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RESUMO

A meningoencefalite causada pelo Herpesvirus bovino tipo 5 (BoHV-5) é uma doenca que
apresenta alta letalidade em bovinos, com tratamento inespecifico e sem vacina especifica
contra o patogeno. Os animais de até dois anos de idade sdo mais afetados, com menor
predominio em bovinos adultos, causa impactos econdmicos e esta presente principalmente nos
paises da América do Sul. Os estudos envolvendo essa patogénese em modelos murinos séo
escassos. Nosso objetivo principal foi caracterizar as alterac@es clinicas, patolégicas, aspectos
imunes e neurogquimicos em camundongos C57BL/6 infectados por BoHV-5. Avaliamos
também a participagdo dos TLRs 3/7/9 durante a infeccdo intracraniana por BoHV-5, utilizando
a amostra Mutum. Nossos resultados demonstraram que apos trés dias de infeccao, os animais
infectados com 10 TCIDso de BoHV-5 apresentaram sinais clinicos associados a diferentes
graus de meningoencefalite, caracterizada pela formacdo de manguitos perivasculares, gliose
reativa e focos hemorréagicos em diferentes regies do sistema nervoso central. Além disso, foi
observada maior imunoexpressdo da proteina acida fibrilar glial (GFAP) e proteina ligante de
calcio ionizada-1 (lba-1) no sistema nervoso central dos animais infectados. Células
imunopositivas para caspase-3 clivada foram observadas ao redor de alguns vasos sanguineos
nos encéfalos de camundongos infectados. Realizou-se a dosagem a niveis encefélicos dos
sequintes fatores neurotréficos, fator neurotrofico derivado do cérebro (BDNF), fator de
crescimento neural (NGF) e fator neurotrofico derivado da glia (GDNF) e da proteina
fraquitalquina (CX3CL1) por ELISA. Os camundongos infectados apresentaram menores
concentragfes do fator neurotr6fico BDNF, maior expressdo das citocinas e quimiocinas IL-
12p70, TNF, IL-10, IFN-y, IL-6 e CCL-2 e ndo constatamos diferencas nos niveis de expressao
de fraquitalquina entre animais infectados e ndo infectados. Utilizando a técnica de RT-gPCR,
avaliamos a expressao de oitenta e quatro genes relacionados com as respostas imunes inata e
adaptativa na infeccdo causada por BoHV-5 em camundongos. Como resultado obtivemos 23
genes relacionados com as respostas imunes inata, adaptativa e com receptores de
reconhecimento padrdo mais expressos nos camundongos infectados, comparados aos nédo
infectados. Além disso, foi avaliada a participacao dos Toll like receptors (TLRs) 3, 7, 9, apds
a infeccdo com 10* TCIDso de BoHV-5 em camundongos C57BL/6. A infecgdo promoveu
perda significativa de peso até o terceiro dia em ambos os grupos de animais selvagens e
deficientes para TLR3/7/97", ndo havendo diferenca estatistica entre os animais infectados
selvagens e TLR3/7/97. Os camundongos infectados selvagens e TLR3/7/97 apresentaram
graus similares de sinais clinicos, de meningite e diminuicao significativa do fator neurotréfico
BDNF, em relacdo aos animais ndo infectados, sugerindo que outras vias possam ativar a
resposta imune na infeccdo por BoHV-5 em camundongos C57BL/6. O BDNF pode estar
envolvido com efeito antiapoptotico e neuroprotecdo durante a infeccdo e os danos teciduais
pos-infeccdo podem estar relacionados a uma intensa inflamacdo local, microgliose e
astrocitose. As quimiocinas e citocinas IL-12p70, TNF, IL-10, IFN-y, IL-6 e CCL-2
demonstraram ser importantes na neuropatologia, como também o gatilho provocado por genes
associados a inflamag@o demonstrados no presente estudo.

Palavras-chave: Apoptose, Gliose, Meningoencefalite, Herpesvirus Bovino 5, Respostas
Imunes Inata e Adaptativa, Fatores Neurotroficos.



ABSTRACT

Meningoencephalitis caused by bovine Herpesvirus type 5 (BoHV-5) is a disease with high
lethality in cattle, non-specific treatment and non-specific vaccine for the pathogen. Animals
up to two years of age are more affected, with less predominance in adult cattle, cause economic
impacts and are present mainly in the countries of South America. Studies involving this
pathogenesis in murine models are scarce. Our main objective was to characterize the
clinicopathological changes, immune and neurochemical profiles in C57BL/6 mice infected
with BoHV-5. We also evaluated the participation of TLRs 3/7/9 during intracranial infection
by BoHV-5, using the Mutum sample. Our results demonstrated that after three days of
infection, animals infected with 107 TCIDso of BoHV-5 showed clinical signs associated with
different degrees of meningoencephalitis, characterized by formation of perivascular cuffs,
reactive gliosis and hemorrhagic foci at different regions of the brain. Furthermore, higher
immunoexpression for GFAP and Iba-1 was observed in the central nervous system of infected
animals. Immunopositive cells for cleaved caspase-3 have been observed around some blood
vessels in the brain of infected mice. Brain levels of brain-derived neurotrophic factor (BDNF),
neural growth factor (NGF) and glial-derived neurotrophic factor (GDNF) and fractalkine
protein (CX3CL1) were analyzed by ELISA. The infected mice showed lower concentrations
of the neurotrophic factor BDNF, greater expression of the cytokines and chemokines IL-
12p70, TNF, IL-10, IFN-y, IL-6 and CCL-2 and we did not find differences in the levels of
expression of fractalkine between animals infected and uninfected. Using the RT-gPCR
technique, we evaluated the expression of eighty-four genes related to innate and adaptive
immune responses in infection caused by BoHV-5 in mice. As a result, we obtained 23 genes
related to the innate, adaptive and standard recognition receptors more expressed in infected
mice, compared to mock mice. In addition, the participation of Toll like receptors (TLRS) 3, 7,
9 after infection with 10* TCDIso of BoHV-5 in C57BL/ 6 mice was evaluated.
The infection promoted significant weight loss until the third day in both groups of wild type
and TLR3/7/97 deficient animals, with no statistical difference between infected wild animals
and TLR3/7/97. Both infected wild-type and TLR3/7/9 deficient animals had similar frequency
of clinical signs, degrees of meningitis and a significant decrease of BDNF, suggesting that
other via could activate the immune responses to BoHV-5 infection in C57BL/ 6 mice. BDNF
may be involved with anti-apoptotic and neuroprotective effects during infection and post-
infection tissue damage may be related to intense brain inflammation, microgliosis and
astrocytosis. The chemokines and cytokines 1L-12p70, TNF, IL-10, IFN-y, IL-6 and CCL-2
proved to be important in neuropathology, as well as the trigger caused by inflammation-
associated genes demonstrated in the present study.

Keywords: Apoptosis, Gliosis, Meningoencephalitis, Bovine Herpesvirus 5, Innate and
Adaptative Immune Responses, Neurotrophic Factors.
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1. INTRODUCAO
1.1 PECUARIA BOVINA E NEUROPATIA EM BOVINOS

O Brasil possui como um dos setores de importancia econdémica, a pecuaria
bovina, com reconhecimento internacional. No pais, as criacdes de gado de corte e leite
tem impulsionado a economia, nosso territorio possui cerca de 218,2 milhdes de cabecas
bovinas, destacando os estados de Mato Grosso (13,9%), Minas Gerais (10,8%), Goias
(10,5%) e Mato Grosso do Sul (10,0%) (Brasil, IBGE- Instituto Brasileiro de Geografia e
Estatistica, 2016). Sendo considerado 0 segundo maior exportador de carne bovina do
mundo, segundo os dados divulgados pelo USDA (Departamento de Agricultura dos
Estados Unidos, 2016). O pais apresenta expectativa de suprir 44,5% do mercado mundial
até 2020, além de ser considerado como o quarto maior produtor de leite do mundo.
Vaérias doencas bovinas que cursam com perdas econdmicas resultam em prejuizos para
0 produtor e para toda a cadeia envolvida. As doencas podem levar a prejuizos diretos
como mortes ou indiretos pelas reduc6es do crescimento, das producgdes de carne e leite,
entre outros (Brasil, MAPA - Ministério da Agricultura e Pecuaria e Abastecimento, 2015).

Séo reportados frequentemente no Brasil, distdrbios ocorridos no sistema nervoso
dos bovinos. Estas neuropatias representam perigo em potencial para a satde humana,
como zoonoses, podendo causar também mortalidade do gado e prejuizos econémicos
(Riet Correa et al., 1998; Rissi et al., 2007; Salvador et al., 1998).

Dentre as doencas que afetam os bovinos, destaca-se a meningoencefalite ndo
supurada causada pelo virus BoHV-5 (Herpesvirus Bovino tipo 5 — Bovine herpesvirus
type 5), a doenga ndo é uma zoonose, frequentemente apresenta um alto indice de
mortalidade, principalmente entre animais jovens (Roizman et al., 1992).

A meningoencefalite ou encefalomeningite por definicdo é um processo
inflamatdrio no cérebro e meninges (pia-mater, aracnoide e dura-mater), podendo ser
causada por infecgdes (bacterias, fungos, virus ou protozoarios), raramente por sindromes
autoimunes como a encefalomielite aguda disseminada (ADEM) e por toxicidade
causadas por alguns farmacos como azatioprina, imunoglobulina endovenosa, alopurinol,
dentre outros (Garcez et al., 2010; Montemezzo et al., 2014; Dash, S. K., 20117).
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1.2 HERPESVIRUS BOVINO 5

Os herpesvirus sdo considerados uns dos principais causadores de doengas virais
em seres humanos e animais, pertencendo a familia Herpesviridae (ICTV, Comité
Internacional para Taxonomia de Virus, 2014). O herpesvirus bovino 5 (BoHV-5) ¢
membro da subfamilia Alphaherpesvirinae, género Varicellovirus, possui uma molécula
de DNA (4cido desoxirribonucleico), fita dupla, com cerca de 137 kb, ttm seu genoma
envolvido por um capsideo icosaédrico proximo a 100-110 nm de diametro, com 12
capsdmeros pentaméricos e 150 hexaméricos. Seu genoma e capsideo sdo envoltos por
tegumento e externamente por um envelope lipoprotéico, no envelope encontramos varias
glicoproteinas virais inseridas que formam projecdes (Halfen & Vidor, 2001; Roizman et
al., 1992; Rissi et al., 2007). Os bovinos sdo os hospedeiros naturais do BoHV-5, mas a
doenca pode ser reproduzida em ovinos e coelhos (Silva et al., 1998; Beltréo et al., 2000;
Caron et al., 2002; Spilki et al., 2002; Diel et al., 2005). O virus tem ciclo de replicacdo
curto e rapido, capacidade de induzir laténcia e permanéncia em ganglios nervosos,
podendo levar a meningoencefalite ndo supurativa bovina (Engels & Ackermann, 1996;
ICTV, 2014).

Segundo Del Médico Zajac e colaboradores (2010), o BoHV-5 foi reconhecido
como um virus distinto em 1992, ja que anteriormente era denominado como BoHV-1
(Herpesvirus bovino tipo 1), pois acreditava-se tratar do subtipo 3 do BoHV-1, causador
da doenca rinotraqueite infecciosa bovina. Constatou-se uma diferenca genética e
imunogénica entre os dois virus, apesar de apresentarem alta similaridade na constituicéo
de aminoécidos (Rensetti et al., 2018).

O ciclo de vida dos herpesvirus se desenvolvem através de alguns estagios,
comecando com uma infeccdo aguda, seguido de laténcia principalmente no ganglio
trigémeo, por ultimo ocorre a reativacdo do virus. A reativacdo do virus latente pode
ocorrer sob condicdes de estresse dos animais ou pode ser induzida de forma experimental
utilizando glicocorticoides. Essa reativacao viral é a principal fonte de disseminacdo do
virus (Rensetti et al., 2018).

1.3 EPIDEMIOLOGIA

A meningoencefalite causada por BoHV-5 foi registrada em varios paises como
Australia, Estados Unidos da América, paises da América do Sul onde ha alta incidéncia,
na Argentina, Uruguai e Brasil, onde casos ja foram registrados em todos os estados do
pais (Del Médico Zajac et al., 2006; Aquino Neto et al., 2008/2009; Oliveiraet al., 2014).
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Estudos recentes realizados por Kumar e colaboradores (2020), isolaram e
caracterizaram pela primeira vez o BoHV-5 em bovinos de uma fazenda na india. No
Brasil, levantamentos realizados entre 2010 a 2016 por Blume e colaboradores (2018)
demonstraram casos diagnosticados de meningoencefalite por BoHV-5 por todo o estado
de Goias. No estado de Pernambuco, alguns surtos foram relatados em municipios de
Recife (Oliveira et al., 2014). Em outros estudos sobre gado de corte no estado do Parana,
identificou-se 0 BoHV-5 nessa populacdo bovina em diferentes regides geograficas do
estado, com uma maior prevaléncia no norte do estado, devido a maior concentracdo dos
bovinos nesta regido (Oliveira et al., 2015).

A doenca geralmente ocorre de forma esporadica ou em surtos com morbidade de
0,05-30% e letalidade de 75-100% (Riet-Correa et al., 1989; Riet-Correa & Schild, 1995;
Colodel et al., 2002; Gomes et al., 2002; Elias et al., 2004; Rissi et al., 2006). A idade na
maioria dos acometimentos em bovinos ocorre, segundo literatura, entre 60 dias ha 24
meses, com estudos demonstrando 84,61% dos animais pesquisados nessa faixa de idade
(Salvador et al., 1998; Colodel et al., 2002; Rissi et al., 2007; Blume et al., 2018). Em
recente pesquisa, Blume e colaboradores (2018), apresentaram trés casos de bovinos
positivos para BoHV-5 com idade entre 07 a 10 anos de idade, entre os animais
pesquisados em seu estudo.

H& uma concordancia na literatura sobre ndo haver uma predilecdo sazonal para
ocorréncia da doenca (Perez et al., 2003; Cagnini et al., 2017; Blume et al., 2018), pela
presenca da doenca em diferencas racgas bovinas (Colodel et al., 2002; Perez et al., 2003,
Elias et al., 2004; Cagnini et al., 2017) e sobre ndo haver prevaléncia da doenca entre
fémeas e machos (Rissi et al., 2006; Barros et al., 2006; Cagnini et al., 2017; Blume et
al., 2018).

1.4 SINAIS CLINICOS E ASPECTOS PATOLOGICOS

O quadro clinico nos bovinos afetados por meningoencefalite causada pelo
BoHV-5 evolui de 1 a 15 dias, iniciando apos periodo de incubacédo de 7 a 10 dias. Alguns
sinais detectados apos a infeccdo sdo anorexia, fraqueza e comportamento do tipo
depressivo. Dentro de alguns dias, 0s animais podem apresentar dificuldade de ingestéo
de agua e apreensao de alimentos, corrimentos nasal e ocular, febre, bruxismo, sialorréia,
nistagmo, opistétono, andar em circulos, incoordenacdo, pressionamento da cabeca
contra objetos, cegueira, convulsdes e quedas (Salvador et al., 1998; Elias et al., 2004;
Rissi et al., 2008).
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Os achados de necropsia sdo variaveis ou podem ndo ser visualizados
macroscopicamente. Caracterizam-se por hiperemia das leptomeninges, aumento do
liquido cefalorraquidiano e hemorragia submeningea. Apresentam como achado
relevante areas de malacia, localizadas principalmente no cortex cerebral (Elias et al.,
2004; Rissi et al., 2006), Figura 1. Na literatura, observa-se principalmente nos bovinos,
lesBes mais acentuadas na regido do bulbo olfatério e cortex frontal, sendo o cortex frontal
um local importante de laténcia do virus apos o ganglio trigémeo (Vogel et al., 2003;
Rissi et al., 2006). Nas avaliacGes histopatologica e imunoistoquimica, as lesbes se
caracterizam por polioencefalomalacia no cortex cerebral, tAlamo e nucleos da base,
meningoencefalite nao supurativa, com manguitos perivasculares de células
mononucleares e corplsculos de incluséo intranucleares eosinofilicos em astrocitos e
neurdnios (Riet-Correa et al., 1989; Salvador et al., 1998; Riet-Correa et al., 2006). A
multiplicagdo do herpesvirus causa varias mudangas na arquitetura celular, aparecimento
de inclusdes intranucleares, marginacdo da cromatina e destrui¢do dos nucléolos. O DNA
viral recentemente sintetizado se acumula podendo ser visto no ndcleo da célulaem forma
de uma massa basofilica. Os capsideos se formam e migram para o citoplasma, os virus
adquirem o envelope quando brotam através da membrana nuclear, causando morte

celular (Fenner et al.,1993).

FIGURA 1: Meningoencefalite causada por herpesvirus bovino, apresentando areas de malacia bilateral no cértex
frontal, demonstrado em % Fonte: Blume, et.al (2018).
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1.5 DIAGNOSTICO

De acordo com Flores e colaboradores (2007), devido ao desenvolvimento de
doenca neuroldgica fatal, é necessario realizar diagnostico diferencial com os agentes da
Listeriose, Babesiose, Raiva e BSE (encefalopatia espongiforme bovina). A partir de
material coletado do SNC (sistema nervoso central), séo realizados testes de inoculacéo
intracerebral, imunofluorescéncia/imunoperoxidase, isolamento viral ou PCR (reagédo da
cadeia em polimerase). Segundo Delhon (2003), a determinacdo da prevaléncia para o
BoHV-5 por sorologia torna-se dificil devido as reacdes cruzadas entre BoHV-5 e BoHV-
1 que podem ser provenientes da alta homologia gendmica existente entre ambos, além
de ser uma técnica demorada, podendo ndo ser sensivel para detectar infec¢bes com baixo
nivel de particulas virais (Oliveira et al., 2015).

A técnica PCR é bastante utilizada em diagnosticos de rotina, sendo mais sensivel
que o isolamento do virus (Oliveira et al., 2015). Um protocolo utilizando a extragdo do
DNA com NaOH (hidréxido de sddio) e PCR-RFLP (andlise de polimorfismo de
fragmentos de restricdo utilizando a reacdo em cadeia da polimerase) para deteccédo e
diferenciacdo do BoHV-1 e BoHV-5 em estudos epidemioldgicos e futuro uso em

diagnostico laboratorial foi desenvolvido por Oliveira e colaboradores (2015).

1.6 PREVENCAO E TRATAMENTOS

A meningoencefalite por BoHV-5 ndo apresenta tratamento especifico. A adesdo
a procedimentos de manejos adequados e programas de vacinacdo pode contribuir para
minimizar o aparecimento de casos da enfermidade (Rissi et al., 2007). Devido as
similaridades em aspectos bioldgicos e moleculares entre 0 BoHV-5 e BoHV-1, diversos
autores tem demonstrado relativa protecdo cruzada contra enfermidade neurolégica por
BoHV-5 em animais que foram vacinados contra a rinotraqueite infecciosa bovina,
ocasionada pelo BoHV-1 (Cascio et al., 1999; Beltrao et al., 2000; Vogel et al., 2003; Del
Médico Zajac et al., 2006). A ampla distribuicdo da infeccdo pelo BoHV-1 e 0 uso da
vacinacdo em larga escala pode explicar a baixa ocorréncia de BoHV-5 na América do
Norte e Europa (Ely et al., 1996; Cascio et al., 1999).

Estudos recentes de Ross e colaboradores (2018) sugeriram o uso de probioticos
B. toyonensis e S. boulardii como alternativa para melhoramento da eficicia de vacinas
para BoHV-5, os probiodticos possuem um mecanismo de modulacéo da resposta imune,
estimulando as células a produzir citocinas. O experimento foi realizado com ovinos, 0s

animais vacinados que foram alimentados com esses probidticos modularam a resposta
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imune, obtiveram maiores titulos de anticorpos anti-BoHV-5 em comparag¢éo ao grupo
controle, houve um estimulo na producdo de anticorpos contra o BoHV-5, o que

aumentou a eficiéncia da vacina.

1.7 MODELOS EXPERIMENTAIS

Os modelos iniciais para estudos sobre o BoHV-5 eram realizados em bovinos
(Meyer et al., 1996). Existem algumas dificuldades em se desenvolver este modelo, como
espaco para manutencdo dos animais, numeros de animais, entre outros. Porém,
atualmente, alguns estudos tém utilizado bezerros como modelo (Favier et al., 2014;
Cagnini et al., 2015; Queiroz et al., 2018).

A infeccdo experimental pelo BoHV-5 em coelhos vem sendo reproduzida com
sucesso, e tém sido utilizadas para compreender a base molecular da infeccdo e laténcia
pelo BoHV-5 (Machado et al., 2013). Nesse modelo, os animais infectados reproduzem
os sinais clinicos, sinais neuroldgicos e alteracdes patologicas que ocorrem no hospedeiro
natural, os bovinos (Mayer et al., 2006). Mas o modelo também traz algumas limitacGes
para 0 uso desta espécie para infeccdo por BoHV-5, tais como idade adequada para
responder a inducdo da imunizacdo e numero excessivamente alto de animais para
avaliacdo estatistica (Flores et al., 1998; Chowdhury et al., 2002; Flores et al., 2009).

Os ovinos também sao utilizados como modelos. Experimentos realizados por via
intranasal reproduziram alguns aspectos da infeccdo em bovinos, como sinais clinicos,
laténcia do virus, transmissdo para outros animais através de contato (Silva et al., 1998).
Devido as dificuldades encontradas nas outras espécies, o estabelecimento de modelos
experimentais utilizando animais de laboratério tornar-se uma ferramenta til para a
pesquisa (Mendes & Souza, 2017).

S&o poucos os estudos que utilizam camundongos como modelo para a infec¢éo

por BoHV-5, principalmente animais com delecao de genes. Abril e colaboradores (2004)

estudaram os efeitos da infeccéo intraperitoneal com 107TCID50 (50% da dose infectante
em cultura de células) de BoHV-5 em camundongos da linhagem 129Sv/Ev e em
camundongos com dele¢des genéticas no receptor do interferon alfa/beta e gama e na
habilidade de producéo de linfocitos B e T (delecdo RAG). Flores e colaboradores (2009)
demonstraram a auséncia de susceptibilidade de camundongos lactentes suigos albinos,

em inoculagdo por via intraperitoneal de diferentes amostras de BoHV-5.
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1.8 RESPOSTA IMUNE NA INFECQAO POR BOHV-5

Conceitualmente, a resposta imune tem sido dividida em respostas imunes inata e
adaptativa. A resposta imune inata ¢ considerada uma das primeiras barreiras que 0
organismo possui para detectar a presenca de patdgenos invasores e rapidamente elimina-
los ou iniciar uma resposta imune adaptativa protetora (Medzhitov et al., 2000). A
constituicdo genética do hospedeiro, resposta mediada por macr6fagos, NK (células
natural Killer), anticorpos e citocinas sdo apontados como importantes mecanismos de
defesa do hospedeiro contra as infecgdes por herpes. Com isso, 0S mecanismos da
resposta imune inata formam a primeira linha de defesa, enquanto anticorpos e linfdcitos-
T CD4" e CD8" citotoxicos estdo sendo produzidos. A literatura demonstra que tanto a
resposta imune inata quanto a adquirida sdo necessarias para o controle da infec¢do por
herpesvirus, mesmo em uma primeira infec¢cdo (Stock et al., 2011).

A resposta imune adaptativa depende de uma ativacdo de células especializadas,
sendo estas os linfocitos e moléculas solUveis por eles produzidas e APCs (células
apresentadoras de antigenos). Estas células apresentam antigenos associados a MHC
(moléculas do complexo de histocompatibilidade) para os linfocitos T. Os mecanismos
da resposta adquirida demoram alguns dias para se desenvolverem, e suas principais
caracteristicas sdo a especificidade, diversidade de reconhecimento, memoria,
especializacdo de resposta, autolimitacdo e tolerancia a componentes do proprio
organismo (Delves et al., 2000).

A doenca infecciosa envolve interagdes complexas entre os patdégenos e o
hospedeiro. Os patdgenos requerem respostas imunolégicas diferentes e especializadas,
dependendo do local onde eles se replicam e do seu tamanho. Os sistemas imunes inato
e adaptativo irdo cooperar entre si para que o agente infeccioso seja eficientemente
eliminado (Abbas et al., 2012).

A resposta inflamatdria € um componente essencial do sistema imunitario do
hospedeiro. Uma das linhas de resposta € o reconhecimento da agressdo, quando
promovida por uma patdgeno a agressao sera reconhecida por meio das moléculas do
patdgeno, essas moléculas que o organismo consegue reconhecer sdo denominadas
PAMPs (padrdes moleculares associados a patogenos), desempenhando um papel
importante contra as infecgdes virais e atuam diretamente inibindo um ou mais estagios
do ciclo de vida viral (Qureshi et al., 2014; Filho G. B., 2013). Os PAMPs podem ser
reconhecidos pelos receptores TLRs (Toll like Receptors), estes sdo reconhecedores de

patdgenos e expressos por células do sistema imunologico ou por aquelas células que sao
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o0 alvo primario de agentes infecciosos. Os TLRs comumente envolvidos na resposta
contra infecgdes virais sdo os 3, 7, 8 e 9. O desencadeamento da ativacdo dos TLRs
induzem uma série de eventos que resultam na producdo de citocinas e quimiocinas pro-
inflamatdrias que védo estimular a resposta imune adaptativa. O desencadeamento da
resposta imune pode levar ao controle da infec¢do ou a inducédo da patologia, dependendo
da qualidade e intensidade da resposta Como por exemplo, algumas citocinas e
quimiocinas inflamatorias, como IFN-y (interferon gama), IL-8 (interleucina oito), TNF
(fator de necrose tumoral) e IL-1f (interleucina 1 beta), podendo ser benéficas para o sistema
imune do hospedeiro ou podem facilitar a entrada do virus no SNC (Franco & Ferndndez-
Suérez, 2015; Rensetti et al., 2016).

1.8.1 RECEPTORES DO TIPO TOLL (TLRS)

Os TLRs sao uma classe de receptores envolvidos no reconhecimento de diversos
padroes moleculares com propriedades antigénicas. Estdo envolvidos na resposta imune
inata e resposta imune adaptativa, ao reconhecer os PAMPs induzindo uma resposta
imunologica contra patdégenos (Akira & Takeda, 2004; Parker et al., 2007; Abbas et al.,
2012. Os genes de TLRs expressos em seres humanos sdo encontrados principalmente
em macrofagos, neutrofilos, células dendriticas e linfocitos (Akira & Takeda, 2004; Singh
etal., 2012; Ashour et al., 2015). Também sdo expressos nos astrocitos, oligodendrdcitos,
micrdglia e neurénios (Olson & Miller, 2004; Carpentier et al., 2005; Farina et al., 2005).

Estes receptores reconhecem moléculas caracteristicas em grupos de
microorganismos, como sequéncias de DNA ou RNA virais. Estimulos provenientes da
resposta imune inata pelas vias de sinalizacdo celulares levam a producédo de citocinas
fazendo a ativacdo dos TLRs (Takeda & Akira, 2005). Nas doengas infecciosas ocorrem
a producao de citocinas pro-inflamatorias pela resposta imune inata, controlando o
crescimento do patogeno e protegendo o hospedeiro, a produgao exagerada de citocinas
pode resultar em quadros patologicos (Nishiya & DeFranco, 2004; EI-Menyar et al.,
2009; Lourenco et al., 2009; Nalbandian et al., 2009).

Devido a importancia dos TLRs na sintese de citocinas pro-inflamatérias e a
identificacdo de ligantes destes receptores em uma variedade de patdgenos (Barton et al.,
2002; Gazzinelli et al., 2006), a funcdo dos TLRs na resposta imune do hospedeiro contra
infecgoes tem sido alvo de estudos nas ultimas décadas. O uso dos modelos com

camundongos deficientes para 0os TLRs ou para a proteina adaptadora Myd88
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(Myd88'/ "), responsavel pela sinalizagdo celular da maioria dos TLRs, tem se mostrado
importante para o estudo em infec¢des por virus, protozoarios, bactérias e fungos. A
sinalizacdo TLR ocorre por duas vias distintas, uma via dependente de MyD88 que leva
a producdo de citocinas inflamatorias e uma via independente de MyD88 associada a
estimulacdo por IFN-B (Interferon Beta) e a maturacdo de células dendriticas. De uma

maneira geral, animais Myd88'/

" sd0 imunocomprometidos e sucumbem a infecgio por
diferentes patogenos, incluindo virus como o Herpes simplex (Mansur et al., 2005).

Os TLRs se encontram localizados na membrana plasmatica, com exce¢do de
TLR3, TLR7, TLR9, que estdo localizados no endossoma. Foram caracterizados dez
TLRs humanos (TLR 1 ao 10) e doze murinos (TLR 1 ao 9, TLR11, TLR12 e TLR13,
sendo 0 homélogo do TLR10 um pseudogene) (Nishiya & DeFranco, 2004).

O TLR2 é importante para o reconhecimento de uma variedade de PAMPs de
bactérias Gram-positivas; 0 TLR3 esta implicado no reconhecimento de RNA de cadeia
dupla derivado de virus; o TLR4 ¢ ativado pelo lipopolissacarideo; o TLR5 detecta
flagelo bacteriano; e 0 TLR9 é necessario para a resposta ao DNA CpG néo metilado. Os
TLR7 e TLR8 reconhecem pequenas moléculas antivirais sintéticas (Jurk et al., 2002), e
0 RNA de cadeia simples foi relatado como seu ligante natural (Heil et al., 2004). O
TLR11 foi relatado por reconhecer E.coli uropatogénica e uma proteina semelhante a
profliga de Toxoplasma gondii (Keating et al., 2007; Zhang et al., 2004; Lauw et al.,
2005).

Os TLR3, TLR7, TLR8 e TLR9 reconhecem &acidos nucleicos virais e induzem
IFN do tipo I. Eles envolvem o IRF (fator regulatério de interferon), que desempenha um
papel importante nas defesas antivirais, crescimento celular e regulacdo imune, IRF3,
IRF5 e IRF7 funcionam como transdutores diretos de sinalizacdo de TLR mediada por
virus. TLR3 e TLR4 ativam IRF3 e IRF7 (Doyle et al., 2002), enquanto TLR7 e TLR8
ativam IRF5 e IRF7 (Schoenemeyer et al., 2005) (Fig. 2).

Marin e colaboradores (2014) demonstraram que 0 agonista para TLR7 e 8
apresentou efeito antiviral em mondcitos de bovinos infectados por BoHV-1 e BoHV-5.
Este estudo sugeriu que os TLRs atuam na protecdo do hospedeiro contra infecgdes por

virus e que o papel dos TLRs na meningoencefalite por BoHV-5 ainda ¢ desconhecido.
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FIGURA 2: Representacdo esquematica dos TLR’s e de suas principais vias de sinalizagdo. Fonte: Achek,
et.al. (2016). Disponivel em : link.springer.com/article/10.1007%2Fs12272-016-0806-9¢#citeas

1.8.2 PAPEL DOS TLRs e BoHV-5

Os IFNs (interferons tipo 1) sdo importantes na resposta imune inata em resposta
as infec¢Oes por herpesvirus. A inducdo de IFN mostra-se caracteristica nas infec¢Ges por
herpesvirus bovino (BoHV). Além disso, ja se sabe que alguns TLRs sdo capazes de
estimular a ativacdo desses interferons (Perez et al., 2003; Paludan et al., 2011; Marin et
al., 2014).

Marin e colaboradores (2014) demonstraram em seus estudos “in vitro” e “in
Vivo” a participagdo de alguns TLRs na resposta as infec¢des por herpesvirus bovino.
Como tentativa de controle sobre a invasdo e multiplicacdo dos herpesvirus, o sistema
imune inato e adaptativo entram em ag&o. Detectou-se, por exemplo, que a replicacao de
BoHV nas células MDBK (Madin-Darby Bovine Kidney) foi prejudicada perante a
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ativacdo da sinalizacdo do TLR7. Em outro estudo encontrou-se aumento da expressao
de TLR3 e TLR7 em cértex de bezerros infectados com BoHV-5 durante a infe¢do aguda
e durante a reativacdo do virus (Marin et al., 2014). Estudos desenvolvidos por Rensetti
e colaboradores (2016) demonstraram aumento da expressdo dos TLR3, TLR7 e TLR8
no sistema nervoso de bezerros infectados por BoHV-5 e 0 aumento do RNAm de TLR9
no ganglio trigémeo durante a infeccdo e a reativacdo do BoHV-5 (Marin et al., 2014).
Um estudo com infeccdo por HSV-1 em modelo murino de Zolini e colaboradores
(2014), foi realizado utilizando camundongos selvagens C57/BL6 e camundongos
nocautes para TLR27 , TLR9”-e TLR2/9". Os resultados demonstraram a importancia
dos TLRs para controlar a infecgdo por HSV-1 no ganglio trigémeo dos camundongos,
minimizando os efeitos da doenca e impedindo encefalites e uma diminui¢cdo na morte
dos animais. Os camundongos, por exemplo, que ndo expressavam o TLR9 nédo
apresentaram uma resposta eficiente para controlar o virus, mesmo expressando outros

TLRs nos seus cérebros.

1.8.3 ASTROCITOS

Os astrdcitos sdo as células da glia em maior abundancia no sistema nervoso
central e variam de acordo com a sua morfologia, desenvolvimento, metabolismo e
fisiologia (Stipursky et al., 2010; Gomes et al., 2013). Apresentam importancia na
homeostase do microambiente cerebral e ttm como funcéo a absorcédo de glicose e outros
nutrientes, que serdo utilizados pelos neurdnios. Fazem parte da barreira
hematoencefalica, absorvendo e degradando neurotransmissores em excesso. Além disso,
0s astrocitos possuem atividade neuromoduladora, importante para o controle espacial e
temporal da ativacdo neuronal (Abbott et al., 2006; Haydon & Carmignoto, 2006;
Bélanger et al., 2011; Harada et al., 2016; Weikang et al., 2018). Estas células possuem
prolongamentos com filamentos intermediarios (fibrilas gliais), e apresentam como
componentes principais 0 GFAP (proteina acidica fibrilar glial), a proteina ligadora de
calcio (S-100 beta) e a enzima conversora de glutamato em glutamina (Glutamina
sintetase) (Cahoy et al., 2008; Gomes et al., 2013). Os astrécitos sdo uma importante fonte
de interferons, que diante uma infeccéo, protege astrocitos vizinhos e neurdnios (Kurhade
et al., 2016; Lindqvist et al., 2016).

A presenca dos astrdcitos na meningoencefalite causada pelo BoHV-5 € relatada
em literatura, sdo observados e descritos como a presencga de inclusGes intranucleares

eosinofilicas em astrécitos. Estes relatos ocorrem em experimentos com infecgdes por
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BoHV-5 em ovinos e descritos em experimentos também com bovinos, os achados destes
corpusculos de inclusdo em alguns experimentos em bovinos sdo observados
ocasionalmente, em outros experimentos o corpusculos de inclusdo nos astrécitos foi
observado em todos os casos investigados (Silva et al., 1998; Rissi et al., 2007; Arruda et
al., 2010; Blume et al., 2018).

1.8.4 MICROGLIAS

As microglias sdo celulas da glia residentes no tecido nervoso e possuem
morfologia diversificada, em repouso apresentam ramificacdes que se intensificam
quando reativas. Por ser uma célula altamente ramificada, suas ramificagdes rapidamente
varrem o ambiente local e reagem a qualquer modificacdo, quando por exemplo, o
hospedeiro passa por uma infeccdo, as microglias transformam sua morfologia, para
migrar, proliferar e fagocitar (Kettenmann et al., 2011; Béchade et al., 2013).

Estdo distribuidas em todo o SNC e variam em densidade tanto em roedores
guanto em humanos, com algumas diferencas sutis na morfologia (Ransohoff & Perry,
2009). Dentre as células pertencentes as populagdes gliais no SNC as microglia sdo as
mais abundantes (Perry et al., 2013). As microglias, como células imunes, séo
frequentemente apontadas como a primeira resposta a infeccdo do SNC, detectam e
reagem, além das infeccbes, a traumas, isquemias, neurodegeneracdo, em resumo,
qualquer alteracdo na homeostase cerebral. Também desempenham papel importante no
desenvolvimento cerebral, plasticidade sinaptica e memoria. (Béchade et al., 2013; Chen
etal., 2019).

Em uma infeccdo, as micrdglias podem detectar os nucleotideos liberados pelos
neurdnios infectados e sdo recrutadas rapidamente para fazer suas atividades fagocitarias.
Os neurdnios infectados liberam mais ATP (adenosina trifosfato), e esses estimulos fazem
com que a microglia se torne ativada e recrutada de minutos a horas. Estas células séo
capazes de detectar alteracbes no pH, citocinas, quimiocinas, aminoacidos e compostos
inorgénicos. No entanto, dependendo do estimulo recebido, o perfil de ativacdo destas
células também ¢ diferente e pode resultar tanto em efeitos benéficos para o organismo,
como em efeitos prejudiciais (Boche al., 2012).

As microglias e os astrocitos durante suas acdes de defesa produzem fatores
inflamatorios que podem danificar o tecido local, aumentando ainda mais a inflamacé&o e
a ativacdo glial, levando a um ciclo inflamatério vicioso. Esta inflamacéo, em longo

prazo, pode ser prejudicial ao SNC, podendo ocorrer desde a perda de sinapses, prejuizo
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a cognicdo e neurodegeneracdo. Mas a falta de microglia pode prejudicar o controle da
inflamag8o, uma quantidade menor destas células leva a niveis mais baixos de fator
neurotrofico derivado do cérebro (Cherry et al., 2014). As microglias podem ser marcadas
no SNC de roedores e humanos pela técnica imunocitoquimica para antigenos especificos
(Ransohoff & Perry, 2009).

De acordo com Menasria e colaboradores (2017), a micréglia na infeccdo por
HSV-1 (Herpes Simplex Virus tipo 1), participa no controle da replicacdo do virus no
encéfalo, ativando citocinas e quimiocinas como IL-6, IL1b, CXCL10 (C-X-C motif
chemokine ligand 10), CCL2 (C-C motif chemokine ligand 2) e CCL5 (C-C motif chemokine
ligand 5). Durante os insultos cerebrais, um dos controles para a ativacdo microglial é feito
pelo receptor de quimiocina denominado fraquitalquina CX3CR1 (C-X3-C motif
chemokine receptor 1). A fraquitalquina faz a sinalizacdo do neurénio produtor para a
microglia efetora, sendo a microglia residente considerada a unica fonte de expressdo de
CX3CR1, ou seja, 0 unico receptor de sinalizacdo da fraquitalquina no cérebro saudavel.
Essa quimiocina € expressa em niveis elevados pelos neurdnios, em especial nas
estruturas cerebrais como o hipocampo, amigdala, cortex cerebral, globo palido, corpo
estriado, talamo e também no bulbo olfativo (Paolicelli et al., 2014).

O eixo CX3CL1 a CX3CR1 constitui um caminho chave em que 0s neurdnios e
micréglias regulam a imunidade no SNC. Essa sinalizacdo, além da participacdo no
controle da producdo de varias citocinas, regula a atividade fagocitaria da microglia
(Menasria et al., 2017). O eixo CX3CL1/CX3CR1 € necessario para que se mantenha a
homeostase cerebral e haja uma reabsorcdo inflamatéria no cérebro danificado, através
da regulagdo do equilibrio de citocinas pro e anti-inflamatdrias, como o TNF-a, IL-6, IL-
1B e IL-10 (Luo et al., 2019). Além do CX3CL1 manter as condi¢Ges neuroinflamatorias
e contribuir para a neurotoxicidade, no cérebro adulto, a sinalizagdo CX3CL1/CX3CR1
regula a plasticidade sinaptica e as funcbes cognitivas. Principalmente no hipocampo,
CX3CL1 é um potente modulador da transmisséo sinaptica e sua diminuicao prejudica a

aprendizagem motora, a memdria associativa e espacial (Lauro et al., 2015).

1.8.5 FATORES NEUROTROFICOS

As celulas gliais sdo importantes fontes de NFs (fatores neurotroficos). Os NFs
sdo conhecidos como um grupo de polipeptideos responsaveis pela sobrevivéncia de
neurdnios, crescimento de axodnios, expressdo de proteinas essenciais para 0

funcionamento neuronal, liberacdo de neurotransmissores e pela formacgéo e funcéo de
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sinapses (Allen & Dawbarn, 2006; Domingues et al., 2015; Sebben et al., 2011).
Basicamente, sdo um conjunto de trés familias de moléculas e seus receptores, que
mantém o crescimento e sobrevivéncia dos axénios, neurénios motores e sensitivos, apos
ocorréncia de danos teciduais (Boyd & Gordon, 2003; Sebben et al., 2011).

Também modulam a transmisséo e a plasticidade neuronal que decai durante o
envelhecimento, em condigdes traumaticas ou degenerativas. S&o sintetizados no reticulo
endoplasmatico e clivados em moléculas que podem sofrer modificagoes. Além disso,
realizam funcdes celulares através da ativacao de receptores, incluindo a expressdo dos
genes que estao envolvidos na regulagao da neuroplasticidade e integridade celular
(Perito & Fortunato, 2012; Budni et al., 2015). S&o classificados de acordo com
caracteristicas funcionais e estruturais (Allen & Dawbarn, 2006; Domingues et al., 2015).

Os principais NFs sdo: NGF (fator de crescimento neural), BDNF (fator
neurotréfico derivado do encéfalo), GDNF (fator neurotréfico derivado da glia) e as
neurotrofinas NT3, NT-4/5, NT-6 e NT-7. Estes fatores também agem em atividades
como comportamento, aprendizagem e memoria (Lai et al.,1998; Budni et al., 2015).

O BDNF é o NF mais disseminado no SNC de mamiferos, protegendo as conexdes
neurais (Babri et al., 2018). E essencial para o crescimento, diferenciacdo, regeneracio e
sobrevivéncia neuronal, assim como para a plasticidade e transmissdo sinaptica,
contribuindo assim para a aprendizagem e memoria (Waterhouse & Xu, 2009;
Shishmanova-Doseva et al., 2018). A nutrigdo, metabolismo, comportamento e estresse
podem afetar a expressdo de BDNF no sistema nervoso central e periférico (Fuchikami
et al., 2009). O BDNF promove a protecdo dos neurdnios contra os danos causados por
infeccOes e sua expressdo no sistema nervoso ¢ modificada por muitos insultos como,
convulsdo, estresse, isquemia e hipoglicemia (Yan et al., 1997). O BDNF regula a LPD
(depressdo de longa duracéo) e a potenciacdo de longa duracdo (LTP), a plasticidade
sinaptica, o crescimento axonal, a proliferacdo da arvore dendritica e a diferenciacédo
neuronal (Murer et al., 2001; Tyler et al., 2002). Tém um papel central nos transtornos
psiquiatricos e seus niveis séricos sao considerados como um possivel biomarcador para
a saude cerebral e distarbios psiquiatricos (Babri et al., 2018).

O GDNF se mostra importante no desenvolvimento, sobrevivéncia e manutencao
dos neuronios dopaminérgicos do mesencéfalo (Deister e Schmidt, 2006). Na transec¢éo
de um nervo, ocorre um aumento significativo da expresséo de RNAmM do GDNF,
evidenciando seu forte envolvimento no processo de regeneracdo dos nervos periféricos
(Sebben et al., 2011).
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O NGF possui papel no desenvolvimento, diferenciagao, manutenciao e
sobrevivéncia de neuronios simpaticos e sensitivos derivados da crista neural (Chao et
al., 2003). Este fator é importante na sobrevivéncia celular apos lesdo, na regeneracéo,
sensibilidade neuronal e express&o de neurotransmissores. E produzido por varios tecidos
periféricos, principalmente na pele e outros tecidos que recebem uma rica inervagdo
simpatica ou sensorial. No SNC, o hipocampo € a maior fonte, onde sdo expressos através
dos principais neurdnios excitatorios, bem como por um subconjunto de neurénios
inibidores contendo acido y-aminobutirico. As lesdes inflamatorias provocam niveis
aumentados de NGF nos tecidos periféricos e com isso, aumentam a exposicdo dos
neurdnios sensoriais ao NGF (Rattray et al., 2001).

Em estudo realizado por Morichi e colaboradores (2014) relatou-se o aumento dos
niveis de BDNF no soro e no liquido cefalorraquidiano de criancas com encefalopatias
de origem viral, em comparagao com as criangas do grupo controle. Observou-se também
alta incidéncia de sequelas neuroldgicas nos pacientes com altos niveis de BDNF sérico

e no liquido cefalorraquidiano (Morichi et al., 2014).

1.8.6 APOPTOSE E INFECQ@ES VIRAIS

A apoptose é um processo de morte celular programada que leva a condensagao
da cromatina, redugao do volume celular, perda da aderéncia celular & matriz extracelular
e células vizinhas, fragmentagdo do DNA e formagao de vesiculas na membrana. Essas
vesiculas sao rapidamente fagocitados por macrofagos e removidos sem que haja
processo inflamatorio associado (Grivicich et al., 2007). A apoptose desempenha um
papel essencial na homeostasia, no desenvolvimento de 6rgaos e na remocdo programada
de células (Namura et al., 1998; Griffiths et al., 2009). Porém, também participa de danos
teciduais em diferentes doencas neurodegenerativas e em processos isquémicos (Despres
etal., 1998; Jones et al., 2003). Varias doencas neurologicas causadas por infecgdes virais
levam a morte celular por apoptose, como por exemplo a raiva e a cinomose (Del Puerto
et al., 2011; Suja et al., 2011). A apoptose pode ser dividida em via intrinseca e via
extrinseca. A via intrinseca ou mitocondrial inicia-se apds a privacdo de fatores de
crescimento ou apés danos ao DNA por radiacdo, toxinas ou radicais livres. A via
extrinseca ou citoplasmatica é ativada pela familia de receptores do Fator de Necrose
Tumoral (TNF) ou mediada pelo linfécito T citotoxico.

Segundo Hardwick (2001), é dificil um virus infectar uma célula sem ativar uma

das vias do processo de apoptose. Existe a possibilidade de que o BoHV-5 possua
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mecanismos desconhecidos para inibir a morte celular e evitar o sistema imunolégico do
hospedeiro. A apoptose ¢ um mecanismo que tenta defender a célula hospedeira contra
0s agentes virais, tendo estratégias de controle ou regulacdo, maximizando a produgao da
progénie viral, permitindo a disseminagdo viral para as células vizinhas (Hay &
Kannourakis, 2002). De acordo com Scott (2010), o sucesso na replicagao de muitos virus
depende da habilidade em prevenir a inducao da apoptose pela via mitocondrial. Em
estudos recentes, Rensetti e colaboradores (2018) sugerem uma possivel associacao entre

a replicacdo de BoHV-5 e a inducdo de apoptose no ganglio trigémeo.
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2. JUSTIFICATIVA

Nosso grupo de pesquisa padronizou um modelo murino de meningoencefalite por
BoHV-5, os camundongos foram infectados por via intracraniana, avaliamos os efeitos
do BoHV-5 no SNC e as respostas a essa infeccdo. Em um desses estudos foi avaliado o
papel dos SOCS (supressores da sinalizacdo de citocinas) na resposta imune a
meningoencefalite causada pelo BoHV-5 em camundongos C57BL/6 selvagens e
deficientes para SOCS2. O modelo reproduziu os sinais clinicos ocorridos no hospedeiro
natural e observou-se neuroinflamacdo nos camundongos SOCS2” infectados e o
aumento dos niveis cerebrais de algumas citocinas, quando comparados com
camundongos selvagens infectados. Neste estudo, sugerimos a participacdo de SOCS-2
na ativacao e expressdo de SOCS-1 e de IFN-B, com consequente controle da replicacao
viral (Barbosa et al., 2016). Varios fatores estdo envolvidos na patogénese das infeccdes
virais. Sabe-se que as alteracBes neuroldgicas estdo frequentemente associadas aos danos
teciduais, disfungdes imunoldgicas e alteracdes neuroquimicas decorrentes da infeccao
(Vilela et al., 2011; Liu et al., 2017). As células imunes assim como 0s astrocitos e as
micrdglias residentes ativam a producdo de mediadores inflamatorios, que por sua vez,
podem interferir na secrecdo de fatores neurotrdficos. Estes fatores participam do
processo de neuroprotecdo pela inibicdo da apoptose e dos efeitos antinflamatorios (Liu
et al., 2017; Prajeeth et al., 2017). No entanto, ndo existem estudos descrevendo as
alteracdes clinicopatoldgicas com o perfil neuroquimico e inflamatério durante a
meningoencefalite por BoHV-5 em camundongos. Além disso, os trabalhos abrangendo
0 papel da resposta imune no controle da infeccdo murina sdo escassos. Portanto, 0
presente estudo pretende avaliar as principais alteracdes clinicas associadas as vias de
ativacdo e de modulacdo da resposta imune, por meio da avaliacdo dos niveis encefalicos
de citocinas e quimiocinas pro-inflamatdrias e anti-inflamatorias e da expresséo de genes
de referéncia para as respostas imunes inata e adquirida. Adicionalmente, como uma das
respostas iniciais do hospedeiro, a infeccdo viral é a inducdo do interferon tipo I,
principalmente o IFNo/f e sabendo que os receptores do tipo Toll (TLRs) sdo potentes
indutores de IFN tipo I, e também a possibilidade de estudar o papel dos TLR
endossomais 3, 7 e 9 no SNC de camundongos infectados por BoHV-5. Os estudos
desenvolvidos nesta area contribuirdo para o melhor esclarecimento dos possiveis

mecanismos de a¢do envolvidos na meningoencefalite bovina por BoHV-5.
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3. OBJETIVOS

3.1 OBJETIVO GERAL

Estudar os mecanismos associados as alteracdes clinicopatologicas, parametros imunes e
aspectos neuroquimicos durante a infeccdo por BoHV-5 em camundongos C57/BL6.
Além disso, pretende-se avaliar a participacdo dos TLRs 3/7/9 durante a infeccdo com
BoHV-5.

3.2 OBJETIVOS ESPECIFICOS

Nos camundongos C57/BL6 ndo infectados e infectados com 10* ou 107 TCIDso de

BoHV-5:

+ Avaliar peso corporal, alterac6es clinicas e alteracdes histopatoldgicas nos encéfalos
de camundongos dos diferentes grupos experimentais.

¢ Estudar a expressdo e ativacdo da microglia, astrocito e morte celular na
meningoencefalite experimental causada por BoHV-5.

¢ Mensurar os niveis teciduais de TNF, IL-12p70, IL-6, IFN-y, IL-10, CCL2 através do
método CBA (cytometric bead array).

¢ Quantificar nos encéfalos dos camundongos os niveis da proteina fraquitalquina
(CX3CL1) e dos fatores neurotroficos BDNF, GDNF e NGF através do método de
ELISA (Enzyme-Linked Immunosorbent Assay).

¢ Analisar a expressdo de 84 genes relacionados a resposta imune inata e adaptativa por
gPCR array.

¢ Auvaliar os efeitos da deficiéncia dos TLR3/7/9 durante a infeccdo por BoHV-5 em
camundongos, as alteragdes clinicopatoldgicas, expressdo e ativacdo de micréglia e
quantificar os fatores neurotr6ficos BDNF, GDNF e NGF através do método de ELISA

e compara-los aos camundongos C57BL/6 selvagens.
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4. MATERIAL E METODOS

4.1 ANIMAIS

Foram utilizados camundongos convencionais da linhagem C57BL/6, machos,

com sete a nove semanas de idade, obtidos do Biotério Central da Universidade Federal

de Minas Gerais e camundongos machos, com sete a nove semanas de idade, deficientes

para TLR3/7/9” cedidos gentilmente pelo Prof. Dr. Marco Antdnio Campos provenientes

do Instituto René Rachou (Fiocruz), localizado em Belo Horizonte - MG.

Todos os animais foram mantidos sob condi¢Ges controladas de temperatura

(24°C) e luminosidade (ciclo claro/escuro de 12 horas) e tiveram livre acesso a racéo e

agua. Nosso projeto foi submetido e aprovado pelo CEUA (comité de ética no uso de

animais) da UFMG (Universidade Federal de Minas Gerais), sob o nimero de protocolo

272/11. No delineamento experimental os camundongos foram divididos em quatro

grupos representados abaixo pela figura 3.

=

&

INOCULAGCAD
INTRACRANIAL
BoHV-5 10°

INOCULAGCAD
INTRACRANIAL . AVALIAGAO cLinica
BoHV-5 107 . EUTANASIA

. COLETA DE CEREBRO
. ANALISES FUTURAS

INOCULAGAD
INTRACRANIAL PBS
ESTERIL

KO TLR 3/7/9 /-

INOCULAGAD
INTRACRANIAL
BoHV-5 10°

FiGURA 3: Delineamento experimental animais divididos em quatro grupos: camundongos selvagens ndo infectados,

camundongos deficientes (KO) para TLR3/7/9”, camundongos selvagens infectados com BoHV-5 e camundongos

deficientes (KO) para TLR3/7/9" infectados com BoHV-5. Os animais infectados inoculados com o virus BoHV-5 e

0s animais ndo infectados inoculados com PBS estéril.
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4.2 CULTIVO CELULAR E VIRAL

Foram realizadas titulagfes virais com culturas de células da linhagem CRIB-1
(CRL-11883, ATCC), provenientes da UFSM (Universidade Federal de Santa Maria),
gentilmente cedidas pelo Prof. Dr. Eduardo Furtado Flores. As células foram cultivadas
em garrafas proprias para esse fim (Corning®), utilizando meio D-MEM (Dulbecco
Modified Eagle Medium), Sigma®, acrescido de 2U/ml de Penicilina, 2pg/ml de
Estreptomicina e 10 pug/ml de Anfotericina B, acrescido de 5% de SFB (soro fetal bovino)
Cultilab®. As garrafas de celulas foram mantidas em estufa (Thermo Scientific, EUA) a
37° C, em atmosfera com 5% de CO; até o0 momento de uso. O subcultivo celular foi
realizado trés vezes por semana na proporc¢éo de 1:3, sendo a monocamada celular lavada
com PBS (solucdo tampdéo fosfato salina) 1X e tratada com solucéo de tripsina contendo
EDTA (Sigma®). A amostra viral Mutum, disponibilizada para nossas pesquisas foi
isolada de um bovino proveniente da cidade mineira Mutum, atendido no Hospital
Veterinario da Escola de veterinaria — UFMG. O isolamento, multiplicacdo, purificacéo
e titulacdo da amostra BoHV-5 Mutum foi realizada no Laboratério de Virologia Basica
e Aplicada, no departamento de Microbiologia, ICB (Instituto de Ciéncias Bioldgicas) -
UFMG. A amostra foi gentilmente cedida pela professora Edel Figueiredo Barbosa
Stancioli, assim como todo o processamento viroldgico realizado em nossos

experimentos. O titulo inicial para expans&o do virus foi de 10828 TCIDso/50 pL.

4.3 INOCULACAO VIRAL

A inoculacdo nos experimentos foi realizada ap6s avaliagéo clinica individual dos
camundongos. Os grupos foram anestesiados por via intraperitoneal com uma mistura de
xilazina (10mg/kg) e cetamina (80mg/Kg), de acordo com o peso individual, logo apos,
foram submetidos ao in6culo de 1x10* TCIDso ou de 1x10” TCIDso do virus BoHV-5
suspendido em 10uL de PBS, por via intracraniana. Os camundongos ndo infectados de
ambos experimentos, receberam 10uL de PBS, também por via intracraniana. A
inoculagdo fez-se utilizando seringas de insulina BD Ultrafina™ (0,3mm:0,8mm). O

indculo de 10pL foi feito no lado direito da sutura sagital na direcéo do olho figura 4.
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LINHA DAS ORELHAS LINHA DOS OLHOS

INOCULAGAO INTRACRANIANA
HEMISFERIO DIREITO

A B

FIGURA 4: Demonstracéo de uma inoculagdo intracraniana em camundongo. Em A: utilizagdo da seringa intradérmica
na inoculago, posicionamento e area para o indculo, neste caso, 0 hemisfério esquerdo. Em B: llustra a demarcagdo
correta para indculos intracranianos nos hemisférios direito e esquerdo, a seta azul sinaliza a inoculagdo no hemisfério
direito como realizado em nosso experimento. Fonte: adaptado de Shimizu, S., 2004:
http://www.usp.br/bioterio/Artigos/Procedimentos%20experimentais/Routeadministration-4.pdf

4.4 AVALIACAO CLINICA

Todos os camundongos foram avaliados clinicamente e pesados diariamente, a
partir do dia O (inoculacdo) até o terceiro dpi (dia po6s infec¢do). Os animais
permaneceram no Biotério de Experimentacdo do Departamento de Microbiologia, ICB
- UFMG. Toda a manipulacéo animal foi realizada dentro do fluxo laminar e os mesmos
mantidos em caixas com microisoladores e individualmente. Ao terceiro dpi ap6s serem
avaliados e pesados os camundongos foram eutanasiados com sobre dose de anestésico
(Ketamina/Xilazina) por via intraperitoneal, os encéfalos foram removidos e estocados
para as devidas andlises futuras.

4.5 HISTOPATOLOGIA E IMUNOISTOQUIMICA

As amostras do hemisfério cerebral direito foram coletadas de ambos os grupos e
acondicionados para fixacdo do tecido em tubos falcon contendo formalina tamponada
na concentracdo de 10% por 72 horas para posterior processamento e avaliacdo
histopatolégica. Em seguida, as amostras foram seccionadas com espessura de 2 mm,
utilizando matriz slicer para cérebros de camundongo (Insight LTDA, Ribeirdo Preto, SP,
Brasil) e colocadas individualmente em cacetes individuais identificados. O excesso de

liquido fixador foi removido lavando em agua corrente por um periodo de 30 minutos.
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Os tecidos entdo passaram por seis banhos sucessivos de 3 minutos cada, em solucdes
alcodlicas nas seguintes concentragdes: 70%, 80%, 90%, &lcool absoluto I, alcool
absoluto Il e alcool absoluto Il1l. Para desparafinar, usou-se xilol, em dois banhos
sucessivos de 10 minutos cada, na sequéncia, xilol Il e xilol I. O material entdo foi incluso
em parafina aquecida em dois banhos sucessivos de uma hora cada, nas solugdes parafina
| e parafina 11, entdo, foram resfriados no freezer, para obtencéo dos blocos. Estes foram
seccionados através de um microtomo a 5 um de espessura, cortados em intervalos de 10
um ¢ 0s cortes transferidos para laminas. As laminas passaram por um processo de
desparafinizacdo e reidratacao e foram coradas pela técnica de HE (hematoxilina-eosina).
Posteriormente, as Iaminas histoldgicas foram analisadas. Foi utilizada a seguinte
classificacdo de meningite (AMARAL, et al., 2011) FIGURA 5:

CLASSIFICACO DE MENINGITE
0  SEM INFLAMACAO
1 UMA CAMADA DE CELULAS INFLAMATORIAS
2  DUAS CAMADAS DE CELULAS INFLAMATORIAS
3 TRES CAMADAS DE CELULAS INFLAMATORIAS
4  QUATRO A SEIS CAMADAS DE CELULAS INFLAMATORIAS

5 SETE OU MAIS CAMADAS DE CELULAS INFLAMATORIAS

Para a realizacdo da técnica de imunoistoquimica para todos os marcadores,
utilizamos as ldaminas com os cortes banhados em parafina que estavam refrigerados, foi
realizado a desparafinizagéo (3 banhos de xilol, 20/15 e 20 minutos) e desidratacao (série
de alcool absoluto, 95%, 80% e 70% por 5 minutos cada) dos cortes, logo apos lavados
2x em solugédo de PBS (5 minutos cada). Utilizou-se, para a marcacdo de caspase 3
clivada, na recuperacgdo antigénica, uma solucdo de tampao citrato de sodio (pH 6,0) em
micro-ondas durante dez minutos. Para o bloqueio da peroxidase endogena, 0s cortes
foram incubados por 30 min a temperatura ambiente, com solugdo de H2O> (peréxido de
hidrogénio) e PBS (10%) por 30 minutos.
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A imunomarcagdo para caspase-3 clivada foi realizada da seguinte maneira: o
blogueio de proteinas foi feito com leite em p6 desnatado a 6% (p / v) e Tween-20 a 0,1%.
Os tecidos foram incubados durante 18 horas (overnight), em camara Umida a 4° C, com
anticaspase-3 clivada (Cell Signaling Technology, Beverly, MA, USA), na diluicdo de
1:200, em BSA (Albumina do Soro Bovino) 1%. Para amplificacdo das reacGes, os cortes
foram lavados e incubados, a temperatura ambiente, em anticorpo secundario e complexo
estreptavidina biotina (Universal LSAB™+ kit/HRP, Dako, California, USA). A reagdo
foi revelada com solucdo de DAB [(diaminobenzidina peroxidase), Liquid DAB
Substrate Chromogen System®, Dako, Califérnia, USA] por 01 minuto. Todas as
lavagens foram realizadas em PBS. Os cortes foram contracorados com hematoxilina de
Mayer, por 30 segundos, montadas com Entellan (Merck, Sao Paulo, SP) e examinadas
microscopicamente.

Nas marcacgOes para GFAP e Iba-1, a recuperacao antigénica foi feita com tampéo
de citrato de sodio (ph:6) em microondas por 12 minutos. Para o blogueio das peroxidases
enddgenas, os cortes foram incubados por 30 minutos, em solugédo de H.O2 e PBS (10%)
(Leica, EUA). Para o bloqueio de reacdes inespecificas, utilizou-se leite em pd desnatado
em PBS a 6% (p/v) e Tween-20 a 0,1%. Os tecidos foram incubados overnight em camara
Umida e escuraa 4 ° C, com o anticorpo primario policlonal contra os marcadores GFAP
(Diagnostic BioSystems, CA, USA) na diluicdo de 1:100 e Iba-1 (Anti-Ibal, EPR16588,
Abcam) na diluicdo de 1:2000. Os anticorpos secundarios conjugado a enzima
estreptavidina peroxidase (HRP) foram adicionados aos cortes pelo tempo de 15 minutos
e reveladas com o cromégeno DAB a 5% (v/v) (Leica). Lavadas em &gua corrente por
10 minutos e contracorados com hematoxilina de Mayer, por 30 segundos, e montadas

com Entellan (Merck, Sdo Paulo, SP) e examinadas microscopicamente.

4.6 TITULACAO VIRAL

Foram utilizadas amostras contendo fragmentos do hemisfério esquerdo do
encéfalo dos camundongos, estocados desde a coleta em eppendorfs a uma temperatura
de - 70° C. Os fragmentos foram pesados e macerados individualmente, dentro da capela
de fluxo laminar, utilizando pistilo, graal de ceramica e nitrogénio liquido. Logo apos,
realizou-se a ressuspensdo, utilizando meio de acordo com o peso inicial das amostras. O
meio recebido foi o D-MEM (Sigma®), suplementado com penicilina (1,6mg/L),

estreptomicina (0.4mg/L) e fungizona (2,5mg/L). Centrifugou-se as amostras a 67089 por
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10 minutos, 4° C, o sobrenadante de cada amostra foi coletado e acondicionado em
eppendorfs e estocado a -70° C até 0 momento do uso.

A titulacdo foi realizada com o sobrenadante estocado a -70° C de ambos os
grupos. Adicionamos 85.000 células/cm? a placas de 96 pogos (Corning®), juntamente
com 150 pL/pogo de meio D-MEM (Sigma®) suplementado com 5% de soro fetal bovino
(SFB) (Cultilab®). Na estufa (Thermo Scientific, EUA), as placas foram incubadas por
24 horas a temperatura de 37° C e atmosfera de 5% de CO,. A monocamada celular
apresentando confluéncia de aproximadamente 90%, foram adicionadas as dilui¢des
seriadas na base 10 previamente preparadas do material a ser titulado.

Plaqueou-se 08 replicatas de cada dilui¢do, sendo elas de 10-1 a 10-10, mantendo
poc¢os contendo apenas meio nao suplementado como controle celular. As placas foram
entdo levadas a estufa, nas mesmas condicdes previamente descritas, por uma hora para
adsorcdo viral. Ap6s a adsorcao, 100 puL de meio D-MEM (Sigma®) suplementado com
2,5% de SFB (Cultilab®) foram adicionados por poco, e a placa novamente incubada.
Diariamente, verificou-se, com auxilio de microscépio 6tico, a presenca ou auséncia de
efeito citopatico até a leitura final, completando-se 96 horas de incubacédo. O célculo da

titulacdo das amostras virais foi realizado pelo método de Reed & Muench (1938).

4.7 RT-PCR PARA IDENTIFICACAO DE TIMIDINA QUINASE (TK)

O RNA total de fragmentos do encéfalo contralateral ao in6culo, foi extraido com
o kit RNEasy Mini (QIAGEN) e tratado com RNase-Free Dnase (QIAGEN) de acordo
com o protocolo do fabricante e quantificado com Nanovue Plus (GE Healthcare Life
Sciences, EUA). A transcricdo reversa foi realizada usando 2 pug de RNA total, 200 U de
transcriptase reversa M-MLV RT (Promega, EUA), tampdo enzimatico 5 mM, DTT 0,1
M, dNTPs 10 mM, dNTPs 10 mM, RNAse-OUT 10000 U e 50 uM oligoDT em uma
reacdo com um volume final de 20 uL, da seguinte forma: 25° C por 5 min’, 42° C por
90 min’, 72° C por 15 min’. O cDNA foi amplificado por PCR convencional, usando
iniciadores especificos para identificar a expressdo do gene da timidina-quinase do
BoHV-5 e da hipoxantina-guanina fosforibosiltransferase - HPRT como housekeeping de

murinos. As sequéncias de iniciadores utilizados foram as seguintes: FIGURA 6
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HPRT Forward GTTGGATACAGACTTTGTT

HPRT reverso GATTCAACTTGCGCTCATCTTAGGC
TK Forward AAGTGCCGCGAGCTCTAC
Reverso TK GGACACGTCCAGCATGAAG

O PCR foi conduzido em um volume de reagéo final de 20 pL sendo: 4 uL de
tampédo enziméatico GoTaq Polimerase 5X (Promega), 1,5 mM MgCI2, 1 uL de cada
primer (10 uM / uL), 0,4 uL de mistura de dNTP (200 uM) (Promega), 9,5 uL de agua
livre de nuclease, 0,1 puL de enzima DNA polimerase GoTag (Promega) (0,5U) e 4 uL de
cDNA, da seguinte forma: 95° C por 5 min’, 35 ciclos de 94° C, 30 seg, 55° C (TK) ou
60° C (HPRT), 30 seg, 72°C, 1 min’. Uma extensao final foi realizada a 72° C por 7 min’.

Os produtos de PCR foram visualizados em géis de agarose a 1,2%.

4.8 PCR- ARRAY

Fragmentos encefalicos contralaterais a inoculacdo foram utilizados. O RNA total
dessas amostras foi isolado de acordo com as especifica¢fes do fabricante. A técnica de
gPCR foi realizada utilizando o kit Mouse Innate & Adaptative Immune Responses RT?
Profiler PCR Array (QIAGEN), a placa continha perfis de expressdo para 84 genes
envolvidos na resposta do hospedeiro a infec¢do bacteriana e a septicemia, cinco genes
housekeeping, sendo eles: Actb, B2m, Gapdh, Gusb e Hsp90ab1l e os controles para RT
e reacOes do PCR. O RNA total foi transcrito de forma reversa, o cDNA resultante foi
diluido em &gua livre de nuclease e adicionada a RT2 SYBR Green gPCR Mastermixes
(Qiagen), que foi posteriormente aliquotada a cada po¢o da matriz de PCR para PCR
quantitativa. Os ciclos térmicos e a detec¢éo de fluorescéncia foram realizados utilizando
uma analise web online da Biorad iQ™S5 (Laboratorios BioRad, Hemel Hempstead,
Reino Unido). As condigdes do ciclo foram: 10 min desnaturacgdo a 95° C, seguida de 40

ciclos de 15 segundos a 95° C e 1 minuto a 60° C. Seis amostras ndo infectadas e seis
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amostras infectadas foram utilizadas em placas individuais e os dados foram analisados,
utilizando o Profiler RT2 Profiler PCR Array Data Analysis (Anélise de dados online da
Qiagen). A mudanca de fold change foi calculada pela determinacéo da relagéo entre os

niveis de RNAm e o controle utilizando a fungdo ACt method (2 —AACt).

4.9 WESTERN BLOT PARA CASPASE-3 CLIVADA E IBA-1

Os extratos de células inteiras foram obtidos de hemisférios cerebrais
contralaterais de camundongos inoculados com BoHV-5 e hemisférios cerebrais
contralaterais de camundongos nao infectados inoculados com PBS estéril. As amostras
foram maceradas em homogeneizador de tecidos utilizando um tampéo de lise (Triton X-
100 a 0,5%, 100 mM de Tris/HCI em pH 8,0, glicerol a 20%, EDTA 0,5M a 0,2 mM,
NaCl 200 mM, DTT 1 mM, PMSF 1 mM, NaF 25 mM, 2,5 ug/ml de leupeptina, 5 pg/ml
de aprotinina e 5 pg /ml de ortovanadato de sédio).

Os lisados foram centrifugados a 10.000 RPMs durante 15 min a 4° C e
quantificados usando o reagente de ensaio de Bradford da Bio-Rad (Hercules, CA). Os
extratos proteicos (60 pg) foram separados por eletroforese em um gel de poliacrilamida-
SDS desnaturante a 12% e transferidos para membranas de nitrocelulose. As membranas
foram blogueadas durante a noite a 4°C com PBS contendo 5% (p/v) de leite em pé
desnatado e 0,1% de Tween-20, lavadas por trés vezes com PBS contendo 0,1% de
Tween-20. As membranas foram incubadas com os anticorpos primarios anti-caspase-3
clivada de coelho (Cell Signaling Technology -Beverly MA, EUA), anti- 3 -actina de rato
(Sigma-Aldrich) e anti-lIba -1 (Abcam, Ab178846, EUA) utilizando uma diluicdo de
1:1000 em solucdo salina tamponada com fosfato contendo 5% (p/v) de BSA e 0,1% de
Tween-20.

Posterior a lavagem, a membrana foi incubada com anticorpo secundario
conjugado com Horseradish peroxidase (1:3000). As bandas imunorreativas foram
visualizadas usando um sistema de deteccdo de ECL, conforme descrito pelo fabricante
(GE Healthcare, Piscataway, NJ, EUA). Os niveis de caspase-3 clivada e anti-iba -1 foram
quantificados por meio de um software de analise densitométrica ImageJ (Processamento
e Anélise de Imagens em Java - NIH, Bethesda, MD, EUA), e os valores foram
normalizados para os valores de f-actina na mesma amostra. As alteragcdes nos niveis de
proteina foram estimadas, e 0s resultados foram expressos como uma razdo de caspase-

3- clivada e anti-lbal, medidas em unidades arbitrérias.
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4.10 DOSAGEM DOS NIVEIS CEREBRAIS DE FATORES NEUROTROFICOS
POR ELISA

Amostras do hemisfério cerebral contralateral de camundongos néo infectados e
infectados foram pesadas e maceradas individualmente utilizando um tampéo de lise, com
auxilio de um sonicador. As amostras permaneciam em eppendorf, o fundo do mesmo
permanecia no gelo, para evitar aquecimento da amostra. Apos a maceracdo, as amostras
foram homogeneizadas em uma solucdo de extracdo (100 mg de tecido por mililitro)
contendo NaCl 0,4 M, NaCl 0,4 M, Tween 20 0,05%, BSA 0,5%, fenil 0,1 mM. fluoreto
de metilsulfonil, cloreto de benzotionio 0,1 mM, EDTA 10 mM e aprotinina 20 KIU
usando Ultra-Turrax. Os lisados foram centrifugados a 14.000 rpm por 20 min a 4° C, 0s
sobrenadantes foram coletados e armazenados a -70° C até o uso. A dosagem das
concentracdes dos fatores neurotréficos foram marcadas com anticorpos anti-BDNF,
anti-NGF e anti-GDNF, determinadas pela técnica de ELISA, utilizando o kit (R&D
Systems, Minneapolis, MN) de acordo com as instruc¢des do fabricante. Os dados foram

expressos em picogramas por 100 mg de tecido.

4.11 ANALISE DE CBA A NIVEIS CEREBRAIS EM CAMUNDONGOS

As amostras armazenadas a uma temperatura de -80° C, foram utilizadas para a
técnica de CBA. Os fragmentos de tecido encefalico do hemisfério contralateral a
inoculacdo, dos grupos mock e grupo infectados, foram homogeneizadas em uma solu¢édo
de extracdo de tampéo PBS contendo um coquetel inibidor de protease. Os lisados foram
centrifugados a 13.000g por 10 min a 4° C e armazenados a -70° C até o uso. As IL-12p70,
IL-6, CCL2, TNF e IL-10 foram quantificadas utilizando o Reagente de Ensaio Bio-Rad
Bradford (Hercules, CA). As analises dos niveis de citocinas cerebrais foram
determinadas usando o kit de inflamacdo de camundongos BD ™ CBA (CBA; BD
Biosciences, San Diego, CA) e analisadas por FACSCalibur (Becton Dickinson, San Jose,
CA). As quantidades de proteina nos lisados de analise de CBA foram quantificadas

usando o Bio-Rad Bradford Assay Reagent (Hercules, CA).

42



823
824
825
826
827
828
829
830
831
832
833
834
835
836
837
838
839

840

841

842

843

844

845

846

847

848

849

4.12 ANALISE ESTATISTICA

Todos os dados foram testados quanto & normalidade (teste de Kolmorov-
Smirnov). Para varidveis normalmente distribuidas, as diferencas foram comparadas
usando o teste t de Student. Todas as analises foram realizadas no software GraphPad
Prism 5 (GraphPad Sofware, La Jolla, San Diego, CA, EUA). Todos os valores foram
expressos como média + erro padrdo da média (MEV). A significancia estatistica foi

assumida para todos os valores de p <0,05.

5. RESULTADOS E DISCUSSAO

Os resultados e discussdo serdo apresentados em trés capitulos. O primeiro
capitulo teve como objetivo abordar as alteracdes clinicas, patoldgicas e neuroquimicas
encontrados durante a meningoencefalite por BoHV-5 em camundongos selvagens. No
segundo capitulo, utilizando o mesmo modelo, foram avaliados os aspectos imunes frente
a infeccdo por BoHV-5. E no terceiro capitulo avaliou-se a resposta a infecgdo por BoHV-

5 em camundongos selvagens e deficientes para TLR3/7/97,
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6. CAPITULO I

“Neurological changes were associated with brain damage and downregulation of

BDNF levels in mice infected with bovine alphaherpesvirus 5”
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ABSTRACT

The infection with Bovine alphaherpesvirus 5 (BoHV-5) has been associated with
neurological disease and meningoencephalitis in cattle. BoHV-5 infection is
characterized by neuronal loss, infiltration of immune cells and, eosinophilic intranuclear
inclusion bodies in astrocytes and neurons. Astrocytes develop pro-inflammatory and
anti-inflammatory functions and are related with the production of neurotrophic factors,
which play an important role in the survival of neurons in different CNS diseases. In the
current study, we investigated a potential involvement of astrocytes and the levels of
neurotrophic factors brain-derived neurotrophic factor (BDNF), glial cell line derived
neurotrophic factor (GDNF), and neural growth factor (NGF) with brain damage and
neurological sequelae after experimental BoHV-5 infection. Mice were infected with 107
TCIDso of BoHV-5 by intracranial route and evaluated until day 3 post infection. Infected
animals had ruffled fur, conjunctivitis, serous nasal secretion and swollen chamfer,
apathy, ataxia, hunched posture and circling. The infection promoted histopathological
changes characterized by different degrees of meningoencephalitis, neuropil vacuolation,
hemorrhage and reactive gliosis at day 3 post infection. Cleaved caspase-3
immunopositive glio-inflammatory cells were visualized around some blood vessels and
increased immunoexpression of glial fibrillary acidic protein (GFAP) was presented
throughout the parenchyma from brains of infected animals. Moreover, the infected
animals had lower concentration of BDNF, compared with mock group. The viral load
was of 1x10%° TCIDso/ml. Our results demonstrated that clinical signs related to brain
inflammation, astrocytosis and tissue damage after infection in mice. Moreover, we
suggest that BDNF could be involved with anti-apoptotic effect and neuroprotection
during meningoencephalitis by BoHV-5.

Keywords: BoHV-5, astrocytes, neurotrophic factors, apoptosis, mice
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1. INTRODUCTION

Bovine alphaherpesvirus 5 (BoHV-5) has been related to the development of
neurological signs and meningoencephalitis in catlle (Perez et al., 2002; Rissi et al.,
2008). The affected animals may present several clinical signs such as serous nasal
secretion, apathy, tremors, circling, ataxia, nystagmus, seizures, recumbency and death.
The neurological signs usually are associated with brain lesions such as inflammation and
neuronal degeneration (Cardoso et al., 2010; Del Medico Zajac et al., 2011; Megid et al.,
2015; Perez et al., 2002). Moreover, the presence of the virus has been detected in cattle
brain areas of inflammatory infiltration along with the expression of pro-inflammatory
cytokine genes following acute infection with BoHV-5 (Cardoso et al., 2016). We
previously reproduce the BoHV-5-associated encephalitis in a murine model and
described the participation of suppressor of cytokine signaling (SOCS-2) in the
modulation of the immune response. In this model, we detected the brain expression of
IFN-y, IL-10, CXCL1 and CCLS5 in infected wild-type animals and enhanced brain
inflammation associated with higher levels of IFNao/B, TNF-o, IFN-y, IL-10, IL-12,
CXCL1 and CCL5 and broadly viral replication in SOCS-2 deficient mice (Barbosa et
al., 2016a).

In the central nervous system, inflammatory mediators are mainly produced by
activated resident brain cells including microglia and astrocytes (Peng et al., 2011; Walsh
et al., 2014). These glial cells have pro-inflammatory and anti-inflammatory functions
and can be source of neurotrophic factors (Liu et al., 2017; Prajeeth et al., 2017).
Neurotrophic factors such as brain derived neurotrophic factor (BDNF), nerve growth
factor (NGF) and glial cell line-derived neurotrophic factor (GDNF) play important roles
in neuronal proliferation, survival, synaptic plasticity and neurogenesis, ultimately
leading to neuroprotection (Vilar and Mira, 2016). A crosstalk between inflammation and
neurotrophic factors has been reported in different brain diseases, such as cerebral
malaria, brain ischemia and reperfusion and septic encephalopathy (Calsavara et al.,
2015; De Miranda et al., 2015; Edna Constanza Gémez Victoria et al., 2017). For
instance, we have previously demonstrated, by employing a murine cerebral malaria
model, a negative correlation between inflammatory cytokines (IL-6 and TNF) and the
neurotrophic factors, BDNF and NGF (De Miranda et al., 2015). In line with these
findings, it has been reported that neurotrophic factors might modulate the inflammatory
response and present anti-apoptotic properties (de Miranda et al., 2016; E.C.G. Victoria
etal., 2017; Xu etal., 2017).
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In this scenario and due to the little information in the literature on the relationship
of neurotrophic factors in meningoencephalitis caused by BoHV-5, we aimed to evaluate
the association of neurological deficits with histopathological and immunohistochemical
changes, as well as the levels of neurotrophic factors in response to a BoHV-5 infection
in mice.

2. MATERIALS AND METHODS
2.2 Virus and cell culture

BoHV-5 strain Mutum (GenBank AY916517) was allowed to multiply at low
multiplicity of infection (MOI 0.01) and at passage 5 in Mardin Darby bovine kidney
(MDBK, ATCC, USA) cells, containing 5% fetal bovine serum (FBS) inactive and free
for Mycoplasm and Bovine Viral Diarrhea Virus (ThermoFisher Scientific, USA) and
treated with penicillin (1.6mg/l), streptomycin (0.4mg/l) and fungizone (2.5mg/l) at 37°C
in 5% CO2% To produce viral stocks, the supernatant was harvested, cell debris was
removed by centrifugation at 2,000 xg for 5 min, and the viral supernatant was purified
by precipitation with an 77% saturated solution of ammonium sulphate followed by
centrifugation at 8000 rpm (rotor GS-3, RC-5B-Sorvall). After that, the supernatant was
discarded and the precipitate was homogenized in 10mL of PBS (pH 7.6) and further
twice centrifuged through a 36% (wt/vol) sucrose cushion at 14000 rpm for 2 hours at
4°C (rotor AH-629 Sorvall). After that the final precipitate was again centrifuged through
a 36% (wt/vol) sucrose cushion at 20000 rpm for 1 hour at 4°C (rotor AH-629 Sorvall).
The virus titers obtained were 1082 TCIDso/ml.

2.3 Experimental design

After anesthesia with intraperitoneal injection of a mixture of ketamine 100 mg/kg
(10% Syntec) and xylazine 10 mg/kg (2% Syntec), Twenty-one seven-week-old male
C57BL/6 mice was inoculated with 1x10” TCIDso inoculum of the purified BoHV-5
resuspended in 10 uL of phosphate-buffered saline (PBS). The inoculum was injected
intracranially in the right side of the sagittal suture at the level of the eyes. Ten non-
infected (mock) mice received 10 pL of PBS with the same conditions. A total of 10
animals per group were used for calculate the percent original of body weight. All animals
were obtained from the Central Bioterium (UFMG). This study was approved by the
Committee for Ethical Conduct in the Use of Animals in Research of Universidade
Federal de Minas Gerais (Protocol Number 272/11).
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2.4 Histopathology and immunohistochemistry

Mice were euthanized at day 3 post infection and brains were immediately
removed and fixed in 10% buffered formalin for histological analysis. A total of 5 animals
and 7 animals were used respectively from mock and infected groups. The euthanasia
was performed using an overdose of sterilized mixture with ketamine 100 mg/kg (10%
Syntec) and xylazine 10 mg/kg (2% Syntec) in PBS. After fixation, the whole brains were
cut into coronal slices of 2 mm in thickness using a mouse brain slicer matrix (Insight
LTDA, Ribeirao Preto, SP, Brazil). Sections of approximately 4 um were obtained and
stained with hematoxylin and eosin. Other sections of these fragments were used to
perform immunohistochemical reactions for cleaved caspase-3 policlonal and GFAP
monoclonal. These sections were submitted to antigen recover with sodium-citrate buffer
(pH 6) for 12 min in microwave and it was blocked for endogenous peroxidase activity
with H202 and PBS solution (10%) for 30 min. After, the protein block was made with
non-fat dry milk in PBS 6% (w/v) and 0.1% Tween-20. Brain sections were then
incubated with rabbit monoclonal antibody against cleaved caspase-3 (Cell Signalling) or
rabbit polyclonal antibody to GFAP (Abcam), which were diluted 1:100 and incubated
overnight at 4° C. Biotinylated polyclonal link and streptavidin-HRP (Leica) were applied
and the sections were incubated with diaminobenzidine 5% (v/v) (Leica). Then, the

sections were counterstained with haematoxylin and examined microscopically.

2.5 Lysate preparation and Western blot analysis

Western blot analysis for cleaved caspase-3 was performed as described (Toscano
et al., 2016). Briefly, whole cell extracts were obtained from homogenized brains by
using a lyses buffer (1% (v/v) Triton X-100, 100 mM Tris/HCI, pH 8.0, 10% (v/v)
glycerol, 5mM EDTA, 200 mM NaCl, 1 mM DTT, 1 mM PMSF, 25 mM NaF, 2.5 g/umi
leupeptin, 5 g/ml aprotinin, and 1 mM sodium orthovanadate. Lysates were centrifuged
at 13,0009 for 10 min at 4°C and quantified using the Bradford assay reagent from Bio-
Rad (Hercules, CA). Protein extracts (60 pg) were separated by electrophoresis on a
denaturing 15% polyacrylamide-SDS gel and transferred onto nitrocellulose membranes.
Membranes were blocked overnight at 4°C with PBS containing 5% (w/v) non-fat dry
milk and 0.1% Tween-20 and washed three times with PBS containing 0.1% Tween-20.
The membranes were then incubated with rabbit anti-cleaved caspase-3 (Cell Signalling
Technology -Beverly MA, USA) or mouse anti-beta-actin (Sigma-Aldrich), using a
dilution of 1:1000 in phosphate-buffered saline containing 5% (w/v) BSA and 0.1%
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Tween-20. After washing, membrane was incubated with appropriate horseradish
peroxidase conjugated secondary anti-body (1:3000). Immunoreactive bands were
visualized by using an enhanced chemiluminescence detection system, as described by
the manufacturer (GE Healthcare, Piscataway, NJ, USA). The levels of cleaved caspase-
3 were quantified by using a densitometric analysis software (ImageJ, Image Processing
and Analysis in Java), and the values were normalized to the values of B-actin in the same
sample. Changes in protein levels were estimated, and the results were expressed as a
cleaved caspase-3-  actin ratio, measured in arbitrary units. The brains from mock (n=6)

and BoHV-5 infected animals (n=8) were used.

2.6 ELISA of neurotrophic factors (BDNF, NGF and GDNF)

The whole brains from mock (n=5) and infected (n=8) mice were homogenized in
an extraction solution (100 mg of tissue per milliliter), containing 0.4M NaCl, 0.05%
Tween 20, 0.5% BSA, 0.1 mM phenyl methyl sulphony! fluoride, 0.1 mM benzethonium
chloride, 10 mM EDTA, and 20 KIU aprotinin, using Ultra-Turrax. Lysates were
centrifuged at 13,0009 for 10 min at 4° C, supernatants were collected and stocked at -
70° C until use. The concentration of neurotrophins (BDNF, NGF, and GDNF) was
determined by ELISA (R&D Systems, Minneapolis, MN) in accordance to the

manufacturer’s instructions. The data were expressed as picogram per 100 mg of tissue.

2.7 Viral titration

Brains from the contralateral side of inoculation were also collected and stored at
-80°C. The samples were inoculated on MDBK cells grown in and monitored for
cytopathic effect (CPE) for 4 days. Samples were pooled and titers were calculated by the
Reed and Muench method. The values were expressed by TCIDso/mL. A total of animals

from the mock group (n=6) and animals from the infected group (n=7) were used.

2.8 Statistical analysis

All data were tested for normality (Kolmorov-Smirnov’s test). For variables
normally distributed, differences were compared by using Student’s t test. All analyses
were performed using GraphPad Prism 5 software (GraphPad Sofware, La Jolla, San
Diego, CA, USA). All values were expressed as mean * standard error of the mean

(SEM). Statistical significance was assumed for all values of p<0.05.
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3. Results
3.1 BoHV-5 infection promoted body weight loss and clinical signs

The mock animals (n=10) did not show any clinical signs and the percent of
original body weight did not differ statistically after the inoculation of PBS by intracranial
route. Otherwise, BoHV-5 infected mice (n=10) exhibited significant decrease in the
percent of body weight at day 1 post infection (Fig.1). The infected animals presented
ruffled fur, conjunctivitis, serous nasal secretion, swollen chamfer, apathy, ataxia,

hunched posture and circling.

3.2 Histopathology and immunohistochemistry

Mock animals (n=5) had no evidence of morphological changes in the brain (Fig.2
A-C). All BoHV-5 infected mice (n=7) developed meningoencephalitis, characterized by
infiltration of mononuclear cells in the leptomeninges (Fig.2 D) and in the parenchyma
from cerebrum, brainstem and cerebellum. Areas of spongiosis and focal hemorrhages
were visualized in the brainstem and cerebellum. Some infected animals also presented
choroiditis characterized by infiltration of macrophages, lymphocytes and neutrophils in
the choroid plexus from lateral ventricles (Fig.2 E). Infected animals also exhibited
perivascular cuffs of lymphocytes and macrophages and reactive gliosis in the neuropil
from cerebrum, brainstem and cerebellum. Some shrinkage, hypereosinophilic neurons
were detected in the CA region of hippocampus (Fig.2 F). Cleaved caspase-3
immunopositive glio-inflammatory cells were visualized around some blood vessels in
the cerebrum (Fig.2 G-1). Control group showed some positive GFAP astrocytes with
small cell bodies. The brains from infected animals showed astrogliosis with increased

expression of GFAP at cerebrum, brainstem and cerebellar regions (Fig.2 J-L).

3.3 Expression of cleaved caspase-3 by Western blot analysis

In order to confirm the brain activation of caspase-3 after BoHV-5 infection, we
performed western blot to detect the levels of cleaved caspase-3 in brain tissue. The
infected animals (n=8) showed higher activation of cleaved caspase-3, compared with

mock group (n=6) (p<0.05), suggesting brain apoptosis (Fig.3).

3.4 Neurotrophic factors expression
To investigate the participation of neurotrophic factors during BoHV-5 infection,

we measure the brain expression of BDNF, NGF and GDNF. Infected animals (n=8)
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presented lower brain levels of BDNF, compared with mock animals (n=5) (p<0.007).
Both groups presented similar levels of NGF and GDNF at day 3 post-infection (Fig.4).

3.5 Viral titration
Infected animals had viral load of 1x10%° TCIDso/ml at day 3 post infection (data

not shown).

4. DISCUSSION

In the present work, we investigated potential associations among brain
histopathological changes, activation of apoptotic marker caspase-3, astrogliosis and
decrease expression of the neurotrophic factor BDNF, following BoHV-5 infection.
Infected animals presented similar clinical signs that were described in cattle during
experimental and natural infections (Elias and Lucia, 2004; Megid et al., 2015; Rissi et
al., 2008). Moreover, animals inoculated with 10" TCDIso of BoHV-5 developed
neurological symptoms, similar to those reported in rabbits (Chowdhury et al., 2002;
Machado et al., 2013; Meyer et al., 1999) and cattle after experimental inoculation
(Ladelfa et al., 2011). Some authors described that BoHV-5 was able to infect and
replicate within the central nervous system (CNS) of BALB/c mice after intracranial
injection of 10° TCIDso/mL of BoHV-5 (Mesquita et al., 2017). We previously
demonstrated that the inflammation was associated with up-regulation of brain pro-
inflammatory cytokines and chemokines after intracranial inoculation of 10* TCDlso
BoHV-5 in mice (Aparecida Silva Barbosa et al., 2016b). In the present work, all infected
mice developed different degrees of brain inflammation and had viral replication in the
parenchyma at day 3 post infection. The inflammatory process was detected in the
meninges, cerebrum, brainstem, cerebellum and ventricles. Meningoencephalitis seen in
cattle infected by BoHV-5 was also characterized by infiltration of immune cells at in
different brain regions, such as meninges, cerebral cortex, thalamus, cerebellum and
medulla (Elias and Lucia, 2004; Megid et al., 2015; Vogel et al., 2003). The activation of
resident glia leads to modulation of inflammatory response and infiltration of immune
cells. We suggest that the BoHV-5 infection could contribute to host inflammatory
response, resulting in tissue damage as observed by other models of viral diseases
(Marques et al., 2017; Myint et al., 2014; Vilela et al., 2016). We detected
immunopositive cells for caspase-3 in the areas of inflammation and glial response. These

findings were confirmed by the evaluation of higher expression of cleaved caspase-3 in
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infected mice, compared with mock animals, revealing that the activation of apoptosis
during BoHV-5 infection also occurs in mice. Our findings corroborate some studies that
described the induction of apoptosis by BoHV-5 in bovine-derived neuron-like cells using
TUNEL and annexin V markers (Cardoso et al., 2015) and in neuronal and glial-derived
tumor cell cultures (Cardoso et al., 2015). Glial cells are important for the recognition of
pathogens and the actions that follow for their elimination. In a study on Zika virus, the
results showed an increased expression of astrocytes in infected cultures compared to
control cultures. This increase in astrocytes increased the secretion of IP-10, which is an
important chemokine in the control of an infection, participating in the defense
mechanisms that attenuate the viral load (Ojha et al., 2019). Astrocytes are related with
the production of neurotrophic factors, which play an important role in the survival of
neurons in multiple CNS diseases (Liu et al., 2017; Prajeeth et al., 2017). Reactive
astrocytes were detected mainly in cortical areas, hippocampus, and subependymal layer
after experimental infection with BoHV-5 in rabbits (Machado et al., 2013). In the current
study, BoHV-5 infection promoted activation of astrocytes in the damaged areas along
with significant reduction of BDNF expression. This neuroprotection related to BDNF
has been also reported by Mocchetti and Alessia (Mocchetti and Bachis, 2004) that
observed prevention of apoptosis by inhibition of caspase-3 activation in cerebellar
granule cells infected with HIV-1. Apoptosis was also targeted in a study on a strain of
the rabies virus, where the virus blocked neural apoptosis and promoted widespread and
efficient neuroinvasion. Research shows that this virus strategy avoids elimination and
promotes an infectious, non-lethal cycle that guarantees long-term survival in the host.
Studies also suggest the onset of apoptosis in inflammatory cells that interferes with the
release of cytokines (Suja et al., 2011). Recently it was reported that neuronal loss
occurred after BDNF depletion, leading to exacerbation of neuropathology in an
experimental model of Alzheimer’s disease (Braun et al., 2017). Furthermore, previous
studies indicated the participation of BDNF in anti-inflammatory and anti-apoptotic
effects in experimental models of S. pneumoniae meningitis (Xu et al., 2017). Our data
suggested that BDNF also exert important role to neuroprotection during BoHV-5

infection in mice.
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5. CONCLUSION

In summary, according to the literature data, some cited in this article, and the
findings in our experiment, we suggest that BDNF together with other mechanisms,
which need to be better understood, may be involved with the anti-apoptotic and

neuroprotective effect during meningoencephalitis by BoHV-5.
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Fig. 2. Histopathological brain lesions three days after infection of mock and BoHV-5
infected C57BL/6 mice with inoculated 1x107 TCIDso, mock animals (n=5) and infected
mice (n=7). From mock (A-C) and BoHV-5 infected mice (D-F). Normal histological
appearance from cerebrum (A), ventricle (B) and CA region of hippocampus (C). Infected
animals showed meningitis (asterisk) (D), ventriculitis (asterisk) (H) Shrinkage,
hypereosinophilic neurons (arrows) in CA region of hippocampus, insert highlighting the
neuronal changes (F). Haematoxylin & eosin staining x40. Immunohistochemical
reaction for cleaved caspase-3 (G-1) and GFAP (J-L) x40 in the brain of mock and
BoHV-5 infected mice. Infected animal exhibiting immunopositive glial-inflammatory
cells for cleaved caspase-3 around blood vessels (G) and in the neuropil (I). Activated
caspase-3 immunoreactivity was absent in tissue from control mice (insert) (). Infected
animals showing pronounced astrogliosis and increased immunoexpression of GFAP at
cerebrum, brainstem and cerebellar regions. Mock animals showed some positive GFAP

astrocytes with small cell bodies (insert) (K).
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presented as arbitrary units from mock (n=6) and BoHV-5 infected animals (n=8). Results

are expressed as mean £ SEM. Asterisks indicate statistical difference where *p< 0.05.
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brain tissues (ELISA), three days after infection of mock and BoHV-5 infected C57BL/6
mice with inoculated 1x10” TCIDso. Results are expressed as mean + SEM. **p<0.01,

compared BoHV-5 infected group (n=8) to mock group (n=5).
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7. CAPITULO II

“Influence of the expression of innate and adaptive immune mediators in
meningoencephalitis caused by infection with bovine Herpesvirus type 5 (BoHV-5) in
murine model”

Manuscrito ser enviado para o periodico: PL0S One.
ABSTRACT

One of the pathogens affecting bovine species is bovine herpesvirus 5 (BoHV-5), which

causes meningoencephalitis, a disease that can occur as outbreaks or isolated cases. It has
a high mortality rate, no specific treatment, and no specific vaccine. The immune response
that is triggered by the host against the presence and replication of BoHV-5 is not fully
understood. One of the lines that have been studied to understand the pathogen-host
relationship is related to the genes that are expressed throughout the process and the
understanding of their pathways and how they interact with the immune response of the
host to this neurotropic viral infection. In this sense, the present study aimed to evaluate
the expression of cytokines and chemokines and possible genes of relevance related to
the innate and adaptive immune process as well as expression of iba-1 protein in the brain
from seven to nine-week-old male C57/BL6 mice infected with 107 TCIDso of BoHV-5
by intracranial route. The animals were evaluated clinically and individually from day 0
to day 03 after infection, when they were sacrificed and the brains were collected and
used for analysis. Immunohistochemistry and western blot techniques were used to
express the Iba-1 marker. Infected mice showed microgliosis, with greater intensity of
marking in both techniques, compared to uninfected mice. Frakitalquine expression was
performed using the ELISA technique, there was no statistical difference between
infected and uninfected mice. The levels of brain expression in infected and uninfected
mice were measured by the CBA technique, being IL-12p70, IFN-y, TNF, IL-6, IL-10
and MCP-1/CCL2. All infected mice showed a statistically increased level of expression
of IL-12p70, IFN-y, TNF, IL-6, IL-10 and MCP-1/ CCL2 in relation to uninfected mice.
We analyzed the expression of 84 genes related to innate and adaptive immune responses,
using RT-gPCR. The results demonstrate the involvement of the innate and adaptive
immune response, the expression of some genes was significantly increased in infected
mice compared to uninfected mice.

Keywords: BoHV-5, Innate, adaptive, Immune responses, neuropathology, microglia
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INTRODUCTION

Some neuropathies of the nervous system in cattle may cause mortality, present danger
to human health, as well as cause economic losses (Riet Correa et al., 1998; Salvador et
al., 1998). Among these neuropathies, we describe meningoencephalitis caused by bovine
herpesvirus 5 (BoHV-5), which presents a high mortality rate among young animals
(Roizman et al., 1992). Epidemiological data indicate that outbreaks of
meningoencephalitis caused by BoHV-5 have a high incidence in South American
countries (Riet-Correa et al., 2006; Aquino Neto, 2009). The clinical signs in cattle are
anorexia, weakness, nasal and ocular discharge, fever, bruxism, nystagmus, walking in
circles, incoordination, blindness and convulsions (Elias et al., 2004; Rissi et al., 2008).
BoHV-5 meningoencephalitis does not present a specific treatment, appropriate
management procedures and prevention programs may contribute to minimize the onset
of disease cases (Rissi et al., 2007). Infectious diseases, in general, involve complex
interactions between pathogens and the host. The pathogens require different and
specialized immune responses, depending on where they replicate, remain and their size.
The host system works to efficiently eliminate the infectious agent (Abbas et al., 2012).
Therefore, chemokines and cytokines play an important role in the pathogenesis of
neuroinflammatory diseases; they can work as triggers recruiting inflammatory cells for
the nervous system, and can be expressed by resident cells, such as neurons, microglias
and astrocytes (Assensio, et al., 1999). The present work aimed to evaluate the innate and

adaptative immune mediators involved in BoHV-5 infection.

MATERIAL AND METHODS

Animals

The project was submitted to and approved by the Ethics Committee for the Use of
Animals (CEUA) of the Federal University of Minas Gerais (UFMG), under protocol
number 272/11. Seven to nine-week-old male C57BL/6 mice obtained from Central

Bioterium (UFMG) were used in our experiment.

Study design

The mice were randomly divided into two groups, uninfected (mock) and infected with
BoHV-5. After individual clinical evaluation of the mice, both groups were anesthetized
intraperitoneally with a mixture of ketamine 100 mg/kg (10% Syntec) and xylazine 10

mg/kg (2% Syntec), according to individual body weight. Then, they were inoculated

66



1434
1435
1436
1437
1438
1439
1440
1441
1442
1443
1444
1445
1446
1447
1448
1449
1450
1451
1452
1453
1454
1455
1456
1457
1458
1459
1460
1461
1462
1463
1464
1465
1466
1467

intracranially to the right side of the sagittal suture in the direction of the eye. The infected
group (n=15) received a 1x10” TCIDso of BoHV-5 virus suspended at 10uL from PBS
and the mock group (n=5) received 10uL from sterile PBS by the same route. The Mutum
viral sample (GenBank AY916517) was used in this study (Aquino Neto et al., 2009). At
the third dpi after being evaluated and weighed, the mice were euthanized with an
overdose of 100 mg/kg (10% Syntec) and xylazine 10 mg/kg (2% Syntec),
intraperitoneally, the brains were removed and stored for the appropriate analyzes

described below.

Immunohistochemistry for iba-1

Samples from the right cerebral hemispheres after fixation with buffered formalin were
used for the immunohistochemical technique. Sections of 2 mm thick were made in the
fixed right hemisphere, using a slicer matrix for mouse brains (Insight LTDA, Ribeiréo
Preto, S&o Paulo, SP, Brazil) and marked with antibody for Iba-1 monoclonal. Dewaxing
and dehydration of the sections were performed; they were washed 1x in PBS solution.
A solution of sodium citrate buffer (pH 6.0) was used in the antigenic recovery in
microwaves for ten minutes. To block endogenous peroxidase activity, the sections were
incubated for 30 minutes at room temperature with H.O> and PBS solution (10%) for 30
minutes. Subsequently, the protein blockade was performed with powdered milk
skimmed to 6% (p/v) and Tween-20 to 0.1%. Tissues were incubated for 18 hours
(overnight) in a 4° C humid chamber with iba-1 (Abcam, ab178846, USA) at a 1:2000
dilution at 1% BSA. For amplification of the reactions, the sections were washed and
incubated at room temperature in secondary antibody and biotin streptavidin complex
(Universal LSABTM+ kit/HRP, Dako, California, USA). The reaction was revealed with
diaminobenzidine-peroxidase solution (Liquid DAB Substrate Chromogen System®,
Dako, California, USA) for one minute. All washes were performed in PBS. The sections
were counter-corrected with Mayer hematoxylin for 30 seconds and mounted with

Entellan (Merck, Sdo Paulo) and examined microscopically.

Western blot analysis

The Western blotting technique was performed with fragments of cerebral hemispheres
contralateral to the inoculation of infected and control mice were weighed and
individually macerated in a tissue homogenizer using a lysis buffer (Triton X-100 to
0),5%, 100 mM Tris/HCI at pH 8.0, 20% glycerol, 0.5M EDTA at 0.2 mM, NaCl 200
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mM, DTT 1 mM, PMSF 1 mM, NaF 25 mM, 2.5 pg/ml leupeptin, 5 pg/ml aprotinin and
5 ng /ml sodium orthogandate). Centrifugation performed at 10,000 rpms for 15 min at
4°C and quantified using Bio-Rad's Bradford assay reagent (Hercules, CA). The protein
extracts (60 pg) were separated by electrophoresis in a 12% denaturant polyacrylamide-
SDS gel and transferred to nitrocellulose membranes. The membranes were blocked
overnight at 4°C with PBS containing 5% (w/v) of skimmed milk powder and 0.1% of
Tween-20, washed three times with PBS containing 0.1% of Tween-20. The membranes
were incubated with primary ibal antibodies (Abcam, ab178846, USA) using a 1:1000
dilution in phosphate buffered saline solution containing 5% (w/v) of BSA and 0.1% of
Tween-20 and B-actin (Sigma, 1:10000). After washing, the membrane was incubated
with secondary antibody conjugated with Horseradish peroxidase (1:3000). The
Immunoreactive bands were visualized using an ECL detection system as described by
the manufacturer (GE Healthcare, Piscataway, NJ, USA). The iba-1 levels were
quantified by means of an ImageJ densitometric analysis software (Processing and Image
Analysis in Java - NIH, Bethesda, MD, USA), and the values were normalized to the
values of B-actin in the same sample. Changes in protein levels were estimated, and the

results were expressed as an Iba-1 ratio, measured in arbitrary units.

ELISA for fractalkine expression

Samples from the contralateral hemisphere from both groups were weighed and
macerated individually using a lysis buffer, with the aid of a sonicator. After maceration,
the samples were homogenized in an extraction solution (100 mg of tissue per milliliter)
containing 0.4 M NaCl, 0.4 M NaCl, 0.05% Tween 20, 0.5% BSA, 0.1 mM phenyl
methylsulfonyl fluoride, 0.1 mM benzothionium chloride, 10 mM EDTA and 20 KIU
aprotinin using Ultra-Turrax. The lysates were centrifuged at 14,000 rpm for 20 min at
4° C, supernatants were collected and stored at -70° C until use. The concentration of
fractalkine CX3CL1 was determined by ELISA (R&D Systems, Minneapolis, MN)
according to the manufacturer's instructions. Data were expressed in picograms per 100
mg of tissue.

CBA

The samples stored at a temperature of - 80° C were used for the CBA (Cytometric Bead
Array) technique. The brain tissue fragments were homogenized in a PBS buffer
extraction solution containing a protease inhibitor cocktail. The lysates were centrifuged
at 13,000 rpm for 10 min at 4°C and stored at -70°C until use. IL-12p70, 1L-6, CCL2,
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TNF and 1L-10 were quantified using the Bio-Rad Bradford Assay Reagent (Hercules,
CA). Brain cytokine level analyses were determined using the BD mouse inflammation
kit ™ CBA (CBA; BD Biosciences, San Diego, CA) and analyzed by FACSCalibur
(Becton Dickinson, San Jose, CA). Amounts of protein in BAC lysates were quantified

using the Bio-Rad Bradford Assay Reagent (Hercules, CA).

RT-gPCR for BoHV-5

Brain fragments were used and the total RNA of these samples was isolated according to
the manufacturer's specifications. The gPCR technique was performed using the kit
Mouse Innate & Adaptative Immune Responses RT? Profiler PCR Array (QIAGEN), the
plate contained expression profiles for 84 genes involved in the host response to bacterial
infection and sepsis, five housekeeping genes, namely: Actb, B2m, Gapdh, Gusb and
Hsp90ab1l and the controls for RT and PCR reactions. The total RNA was transcribed in
reverse, the resulting cDNA was diluted in nuclease free water and RT2 SYBR Green
gPCR Mastermixes (Qiagen) was added, which was subsequently aliquoted to each well
of the PCR matrix for quantitative PCR. Thermal cycles and fluorescence detection were
performed using an online web analysis from Biorad iQ™S5 (BioRad Laboratories, Hemel
Hempstead, United Kingdom). Cycle conditions were: 10 min denaturation at 95° C,
followed by 40 cycles of 15 seconds at 95° C and 1 minute at 60° C. Six mock samples
and six infected samples were used on individual plates and data were analyzed using the
RT2 Profiler PCR Array Data Analysis. The fold change was calculated by determining
the relationship between the mRNA levels and the control using the ACt method function

(2 -ACY).

RT-gPCR for expression of innate and adaptive immune response genes

In order to verify the expression of 84 genes related to the innate and adaptive immune
responses, we performed RT-gPCR using a Mouse Innate and Adaptive Immune
Responses RT? Profiler PCR Array (QIAGEN). Total cerebrum RNA was isolated using
NucleoSpin RNA kit (Macherey-Nagel) according to manufacturer’s instructions. Total
RNA was subsequently treated with DNase | (Thermo Fisher Scientific), according to the
manufacturer’s protocol. 1 pg of total RNA was then reverse transcribed using the High
Capacity cDNA Reverse Transcription Kit (Applied Biosystems/Thermo Fisher
Scientific) and the cDNA quality was assessed by conventional PCR, using 0.5 uM mouse
beta-actin primers (forward: 5° CAGAGCAAGAGAGGTATCC 3, and reverse: 5'
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TCATTGTAGAAGGTGTGGTGC 3'), 0.2 mM dNTP mix, Tag DNA polymerase
(Phoneutria), and 20 ng of cDNA. Subsequently, 1 pg of cDNA of each sample was
loaded onto RT? Profiler PCR Array (QIAGEN), according to manufacturer’s
instructions. RT-qPCR analyses were performed using the ABI 7500 Real-Time PCR
System (Applied Biosystems/Thermo Fisher Scientific) and the conditions used were
hold for 10 min at 95°C, followed by 40 cycles of 15 s at 95°C and 1 min at 60°C.
QIAGEN’s online web analysis tool was utilized to produce comparative heat maps and
fold change was calculated by determining the ratio of infected group normalized mMRNA
levels to control group normalized values, using the 274¢t method. All data were
normalized to an average arithmetic of four housekeeping genes beta-actin (actb),
glyceraldehyde-3-phosphate dehydrogenase (gapdh), beta-glucuronidase (gusb) and heat
shock protein 90 alpha (cytosolic), class B member 1 (hsp90abl). The p values are
calculated based on a Student’s t-test of the replicate 22T values for each gene in the
mock group and infected groups.

Statistical analysis

The Kolmorov-Smirnov normality test was used in our data to evaluate the type of
distribution. In relation to the normally distributed variables, the differences were
compared using the Student's t-test. The software GraphPad Prism 5 (La Jolla, San Diego,
CA, USA) was used in all analyses and its values expressed as mean and standard error

of mean (SEM). The values of p<0.05 were assumed for all statistical significance.

RESULTS

Immunohistochemical and Western blot analysis for Iba-1

Immunopositive cells for Iba-1 were visualized in the frontal cortex and hippocampus
from mock and infected groups. BoHV-5-infected mice showed areas of microgliosis,
with increased intensity of iba-1 immunomarcation, when compared with the mock mice.
In the western blot technique, the same result was observed in the intensity of iba-1
expression in the infected group. In BoHV-5 infected mice, densitometry measures
revealed higher expression of Iba-1 (p<0.0001) in comparison to non-infected mice (Fig.
1).

Expression of brain fractalkine CX3CL1)

Similar brain levels of fractalkine (CX3CL1) were observed in non-infected and BoHV-
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5 infected mice (Fig. 2).

BoHV-5 infection promoted increased brain levels of inflammatory cytokines and
chemokine

To evaluate the role of BoHV-5 in the brain expression of inflammatory mediators, we
measured the cytokines I1L-12p70, IFN-y, TNF, IL-6, IL-10 and the chemokine CCL2.

BoHV-5 infection induced an increase in the levels of all them three days after infection
(Fig. 3).

Expression of innate and adaptive immune response genes during BoHV-5 infection
BoHV-5 infection promoted higher expression of twenty-three genes. Nine innate
immunity genes (C3, CASP1, CD40LG, CD8A, H2-Q10, IRF7, LYZ2, MX1, STAT 1)
and five innate immunity cytokines (CCL5, CXCL10, IL-1beta, IL-2 and TNF) were
more expression in BoHV-5 infected animals, compared with non-infected mice.
Moreover, BoHV-5 infection showed higher expression of three pattern recognition
receptors (TLR1, TLR2 and TLR8) and five related to adaptive immunity (CCR4,
CXCR3, GATA 3, IL-10 and TBS21) (Fig. 4).

DISCUSSION

After three days of BoHV-5 infection, of the 84 genes involved, in the C57 brain, twenty-
three genes were significantly more expressed, and they are associated with
inflammation, of these, five are related to the adaptive immune response, six are related
to innate immunity cytokines, nine are related to innate immunity genes and three are
related to standard recognition receptors (TLR1, TLR2 and TLR8). Rensetti and
contributors (2018) suggest that in BoHV-5 infection, the cytokine response may play a
predominant role in neuropathology and virus growth in neural tissue. And that the
stimulation of TLRs may play an additional role in the neuropathogenesis of BoHV-5.
The results demonstrate the involvement of both innate and adaptive immune response,
for which the expression was significantly increased in infected mice compared to mock
mice. In the literature, analyses of Zika virus infection, flow cytometry and RT-qgPCR
showed that the infection induced high levels of pro-inflammatory immune mediators,
such as IL-6, TNF-a, IL-1p and MCP-1 (Lum et al., 2017). The increased expression of
Iba-1 in BoHV-5-infected mice demonstrates the importance of investigating the actions

of glia cells against BoHV-5 infection. Since the importance of the microglia is known

71



1604
1605
1606
1607
1608
1609
1610
1611
1612
1613
1614
1615
1616
1617
1618
1619
1620
1621
1622
1623
1624
1625
1626
1627
1628
1629
1630
1631
1632
1633
1634
1635
1636
1637

and it has several actions, regulating inflammation, stimulating repair, being a
neuroprotector, but can also trigger neurotoxic pathways that can lead to progressive
neurodegeneration (Correale, 2014). Studies carried out with infection with dengue virus
in vitro and in vivo, showed that the infection levels of various cytokines and chemokines,
such as IL-12, IFN-y, MCP-1 and MCP-5 and within the same studies, the authors
observed increased expression of microglytes in infected animals (Tsai et al., 2016). The
presented results showed that BoHV-5 infection promoted microglial activation
associated with up-regulation of innate and adaptive immune genes and inflammatory

mediators in mice.
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animals. Similar brain levels of fractalkine were observed in both groups (p=0.40). The

results are expressed as mean + SEM.
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CCL2 (F) by CBA from mock and BoHV-5 infected mice three days after infection.
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ABSTRACT
Toll like receptors play a critical role in and viral innate immune response, leading to
neuroinflammation. Specifically, TLR 3, 7, 8 and 9 have been related to the response to
bovine herpesviruses infections in vitro and in vivo. The present study aimed to evaluate
the effects of TLR3/7/9 deficiency during acute infection by Bovine herpesvirus 5
(BoHV-5) in mice. C57BL/6 wild-type mice (WT) and TLR3/7/9 deficient mice
(TLR3/7/97") were infected by intracranial inoculation of 1x10* TCIDso inoculum of
purified BoHV-5. Mock animals received phosphate-buffered saline (PBS). Wild type
and TLR3/7/9" infected groups exhibited weight loss, serous ocular discharge, ruffled
fur and apathy in a similar frequency. Moreover, infected WT and TLR3/7/97 animals
presented neuropathological changes characterized by the presence of meningitis,
reactive blood vessels, and occasional vacuolization of neuropil. All infected animals also
showed microgliosis throughout the neuropil from frontal cortex, hippocampus,
brainstem and cerebellum. Higher expression of iba-1 was observed in both wild type and
TLR3/7/97 infected animals, compared with non-infected groups. Taken together, our
study suggests that BoHV-5 infection induced clinicopathological changes associated
with low brain levels of BDNF, there was a decrease in BDNF in groups of mock mice
compared to groups of infected mice. The combined TLR3/7/9 does not alter these
parameters, there was no statistical difference in BDNF levels between wild type and
TLR3/7/97 infected animals, suggesting that other pathways should be studied during

acute infection.

Keywords: bovine herpesvirus 5, neuropathology; neurotrophic factors; mice.
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Introduction

Meningoencephalitis caused by bovine alpha-herpesvirus 5 (BoHV5) infection is a
frequent neurological disease of young cattle, being most frequently reported in southern
Brazil and Argentina (Ladelfa et al., 2011; Perez et al., 2002; Rissi et al., 2008). The
affected animals can present serous nasal and ocular discharges, anorexia with
progression to depression, ataxia, circling, convulsions, and death (Del Médico Zajac et
al., 2010; Perez et al., 2002). The most common histopathological lesions are meningitis,
perivascular cuffing, gliosis, haemorrhages and neuronal loss (Meyer et al., 1999; Perez
et al., 2002). The involvement of immune response in the development of neurological
and neuropathological changes after infection with bovine alpha-herpesvirus has been
broadly discussed (Abril et al., 2004; Del Médico Zajac et al., 2010). We previously
demonstrated the participation of SOCS-2 in modulating the immune response to BoHV-
5 infection in mice. BoHV-5 infection in SOCS-2 deficient mice lead to enhancement of
neuropathology and brain inflammatory parameters associated with reduction in the
expression of IFNa and IFNP and widespread viral distribution (Barbosa et al., 2016).
One important anti-viral innate immune response is mediated by Toll-like receptors
(TLRs) by inducing the secretion of type | interferons, and pro-inflammatory cytokines
(Chattopadhyay et al., 2018; Zolini et al., 2014). The presence of pathogens increases the
expression of TLRs on microglia and astrocytes and consequently activates the
neuroinflammation in several neurologic diseases (Carroll et al., 2018; Kumar, 2019;
Madhu et al., 2016). Specifically, TLR3, 7, 8 and 9 have been related to bovine
herpesviruses infections response in vitro and in vivo (Marin et al., 2014b; Rensetti et al.,
2016). The agonist stimulation of TLR 7/8 expressed by peripheral blood leukocytes
promoted anti-viral activity on BoHV-5 infected MDBK cells (Marin et al., 2014a).
Moreover, a significant up-regulation of TLR3, TLR7 and TLR8 mRNA levels were
detected in different brain regions after acute BoHV-5 infection of cattle (Rensetti et al.,
2016). Neurotrophic factors stimulate survival of brain cells, being brain-derived
neurotrophic factor (BDNF) relevant to prevent neuronal death and to modulate the
neurogenesis (Choi et al., 2019; Tejeda et al., 2019). Interesting, the reduction in BDNF
levels have been correlated with the pathology severity in different brain disorders
(Bharani et al., 2019; Mocchetti and Bachis, 2004; Xu et al., 2017). To our knowledge,
this is the first investigation about the effects of combined TLRs3/7/9 deficiency on the

clinicopathological and neurochemical findings upon BoHV-5 infection in mice.
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Material and Methods

Experimental design

BoHV-5 Mutum sample (GenBank AY916517) was isolated from central nervous system
of an adult cow presenting neurological symptoms (Aquino Neto et al., 2009). The strain
was maintained with minimal essential medium (Sigma, USA), containing 5% fetal
bovine serum (FBS) inactive and free for Mycoplasm and Bovine Viral Diarrhea Virus
(ThermoFisher Scientific, USA) and treated with penicillin (1.6 mg/L), streptomycin (0.4
mg/L) and fungizone (2.5 mg/L) at 37 °C in 5% CO.. The virus was propagated in CRIB-
1 cells (CRL-11883, ATCC, USA; Flores & Donis, 1995) at a low multiplicity of
infection (m.o.i 0.01) and titrated by the End-point method and calculated by Reed and
Muench (1938). The viral titer obtained was 108"° TCIDso/ml.

Sixteen 7 to 9-week-old male C57BL/6 wild-type (WT) mice and sixteen 7-9-week-old
male TLR3/7/9 " mice were distributed into four groups: uninfected WT group,
uninfected TLR3/7/97 group, BoHV-5 infected WT group, and BoHV-5 infected
TLR3/7/97" group. C57BL/6 wild-type (WT) mice were obtained from the Animal Care
Facilities of Instituto de Ciéncias Bioldgicas (ICB-UFMG), and combined TLR 3/7,97
mice were kindly provided by Dr. Marco Anténio Campos (Centro de Pesquisas René
Rachou, Fiocruz, Minas Gerais, Brazil). The experimental protocol was approved by the
Committee on the Ethics of Animal Experiments of the Universidade Federal de Minas
Gerais (CEUA/UFMG, Permit Protocol Number 272/2011). Animals were anesthetized
by intraperitoneal injection of a mixture of ketamine 100 mg/kg (10% Syntec) and
xylazine 10 mg/kg (2% Syntec), and 1x10* TCIDso inoculum of the purified BoHV-5
resuspended in 10 ul of phosphate-buffered saline (PBS) was injected intracranially in
the right side of a sagittal suture at the level of the eyes (Vilela et al., 2008). The control
group received 10 ul of PBS. Mice were housed in microisolator cages in our Bio Safety
Level-2 facility and provided water and food ad libitum and were observed for 3 days
following infection.

Mice were euthanized with an overdose of sterilized mixture with ketamine 100 mg/kg
(10% Syntec) and xylazine 10 mg/kg (2% Syntec), in PBS. We performed necropsy of
all animals used in this study. Brains from mock and infected mice were collected and
fixed in 10% buffered formalin solution, dehydrated, cleared, and embedded in paraffin.
Sections of 4 um thickness were obtained and stained with hematoxylin-eosin (H&E).
The degree of meningitis was evaluated as 0: without inflammation; 1: a layer of

inflammatory cells; 2: two layers of inflammatory cells; 3: three layers of inflammatory
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cells; 4: four to six layers of inflammatory cells; 5: seven or more layers of inflammatory
cells (Amaral et al., 2011). Other sections of these fragments were used to evaluate the
microglia activation by immunohistochemistry, by ionized calcium binding adapter
molecule 1 antibody monoclonal (Iba-1) (Faleiros et al., 2014). Antigen retrieval was
done using sodium-citrate buffer (pH 6) for 12 min in microwave and blocked for
endogenous peroxidase activity with H202 and PBS solution (10%) for 30 min. T, the
protein block was made with non-fat dry milk in PBS 6% (w/v) and 0.1% Tween-20.
After that, sections were incubated with rabbit monoclonal antibody against iba-1
(Abcam), diluted in 1:2000 and incubated overnight at 4°C. Biotinylated polyclonal link
and streptavidin-HRP (Leica) were applied and the sections were incubated with
diaminobenzidine 5% (v/v) (Leica). After, the sections were counterstained with Harris
haematoxylin. Brains from other of mock and infected groups were collected and stored
at -80°C for detection of neurotrophic factors (BDNF, NGF, and GDNF) by sandwich
ELISA. Then brain homogenates were obtained using an extraction solution (100 mg of
tissue per milliliter), containing 0.4M NaCl, 0.05% Tween 20, 0.5% BSA, 0.1 mM phenyl
methyl sulphonyl fluoride, 0.1 mM benzethonium chloride, 10 mM EDTA, and 20 KIU
aprotinin, using Ultra-Turrax. Lysates were centrifuged at 13,0009 for 10 min at 4°C.
Concentrations of neurotrophins from the supernatants were assayed in an ELISA (R&D
Systems, Minneapolis, MN, USA) setup, according to the manufacturer’s procedures.

The data were expressed as picogram per 100 mg of tissue.
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Results

To investigate the participation specifically of the endosomal TLRs 3, 7 and 9 during
BoHV-5 infection in vivo WT and TLR3/7/9 deficient mice (Schamber-Reis et al., 2013;
Klein et al., 2017) were inoculated using 10* TCIDso of BoHV-5 (Mutum sample) by
intracranial route. Mock WT (n=5) and TLR3/7/97 (n=5) animals did not show any
clinical signs. In the other hand, BoHV-5 infected WT (n=11) and TLR3/7/97" (n=11)
mice presented weight loss (Fig. 1) and mild clinical signs characterized by serous ocular

discharge, ruffled fur and apathy in a similar frequency.

- Mock WT

-A- Mock TLR3/7/9 KO

-®- BoHV-5infected WT

8- BoHv-5 infected TLR3/7/9 KO

1 06 *kk

% original body weight

Days post infection

Figure 1 - Weight of animals inoculated intracranially with BoHV-5. 7-week old male WT and
TLR3/7/9 deficient animals were inoculated with 10* TCIDs, of BoHV-5, Mutum sample, or PBS
by the intracranial route and weighed for three days post-infection. Values were expressed as the
percentage of original weight. #p>0.05 Non-infected WT versus non-infected TLR3/7/97 mice,
and BoHV-5 infected WT versus BoHV-5 infected TLR3/7/97" mice. ***p <0.001 Mock WT and
TLR3/7/97" mice versus BoHV-5 infected WT and TLR3/7/97 mice.
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1933  No histopathological changes were observed in non-infected WT (n=5) and TLR3/7/9
1934  deficient (n=5) animals (Fig 2 A-B). Both BoHV-5 infected groups (n=5 per group)
1935 exhibited infiltration of mononuclear cells in the meninges (Fig.2C-D), reactive blood
1936  vessels, and occasional vacuolization of neuropil. Moreover, WT and TLR3/7/9 deficient

1937  mice presented similar degrees of meningitis (Fig.2E).

1938
BoHV-5 infection
C57BI/6 |
[ BoHV-5 WT
E Il BoHV-5TLR3/7/9 KO
5+
i: 4 T
84
0
g4
TLR3/7/9°- &
1940

1941  Figure 2 - Representative photomicrographs of H&E-stained brain sections and pathology
1942  score for meningitis. Cerebrum from non-infected WT (A) and TLR3/7/9 deficient mice (B)
1943  showing frontal cortex with normal histological appearance; BoHV-5-infected WT (C) and
1944  TLR3/7/9 deficient mice (D) with similar degree of meningitis (asterisks) in the cerebrum.
1945  Magnification: A-D: x40. Similar score of meningitis was observed in both BoHV-5 WT and
1946  TLR3/7/9 deficient groups (E).
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Both non-infected wild-type and TLR 3/7/9 deficiency mice presented occasional 1ba-1
immunopositive cells, with ramified aspect, distributed throughout the brain parenchyma.
Both BoHV-5 infected groups exhibited focal areas containing reactive microglia, mainly

in the neuropil region.

WT INFECTION TLR 3/7/9- INFECTION

Figure 3 — Photomicrograph of fragments of the prefrontal cortex immunoassayed for Iba-1
Wild type mice in (A) and deficient for TLR3/7/97 in (B) showing occasional immunopositive
cells. Mice infected wild (C) and deficient for TLR3/7/97 in (D), with an increase in Iba-1

immunopositive cells in the neuropil (microgliosis).
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1967  The brain levels of neurotrophic factors BDNF, NGF e GDNF were measured at 3 day
1968  post infection, n=6 per group (Fig 3). Similar levels of BDNF were detected in both non-
1969 infected WT and TLR3/7/9 deficient mice. BoHV-5 infection promoted significantly
1970  reduction in the brain levels of BDNF (p<0.05), compared with non-infected animals.
1971  The absence of TLR3/7/9 did not alter this parameter and no statistical difference was
1972  observed between infected WT and TLR3/7/97" mice (Fig 3A). Similar brain levels of
1973  NGF (Fig. 3B) and GDNF (Fig. 3C) were observed in all evaluated groups:
1974
A O wT B C
5001 . B 7 R3y7/97 5000- 150+
S 400 # —~ 4000 =)
E . g T g 1004 T
g 3007 8 30001 S
5 2004 I IQ 2000 g 50
9 1004 2 10004 T
0 0 0
non-infected BoHV-5 non-infected BoHV-5 non-infected BoHV-5
1975
1976  Figure 4 - Comparison of neurotrophic factors (BDNF, NGF and GDNF) after three days of
1977  infection, in the brain of non-infected wild-type, non-infected TLR3/7/97", BoHV-5 infected wild-
1978  type and BoHV-5 infected TLR3/7/97 mice, n=5 per group. Both wild-type and TLR 3/7/9"
1979 infected mice exhibited lower brain levels of BDNF (p<0.05), compared with non-infected
1980 groups (A). NGF and GDNF levels did not present changes.
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Discussion

In this study, we specifically focused on the role of the endosomal TLRs 3, 7 and
9 during bovine herpesvirus 5 infection in mice. The infected animals presented similar
clinical signs to those observed in an early phase of naturally infected cattle (Perez et al.,
2002). Moreover, BoHV-5 infected mice developed different degrees of meningitis. The
present findings corroborated with our previous study, which C57BL/6 mice infected
with 10* TCIDso of Mutum strain presented weight loss, ruffled fur and hunched posture
associated with mild meningitis (Barbosa et al., 2016). However, BoHV-5 infection in
triple TLR3/7/9 knockouts did not alter those parameters, suggesting that there was no
change in susceptibility to BoHV-5 infection in combined TLRs 3, 7 and 9 deficiencies.

This is the first study evaluating the effects of BoHV-5 infection in the absence of
TLRs 3, 7 and 9 in C57BL/6 mice. There are few studies evaluating the role of TLRs
during acute bovine herpesvirus-5 infection and those works are restricted to in vitro or
in vivo inoculation in cattle (Marin et al., 2014b, 2014a; Oliveira et al., 2017; Rensetti et
al., 2016). Calves infected by intranasal route with 1082 TCIDso of BoHV-5 showed an
increase in the brain expression of TLRs 3, 7, 8 and 9 (Marin et al., 2014b). Additionally,
a significant augment of TLR3, TLR7 and TLR8 mRNA was detected in different brain
regions from cattle after inoculation with 1053 TCIDso of BoHV-5. Nevertheless, the
TLR9 expression was not affected by BoHV-5 infection and viral reactivation promoted
a distinguishable TLR expression (Rensetti et al., 2016). In agreement to found after acute
infection, an in vitro study showed that the agonist stimulation of TLR 7/8 expressed by
peripheral blood leukocytes promoted anti-viral activity on BoHV-5 infected MDBK
cells (Marin et al., 2014a).

The role of TLRs has been also evaluated in Herpes Simplex Virus 1 (HSV-1)
infection in mice. TLR9 or TLR2/9 deficient mice showed higher susceptibility to HSV-
1 infection by intranasal inoculation (Lima et al., 2010). And the pretreatment with the
TLR3 stimulation before HSV-1 infection induced early expression of several immune
genes in the brain and resulted in a significantly lower virus load (Boivin et al., 2008).
Controversial results have been observed after the infection with West Nile virus (WNV)
in mice. Some authors described that the absence of TLR3 resulted in enhancement of
susceptibility to WNV (Daffis et al., 2008). In contrast, other work showed that the
survival of WNV-infected TLR3™~ mice were improved compared to wild-type mice
(Wang et al., 2004). Interesting, TLR3 seems to be dispensable for the innate miRNA
response to WNV infection (Chugh et al., 2014). Speculating, our results suggested that
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other pathways should be involved to activate immune response to BoHV-5 in infection
C57BL/6 mice. Abril and collaborators described the occurrence of clinical signs as
weakness, depression, arched back and death in 129Sv/Ev mice knockout for alpha and
beta interferon receptors but having gamma functional interferon system that were
infected by BoHV-5 (sample N569) by intraperitoneal route. No illness was observed in
animals that had, in addition to the above-mentioned deletions, absence of gamma
interferon receptors. This indicated the importance of these molecules for the occurrence
of effective replication of BoHV-5 in the central nervous system of mice and the
consequent development of clinical neurological signs (Abril et al., 2004). As C57BL/6
mice produce preferentially Thl cytokines, presenting high basal levels of interferon
gamma when compared to other mice strains (Watanabe et al., 2004) is possible to deduce
that, possibly, the profile of immune response of C57BL/6 may be important to define
their higher susceptibility to BoHV-5 infection. It is important to emphasize that other
aspects of the host and of the viral sample used (Mutum) cannot be discarded when trying
to understand the results obtained, and there may be other factors that can influence the
disease course of the animals.

In the present work, we observed several microglial cells with “activated” form,
characterized by amoeboid morphology scattered throughout the neuropil, similar to
described in other infections (Graeber and Streit, 2010; Kozlowski and Weimer, 2012).
Microglia plays an important role in brain homeostasis as well as to immune response, as
sentinel cells. Those cells are able to detect invasive pathogens, triggering phagocytosis,
antigen presentation, synaptic stripping, and repair (Correale, 2014). During viral
infection, activated microglia contributes to TLR expression and production of
inflammatory mediators that can compromise brain function (Furr and Marriott, 2012;
Guo et al., 2015). Mouse microglia stimulated by HSV-1 can activate NF-kB and increase
TNF and IL-6 expression via TLR2 and TLR9 (Guo et al., 2015). On the other hand, it is
important to note that microglia can also mediate beneficial effects by limit viral
replication through the production of type I IFNs (Hatton and Duncan, 2019) and
promoting neuroprotection by secretion of anti-inflammatory cytokines and neurotrophic
factors (Correale, 2014). We also studied the effects of TLR 3/7/9 on the brain levels of
neurotrophic factors BDNF, NGF and GDNF. BoHV-5 infection promoted a significant
decrease in the BDNF concentrations in the brain and the absence of TLR 3/7/9 does not
alter this pattern. Those results suggested that low brain BDNF levels could be a common

factor in the meningoencephalitis caused by BoHV-5. BDNF modulates brain plasticity
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and plays an essential role in the neuronal survival and plasticity (Lima Giacobbo et al.,
2019; Mocchetti and Bachis, 2004). Loss of BDNF has been implicated in a number of
brain disorders (Bharani et al., 2019; Mocchetti and Bachis, 2004; Tejeda et al., 2019; Xu
et al., 2017). Moreover, studies have demonstrated that the neuronal degeneration
observed in in NeuroAIDS patients may be promoted by lowering BDNF levels
(Mocchetti and Bachis, 2004).

In summary, our study demonstrates mild clinical associated with brain
inflammation, activated microglia and reduction expression of BDNF upon acute
infection by BoHV-5 in mice. Moreover, we demonstrated that combined TLR3/7/9
deficiency does not alter those characteristics, suggesting that other signals should be
relevant for activate neuroinflammation and consequently brain pathology during BoHV-

5 infection.
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9. CONSIDERACOES FINAIS

O herpesvirus bovino tipo 5 (BoHV-5) foi capaz de infectar e se replicar no encéfalo de
camundongos C57BL/6 selvagens e deficientes para TLR3/7/97 por meio da via
intracraniana, sem diferenca aparente entre eles. A resposta imunolégica do hospedeiro
frente a0 BoHV-5 ¢ de suma importancia frente a infec¢do, sendo o equilibrio entre as
atividades pro- e anti-inflamatorias essenciais, nesta neuropatia. As citocinas e
quimiocinas expressas nesse tipo de resposta como as encontradas neste estudo, IL-
12p70, TNF, IL-10, IFN-y, IL-6 e CCL-2, podem estar contribuindo para o
desenvolvimento desta meningoencefalite, e podem nos trazer mais informagdes a
respeito da multiplicacdo e desenvolvimento da doenca no hospedeiro. Sao necessarios
mais estudos para entender sobres o envolvimento destas citocinas e quimiocinas
expressas e suas consequéncias em relacdo ao BoHV-5. Os genes envolvidos na
inflamacdo foram especialmente expressos e se mostraram importantes dentro dessa
patologia, podendo futuras pesquisas contribuir para um maior conhecimento de quais
caminhos sdo desencadeados pelo virus no hospedeiro e como o sistema imune reage na
tentativa de proteger e eliminar o agressor. Ao contrario de outros estudos “in vitro” e “in
vivo” em bovinos, a delecdo dos Tolls 3/7/9 em conjunto ndo trouxe diferenca em
parametros clinicos no modelo em estudo, indicando outros possiveis caminhos utilizados
pelo virus, podendo ser estudados para uma maior compreensao destes mecanismos. Em
relacdo a apoptose, pode estar contribuindo para a multiplicacdo e sobrevivéncia do virus
como estratégia do BoHV-5 no hospedeiro. Observamos o aumento das atividades
microglial e astrocitaria nos animais infectados, sendo células relevantes para a ativacao
da resposta imune do hospedeiro, o que torna seu estudo mais aprofundado importante
para sabermos se estdo sendo apenas favoraveis no auxilio a resposta imune ou se a
presenca constante e em grande quantidade possa estar agindo provocando agravamento

das lesdes encefélicas.
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