presenca do alelo A esta associada a uma maior transcrigdo do gene (HONG et
al., 2015; TREVINO-TALAVERA et al., 2014), o que poderia explicar, pelo menos em

parte, os niveis elevados de sFas observados no grupo de pacientes com AR.

Na analise de citocinas, destacaram-se os niveis elevados de IL-6, IL-10 e TNF-a
nos individuos com AR quando comparados aos individuos com OA. A presenca de
niveis elevados tanto de citocinas pro-inflamatdrias (como IL-6 e TNF-a) quanto anti-
inflamatdrias (IL-10) ressalta a intricada rede de moléculas que atua na patogénese da

doenca. Adicionalmente, o aumento dos niveis de IL-10 pode estar relacionado a uma
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resposta do organismo em direcdo a homeostase, frente a um processo inflamatdrio
exacerbado. Por fim, ndo foi observada correlacéo entre os niveis de citocinas e 0s niveis
de sFas e sFasL, indicando que esses atuam de forma independente, porém complementar,
na patofisiologia da AR.

A partir dos dados obtidos, novos trabalhos poderdo ser desenvolvidos a fim de
complementar o entendimento da atuacdo dessas moléculas no contexto da AR. Como
perspectivas futuras, citamos a analise do perfil de células NK em pacientes com AR e
pacientes com OA por citometria de fluxo. Anélises celulares permitirdo uma avaliacdo
quantitativa e qualitativa do perfil fenotipico das células NK na AR bem como as taxas
de apoptose especificas destas células e os perfis de moléculas envolvidas nesse processo.
Ao longo do doutorado, tentamos elucidar tais questdes, no entanto, algumas dificuldades
e limitacOes inviabilizaram a realizacdo da abordagem celular: i) o nimero de pacientes
com indicacdo ao procedimento de infiltracdo foi menor do que o previsto incialmente
pela equipe médica e de pesquisadores envolvidos no estudo; ii) os critérios de inclusdo
estabelecidos como auséncia de outras doengas autoimunes e nédo estar sob tratamento de
imunobioldgicos refletiram em uma grande reducdo do nimero de individuos elegiveis;
iii) a quantidade de células disponiveis em liquido sinovial, especialmente em pacientes

com OA, foi insuficiente para a realizacdo das analises propostas.

Ao investigarmos o sangue periférico de dois pacientes com OA, observamos um
maior percentual de populacio CD56%™ comparada & populagio de CD56""9" conforme
esperado. Ao compararmos o perfil das células NK em liquido sinovial e sangue
periférico de individuo com AR foi possivel observar um actimulo de células CD56""9"
no liquido sinovial em relacdo ao sangue periférico do mesmo paciente (Anexo 1. Figuras
10 ate 12). Cabe ressaltar, que apesar desta avaliacdo representar uma analise exploratéria
preliminar, ela sugere a existéncia de diferencas importantes entre compartimentos
bioldgicos e possivelmente entre as duas patologias. Para contornar as dificuldades
encontradas sugere-se: i) o recrutamento de pacientes com diagndstico recente de AR e
OA, tentando desta forma, minimizar os possiveis efeitos supressores do tratamento sobre
0 numero de células presentes na articulacdo; ii) a continuidade de coleta de liquido
sinovial de pacientes que sofreram trauma de joelho para compor o grupo controle

juntamente com individuos OA; iii) a inclusdo de novos centros para o0 recrutamento de
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participantes, com a finalidade de ampliar o numero de individuos passiveis de

recrutamento.

Ainda, é importante mencionar o desenvolvimento de outras atividades
cientificas que excedem o tema explorado na presente tese, mas que, no entanto,
contribuem significativamente para a formacdo de conhecimento ao longo do periodo

académico do doutorado.

Dentro da tematica da imunogenética de doencas autoimunes, foram produzidos
dois trabalhos relacionados a avaliagdo da influéncia de fatores genéticos na
suceptibilidade ao LES. O primeiro intitulado “Evaluation of polymorphic variants in
apoptotic genes and their role in susceptibility and clinical progression to systemic lupus
erythematosus” de autoria de Glesse et al., (2017) encontra-se apresentado in extenso
como anexo pela sua intima relacdo com o tema apresentado nesta tese de doutorado
(Anexo 2). O segundo trabalho, encontra-se em fase de preparacao e intitula-se “Influence
of polymorphic variants in NKG2 genes and their role in systemic lupus erythematosus
susceptibility and clinical progression”. Os resultados preliminares deste estudo estéo
dispostos no anexo 3. Por fim, cabe ainda citar a co-orientagdo do trabalho de concluséo
de curso da aluna Brenda Beltrame no Curso Biomedicina - UFRGS. “Relagio da delegao
do gene NKG2C e haplétipos de HLA-E com a susceptibilidade ao lapus eritematoso

sistémico”, o qual estd em desenvolvimento.

Os demais trabalhos desenvolvidos referem-se a imunologia e imunogenética da
infeccdo pelo HIV-1. Esses trabalhos estdo inseridos no contexto de linhas de pesquisa
solidas do laboratério de Imunobiologia e Imunogenética da UFRGS, contudo, por ndo
se relacionarem diretamente a tematica central dessa tese, serdo apresentados apenas seus
resumos. Dois desses estudos foram publicados em periddicos internacionais (Anexo 4 e

5), sendo um de autoria principal compartilhada.

A partir da revisdo da literatura relacionada a polimorfimos em NKG2,
identificou-se apenas um estudo relacionando o papel da delecdo de NKG2C na
susceptibilidade ao HIV e progressdo & AIDS (THOMAS et al., 2012). Esse fato motivou
a producdo do trabalho “Influence of NKG2C Deletion on HIV-1 Infected Patients

susceptibility ” que se encontra em preparagédo. Nesse estudo, ndo foi observada diferencas
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significativas na frequéncia da delecdo de NKG2C entre 410 pacientes HIV+ e 553

individuos ndo-infectados.

Por fim, consideramos que o trabalho desenvolvido traz importantes contribui¢fes para o
conhecimento da imunogenética das doengas autoimunes. Investigamos o papel de
variantes genéticas pouco exploradas na literatura na susceptibilidade a AR, identificando
polimorfismos candidatos a serem usados como marcadores bioldgicos de
susceptibilidade e severidade da doenca. As analises dos fatores solUveis corroboram o
papel das moléculas Fas e FasL na patofisiologia da doenca bem como destacam o papel

das citocinas IL-6, IL-10 e TNF-a. no processo inflamatorio associado a AR.
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ANEXOS

Anexo 1. Resultados preliminares de analises do perfil das células NK por citometria

de fluxo em sangue periférico e liquido sinovial de pacientes com AR e OA.
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Figura 10: Resultados preliminares de analises do perfil das células NK por citometria de fluxo em sangue
periférico e liquido sinovial de pacientes com AR e osteoartrite. A) Selecdo da populacdo de linfécitos
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Figura 11. Andlise do perfil de células NK (CD3- CD56+) em sangue periférico de dois pacientes com
osteoartrite (OA). Figura A) amostra OA01 B) amostra OA02. Observa-se maior percentual de populacéo
CD56%™ comparado a populagdo de CD56"9M,
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Figura 12: Andlise do perfil de células NK em sangue periférico (A) e liquido sinovial (B) de pacientes com
AR. Observa-se maior percentual de células CD569" em liquido sinovial e maior percentual de células
CD56%M em sangue periférico.
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Evaluation of polymorphic variants in apoptotic genes
and their role in susceptibility and clinical progression
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Background: Systemic lupus erythematosus (SLE) is an autoimmune disease marked by the
disruption of the immune homeostasis. Patients exhibit a wide range of clinical manifestations,
and environmental and genetic factors are involved in SLE pathogenesis. Evidence suggests
that abnormalities in the cellular and molecular events that coordinate apoptosis may favour
the generation of autoantigens involved in autoimmunity. In this way, the apoptotic deregu-
lation may be affected by polymorphic variants in apoptotic-related genes. Methods: We
analyzed FAS, FASL, BCL-2 and BAX polymorphisms in order to correlate to SLE suscep-
tibility and clinical features. A total of 427 SLE patients from the Hospital de Clinicas de
Porto Alegre and 543 controls from southern Brazil were evaluated. Results: We observed
higher frequencies of the FASL —844CC genotype and —844C allele, as well as of the FASL-
844C/1VS2nt-1244 haplotype in African-derived SLE patients when compared to controls
(P<0.001). FASL —844C, which is related to high FasL expression, could contribute to
increased apoptosis and to the breakdown of immunological tolerance, favouring autoanti-
body production and inflammation. On the other hand, the BAX —248G A4 genotype and the —
2484 allele, related to low protein expression, were observed as a protective factor against SLE
in this same population. The rate of apoptosis and cell death was evaluated in peripheral
lymphocytes. and SLE patients presented a higher percentage of dead lymphocytes
(CD3"Annexin V* 7-AAD™) compared to the control group. Conclusion: Our data support
a role for apoptosis in SLE susceptibility. Lupus (2017) 26, 746-755.

Key words: Systemic lupus erythematosus; apoptosis; Fas/FasL pathway; Bcl-2; genetic

polymorphisms

Introduction

Systemic lupus erythematosus (SLE) is a complex
autoimmune inflammatory disorder that presents a
wide range of clinical manifestations and organ
damage."? This disease is characterized by loss of
immunological tolerance resulting in autoantibody
production against intracellular antigens. The
deposition of immune complexes in tissues followed
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by the subsequent activation of the complement
system induces serious inflammatory conditions.™
SLE predominantly affects women, with a peak
around 30 years of age, and the rate of women to
men is 9:1. Furthermore, SLE prevalence differs
according to the ethnic origin of the evaluated
patients, and is higher in African-American,
African-Caribbean, Native American, Indian,
Polynesian and Chinese populations when com-
pared to European-derived populations.*

In healthy individuals, most of the autoreactive
T and B cells are deleted by the process of central
tolerance. However, in SLE patients autoreactive
cells persist, generating a variety of autoantibo-
dies.™® Apoptosis has attracted the attention of
researchers since it can potentially be a major
source of autoantigens in SLE.” Apoptosis is

10.1177/0961203316678671

140



critical in normal physiological processes of
multicellular organisms, being essential for T and
B lymphocyte selection and the regulation of
immune responses. An imbalance in this process
and/or defects in the clearance of apoptotic cells
can contribute to an excess of cell debris, leading
to the formation and consequent tissue deposition
of immune complexes.”® In addition, these defects
may be responsible for the initial development
of autoimmune conditions as well as by its
perpetuation.>’

Apoptosis is regulated by different pathways that
involve inhibitory and activating genes.'® In normal
circumstances, an immune response against self-
antigens is prevented by mechanisms of a!poptosis
mediated by the Fas/FasL pathway,'" which
also play important roles in T-cell tolerance and
B-cell homeostasis.'>!® Genetic defects in FAS
and FASL genes highlight the importance of apop-
tosis in immune tolerance.>'* Thus, FAS and FASL
genes potentially play important roles in rheuma-
toid arthritis, SLE and other autoimmune diseases,
probably due to abnormal apoptosis of T cells.'*'®
The Bcl-2 family comprises a variety of repressor
and activating proteins that regulate apoptosis.
Interactions between pro and antiapoptotic mem-
bers define whether a cell must survive or die.!
The Bcl-2 protein plays a role in the regulation of
apoptosis in several cell types including human T
and B cells."'" This protein inhibits apoptosis
through heterodimerization with proapoptotic
members. The overexpression of Bcl-2 in transgenic
mice protects B cells against apoptosis, improving
survival of cells and promoting the development of
a lupus-like autoimmune syndrome, nephritis and
autoantibody production, such as anti-dsDNA and
anti-Sm.”” Bax is a proapoptotic intracellular pro-
tein required for intrinsic cell death stimulus, con-
trolling both the selection of lymphocytes from the
thymus as well as peripheral lymphoid homeosta-
sis.>! This protein can form dimers with Bcl-2 or
Bcl-xL to reversgits antiapoptotic effects and pro-
mote apoptosis.™

As the maintenance of peripheral immune toler-
ance is achieved by the balance between inducers
and inhibitors of apoptosis, disturbances in this
system may be involved in the trigger of an auto-
immunity condition. In this way, polymorphic vari-
ants in FAS, FASL, BCL-2 and BAX genes could
be potential candidates for SLE susceptibility.
There are no studies investigating the joint genetic
contribution of these genes in SLE. Moreover, few
studies have ever examined the importance of these
genes individually, and their precise role in the
pathogenesis of SLE is still controversial.>!'>>3*

Evaluation of polymorphic variants in apoptotic genes
N Glesse ef al.

Therefore, the aim of the present work was to
investigate the presence and frequency of FAS —
670, FAS —1377, FASL —844, FASL 1VS2nt-124,
BCL-2 -938 and BAX —248 polymorphic variants
in southern Brazilian SLE patients and healthy
controls, seeking for possible associations among
these polymorphisms and lupus susceptibility
as well as clinical and laboratory characteristics of
patients. Also, the rate of apoptosis in peripheral
lymphocytes was measured using AnnexinV bind-
ing as an indicator of phosphatidyl serine surface
exposure in early apoptotic cells and 7-AAD DNA
staining was used as a cell death indicator.

Materials and methods

Study samples

We recruited a total of 427 SLE patients at the
division of rheumatology from the Hospital de
Clinicas de Porto Alegre (HCPA) and 543 healthy
blood donors. A subsample composed of 47
SLE and 50 healthy women blood donors was eval-
uated concerning cell death and early apoptosis
in their peripheral lymphocyte compartment.
To these last experiments only female patients
from European ancestry were included, in order
to obtain a highly homogenous sample. Patients
and controls were classified as European-derived
or African-derived according to their phenotypic
characteristics. Data about ethnicity of parents
and grandparents were reported by the partici-
pants. The issue concerning skin colour-based clas-
sification criteria used in Brazil is well documented
and it has already been assessed by our group in
previous studies.”?® Information about demo-
graphic, clinical and laboratory features of SLE
patients were collected from medical records filled
in the medical archive service and health informa-
tion (Table 1). The diagnostic criteria for SLE were
based on the classification proposed by the
American College of Rheumatology (ACR).”’
SLE patients were also evaluated for the presence
of Sjogren’s syndrome and secondary antiphospho-
lipid syndrome (APS), according to the classifica-
tion criteria proposed for both diseases.”*** The

Systemic  Lupus International Collaborating
Clinics (SLICC) damage index®® and systemic
lupus erythematosus disease activity index

(SLEDAI)’! were also performed for each patient.
At the time of recruitment, written informed con-
sent was obtained from all participants. This study
was approved by the ethics committee of UFRGS
(96.672) and HCPA (23200).
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Table 1 Demographic, clinical and laboratorial features of SLE patients
Whole European-derived African-derived P
Patient’s features (427) (318) (109) value®
Whole 74.5% 25.5%
Women 91.8% (427) 90.9% (318) 94.5% (109) 0.235
Age (years) 47.84+ 1476 (427) 48.09+15.12 (318) 47.11£13.70 (109) 0.529
Age of symptoms (years) 305241342 (422) 3026+ 13.55 (314) 31.28+13.08 (108) 0.440
Age at diagnosis (years) 3248+13.62 (413) 32.04£13.71 (307) 33.76+ 13.35 (106) 0.253
Malar rash 56.9% (427) 58.8% (318) 51.4% (109) 0215
Discoid rash 13.8% (427) 13.5% (318) 14.7% (109) 0.888
Photosensitivity 74.7% (427) 79.9% (318) 59.6% (109) <0.001
Oral or nasal ulcers 35.6 % (427) 37.1% (318) 31.2% (109) 0.319
Arthritis 81.5% (427) 82.7% (318) 78.0% (109) 0.341
Serositis 29.4% (425) 28.2% (316) 33.0% (109) 0.402
Nephritis 44.3% (427) 45.0% (318) 422% (109) 0.696
Neurological disorders 12.9% (427) 13.2% (318) 11.9% (109) 0.858
Haematological disorders 76.6% (427) 72.6% (318) 88.1% (109) 0.002
Haemolytic anaemia 24.1% (427) 24.2% (318) 23.9% (109) 1.000
Leukopenia/lymphopenia 62.3% (427) 57.9% (318) 75.2% (109) 0.002
Thrombocytopenia 18.7% (427) 18.2% (318) 20.2% (109) 0.770
Immunological disorders 69.3% (424) 70.2% (315) 67.0% (109) 0.663
Anti-DNA 48.8% (424) 50.2% (315) 45.0% (109) 0.349
Anti-Sm 20.1% (422) 18.4% (315) 25.2% (107) 0.167
Anticardiolipin 27.6% (420) 28.4% (313) 25.2% (107) 0.607
Lupus anticoagulant 7.4% (420) 9.0% (312) 2.8% (108) 0.056
False-positive VDRL 5.2% (420) 5.8% (312) 3.7% (108) 0.562
ANA 99.5% (425) 99,7% (316) 99.1% (109) 0.448
Anti-Ro/SS-A 43.2% (403) 37.6% (298) 59.0% (105) <0.001
Anti-La/SS-B 12.7% (403) 10.4% (298) 19.0% (103) 0.034
Anti-RNP 30.5% (403) 30.2% (298) 31.4% (105) 0911
Anti-Scl 70 2.7% (403) 3.0% (298) 1.9% (105) 0.799
Sjogren 8.3% (410) 9.6% (303) 47% (107) 0.169
APS 5.9% (409) 6.6% (302) 3.7% (107) 0.395
SLEDAI 1(0-36) (379) 1(0-21) (276) 1(0-36) (103) 0918
SLICC 1(0-7) (406) 1(0-7) (300) 1(0-5) (106) 0.761
ANA: antinuclear antibody: APS: antiphospholipid syndrome; SLEDALI: systemic lupus erythematosus disease activity
index; SLICC: Systemic Lupus International Collaborating Clinics; VDRL: venereal disease research laboratory test.
“Chi-square test for qualitative variables and Mann—Whitney test for quantitative variables.
Blood collection and cell preparation (Sigma-Aldrich). Cells were counted by means of
The DNA used for all molecular techniques was MMICroscopy in a Neubauer chdmber and the .V'db!l'
; . ity always exceeded 95%, as judged from their abil-
obtained from 5S5mL of peripheral blood samples . 2 :
. o : ” ity to exclude trypan blue (Sigma-Aldrich). The
collected with ethylenediamine tetra acetic acid :
: frequency of early apoptotic and death cells was
(EDTA) and extracted through the salting-out 4 ; .
. p 32 evaluated, respectively, by using annexin V-FITC
method described by Lahiri and Nurnberger. 3
o and the 7-AAD cell viability dye, both from BD
DNA samples were stored at —20°C. For the apop- . :
: . Biosciences (San Diego, CA, USA). All analyses
tosis analyses, 10mL of peripheral blood were o
: = : were performed using the software FlowJo 7.5.5
collected by venipuncture in a second tube with Tree Star C tion. Ashland. OR. USA
EDTA. Peripheral blood mononuclear cells (Tree: Star Corporation, .Ashland, 2 ):
(PBMCs) wers isolated by density gradient wiing: g por. Rer.2 and BAX genespolymorphic
Ficoll-hypaque (Amersham Pharmacia Biotech, St = o TS -
Albans, Herts, UK). After centrifugation, the genotypmy
PBMCs were collected and washed two times in ~ Molecular identification of polymorphisms was
phosphate buffered saline 1X. The cell pellet was  performed by polymerase chain reaction (PCR)-
suspended in 1 mL of RPMI-1640 (Sigma-Aldrich,  restriction fragment length polymorphism assay.
St Louis, MO, USA) supplemented with 10% of  The amplification of polymorphic variants was per-
fetal bovine serum (Sigma-Aldrich), 2% glutamine  formed separately and the fragments generated
and 100 U/ml penicillin 0.1 mg/ml streptomycin ~ were visualized in 1.5% agarose gel stained with
Lupus
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ethidium bromide. Primers and PCR conditions for
amplification of the FAS and FASL promoter
region containing FAS —1377G/A, FAS —6704/G
and FASL —844T/C polymorphisms were previ-
ously described by Sun et al.** The amplified prod-
ucts were digested with BstUI, ScrFI and BsrDI
(New England Biolabs, Beverly, MA, USA) restric-
tion enzymes to distinguish the FAS —1377G/A,
FAS —670A4/G, and FASL —844T/C polymorphisms,
respectively. All digestion products were visualized
in 8% polyacrylamide gel electrophoresis stained
with ethidium bromide. For genotyping of the
FASL 1VS2nt-1244/G polymorphism we used the
primers and PCR conditions previously described
by Zhang et al.** The amplified product was digested
with Fokl restriction endonuclease that generated
fragments, visualized in an 8% polyacrylamide gel
electrophoresis stained with ethidium bromide. For
amplification of the BCL-2 —938 C/A polymorph-
ism, the primers and PCR conditions were previ-
ously described by Zhang et al®® The PCR
products were cleaved with Becl. The BAX —248
G/A polymorphism genotyping was performed
according to Moshynska et al.”™® Acil restriction
endonuclease was used to cut the PCR product,
which was visualized in 8% polyacrylamide gel elec-
trophoresis stained with ethidium bromide.
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Statistical analysis

Genotypic and allelic frequencies were estimated by
direct counting. The genotypic frequencies of cases
and controls were compared to Hardy—Weinberg
expectations using chi-square tests. Genotypic and
allelic frequencies of FAS, FASL, BCL-2 and BAX
polymorphisms were compared between patients
and controls using the chi-square test or Fisher’s
exact test when appropriate. The adjusted residuals
and odds ratio (OR) estimates were also calculated.
Haplotype frequencies, D’ and > were estimated
using MATLAB 7.10 and MLocus programs.’’
Demographic, clinical and laboratory features
were compared between European-derived and
African-derived SLE patients through the chi-
square test for qualitative variables and r-test or
Mann-Whitney test for quantitative variables.
Associations among clinical and laboratory vari-
ables of patients and the frequencies of polymorph-
isms were also performed through the chi-square
test (or Fisher’s exact test) for qualitative variables
and r-test, Mann—Whitney test and Kruskal-Wallis
test for quantitative variables. Bonferroni correc-
tion was performed for multiple comparisons.
All data were analyzed with SPSS software and
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the WinPepi program. The significance level was
established at P <0.05 (two-tailed).

Results

Il"ﬂHangL’I?(’Iié‘ analyses

In this case—control study we evaluated 427 SLE
patients (74.5% European-derived and 25.5%
African-derived) and 543 healthy blood donors
(52.7% European-derived and 47.3% African-
derived) from southern Brazil. The clinical, demo-
graphic and laboratory characteristics of SLE
patients are shown in Table 1. The mean age of
SLE patients was 47.84+ 14.76 years and of con-
trols was 39.02 4 11.24 years. Among the patients,
74.5% were ethnically classified as European-
derived although 52.7% of the patients fall into
this category, the remaining being considered as
African-derived. Among SLE patients, 91.8% of
the subjects were women and almost all had posi-
tivity for ANA (99.5%). The mean age of onset of
symptoms was 30.52 £ 13.42 years while the mean
age at SLE diagnosis was 32.48+13.62 years.
The most common clinical and laboratory charac-
teristics in SLE patients were arthritis (81.5%),
haematological disorders (76.6%), photosensitivity
(74.7%) and immunological disorders (69.3%).
European-derived SLE patients presented with
more photosensitivity than those African-derived
(79.9% vs. 59.6%, P<0.001). However, African-
derived patients had a higher prevalence of haem-
atological disorders (88.1% vs. 72.6%, P=0.002),
leukopenia/lymphopenia (75.2% vs. 57.9%, P=
0.002), anti-Ro/SSA (59.0% vs. 37.6%. P <0.001)
and anti-La/SSB (19.0% vs. 10.4%, P=0.034)
antibodies when compared to the European-
derived group.

Concerning the FAS —1377G/A and FAS 6704/
G polymorphisms no statistical differences were
observed in the genotypic and allelic frequencies
between SLE patients and controls in both ethnic
groups as well as looking for the combined effects
of both polymorphisms in haplotype analysis (data
not shown). Results for the FASL gene polymorph-
isms (Table 2) showed different genotypic and alle-
lic frequencies for the FASL -844T/C variant
between the studied groups. African-derived SLE
patients had a higher frequency of the CC genotype
than controls (20% vs. 7%, P <0.001). In addition,
carriers of the CC genotype had a 4.51-times higher
risk of developing SLE compared to subjects carry-
ing the 7T genotype (95% confidence interval (CI)
2.01-10.13, P<0.001). Moreover, African-derived
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Table 2 Genotypic and allelic frequencies of FASL 844 (T/C) and FASL IVS2nt-124 (A/G) poly-
morphisms between SLE patients and controls, according to ethnic origin.
European-derived African-derived
Patients n=317 Controls n=284 Patients n=109 Controls n=231
FASL -844 T/C n (freq.) n (freq.) n (freq.) n (freq.)
™ 60 (0.19) 55 (0.19) 33 (0.30)° 115 (0.50)*
cr? 159 (0.50) 113 (0.40) 54.(0.50) 99 (0.43)
(6,05 98 (0.31) 116 (0.41) 22 (0.20)° 17 (0.07)°
P=N/A® P <0.001
"2 OR 1.90 (95% CI 1.11-3.28) P=0.038
' OR 4.51 (95% CI 2.01-10.13) P <0.001
** OR 2.37 (95% CI 1.09-5.18) P=0.051
T 279 (0.44) 223 (0.39) 120 (0.55) 329 (0.71)
C 355 (0.56) 345 (0.61) 98 (0.43) 133 (0.29)
P=0.108 P<0.001
OR 2.02 (95% CI 1.42-2.86)
FASL IVS2nt-124 A|G n=306 n=278 n=108 n=189
AA 235(0.77) 210 (0.76) 94 (0.87) 174 (0.92)
AG 65(0.21) 65(023) 14(0.13) 15 (0.08)
GG 6 (0.02) 3(0.01) 0(0.00) 0(0.00)
P=0619 P=0.230
A 535 (0.87) 485 (0.87) 202 (0.94) 363 (0.96)
G 77 (0.13) 71 (0.13) 14 (0.06) 15 (0.04)
P=0993 P=0242
“adjusted residual, > p=0.00071
Padjusted residual, x* p=0.00053
“N/A: not applicable (genotypic frequencies were not in HWE).
subjects carrying the CT genotype had a 1.90-fold With respect to genes from the intrinsic apop-
increased risk of developing SLE (95% CI 1.11-  tosis pathway, we studied BCL-2 —938C/A and
3.28, P=0.038) in comparison with those carrying ~ BAX —248G/A polymorphisms (Table 4). BCL-2 -
the TT genotype. Likewise, a higher frequency of  938C/A genotypic frequencies in European-derived
the C allele was observed in SLE African-derived ~ SLE patients were not under HWE. Analyses of
patients compared to their controls (45% vs. 29%,  the BAX —248G/A polymorphism showed signifi-
P <0.001), with the overall OR of 2.02 for the C  cant differences in the frequencies of the GG, GA
allele (95% CI 1.42-2.86) in relation to the Tallele. and AA genotypes as well as G and A4 alleles
Concerning the European-derived control group, between African-derived cases and controls.
the frequencies of the FASL —-844T/C polymorph-  Lower frequencies of GA heterozygous were
ism were not in Hardy-Weinberg equilibrium  observed in SLE patients when compared with
(HWE), avoiding further comparisons. In relation their controls (19% vs. 62%, P <0.001), with an
to the FASL 1V S2nt-1244/G polymorphism, geno-  OR of 0.12 in relation to individuals carrying the
typic and allelic frequencies did not differ between GG genotype (95% CI 0.02-0.51, P=0.003). SLE
European and African-derived cases and controls. subjects had a lower frequency of the 4 allele than
The studied polymorphisms in the FASL gene  controls (11% vs. 38%, P <0.001; OR 0.21, 95%
are in linkage disequilibrium. Thus, we performed  CI 0.08-0.58).
haplotype analyses (Table 3). Four haplotypes of Finally, we investigated a potential relationship
FASL -844|FASL IVS2nt-124 (T/A, T/G, C/A and  among these FAS, FASL, BCL-2 and BAX poly-
C/G) were observed. Our results indicated that the  morphisms and clinical features of the disease
FASL —844C|FASL 1VS2nt-1244 haplotype was  (Table 5). Evaluating the damage index (SLICC)
more frequent in African-derived patients when and the presence of the variants studied, we
compared to controls (45% vs. 27%, P<0.001), observed a possible association of the BCL-2 —
and that the C/A haplotype carriers presented a  938CA genotype and SLICC in European-derived
2.30-fold increased risk of developing SLE (95%  group (P =0.04). Nevertheless, the significance was
CI 1.58-3.36, P<0.001) in comparison with indi- lost after applying Bonferroni correction for mul-
viduals with the T/A haplotype. tiple comparisons.
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Table 3 Haplotype estimated frequencies of FASL -844 (T> C) and FASL IVS2nt-124 (4> G) poly-
morphisms in SLE patients and controls, according to ethnic origin
European-derived African-derived
FASL -844/FASL Patients 2 Controls 2 Patients 2 Controls 2
1VS2nt-124 n=612 n=>3556 n=216 n=2368
T/A' 196 (0.32) 147 (0.26) 105 (0.49)* 252 (0.68)*
T/G* 74 (0.12) 70 (0.12) 14 (0.06) 15 (0.04)
C/A} 339 (0.55) 338 (0.61) 97 (0.45)° 101 (0.27)°
c/G* 3(0.01) 1 (0.002) 0 0
P=0.136 P <0.001
'2 OR 0.45 (95% C1 0.19-1.04) P=0.123
'3 OR 2.30 (95% CI 1.58-3.36) P <0.001
23 OR 1.03 (95% CI 0.44-2.44) P=1.000
“Adjusted residual: P=2.0E-6.
*Adjusted residual: P=1.7E-5.
Table 4 Genotypic and allelic frequencies of BCL-2 -938 (C> A) and BAX —248(G > A) polymorph-
isms between SLE patients and controls, according to ethnic origin
European-derived African-derived
Patients n= 246 Controls n= 260 Patients n=383 Controls n=_80
BCL-2-938 C/A n (freq.) n (freq.) n (freq.) n (freq.)
cc 61 (0.26) 46 (0.18) 21 (0.25) 32 (0.40)
CA 106 (0.43) 142 (0.55) 49 (0.59) 41 (0.51)
AA 79 (0.32) 72 (0.28) 13 (0.16) 7(0.09)
P=N/A® P=0.093
C 228 (0.46) 234 (0.45) 91 (0.55) 105 (0.66)
A 264 (0.54) 286 (0.55) 75 (0.45) 55 (0.34)
P=0715 P=0.060
BAX 248 G|A n=297 n=212 n=101 n=13
GG' 224 (0.75) 153 (0.72) 80 (0.79)° 4(0.31)°
GA’ 67 (0.23) 55 (0.26) 19 (0.19)° 8 (0.62)°
AA® 6(0.02) 4(0.02) 2(0.02) 1(0.07)
P=0.677 P=0.0012
'2 OR 0.12 (95% CI 0.02-0.51) P=0.003
' OR 0.10 (95% CI 0.00-7.36) P=0.391
> OR 0.84 (95% CI 0.04-55.82) P=1.000
G 515 (0.87) 361 (0.85) 179 (0.89) 16 (0.62)
A 79 (0.13) 63 (0.15) 23 (0.11) 10 (0.38)
P=0.538 P <0.001
OR 0.21 (95% CI 0.08- 0.58)
“adjusted residual, »* p=0.00019
Padjusted residual, y* p=0.00065
“N/A: not applicable (genotypic frequencies were not in HWE).
Apoptosis of T cells in SLE patients and controls cells (Annexin V~ 7-AAD™) from early apoptotic
; + B
We measured the rate of apoptosis in lymphocytes CZHS (/_\n{1,e+x17n AXD +7 AAIE). ) a?dN df;.lg. eells
from 47 SLE patients and 50 controls using (Annexin - ,)’ see rigure L. NO dificrence
AnnexinV binding as an indicator of phosphatidyl ~ Was observed concerning Erhe rate of early apoptotic
serine surface exposure in early apoptotic cells and ~ Cells (CD3+ Annexin V 47'AAD ) between the
7-AAD DNA staining as a cell death indicator. ~ groups.  Early apoptotic cells  represented
Through the dot plots, we differentiated viable 29.64%0.04 in SLE patients as compared to
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Table 5 FAS, FASL, BCL-2 and BAX polymorphisms and their influence on the clinical and laboratory
characteristics of SLE patients, according to ethnic origin
African-derived European-derived
SLE patients P value SLE patients P value®
APS Thrombocytopenia
FAS -1377G/A  Yes No FASL -844T/C Yes No
AG 75% 16.5% 0.003 cG 43.1% 28.2% 0.026
GG 25% 81.6% 0.006 CcT 36.2% 53.3% 0.019
Serositis APS
Yes No Yes No
AG 5.6% 24.7% 0.015 IT: 0% 20.6% 0.024
GG 94.4% 72.6% 0.008
Leukopenia/lymphopenia
Thrombocytopenia FASL IVS2nt-1244/G ~ Yes No
AA Yes No GG 3.4% 0% 0.037
9.1% 0% 0.005 AG 26.3% 14.2% 0.011
AA 70.4% 85.8% 0.002
Anti-DNA antibodies
FASL -844T/C  Yes No
cc 30.6% 11.7% 0.014
T 18.4% 40% 0.014
Immunological disorders
Yes No
(6084 26% 8.3% 0.030
Anti-DNA antibodies
BCL-2-938C[A  Yes No
A4 25.7% 8.3% 0.031
cc 14.3% 33.3% 0.049
“After Bonferroni’s correction, all of the significant P values were lost.
(a) (b)
s ot o s o1 o
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Figure 1 Early apoptosis and cell death of lymphocytes in systemic lupus erythematosus (SLE) patients and controls. Early
apoptotic cells were identified using Annexin V binding as an indicator of phosphatidyl serine surface exposure. 7-AAD DNA
staining was used as a cell death indicator. (a) Two representative flow cytometry dot plots indicating viable cells (lower left), early
apoptotic cells (lower right), and dead cells (upper left). (b) SLE patients had an increased percentage of dead lymphocytes
(CD3"Annexin V* 7-AAD™) in comparison with the control group (1.6640.36 vs. 0.65+0.08; **P <0.01). No difference was
found in relation to the rate of early apoptotic cells (CD3+Annexin V* 7-AAD™) between the groups.
31.75+1.58 among controls (P=0.351). SLE Discussion
patients presented a higher percentage of dead
lymphocytes (CD3* Annexin V© 7-AAD ™) as com-  To the best of our knowledge, this is the first study
pared to the control group (1.66+0.36 vs. to investigate the joint role of apoptotic-related
0.65+0.08, P=0.001) (Figure I(a and b)). FAS, FASL, BCL-2 and BAX gene polymorphisms
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in the susceptibility and pathogenesis of SLE. As
the SLE incidence and the frequencies of apoptotic-
related polymorphisms vary among different popu-
lations, our sample was classified according to the
ethnic origin.***? A previous study published by
Santos et al. assessed individual interethnic admix-
ture and validated the classification criteria of
European-derived or African-derived subjects
used in our Brazilian admixed population.**

The two FASL polymorphisms evaluated (-844T
— C, 1s763110) and intron 2 (INV2nt_124 A — G,
rs5030772) are reported to have fundamental effects
on gene expression and regulation. A substitution
at the —844 position was identified in the binding
motif for CCAAT/enhancer-binding protein beta
(C/EBPbeta), and the —844C allele was associated
with increased FASL expression.'®** Our data con-
cerning higher frequencies of the CC genotype and
of the C allele in African-derived SLE subjects
suggests a possible association of increased FASL
expression and an elevated risk for SLE. Activated
T cells expressing FasL are considered to be major
inductors of apoptosis in T, B and antigen-present-
ing cells. T cells presenting higher amounts of FasL
would provide a signal to accelerate the apoptosis
through the interaction of t cell receptor and CD?28.
This process contributes to an excessive lymphocyte
apoptosis and an impaired clearance of apoptotic
cells mediated by phagocytes, contributing to
hyperactivity of B cells and the subsequent over-
production of autoantibodies.*' This same CC
genotype (rs763110) was already associated with
lupus in three different ethnic populations, i.e.
Iranians, Taiwanese and African Americans.>*%*!
Of note, the C allele frequencies observed in the lit-
erature were different among the distinct ethnic
groups, and this situation will be discussed further
later. Back to FASL 844, as previously discussed,
individuals carrying the FASL —844C allele could
present more apoptosis of activated lymphocytes
and macrophages among other cells, contributing
to increased levels of nucleosomes in circulation
and to the production of autoantibodies. This,
in turn, could lead to immune complex formation and
to an overload of the body clearance system.>

Although no statistical differences were observed
for the allelic or genotype frequencies of the
rs5030772 variant, haplotypic analyses comprising
both these FASL polymorphisms were performed.
In our study, a higher frequency of the C/A haplo-
type was observed in African-derived SLE patients.
This observation corroborates previous data from a
study with American SLE pedigrees that suggested
that the activity of the FASL promoter depends on
a FASL —844T|C/-478A| T haplotype more than on
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the alleles of each polymorphism individually,"
highlighting the importance of haplotypic studies.

Analyses of genetic polymorphisms involved in the
intrinsic apoptosis pathway revealed that the geno-
typic frequencies of the BCL2 -938C> A polymorph-
ism in European-derived patients were not in HWE.
Although a statistically significant difference in the
genotypic frequencies between SLE patients and con-
trols was observed in this ethnic group, the fact that
genotypes were not in HWE hinders further extrapo-
lations. However, a role for Bcl-2 in lupus pathogen-
esis can be suggested as it may allow an increased
longevity of B cells, which, if related to pathogenic
autoantibodies, will persist in the periphery. Also, T
lymphocytes with high Bcl-2 expression maintain an
activated state in vivo in SLE patients. This may lead
to a hyperstimulation of the immune system in SLE,
dlthough a direct 1nv01vement o, Bcl 2 in this path-
ology is still to be established.*

With respect to the influence of the BAX —248G/
A polymorphism in SLE, our data revealed a pos-
sible contribution of this variant for the protection
against the disease in the African-derived popula-
tion. This is the first study suggesting an association
between a single nucleotide polymorphism in the
BAX gene and SLE. The BAX —248A variant is
associated with reduced Bax protein expression
and reduced apoptotic_efficiency, as observed in
osteomyelitis patients.” The BAX- 2480/,4 poly-
morphism has also been lmpllCdth in the risk of
cancer, reduced protein expression and failure to
achieve complete response to treatment.***’

Despite the possible role in SLE susceptibility,
the polymorphic variants studied were not asso-
ciated with clinical progression of lupus in
our patients. Also, the variants studied could be
in linkage disequilibrium with other susceptibility
genes, which can influence SLE susceptibility.
This situation is exemplified by the distinct results
seen in our patients classified according to ethnic
origin. Although it was possible to observe some
gene associations with the group of patients classi-
fied as African-derived, the same was not true for
the European-derived individuals, suggesting an
interference of the patients’ genetic background.
Thus, although it seems clear that polymorphisms
in genes related to apoptosis are relevant to SLE
susceptibility, the ethnic origin of patients should
also be taken into consideration.

In the present work the frequency of initial apop-
tosis and cell death in SLE was also evaluated.
In lymphocytes, the phosphatidylserine is located
on the inner leaflet of the plasma membrane.
A typical feature during apoptosis is the transloca-
tion of phosphatidylserine to the outer leaflet.
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Using Annexin V as an indicator of phosphatidyl-
serine surface exposure in early apoptotic cells and
7-AAD staining as a cell death indicator, we
observed that SLE patients presented an increased
frequency of death lymphocytes (P=0.001), but
whether these cells are late apoptotic or necrotic
cells is still to be determined. Although our result
could not be assigned to the presence of a specific
genetic variant (data not shown), probably due to a
relatively small sample size, it is in accordance with a
previous study demonstrating that the percentage of
necrotic cells was higher in SLE patients compared
to controls. In contrast, this previous study also
revealed increases of early apoptotic cells in patients
with both active and inactive disease in relation to
controls, a feature that was not confirmed by our
work.® It is important to point out that the higher
apoptosis of PBMCs in SLE is not a unanimous find-
ing. Caricchio and Cohen™ failed to demonstrate a
difference in both spontaneous and UV-B-induced
apoptosis between SLE patients and controls. The
evaluation of apoptosis in SLE patients bearing spe-
cific genetic polymorphisms would be helpful in the
definition of the role of such variants in lupus suscep-
tibility and clinical progression.

In conclusion, our data corroborate the import-
ance of cell death and apoptosis in SLE and support
a role for apoptosis-related gene polymorphisms in
SLE susceptibility. African-derived patients had
higher frequencies of FASL genotypes, alleles and
haplotypes related to increased apoptosis.
However, the patients presented a lower frequency
of the BAX —248A allele, related to lower protein
expression, which could represent a protective
factor against the disease.
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Anexo 3. Resultado das frequéncias genotipicas e alélicas de polimorfismos em NKG2
em 362 pacientes com lUpus eritematoso sistémico e 425 controles saudaveis. Artigo
cientifico em preparagao “Influence of polymorphic variants in NKG2 genes and their

role in systemic lupus erythematosus susceptibility and clinical progression”.

Table 1. NKG2 polymorphisms and LES susceptibility.
LES group Control group

n=364 n=415
rs1049174
NKG2D C>G Genotype
CC 142 (41.8%) 182 (44.2%)
CG 148 (43.5%) 179 (43.4%)
GG 50 (14.7%) 51 (12.4%)

NKG2D C>G Allele
C
G

rs2255336
NKG2D G>A Genotype
GG
GA
AA

NKG2D G>A Allele
G
A

rs2734440
NKGA A>G Genotype
AA
AG
GG

NKG2A A>G Allele
A
G

432 (63.5%)
248 (36.5%)

221 (61.0%)
123 (34.0%)
18 (5.0%)

565 (78.0%)
159 (22.0%)

138 (37.9%)
167 (45.9%)
59 (16.2%)

443 (60.9%)
285 (39.1%)

543 (65.9%)
281 (34.1%)

236 (56.9%)
150 (36.1%)
29 (7.0%)

622 (74.9%)
208 (25.1%)

127 (31.0%)
186 (45.4%)
97 (23.7%)

340 (53.7%)
194 (46.3%)

Data represented as n (%).
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Treg and Thi7 cell subsets are characterized by the expression of specific transcriptional factors and chemokine receptor as well as
by secretion of specific cytokine and chemokines. These subsets are important to the differentiation, expansion, homing capacity,
and recruitment of several different immune cell populations to the site of infection. Whereas Treg cells maintain self-tolerance and
control the activation and expansion of autoreactive CD4' T effector cells through an anti-inflammatory response, Thi7 cells, in an
exacerbated unregulated proinflammatoery response, can promote autoimmunity. Despite such apparently opposite functions, Th17
and Treg cells share common characteristics, and their differentiation pathways are interconnected. Recent studies have revealed
quite intricate relations between Treg and Thi7 cells in HIV infection and progression to AIDS. Considering Treg cells, different
subsets were already investigated in the context of HIV infection, indicating a fluctuation in the total number and frequency
throughout the disease course. This review focuses on the recent findings regarding the role of regulatory T and Thi7 cells in
the context of HIV infection, highlighting the importance of the balance between these two subsets on discase progression.
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Anexo 5. Artigo cientifico

Rarip COMMUNICATION

Protective Role of BST2 Polymorphisms in
Mother-to-Child Transmission of HIV-1 and
Adult AIDS Progression

Anselmo J. Kamada, MSc,* Anna M. Bianco, PhD,7 Luisa Zupin, MSc,} Martina Girardelli, PhD,
Maria C. C. Matte, MSc,} Rubia Marilia de Medeiros, MSc,} Sabrina Esteves de Matos Almeida, PhD,§
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Abstract: Bone marrow stromal cell antigen-2 (BST-2)/Tetherin is
a restriction factor that prevents Human immunodeficiency virus
type 1 (HIV-1) release from infected cells and mediates pro-
inflammatory cytokine production. This study investigated the risk
conferred by single nucleotide polymorphisms (rs919266,
rs9192677, and rs9576) at BST-2 coding gene (BST2) in HIV-1
mother-to-child transmission and in disease progression. Initially,
101 HIV-1+ pregnant women and 331 neonates exposed to HIV-1
from Zambia were enrolled. Additional BST2 single nucleotide
polymorphism analyses were performed in 2 cohorts with acquired
immunodeficiency syndrome (AIDS) progression: an adult Brazilian
cohort (37 rapid, 30 chronic and 21 long-term non-progressors) and
an Italian pediatric cohort (21 rapid and 67 slow progressors). The
rs9576A allele was nominally associated with protection during
breastfeeding (P = 0.019) and individuals carrying rs919266 GA
showed slower progression to AIDS (P = 0.033). Despite the
influence of rs919266 and rs9576 on BST2 expression being still
undetermined, a preventive role by BST2 polymorphisms was found
during HIV-1 infection.

Key Words: HIV-1, BST-2, SNPs, mother-to-child transmission of
HIV-1, AIDS progression
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INTRODUCTION

Rate of mother-to-child transmission (MTCT) of human
immunodeficiency virus type 1 (HIV-1) ranges from 5% to
10% during pregnancy, 20% to 30% during delivery, and
10% to 20% through breastfeeding in the absence of
treatment, whereas it is reduced to less than 2% with
antiretroviral therapy during gestation." Since the majority
of newborns from infected mothers do not become infected,
several host factors have been investigated by clinical follow-
up of untreated pregnant women, mainly in countries with
limited antiretroviral regimen coverage. Despite obstetric,
nutritional, socio-demographic, and viral factors being
involved in natural prevention to MTCT,” innate immunity
have been recently highlighted as a modulator of early
antiviral response at the fetal-maternal interface.?

“Bone marrow stromal cell antigen-2” (BST-2/Tether-
in) transmembrane protein prevents HIV-1 particles release
by virion retention at membranes of infected cells.* HIV-1
tethering leads to BST-2 cytoplasmic tail phosphorylation,
which triggers proinflammatory cytokines production medi-
ated by NF-«B signaling,’ and may also facilitate HIV-1
endocytosis followed by type 1 interferon (IFN) expression.®
Although BST-2 constitutive expression was found at various
immune cells [macrophages, monocytes, plasmacytoid den-
dritic cells (pDCs), B and T-lymphocytes],””* tissues (liver,
lung, cord blood and decidua),”'! and secretions (colostrum
and semen),'"'? the influence of BST-2 on early HIV-1
prevention and pathogenesis is still underestimated.

Recent studies investigated the role of BST-2 genetic
background in differential response to HIV-1 infection. An
insertion/deletion polymorphism at the promoter region
(rs3217318) and a single nucleotide polymorphism (SNP,
rs10415893) of BST2 gene (located at 19pl13.1) were
associated with lower transcriptional levels of BST2 and
faster disease progression in a Spanish cohort,' whereas
rs113189798 SNP was described as a risk factor to HIV-1
acquisition in North American seroprevalent drug users."

Thus, this study evaluated the role of BST2 SNPs in
susceptibility to MTCT of HIV-1 in a cohort of 331 infants and
101 infected mothers. Additional analyses were performed in
88 pediatric patients and 88 adults to investigate the influence
of BST2 SNPs on HIV-1-associated disease progression.
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