UNIVERSIDADE FEDERAL DO TRIANGULO MINEIRO

RAYANE BERNARDES ESTEVAM

ANALISE DA EXPRESSAO GENICA IN SITU DE mRNA PARA MOLECULAS
MODULADORAS DA RESPOSTA IMUNE E DA INFLAMACAO NA PSORIASE
EM PLACA.

UBERABA-MG
2022



RAYANE BERNARDES ESTEVAM

ANALISE DA EXPRESSAO GENICA IN SITU DE mRNA PARA MOLECULAS
MODULADORAS DA RESPOSTA IMUNE E DA INFLAMACAO NA PSORIASE
EM PLACA.

Tese apresentada ao Programa de
Pbés-Graduacdo em Ciéncias da
Saude, éarea de concentracdo
Imunologia Bésica e Aplicada, da
Universidade Federal do Triangulo
Mineiro, como requisito parcial para
obtencdo do titulo de Doutora em
Imunologia Bésica e Aplicada.

Orientador(a): Prof. Dra. Denise
Bertulucci Rocha Rodrigues.

Coorientador: Prof. Dr. Virmondes

Rodrigues Junior.

UBERABA-MG
2022



Catalogacio na fonte: Biblioteca da Universidade Federal do
Triangulo Mineiro

Estevam. Rayane Bernardes
E84a Analise da expressdo génica in situ de mRNA para moléculas moduladoras
da resposta imune e da inflamag¢dona psoriase em placa/Rayane Bernardes
Estevam. -- 2022.
83 f. : graf, tab.

Tese (Doutorado em Ciéncias da Saude) -- Universidade Federal do
Tridngulo Mineiro, Uberaba. MG, 2022

Orientadora: Profa. Dra. Denise Bertulucci Rocha Rodrigues

Coorientador: Prof. Dr. Virmondes Rodrigues Jinior

1. Psoriase. 2. Citocinas. 3. Arginase. 4. Metotrexato. I Rodrigues.
Denise Bertulueci Rocha. II. Universidade Federal do Tridngulo Mineiro. IIL
Titulo.

CDU 616.517

Mirtes Soares - Bibliotecdria CRB-6/2181



A Deus, pois é Dele que recebi toda sabedoria, ¢ Ele Quem guia todos 0s meus passos.
A toda minha familia...

Minha mae Maria Aparecida com suas ora¢des € amor incondicional me fortaleciam

todos os dias.

Meus irmaos Milla e Paulo Henrique, que sempre me incentivaram para alcancar meus

sonhos, em especial a este, que tanto batalhei, e hoje se torna realidade.

A meu esposo Matheus pelo amor, compreensao e apoio constante na conquista deste

sonho.

A meu pai Paulo (in memoriam) que esta presente a todo 0 momento no meu coragao...

Uma imensa saudade, mas a certeza de seus aplausos pela minha conquista.



AGRADECIMENTOS

Primeiramente a Deus, pela dadiva da vida. Por caminhar ao meu lado, e
diariamente me ajuda a enfrentar os obstaculos, e comigo celebra e compartilha
as alegrias da minha vida.

A minha orientadora Prof® Dra. Denise Bertulucci Rocha Rodrigues, pelos
ensinamentos, incentivo e confianga em tornar possivel esta conquista. Levarei
como referéncia de profissionalismo.

Ao Prof. Dr. Virmondes Rodrigues que com a sua experiéncia e competéncia
colaborou com a conclusdo deste estudo.

As amigas da pos-graduacdo Danila Malheiros e Isabela Rios, pela amizade que
construimos ao logo do mestrado e doutorado, apoiando uma as outras tran¢ando
ao mesmo objetivo rumo ao sucesso.

A Bethéania, funcionaria do Laboratério de Imunologia pela disponibilidade,
paciéncia e auxilio na parte pratica deste trabalho.

As amigas da UNIMED Uberaba pela amizade e apoio, sempre me incentivando
a esta conquista.

A aluna de mestrado Lais Milagres tdo prestativa e dedicada nos auxiliou no
fechamento do trabalho.

Aos amigos do laboratdrio Jonatas, Chamberttan, pelos ensinamentos, horas de
estudo e colaboragéo do trabalho.

Ao Dr. Sandro Furiati, pela confianca em disponibilizar as bidpsias dos pacientes
com psoriase do estudo.

Aos professores da pos-graduacdo, pelo empenho em cultivar o incentivo pela
pesquisa e docéncia.

Ao0s meus queridos amigos, que a cada conquista brindavam comigo, que nos
obstaculos me ajudavam a me erguer, por entenderem minha auséncia em tantos
eventos especiais. Sou grata por ser abragcada por tantas pessoas boas.

Enfim, um sincero agradecimento a todos que colaboraram para a realizacéo deste
trabalho.

Obrigada por torcerem por mim, por minha FELICIDADE e por meu SONHO!



"Que 0s vossos esforcos desafiem as impossibilidades,
lembrai-vos de que as grandes coisas do homem foram

conquistadas do que parecia impossivel."

Charles Chaplin



RESUMO

A psoriase € uma doencga inflamatoria crénica, caracterizada por hiperplasia epidérmica.
A fisiopatologia da doenca é caracterizada pela interacdo entre sistema imune inato e
adaptativo, mediada pela ativacéo inapropriada de linfocitos T, do qual estdo associados
a uma complexa rede de células e mediadores inflamatdrios atuando sinergicamente na
inducdo e manutencdo do processo inflamatorio. A producdo exacerbada das moléculas
envolvidas em sua patogenia induz a hiperproliferacdo dos queratindcitos, fazendo com
que estes também produzam alguns fatores inflamatérios e precursores da inflamacao,
potencialmente envolvidos na patogénese da psoriase. Diante disto, o presente estudo
avaliou a expressdo génica in situ de mRNA de moléculas moduladoras da resposta imune
e da inflamacdo na psoriase em placa. Analisou também a expressdo génica destas
moléculas em pacientes com psoriase em terapia com metotrexato. A casuistica foi
constituida por 26 pacientes, destes, 21 foram diagnosticados com psoriase moderada a
grave (PASI> 10). Foram coletadas biopsias de duas regides distintas do mesmo paciente,
uma diretamente do tecido lesional e outra do tecido ndo lesional. Destes, 15 estavam em
uso da terapia com metotrexato e 6 estavam sem uso de medicacdo. Como grupo controle
foram selecionados 5 pacientes saudaveis. Para andlise da expressao génica in situ, O
material foi processado para extracdo do mRNA, confeccdo de cDNA e finalmente
realizacdo de qPCR dos genes I1L-17, IL-23, IL-22, IL-10, IFN-y, TNF-a, TGF-fR2, ARG-
1, ARG-2, INOS e GLUT-1. Os resultados mostraram que a expressdo génica in situ de
todos os genes avaliados foi significativamente maior nas amostras de tecido lesional e
ndo lesional dos pacientes com psoriase do que no tecido dos individuos saudaveis. A
expressdo dos genes IL-17, IFN-y, da ARG-1 e ARG-2, foram significativamente maiores
no tecido lesional comparado com o tecido ndo lesional. A terapia com metotrexato
aumenta a expressao de mRNA do IFN-y, da IL-10, do TGF-BR2 e da ARG-2, em
pacientes com psoriase em placa. A superexpressdo destas moléculas em tecido lesional
e ndo lesional parecem atuar no estado patologico da hiperproliferagdo epidérmica e na

manutencdo do processo inflamatorio relevante na imunopatogése da psoriase em placa.

Palavras-chave: Psoriase; Citocinas; Arginase; GLUT e Metotrexato.



ABSTRACT

Psoriasis is a chronic inflammatory disease characterized by epidermal hyperplasia. The
pathophysiology of the disease is characterized by the interaction between the innate and
adaptive immune system, mediated by the inappropriate activation of T lymphocytes,
which are associated with a complex network of cells and inflammatory mediators acting
synergistically in the induction and maintenance of the inflammatory process. The
exacerbated production of molecules involved in its pathogenesis induces
hyperproliferation of keratinocytes, causing them to also produce some inflammatory
factors and precursors of inflammation, potentially involved in the pathogenesis of
psoriasis. In the face of this, the present study evaluated the in situ gene expression of
MRNA of molecules that modulate the immune response and inflammation in plaque
psoriasis. He also analyzed the gene expression of these molecules in patients with
psoriasis on methotrexate therapy. The series consisted of 26 patients, of whom 21 were
diagnosed with moderate to severe psoriasis (PASI> 10). Biopsies were collected from
two different regions of the same patient, one directly from the lesional tissue and the
other from non-lesional tissue. Of these, 15 were using methotrexate therapy and 6 were
not using medication. As a control group, 5 healthy patients were selected. For in situ
gene expression analysis, the material was processed for mRNA extraction, cDNA
production, and finally qPCR of IL-17, I1L-23, IL-22, IL-10, IFN-y, TNF-a genes, TGF-
PR2, ARG-1, ARG-2, INOS, and GLUT-1. The results showed that the in situ gene
expression of all evaluated genes was significantly higher in lesional and non-lesional
tissue samples from patients with psoriasis than in tissue from healthy individuals.
Expression of IL-17, IFN-y, ARG-1 and ARG-2 genes was significantly higher in lesional
tissue compared to non-lesional tissue. Methotrexate therapy increases IFN-y, IL-10,
TGF-BR2, and ARG-2 mRNA expression in patients with plaque psoriasis. The
overexpression of these molecules in lesional and non-lesional tissue seems to act in the
pathological state of epidermal hyperproliferation and the maintenance of the relevant

inflammatory process in the immunopathogenesis of plaque psoriasis.

Keywords: Psoriasis; Cytokines; Arginase; GLUT and Methotrexate.



LISTA DE ABREVIATURAS
PASI: Psoriasis Area Severity Index
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HLA: Antigeno Leocucitario Humano
APC: Célula apresentado de antigeno
DC: Célula dentritica
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CD4: Linfocito T auxiliares
CD8: Linfocito T citoliticos
NO: Oxido Nitrico
Th1: Subtipo de Linfécito auxiliar do perfil 1
Th2: Subtipo de Linfécito auxiliar do perfil 2
Treg: Linfocitos T regulatérios
mRNA: Acido ribonucleico mensageiro
DNA: Acido desoxirribonucleico
RNA: Acido ribonucleico
cDNA: Acido desoxirribonucleico complementar
TGF-B: Fator de Transformacao do Crescimento Beta

TGF-BR1: Fator de Transformacéo do Crescimento Beta Receptor 1



TGF-BR2: Fator de Transformacéo do Crescimento Beta Receptor 2
IL: Interleucina

IFNG: Interferon Gama

TNF A: Fator de Necrose Tumoral Alfa

ARG1: Arginase 1

ARG2: Arginase 2

iNOS: Oxido nitrico sintase induzivel

GLUTL1: Transportador de Glicose do tipo 1
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1. LEVANTAMENTO BIBLIOGRAFICO

A psoriase ¢ uma doenca inflamatoria cronica, imunomediada, caracterizada por
hiperplasia epidérmica, que acomete cerca de 1 a 3% da populagdo mundial, afetando
homens e mulheres, podendo surgir em qualquer época da vida, ocorrendo principalmente
entre os 20 e 30 anos ¢ entre os 50 e 60 anos de idade. Possui uma influéncia importante
de fatores genéticos com uma participagdo bem evidenciada da hereditariedade no

desenvolvimento da doenga (CHRISTOPHERS, 2001; BERARD; NICOLAS, 2003).

A predominancia do sistema imune adaptativo na patogénese da psoriase sempre
foi evidenciada, porém a participacdo do sistema imune inato também tem ganhado
destaque. Indicando, portanto, a existéncia de uma interacdo entre sistema imune inato e
adaptativo, entre epiderme e tecido conjuntivo, envolvendo uma complexa rede de células
e mediadores inflamatdrios atuando sinergicamente na inducéo e manutencao do processo
inflamatério (SCHON, BOEHNCKE, 2005).

A fisiopatologia da doenca é caracterizada pela ativacdo imune inapropriada
mediada por estimulos persistentes de linfécitos T, que liberam citocinas pro-
inflamatdrias causando manifestacdes cutaneas e articulares. Sabe-se que a doenca tem
0 sistema imune inato e adaptativo atuando de forma exacerbada na producdo destas
citocinas pré-inflamatoérias (RIVAS BEJARANO; VALDECANTOS, 2013). As quais
na psoriase ttm como alvo o queratindcito, levando a uma hiperproliferacdo destes e
fazendo com que eles também produzam alguns fatores inflamatorios e precursores de
inflamacdo (LOWES et al., 2014).

A doenca caracteriza-se principalmente pelo aparecimento de placas eritemato-
escamosas bem delimitadas, ocasionalmente pruriginosas. Sdo lesdes roseas ou
avermelhadas, recobertas de escamas secas e esbranquicadas que se alternam em periodos
agudos com fases de piora e de melhora. As principais regides afetadas séo os joelhos,
cotovelos, couro cabeludo, palmas das méos e sola dos pés, podendo se estender pelo
corpo (RYAN, 2008). A psoriase pode apresentar diferentes tipos clinicos, dentre elas, a
variante clinica denominada psoriase vulgar ou psoriase em placa é a mais comum,
afetando 85-90% dos pacientes (GRIFFITHS et al., 2007). Além da forma cuténea, a
psoriase também pode acometer as articulagbes e esta associada a varias outras

comorbidades como doencas cardiovasculares, obesidade, hipertenséo, diabetes, reducéo
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na qualidade de vida, depressao entre outras (GARCIA-DIEZ et al. 2008; MACHADO-
PINTO et al., 2016).

A pele humana, principal 6rgdo acometido por lesfes da psoriase, € considerado
como tendo capacidade de 6rgdo linfoide e possui uma variedade de tipos celulares e de
mediadores do sistema imunologico que, em conjunto, promovem a protecdo do corpo
humano contra os agentes externos. Dentre essas células estdo presentes células de
Langherans, queratindcitos, células T, células fagocitérias, células endoteliais, as quais se
comunicam através da secrecdo de diferentes citocinas, dentre as quais, a mais importante
¢ o fator de necrose tumoral a. As possiveis patologias ocorrem quando hd uma
desregulacdo desses processos de protecdo ao contra agentes externos. Ainda que a
ativacdo do sistema imune seja um fenbmeno de protecdo que visa remover 0s antigenos
prejudiciais, ela pode ocorrer de maneira constante, resultar num dano inflamatdrio
crénico da pele e iniciar estados patologicos onde se inclui, por exemplo, a psoriase
(PUIG et al., 2009; TRAUB, MARSHALL, 2007).

Contudo, a patogénese da psoriase ainda permanece incerta. Sabe-se que as
células que auxiliam na diferenciacdo denominadas linfocitos T (LT), estdo em evidéncia
em todas as fases da doenca, pois mantém a resposta inflamatoria ativa e o resultado as
terapias que tém como alvo as células T, indicam que essas estdo relacionadas a
patogénese da doenca (LIMA, 2006).

A totalidade da sua patogénese é dificil de ser elucidada, embora exista a teoria
prevalente de que se trata de uma doenca autoimune em que a epiderme e a proliferacao
capilar sdo afetadas pela liberacdo excessiva de citocinas produzidas por linfécitos
resultantes de interacGes genéticas com fatores ambientais e o sistema imunitario. Fatores
ambientais como uso de alcool, tabaco, infeccdes e stress podem originar uma resposta
imunomediada exagerada na pele de individuos geneticamente susceptiveis, levando a
proliferacdo epidérmica excessiva e alteracbes vasculares nas regiGes cutaneas
(KRUEGER et al., 2005).

A psoriase ¢ uma doenca inflamatéria caracterizada pela expansdo e ativacao de
células T helper (Th)1, Thl7 e Th22, e pela producdo de citocinas que lhes estdo
associadas, entre as quais se destacam o interferon (IFN- y), o fator de necrose tumoral
(TNF-a), a IL-17 e a IL-22 (LOWES et al., 2008, NOGRALES et al., 2008). Com uma
intensa investigagdo no sistema imune conduziu na identificagdo de uma terceira
linhagem de linfdcitos T-helper, designados por Th17, devido & producéo elevada de IL-
17 (HARRINGTON et al., 2005) e pelas suas especificidades funcionais. A inducdo do
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fenotipo Th17 a partir de células T-helper naive ocorre pela agdo de multiplas citocinas,
incluindo TGF-B, IL-6, IL-21, 1L-23, alguns fatores intracelulares como os fatores de
transcricdo STAT3 e RORyt, as proprias linhagens celulares linfocitarias Thl, Th2 e
células T reguladoras (KIMURA et al., 2007; YANG et al., 2008). Os linfécitos Th17
desempenham um importante papel na eliminacdo de bactérias extracelulares e de fungos,
interagindo com outras células imunitérias e outros tipos celulares. A producao de IL-
17A, IL-17F e IL-22 pelos Th17 resulta no recrutamento e ativacdo de neutrofilos e
macrofagos e na producdo de fatores de ativacdo imunitaria pelos queratindcitos,
nomeadamente fator estimulador de colbnias granulécito/macrofago, IL-8 ou TNF-a
(KOGA et al., 2008).

As lesbes psoriaticas sdo resultado da interacdo entre queratindcitos
hiperproliferativos (KCs), células dendriticas inflamatorias (DCs), neutrofilos,
mastocitos e células T, caracterizadas clinicamente por placas fortemente demarcadas,
eritematosas e escamosas. Nas Ultimas trés décadas, 0 modelo patogénico para a psoriase
foi profundamente revisado de acordo com uma compreensdo mais ampla e profunda dos
mecanismos imunes que levam a formacao da placa (CHIRICOZZI et al., 2018).

A imunopatogénese da psoriase pode ser dividida em duas fases: uma primeira em
que ocorre a iniciacdo da resposta inflamatoria, e uma segunda fase de manutencao dessa
resposta. A fase de iniciacdo da doenca acontece quando fatores ambientais especificos
como infecgdes, traumas na pele, uso de algumas medicacdes levam ao estresse ou morte
do queratinécitos. As lesBes nos queratindcitos fazem com que ocorra a liberacdo de
moléculas capazes de ativar células do sistema imune inato (células dendriticas mieldides
e plasmocitoides, neutréfilos, mondcitos, histiocitos e 0s préprios queratindcitos)
(LANDE, 2007; NESTLE et al., 2005). Os queratindcitos presentes na epiderme possuem
uma capacidade de recrutar e ativar as células T. Tanto a resposta imune inata quanto a
adaptativa estdo correlacionadas na cascata inflamatéria do individuo com psoriase
(ALLEN et al., 1999). Especificamente, as células T e as citocinas que produzem
desempenham um papel central no desencadeamento e na perpetuagdo da resposta
imunoldgica evidente na psoriase (CAPON et al., 2002).

A proliferacdo anormal dos queratindcitos juntamente com a diferenciacdo e
mecanismos de defesa do hospedeiro séo evidentes dentro das placas psoriaticas, em
associacdo com a vascularizagdo aumentada e o recrutamento pronunciado de leucdcitos
na derme subjacente. Acreditava-se que 0s queratindcitos eram 0s principais responsaveis

celulares na patogénese da psoriase, isso porque a morfologia epidérmica (ou seja,
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hiperplasia, acantose, hipogranulose, hiperqueratose, paraqueratose), estava alterada tao
profundamente dentro das placas (GREB et al., 2016).

Esse tipo celular possui receptores para a maioria das citocinas sinalizadoras da
psoriase, eles representam as células de tecido de resposta principal no microambiente
psoriasico. Respondem as citocinas psoriaticas pela proliferacdo e amplificacdo da
inflamac&o atraves da produgdo de outras citocinas, quimiocinas, fatores estimulantes da
proliferacdo e outros produtos pré-inflamatorios (CHIRICOZZI et al.,, 2011,
NOGRALES et al., 2008, HARPER et al., 2009). Cada citocina modula distintas vias de
resposta de queratindcitos com certo grau de sobreposicao na inducéo da expressao génica
(CHIRICOZZI et al., 2011, NOGRALES et al.,, 2008, HARPER et al., 2009,
GUILLOTEAU et al., 2010).

Certas citocinas, como a IL-17 e 0 TNF-a induzem fortemente a sintese de
mediadores pré-inflamatorios com efeitos aditivos e sinérgicos na expressdo do gene dos
queratinocitos (CHIRICOZZI et al., 2011, PRIGNANO et al., 2015), apresentando um
efeito semelhantemente a IL-22 e outros membros da familia de citocinas IL-20 (isto é,
IL-19 e IL-20) estimulam a hiperplasia de queratindcitos, promovendo a espessura da
epiderme (WOLK et al., 2006, WOLK et al., 2009, DONETTI et al., 2016).

Efeitos de hiperproliferacdo das células basais da epiderme levam a uma resposta
exagerada do sistema imune inato da epiderme. Nos doentes com psoriase, devido a um
ou mais fatores estimuladores, ocorre ativacdo das células dendriticas apresentadoras de
antigeno (APC) - responsaveis pelo processamento de antigenos e sua apresentacdo as
células T. As células dendriticas (células de Langerhans) secretam IL-12, cuja ligacdo a
receptores de superficie das células T permite a sua diferenciacdo em células efetoras, e
TNF-a, potente citocina pro-inflamatéria (LOWES et al., 2014; MARQUES et al., 2010;
SANCHEZ, 2010).

Semelhante a outras doencgas auto-imunes, a genética da psoriase é complexa e
multifatorial. H4 evidéncias claras de um componente genético importante para a
psoriase. Isto é apoiado por estudos de gémeos e familiares (WUEPPER et al., 1990). A
taxa de concordancia de gémeos monozig6ticos € de aproximadamente 70% e para
gémeos dizigoticos € de cerca de 20% (BOWCOCK, 2005).

Muitos estudos genéticos demonstram o principal papel do sistema imunolédgico
na patogénese da psoriase. Estudos de associacdo ampla do genoma (GWAS)
identificaram aproximadamente 50 locais genéticos associados ao risco de psoriase (TSOI
etal., 2012; ANBUNATHAN, BOWCOCK, 2017).
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As areas de cromossomos que se acreditava abrigarem genes da psoriase eram
inicialmente denominadas locos de PSORS (psoriasis- susceptibility). Existem pelo
menos 12 locais diferentes de PSORS que foram identificados principalmente através da
analise de ligacao de familias de psoriase afetadas (LOWES, et al; 2014). Porém o gene
ou genes para a maioria dos PSORS que sdo responsaveis pela susceptibilidade nédo é
conhecido.

O primeiro gene que se descobriu ser significativamente associado a
susceptibilidade a psoriase foi 0 HLA-Cw6, que esta localizado no PSORS1 na posi¢édo
cromossémica 6p21.3 (BOWCOCK, 2005; ELDER, 2006). O HLA-Cw6 ¢ encontrado
em cerca de 4-16% dos controles saudaveis (GOURRAUD et al., 2014), e em cerca de
20% a mais de 50% dos casos de psoriase, dependendo da populacdo em estudo. O HLA-
Cw6 codifica um alelo do complexo principal de histocompatibilidade 1 (MHCI). As
moléculas de MHCI estdo presentes em quase todas as células nucleadas e sdo moléculas-
chave para a vigilancia imunoldgica, uma vez que apresentam peptideos intracelulares
(tanto peptideos proprios quanto ndo proprios) para o sistema imunol6gico. O MHCI
também ¢é critico para o estimulo das células T CD8 + e subsequente direcionamento
citolitico das células. Esta descoberta apoiou o importante papel das células T na
patogénese da psoriase (BOWCOCK, 2005; ELDER, 2006).

Numerosos estudos demonstraram que existe uma forte ligacdo entre certos
polimorfismos do fator de necrose tumoral-o. (TNF-a) ou interleucina-23 (IL-23) e a
gravidade da doenca ou a resposta ao tratamento com anti-TNF-a. Outro grupo de
interleucinas com implicacBes comprovadas na patogénese da psoriase é a familia da IL-
17 (BATALLA et al, 2015; LONNBERG et al., 2014; MALAKOUTI et al., 2014).

O Fator de Necrose Tumoral Alfa (TNF-a), € uma citocina pré-inflamatoria
produzida por diferentes tipos celulares, como os linfocitos T ativados, queratindcitos e
células de Langerhans (WOLLINA et al., 2008). Estudos apontam esta citocina como
precursora dos processos que envolvem inflamagdo, imunidade, crescimento,
diferenciacdo celular e apoptose (ETTEHADI et al., 1994). Além disso, desempenha
importantes atividades como a amplificacdo da producdo de outras citocinas pro-
inflamatorias, inducdo da maturagdo de células de Langerhans, aumento da proliferacdo
dos queratindcitos e promocdo de moléculas de adesdo endotelial e fator de crescimento
endotelial vascular (WINTERFIELD et al., 2004). O papel exato do TNF-a ainda ndo
estd claro na patogenia da psoriase, mas a terapia anti-TNF-a é altamente eficaz na

psoriase, indicando que essa citocina tem, juntamente com o IFN-y um papel central na



17

patogénese da doenca (BONIFATI et al., 1999). Em conjunto com o IFN-y 0 TNF-« induz
rapidamente a expressao das citocinas IL-6, I1L-8, 1L-12 e IL-23 a criarem uma ligagao
importante na rede de citocinas na patogénese da psoriase (GUDJONSSON et al., 2004).
Lesdes psoriaticas demonstram niveis elevados de TNF-a em todas as camadas da
epiderme (KRISTENSEN et al., 1993; ETTEHADI et al., 1994). Niveis reduzidos de
TNF-a foram detectados na pele lesional e no soro de pacientes com psoriase, em
comparacdo com a pele ndo lesional ou saudavel, de pacientes com terapia anti- TNF-
o (CALDAROLA et al., 2009; ARICAN et al., 2005).

Esta citocina aparece como a primeira citocina a ser destinada com sucesso por
anticorpos monoclonais terapéuticos ou proteinas de fusdo para o tratamento da psoriase
(CHIRICOZZI et al., 2018). Com isso destaca-se que 0 TNF-a pode induzir um loop de
feedback positivo através da inducdo do mRNA do TNF-a nos queratindcitos, que se
pensa resultar na propagacdo da doenca por efeitos em imundcitos e nos queratindcitos
(TAN et al., 2007).

Outra citocina pro-inflamatoria com papel extremamente importante na psoriase
é a interleucina IL-17, que € produzida pelo subconjunto T helper 17 (Thl7) de
células T CD4". Pertence a familia de citocinas pro-inflamatdrias que incluem 6 membros
IL17A, B, C, D, E e F, com ativos homodimeros ou heterodimeros (GAFFEN et al.,
2006). A IL-17A ¢ considerada a citocina mais relevante desta classe, pois mostra a maior
atividade bioldgica e efeitos inflamatdérios marcados (GAFFEN et al., 2009). Supde-se
que a IL-17C, um membro mais novo da familia IL-17, também esteja envolvida na
patogénese da psoriase. Bidpsias de pele de lesbes psoriaticas revelaram expressao
significativamente aumentada de IL-17C, até 125 vezes maior que a de IL-17A
(FUJISHIMA et al., 2010).

A 1L-17 € a principal citocina efetora das células Thl7, que estimula os
queratindcitos a produzir quimiocinas, citocinas, e outros mediadores pré-inflamatérios,
permitindo assim, que a IL-17A faca a ponte entre o sistema imunolégico inato e
adaptativo, para sustentar a inflamac&o cronica (AGGARWAL, GURNEY, 2002). Tendo
0s queratindcitos como principal alvo, esta interleucina se liga aos receptores de 1L-17
presentes nos queratindcitos e os ativam, liberando varias quimiocinas que agem no
perpetuamento do processo inflamatorio (MAHIL et al., 2016. Esta citocina é secretada
pelas células Th17, mas também por outras células do sistema inato e adaptativo, como
neutréfilos, mastacitos, linfocitos CD8*, linfocitos RORyt* e células linfoides inatas Ty,
sdo as principais produtoras de IL-17 (PANTELYUSHIN et al., 2012). A IL-17A
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estimula os fibroblastos, células epiteliais e endoteliais a produzir mediadores
inflamatérios (BATALLA et al., 2015, STARNES et al.,, 2001, ARISAWA et al.,
2008). Da mesma forma, ao criar uma conexao entre o sistema imune inato e adaptativo,
mobiliza, recruta e ativa neutrofilos (KAWAGUCHI et al., 2004).

Na psoriase foi detectado um aumento de IL-17 na pele dos doentes, assim como
de 1L-22, citocina também produzida pelas células Th17 que, aparentemente, contribui
para a inducdo da proliferacdo de queratindcitos e para a producdo de peptideos
antimicrobianos e citocinas (ZHENG et al, 2007). A IL-17 desencadeia alteragcdes nos
queratindcitos, caracteristicas da psoriase através da sinergia desta citocina com outros
mediadores como o0 IFN-y, o TNF-a ou a IL-22 (TEUNISSEN et al., 1998, CHIRICOZZI
et al., 2013). Estudos com bidpsia cutdnea mostram que as lesGes da psoriase contém
células que secretam IL-17, especialmente linfécitos Th17, em maior nimero comparado
a pele normal (BATALLA et al., 2016, ROOSTAEYAN et al., 2017, WILSON et al.,
2007, ASARCH et al., 2008). Com isso, a IL-17A é altamente expressa na pele afetada
em comparagdo com o tegumento ndo afetado (PRIETO-PEREZ et al., 2015). Pacientes
com psoriase tém niveis plasmaticos aumentados de IL-17, bem como niveis mais altos
de células produtoras de IL-17 circulantes, em comparacdo com pessoas saudaveis
(HARPER et al., 2009, WILSON et al., 2007, KAGAMI et al., 2009, BIALECKA et al.,
2016).

Mesmo com evidéncias crescentes de envolvimento de células Thl7 na
patogénese da psoriase, os efeitos relativos das citocinas Thl7 - IL-17 e IL-22 e da
citocina Thl - IFN-y na pele, sdo desconhecidos (NOGRALES et al., 2008). Lesdes de
pele psoriaticas sdo relatadas como tendo expressao génica aumentada de 1L-23, IL-17 e
IL-22, conduzindo assim, os investigadores a pesquisar mais profundamente o potencial
envolvimento de células Th17 na psoriase (LEE et al., 2004, LOWES et al., 2008, LI et
al., 2007).

Da mesma familia de pré-inflamatdrias, podemos destacar a interleucina 23 (IL-
23), € um heterodimero composta por duas subunidades, p19 e p40. Pertence a familia de
citocinas IL-6/IL-12 (CHO et al., 2006). A IL-23 tem sido associada a patogénese da
inflamacao autoimune (WIEKOWSKI et al., 2001). Diferentes tipos de células, incluindo
queratindcitos e células apresentadoras de antigenos, como células dendriticas mieldides
dérmicas, macrofagos e células de Langerhans epidérmicas séo capazes de produzir IL-
23 (MCGEACHY et al., 2007).
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Atualmente, acredita-se que a psoriase seja uma doenga autoimune prototipica da
pele com um papel central no eixo interleucina 23/T-helper 17 (IL-23/Th17) (LYNDE et
al., 2014; MARTIN et al., 2013). A centralidade da IL-23 esta intimamente ligada a IL-
17, que representa a principal citocina efetora na sua via de sinalizacdo (LANGRISH et
al., 2005, DI CESARE et al., 2009).

Notavelmente, estudos de associagcdo gendmica ampla reconheceram 1L-23p19 e
IL-23R como genes de susceptibilidade (LOWES et al., 2013, CAPON et al.,2007). A
sinalizacdo de 1L-23 promove respostas imunes celulares promovendo a sobrevivéncia e
a expansao de um subconjunto de células T recentemente identificado que expressa a IL-
17, que protege os epitélios contra patdgenos microbianos (BETELLI et al., 2007).
Enquanto a IL-12 induz o desenvolvimento de células Thl, que produzem interferon-y, a
IL-23 esta envolvida na diferenciacéo de células Th17, em um contexto pré-inflamatorio
e especialmente na presenca de TGF- e IL-6. As células Thl7 ativadas produzem IL-
17A, IL-17F, IL-6, IL-22, TNF-a. Macrofagos inflamatorios expressam IL-23R e sdo
ativados pela IL-23 para produzir IL-1, TNF-a e a propria IL-23 (DUVALLET et al.,
2011).

Uma sinalizacdo desregulada de IL-23 poderia levar a respostas imunoldgicas
cronicas e inapropriadas que atingem as células epiteliais, talvez ajudando a explicar a
inflamacdo relativamente especifica da pele observada na psoriase (DUERR et al., 2006).
Além disso, na pele com lesdo psoriatica, ocorre uma expressdo aumentada de 1L-12p40
e IL-23p19 em comparacao com a pele ndo lesionada (PISKIN et al., 2006, LEE et al.,
2004). A expressdo aumentada de IL-23 na pele psoriatica estd associada a uma infiltracdo
acentuada de células dendriticas miel6ides (células dendriticas CD11c+), que sdo as
principais fontes de IL-23 (ZABA et al., 2009). Consistentemente, 0s niveis séricos de
IL-23 foram encontrados significativamente maiores em pacientes com psoriase do que
em controles saudaveis (FOTIADOU et al., 2015). O papel da IL-23 e do IL-23R na
inflamacéo cutanea tem sido investigado tanto em camundongos quanto em humanos. A
aplicacdo de uma injecdo intradérmica de IL-23 em camundongos levou a eritema,
endurecimento e proeminentes vasos sanguineos papilares dérmicos com caracteristicas
histopatolégicas parecidas com a psoriase (CHAN et al., 2006). As caracteristicas
morfologicas das lesdes cutaneas induzidas por IL-23 foram mais severas do que as
induzidas por IL-12 (ZHENG et al., 2007). Esses dados indicam que a producéo de IL-
23 ocorre em locais inflamatdrios da pele e é mediada por células imunes residentes no

tecido e/ou recrutadas, tais como DCs e, possivelmente, KCs (PISKIN et al., 2006). Outra
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evidéncia que apoia um papel patogénico da IL-23 na psoriase vem dos dados
clinicos. Em um estudo os autores mostraram que os agentes anti-TNF-a sdo capazes de
modular os niveis de mMRNA de 1L-23p19 e IL-12p40 e o infiltrado inflamatorio na pele
psoriatica (ZABA et al., 2007).

Uma citocina da familia da IL-10 que possui funcdo pré-inflamatoria no figado,
pancreas, intestino e pele, e tem participagdo na psoriase, € a IL-22 (WOLK et al., 2004).
Expressa principalmente por células T ativadas, mastocitos e células natural Killer (NK)
e atua por meio de um receptor heterodimérico (DUMOUTIER et al., 2001; WOLK et
al., 2002). Produzida por varias células da linhagem linfoide, pertencentes ao sistema
imune adaptativo e inato: células T af, células T yd, células T natural killer e células
linfoides inatas (DUDAKOQV et al., 2015; JIA, WU, 2014).

Estudos demonstram que esta citocina assume importantes funcfes de cross-talk
entre células imunes e epiteliais (SABAT et al., 2014; DUDAKOQV et al., 2015). Além de
demonstrar a participacdo para induzir peptideos antimicrobianos e quimiocinas pro-
inflamatorias, esta citocina também inibe a diferenciacdo terminal dos queratindcitos,
assim a IL-22 tem demonstrado contribuir amplamente para a inflamacéo e remodelacéo
epitelial da pele psoriatica (BONIFACE et al., 2005).

Esta citocina é regulada pela proteina de ligacdo IL-22 (IL-22BP), que é um
receptor de cadeia Unica soltvel codificada pelo gene IL22RA2 (DUMOUTIER et al.,
2001). Mesmo sendo expressa em células endoteliais, fibroblastos dérmicos, o0s
queratinécitos sdo o principal alvo para a 1L-22 na pele (WOLK et al., 2006). Sendo
assim, observa-se que a expressao do receptor IL-22 estd aumentada na epiderme da pele
lesionada psoridtica em comparacdo com a pele normal (BONIFACE et al., 2007).
Estudos apontam que o aporte patogénico desta citocina esta ligado a suas interacfes
positivas com outros sinais de citocinas (WAWRZYCKI et al., 2019).

Como vem sendo demonstrado, as citocinas pré-inflamatdrias tem uma
participacdo importante na psoriase, e dentre essas, também devemos destacar o
interferon gama (IFN-y), proveniente de linfocitos Thl, que desempenham um papel
muito importante na imunidade inata e adaptativa contra infecgdes virais e intracelulares
(SAUNDERS, JETTEN, 1994). Estudos destacam que esta citocina no ambiente
psoriatico estimula a liberacdo das citocinas IL-1 e IL-23, que em seguida desencadeia a
ativacdo e diferenciacdo de linfocitos Th17 (AGGARWAL et al., 2003; PARK et al.,
2005). Estudos apontam que esta citocina apresenta um aumento significativo no soro de

pacientes psoriaticos quando comparados aos controles saudaveis (SZEGEDI et al., 2003;
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GOMI et al., 1991). Também é considerada como uma citocina chave na patogenia da
psoriase (SZEGEDI et al., 2003), pois 0 IFN-y estimula a liberacdo de vérias citocinas
pro-inflamatorias, como IL-1, IL-6, IL-8, TNF-alfa e mediadores inflamatdrios, além de
induzir a expressdo de ICAM-1 e HLA-DR, vascular em queratindcitos e células
endoteliais (KURTOVIC et al., 2018). Estudos em tecidos psoriaticos lesionados ex vivo,
demonstram que o IFN-y controla a expressdo de aproximadamente 400 genes, através da
ativacdo do transdutor de sinal e ativador da transcricdo 1 (STAT1), um fator de
transcricdo com dominio do IFN-y (CHIRICOZZI et al., 2014; CHIRICOZZI et al.,
2017). Ja em estudos in vitro, a estimulacdo com IFN-y modifica a expressdo de
aproximadamente 1200 genes em queratindcitos de monocamada (NOGRALES et al.,
2008). Os mecanismos sugeridos s@o que o IFN-y medeia interagdes entre células T
inflamatdrias e queratindcitos, facilitando a migracdo de células T para a epiderme
lesional (LIU et al., 2007). O nivel de IFN-y avaliado pelo método de ELISA em epiderme
psoridtica demonstra 0 aumento quando comparados as concentragdes na epiderme
saudavel (OVIGNE et al., 2001).

No ambiente psoriatico também ocorre a presenca de citocinas imunorreguladoras
e dentre elas se destaca, a interleucina 10 (IL-10), que foi descoberta em 1989. E uma
citocina imunorreguladora pleiotrépica, e possui propriedades anti-inflamatorias.
Produzida tanto por células da imunidade inata como da adquirida, a IL-10 é secretada
principalmente por macrofagos, mas também por linfocitos T helper 1 (Th1) e Th2, Treg,
células dendriticas, células T citotdxicas, linfécitos B, mondcitos e mastocitos (GASTL
etal., 1993; PISA et al., 1992).

A atividade da IL-10 é mediada pelo receptor de IL-10 (IL-10R) que € um membro
da familia de receptores de citocinas do complexo principal de histocompatibilidade
(MHC) de classe Il (TRIFUNOVIC et al., 2015). A IL-10 inibe a producédo e expressao
de importantes citocinas pro-inflamatorias, moléculas de adesdo co-estimulatdrias e
quimiocinas, como IL-1, IL-6, IL-8, IL-12 e fator de necrose tumoral alfa (TNF-
o) (ASADULLAH et al., 1998). Exerce um papel regulador, no qual inibe os danos ao
hospedeiro em funcdo da resposta imune ao patdégeno, mas opostamente pode aumentar
certas funcGes da resposta imune (O"GARRA et al., 2008). Baixos niveis de IL-10 foram
observados em diversos estudos (ASADULLAH et al., 2004; KARAM et al., 2014) e
acredita-se que desempenhe um papel fundamental na patologia e no curso clinico da

psoriase (TRIFUNOVIC et al., 2015). Na psoriase, observa-se uma deficiéncia relativa
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de IL-10 no soro e na pele, portanto, parece ser um fator importante na patogénese
psoridtica (ASADULLAH et al., 2004).

Outra citocina que regula ou tenta regular o ambiente inflamatorio na psoriase é o
Fator de Crescimento Transformador Beta, que pertence a uma familia de fatores de
crescimento envolvidos em varias funcGes celulares essenciais. As proteinas do fator de
crescimento transformador 3 (TGF-f) representam uma importante familia de citocinas
que desempenham um papel forte na regulagdo de fungdes celulares, como proliferagéo
celular, diferenciacdo, apoptose, adeséo, invasao e resposta imune (DE CAESTECKER
et al., 2000; MASSAGUE, 2008). A proteina apresenta trés isoformas: TGFB1, TGFp2,
TGFB3 que sdo expressas em mamiferos codificadas por genes distintos (ROBERTS et
al., 1992). Apds sua ativagdo o TGF-p desempenha varias fungdes biologicas através da
ligacdo a receptores especificos de transmembrana, dos quais apresentam forte ligacao.
O TGFB do tipo I (TGF-BR1) e tipo Il (TGF-BR2) contém serina-treonina quinases em
seus dominios intracelulares (ELLIOTT et al., 2005). Também participa de varios
processos durante a cicatrizacéo das lesdes como proliferacao de fibroblastos, inflamagéo,
angiogénese, sintese de colageno e remodelacdo da nova matriz extracelular (HE et al.,
2006, HE et al., 2004).

Existe a participacdo de diversas enzimas no ambiente psoriatico e na tentativa de
combate a lesBes psoriaticas, entre elas, as 6xido nitrico sintase (iNOS), que sao
hemeproteinas citoplasmatica que catalisam a conversdo de L-arginina em L-citrulina e
6xido nitrico (NO) (XIE et al., 1992). E a mais importante proteina da familia do 6xido
nitrico sintase, a qual é capaz de produzir grandes quantidades de 6xido nitrico (NO).
Além de suas fun¢BGes como potente vasodilatador e neurotransmissor, o NO é importante
na inflamacdo e imunidade (SALVEMINI et al., 1998). E expressa em varias células do
sistema imune como, por exemplo, em macréfagos, células endoteliais e por citocinas
como IL-1p, TEN-a, IFN-y, IL-6 (FORSTERMANN et al., 1994). Demonstram que 0
Oxido nitrico é a molécula de sinalizacdo para o0 crescimento de queratindcitos e
desempenha um papel fundamental na psoriase (BRUCH-GERHAZ et al., 1998). Assim,
0 NO age na eliminacdo de patdgenos, e participa do processo de cicatrizacdo tecidual.
Também participa do processo de estimulacdo génica, proliferacdo e diferenciacdo
celular, especialmente nos queratindcitos, promovendo assim a re-epitelizacao celular. E
durante o processo de cicatrizacéo, a producgéo de NO é seguida pela inducéo da producgéo
de colageno (WITTE et al., 2002). Estudos apontam o NO como um mediador labil e

pode ser detectado em niveis elevados em placas de psoriase, na presenga de algumas
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citocinas como IL-8, IL-6, IL-17, IFN-y e TNF-a que resulta em aumento na transcricdo
de iNOS e arginase através da sinalizacdo de NFx B (ABEYAKIRTHI et al., 2010).
Durante sua acdo o NO executa varias funcdes nas células, por exemplo: nos macrofagos
aumenta sua atividade fagocitaria contra bactérias e células neoplésicas (LIEW et al.,
1991). Ja nas células epiteliais, atua como um modulador enddgeno da ades&o e infiltracdo
linfocitaria (KRONCKE et al., 1997).

Ainda participando no metabolismo do Oxido nitrico, participam a arginase 1
(ARG-1) e arginase 2 (ARG-2), que sdo metaloenzimas binucleares de manganés que
catalisam a hidrolise de L-arginina em L-ornitina e ureia, ambas as isoenzimas sdo
codificadas por dois genes separados (DIZIKES et al., 1986). Em seres humanos, o gene
ARG-1 mapeia o cromossomo 623 e codifica uma proteina de 322 aminoacidos
(DIZIKES et al., 1986; SPARKES et al., 1986), enquanto o gene ARG-2 mapeia 0
cromossomo 14g24.1 e codifica uma proteina de 354 aminoacidos (GOTOH et al., 1996,
GOTOH et al., 1997). No nivel subcelular, ARG-1 esta localizado principalmente no
citoplasma e ARG-2 na mitocondria (JENKINSON et al., 1996). Assim, essas isozimas
diferenciam entre si em relacdo a distribuicdo dos tecidos, localizacdo subcelular e
reatividade imunolégica (JENKINSON et al., 1996). Estas duas isoenzimas
compartilham aproximadamente 60% de homologia de sequéncia de amino&cidos, que
sdo criticas para a funcdo metabolizadora da L-arginina (DIZIKES et al., 1986).

A ARG-1 € uma enzima citosolica, expressa especialmente no figado, e induzivel
por citocinas em muitos tipos celulares (EFRON, BARBUL, 1998), que tem como
principal funcdo a remocéo do nitrogénio excessivo produzido pelo metabolismo através
do ciclo hepatico da ureia, que é toxico ao nosso organismo (CROMBEZ,
CEDERBAUM, 2005). Ja a ARG-2 é uma proteina mitocondrial que possui uma ampla
distribuicdo tecidual, com maior expressdo nos rins, intestino delgado e cérebro (MORI,
GOTOH, 2000). Porém nestes 6rgaos as fungdes desta arginina nao sao claras. A melhor
caracterizacdo da funcdo ARG-2 é feita em células endoteliais vasculares nas quais a
isoenzima, semelhante a ARG-1, metaboliza L-arginina em ureia e L-ornitina, o que
limita a biodisponibilidade de L-arginina para geracdo do NO vasoprotetor via eNOS,
resultando em disfuncdo endotelial vascular (XIA et al., 1996; KIM et al., 2009).

Em um estudo, os pesquisadores avaliaram o possivel efeito inibitdrio da atividade
da ARG-1 na sintese de NO derivado de iNOS em culturas de queratindcitos humanos, o
que demonstrou que a atividade da ARG-1 pode realmente restringir a disponibilidade de

substrato intracelular para INOS e, assim, dificultar significativamente a taxa de produgéo
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de NO nos queratinocitos epidérmicos, indicando que a superexpressdo de ARG-1 pode
ser um mecanismo molecular para a hiperproliferacdo de queratindcitos na psoriase por
limitacdo da atividade da iNOS (BRUCH-GERHARZ et al., 2003).

Tudo o que ocorre nesse ambiente necessita da participacao de glicose e atuando
na sua regulacéo e participando da regulacdo desses processos, existe o transportador de
glicose (GLUT-1), que pertence a superfamilia maior facilitadora (MFS) de
transportadores de membrana. S&o proteinas de membrana que mediam a transferéncia
de acucares através das membranas celulares (JOOST et al., 2002). GLUT-1 é uma
proteina de 492 residuos de aminoacidos e contém um unico oligossacarideo N-
ligado (MUECKLER et al., 1985).

A glicose € a principal fonte de energia para as células, e o transportador de glicose
1 é o transportador de glicose mais comum em humanos (GLUT-1). GLUT-1 facilita o
transporte de glicose através das membranas plasmaticas das células de mamiferos. Os
niveis de expressdo de GLUT-1 nas membranas celulares sdo aumentados por niveis
reduzidos de glicose e diminuidos por niveis aumentados de glicose (GATENBY et al.,
2007). O GLUT-1 é o transportador de glicose facilitador mais amplamente expresso e
regula a captacdo basal de glicose na maioria dos tecidos, incluindo as células basais da
epiderme (CURA, CARRUTHERS, 2012; GHERZI et al., 1992). Estudos anteriores
indicaram que a regulagéo positiva do GLUT-1 contribuiu na melhoria do metabolismo
da glicose, necessaria para a rapida proliferacdo nas células cancerigenas (WEINER et
al., 2004). Embora as consequéncias metabdlicas do aumento do transporte de glicose ndo
sejam compreendidas, a expressao de GLUT-1 aparentemente tem uma funcéo clinica
significativa em varios tumores. Tanto a psoriase quanto os tumores benignos ou
malignos tém caracteristicas comuns, como proliferacdo celular excessiva, angiogénese e
presenca de regides de hipdxia (DIERCKX, VAN DE WIELE, 2008).

Com o papel de promover a proliferacdo de queratindcitos, a expressdo de GLUT-
1 é aumentada na cicatrizacdo de feridas, em placas psoriticas ou ap6s hiperplasia
induzida por luz ultravioleta (UV) (TOCHIO et al., 2013). Estudos relatam que 0 GLUT-
1 é altamente expresso na epiderme de lesbes psoriaticas envolvidas e durante a
cicatrizacdo, onde ocorre proliferacdo celular excessiva (TAO et al., 2008; ELSON et al.,
2000). Em um estudo imunohistoquimico com bidpsias de pacientes com psoriase,
demonstrou um aumento significativo na expressdo imunohistoquimica do GLUT-1 e na
expressdo do mRNA do GLUT-1 na pele lesional de pacientes com psoriase, em

comparagdo com a pele ndo-lesional e a pele normal dos individuos controle. Sugerindo,
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que a regulacdo positiva do GLUT-1 nas lesdes de psoriase poderia participar da
patogénese da psoriase através da facilitagdo do transporte de glicose (HODEIB et al.,
2018).

Apesar de ndo haver atualmente uma cura definitiva para a psoriase, existe um
conjunto de terapéuticas eficazes no controle da doenca, dependendo este da adesdo a
terapéutica por parte dos doentes. Em casos moderados e graves da doenca, o tratamento
sistémico é bastante utilizado, ele consiste em uso de medicamentos imunosupressores,
que inibem a resposta imune, diminui a inflamacéo e o infiltrado celular, induzindo a uma
melhora significativa das lesdes psoriaticas (ZABA et al., 2007).

O metotrexato (MTX) tem sido utilizado no tratamento da psoriase moderada a grave
(HERMAN et al., 2005). O metotrexato é um antimetabdlito, analogo do &cido fdlico,
cujos efeitos podem ser classificados em efeitos antiproliferativos e anti-inflamatérios
(SRAMEK et al., 2017). No centro da via anti-inflamatoria esta um nucleotideo de purina
conhecido como adenosina, que tem capacidade para combater o processo inflamatorio
(CHAN, CRONSTEIN, 2002). Os efeitos antiproliferativos, antineoplasicos e citotoxicos
sdo baseados na diminuicdo da formacdao de acidos nucleicos nas células T ativadas e nos
queratinécitos (PATHIRANA et al., 2009). Na psoriase 0 MTX também aparece como
um agente imunomodulador. Os efeitos imunomoduladores do MTX podem ser
explicados pela diminui¢do da inflamagdo mediada por células T em varias etapas
(SALEH et al., 2010). Assim, 0 MTX com sua funcdo imunomodulatéria reduz a
producdo de IL-1 e diminui a densidade de células de Langherhans na epiderme
(BOURNERIAS, CHOSIDOW, 1994, WEINSTEIN et al., 1990). O MTX inibe o
crescimento de queratindcitos e é capaz de regular negativamente a expressao endotelial
das moléculas de adeséo celular ICAM-1 e E-selectina (DAHLMAN-GHOZLAN et al.,
2004). Estudos in vitro demonstraram que o0 MTX diminui os marcadores associados a

proliferacdo nas bidpsias de pele de pacientes com psoriase (YAZICI et al., 2005).
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2. HIPOTESE

Moléculas moduladoras da inflamacao sdo diferencialmente expressas em biopsias de

tecido lesional e ndo lesional de pacientes com psoriase.
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3 OBJETIVOS

OBJETIVO GERAL

Analisar a expressdo génica in situ de mRNA de moléculas moduladoras da

resposta imune e da inflamagao na psoriase em placa.

OBJETIVOS ESPECIFICOS
- Avaliar a expressdo génica in situ pelo mRNA da IL-17, 1L-23, IL-22, IL-10,
IFN-y, TNF-a, TGF-BR2, ARG-1, ARG-2, iNOS e GLUT-1 em biopsias de tecido

lesional e nédo lesional de pacientes com psoriase, comparando com tecido saudavel.

- Avaliar a expressao génica in situ de mRNA de 1L-17, 1L-23, IL-22, IL-10, IFN-
v, TNF-a, TGF-BR2, ARG-1, ARG-2, iNOS e GLUT-1 nos pacientes em uso de

metotrexato e sem uso de medicacgao.
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4 MATERIAIS E METODOS

Este trabalho foi aprovado pelo Comité de €tica e Pesquisa (CEP) da Universidade
Uberaba (UNIUBE), sob protocolo de nimero 63049316.1.100005145 e foi realizado na
Universidade de Uberaba e no Hospital das Clinicas da Universidade Federal do
Triangulo Mineiro (UFTM), Uberaba, Minas Gerais, Brasil. (ANEXO 01)

Todos os pacientes elegiveis foram informados da natureza do estudo, 0s
potenciais riscos e beneficios de sua participacdo no estudo e assinaram o Termo de
Consentimento Livre e Esclarecido (TCLE). (ANEXO 02)

4.1. Casuistica

Os pacientes que necessitaram de confirmagdo do diagndstico foram removidos
um fragmento da pele utilizando um punch de Smm, coletado na lesdo, que foi fixado em
formaldeido 10% para diagnéstico anatomopatoldgico.

A casuistica foi constituida por 26 pacientes. Destes, 21 pacientes diagnosticados
com psoriase moderada e grave (PASI> 10). Destes, foram realizadas coletas de bidpsias
de tecido lesional e tecido ndo lesional do mesmo paciente, 15 estavam em uso de
metotrexato (MTX) e 6 estavam sem uso de medicacdo, e como grupo controle foram
selecionados 5 pacientes saudaveis, que passaram por um procedimento cirtrgico de
reparacao estética, cuja incisdo foi realizada em regido da mama, submetida ao tratamento
cirargico. Estas biopsias foram colocadas em solugdo de RNA-latter e congeladas em -

90° para realizag¢do do q-PCR.

4.2. Critérios de inclusdo pacientes com psoriase em placas:

o Apresentaram diagndstico clinico de psoriase em placas, associado ou ndo a outras
comorbidades como artrite psoriasica, por exemplo;

o Apresentaram psoriase em placas de grau moderado a grave, calculado pelo
“Psoriasis Area Severity Index — PASI”;

o Apresentaram valor de score medido pelo PASI maior que 10 para ser considerada
uma psoriase moderada a grave;

o N&o estar em uso de nenhuma medicagdo imunobioldgica, caso utilizado

previamente, deve estar com periodo minimo de 6 meses sem uso das mesmas.
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o Estavam fazendo uso de qualquer outra medicacéo sistémica ndo imunobioldgica
para psoriase, como metotrexato, por exemplo;

o Aos pacientes em uso de metotrexato, estavam fazendo uso da medicacdo ha pelo
menos 3 meses de tratamento;

o Deve ter lido e concordado em assinar o TCLE.

4.3. Critérios de exclusdo pacientes com psoriase em placas:

o Pacientes com psoriase em placas, mas com PASI<10;
o Pacientes com outros de tipo de psoriase que ndo de placas;
o Pacientes que estavam fazendo uso de imunobioldgicos;

o Pacientes que ndo queiram assinar o Termo de Consentimento.

4.4. Metodologia da Expressdo Relativa dos Genes IL-17, IL-23, IL-22,
IL-10, IFN-y, TNF-0, TGF-BR2, ARG-1, ARG-2, INOS e GLUT-1

Extracdo de RNA

A extracdo do RNA total foi realizada utilizando-se kit de extracdo de RNA (RNA
SV Total RNA Isolation System, Promega - EUA), de acordo com as recomendagdes do
fabricante. Os fragmentos de tecidos, armazenados em nitrogénio, foram processados por
maceracdo mecanica. Os fragmentos resultantes deste procedimento foram transferidos
para tubo eppendorf contendo tampdo de lise, e misturados por inversdo; foi entdo
adicionado 350puL de tampao de diluicdo. As amostras foram aquecidas em banho-maria
a 70°C por 3 minutos e centrifugadas a 10 minutos a 13000xg a 4°C. Apds esta
centrifugacdo o sobrenadante foi transferido para novos tubos eppendorfs e adicionado
200uL de etanol a 95%. O material foi transferido para um conjunto de separacdo do kit,
contendo uma membrana de separacdo, sendo posteriormente centrifugado por 1 minuto
a 13000xg a 4°C; o RNA foi lavado, por 1 minuto, por centrifugacdo (13000xg a 4°C) em
600uL de tampdo apropriado. A presenca de DNA contaminante foi eliminada com
tratamento com DNase por 15 minutos & temperatura ambiente. Apds esta incubacéo foi
adicionado 200l de DNAse stop e centrifugado por 1 minuto a 13000xg a 4°C. O
material foi novamente lavado por 2 vezes (1 minuto a 13000xg a 4°C). Esta membrana
separadora contendo o RNA foi transferida para outro tubo e adicionado 30uL de adgua
livre de nucleasse, e centrifugado por 1 minuto a 13000xg & 4°C, para quantificacéo e

confecgédo de DNA complementar (cDNA).
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Confeccao de cDNA

O cDNA foi confeccionado a partir de 1 ug de RNA, 0,5 pg de Oligo dT (Promega
- EUA) e 4gua ultra pura (Milli-Q) autoclavada. Esse material foi levado ao termociclador
PTC-100 (MJ Research, Inc - EUA) para um ciclo de 5 minutos a 70°C. Apds
resfriamento imediato, foram adicionados dNTP (2,5mM), transcriptase reversa M-MLV
RT (Improm Il, Promega - EUA) e tampéo para reacdo M-MLV-5x Buffer (Promega -
EUA). Essa reagdo foi levada ao termociclador para mais um ciclo de 1 hora a 42°C,
seguido de 3 minutos a 10°C. No final, foram adicionados ao cDNA confeccionado 75uL
de &gua ultra pura autoclavada, sendo estas amostras congeladas em seguida a -20°C, até

0 momento de uso.
Reac6es de PCR Quantitativo (qQPCR)

A expressdo quantitativa de mRNA dos genes IL-17 (cod.Hs001743383), IL-23
(cod.Hs00900828), 1L-22 (cod.Hs01574154), IL-10 (cod.Hs00961622), IFN-y (
cod.Hs00989291), TNF-a (cod.Hs00174128), TGF-SR2 (cod.Hs00234253), ARG-1 (
cod.Hs00163660), ARG-2 (cod.Hs00982833), iNOS (cod.Hs01075529) e GLUT-1
(cod.Hs00892681), foram analisadas por reacdes de PCR em tempo real, nas amostras de
cDNA de fragmento dos pacientes com diagndstico de psoriase e tecido controle
saudavel. Foram utilizados primers e sondas do sistema Tagman (Applied Biosystems —
EUA) no aparelho de PCR em tempo real StepOnePlus (Applied Biosystems — EUA) com
primers adequados para tais reagdes e utilizando a B-actina (cod.Hs01060665) como
controle. O cDNA sintetizado a partir do RNA mensageiro foi utilizado de acordo com
as instrugdes do fabricante. Os resultados foram analisados com base no valor de CT
(cycle threshold — ou ciclo limiar) e a formula aritmética para alcancar a quantificagcdo
relativa foi AACt = A Ct (treated) — Ct (control) (LIVAK, SCHMITTGEN 2001).

4.5 Analise estatistica

Os dados foram analisados utilizando o Software GraphPad Prism 8.2. Para a
andlise dos dados foram utilizados os testes Mann-Whitney, Kruskal-Wallis e Wilcoxon.
Os resultados foram considerados estatisticamente significativos quando p<0,05.
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Objetivo da Pesquisa:

Retira-se da proposta:

Objetivo Primario

« Avaliar a presenca de citocinas inflamatdrias em pacientes com psoriase

Objetivo Secundario:

« Avaliar in situ a densidade de mastdcito (Quinase e Triptase) em biopsias de pacientes com psoriase.*
Avaliar citocinas in situ do perfil Thl, Th22,

Treg, Th-17 em pacientes com psoriase.« Avaliar os niveis séricos das citocinas do perfil Thl, Th22, Treg,
Th-17 em pacientes com psoriase.*

Avaliar os niveis séricos e o perfil patogénico e ndo patogénico do perfil Th17.« Avaliar microbiota.

Avaliacao dos Riscos e Beneficios:

Como relatado no parecer anterior, a pesquisa ndo expde os participantes a riscos inerentes apenas a
pesquisa, pois todos os procedimentos que serdo realizados fazem parte do tratamento/avaliacdo do
paciente. Retira-se da proposta: " Irdo participar 50 individuos, sendo, 20 pacientes com diagnostico de
psoriase em uso de imunobiol4gico, 20 pacientes com diagnostico de psoriase sem uso de imunobiol4gico e
10 individuos sadios que n&o apresentam psoriase com indicagdo de qualquer procedimento cirdrgico de
reparacao estética, cuja inciséo seréa realizada em regido submetida a tratamento cirtrgico (grupo controle)."
Sobre os riscos e beneficios, retira-se da proposta:

Riscos:

Os riscos para a execucao do projeto sdo minimos, pois sera coletado material biol6gico dos pacientes ja com
indicacao cirtrgica. As informacdes fornecidas, ndo permitirdo qualquer acesso aos dados de identificacédo
dos pacientes, ja que os codigos de registro (codigos de caso) serdo constituidos apenas por algarismos.
Beneficios:

Os beneficios da execugdo desta pesquisa residem na possibilidade de contribuir na elucidacéo das diferentes
davidas que ainda existem quanto aos fatores imunolégicos envolvidos no processo de evolugao da psoriase
e como o0s agentes imunobioldgicos interferem no desenvolvimento da doenca.

Entende-se assim que o paciente esté preservado quanto a sua identidade, ndo sendo exposto pela
participacdo. Os beneficios, se ndo diretos ao paciente, poderéo favorecer futuros portadores
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Continuagao do Parecer: 1.906.241

da doenca.

Comentérios e Considera¢des sobre a Pesquisa:
A pesquisa é pertinente e esti bem detalhada.

Consideracfes sobre os Termos de apresentacdo obrigatéria:
Todos os documentos pertinentes séo anexados. TCLE, autorizacdes, e documentos pertinentes.

Recomendacdes:
A duvida a respeito da criagdo do biobanco foi esclarecida e o TCLE apresentado encontra-se adequado.
N&o ha recomendacgbes.

Conclusdes ou Pendéncias e Lista de Inadequacées:
conclui-se pela aprovacao da proposta

Consideracdes Finais a critério do CEP:

O CEP-UNIUBE lembra ao coordenador do projeto o seu compromisso com o que dita a Resolugéo 466/2012,
especialmente no que diz respeito a entrega dos relatérios parciais e final do projeto, ao CEP- UNIUBE. Além
disso, solicita especial atencdo quanto aos procedimentos de criagdo e manutencdo do biobanco, de acordo
com as normas da CONEP.

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arquivo Postagem Autor Situacao
Informacdes Basicas| PB_INFORMACOES_BASICAS_DO_P 22/12/2016 Aceito
do Projeto ROJETO_840334.pdf 17:55:33
TCLE / Termos de | TCLEPsoriase.docx 22/12/2016 |DENISE Aceito
Assentimento / 17:55:04 |BERTULUCCI
Justificativa de ROCHA
Auséncia RODRIGUES
Projeto Detalhado / | Projetopsoriaseatualizadodez16.pdf 21/12/2016 |DENISE Aceito
Brochura 08:42:41 BERTULUCCI
Investigador ROCHA
Declaragéo de AUTORIZACAOUFTM.pdf 14/12/2016 |Rayane Bernardes Aceito
Instituicéo e 17:32:13 [Estevam
Infraestrutura
Declaracéo de DECLARACAO.pdf 14/12/2016 | Rayane Bernardes Aceito
Manuseio Material 09:23:03 | Estevam
Biol4gico /

Biorepositorio /
Biobanco
Outros CARTAENCAMINHAMENTO.jpg 14/12/2016 |Rayane Bernardes Aceito
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Qutros CARTAENCAMINHAMENTO.jpg 08:40:47 Estevam Aceito

Cronograma CRONOGRAMAL.pdf 14/12/2016 | Rayane Bernardes Aceito
08:37:19 | Estevam

Orgamento ORCAMENTOFINANCEIRO.pdf 14/12/2016 | Rayane Bernardes Aceito
08:30:03 [ Estevam

Folha de Rosto FOLHADEROSTO.pdf 14/12/2016 | Rayane Bernardes Aceito
08:09:39 | Estevam

Situacao do Parecer:

Aprovado

Necessita Apreciagcao da CONEP:

Nao

UBERABA, 03 de Fevereiro de 2017

Assinado por:
Geraldo Thedei Junior
(Coordenador)
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ANEXO 2 - TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Nome do paciente/sujeito da pesquisa

Identificacdo (RG) do paciente/sujeito da pesquisa

Nome do responsavel (quando aplicavel):

Identificacdo (RG) do responsavel:

Titulo do projeto: Avaliacdo do perfil imunoldgico em pacientes com psoriase em

placas em tratamento ou ndo com imunobioldgicos.

Instituicdo onde sera realizado: Universidade de Uberaba e Universidade Federal do

Triangulo Mineiro
Pesquisador Responsavel: Denise Bertulucci Rocha Rodrigues
Contato: (34) 991589234

CEP-UNIUBE: Av. Nené Sabino, 1801 — Bairro: Universitario — CEP: 38055-500-
Uberaba/MG, tel: 34-3319-8959 e-mail: cep@uniube.br
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Voceé (ou Seu/Sua

(colocar 0 nome e grau de parentesco do

paciente/sujeito, no caso de menores) esta sendo convidado para participar do projeto
intitulado: Avaliacdo do perfil imunologico em pacientes com psoriase em placas em
tratamento ou ndo com imunobioldgicos de responsabilidade de Denise Bertuluci Rocha
Rodrigues, desenvolvido na Universidade de Uberaba e Universidade Federal do
Triangulo Mineiro.

Este estudo tem como objetivo avaliar a presenca de citocinas e a densidade de mastocito

em pacientes com psoriase.

A psoriase é uma das doencas dermatoldgicas mais relevantes na pratica clinica devido a
auséncia de uma cura definitiva e ao impacto negativo que provoca na qualidade de vida
dos doentes. Considerando que o diagnostico da psoriase € essencialmente clinico, € de
extrema importancia que os profissionais de saide tenham conhecimento aprofundado
acerca desta patologia e das suas manifestacfes clinicas, de forma a estarem aptos a
identificd-la num doente auxiliando-o na remissdo dos sintomas e melhoria da sua
qualidade de vida. Apesar de ndo haver atualmente uma cura definitiva para a psoriase,
existe um conjunto de terapéuticas eficazes no controle da doenca, dependendo este da
adesdo a terapéutica por parte dos doentes. Os recentes avancos no conhecimento da
imunopatogénese da psoriase, em associacdo a toxicidade provocada pelas terapéuticas
classicas, conduziram a pesquisa e desenvolvimento de novas terapéuticas. E neste
contexto que surgem o0s agentes imubioldégicos no tratamento da psoriase,
especificamente direcionados para as alteracBes imunopatogénicas da doenca. A
intervencdo seletiva no sistema imune desta classe de agentes de imunoldgicos, torna-0s
uma abordagem terapéutica importante no controle de doencas auto-imunes como na

psoriase.

Caso vocé participe, serd necessario coleta de sangue na sua admisséo e coleta de uma
biopsia a ser realizada pelo médico. Vocé podera ter algum desconforto quando receber

uma picada para coletar o sangue do seu braco. Em relacdo a coleta do fragmento, sera



54

feita durante o procedimento cirdrgico do paciente sob anestesia, j& com indicacdo de
coleta da biopsia, por isso, o procedimento realizado para pesquisa ndo acrescenta
nenhum risco ao paciente. Espera-se que os beneficios decorrentes da sua participagdo
nesta pesquisa sejam: contribuicdo para elucidacdo das diferentes duvidas que ainda
existem quanto aos fatores imunoldgicos envolvidos no processo de evolugédo da psoriase

e como interferem no processo da doenga.

Caso, aceite participar do estudo, o material humano, sera coletado e armazenado ao
longo da execucédo do projeto de pesquisa especifico de acordo com as normas técnicas,
éticas e operacionais pré defenidas, seguindo a Resolucdo CNS N° 441 de 12 de maio de
2011.

Os seus dados serdo mantidos em sigilo e serdo utilizados apenas com fins cientificos,
tais como apresentacdes em congressos e publicacdo de artigos cientificos. Seu home ou

qualquer identificacdo sua (voz, foto, etc) jamais aparecera.

Pela sua participacdo no estudo, vocé nao recebera nenhum pagamento, e também néo
terd nenhum custo. Vocé pode parar de participar a qualquer momento, sem nenhum
tipo de prejuizo para vocé ou para seu tratamento/atendimento (OBS do CEP: caso
trate-se de paciente/sujeito sob tratamento ou atendimento de qualquer tipo). Sinta-se a
vontade para solicitar, a qualquer momento, os esclarecimentos que voceé julgar
necessarios. Caso decida-se por ndo participar, ou por ndo ser submetido a algum
procedimento que lhe for solicitado, nenhuma penalidade sera imposta a vocé, nem seu
tratamento ou atendimento sera alterado ou prejudicado (OBS do CEP: caso trate-se de

paciente/sujeito sob tratamento ou atendimento de qualquer tipo).
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Vocé receberd uma copia desse termo, assinada pela equipe, onde consta a identificagao
(nome e numero de registro — se houver-) e os telefones da equipe de pesquisadores,

caso Vocé queira entrar em contato com eles.

Nome do paciente (ou sujeito) ou responsavel e assinatura

Denise Bertulucci Rocha Rodrigues
(34) 991589234 - denise.rodrigues@uniube.br

Rayane Bernardes Estevam
(34) 999600699 - rayanestevam@gmail.com

Sandro Cecilio Furiati

(34) 998059979 — drsandrofuriati@gmail.com


mailto:rayanestevam@gmail.com
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ANEXO 3 - ARTIGO 1 “Thl, Th17, and Treg Responses are Diferently
Modulated by TNF-a Inhibitors and Methotrexate in Psoriasis Patients”

Link para acesso: https://www.nature.com/articles/s41598-019-43899-9
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- Tha, Thaz, and Treg Responses are

Differently Modulated by TNF-a
Inhibitors and Methotrexate in
Psoriasis Patients

Sandr o C. Furiati 2, Jonata s S. Catarino (2, Marcos V. Silva (#, Rafaela F.Silva,

Rayane B. Estevam?, Reginaldo B.Teodoro 2, Sanivia L. Pereira»z, Meire Ataide ?,

. Virmondes Rodrigues Jr.z & Denise B. R. Rodrigues »*

Psoriasisisa chronic, recurrent, i -mediated, hyp tive tory skindisease.

The role of the adaptive immune system, particularly of Tha and Th1y lymphocytes, has been
- regarded asprominentin thei b i

of psoriasis, as well as decreased Tregs function.
peutic pulses and a few studies evaluate their

Immunobi ] eredin  th

logical drugs were

- effects on the immune repertoire. The aim of this study was to evaluate the adaptive immune profile
* of patients with severe psoriasis under i
. psoriasis patientsand 10 control patientswere evaluated. In the group of psoriasis patients, 10 patients
* were on anti-TNF and 14 patients on methotrexate treatment, while 8 individuals were not treated. IL-
* 17, IFN-y, TNF-@, IL-6, IL-2, and IL -10 were analyzed. CD4 Tcell intracellular cytokineswere analyzed.

biol

ical treatmentin two time points. Thirty-two

It was observed that stimulation could significantly increase the production of IL-17, IFN-y, TNF -a,

* and IL-10 only before anti-TNF pulse therapy. The activation of Th1 and Treg cells after stimulation was
. significantly higher before anti-TNF pulse.Patientson methotrexate or anti-TNF therapy produced

: significantly lowerlevels of TNF-@, IL-10,and IL-6. Furthermore, these patientsshoweda significant

. decrease in the activated CD4+ T cells. The treatment with immunomodulator or methotrexate

. modulates the activation of CD4+ T cells, and anti-TNF treatment appears to have a modulating effect
. on the activation and production of Tha, Th1z, and Treg cells.

- Psoriasis is a chronic inflammatory skin disease that affects about 2-3% of the world’s populationd=. It is caused
: byacombination of genetic and environmental factors, as well as by complex interactions between the innate and
- adaptive immune system*There are several types of psoriasis, and the clinical variant called psoriasis vulgaris or
. plaque psoriasis is the most common, affecting 85-90% of the patientsS. Up to one third of these patients may
. be associated with the articular manifestation ofthe disease, called arthropathic psoriasisé. Clinically, psoriasis
* vulgaris is usually characterized by lesions on well-demarcated round to oval erythematous plaques, with thick,
- dry, silvery adherent scales?. These scales are the result ofa hyperproliferative epidermis in which keratinocytes
* mature early, leading to an incomplete comification with the retention of keratinocyte nuclei in the stratum

. comeum (parakeratosis) . This results in epidermal hyperplasia (acanthosis) and elongation of papillary ridges®.
. Histologically these lesionsappear as an inflammatory infiltrate, consistingmainly ofdendritic cells (DCs), mac -
 rophages, and T cells in the dermis, as well as neutrophils and some T cells in the epidermis . The erythematous

- characteristic ofthe lesionsis due to the increase in the number oftortuous capillaries that reach the skin surface
. through papillary ridges®.

IFN -a and other cytokines produced by innate immune system cells, such as interleukin (IL) -1, IL-6, tumor

. necrosis factor alpha (TNF -a), and IFN-y, stimulate the activation and maturation of myeloid DCs, which are
- considered the key cells that link the innate immune system and the adaptive immune system™. In addition to

Universityof Uberaba,Uberaba,Minas Gerais,Brazil 2Laboratoryof Imnmunology,Departmentof Biological
- Sciences,and Cefores,TrianguloMineiro Federalniversity,Uberaba Minas Gerais Brazil Sandro C. Furiatiand
. JonatasS. CatarinaontributeequallyCorrespondencandrequest§ormaterialshouldbe addressed¢oD.B.R.R.
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being activated by these cytokines, myeloid DCs also have TLRs (Toll-like receptors), through which they can
directly interact with the auto-RNA-LL-37 complex, causing their concomitant activation, thus starting to pro-
duce several proinflammatory cytokines (IL-23, TNF -a, IL-12, IL-6, IL-20, and IL-1)L.

The mature myeloid DCs migrate to the lymph nodes, where, with the help of cytokines they produce, they
induce the differentiation ofnaive CD4* T cells (ThO) into Th17,Th1, or Th22,thus triggering the activity ofthe
adaptiveimmune system in the inflammatory process ofpsoriasisl? These differentiated CD4* T cells migrate to
the dermis, where, by interacting with the innate immune system cells, they produce their typical inflammatory
cytokinesl® Th17 cells produce IL-17, IL-6, TNF -a, IL-21,and IL-22L% Th1 cells produce TNF -a and IFN-yLs
and Th22 cells produce IL-22 and TNF -a1¢ The inflammatory process is initially dominated by Th17 cells, but
in stable psoriasis plaques, it subsequently shifts towards a process dominated by IFN -y-producing Th1 cellstis

Keratinocytes are the main targets ofthese cytokines, especially of IL-17,IFN -y, TNF -a, and IL-22, which
directly or indirectly lead to their hyperproliferation, as well as induce them to produce various other cytokines,
chemokines, and antimicrobial peptide, which in tum continue to stimulate the activation and recruitment of
cells of the innate and adaptive immune system to the lesions, thus perpetuating the inflammatory process of
psoriasis?. IL-17and IL-23 are considered the key cytokinesin the immunopathogenesis ofpsoriasis,and they are
referred to as the IL-23-IL-17 axis¥. In the immunopathogenesis ofpsoriasis, TNF -a promotes the activation and

maturation of DCs, which, in turn, produce more IL-232.

Regulatory T cells (Tregs), identified as CD4+ CD25* Foxp3* cells, play a crucial role in immune tissue home-
ostasis and in self-tolerance because they are capable of suppressing effector cell activation and proliferation
through the production of IL-10, hence controlling inflammatory processes in the body2!. However, in psoriasis,
this regulatory capacity is diminished or absent?? Studies indicate a malfunction of Tregs or a decrease in their
numbers in psoriatic lesions T regulatory cells expressing mLAP (membrane latency -associated peptide) is
a population of human Tregs that is different from classic CD4+Foxp3+CD25 high natural TregsZ LAP is a
propeptide that favors the release of TGF-P into the extracellular milieu and for this reason is related to several
functions in T regulatory cells such as suppressive activity, survival and peripheral conversion of iTregs and
Th17% T regulatory cells expressing mLAP shows a potent immunosuppressive activity and are augmented in
some neoplasic disorders, such as lungadenocarcinoma 2éand Colorectal Cancer&.

Systemic treatment of psoriasis is reserved for moderate and severe cases, and it consists in the use of medi-
cations that can inhibit or reduce the immune resp , thus reducing in i and infl y cell infil-
tration, as well as improving psoriatic lesions® Methotrexate and anti-TNF are the major immunosuppressive
medications used in the systemic treatment ofp is2. Meth ate isa folicacid analogue and antimetabolite
that has an effect on both circulating and cutaneous lymphocytes?. In vitro, keratinocytes are more resistant to
its cytotoxiceffects than T cells, thus proving its immunosuppressive properties . It is considered to be antineo-
plastic, antipsoriatic, and antirheumatic &2, and it inhibits neutrophil chemotaxis and the release of TNF -a, IFN-y,
IL-12, and IL-6, ultimately leading to its anti-inflammatory activity2} Anti-TNF is used for treating psoriasis in
case of therapeutic failure or contraindication of methotrexate . Inmunobiologicals (IBs) can be used alone or,
in some cases, concomitantly with methotrexate, and there are five immunobiologicals curmently approved for
the treatment ofpsoriasis in Brazil, three of which are anti-TNF drugs (adalimumab, infliximab, and etanercept)
and two interleukin inhibitors (ustekinumab and secukinumab). Ustekinumab is also an inhibitor of IL-23, and
secukinumab is also an inhibitor ofIL-17A%

Anti-TNF agents block the soluble fraction of TNF -a and the transmembrane fraction of TNF that is
expressed on the membrane ofcells producing this cytokine®> TNF -a blockade decreases the activation of mye-
loid DCs, which are important sources of [L-23 and play a vital role in the differentiation ofnaive CD4* T cells
into Th17 cells& After TNF -a blockade, the activation of these cells is also decreased, and so is the differentia -
tion of ThO into Th1 or Th22 and the production of their respective standard cytokines*®. A study of 21 patients
using anti-TNF adalimumab in China showed a decrease in the circulating populations of Th17, Th1, and Th22
cells In addition to these effects, the number of CD4*CD25*Foxp3* cells increased in the peripheral blood of
psoriasis patients after treatment with biologicals This increase was associated with a good clinical response and
a reduction in the psoriasis area severity index (PASI), although some patients had decreased numbers of Tregs
after the biologicaltreatment, which was associated with worsening ofthe disease.

However, the effect of TNF -blocker therapy at different intervals of the therapeutic cycle has not yet been
clarified . This knowledge s necessary to understand the reasons for the low therapeutic response and the short
duration ofits effects in some individuals. Therefore, the aim ofthe present study was to evaluate the pattern of
the adaptive immune response in patients with stable severe psoriasis without treatment and patients undergoing
systemic therapy with methotrexate oranti-TNF agents at different intervals ofthe therapeutic cycle.

Materials and Methods

Patients . Thirty -two patients with stable severe psoriasis undergoing treatment at the dermatology clinic,
who agreed to participate in this study,were recruited . The diagnosis was confirmed by biopsy Ten patients had
previous assessment of the PASI, with a result above 10, and were regularly using anti-TNF immunobiological
medication (adalimumab) ; 14 patients had previous diagnosis of severe psoriasis (PASI > 10) and had been on
methotrexate treatment for at least 2 months; 8 patients had previous diagnosis of severe psoriasis (PASI > 10)
and had not been on therapy for at least 2 months. Patients’ mean age and gender distribution are presented
at Table 1. Ten healthy control subjects were selected paired by gender. The study was approved by the Ethics
Committee (CAAE ) of UNIUBE, under the protocol number 630493161.100005145and was conducted at the
University of Uberaba and at the Clinical Hospital (Hospitaldas Clinicas) of the Federal University of Triangulo
Mineiro (UFTM), Uberaba, Minas Gerais, Brazil. The patients were subjected to blood collection for cell cul-
ture, with the aim ofanalyzing the production of cytokines in the culture supematant and the T cell phenotype
by flow cytometry . The patients who used IBs were submitted to two blood samplings; one immediately before
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Healthy subjects 5/5 41.1/42.8
Patients without therapy 6/2 44.6/56.5
Patients treated with methotrexate | 7/7 52.8/46.6
Patientsreatedwithadalimumab | 5/5 43.2/46.1

Table 1. Gender and age mean of patients and healthy subjects.

receiving the therapeutic dose (day 0) and the other in the middle ofthe cycle (day 7), between applications. All
the methods were performed in accordance with both institutional guidelinesand all individuals who accepted to
participate in this studysigned an informed consent form after clarification .

Isolation and culture of peripheral blood mononuclear cells. Peripheral blood mononuclear cells
(PBMCs) were isolated by density gradient centrifugation, using Histopaque-1077 (Sigma -Aldrich, St Louis, Mo,
USA), for 30 mins at 400 X g, at 24 °C. The cells were then resuspended in RPMI 1640medium (Sigma -Aldrich)
containing 50mM HEPES buffer (Gibco, Grand Island, NY,USA), 10% ofinactivated fetal bovineserum (Gibco),
2mM ofL-glutamine (Gibco), and 40 mg/mL of gentamicin (Neoquimica, Anapolis, Brazil) to a final concentra -
tion of2 X 10°cells/mL. PBMCs were cultured in 24-well microplates (Falcon, San Jose,CA, USA) in the presence
orabsence ofanti-CD3 and anti-CD28 for 48 h at 37°C in a 5% CO2atmosphere . Cells (for immunophenotyping)
and supematants (for cytokine measurement) were collected after 48 h. The cells were collected after 48 h for
immunophenotyping,and the supematants were collected after 48 h and stored at —70 °C for the measurement of
solublemediators usingthe cytometric bead array (CBA) (BD Bioscience, San Diego, CA, USA).

Flow cytometry for analysis of the expression of surface molecules, cytokines, and transcrip -
tion factors. For the analysis of the expression of surface molecules, cytokines, and transcription factors in
cells derived from the 48 h culture, cells were washed for 10 min at 400g,at 4C, in Hanks” medium supplemented
with 10% human AB*serum, previouslysubmitted to inactivation ofthe pl t system, and incubated for
30mins. The cells were splitin three tubes and then labeled with antibodies targeting surface molecules: tube 1

- anti-CD4-PE Cy5 and anti-CD69-PE, tube 2 - anti-CD4-PE Cy5, anti-CD25-FITC, and anti-h/m-LAP-APC
(BD Pharmingen) or tube 3 - respective control isotypes antibodies, and maintained at 4C for 30 mins. After
that, the cells were washed three times for 10 min at 400 X gand 4 °C to remove excess antibodies, resuspended
in 500 UL PBS containing 0.5% paraformaldehyde, and stored at 4C in a dark chamber until flow cytometry

analysis. For intracellular detection, the cells were fixed and permeabilized with 250 L of Cytofix/Cytoperm (BD
Biosciences) at 4C for 30 mins. Next, they were washed three times in Perm/Wash (BD Biosciences), containing
10% fetal bovineserum (Sigma -Aldrich). In tube 1 were added anti-FoxP3—PE, in tube 2 anti-IL-17-Alexa Fluor
488, and anti-IFN-y—Alexa Fluor 647 and in tube 3 respective intracellular isotype control antibodies. The cells
were incubated at 4C for 30 min . Atthe end ofthis period, the cells were washed in Perm/Wash three more times
for 10 mins at 400g, at 4 °C, resuspended in 200 UL 0f 0.5% paraformaldehyde and stored in a dark chamber at
4C until flow cytometry analysis. Two tubes were placed parallel to each labeled sample: A tube without anti-
bodies and a tube containing control isotopes compatible with the fluorescence used. Data acquisition (50,000
events/tube) was performed using a FACSCalibur cytometer (BD Biosciences), using the CellQuest software
(BD Biosciences). Data analysis was performed using FlowJo 10.0.6 software (Tree Star) by isolating leukocyte
populations through gates established according to the size (FSC) and granularity (SSC) characteristics of T cell
populations.

Cytokine concentrations in the culture supernatants . Production of IL-17A, IFN-y, TNF-a, IL-10,
IL-6, and IL-2 was analyzed simultancously in the culture supematants of PBMCs, using the CBA Human
Inflammatory Cytokine Kit (BD Biosciences), according to the manufacturer’s instructions. The samples and
recombinant cytokines were incubated with microspheres of different fluorescence intensities conjugated with
captured antibodies specific for each cytokine. Then, PE-conjugated antibodies specific for each cytokine were
added. After incubation, the microspheres were washed with the comesponding solutions and analyzed on a
FACSCalibur cytometer (BD Biosciences)using the CellQuest software (BD Biosciences) The microspheres spe-
cific for each cytokine were separated due to the fact that they emitted different intensities of fluorescence at
660 nm, and the amount of cytokines conjugated with each ofthem was d by fluo intensity at
585nm. Sample data and data on recombinant cytokines were collected and subsequently analyzed using FCAP
Aray 2.0 software (Soft Flow, Pécs, Hungary), and cytokine concentrations were determined using standard
curves.

Statistical analysis . Statistical analysis was performed using the GraphPad Prism software (version 6.00;
GraphPad Software, La Jolla, CA, USA). The Wilcoxon Signed Rank Test was used to compare two continuous
variables in the same patients. The Kruskal-Wallis test was used to compare three or more groups, followed by
Dunn’spost-hoc test. The difference was considered significant when p < 0.05.
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Figure 1. Analysisofcytokines in culture sup t of PBMC, incubated for 48h in the p ofmedium

(unstimulated) or with anti-CD3 and anti-CD28 mAbs (stimulated). The PBMCs were obtained prior to pulse
therapy (day 0) and during pulse therapy (day 7) of patients with severe plaque psoriasis treated with anti-
TNF agents. (A) IL-17 levels (*Wilcoxon;p < 0.05),(B) IFN -y levels (*Wilcoxon;p < 0.05),(C) TNF -a levels
(Wilcoxon;p > 0.05),(D) IL-10levels (*Wilcoxon;p < 0.05),(E) IL-6 levels (*Wilcoxon;p < 0.05). The results
are expressed in pg/mL. *Indicates statistical significance.

Results

Treatment with anti-TNF downregulates the production of IL-17A, IFN-y, TNF-a, and
IL-10. Cytokine analyses of psoriatic patients on anti-TNF therapy were performed on two occasions: prior
to pulse therapy (day 0) and 7 days after the anti-TNF therapy (day 7). IL-17, IFN-y, TNF -, IL-10, IL-6, and
IL-2 levels were analyzed by CBA ofthe PBMC culture supematant 48 h after stimulation with anti-CD3 and
anti-CD28 or after no stimulation (Fig. 1). Analysis of IL-17 levels in the PBMC supematants showed that
anti-CD3 and anti-CD28 stimulation significantly increased IL-17 production just before the pulse therapy (day
0), compared to the untreated supematants (p = 0.031) (Fig. 1A). On the other hand, there was no significant
increase in IL-17 production after anti-CD3 and anti-CD28 stimulation of the supematants of patients whose
pulse therapy was in progress (day 7) (Fig. 1A). Similarly, anti-CD3 and anti-CD28 stimulation significantly
increased IFN-y production only before pulse therapy (day 0), when compared with the untreated supematants
(day 0) (p = 0.007) (Fig. 1B). There was no significantincrease in IFN -y production after anti-CD3 and anti-CD28
stimulation ofthe supematants ofpatients whose pulse therapy was in progress (day 7) (Fig. 1B). Similar to IFN -
Y, anti-CD3 and anti-CD28 stimulation could significantly increase TNF -a production only before pulse therapy
(day 0), compared with the untreated supematants (day 0) (p = 0.007) (Fig. 1C). However, when TNF -a levels
were observed under anti-CD3 and anti-CD28 stimulation, there was no significant difference between the lev-
els in the supematants of patients whose pulse therapy was in progress (Fig. 1C). When evaluating IL-10 levels,
anti-CD3 and anti-CD28 stimulation significantly increased IL-10 production in the supematants of patients
who had notundergone pulsetherapy (day 0), when compared to the untreated supematants (day 0) (p = 0.0078)
(Fig. 1D). There was no significant increase in IL-10 production after anti-CD3 and anti-CD28 stimulation ofthe
supematants of patients whose pulse therapy was in progress (day 7) (Fig. 1D). No significant upregulation was
observed in the levels of IL-6 (Fig. 1E).

Treatment with anti-TNF downregulates T cell activation. The response of T cells after anti-CD3 and
anti-CD28 stimulation and CD4 T cells were analyzed by the expression ofthe cell activation marker CD69 and
intracellular cytokines. T cells obtained from PBMCs before pulse therapy (day 0) and 7 days after the anti-TNF
therapy (day 7) were analyzed by flow cytometry after 48 h of culture. As for cell activation markers, the expres-
sion of CD69 in CD4* T cells stimulated with anti-CD3 and anti-CD28 was significantly higher in patients before
initiating pulse therapy (day 0) than in the same patients, but without cell stimulation (p = 0.02) (Fig. 2G). There
was no significant difference between IL-17-producing CD4+* cells (IL -17*IFN-y~) that were or were not stim-
ulated with anti-CD3 and anti-CD28 (Fig. 2H). Nonetheless, when comparing IFN-y-producing CD4% cells
(IL -177TFN -y*) stimulated with anti-CD3 and anti-CD28 before pulse therapy (day 0), there was a significant
increase in the percentage of IFN -y-producing cells compared with the non-stimulated cells (day 0) (p < 0.013)
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Figure 2. Flow cytometric analysis of cell activation markers and intra-cellular cytokine expression on CD4+
T-lymphocytes (TL) : PBMCs were obtained prior to pulse therapy (day 0) and during pulse therapy (day 7) of
patients with severe plaque psoriasis treated with anti-TNF agents. PBMC, cultured for 48h in the presence

of medium (unstimulated) or with anti-CD3 and anti-CD28 mAbs (stimulated). After recovered, PBMC

were incubate with appropriate mAbs and isotype controls. Panels A to F show gates strategies for analysis.

In panels C—E the red dots indicate the labeling ofthe control isotypes.In panel F,the blue dots indicate the
CD25~ population. Panel G: CD69* on CD4+ TL (Wilcoxonp < 0.05),panel H: IL-17*IFN -y~ on CD4+

LT (Wilcoxonp > 0.05),panel I: IL-17~IFN -y* on CD4 + LT (Wilcoxon p < 0.05),panel J:IL-17*IFN-y* on
CD4+ LT (Wilcoxon p > 0.05)and panel K: CD25h2FoxP3*LAP * on CD4 + LT (Wilcoxonp < 0.05). The
results are expressed in percentage on the CD4 + TL. *Indicate statistical significance.

(Fig. 21). On the other hand, there was no significant difference when comparing CD4*IFN -y* cells and
IL-17-producing cells (IL-17* IFN -y*+) with or without stimulation (Fig. 2]). CD4 T lymphocytes CD25"FoxP3+
LAP *showed a significantincrease in the percentage of Treg cells after stimulation with anti-CD3 and anti-CD28
before (day 0) and after (day7) pulse therapy (day 0) compared with the percentage of cells in the same patients,
but without stimulation (p = 0.003). Furthermore, before pulse therapy (day 0), this response was significantly
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Figure 3. Analysisofcytokines in culture sup t of PBMC, incubated for 48h in the p of medium

(unstimulated) or with anti-CD3 and anti-CD28 mAbs (stimulated). The PBMCs were obtained from healthy
subjects (Ctrl), psoriasis patients without therapy (WT), patients treated with methotrexate (MTX), and
patients treated with immunobiologicals (IB). Panel A: IFN-y levels (*Wilcoxon;p < 0.05),panel B:IL-17 levels
(*Wilcoxonp < 0.05),panel C: TNF -a levels (*Wilcoxon;p < 0.05and *Kruskal-Wallis p < 0,05),panel D:
IL-10levels (*Wilcoxonp < 0.05and *Kruskal-Wallis p < 0,05),panel E: IL-6 levels (*Wilcoxon;p = 0.05and
*Kruskal-Wallis p < 0,05).The results are expressed in pg/mL. a and *indicate statistical significance.

higher than at after (day7) (p = 0.004)(Fig. 2K). Figure 2A_F illustrate the acquisition strategies. In Fig.2C_E,
the red dots indicate the labeling ofthe control isotypes.In Fig.2F, the blue dots indicate the CD25~ population.

Treatment with anti-TNF or methotrexate downregulates the production of cytokines in the
culture supernatants . Psoriasis patients were grouped as follows: patients without any therapy, patients
treated with methotrexate, and patients treated with anti-TNF. The effects of anti-TNF therapy were analyzed
7 days after initiation ofthe therapy. There were no significant differences in IFN -y and IL-17 levels in the super-
natants between the different patient groups. However, only the control group showed significant upregulation
of IFN -y and IL-17 when stimulated, compared with the unstimulated cultures (Fig. 3A.B). TNF -a production
after anti-CD3 and anti-CD28 stimulation was significantly lower in untreated psoriatic patients, in patients
treated with methotrexate, and in patients treated with anti-TNF, when compared to healthy control individuals
(p =0.017,p = 0.004, and p = 0.003, respectively). Furthermore, when stimulated, only the control group pre-
sented significant upregulation of IFN -y and IL-17 compared with the unstimulated cultures (Fig. 3C).

It was observed that, after anti-CD3 and anti-CD28 stimulation, IL-10 levels were significantly lower in pso-
riasis patients treated with methotrexate and in patients on anti-TNF treatment than in healthy control sub-
jects (p = 0.029and p = 0.030, respectively) (Fig. 3D). Again, only in the control group was the anti-CD3 and
anti-CD28 stimulation able to induce a significant production of IL-10 (Fig. 3D).

Similarly, IL-6 levels were significantly lower in patients treated with methotrexate or treated with anti-TNF in
comparison to healthy controls (p = 0.002and p = 0.033, respectively). Here, patients withoutany therapy showed
a significant upregulation of IL-6 after anti-CD3 and anti-CD28 stimulation (p = 0.001) (Fig. 3E).

Treatment with anti-TNF and methotrexate modulates CD4* T cell activation . In patients
grouped according to treatment, the response of T cells after anti-CD3 and anti-CD28 stimulation was analyzed
by the expression of the cell activation markers, CD69 and CD4, and intracellular cytokines. It was observed
that the expression of CD69 in CD4* T cells after anti-CD3 and anti-CD28 stimulation was significantly lower
in patients on methotrexate and in patients receiving anti-TNF than in healthy control subjects (p = 0.009 and
p = 0.02, respectively). Only in the control group was the anti-CD3 and anti-CD28 treatment able to significantly
upregulate the number ofactivated CD4* T cells (p = 0.002) (Fig. 4A).

There was no significant difference in the percentages of IL-17-producing helper T cells (IL -17*IFN -y~),
IFN -y-producing cells (IL-17-IFN-y*), or IFN-y*IL-17* doublepositive CD4* cells among the different groups
ofpatients. However, in control subjects,anti-CD3 and anti-CD28 stimulation was able to significantlyupregulate
the number of IFN-y*, IL-17%, and IFN-y*IL-17*doublepositiveCD4* T cells (p = 0.01,p = 0.01,and p = 0.01,
respectively) (Fig. 4B—D). On the contrary, it was observed that, after stimulation with anti-CD3 and anti-CD28,
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Figure 4. Flow cytometric analysisofcell activation markers and intra-cellular cytokine expressionon CD4+
T-lymphocytes (TL): The PBMCs were obtained from healthy subjects (Ctrl), psoriasis patients without
therapy (WT), patients treated with methotrexate (MTX), and patients treated with immunobiologicals (IB).
PBMC, incubated for 48h in the presence of medium (unstimulated) or with anti-CD3 and anti-CD28 mAbs
(stimulated). After recovered, PBMC were incubate with appropriate mAbs and isotype controls. Panel A:
CD69*on CD4+ TL (*Wilcoxon;p = 0.05and *Kruskal-Wallis p < 0,05),panel B:IL-17*IFN-y~ on CD4+

LT (*Wilcoxonp > 0.05),panel C: IL-177 IFN -y* on CD4 + LT (*Wilcoxonp < 0.05),panel D: IL-17*IFN -y*
on CD4 + LT (*Wilcoxonp > 0.05)and panel E: CD25+ FoxP3*LAP*on CD4+ LT (*Wilcoxon;p 0.05and
*Kruskal-Wallis p < 0,05).The results are expressed in percentage on the CD4+ TL. A and *indicates statistical
significance.

there was a significant increase in CD4* T cells of a regulatory phenotype (CD25"FoxP3*LAP *) in untreated
psoriasis patients compared with the group treated with methotrexate (p = 0.03)(Fig. 4F).

Discussion

Psoriasis is an immune -mediated skin disease with various clinical subtypes of different pathogenesis; the
patients enrolled in this study had stable plaque psoriasis. The major advances in the treatment ofsevere psoriasis
were made with the introduction of biological products. However, only long-term results of clinical trials and
post-marketing surveillance can demonstrate the success of these new therapies . Understanding the mecha -
nisms ofthe actions ofthese products is of great importance for choosing the appropriate therapy and so are the
suspension criteria or changes in the course of the treatment . The complex interactions of innate and adaptive
immune system cells, in conjunction with the molecules released during the immune response, may trigger the
modulation ofelements other than those that are targeted during a therapy. Thus, several cytokines have been
studied as blockingtargets in biologicaltherapies .

IL-17A is considered the key cytokine in the inflammatory process of psoriasis because it has a direct influ-
ence on the activation and hyperproliferation of keratinocytes 2%, There is a decrease in the expression of this
cytokine in situ when biological therapies are used to treat moderate to severe psoriasis and, although Th17 cell
products are modulated rapidly during the course oftreatment with biologicaltherapy, Th1 and Th2 cell products
are modulated at a later phase, months after the disease has significantly improved=® Similarly, IL-12 and IL-23
inhibitors prevent Th1 and Th17 cells to secret their cytokines, thus decreasing the production of IFN-y and
IL-17A, respectively&

In this study,we analyzed 32 patients with psoriasis; ten of them under treatment with TNF inhibitors, receiv -
ing one dose each 15 days. All patients, on the day preceding the therapeutic pulse(day 0), presented more psori-
asis symptoms than on day 7, after receiving TNF inhibitors. These clinical signsare important and indicative of
the need to administer another doscand the effectiveness of the treatment .

In the present study,it was observed that the stimulation ofcells from patients with anti-CD3 and anti-CD28
led to a heterogeneous response, which may be related to the genetic diversity of human population. Although
heterogeneous, this response led to a significant increase in IL-17A levels onlyin day 0, on which the assays were
performed just before anti-TNF pulse therapy. On the contrary, when stimulating these cells with anti-CD3 and
anti-CD28, no significant increase in IL-17A levels 7 days after anti-TNF therapy was observed. Investigating the
number ofIL-17*CD4* T lymphocytes, we observed that anti-CD3 and anti-CD28 stimulation did not induce
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a significant increase in the number of IL-17-producing cells in both samples, suggestingthat the TNF blockade
consistently inhibited the generation of Th17 cells.

Our results are in agreement with the literature, which shows that the use of anti-TNF and other cytokine
inhibitors such as anti-IL-12/anti-IL-23 and anti-IL-17A directly or indirectly reduces the production of IL-17A2%
Hence, it is suggested that anti-TNF therapy can inhibit [L-17A production.

IFN -y is another cytokine involved in the pathogenesis of psoriasis, and it plays an important role in the
inflammatory process of the disease, as it seems to be iated with the perp of the in
process by having a synergistic effect with IL-17A in the activation of keratinocytes2l. Studies have shown that
increased serum levels of IFN-y are directly associated with active diseased? The use ofbiological therapies has
also been shown to be effective in reducing IFN-y levels, as they reduce the activity of TNF -a-producing Th1
cells,and therefore, in reducing IFN-y levelst In our study stimulation with anti-CD3 and anti-CD28 was able to
significantly increase IFN -y levels onlyin day 0, in which the assayswere performed justbefore the pulse therapy
with anti-TNF. On the contrary, stimulation with anti-CD3 and anti-CD28 7 daysafter anti-TNF therapy was not
able to significantly increase IFN-y levels. Investigating the number of IFN-y+*CD4* T lymphocytes, we observed
that anti-CD3 and anti-CD28 stimulation induced a significant increase in the number of IFN -y-producing cells
onlyin day 0, suggestingthat IFN -y-producing cells are more resistant to the TNF blockage

LikeIL-17and IFN -y, TNF -0 is a crucial cytokinein the inflammatory process ofpsoriasis, and it is produced
by cells of both the innate and adaptive immune systems. Circulating levels of TNF -a, IFN -y, and IL-17A are
directly correlated with the severity of psoriasisi Biologicaltherapy has been shown to reduce TNF -a levels in
most studies. Anti-TNF -a medications block the free solublefraction and membrane fraction ofthis cytokined
In this study,anti-CD3 and anti-CD28 stimulation significantly increased TNF -a production only in day 0, on
which the assayswere performed justbefore anti-TNF pulsetherapy. These data are consistent with the literature
that has demonstrated that immunosuppressive medications such as methotrexate and anti-TNF can reduce the
levels ofthis interleukin during treatment 9.

In additionto the participation of proinflammatory cytokinesinvolvedin psoriasis,the role ofanti-infl y
cytokineshas also been investigated IL-10 playsa critical role in protecting against tissue damage in acute inflam-
matory p st/ thus sup ingthe expressionofin cytokinesproduced by effector cells+$ Studies

indicate that psoriasis patients are deficient in IL-10&°. Some authors suggestthat there is a mild deficiency in the
expressionofIL-10 messenger RNA in psoriasisin comparison with other inflammatory skin diseases®’ In this study,
under anti-CD3 and anti-CD28 stimulation, IL-10 was also found to increase significantlyjustbefore anti-TNF pulse
therapy ,hence suggestinghat the regulatory immune mechanism was ableto beelicited in these patients,eventhough
it was notsufficientto blockthe proinflammatory cytokinesthat were produced. Therefore, these data suggestthat the
use ofanti-TNF interferes with the immune response,negativelymodulating the production ofIL-17, IFN-y, TNF -a,
and IL-10after in vitro stimulation with anti-CD3 and anti-CD28. This modulatory property was also demonstrated
in an in vitro model, where adding anti-TNF -a antibodiesto PBMC cultures downregulatedthe production ofTL-17,
IFN-y, TNF-a, and IL-10%!

Interestingly, the different TNF inhibitors appear to have distinct mechanisms ofaction. Anti-TNF has been
shown to act more quickly on Th17than on Thl populations,and the inhibition ofthe Th1 population seems to
havea stronger correlation with clinical improvement 25

The analysisofregulatory T cells (CD25"FoxP3*LAP *) after in vitro activation of CD4* T cells with anti-CD3
and anti-CD28 demonstrated that anti-TNF therapy modulates the number of cells of the Treg phenotype, indi-
cating that the number of Treg cells is reduced during the pulse therapy. These results suggestthat the ability to
expand Treg cells in vitro is modulated by anti-TNF pulsetherapy ; however, it appears to be restored by the end of
the therapeutic treatment . Althoughsome studies have shown that there is a decrease in the number and function
of Tregs in psoriasis®, other studies have shown an increase in the number of CD4*CD25*FoxP3* regulatory T
cells in peripheral blood ex vivo3233. This is the first study evaluating LAP + Treg cells in psoriasis. The evaluation
ofthe time course oftreatment with anti-TNF showed inhibition ofthe activation of CD4* T cells. Moreover, that
the down modulation of IFN -y -producing cells are highly dependent ofanti-TNF therapy, while IL-17 —produc-
ing cells remain stable down regulated at the 2 time pointoftreatment analyzed. Due T regulatory -derived TGF-B
acts in immunoregulatory mechanisms and Th17 differentiation 2, the possiblelink between LAP expression in T
cells and suppressiveversus IL-17 induction activity needs to be further characterized in psoriasis.

In this study,we also evaluated patients on methotrexate and anti-TNF therapy. It was observed that, regard -
less of the treatment approach, TNF -a levels were significantly lower in relation to the control group after in
vitro stimulation . The role of immunobiological agents in the reduction of TNF -a by is well documented 283534,
Metk ate is an immu ppressive folic acid antagonist that is able to inhibit the activation of lymphocytes
and macrophages, thus modulating cytokines and inhibiting neutrophil chemotaxis=. Studies have also shown
that methotrexate is able to block TNF -a production by T cells and macrophages <. In this study,low levels of
TNF -a were observed even in untreated patients. It is important to emphasize that this group comprised patients
that had a stable chronic psoriasis profile despite not undergoing therapy for at least 30 days. In addition, it must
be noted that some of these patients had previouslyunderwent methotrexate treatment, which was unsuccessful.
Furthermore, it is important to note that all patients who received TNF blockers were previously treated with
methotrexate and had poor therapeutic response. These results suggestthat both TNF blockers and methotrexate
are capable of modulating TNF -a synthesis Furthermore, patients with stable psoriatic disease retain the ability
to modulate TNF -a production. IL-6 is also a proinflammatory cytokine,and it playsa key role in the differenti -
ation of Th17 cells and in the activation of myeloid DCs*. Studies have shown the correlation between the levels
ofthis cytokineand disease activityas well as its regulation in immunosuppressive therapies=8 Our study showed
that treatments both with methotrexate and immunobiologicals significantly reduced the stimulated production
of IL-6.
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Interestingly, in our results, patients on methotrexate or anti-TNF therapy produced less IL-10 than the
control group. These data suggest that these therapeutic strategies simultaneously affect the production of
pro-inflammatory cytokines and anti-inflammatory cytokines such as IL-10. Thus, our results suggestthat the
beneficial effects of the treatment are not associated with a higher production of IL-10 or development of Treg
cells, but rather with the direct effects of both methotrexate and immunobiologicals on the blockage of other
inflammatory cytokines,such as TNF -a, IL-17, and IFN -y.

In this study,the expression of cell activation markers and intracellular cytokinesin CD4* T cells in untreated
and treated patients was compared with the control group. It was observed that patients on methotrexate or
anti-TNF therapy had a lower number ofactivated CD4* T cells after anti-CD3 and anti-CD28 stimulation than
the control group. Evaluation of intracellular cytokines in these cells showed no differences between IFN-y*,
IL-17%, or IL-17*IFN -y* double-positive populations. Our results indicate that both the treatment with meth -
otrexate and with TNF inhibitors negatively modulates CD4* T cell activation, but does not interfere with their
ability to produce IL-17 or IFN-y. The increase in the number ofcells with a Treg phenotypein untreated patients
may indicate a functional failure ofthese cells, at least in patients with stable psoriatic disease.

Conclusions

Treatment with IBs and methotrexate modulates the activation of CD4* T cells. Anti-TNF appears to have a
modulatory effect on the activation and production of cytokines by Th1, Th17, and Treg lymphocytes in a dis-
tinct manner. Down modulation of IFN -y-producing cells are highly dependent on anti-TNF therapy, while
IL-17-producing cells remain stable down regulated at the 2 time pointoftreatment analyzed.
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ABSTRACT: Psoriasis is of the disease is characterized by an interaction between innate
and adaptive immune systems mediated by the inappropriate activation of T cells,
associated with a complex network of cells and inflammatory mediators. T Biopsies were
collected one directly from the affected tissue and another from the non-affected tissue.
Methotrexate therapy was used in 15 psoriasis patients, 6 were not in treatment. The
material was processed for mRNA extraction, cDNA synthesis and, finally, for gPCR of
IL-17, IL-23, IL-22, IL-10, IFN-y, TNF-a, TGF-BR2, ARG1, ARG2, iNOS and GLUT]I.
The results showed that the in situ gene expression of all evaluated genes was higher in
the affected and non-affected tissue samples from patients with psoriasis. Expression of
IL-17, IFN-y, ARG1 and ARG2 genes was higher in the affected tissue than in the non-
affected tissue. Methotrexate therapy was associated with high mRNA expression of IFN-
vy, IL-10, TGF-BR2 and ARG2 in patients with plaque psoriasis. The overexpression of
these molecules in affected and non-affected tissues suggests that the disturbance of
immune response psoriasis is beyond the clinically affected skin. In sucha affected skin
areas, a strong response of Thl and Th17 prototypes cytokines are observed, in

association of Type 2 macrophages markers.

Keywords: Psoriasis; Cytokines; Arginase; GLUT; Methotrexate.
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INTRODUCTION

Psoriasis is a chronic hyperproliferative inflammatory disease characterized by
the appearance of well-demarked erythematous-squamous plaques (GRINE et al., 2015).
Usually, the lesions are pink/reddish, covered with dry, whitish scales that alternate in
acute periods with phases of improvement and worsening (RYAN, 2008). The disease is
characterized by the activation of the immune response mediated by persistent T cell
stimulation, release pro-inflammatory cytokines causing cutaneous and articular
manifestations (RIVAS BEJARANO; VALDECANTOS, 2013). It is known that the
innate and adaptive immune systems are strongly associated with the development of
psoriasis (SCHON; BOEHNCKE, 2005). The adaptive immune system, mediated mainly
by Th1l and Th17 T cells, plays an important role in maintaining the inflammatory process
in psoriasis (HARRINGTON et al., 2005). Thl7 cells are particularly abundant in
psoriatic lesions as Thl cells. Expanded activated T helper cells Th 1, Th17 and Th22
migrate to the skin where they start to release interferon (IFN-y), tumor necrosis factor
(TNF-a), IL-6, IL-22 and IL -23 (KIMURA; NAKA; KISHIMOTO, 2007; NOGRALES
et al., 2008). This inflammatory environment is associated with neovascularization,
hyperproliferation, hyperplasia and keratinocyte activation, which release more
inflammatory cytokines and chemokines (NESTLE et al., 2009).

Several studies have pointed out the IL-17A as the major cytokine in psoriasis
pathogenesis. It stimulates keratinocyte to product several chemokines, including CCL-
20, which attracts more Th17 cells and dendritic cells, inducing the production of IL-23
(BREMBILLA; SENRA; BOEHNCKE, 2018; HOMEY et al., 2000). IL-17A also acts
in synergy with TNF-o to maintain ongoing inflammatory process (LYNDE et al., 2014).
The circulating levels of TNF-a, IFN-y and IL-17A were described to be directly

correlated with the severity of the disease (JACOB et al., 2003). Hence, selective
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inhibitors of TNF-a and IL-17 are used in the treatment of patients with psoriasis that are
refractory to drugs such as methotrexate (PATEL et al., 2013; ZABA et al., 2007). This
synergism also applies to IFN-y, which stimulates the release of IL-1 and IL-23 by
dendritic cells, maintaining the IL-23/Th17 axis (KRYCZEK et al., 2008).

Studies have shown that TNF-a blockers inhibit the production of 1L-17, IFN-y,
TNF-o and IL-10 by PBMCs of patients with psoriasis (FURIATI et al., 2019). This pro-
inflammatory environment is counterbalanced by anti-inflammatory cytokines, including
IL-10 and TGF-B, which are cytokines produced by regulatory T cells (Treg). These
cytokines have a strong modulating effect, especially on the Thl and Th17 responses
(MATTOZZI et al., 2013). Serum levels of IL-10 are reduced in patients with active
psoriasis. IL-10 inhibits the production of important pro-inflammatory cytokines and
chemokines (ASADULLAH et al., 1998).

The balance of this inflammatory environment may be indirectly evaluated in the
macrophage profiles. Inflammatory macrophages (M1) have a high phagocytic capacity
and a high production of reactive oxygen and nitrogen intermediates, whereas M2
macrophages are associated with tissue repair and proliferation processes (SICA;
MANTOVANI, 2012). Nitric oxide synthase (NOS) has been associated with
keratinocyte proliferation and differentiation (BRUCH-GERHARZ; RUZICKA; KOLB-
BACHOFEN, 1998). On the other hand, arginase 1 (ARG1) and arginase 2 (ARG2) act
on L-arginine competing with NOS to the same substrate (DIZIKES et al., 1986).

Keratinocyte hyperproliferation and increased blood vessel formation implies
high local energy consumption. Glucose is the main source of energy for cells, and
glucose transporter 1 is the most common glucose transporter in humans (GLUTL).
GLUT1 regulates basal glucose uptake in epidermal basal cells (GHERZI et al., 1992).

Even though the metabolic consequences of increased glucose transport are not yet
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understood, the expression of GLUT1 appears to contributes to keratinocyte proliferation
and angiogenesis. Studies have shown an increase in the expression of GLUT1 in
psoriatic plaques (TOCHIO; TANAKA; NAKATA, 2013).

In order to contribute to the understanding of this complex scenario, analyses of
MRNA expression of molecules associated with the inflammatory process (IL-17, 1L-23,
IL-22, IFN-y, TNF-a), molecules associated with regulation inflammation (IL-10 and
TGF-BR2), and molecules associated with macrophage subtypes (ARG1, ARG2 and

INOS), and of an indicator of metabolic activity (GLUTL1).

MATERIALS AND METHODS

Patients

The sample consisted of 26 patients, 21 of which were diagnosed with moderate
to severe psoriasis (PASI > 10). All patients underwent biopsy performed with a Smm
punch; one section was collected from the affected tissue and another section was
collected from a non-affected tissue. These sections were placed in RNAlater and frozen
at -90° to perform the qPCR. 15 out of the 21 patients were being treated with
methotrexate (MTX) for a period of three months or more, and 6 patients remained
without medication. The control group consisted of biopsies from 5 healthy patients who
had undergone breast plastic surgery.

The study was approved by the Ethics Committee (CAAE) of the University of
Uberaba (UNIUBE) under protocol number 63049316.1.100005145. The investigation
was performed at the School Hospital of the Federal University of Triangulo Mineiro
(UFTM) in partnership with UNIUBE, in Uberaba, Brazil. All eligible patients were
informed about the nature of the study and agreed to signed the Free and Informed

Consent Form (FICF).
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RNA Extraction

Tissue samples were obtained for one year. RNA extraction, reverse transcription
and gPCR were performed at the same time to minimize the risk of bias in the procedures.
Total RNA extraction was performed using an RNA extraction kit (RNA SV Total RNA
Isolation System, (Promega, Madison, Wisconsin, USA), according to the manufacturer’s
recommendations. The tissue sections, which had been stored at -80°C, were processed
by mechanical maceration in a tube containing lysis buffer. Samples were heated at 70 °C
for 3 minutes and centrifuged at 13000xg at 4 °C for 10 minutes. Supernatant was
transferred to new tubes and 200 pL of 95% ethanol was added. The material was
transferred to a separation silica tube and washed by centrifugation (13000xg at 4 °C).
The presence of contaminating DNA was eliminated by DNase treatment at room
temperature for 15 minutes. The material was washed twice. RNA was obtained by adding
30 uL of nuclease-free water and centrifuged at 13000xg at 4 °C for 1 minute and used

for synthesis of complementary DNA (cDNA).

cDNA synthesis

The cDNA was synthesized from RNA,using an reverse transcriptase kit
according to the manufacturer’s recommendation (GoScrip Reverse Transcriptase,
Promega). This material was placed in a PTC-100 thermal cycler (MJ Research, St.
Bruno, Quebec, Canada) at 70 °C for 5 minutes. After cooling, dNTP, reverse
transcriptase and Reaction Buffer were added. This reaction was placed in the thermal
cycler for another cycle of 1 hour at 42 °C. cDNA samples were then frozen at -20 °C

until use.

Quantitative PCR reactions (QPCR)
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The quantitative mRNA expressions of IL-17 (cod.Hs001743383), 1L-23
(cod.Hs00900828), IL-22 (cod.Hs01574154), IL-10 (cod.Hs00961622), IFN-y
(cod.Hs00989291), TNF-a (cod.Hs00174128), TGF-BR2 (cod.Hs00234253), ARG1
(cod.Hs00163660), ARG2 (cod.Hs00982833), iNOS (cod.Hs01075529) and GLUT1
(cod.Hs00892681) were analyzed by real-time PCR of samples of cDNA section from
patients diagnosed with psoriasis and from healthy control tissue. TagMan primers and
probes (Applied Biosystems, Waltham, Massachusetts, USA) were used in the
StepOnePlus real-time PCR device (Applied Biosystems) with primers suitable for such
reactions, and using B-actin (cod.Hs01060665). The results were analyzed based on the
cycle threshold (CT) value, and the arithmetic formula used to achieve relative

quantification was AACt = A Ct (treated) — Ct (control) (LIVAK; SCHMITTGEN, 2001).

Statistical analysis
The data were analyzed using the GraphPad Prism 8.2 software. Mann-Whitney,
Kruskal-Wallis and Wilcoxon tests were used for data analysis. The results were

considered statistically significant when p < 0.05.

RESULTS

All the patients diagnosed with psoriasis presented the active form of the disease,
so their genes were found to have a significantly higher expression in the samples of
affected and non-affected tissue when compared to the samples of control patients (p <
0.05).

The age of the psoriasis patients ranged from 23 to 69 years, with an mean of
49.05. A demografic profile of the experimental groups is presented in Table 1.

In this observational case-control study, we analyzed mRNA expression for

cytokines that modulate the inflammatory response especially implicated in plaque
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psoriasis and extended the analysis to other markers of macrophage activity and glucose
metabolism. Furthermore, the analysis of the expression of these markers in the affected
and unaffected skin regions showed that some of the markers are highly expressed even
in normal-looking skin. We believe that the number of patients enrolled in this study,
despite being modest, was sufficient to support the conclusions, since the p-values were

highly significant in the statistical analysis.

Relative expression of IL-17 and IFN-y genes is increased in tissues affected
by psoriasis

Relative mRNA expressions of IFN-y and IL-17 were found to be significantly
higher in affected tissues than in non-affected tissues (p = 0.03 and 0.04). Moreover, the
expression of the two genes was more pronounced in the skin of patients with psoriasis
than in the skin of healthy control subjects (p < 0.0001) (FIGURES 1A and 1B).

Relative mMRNA expressions of 1L-23 (p = 0.001) (FIGURE 1C), IL-22 (p= 0.01)
(FIGURE 1D), IL-10 (p= 0.0058) (FIGURE 1E), TNF-a (p= 0.009) (FIGURE 1F), and
TGF-BR2 (p=0.0025) (FIGURE 2A) were significantly higher in the skin of patients with
psoriasis than in the skin of control subjects. Nonetheless, the expression of these
molecules did not show any significant difference between the skin of affected and non-

affected tissues from the same patient.

Tissues affected by psoriasis express higher amounts of TGF-gR2, ARG1 and

ARG2 mRNA

Relative mRNA expressions of TGF-BR2, ARG1 and ARG2 were significantly

higher in affected skin than in non-affected areas (p< 0.0001). Furthermore, TGF-BR2,



75

ARG1 and ARG2 expressions in biopsies of patients with psoriasis were significantly

higher than in the skin of control subjects (p< 0.0001) (FIGURES 2A, 2B and 2C).

Tissues affected and non-affected by psoriasis express higher amounts of

INOS and GLUT1 mRNA than tissues of the control group

Relative mRNA expressions of INOS and GLUT1 were significantly higher in the
skin of psoriasis patients than in the skin of control subjects (p= 0.007 and p = 0.001).
However, there was no significant difference between the expression of these genes in

affected and non-affected skin biopsies from the same patient (FIGURES 2D and 2E).

Psoriasis patients on methotrexate therapy showed increased mRNA

expression of IFN-y, IL-10, TGF-BR2 and ARG2

When evaluating the relative mRNA expression of ARG2, IFN-y, and IL-10 in
patients who were using MTX and in patients without medication, a significant increase
was observed in the non-affected tissues of patients being treated with MTX when
compared to untreated patients (p< 0.05) (FIGURES 3A, 3B and 3C).

On the other hand, TGF-B-R2 expression was significantly higher in biopsies
obtained from the affected skin of patients using methotrexate than in biopsies from non-
affected skin (p< 0.05) (FIGURE 3D). The other cytokines analyzed did not show

significant differences between groups.

DISCUSSION
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This study showed a significant increase in mMRNA expression of inflammatory
mediator in affected and non-affected skin byopsies from patients with psoriasis when
compared with skin byopsies from healthy subjects. Furthermore, in patients with
psoriasis, a significant increase in mMRNA expression of IL-17 and IFN-y in skin biopsies
of affected tissues were observed when compared with non-affected tissues.

IL-17 family members play a major role on inflammation, increasing neutrophil
recruitment. Experimental murine models have demonstrated that the development of
psoriatic inflammation depends on the increase in IL-17 expression (HAWKES et al.,
2018). In a previous study which also investigated MRNA expression of IL-17, biopsies
of lesional skin showed higher levels of IL-17 expression in psoriatic lesions than in
normal controls, thus linking IL-17 to the pathogenesis of psoriasis (JIAWEN;
DONGSHENG; ZHIJIAN, 2004). As observed for IL-17, mRNA expression of IFN-y
was found to be increased in affected tissues in comparison with non-affected tissues.
These cytokines have been linked to psoriasis lesions, both in tissue expression and in the
secretion of PBMC. A synergistic effect of IFN-y and IL-17 has been reported, leading to
a sustained inflammatory condition and subsequent keratinocyte activation. In addition,
both IL-17 and IFN-y have been shown to be modulated downwards by successful therapy
using anti-TNF-o antibodies in patients with psoriasis (FURIATI et al., 2019). The
greater expression of IL-17 and IFN-y mRNA in affected areas of the skin, compared with
non-affected areas, emphasizes their role in the pathogenesis of psoriasis lesions.

Paradoxically, when comparing affected and non-affected tissues, an increased
expression of TGF-BR, ARG1 and ARG2 was observed in biopsies of the lesional area.
In the same environment where inflammatory cytokines are observed at a high level,
molecules associated with M2 macrophages and with cell regeneration and proliferation

are also increased. When compared to the control subjects, all these mediators were
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increased in patients with psoriasis, regardless of the biopsy area. However, when
comparing affected and non-affected areas, they were significantly elevated in biopsies
of the affected area. These findings characterize an active inflammatory process mediated
by IL-17 and IFN-y, with cell proliferation and the presence of M2 macrophage markers
such as ARG1, ARG2 and TGF-BR, all existing at the same time (KEPKA-LENHART
etal., 2000; LI et al., 2001).

The mRNA expression of other molecules associated with inflammation was
increased when compared to skin from control subjects, such as iINOS, TNF-a, IL-10, IL-
22 and IL-23. These cytokines play an important role in the inflammation observed in
psoriasis and are markedly increased in both biopsies areas, affected and non-affected
skin. TNF-a has a recognized role in lesions associated with psoriasis, as well as IL-22
and IL-23.

The importance of these modulators in triggering lesions of psoriasis can be
demonstrated by the therapeutic effects of their blockages by immunobiological drugs, as
observed for TNF-a, 1L-23 and IL-17. They are cytokines that promote and support the
production of IFN-y and IL-17 and are also associated with the hyperproliferation of
keratinocytes, with the production of antimicrobial peptides and with the influx of
neutrophils (EYERICH et al., 2009; WOLK et al., 2006). IL-10 on its side, represents a
regulatory cytokine found in the skin lesion and produced by PBMC. However, its
production does not seem to be enough to control the inflammatory process (FURIATI et
al., 2019).

RNA expression of iNOS showed higher levels in patients with psoriasis than in
control subjects, suggesting the participation of this cell population and of inflammatory
mediators of nitric oxide in the pathogenesis of psoriatic lesions (LOWES et al., 2005).

Previous studies have reported higher levels of mMRNA expression of iNOS in biopsies of
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affected skin from patients with psoriasis than in the skin of healthy individuals
(ORMEROD et al., 1998; SIRSJO et al., 1996).

Relative mRNA expression of GLUT1 was found to be significantly higher in the
skin of patients with psoriasis than in the skin of healthy control subjects. GLUTL1 is
associated with high glucose intake and increased cellular metabolism. Studies have
already suggested that GLUT1 can play a role in the pathogenesis of psoriasis through
activation and differentiation of T cells into Thl and Th17. Increased expression of
GLUTL indicates an increase in metabolism, both in immune cells and in keratinocytes
(ABDOU et al., 2013; HODEIB et al., 2018; PALMER et al., 2015).

The expression of the mRNA of these mediators was also analyzed based on the
treatment. Twenty-one patients with psoriasis were analyzed, six of them were not
undergoing any treatment and fifteen were receiving methotrexate, but with poor
therapeutic response. In these patients, mMRNA expression for ARG-2 IFN-y and IL-10
was higher in non-affected skin biopsies of treated patients than in biopsies of the
untreated ones. In turn, the expression of TGF-BR was greater in biopsies of affected skin
in treated patients. These results reinforce the role of these mediators in the inflammatory
process and in cell proliferation observed in psoriasis, demonstrating that the low
response to methotrexate is associated with an increased expression of these mediators,
even when compared to their expressions in untreated patients. Low expression of TGF-
BR1 and TGF-BR2 receptors has been observed previously (DOI et al., 2003; LEIVO et
al., 1998). Its high expression observed in this study suggests that it may be more involved

with cell proliferation than with immunoregulation.

CONCLUSION
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An increase in inflammation mediators was observed in skin biopsies of patients
with psoriasis when compared with the control group in both affected and non-affected
skin samples. Furthermore, the paradoxical increased expression of IFN-y, IL-17, TGF-
BR, ARG1 and ARG?2 in the affected tissue indicate the concomitant of an inflammatory

and proliferative reaction.
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Table 1. Gender and mean age of patients and healthy subjects.

Gender Age —mean
(Male/Female) (Male/Female)
Healthy subjects 3/2 40/44,5
Patients without therapy 3/3 38,7/48
Patients treated with 5/10 50,2/53
methotrexate
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Figure 1. Psoriasis. Quantitative analysis of mRNA levels by qRT-PCR for IL-17, IFN-
v, 1L-23, IL-22, IL-10 and TNF-a in biopsies of affected and non-affected tissue from
patients with psoriasis in comparison with healthy tissue. (A) Relative expression of IL-
17; (B) Relative expression of IFN-y; (C) Relative expression of IL-23; (D) Relative
expression of IL-22; (E) Relative expression of IL-10; (F) Relative expression of TNF-a.
For the analysis between three groups, the Kruskal-Wallis test was used. For the analysis
between two groups with dependent variables, the Wilcoxon test was used. *Statistically

significant difference.

Figure 2. Psoriasis. Quantitative analysis of mRNA levels by qRT-PCR for TGF-BR2,
ARG1, ARG2, iNOS and GLUTL1 in biopsies of affected and non-affected tissue from
patients with psoriasis in comparison with healthy tissue. (A) Relative expression of TGF-
BR2; (B) Relative expression of ARG1; (C) Relative expression of ARG2; (D) Relative
expression of iNOS; (E) Relative expression of GLUT1. For the analysis between three
groups, the Kruskal-Wallis test was used. For the analysis between two groups with

dependent variables, the Wilcoxon test was used. *Statistically significant difference.

Figure 3. Psoriasis. Quantitative analysis of mMRNA levels by gRT-PCR for ARG2, IFN-
v, 11-10 and TGF-BR2 in biopsies of affected and non-affected tissue from patients with
psoriasis undergoing methotrexate therapy and untreated patients. (A) Relative
expression of ARG2; (B) Relative expression of IFN-y; (C) Relative expression of IL-10;
(D) (Mann-Whitney p < 0.05). The Mann-Whitney test was used for analysis between

two independent groups. *Statistically significant difference.
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