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Figura 1 — Modo de ac¢do do MIF
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1 INTRODUCAO COMPREENSIVA

Virus respiratorios tais como rinovirus, paramixovirus, coronavirus e influenza séo os
principais causadores de doencas do trato respiratorio em humanos (WRIGHT et al, 1989;
EDWARDS et al, 2013). Destes, o virus sincicial respiratorio (VSR) é uma das principais
causas de infeccdo do trato respiratorio em criancas menores de 2 anos, pacientes
imunossuprimidos ou com doengas cardiacas estando principalmente associado a
bronquiolite. Aproximadamente 30 em cada 1000 criancas sao hospitalizadas com diagndstico
de bronquiolite em todo mundo (CHANOCK et al, 1957; GARENNE et al, 1992; SIMOES &
CARBONELL-ESTRANY, 2003). A Organizacdo Mundial da Saide (OMS) estima que
ocorram em todo o mundo 64 milhdes de casos e 160 mil mortes por infeccdo respiratoria
causada por VSR a cada ano (WHO, 2009).

A infeccdo pelo VSR pode se manifestar na forma de uma rinite, coriza ou otite
enquanto abrange apenas o trato respiratorio superior. Contudo, pode progredir para uma
bronquiolite ou pneumonia ao se estabelecer no trato respiratorio inferior, exigindo
hospitalizacdo, oxigenoterapia, ventilagdo mecéanica e podendo levar a morte (GARENNE et
al, 1992; TREGONING & SCHWARZE, 2010).

Os primeiros testes para desenvolver uma vacina contra VSR foram realizados com
uma formulacéo de VSR inativado com formalina (VSR-IF) na década de 1960. Entretanto, as
criangas vacinadas desenvolveram uma doenca pulmonar exacerbada e precisaram de
hospitalizacdo sob infeccdo por VSR, enquanto as criangas ndo vacinadas apresentaram
sintomas significativamente mais leves (KIM et al, 1969). Durante muito tempo, o fracasso da
vacina com VSR-IF permaneceu sem explicacdes, principalmente devido ao pouco
entendimento das respostas imunes disparadas por infec¢Ges virais. Porém, estudos recentes
sugeriram que a vacina com VSR-IF falhou por causa da sua habilidade em induzir uma
resposta imune tipo Th2 (T auxiliar) contra o virus (WARRIS et al, 1996; MOGHADDAM et
al, 2006). A resposta tipo Th2 é caracterizada pela ativacdo e proliferacdo de células T CD4*
que secretam um padrdo de citocinas que promovem a infiltracdo de eosindfilos e neutréfilos
no tecido pulmonar, o que pioraria a patogenicidade da doenca. Ainda ndo esta disponivel
uma vacina ou terapia antiviral para 0 VSR (GRAHAM & ANDERSON, 2013).

Atualmente, como profilaxia, sdo administradas injecbes mensais de palivizumabe ou
anticorpos monoclonais neutralizantes durante as epidemias, sendo estes destinados apenas a
grupos de alto risco, tais como pacientes imunocomprometidos e criangas nascidas pré-termo.

N&o ha terapia eficaz para a infeccdo por VSR e o tratamento é principalmente sintomatico. A
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infeccdo pelo VSR € conhecida pela recorréncia devido a mecanismos de escape viral.
Contudo, como o sistema imunoldgico responde a essa infeccdo ainda ndo esta bem
estabelecido (LAY et al, 2013; KIM & LEE, 2014).

O virus sincicial respiratorio (VSR)

A infeccdo pelo VSR e o estabelecimento da doenga s&o largamente restritos ao ser
humano. Os chimpanzés sdo os unicos hospedeiros em que o VSR humano infecta e replica
bem o suficiente para permitir a transmissdo entre animais e para produzir de forma eficaz
doenca do trato respiratorio. In vivo, o VSR infecta preferencialmente as células superficiais
do epitélio respiratdrio. Além disso, 0 VSR pode ser recuperado em abundéncia a partir de
secrecOes nasais, swabs de nasofaringe, lavagens de pulméo e seio nasal (BROCK et al, 2012;
GRAHAM &ANDERSON, 2013).

Estudos com células humanas imortalizadas in vitro, tém demonstrado que uma grande
variedade de tipos celulares pode ser infectada. O VSR pode se replicar em linhagens
celulares transformadas derivadas de pulméo, rim, figado, tecido nervoso, do c6lon, da mama,
do ovario e outros tecidos. Portanto, a replicacdo do VSR ndo é necessariamente limitada ao
tecido de origem no trato respiratorio ou confinada ao epitélio (GRAHAM &ANDERSON,
2013).

O VSR pertence a familia Paramyxoviridae constituida por virus grandes,
pleomorficos, envelopados e de genoma linear RNA fita-simples de sentido negativo. O VSR
possui dois subtipos antigénicos conhecidos, A e B, que diferem na sequéncia de aminoacidos
da proteina G. O genoma do VSR é capaz de codificar nove proteinas estruturais (F, G, SH,
M, N, P, L, M2-1 e M2-2) e duas ndo-estruturais (NS1 e NS2). As proteinas nao-estruturais,
NS1 e NS2, junto com as glicoproteinas G e F do envelope, sdo 0s principais componentes
envolvidos no estabelecimento da infecgdo e na evaséo da resposta imune do hospedeiro. As
glicoproteinas F e G sdo as Unicas capazes de induzir a produgdo de anticorpos neutralizantes
(CONNORS et al, 1991; HACKING & HULL, 2002; OGRA, 2004; BUENO et al, 2008;
GRAHAM &ANDERSON, 2013).

A infeccdo pelo VSR e as respostas imunes inata e adaptativa

Uma vez estabelecida a infeccdo, uma resposta imune inata é desencadeada e 0 VSR
induz a transcri¢do de genes mediados pelo fator de transcricdo NF-xB (fator nuclear kappa
B), promovendo uma resposta antiviral (SPANN et al, 2005; LIU et al, 2007). O

reconhecimento viral ¢ realizado através da ligacdo das particulas virais a PRRs (receptores de
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reconhecimento de padréo), TLRs (receptores do tipo Toll), RLRs (receptores do gene rig-I
induzidos pelo &cido retindico) ou NLRs (receptores do dominio de oligomerizagdo de
nucleotideo-ligante) e da liberagdo de citocinas e quimiocinas pelas células infectadas
(GRAHAM &ANDERSON, 2013; LAY et al, 2013; KIM & LEE, 2014).

Dentre os TLRs expressos pelas células epiteliais, o complexo TLR4/CD14 ¢é o
principal receptor que reconhece 0 VSR, através da ligacdo a proteina F, presente no envelope
viral (KURT-JONES et al, 2000). Outros TLRs podem ser ativados e sdo importantes durante
a infeccdo pelo VSR. O TLR2/6 reconhece componentes que podem estar presentes no
envelope viral tais como peptideoglicanos e lipoproteinas. O TLR7 reconhece, dentro do
endossomo, 0 RNA fita-simples viral. Ambos TLR2/6 e TLR7 ativam a via de sinalizag&o por
MyD88 (gene 88 de resposta primaria de diferenciacdo mieldide). O TLR3, também
localizado no endossomo, reconhecera os intermediarios da replicacdo viral ativando a via
dependente de TRIF (adaptador contendo dominio TIR indutor de interferon B). O
reconhecimento intracelular também pode ocorrer através da ativacdo da via de sinalizagdo
MAVS (proteina de sinalizacao antiviral mitocondrial) por RIG-I (gene rig-1 induzidos pelo
acido retindico) e Nod2 (dominio de oligomerizacdo de nucleotideo-ligante 2) que detectam
RNA fita-simples no citoplasma. A ativacao desses TLRs e outros receptores intracelulares
levara a producdo IFN (interferon) e citocinas pro-inflamatérias (GRAHAM &ANDERSON,
2013; LAY et al, 2013; KIM & LEE, 2014 ). A producdo de IFN, contudo, é reduzida pela
acdo das proteinas ndo estruturais NS1 e NS2 que blogueiam as vias de sinalizagdo janus-
quinase e ativador de transcricdo 1 (JAK-STAT) reduzindo a deteccdo e sendo um dos
mecanismos de evasdo viral (RAMASWAMY et al, 2004; SWEDAN et al, 2011). Outros
mecanismos compreendem a alteracdo do receptor TLR4 e interacdo entre a proteina F do
virus e 0 CD14 (SCHLENDER et al, 2002; LAY et al, 2013; BOYOGLU-BARNUM et al,
2014; KIM & LEE, 2014). A ligacédo da proteina F ao TLR4/CD14 leva a producéo de IL-8,
IL-6 e TNF-a mediada por NF-kB (KURT-JONES et al, 2000).

Sendo parte da resposta inata e contribuindo para o estabelecimento da resposta imune
adaptativa, diversas citocinas e quimiocinas séo liberadas durante a infeccéo pelo VSR e estdo
correlacionados diretamente com a intensidade da resposta inflamatéria (GRAHAM
&ANDERSON, 2013; KIM & LEE, 2014). Varios estudos mostraram que CCL3 (MIP-1a/
proteina inflamatdria de macrofagos 1a), e CCL5 (RANTES/ regulada sob ativagédo, expressa
e secretada por celulas T normais) liberados durante a infeccdo pelo VSR estdo presentes nos
casos mais severos em criancas (BONVILLE et al, 2002; GRAHAM &ANDERSON, 2013;
LAY et al, 2013).
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As quimiocinas e citocinas liberadas pelas células epiteliais infectadas por VSR e
macrofagos, que incluem CCL5, CCL2 (proteina quimiotatica de mondcitos-1/MCP-1),
CXCLS8 (Interleucina-8; 1L-8) e CXCL10 (IP-10/ proteina 10 indutora de interferon-gama),
vao contribuir para a ativacao e o recrutamento, da corrente sanguinea para o tecido infectado,
de neutroéfilos, mondcitos, macréfagos, células dendriticas (DCs), células natural killer (NKSs),
células T de memdria e eosinofilos. Essas células recrutadas vdo contribuir secretando
citocinas pro-inflamatérias, como TNF-a, IL-6 e IL-8 e anti-inflamatérias como I1L-10
(NOAH & BECKER, 1993; SHEERAN et al, 1999; BUENO et al, 2008; GRAHAM
&ANDERSON, 2013; LAY et al, 2013).

Durante a infeccdo pelo VSR ha uma secrecdo maior dessas citocinas devido a
migracdo de células imunes e subsequente liberacdo de mais citocinas inflamatérias no local
da infeccdo que acabam contribuindo para a imunopatologia das vias aéreas (BUENO et al,
2008). Conjuntamente com a resposta inflamatdria aguda, células apresentadoras de antigenos
presentes no trato respiratério podem adquirir antigenos derivados do virus, ou por infeccao
direta ou indiretamente por fagocitose de particulas do virus ou células epiteliais infectadas,
que permitirdo a formacdo de uma resposta imune mais efetiva e especifica ao virus
(GRAHAM &ANDERSON, 2013).

A resposta imune adaptativa na infeccdo pelo VSR, principalmente a mediada por
células T CD4" e CD8", é necessaria para o clearance viral. O papel da resposta imune
adaptativa na reducdo dos titulos virais é especialmente evidenciado em criangas com
auséncia de células T, que sofrem de doenca severa causada por VSR (FISHAUT et al, 1980;
HALL et al, 1986; GRAHAM &ANDERSON, 2013; CHRISTIAANSEN et al, 2014). As
células T CD8" sdo essenciais na resposta imune ao VSR, pois medeiam uma resposta celular
direta que ocasionara na lise celular da célula infectada. Graham et al, (2013) mostrou, em
camundongos, que a resposta de células T CD8" contribui para severidade da doenca e que
quando as células T CD8" eram depletadas havia apenas uma pequena melhora na
recuperacao dos animais. O clearance viral ainda dependia da resposta celular via células T
CD8* (GRAHAM et al, 1991; CHRISTIAANSEN et al, 2014).

Contudo, estudos mostraram que 0 VSR é capaz de inibir a geracdo de memoria de
células T CD8" especificas para o virus, especialmente no trato respiratorio e este mecanismo
parece estar relacionado a um defeito na sinalizacdo do TCR (receptor de células T) (CHANG
& BRACIALE, 2002; OLSON et al, 2008; OLSON & VARGA, 2008).

Quanto as células T CD4", estas podem se dividir em células Thl e Th2 que geram

respostas contrapostas atuando na homeostasia do sistema imune. A resposta por células Th2
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desenvolvida durante a infeccdo pelo VSR é semelhante & da asma. Ha hiperresponsividade
das vias aéreas, producdo de muco e eosinofilia. Como na infeccdo pelo VSR, essas
caracteristicas ja estdo presentes, a polarizagdo da resposta para Th2 contribui ainda mais para
o0 dano gerado no pulméo. As proteinas NS1 e NS2 do VSR ao diminuirem a sintese de IFN,
polarizam as células T CD4" para Th2 e reduzem a ativacdo e proliferacdo das células Th17
(MUNIR et al, 2011; GRAHAM &ANDERSON, 2013; LAY et al, 2013; BOYOGLU-
BARNUM et al, 2014; CHRISTIAANSEN et al, 2014).

Uma vez que a resposta € exacerbada, o sistema imune utiliza uma combinacdo de
citocinas inibidoras, tais como a IL-10, IL-35 e TGF-B, bem como células T reguladoras
especializadas (Tregs), um subtipo de células T CD4", com funcdes inibitérias para limitar a
inflamacdo e evitar danos ao tecido pulmonar (GRAHAM & ANDERSON, 2013;
CHRISTIAANSEN et al, 2014).

Durant et al, (2013) mostrou que com a deplecdo de células T regulatorias em
camundongos durante a infeccdo pelo VSR, houve um aumento da resposta inflamatéria e do
influxo de células inatas ao pulmao. Além disso, houve um aumento de células T CD4" e
CD8". Isso mostra que as células T regulatérias contribuem para limitar e controlar a
inflamacdo diminuindo a resposta de citocinas de perfil Th2 e diminuindo a ativacdo de
celulas T. Mesmo sendo a reposta regulatéria essencial para limitar os danos causados pela
infeccdo pelo VSR, a diminuicdo do clearance por células T, devido a resposta regulatoria,
permite a sobrevivéncia e disseminacdo viral a outros hospedeiros (RUCKWARDT et al,
2009; GRAHAM &ANDERSON, 2013).

Como parte da resposta imune adaptativa, a infeccdo pelo VSR também ativa uma
resposta humoral através da interacdo das proteinas G e F do virus com células do sistema
imune. Ambas as imunoglobulinas, IgA e IgG, véo contribuir para a prote¢do do hospedeiro
contra reinfecgdes pelo VSR, tanto no trato superior quanto no trato inferior respiratorio.
Contudo, apds uma exposicdo aguda ao VSR, a quantidade desses anticorpos disponiveis,
principalmente em criancas e idosos, para combate ao VSR rapidamente cai. Esse declinio
contribui para que ocorram reinfecgdes pelo VSR. Em criangas, a presenca de anticorpos
maternos combinados com a imaturidade do sistema imunoldgico contribui para uma menor
geracdo de células secretoras de anticorpos durante a infeccdo pelo VSR (FALSEY &
WALSH, 1998; FALSEY et al, 2006; GRAHAM &ANDERSON, 2013).

O RSV provoca infeccBes recorrentes ao longo da vida, o que sugere que 0 virus ou
evade ou compromete a geracdo de memoria de longa duracdo. E, estudos envolvendo

resposta imune induzida por VSR continuam a revelar novos mecanismos pelos quais 0 VSR
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modula a resposta imune do hospedeiro. Contudo, mais estudos sdo necessarios para obter
uma melhor compreensdo de como o VSR impede o desenvolvimento de células T de
memoria de longa duracéo e células B em humanos (GRAHAM &ANDERSON, 2013).

O fator inibidor da migracéo de macréfagos (MIF)

O fator inibidor da migracdo de macrofagos (MIF), também conhecido como fator
inibidor da glicosilacdo, L-dopacromo isomerase, ou fenilpiruvato tautomerase, teve sua
atividade inicialmente descrita em 1966 em um estudo da reagédo de hipersensibilidade tardia
em que este fator foi originalmente identificado pela sua capacidade de impedir a migracao de
macrdéfagos em porquinhos da india (BLOOM & BENNET, 1966; DAVID, 1966). Weiser et
al, em 1989, durante a procura de novos reguladores da inflamacao, descreveram o MIF como
uma molécula secretada, semelhante a um hormonio que potenciava a endotoxemia. Em 1999,
camundongos MIF knockout foram gerados e se mostraram férteis e saudaveis, sendo estes
animais resistentes a endotoxina bacteriana e a exotoxina estafilocécica (BOZZA et al, 1999),
indicando que esta citocina tem atividade pro-inflamatdria. Reconhece-se agora que existem
muitas fungbes potencialmente relevantes do MIF, incluindo a indugdo de outras citocinas
(como TNF-a e IL-1), regulacdo da migracdo de células imunes, e a capacidade de superar o
efeito antiinflamatoério dos glicocorticdides (CALANDRA & BUCALA, 1995).

Primeiramente, MIF foi apresentado como uma citocina unicamente liberada por
linfocitos. Contudo, mondcitos, macrofagos, células T, células dendriticas, células B,
neutrofilos, eosindfilos, mastécitos, basofilos, células e tecidos que estdo em contato direto
com o ambiente, como pulmado, pele, tratos gastrointestinal e genitourinario e érgdos tais
como hipotalamo, glandula adrenal e pituitaria também podem produzir MIF. Alem disso,
moléculas microbianas e outros estimulos, como citocinas, glicocorticdides e complexos
imunes podem induzir a liberacdo de MIF (BERNHAGEN et al, 1993; CALANDRA et al,
1995).

Ao contrario da maioria das citocinas, como TNF-a, IL-1f ou IL-12, 0 MIF é
constitutivamente expresso e armazenado em estoques intracelulares e ndo requer sintese
protéica de novo antes de ser secretado (CALANDRA & ROGER, 2003; LENG et al, 2003).
Sitios de armazenamento de MIF encontrados recentemente e ainda pouco estudados sdo 0s
corpusculos lipidicos presentes em eosinofilos e outras células do sistema imune. Os
corpusculos lipidicos estdo relacionados a processos inflamatdrios devido ao seu conteldo,
que € constituido de eicosandides e pela presenca da enzima COX (ciclooxigenase) ancorada

na membrana lipidica responsavel pela conversao de mediadores inflamatdrios. Em resposta a
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um estimulo, esses corpusculos lipidicos e, consequentemente MIF, sdo liberados e
contribuem para a resposta inflamatoria (BOZZA, et al, 2011; MELO & WELLER, 2014).

Uma vez liberado, MIF atua como uma citocina pro-inflamatéria classica que promove
respostas imunes inata e adaptativa através da ativacao de macréfagos e células T. Dentre as
citocinas produzidas em resposta ao MIF, estdo TNF, IFN-y, IL-1pB, IL-2, IL-6, IL-8, NO
(6xido nitrico), COX2, metaloproteinases e seus inibidores (CALANDRA et al, 1994;
MITCHELL et al, 1999; BOZZA et al, 1999).

MIF estabelece sua acdo atraves da ligacdo ao receptor de superficie CD74, também
conhecido como cadeia invariante associada ao MHC classe 11, sendo recentemente descrita a
ligacdo de MIF aos receptores CXCR2 e CXCR4 (BERNHAGEN et al, 2007; GRIEB, 2014).
A partir da ligacdo ao CD74, ha recrutamento de CD44, que por sua vez ativa tirosina
quinases, induzindo a ativacdo de vias de sinalizacdo, transcricdo de genes e expressdo de
moléculas efetoras e producdo de prostaglandina E2 (PGE2) através de ERK 1/2 (quinases
reguladas por sinal extracelular 1/2). A ativacdo de ERK1/2 é dependente e associada com um
aumento da atividade enzimatica da fosfolipase plasmatica A2 (PLA2), que esta envolvida na
producdo de mediadores inflamatorios. PLA2 é um dos alvos de antiinflamatdrios e atraves da
inducdo de ERK1/2 e consequente ativacdo da PLA2, MIF consegue superar os efeitos
imunossupressivos dos esterdides (LENG et al, 2003; SHI et al, 2006; CALANDRA &
ROGER, 2003).
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Figura 1- Modo de a¢do do MIF. A. O fator inibidor da migracdo de macroéfagos (MIF) pode mediar suas
atividades biologicas através de uma via mediada por receptores classicos ou através de uma via endocitica ndo
cléssica. Demonstrou-se que MIF se liga a CD74 e fosforila as proteinas quinases regulada por sinal extracelular
ERK1/2. MIF promove o crescimento celular e ativa fatores de transcricdo da familia ETS, conhecida por ser
essencial para a expressdo do gene do receptor de tipo Toll 4. MIF se liga a proteina de ligagdo ao dominio de
ativacdo 1 JUN-(JAB1), impedindo a ativacdo de JUN induzida por JAB e a degradacdo induzida por JAB1 do
inibidor de proliferacdo celular KIP1, levando a parada do ciclo celular e apoptose. B | Indugdo e regulagéo da
resposta inflamatdria de células do sistema imune inato por MIF. MIF regula positivamente a expressdo de TLR4
em macrdfagos o que permite um rapido reconhecimento de bactérias contendo endotoxinas, o0 que promove a
producéo de citocinas (incluindo MIF), NO e outros mediadores. Depois de liberado, MIF ativa uma cascata de
eventos que consistem na fosforilagdo de ERK1/2, indugdo de PLA2, &cido araquiddnico, c-Jun N-terminal
quinase e a atividade da PGE2. Através das atividades de oxidoredutase e COX-2, MIF previne a apoptose
induzida pela agdo oxidativa e por p53. MIF contra-regula os efeitos imunossupressores de glicocorticoides, em
nivel de transcricdo e pds-transcricdo. O MIF inibe a indugdo mediada por glicocorticdides da sintese do inibidor
do fator nuclear NFkB e desestabilizagdo do mRNA e anula a inibi¢cdo, mediada por glucocorticoides, da

atividade da PLA2 e a producdo de acido araquidonico. Modificado de: CALANDRA & ROGER, 2003.
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Além disso, MIF modula a resposta inflamatéria atraves da sua acao antiapoptotica em
macrofagos. Macréfagos, que s@o os principais armazenadores de MIF, tém sua atividade
aumentada, pois altas concentra¢fes de MIF previnem o acimulo de p53 no citoplasma
levando a sobrevida aumentada dos macrofagos e a uma resposta inflamatdria continua.
(MITCHELL et al, 2002). A ativacdo da MAPK (proteino-quinases ativadas por mitdégeno) e
PI3K (fosfatidilinositol 3-quinase) pela ligacdo ao receptor de membrana CD74, também pode
resultar na inibicdo da apoptose celular (MITCHELL et al, 2002; CALANDRA & ROGER,
2003; GABER et al, 2011).

MIF também atua aumentando a expressdo de TLR4. Calandra et al, 2001, descreveu
que camundongos deficientes em MIF eram hiporresponsivos ao LPS e bactérias gram-
negativas. A presenca de MIF facilitava a deteccdo bacteriana e producdo de citocinas
necessarias para a rapida montagem da resposta imune e a sua auséncia levava a proliferacao
bacteriana descontrolada. Embora o MIF seja necessario para combater uma infeccdo, altos
niveis de MIF sdo prejudiciais durante infec¢des agudas, uma vez que altas doses de MIF
recombinante exacerbaram a endotoxemia letal e a sepse por E. coli em camundongos
(CALANDRA et al, 2000).

Estudos da fungcdo do MIF também estabeleceram que esta proteina é necessaria para a
expressdo de IL-2 para a ativacao de células T e para a producgéo de anticorpos pelas células B
(BACHER et al, 1996; ABE et al, 2001).

Mesmo que MIF tenha um papel regulador essencial na ativacao de células T, pouco
se sabe a respeito. Mitdgenos, toxoide do tétano, anticorpos especificos para CD3, TSST1
(toxina da sindrome do choque toxico 1) e glicocorticides podem estimular a liberagdo de
MIF de linfocitos T e esplenocitos em camundongos (BERNHAGEN et al, 1993;
CALANDRA et al, 1995; CALANDRA et al, 1998; PAIVA et al, 2009). Abe et al, (2001)
mostrou que quando MIF estava neutralizado, havia o aumento de ambas as populacdes de
células T CD4" e CD8" em tumores murinos e, esse aumento nao era devido a proliferacdo
celular, mas sim por um prolongamento do tempo de vida dessas células. MIF promovia a
tumorigénese pela diminuicdo da resposta citotoxica e proliferacdo de células T e diminuia a
secrecdo de IFN-y pelas células T CD4", deixando as células menos capazes de se diferenciar
em Thl (MALU et al, 2011). Além disso, a neutralizacdo de MIF podia inibir a producéao de
anticorpos. Assim, MIF tem também func¢Bes imunomoduladoras importantes no sistema
imune adaptativo (ABE et al, 2001).

MIF influencia na sobrevivéncia de células B pela sua a¢do supressora em p53 e

promover o recrutamento e na proliferacdo de células B em camundongos pela ativacdo da via
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CD74/CD44 (GORE et al, 2008). O papel do MIF na migracdo e recrutamento de linfécitos
B, ainda ndo foi elucidado. Klasen et al, (2014) mostraram que quando o receptor de MIF,
CD74, estava blogueado havia uma substancial reducdo na quimiotaxia de células B murinas.
Identificou-se o eixo MIF/CXCR4/ CD74 como uma nova via de sinalizacdo que regula a
quimiotaxia de células B e essa atividade esta relacionada com a via de ZAP-70 (proteina
quinase associada a cadeia zeta de 70 kD).

Entdo, como dito anteriormente, MIF tem um papel essencial na regulacdo da resposta
imune, é rapidamente liberado por celulas do sistema imunologico em resposta a infecgdes,
inflamacdo e estresse, ou durante a ativacdo especifica por antigenos, e tem efeitos autocrinos

e paracrinos potentes que promovem o crescimento e a sobrevivéncia celular.

O MIF e as infecces virais

Além do envolvimento em infeccBes bacterianas e especialmente em sepse, niveis
elevados de MIF também sdo observados em infecgdes virais, como as provocadas por virus
da gripe, virus da imunodeficiéncia humana (HIV), virus do Ebola e virus da dengue (DENV)
(CALANDRA & ROGER, 2003; CHUANG et al, 2005; ASSUNC;AO-MIRANDA et al,
2010a).

Diversos estudos recentes tém demonstrado que fatores do hospedeiro podem
influenciar na severidade e no prognostico de infeccdes virais e sao citados abaixo.

Na patogénese da artrite causada pelo virus Sindbis, a infeccdo promoveu a ativacdo
de macrofagos, liberacdo de MIF e expressdo e secrecdo de TNF-a, IL-1pB, ¢ IL-6, que
estariam envolvidos no dano articular gerado (ASSUNCAO-MIRANDA et al, 2010b).

Em pacientes com hepatite B cronica e cirrose sao encontrados niveis mais elevados
de MIF, TNF-a e IL-6 no soro, comparados com individuos saudaveis (ZHANG et al, 2002).
O tratamento com anticorpo neutralizante anti-MIF reduziu a injuria hepatica e a infiltracao
de células inflamatorias no figado de camundongos infectados com o virus da hepatite B
(KIMURA et al, 2006). Arjona e colaboradores (2007) mostraram que pacientes com
encefalite causada pelo virus West Nile apresentam niveis aumentados de MIF no plasma e no
fluido cerebrospinhal. No mesmo estudo, os autores mostraram que animais Mif-/- tém carga
viral e inflamacdo reduzidas no cérebro, comparados com animais selvagens e que o MIF
desempenha um papel central na perda da integridade da barreira hematoencefalica (ARJONA
et al, 2007). Na infeccdo pelo HIV-1, MIF atuava favorecendo uma replicacdo viral elevada, e

contribuindo para a persisténcia viral (REGIS et al, 2010).
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MIF também tem um papel crucial na severidade e no desfecho clinico de infeccGes
pelo virus da dengue. Os niveis de MIF e IL-6 estavam mais elevados em pacientes que
morreram com a forma mais grave da doenca, a dengue hemorrégica, quando comparados
com o0s pacientes com dengue hemorragica que sobreviveram e com pacientes com a forma
branda da doenca (CHEN et al, 2006). Além disso, camundongos Mif-/- infectados com o
virus da dengue exibem uma queda na carga viral e uma reposta inflamatéria reduzida em
comparag&o com os camundongos selvagens (ASSUNCAO-MIRANDA et al, 2010a).

Arndt et al, (2002) sugeriu um possivel envolvimento de MIF em infecgdes
respiratorias. Células epiteliais brénquicas podem secretar altos niveis de CXCLS8/IL-8 em
resposta a infeccdo pelo virus Influenza A in vitro. E, além da liberacdo de CXCL8 / IL-8,
foram detectados altos niveis de MIF no sobrenadante de células infectadas. MIF estaria
sendo liberado em resposta a necrose produzida pela infecgdo e continuaria biologicamente
ativo.

Nesse contexto, a inibicdo da produgdo de MIF ou o bloqueio de sua fungéo por
inibidores ou anticorpos anti-MIF pode representar uma abordagem adicional para impedir o
desenvolvimento de patogenias de carater inflamatério, além dos outros mecanismos de acdo

em que MIF esta presente e influencia negativamente o desfecho clinico da doenca.



20

1.1 JUSTIFICATIVA

O VSR é a principal causa de pneumonia e bronquiolite viral em todo o mundo,
infectando mais do que 70% das criangas no primeiro ano de vida e 100% das criancas com
menos de 2 anos de idade (BUENO et al, 2008; WHO, 2009).

O papel desempenhado por citocinas e mediadores inflamatorios, como o MIF,
durante diferentes tipos de infeccGes sdo pecas chave nos mecanismos de defesa do
hospedeiro contra agentes infecciosos e, a0 mesmo tempo, podem causar dano tecidual, por
ativacao ou recrutamento massivo de células inflamatdrias (BUCALA, 2012).

Em um estudo clinico com pacientes com sindrome da angustia respiratéria aguda
(SARA), Donelly et al, (1997) descreve que durante a sindrome ha um aumento na secrecdo
de citocinas pro-inflamatorias, tais como TNFa e IL-8, desencadeados por MIF, o que sugere
que o MIF desempenha um papel importante em patologias pulmonares. Ainda, pacientes
infectados com Influenza A, apresentam altos niveis de MIF e IL-8. Considerando os efeitos
imunoestimuladores bem estabelecidos de MIF em diferentes tipos celulares, é muito
provavel que o aumento dos niveis de MIF pode contribuir para a resposta imune do
hospedeiro durante a fase aguda de uma infec¢do pelo virus da gripe em seres humanos
(ARNDT et al, 2002). Contudo, 0 mecanismo de MIF envolvido em cada infeccdo viral é
diferente e requer mais investigagoes.

Assim, considerando a patogénese desenvolvida durante a infec¢do pelo VSR, o
entendimento dos mecanismos de acdo do MIF é fundamental para o desenvolvimento de
novas terapias contra o dano pulmonar causado pela infeccdo por virus sincicial respiratorio

em criangas.
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1.2 OBJETIVOS

1.2.1 Objetivo geral

Caracterizar o papel do fator inibidor da migracao de macrofagos (MIF) na infeccdo

pelo virus sincicial respiratorio (VSR).

1.2.2 Objetivos especificos

- Analisar a expressdo de MIF, por western blotting e PCR em tempo real, em
macrofagos e células dendriticas murinas infectados com VSR,;

- Avaliar a secrecdo de citocinas pro- e anti- inflamatérias (TNF-o, MCP-1 e IL-10)
por macréfagos murinos infectados com VSR;

- Avaliar o papel do MIF na producgéo de citocinas induzida pelo VSR em macréfagos
murinos;

- Caracterizar a resposta de células T de memoria murinas na infeccdo pelo VSR in

vitro.
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Abstract

Respiratory syncytial virus (RSV) is a major cause of respiratory infections in children under
2 years old. During RSV infection, the immunological memory lacks efficiency and there are
reinfections that can cause severe respiratory tract diseases. The damage caused by RSV in
the lung tissue occurs due to the massive production of pro-inflammatory cytokines and
exacerbated activation of immune responses. The cytokine macrophage migration inhibitory
factor (MIF) is involved in the pathogenesis of inflammatory and infectious diseases, however
its role in RSV infection is unknown. Here we show that RSV was able to induce the
expression of MIF mRNA and protein in both bone marrow-derived dendritic cells and
macrophages. RSV induced the production of the pro-inflammatory cytokines, TNF and
MCP-1, and the anti-inflammatory IL-10 by peritoneal macrophages. To evaluate the role of
MIF on RSV-induced cytokine secretion by macrophages, we pretreated the cells with MIF
inhibitor, 1SO-1. Pretreating macrophages with ISO-1 abolished the production of TNF,
MCP-1 and IL-10, indicating that MIF plays a crucial role in cytokine secretion induced by
RSV infection. RSV induced lipid body formation in a concentration-dependent manner and
MIF-deficient macrophages produced a smaller number of lipid bodies when stimulated with
RSV. In contrast, memory T cell differentiation and their cytokine production was not
affected by RSV, not even when MIF was inhibited. MIF seems to amplify the inflammatory
response to RSV by increasing the production of pro-inflammatory cytokines. We propose
that a MIF inhibitor or anti-MIF antibody therapy could be administered together with

symptomatic treatments during RSV-induced bronchiolitis in young children and babies.
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Introduction

Respiratory Syncytial Virus (RSV), a negative-sense single-stranded RNA virus of the
Paramyxovirus family, is the leading cause of respiratory infections in children under 2 years
old with high prevalence and worldwide distribution, being primarily associated with
bronchiolitis (1,2,3). According to the World Health Organization (WHO) 4 million children
under 5 years old, die due to respiratory infection by RSV worldwide. There is no effective
therapy for RSV infection and treatment is mostly symptomatic (4).

The immune response to a primary infection to RSV is relatively small, yet reinfections can
occur and there is a significant enhancing immune reactivity observed in the serum and
respiratory mucosa as the RSV does not promote the formation of a sustainable
immunological memory (5,6). The damage caused by RSV in the lung tissue occurs due to the
massive production of inflammatory mediators, exacerbated activation of immune responses
and viral escape (7,8,9).

As part of the innate response and contributing to the establishment of the adaptive immune
response, various cytokines and chemokines are released during RSV infection and will
directly correlate with the intensity of the inflammatory response (9,10). Several studies have
shown that CCL3 (MIP-1a / macrophage inflammatory protein 1a) and CCL5 (RANTES /
regulated on activation, expressed and secreted by normal T cells) released during RSV
infection are present in severe cases in children (8,10,11).

Chemokines and cytokines released by epithelial cells and macrophages infected with RSV,
including CCL5, CCL2 (MCP-1 / monocyte chemoattractant protein-1), CXCL8 (IL-8 /
interleukin-8) and CXCL10 (IP-10 / protein 10 induces IFN-gamma), will contribute to
activation and recruitment, from the bloodstream into the infected tissue, of neutrophils,

monocytes, macrophages, dendritic cells (DCs), natural killer cells (NK), memory T-cells and
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eosinophils. These recruited cells will contribute secreting pro-inflammatory cytokines, such
as TNF-a, IL-6 and IL-8, and anti-inflammatory cytokine, such as IL-10 (8,10,12,13,14).
During RSV infection there is a greater secretion of these cytokines due to the migration of
immune cells and subsequent release of more inflammatory cytokines at the site of infection
eventually contributing to the immunopathology of the airways (14).

One of the pro-inflammatory cytokines that has been suggested to play a role in viral
infections is MIF (macrophage migration inhibitory factor) also known as glycosylation-
inhibiting factor, L-dopachrome isomerase, or phenylpyruvate tautomerase (10,15,18). MIF is
stored in intracellular pools and is ready to be secreted when a stimulus occurs, like an
infection or another type of cellular signaling. Macrophages are the major source of MIF,
however it can be found in monocytes, blood dendritic cells, B cells, neutrophils, eosinophils,
mast cells and basophils (16,17,18,19,20). Recently, lipid bodies in leukocytes were found to
be important sources of MIF. Lipid bodies can enhance inflammatory responses because of its
constitution. Beyond neutral lipid storage, there are arachidonyl phospholipids that are
precursors for synthesis of inflammatory mediators, eicosanoids, and enzymes involved in
this conversion such as cyclooxygenases (21,22). Once MIF is released and binds to its
receptors CD74, CXCR2 or CXCR4 it can activate downstream signaling pathways, including
PI3K (phosphoinositide 3-kinase)/Akt (protein kinase B) or MAPK (mitogen-activated
protein kinase)/ERK (extracellular signal-regulated kinase) and block p53-induced apoptosis,
mainly in macrophages, mediating the inflammatory response, metabolism, growth,
proliferation, survival, transcription and protein synthesis (18,20,23,24,25).

We show that RSV induces the expression of MIF by bone marrow-derived dendritic cells
and macrophages in vitro and being MIF a potent pro-inflammatory cytokine it can worsen
inflammatory symptoms caused by infection with RSV. Furthermore, the virus induces the

production of other proinflammatory cytokines such as TNF and MCP-1 and the anti-
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inflammatory cytokine IL-10, both can suppress the immune response, further aggravating the
infection. Gathering all the possible actions of MIF, we support that MIF can be an important

factor involved during RSV infection.
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Material and Methods

Reagents

RSV A2 strain was provided by Dr. Fernando Polack (Vanderbilt University School of
Medicine, USA). DMEM low glucose, L-glutamine, sodium pyruvate, AIM-V and FCS were
purchased from Gibco. RPMI 1640 and HBSS were from Cultilab. ISO-1 [(S,R)-3-(4-
Hydroxyphenyl)-4,5-dihydro-5-isoxazole acetic acid] was from Calbiochem. Anti-RSV
antibody was from Millipore and HRP-Rabbit Anti-Mouse IgG from Invitrogen. GM-CSF,
IL4 and IFN-y were from Peprotech. LPS O111:B4 from Escherichia coli, Thioglycollate and
anti-actin antibody were purchased from Sigma-Aldrich. RNeasy and Sensiscript® Kits were
from Qiagen. TagMan PCR master mix, TagMan gene expression assay of mif
(Mm01611157_gH) and ACTB (actin beta, FAM —-MGB probe) were from Applied
Biosystems. Anti-MIF, ,HRP-IgG anti-mouse were from Invitrogen. Cytometric Bead Array
Mouse Inflammation Kit and protein transport inhibitor (containing Brefeldin A), anti-CD4,

anti-CD8, anti-CD127, and anti-IFN-y antibodies were obtained from BD Bioscience.

Ethics Statement
This study was reviewed and approved by the Ethics Committee for Animal Use (CEUA) of
Pontificia Universidade Catolica do Rio Grande do Sul (PUCRS) under protocol number

CEUA 13/00328.

Virus preparation and cell stimulation
The RSV A2 strain was grown in Hep-2 cells. Virus was purified from cell culture
supernatant and the viral titer was determined by infection of Hep-2 cell monolayers followed

by a carboxymethylcellulose plaque assay (26). The virus aliquots were stored in -80°C.
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Bone marrow cells differentiation

Bone marrow-derived cells were isolated from femurs and tibias of C57BL/6 and BALB/c
mice. For dendritic cells differentiation, bone marrow precursors were cultured in 24-well
plates (10° cells/mL) in AIM-V medium for 7 days at 37°C under 7% CO2. On day 3, medium
was replaced and cells re-estimulated with I1L-4 (40ng/mL) and GM-CSF (40ng/mL). For
macrophages differentiation, bone marrow precursors were cultured in 24-well plates (108
cells/mL) for 7 days at 37°C under 5% CO». Again, on day 3, medium was replaced and cells

re-estimulated with GM-CSF (40ng/mL). On day 7, experiments were performed.

MIF detection by Real-time PCR

After dendritic cells differentiation, cells were cultured in 96-well plates (2x10° cells/200 pL)
and stimulated with lipopolysaccharide (LPS) (100 ng/ml) or different concentrations of RSV
A2 strain (5x10%, 1x10° 5x10° PFU/mL) for 24 hours. Cells were harvested and RNA was
extracted following protocol from RNeasy kit and cDNA synthesized using Sensiscript® kit
as recommended. Quantitative PCR assays were performed on a real-time PCR System. MIF

expression was expressed as fold expression over control of non-infected cells.

MIF detection by western blotting

Bone marrow-derived macrophages were used for protein measurement. Cells (2.5x10°) were
stimulated with RSV (5x10% 1x10° 5x10° PFU/mL) or LPS (100 ng/ml) for 24 hours.
Macrophages were collected and cells were disrupted in extraction buffer. Protein was
measured before western blot procedure. The detection of MIF expression was performed by
Western Blotting ECL system using chemiluminescence. As markers, were used anti-rabbit

MIF antibody (1:500) and a peroxidase labeled secondary antibody HRP-goat anti-rabbit
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(1:1000). Primary monoclonal anti-actin antibody (1:500) and secondary HRP-1gG mouse

(1:500) were used as control of samples.

Cytokine measurement

For cytokine detection, peritoneal macrophages from BALB/c mice were obtained after
thioglycollate injection (3%; i.p.). On day 4, peritoneal macrophages were collected by
peritoneal lavage with cold RPMI 1640. Cells (2 x 10°/200 uL) were cultured in 96-well
plates with RPMI 2% FCS for 1 h. Non-adherent cells were removed by washing. Cells were
pre-treated with I1SO-1 (100 uM) for 1 h before stimulation with LPS or RSV. Macrophages
were stimulated with different concentrations of RSV A2 strain (1 x 10° and 5 x 10°
PFU/mL) or LPS (100 ng/ml) for 24 h. Afterwards, the production of inflammatory cytokines
(1L-10, MCP-1 and TNF) was evaluated in cell culture supernatants by Cytometric Bead
Array as recommended by the supplier. Samples were acquired in FACSCanto Il flow

cytometer (BD Bioscience) and analyzed in FCAP Array software (BD Biosciences).

T cells phenotype and cytokine production

Splenocytes from BALB/c mice (5x10° cells/mL) were cultured in 96-well plates containing
RPMI 1640 10% FCS for 24, 46 and 72 hours. Cells were pre-treated, or not, with 1SO-1
(100uM) for 1 h followed by RSV stimulation (1 x 10° and 5 x 10° PFU/mL). Four hours
before finishing incubation of each time period, protein transport inhibitor was added.

Cells were stained for cell surface molecules and intracellular cytokines, performing
Cytofix/Cytoperm protocol, with the following mouse antibodies: anti-CD8, anti-CD127,
anti-CD4 and anti-IFN-y. After staining, cells were fixed with formaldehyde 1% in PBS.
Stained cells were assayed on a FACSCanto Il flow cytometer (BD Biosciences), and data

were analyzed with FlowJo software (version 7.6.3 for Windows; Tree Star).
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Lipid Body Staining and Enumeration.

Wild type BALB/c and Mif-/- mice (backcrossed into the BALB/c genetic background) were
used for lipid bodies detection in macrophages. Peritoneal macrophages were pre-treated,
when necessary, with ISO-1 (100 uM) for 1 h and stimulated with LPS (100 ng/mL) + IFN-y
(10 ng/mL) or RSV A2 (1x10% 1x10° 1x10® PFU/mL) for 24 h. Cells were fixed with
formaldehyde 3.7% in HBSS, washed in cacodylate buffer (pH 7.4), labeled with OsO4 1.5%
for 30 minutes, washed in dH20, immersed in tiocarbohidrazide 1% for 5 minutes, washed
again with cacodylate buffer, stained again with OsO4 1.5% for 3 minutes, washed with
distilled water and then dried and mounted on slides. Count of the number of lipid bodies was
performed with light microscopy. Lipid bodies were counted for each cell totalizing a number

of 50 macrophages.

Statistical analyses

Data were presented as mean + SEM. Results were analyzed using GraphPad Prim 5.0
statistical software package. Statistical differences among the experimental groups were
evaluated by analysis of variance with Newman-Keuls correction or with Student’s t Test.

The level of significance was set at p > 0.05.
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Results

RSV induces MIF expression by murine bone marrow-derived dendritic cells and

macrophages

Sentinel cells such as macrophages and dendritic cells present in the infected host tissue will
detect pathogens and will interact with other cells such as granulocytes and monocytes,
directly or indirectly by cytokine production, and recruit more immune cells
(8,9,10,12,13,14). RSV is able to induce MIF mRNA expression in dendritic cells in a
concentration-dependent manner (Fig. 1A), In addition, RSV stimulates MIF protein
expression by macrophages in a concentration-dependent fashion (Fig. 1B). These data

suggest that MIF may play a role in inflammation triggered by RSV.
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FIGURE 1. RSV induces MIF expression by bone marrow-derived dendritic cells and marcophages. A-
Dendritic cells derived from bone marrow of C57BL/6 mice were infected with RSV (5x104, 1x10° and 5x10°
PFU/mL) or LPS (100 ng /mL). After 24 hours, expression of MIF was quantified by RT-PCR and expressed as
fold expression over control of non-infected cells. B- Bone marrow-derived macrophages from BALB/c mice
were stimulated with LPS (500 ng/mL) or RSV (5 x 104 1 x 10° and 5 x 10° PFU/mL) for 24h. MIF detection
was performed by ECL technique and staining with anti-MIF antibody. Mouse B-actin was used as an
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endogenous control. NCtrol: control; LPS: lipopolysaccharide; RSV: respiratory syncytial virus; MIF:
macrophage migration inhibitory factor.

RSV induces the production of TNF, MCP-1 and IL-10 by murine macrophages

RSV at a concentration of 5x10° PFU/mL was able to induce IL-10, TNF and MCP-1
secretion by macrophages (Fig. 2A, B, C). The production of TNF and MCP-1 may be
involved in exacerbation of pulmonary inflammation induced by RSV and IL-10 production
may encourage the development of a Th2 type response, which may contribute to worsen
inflammation triggered by RSV (10,27). Additionally, pretreatment of cells with MIF
inhibitor almost abolished the secretion of these cytokines (Fig. 2A, B, C), suggesting that

MIF controls the production of TNF, MCP-1 and IL-10 induced by the virus.
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FIGURE 2. MIF contributes to the inflammatory response of murine macrophages during RSV infection. (A-C)
Murine peritoneal macrophages of BALB/c mice elicited with thioglycollate 3% were infected with RSV (1x10°
and 5x10° PFU/mL) for 24 h, cells were pre-treated with 1SO-1 when necessary for 1 hour before stimulation.
The culture supernatant was collected and cytokines were measured by CBA method using flow cytometry. Data
were acquired in FACSCanto Il cytometer and analyzed in FCAP Array software. Results are expressed as mean
+ SEM for the determination of cytokines and are representative of 2 independent experiments. *compared to
negative control; *compared between RSV 1x10° with or without 1SO; ® compared between RSV 5x10° with or
without 1SO. To all data p<0,05. NCtrol: control; RSV: respiratory syncytial virus; IL-10: Interleukine-10; TNF:
tumor necrosis factor; MCP-1: monocyte chemoattractant protein-1.

MIF contributes to lipid bodies formation in peritoneal macrophages during RSV infection
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Lipid bodies are organelles filled with pre-formed cytokines and lipid mediators and its
synthesis is triggered by different inflammatory stimuli (21,22). We sought to investigate
whether RSV would be able to induce lipid body formation in peritoneal macrophages and
whether this effect would be dependent on MIF production. RSV induced lipid body
formation in a concentration-dependent manner (Fig. 3). On the other hand, MIF-deficient
macrophages produce a smaller number of lipid bodies when stimulated with RSV (Fig. 3).
This result suggests that RSV-induced lipid body formation in macrophages is dependent on

MIF.
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FIGURE 3. MIF contributes to lipid bodies formation in peritoneal macrophages during RSV infection.
Peritoneal macrophages from MIF~~ and wild-type (MIF*) mice were infected with different concentrations of
RSV or LPS (100 ng/mL) + IFN-y (10 ng/mL) for 24 h. Cells were fixed and stained with OsO4 to evaluate the
number of lipid bodies in each macrophage. An amount of 50 cells were counted and the results are shown as
mean + SEM. *p<0.05; **p<0.01; *** p<0.001 compared to respective negative control; ***p<0.001 compared
between RSV 10° PFU/mL from Mif +/+ and Mif -/-~. NCtrol: control; LPS: lipopolysaccharide; IFN-y:
interferon-gamma; RSV: respiratory syncytial virus; MIF: macrophage migration inhibitory factor.

Analysis of T cell phenotype and cytokine production by murine T cells infected with RSV in
vitro
It was previously reported that MIF secretion decreases IFN-y by CD4 + T cells, leaving cells

less capable to differentiate into Thl. Moreover, MIF neutralization inhibits T cell
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proliferation, antibody production; however it increases the cytotoxic response of CD8 T cells
and IFN-y production by these cells (5,10,37,38,39). Therefore, we tested whether inhibition
of MIF in splenocytes stimulated with RSV could modulate CD4 and CD8 T cell response.
Results show a decrease in the percentage of CD4 + T cells that produce IFN-y when MIF is
inhibited during RSV infection especially in lower concentrations of the virus (Fig. 4A). In
CD8 T cells, MIF inhibition led to a slight increase in the percentage of cells producing IFN-
v, also, when a concentration of 5x10° PFU/ml of RSV was used (Fig. 4B).

We also analyzed the CD8+CD127+ T cells, which indicate whether the cells were
differentiated into memory T cells. RSV failed to induce the differentiation of CD8 T cells

into memory cells and MIF seems to play no role in this effect (Fig. 4C).
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FIGURE 4. Analysis of T cell phenotype and cytokine production by murine T cells infected with RSV in vitro.
Splenocytes were incubated or not with MIF inhibitor and infected with 1x10° and 5x10° PFUs of RSV and after
24, 48 or 72h were analyzed. A- graph showing the percentage of CD4 + IFN-y-producing cells; B- CD8 + T
cells producing IFN-y; C- Graph showing the percentage of CD127 + cells. There was no difference between T
cells producing IFN-y except in 72 hours when the addition of ISO decreased the number of CD4 + IFN-y cells.
Memory T cells was evaluated by anti-CD127 staining in a general way. Results are expressed as mean + SEM.
To all data p<0,05. NCtrol: control; RSV: respiratory syncytial virus.

Discussion

MIF is a potent pro-inflammatory cytokine; by blocking p53 apoptosis, it promotes prolonged
cell survival and allows macrophages to secrete more immunoregulatory cytokines, recruiting
more cells to the site of infection (18,28,29). Mitchell et al, (2002) showed that when MIF
knockout macrophages are stimulated with LPS, the production of cytokines and viability of
these cells are reduced. Induced apoptosis is one way to avoid prolonged cytokine production
and to reduce tissue damage. In this study, we were able to demonstrate that murine
macrophages stimulated with increasing concentrations of RSV expressed MIF protein and
secreted pro-inflammatory cytokines. A study performed in Brazil with dengue patients and
Mif-/- mice by Assungdo-Miranda et al., (2010) also showed that when MIF was blocked,
tissue damage decreased because of the lower production of inflammatory mediators. Clinical
disease was less severe in Mif-— mice, and they exhibited a significant delay in lethality,
lower viremia, and lower viral load in the spleen compared with wild-type mice. When we
incubated macrophages with ISO-1, a specific MIF inhibitor, the production of IL-10, TNF
and MCP-1 induced by RSV was significantly reduced. These results corroborate with other
studies that showed the involvement of MIF in viral and bacterial infections
(30,31,32,33,34,35). Chuang et al, (2014) suggest that the simultaneous appearance of high
levels of MIF and IL-10 in sepsis contribute to the rapidly fatal outcome. To obtain a better
understanding of the importance of inflammatory cytokines in RSV infection, experiments in

vivo are being performed. MIF is necessary for viral control but its function is still poorly
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understood. It is already known that MIF secretion has to be tightly regulated to a better
response with both pro and anti-inflammatory control in the infected tissue.

Lipid bodies (LB) have emerged as important reservoir of pre-formed inflammatory
mediators. MIF is able to induce arachidonic acid metabolism and cyclooxygenase-2 (Cox-2)
expression, promoting eicosanoids production. Lipid bodies occurs with increased frequency
in granulocytes, macrophages, and mast cells at sites of inflammatory, immunologic, or
neoplastic processes. Mast cells and macrophages represent a major site of intracellular
storage and metabolism of products of amino acids and other fatty acids (36). MIF, TNF,
IFN-y, CCL5 and other cytokines contribute to LB formation as shown by Melo and Weller
(2014). We show for the first time that RSV induces LB formation in a concentration-
dependent fashion in WT and Mif-/- macrophages. The most interesting finding is that MIF
seems to play a crucial role on LB formation during RSV infection only at higher
concentrations of the virus, since the absence of MIF inhibited LB formation induced by RSV

at 1 x 105 PFU/mL. This data point out to a critical role of MIF during severe RSV infections.

T cells also constitutively express MIF, which supports their activation, proliferation and IL-2
production. We show here that there is no difference between numbers of CD4 or CD8 T cells
producers of IFN-y during RSV infection, even if MIF inhibitor is present. During RSV
infection, IFN-y production and memory T cell differentiation are both reduced
(5,10,37,38,39). The role of MIF on CD4 and CD8 T cell differentiation and memory
formation needs to be better elucidated. It is already known that by increasing the production
of Th2 cytokines, MIF promotes a humoral-based immune response (10,40). Nevertheless,
antibodies produced during RSV infection are not enough to induce viral clearance and to
create an effective immunological memory (41,42). Thus, a cellular-based response which can
be developed when Thl cytokines, IL-2, IL-12 and IFN-y, are present would be an alternative

method to reduce viral loads. It has been demonstrated that RSV non-structural proteins can
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block the production of IFN-y, reducing the Thl response (27). This problem can be
approached differently by reducing MIF levels but not completely removing its function.
Also, MIF overrides glucocorticoid protection contributing to the severe outcome in different
infectious conditions (17). In conclusion, our study demonstrates that RSV induces MIF
expression by dendritic cells and macrophages. RSV-induced cytokine secretion by
macrophages depends on MIF, which also plays a role in lipid body formation at higher
concentrations of RSV, suggesting that MIF might have a detrimental effect during severe
bronchiolitis. We propose that a MIF inhibitor or an anti-MIF antibody therapy could
potentially lead to novel therapeutic approaches to help control RSV-induced inflammatory
consequences and pathology of viral bronchiolitis, which has a major disease burden among

infants, worldwide
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3 CONCLUSOES E PERSPECTIVAS

Os resultados apresentados aqui mostram que o VSR é capaz de ativar células
dendriticas e macrofagos de camundongos, induzindo a expressdo de MIF, potente citocina
pré-inflamatoria, que pode piorar os sintomas inflamatorios causados pela infeccdo com VSR.
Além disso, o virus induz a producdo de outras citocinas pro-inflamatdrias, como TNF e
MCP-1 e a citocina anti-inflamatoria IL-10, que poderia suprimir a resposta imune, agravando
ainda mais a infeccdo. O MIF parece desempenhar um papel na secre¢do destas citocinas,
uma vez que a inibicdo do MIF suprimiu a producdo de TNF, MCP-1 e IL-10.

N6s mostramos pela primeira vez que o VSR induz a formacdo de corpdsculos
lipidicos de forma dependente da concentracdo viral em macr6fagos WT e Mif-/-. A
descoberta mais interessante é que MIF parece desempenhar um papel crucial na formacéo
desses corpusculos lipidicos durante a infec¢do pelo VSR e apenas nas concentragcbes mais
elevadas de virus, uma vez que a auséncia de MIF inibiu a formacdo dos corspusculos
induzida por VSR na concentracdo 1x108 PFU/mL. Estes dados apontam um papel critico de
MIF durante infec¢bes graves por VSR.

Os resultados sobre a ativacdo de células T demonstram uma tendéncia a aumentar a
porcentagem de células T CD4 que produzem IFN-y quando a produgdo de MIF ¢ inibida
durante a infec¢do pelo VSR em 48h, mas essa tendéncia diminui em 72h. Estes resultados
ndo eram os esperados, ja que na literatura a inibicdo de MIF tende a aumentar a producdo de
IFN-vy. Este projeto ainda estd em andamento e estamos realizando experimentos para avaliar
a expressdo de MIF como proteina induzida pela infeccdo com VSR, através de western
blotting e ELISA por células dendriticas e mondcitos humanos. As perspectivas futuras serdo
avaliar o papel do MIF durante infeccdo pelo VSR in vivo, utilizando camundongos
deficientes de MIF. Outros mecanismos que podem ser explorados séo as vias de sinalizacdo
que estdo ativadas ou bloqueadas por MIF, transportadores envolvidos, como outras células
atuam na auséncia de MIF durante a infecgdo pelo VSR. Uma melhor compreenséo de como o
hospedeiro responde combatendo a infeccdo é a melhor alternativa até que uma vacina possa

ser aplicada.
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uncopyedited version of the manuscript into PubMed Central, with an embargo period
(time at which the manuscript is available to the public) of 12 months after
publication. This right applies solely to deposition into PubMed Central; the authors
agree not to deposit the manuscript to any other repository (except a thesis repository
if required - see item 3), agency, or entity. Authors whose funder mandates a PubMed
Central embargo of 6 months have permission to make the manuscript available at 6
months after publication. This right applies only to articles under a funder mandate to
submit to PubMed Central (for research funded by NIH, this means articles accepted
for publication on or after April 7, 2008).

2. To reuse original figures or tables in the author's own work. This permission extends
to the author only, not to the institution. The author may not permit others to
reproduce their figures or tables in works not written by the author.

3. To include the final, published version of the article in a thesis and/or dissertation in
print. If required by the degree-conferring institution, an electronic version of the final,
published version may be deposited into a thesis repository as long as a link to the
article on The Journal of Immunology website is included.

4. To reprint the article in print collections composed solely of the author's own writings.
Permission must be obtained from AAI to reprint the article in any publication that
includes the work of others.

5. To post a copy of the accepted, uncopyedited version on the author's personal website
with a notice that "This is the accepted, uncopyedited version of the manuscript. The
definitive version was published in The Journal of Immunology Vol: pp-pp. DOL™ A
hyperlink to the published article on The Journal of Immunologywebsite must be
included; the published PDF may not be displayed. For posting on any other website,
including any social media, corporate or government (other than PubMed Central
according to the terms in item 1 above) website, permission must be requested from
AAI. POSTING TO INSTITUTIONAL REPOSITORIES IS NOT PERMITTED.
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6. To present the work orally in part or in its entirety.
7. If the work was prepared as a work-for-hire, the author's employer may print out PDFs
or make photocopies for internal use only. Distribution of the article by the author's

employer in other formats or for any other purpose requires permission from AAI.

Authors reusing their own material as described in items 1-7 do not need to contact
AAL for permission, except where noted. For all other reuse, the authors should contact AAI.

Public Access

The American Association of Immunologists, Inc. allows free public access to full-text
articles published in The Journal of Immunology from 1998 to one year prior to the current
issue date. Tables of content and abstracts of all online articles are accessible to the public
free of charge, immediately upon publication. Use of material posted on The Journal of

Immunologywebsite is subject to certainterms and conditions. Please see Content

Available for Public Access for details.
Archiving in PMC/Europe PMC (see also NIH Public Access Policy and FAQ)

In March 2011, The American Association of Immunologists (AAI) began a new, free

service to authors, to deposit selected manuscripts to PubMed Central (PMC).

Several funding bodies, including the National Institutes of Health (NIH), Howard
Hughes Medical Institute (HHMI), Wellcome Trust and Research Councils UK (RCUK),
mandate that authors deposit published articles into PMC or Europe PMC. While these
mandates apply to authors, not publishers, the new AAI service will help authors comply with
these mandates. On behalf of authors who are funded by NIH, HHMI, Wellcome Trust and
RCUK, AAI will deposit to NIHMS or Europe PMC, as applicable, for display in PMC or
Europe PMC, all manuscripts that begin submission to The Journal of Immunology after
10AM (EDT) March 29, 2011 and are ultimately accepted for publication; the author must
select this option on the online submission form in order for AAI to do so. AAI will deposit
the version of the manuscript that has undergone peer review and has been accepted for
publication, before copyediting and formatting.

Most funders mandate that articles be made available to the public in PMC at either 6
or 12 months after publication; manuscripts deposited by AAI will comply with these
embargo periods. Authors will receive at least two email notifications from PMC about their
manuscripts. Authors must respond to both emails in order for the process to be completed.

This free service is not applicable to work that is funded by bodies other than NIH,
HHMI, Wellcome Trust and RCUK. Authors funded by other entities which mandate
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deposition into PMC/Europe PMC must deposit the accepted version of the manuscript
themselves.
How this service works:
e As part of the online submission process, authors select whether or not this service
applies to them
e If the manuscript is accepted for publication, AAI will send all files, including
Supplemental Data and video files, to NIHMS or Europe PMC for display in PMC or
Europe PMC
e Authors will receive an email from PMC (NIH/NLM/NCBI) or Europe PMC to
approve the submitted files
o Authors will receive an email from PMC (NIH/NLM/NCBI) or Europe PMC to
approve the XML format
o After final approval by the author, PMC or Europe PMC will make the manuscript
publically available after the embargo period

Further information is available at http://www.nihms.nih.gov/help/publishers.shtml

Manuscript Preparation

Also see: ""Dos and Don'ts for Authors and Reviewers' and other advice.

e General Guidelines

= Abbreviations
» Contact The JI

= Corresponding Author
= Cover Art

= Depositing in Public Databases

 Digital Images

= Estimating Manuscript Length

=  Figures
= Figure Legends

= Human and Animal Use

=  Keywords
» References
= Style Guide

» Supplemental Data
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=  Web Links in Manuscripts

General Guidelines

A 12-point serif font, preferably Times New Roman, is required for all text, except
within the figures. Do not use compressed type format. Double-space entire manuscript;
number each line and each page. Each of the following components should begin on a
separate page:

1. The Title Page must include the full title; a running title (not to exceed 60 characters);
each author's full name as it should be published (first name, middle initial, last name)
and the affiliations of all authors and their institutions, departments, or organizations
(use the following symbols in this order to designate authors' affiliations: *, T, I, §, ¥,
Il # ** 71, £1, §8, 99, || ||, ##). List the phone number, fax number, and e-mail address

of the corresponding author on the title page. (See the Submit Online section for

information about the corresponding author designation during submission and peer
review.)

2. The Abstract must be 250 words or less for Full-Length type manuscripts. Reference
citations should not be included in the Abstract. The species of animals or species of
origin of cells used in the manuscript must be clearly stated in the Abstract. Please
ensure that the final few sentences (50 words or less) of the Abstractprovide a succinct
summary of the main point of the paper.

3. The Introduction, Materials and Methods, Results, and Discussion sections should
begin on  separate pages in that order. Do not combine
the Results and Discussion sections for Full-Length papers.

o For flow cytometry experiments, authors should specify the gating strategies in
the Methodsor in the figure legend.
e Authors are encouraged to include the Minimal Information About T cell
Assays (MIATA) in the Methods, the figure legend or elsewhere as
appropriate.
Acknowledgments appear immediately after the Discussion and before References.
Grant support must NOT be included in the Acknowledgments but should be cited as a
footnote to the title. All funding sources must be disclosed and will be published as a footnote

to the title; anonymous or pseudonymous funders are not permitted.
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References must be numbered as they appear in the text and should refer to primary literature
rather than review articles wherever possible. All authors must be listed for each reference. If
citations are included in tables or in figure legends, they must be numbered according to the
position of citation of the table or figure in the text. Only published papers and papers in press
may be included in the References. In press articles, i.e., papers not yet published, must be
submitted as online attachments in PDF format at the time of article submission. NOTE: Do
NOT submit as attachment papers that are already published, e.g., manuscripts published
ahead of print. Such papers must be incorporated into the References and cited with their DOI
numbers and year of publication. Citations of "manuscripts in preparation,” "unpublished
observations,” and "personal communications” must appear parenthetically in the text.
Manuscripts “"submitted for publication” (i.e., not yet accepted) also are mentioned
parenthetically in the text. Written approval by the persons cited in personal communications
must accompany the manuscript unless they are also authors of the manuscript submitted
to The JI.

Format for references:

o Periodicals: Wells, A. D., M. C. Walsh, D. Sankaran, and L. A. Turka. 2000.
T cell effector function and anergy avoidance are quantitatively linked to cell
division. J. Immunol. 165: 2432-2443.

e Books: Mclintyre, T. M., and W. Strober. 1999. Gut-associated lymphoid
tissue: regulation of IgA B-cell development. In Mucosal Immunology, 2nd ed.
P. L. Ogra, J. Mestecky, E. Lamm, W. Strober, J. Bienenstock, and J. R.
McGhee, eds. Academic Press, San Diego, CA. p. 319-356.

e Articles published ahead of print: Fraser, D.A., A. K. Laust, E. L. Nelson,
and A. J. Tenner. 2009. Clq differentially modulates phagocytosis and
cytokine responses during ingestion of apoptotic cells by human monocytes,
macrophages, and dendritic cells S
Immunol. doi:10.4049/jimmunol.0902232.

Footnotes should be used to designate the source of support, new or special abbreviations
used, correspondence address, current address, etc. Footnotes should be numbered
consecutively and will appear on the title page, but for submission are grouped together and
placed on a separate page between theReferences and the Figure Legends.

Abbreviations that may be used without definition are provided below. Spell out nonstandard

abbreviations used less than three times. Nonstandard abbreviations used three or more times
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must be defined in a footnote. Abbreviations and their definitions must be consistent
throughout the text.

The abbreviations listed below are used without definition in articles published in The
JI. The form may be used for both singular and plural, or made plural with "s™ at the author's
option. The list of standard abbreviations is published in the first issue of each volume.
Tables must be numbered with Roman numerals in order of appearance in the text. All tables
must have a title. Table legends are prepared as footnotes to the table and are included with
the table. Tables must be in DOC file format. Each table should be submitted as a separate
file.
Figure legends must be numbered with Arabic numerals in order of appearance in the text and
should include a short title after the figure number. Where possible, symbols and patterns
used to distinguish data should be defined in a key placed within the graphic rather than in the
figure legend. All figure legends must specify the number of times each experiment was
independently performed, as well as the number of animals or replicates in each experimental
group. For flow cytometry experiments, authors should specify the gating strategies in
the Methods or in the figure legend.
Figures: At initial submission, please submit low resolution files of the smallest possible file
size that will convey the needed information. Smaller files can be downloaded more quickly
by reviewers and will hasten the review process. Alternately, single PDF of text plus figures
may be submitted at initial submission.

At submission of a revised manuscript, high-resolution figures that meet the following

specifications must be submitted. For more information, see GUIDELINES and TIPS.

e Color: Color figures must be in the RGB color space.
o File Sizes: Figure files should not exceed 10 MB (average size is about 2 MB).
e Image Sizes: Figures should be submitted in final print publication size
(printed 1:1). Figures may be published in print as:
e 1-column wide: 20 picas/ 3.3"/ 8.5 cm
e 1.5 column wide: 30 picas/ 5"/ 12.7 cm
e 2 columns wide: 41.5 picas/ 6.9"/ 17.5 cm.
The single-column format is preferred. Unless the file size is too large, multi-panel
figures should be submitted as a single file.
o Text and Lines: Text within figures must be 6-8 points in size, except for
single letter markers, which may be 12 points. Helvetica or Arial should be

used for all figure text (except for the use of symbols). Line widths must be
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greater than one point thick or they will not be visible on the PDF version of
the article.

e Numbering: Figures must be numbered to enable reviewers to know the figure
number for each figure.

o File Format: Figures should be in TIFF (better for halftone art e.g., blots,
photographs) EPS(better for line art or monochrome art, i.e., anything that
involves sharply delineated lines), or PDF format. PowerPoint files are not
suitable quality, as their resolution is too low for print. Please click here for
detailed instructions on converting PowerPoint files to TIFF files.

Digital Images: All images submitted to The Journal of Immunology must accurately
represent the original data. Original data (digital files, autoradiographs, films, etc.) for all
experiments should be fully annotated, secured, and retrievable. The original image file (raw
data file) should be kept in an unprocessed and non-compressed file format. For figures that
are compiled into multi-figure panels, the individual image files should be kept. For
additional information, see:

o http://jcb.rupress.org/content/166/1/11.full

o http://jcb.rupress.org/content/172/1/9.full

o Digital Images Dos and Don'ts

Although manipulation of images should be kept to an absolute minimum, there are

some circumstances when manipulations are necessary. If, however, the quality of an image is
too poor to clearly convey the conclusion, the experiment should be repeated.

Figures in manuscripts considered for acceptance will be screened for evidence of
inappropriatemanipulation. Manuscript acceptance is contingent upon a satisfactory outcome
of the screening process. Please adhere to the following guidelines in preparing figures for
manuscripts:

o Collecting images: If multiple images are compared to one another, collect
each image in the same manner. Any post-collection processing should be
applied in a uniform manner to all images. If differences in collection/post-
collection are necessary, these need to be described in the legend or in the
Materials and Methods section.

e Brightness and Contrast: Adjustments in brightness and contrast should be
avoided if possible. If the brightness or contrast of an image needs minor
adjustment, the adjustments must not obscure or eliminate any information and

must be applied to the entire image. Significant adjustments should not be
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made. Do not use excessive contrast that removes background. Always note
any adjustment in the legend or in the Materials and Methods section.

e Cloning Tools: Images should not be “airbrushed” (with Clone Stamp
Tool/Clone Brush) to remove “blemishes”. Do not use cloning tools to insert
something into an image from elsewhere.

e Gels/Blots: All gels should contain a positive and a negative control, and a set
of molecular weight markers. For Western blots, control panels (actin,
GAPDH, etc.) should come from a stripped and re-probed membrane of the
experimental blot shown. If this is not possible, the control blots should be
derived from the same samples and this should be indicated in the figure
legend.

e Cropping: Conservative cropping of gels and blots to improve clarity and
conciseness may be permitted if the following points are observed:

o important bands must be retained

o at least several band widths should be retained above and below the
cropped band

e cropping must be noted in the legend

o band(s) of interest must be clearly labeled

o molecular weight marker positions should be shown in all gels/blots

« Splicing: Occasionally, images are spliced to rearrange the order of samples
for the sake of presentation, such as those in a Western blot. If splicing of data
from a single experiment is necessary, draw contrasting (black or white)
vertical lines to indicate where the images were joined and state the
manipulation in the legend. It would be preferable to re-run the gel so that the
order is correct. Images from different experiments should not be spliced to
form a new single image.

Cover Art: Cover art is selected from images in accepted articles and changes with
each issue of The JI. Authors are encouraged to submit color figures with their manuscripts
for possible use as cover illustrations. If an image is selected as cover art, the file must have a
resolution of at least 300 dpi at a size of 8.5" x 11".

Depositing In Public Databases

High-resolution structural data: Any paper submitted to The JI that contains new

high-resolution structural data requires an accession number from the Protein Data Bank and
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assurance that unrestricted release will occur at or before the time of publication. The
accession number should be accompanied by the Website address of the databank.
For studies containing X-ray protein structures, authors must also submit the PDB

Summary Validation Report (provided after annotation by the wwPDB) for review at the

time of submission.

Nucleotide sequences: Sequences of nucleotides or amino acids longer than 50
bases/residues should not be presented in the text or in table form, but rather submitted as a
publication-quality figure. Original nucleotide sequences, determined nucleotide sequences
encoding reported amino acid sequences, and files of nucleotide sequences derived from high
throughput/deep sequencing (RNA-seq, ChlP-seq, MeDIP-seq, etc.) described in the
manuscript must be submitted to the appropriate public database (e.g., GenBank,
or European Nucleotide Archive) at the time of manuscript submission. Trace and short read
sequencing data should be deposited at the NCBI Trace Archives, NCBI SRA or ENA's

Sequence Read Archive. An accession number and sequence availability are required at the

time of publication. The accession number should be accompanied by the Website address of
the databank.

Microarray Data:The Jlwill not publish descriptive manuscripts that report
microarray data, unless such information can be considered of unusual immunological
significance and/or include functional experiments that provide novel insight into mechanism.
As with other scientific approaches, current experimental, quantitation, verification, and
statistical analyses are expected. Microarray experiments should be Minimum Information
About a Microarray Experiment (MIAME) compliant. Whereas limited online space may be
available for supplemental tables associated with the manuscript, complete microarray data

must be deposited in the appropriate public database (e.g., GEO, ArrayExpress, or CIBEX),

and must be accessible without restriction from the date of publication. An entry name or
accession number must be included in the paper before publication. The accession number
should be accompanied by the Website address of the databank.

Estimating Manuscript Length: One printed page in The JI contains approximately
8,000 characters, including spaces. Thus, an 8 page, Full-Length article would contain
approximately 64,000 characters. Each line in a table occupies about 60 characters for a
single-column table (120 characters for a double-column table). Figures occupy about 180
characters per centimeter height for single-column figures (360 characters for double-column

figures). Determine the total character count for the text of your manuscript and add the
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character-equivalents for the tables and figures. This will provide a reasonable estimate for
the printed length of a manuscript.

Human And Animal Use: All studies involving human subjects must be conducted in
accordance with the guidelines of the World Medical Association's Declaration of Helsinki
(most recent revision). All animal studies must be performed in compliance with the U.S.
Department of Health and Human Services Guide for the Care and Use of Laboratory
Animals (or otherwise equivalent guidelines). A statement that human and/or animal studies
have been reviewed and approved by an appropriate institutional review committee must be

included in the Materials and Methods section of the manuscript.

Keywords:
Animals
- Human
- Rodent
- Other Animals
Cells
- B Cells
- Dendritic Cells
- Endothelial Cells
- Eosinophils
- Mast Cells/Basophils
- Monocytes/Macrophages
- Natural Killer Cells
- Neutrophils
- Stem Cells
- Stromal Cells
- T Cells
- T Cells, Cytotoxic
- Th1/Th2 Cells
Diseases
- Autoimmunity
- Diabetes
- EAE/MS
- Endotoxin Shock
- Graft Versus Host

Disease
- Immunodeficiency
Diseases
- Rheumatoid Arthritis
- Systemic Lupus
Erythematosus
Infections
- AIDS
- Bacterial
- Fungal
- Parasitic-Helminth
- Parasitic-Protozoan
- Viral
Molecules
- Acute Phase Reactants
- Adhesion Molecules
- Antibodies
- Antigens/Peptides/
Epitopes
- Autoantibodies
- Cell Surface Molecules
- Chemokines
- Complement
- Cytokine Receptors

- Cytokines

- Fc Receptors

- Lipid Mediators

- Lipopolysaccharide

- MHC

- Nitric Oxide

- Protein

Kinases/Phosphatases

- Superantigens

- T Cell Receptors

- Transcription Factors
Processes

- Allergy

- Antigen

Presentation/Processing

- Apoptosis

- Cell Activation

- Cell Differentiation

- Cell Proliferation

- Cell Trafficking

- Chemotaxis

- Comparative

Immunology/Evolution

- Costimulation
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- Cytotoxicity - Signal Transduction - Transgenic/Knockout
- Gene Rearrangement - Tolerance/Suppression/ Mice
- Gene Regulation Anergy Tissues
- Hematopoiesis - Transplantation - Lung
- Inflammation - Tumor Immunity - Mucosa
- Memory - Vaccination - Skin
- Neuroimmunology Techniques/Appr - Spleen and Lymph
- Phagocytosis oaches Nodes
- Repertoire Development - Gene Therapy - Thymus
- Reproductive Immunology - Molecular Biology
Style Guide

General style conventions: In general, The JI follows Scientific Style and Format: The
CSE Manual for Authors, Editors, and Publishers, seventh edition, published by the Council
of Science Editors, Inc., in instances where style issues are not directly addressed.

Abbreviations for references:PubMed is the primary source for journal name
abbreviations.

Nomenclature:
1. Allergen nomenclature: Nomenclature for allergens should be assigned in cooperation
with the 1UIS Allergen Sub-Committee. Authors of accepted manuscripts that describe novel

allergens will be requested to complete a brief standard form available at JUIS Allergen

Nomenclature.

2. CD nomenclature: For the purpose of consistency, The Jlwill follow CD
nomenclature. For murine molecules, The JI will follow the nomenclature previously
published (J. Immunol. 160: 3861-3868, 1998). For human molecules, standard CD
nomenclature will be followed as updated (J. Immunol. 168: 2083-2086, 2002). See
also HCDM

3. Chemical names: Follow the IJUPAC-IUB __ Commission ___on___ Biochemical

Nomenclature-Chemical Abstracts or the Chemical Abstracts Guide to Naming and Indexing

of Chemical Substances for proper spelling and style of chemical names.

4. Chemokine/chemokine receptor nomenclature: The systematic name for chemokines
and chemokine receptors should be used. The original name may be given in parenthesis if
desired. See Cytokine 21:48-9, 2003.
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5. Enzyme Nomenclature is The JI source for style and spelling of enzyme names.

6. Gene nomenclature for humans: The HUGO guidelines for gene symbols and

nomenclature should be used for naming human genes; nomenclature of genome sequence

variants should use the Human Genome Variation Society (HGVS) nomenclature,

summarized at http://www.hgvs.org/mutnomen/. If commonly found in the literature,

alternative nomenclature may be used in addition to HGVS nomenclature. Authors should
submit all variants included in a manuscript to the relevant database (e.g. dbVar) for public
release if the manuscript is published; the accession number and database URL should be
included in the manuscript.

7. Gene and strain nomenclature for mice: Mouse Genome Informatics is a reference

source for naming mouse genes. A current listing of inbred strains of mice and rats is also

available at Mouse Genome Informatics. Authors are also encouraged to deposit their

mapping data with the Mouse Genome Database (MGD) before publication and to include

the assigned MGD accession numbers in their manuscripts. Information about electronic

submission of datasets can be obtained at the Data_and Nomenclature Submissions page.

Gene symbols should be reserved with MGD in advance of publication.
8. HLA nomenclature: HLA nomenclature is updated periodically by the WHO
Nomenclature Committee for Factors of the HLA System. Annual comprehensive revisions
are published in Human Immunology. See also: Supplemental Materials

Supplemental Data:

e Supporting data that are not essential to understanding the material presented in the
manuscript may be submitted with the original paper for peer review; however, the
print version of the paper must stand on its own without the supplemental material.

o Supplemental material is primarily intended for short videos, large tables, large
sequence alignments, or large data sets. Additional supplemental figures and tables
that support the interpretation and conclusions drawn in the manuscript may, however,
also be submitted for review with the manuscript.

o Supplemental material must be submitted as separate files from the rest of the
manuscript during the online submission; select "Supplemental Data" as the "File
Type" when uploading the files.

e Apart from videos, all files must be either PDF or Excel file format; multiple PDF
files should be combined into a single PDF file.

e For Cutting Edge manuscripts, no more than two supplemental figures and/or tables

may be submitted. One of the two allowable Cutting Edge supplemental items can be
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a description, no more than one page in length, of computational or bioinformatics
methods. Methods that are normally found in the body of the article may not be
included in this Cutting Edge supplemental item.

e For Full-Length manuscripts, no more than four supplemental figures and/or tables
may be submitted.

e Each supplemental figure should comprise no more than a single 8.5”x11” PDF page,
and be large enough to be legible when that page is opened.

e Legends or short explanations must accompany all supplemental figures and videos;
no other supplementary text is permitted in full-length manuscripts. Legends should be
placed below the corresponding figure in the PDF. Legends for videos should be
submitted as a single PDF. Table legends must be prepared as footnotes to the table;
all tables must have a title.

*Note: Excel files will be converted to PDFs for the review process only. At
publication, the file(s) will be uploaded in the original Excel format.
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