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EXPRESSAO GENICA DE MEDIADORES ASSOCIADOS A
NEUROPATOGENESE CAUSADA PELO BHV5

RESUMO - O herpes virus bovino 5 (HVB-5) é um agente infeccioso pertencente
a familia Herpesviridae, sub-familia Alphaherpesvirinae e género Varicellovirus.
E um virus neurotrépico que causa doencas neuroldgicas principalmente em
animais jovens em todo mundo, especialmente nos paises Sul-americanos,
resultado em significantes perdas econdémicas. A infeccdo pelo herpesvirus
bovino 5 em gado jovemesta associado a doenca neurolégica que €, usualmente,
fatal, sendo um 6timo modelo para estudar a patogénese da meningoencefalite
induzida por virus. O HVB5 replica ha mucosa nasal, e invadesistema nervoso
central (SNC), principalmente por meio do sistema olfatério. A resposta imune
inata desencadeada pelo hospedeiro frente a replicacéo do virus por meio da via
olfativa ndo é totalmente entendida. Estudos verificaram as variacdes nos niveis
de expressao de receptores Toll-Like (TLRs) em diferentes regides do sistema
nervoso central bovino durante a infeccdo aguda e reativacdo de bovinos
infectados por HVB-1 e HVB-5-.Uma nova perspectiva para entender a relacéo
do patdégeno e o hospedeirorelacionando os microRNAs(miRNAS) que interagem
com a resposta imune inatadurante infec¢des virais neurotrépicas.

Palavras-Chave: bovino, encefalite viral, virologia, herpesvirus, microRNAs



GENE EXPRESSION OF MEDIATORS ASSOCIATED WITH
NEUROPATHOGENESIS CAUSED BY BHV5

ABSTRACT - Bovine herpes virus 5 (BHV-5) is an infectious agent belonging to
the family Herpesviridae, subfamily Alphaherpesvirinae and genus Varicellovirus.
Itis a neurotropic virus that causes neurological diseases mainly in young animals
worldwide, especially in the South American countries, resulting in significant
economic losses. Bovine herpesvirus 5 infection in young cattle is associated with
neurological disease, which is usually fatal and is a good model for studying the
pathogenesis of virus-induced meningoencephalitis. The BHV5 replicates in the
nasal mucosa, and invades the central nervous system (CNS), mainly through
the olfactory system. The innate immune response triggered by the host against
virus replication via the olfactory route is not fully understood. Studies have found
variations in the levels of Toll-Like receptor (TLR) expression in different regions
of the bovine central nervous system during acute infection and reactivation of
BoHV-1 and BoHV-5 infected bovines. A new perspective to understand the
relationship of the pathogen and the host relating the microRNAs (miRNASs) that
interact with the innate immune response during neurotropic viral infections.

Key words: cattle, bovine, viral encephalitis, virology, herpesvirus, microRNAs
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CAPITULO 1

1 CONSIDERACOES GERAIS

1.1 Herpesvirus bovino tipo 5 (BHV5)

A encefalite ocasionada pelo BHV5 € uma patologia infecciosa viral aguda
e altamente fatal presente em diversos paises. E caracterizada pelos sinais
neurolégicos corticais e associada a inflamacao do encéfalo e meninges com
necrose do cortex do telencéfalo. Os hospedeiros naturais para o BHV5 sdo os
bovinos.

O BHV5 é um virus DNA de dupla cadeia, envelopado, com capacidade
de estabelecer laténcia em neurdnios de ganglios sensoriais apos infeccao
aguda. O herpes virus bovino 5 é um agente infeccioso pertencente a familia
Herpesviridae, sub-familia Alphaherpesvirinae e género Varicellovirus. E um
virus neurotropico que causa doencgas neuroldgicas principalmente em animais
jovens em todo mundo, especialmente nos paises sul-americanos, resultando
em significantes perdas econdmicas (CAMPOS et al.,, 2009; CZUPRYNSKI,
2009; DEL MEDICO-ZAJAC et al., 2010; 2011a; RISSI et al., 2007).0 segundo
maior rebanho de bovinos no mundo pertence ao Brasil, cerca de 200 milhdes
de animais, sendo lider em exportacdo da carne internacionalmente
comercializada. Cerca de 67 bilhdes de reais sdo gerados para o pais pela
producdo de carne e leite, evidenciando a importancia econdmica (BRASIL,
2018).

Constantemente o0os rebanhos bovinos sdo expostos a agentes que
resultam em diversas enfermidades, que podem vir a afetar a produtividade e
sdo de grande importancia para a sanidade animal. Os herpesvirus pode
acometer os bovinos e sdo responsaveis por grandes perdas econémicas no
mundo (DEL MEDICO ZAJAC et al., 2010). Esses agentes, quando instalados,
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aumentam a mortalidade, elevam o numero de abortos e meningoencefalite e
também, resultam na diminuicdo da producdo de leite. Tanto animais adultos
quanto jovens podem ser acometidos pelos herpesvirus, e embora alguns
animais parecam sadios, os herpesvirus podem estar presentes (JONES;
CHOWDHURY, 2008; STATHAM ; RANDALL; ARCHER, 2015).

A estrutura viral do BHV5 é formada por um DNA linear de dupla fita, um
capsideo icosaédrico, tegumento, e um envelope fosfolipidico que contem
glicoproteinas na superficie. Com base no perfil eletroforético do DNA, classifica-
se 0 BHV5 em trés subtipos, apds a clivagem em sitios especificos a enzimas de
restricdo, desta forma o BHV5a, (linhagem australiana N569), BHV5b (linhagem
argentina A663) e BHV5c (DEL MEDICO-ZAJAC et al., 2011b; FAVIER et al.,
2014).

O BHV5 acomete principalmente o sistema nervoso central de bovinos
jovens (13 a 18 meses). O animal afetado pela infeccdo apresenta inflamacéo
na substancia branca e cinzenta, e lesdes necroéticas do cortex cerebral, e
ocasionalmente é fatal (DEL MEDICO ZAJAC et al., 2010). A invasido do BHV5
no sistema neurolégico, por infec¢éo natural ou experimental, pode ocorrer em
bovinos, ovinos, lagomorfos e em caprinos jovens. Os pequenos ruminantes sao
hospedeiros importantes desta enfermidade, quando o virus esta em fase de
laténcia, essas espécies podem atuar transmitindo a enfermidade para bovinos
(LUDLOW et al., 2016; OLDONI et al., 2004).

A transmisséo do BHV5 acontece principalmente devido ao contato direto
ou indireto entre os bovinos, os locais onde ocorre a replicacao primaria sdo as
mucosas nhasal, orofaringea e também oral e ocular (SHIVKUMAR et al., 2013).
A replicagdo priméria ocorre em células epiteliais, posteriormente o virus atinge
as terminacdes nervosas e entdo € transportado aos neurdnios e ganglios
sensoriais, onde o virus pode se replicar ou atingir laténcia. As vias de acesso
do BHV5 ao sistema nervoso central (SNC) séo via hematdgena ou pela via intra-
axonal por nervos cranianos (MORI et al., 2004). O BoHV-5 pode ser reativado
e eliminado por secrec¢des fisioldgicas do hospedeiro, sem resultar quadro clinico
nitido (CARDOSO et al., 2016b; TANG et al., 2014). E importante ressaltar que,
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o animal infectado, apresentando laténcia, € um reservatério natural do BHVS5,
gue pode ser reativado a qualquer momento (MARIN et al., 2015).

A reativacdo do BHV5 é acompanhada com frequéncia da supressédo dos
sintomas clinicos, em infec¢des naturais e experimentais (VOGEL et al., 2003).
Os animais que sobrevivem a manifestacao clinica apresentaram uma fase longa
de laténcia viral que pode ser reativada naturalmente ou por estimulos
especificos, tornando o animal infectado uma fonte de infec¢cdo para outros
animais (CHOWDHURY et al., 1997; DAVISSON et al., 2009).

As alteracOes histopatoldgicas de animais acometidos pelo BHV5
mostram degeneracdo neuronal, intensa resposta inflamatoria e infiltrado
linfocitario, com ou sem presenca de hemorragia. Subpopulacfes de linfécito
CD3+ foram verificadas em trabalhos anteriores, e associadas as areas de
acumulo celular intenso no SNC de bovinos naturalmente infectados pelo BoHV-
5 (CARDOSO et al., 2016b).

Uma caracteristica da familia Herpesviridae é a laténcia, que garante que
0 agente se mantenha por tempo indeterminado no animal infectado sem que
haja manifestagdo clinica. O estabelecimento de laténcia € a propriedade viral
mais significativa a ser considerada no controle das enfermidades produzidas
por essa familia (DAVISON et al., 2010; GREY, 2015).

Figura 1- Morfologia do BHV5 visualizada por microscopia eletrénica de
transmissao. A particula viral possui aproximadamente 260 nm. A barra preta
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indica 100 nm (DEL MEDICO ZAJAC et al., 2010).

O herpesvirus bovino tipo 1 (BHV1) e 5 (BHV5) sé&o herpesvirus alfa
intimamente relacionados. O BHV5 é o agente causal da meningoencefalite ndo
supurativa principalmente em bovinos jovens, e BHV1 causa doenca respiratéria,
abortos, disturbios genitais e, ocasionalmente, encefalite em bovinos. Ambos os
virus sdo neurotropicos e compartilham propriedades bioldgicas semelhantes.
No entanto, eles diferem em sua capacidade de causar doenca neurolégica.
Receptores Toll-like (TLRs) estdo envolvidos na resposta imune inata a
patégenos (RENSETTI et al., 2016; VAN RIEL; VERDIJK; KUIKEN, 2015).

Estudos verificaram as variacdes nos niveis de expressao de TLRs em
diferentes regides do sistema nervoso central bovino durante a infecgéo aguda
e reativacdo de bovinos infectados por BHV1 e BHV5-. Com excec¢éo do TLR9,
a regulacao positiva de todos os TLRs foi detectada ap0s infeccdo primaria de
tecidos neurais por ambos os herpesvirus bovinos (WINKLER et al., 2015). Além
disso, verificou-se que os estagios de infec¢do aguda e reativacao foram
caracterizados por um padréo de expressao de TLR distinto. As notaveis
diferencas nos niveis de mMRNA de TLR durante a infeccao aguda e reativacao
fornecem evidéncias de que a resposta imune inata pode estar envolvida nos

desfechos clinicos observados em cada estagio (RENSETTI et al., 2016).

1.2 Receptores Toll-like

Os receptores do tipo Toll (inglés Toll-like Receptors, TLR) constituem
uma familia de receptores que reconhecem padrées moleculares (inglés Pathern
Recognition Receptors, PRR) e sédo frequentemente associados a agentes
infecciosos. Estudar os TLRs tem proporcionado avancos significantes no
entendimento dos mecanismos de defesa do hospedeiro em relagéo a invaséo
de microorganismos diversos (VERMA; BHARTI, 2017). Os TLRs sao proteinas
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altamente conservadas, pertencem a familia de proteinas transmembranicas tipo
I, possuem uma porcdo citoplasmatica e uma extracelular abundante em
repeticbes de leucina, desempenham papel importante na deteccdo e
reconhecimento dos padrdes moleculares de um patégeno (XANGORAR et al.,
2008).

Originalmente descoberta na década de 90 em insetos do género
Drosophila, em 1997 identificou-se e caracterizou-se um homologo da proteinal
Toll em humanos denominado de receptor Toll-like (BOWIE, 2007). Até o
momento onze receptores Toll foram identificados e descritos (TLR1-11)
constituindo papel importante na deteccdo e reconhecimento de patdgenos e
inducado de atividade antimicrobiana pela ativagdo dos sistemas de imunidade
inata e adquirida (IWASAKI; AKIRA, 2010; PARKER; PRINCE; SABROE, 2007).
Os TLRs 1-9 sdo preservados no homem e camundongo, o TLR10 é apenas
funcional em humanos e o TLR11l apenas em camundongos. Quanto a
localizacdo, os TLRs 1, 2, 4, 5, 6 e 10 sdo extracelulares, presentes na
membrana plasmatica, e possuem dominios intracelular devido a presenca de
proteinas TIR (MyD88, TRIF, TRAM e TIRAP) e extracelular (LRR), enquanto os
TLRs 3, 7, 8 e 9 sao intracelulares situados em endossomas e ndo possuem
dominio extracelular. O dominio TIR é necessario para iniciar 0s sinais
intracelulares, uma vez que a proteina MyD88 esta em todos receptores, exceto
0 TLR3 (GOLDMAN, 2007; KAWAI; AKIRA, 2010).
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Figura 1 - Localizacéo e caracteristicas dos receptores Toll-Like (HENNESSY;
PARKER; O'NEILL, 2010).

Os TLRs funcionam como PRR presentes nos neutréfilos (leucdcitos
polimorfonucleares), macrofagos e células dendriticas, sdo responsaveis por
reconhecer os padrées moleculares associados a patégenos (PAMP), que
podem ser bactérias gram-positivas e gram-negativas, virus DNA e RNA,
protozoarios e fungos. Assim, a ativacdo da imunidade inata por associacdo de
PRR-PAMP ¢ etapa importante no desenvolvimento da imunidade adquirida
frente aos antigenos especificos (ALBIGER et al., 2007; HENNESSY; PARKER;
O’'NEILL, 2010).

Cada TLR possui via de sinalizacdo individual intrinseca e estimula
respostas bioldgicas especificas frente aos agentes. No momento que um PAMP
€ reconhecido por um TLR especifico, a proteina MyD88 recruta as cinases
associadas ao receptor da interleucina-1 para ativar o fator 6 associado ao
receptor do fator de necrose tumoral. Este ativa o fator de crescimento f3
associado a cinase 1, que, por sua vez, ativa o complexo IKK resultando em duas

subunidades cataliticas e uma subunidade regulatéria (MCGETTRICK;
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O’NEILL, 2010). O complexo estimula a fosforilagéo do IKB e consequentemente
a degradacao resulta no fator de transcri¢cdo nuclear, que entéo, ir4 para o nucleo
conduzir a expressdo das citocinas inflamatorias e moléculas de adeséo
(KUMAR, 2009).

As citocinas quando liberadas devido a ativacdo dos TLRs pelos
patégenos, estimulam os leucdcitos e outros macréfagos para o local da
infeccdo. Os linfécitos Thl liberam IL-2, promovendo ativacao dos linfocitos B e
proliferacéo celular T. Os linfocitos Th2 produzem IL-4 e IL-5 que induzem a
producado de IgE. A IgE promove liberacdo de histamina, fatores quimiotaticos
para neutréfilos e eosindéfilos, promove degranulacdo de baséfilos e mastdécitos,
e ainda induz reacdes imediatas de hipersensibilidade. A IL-2 produzida pelas
células dendriticas e macrofagos, estimulam a diferenciacéo dos linfocitos T em
Thl e a ativacdo das células NK, responsaveis por secretar o interferon-y (IFN-
Y), que age na ativacao de linfocitos TCD8+ e macréfagos (ARANCIBIA et al.,
2007).

Se um RNA viral ou um lipopolissacarideo é identificado pelos TLR3 e
TLR4, localizados nas células dendriticas e macrofagos, a proteina TRIF ativa o
complexo constituido por subunidades, que levam a fosforilagdo de diferentes
fatores reguladores de interferon (IRF-3, IRF-5, IRF-7). Assim, o IRF-3 ativado é
conduzido ao interior do nucleo e induz a expressdo de genes a produzir
interferons do tipo | (ARANCIBIA et al., 2007; KUMAR, 2009).

As células dendriticas sdo maturadas por inducao dos interferons do tipo
I, fazendo com que a atividade humoral dos linfocitos B aumente, também induz
a diferenciacéo dos linfocitos T CD8+, além de inibir a replicacao viral e evitar a
disseminagdo do processo infeccioso, devido ao recrutamento de mondcitos e
linfocitos. As citocinas inflamatorias liberadas pelas células dendriticas ativam os
linfcitos T para se diferenciarem em linfécitos Th1(IL-2, TNF-B E IFN-y) e Th2
(IL-4, IL-5, IL-6, IL-9 IL-10 E IL 13). O fator de necrose tumoral (TNF) que os
macréfagos produzem, estimula a ativacdo de macrofagos para liberacdo de IL-
12 (BARTON; KAGAN, 2009; MIYAKE, 2007).

Para evitar que ocorra uma resposta inflamatoria excessiva, € necessario
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equilibrio entre a ativacdo e inativacdo de TLR. A ativacdo de TLR pode ser
moderada por diversas moléculas que preservam um equilibrio entre saude e
doenca, por meio de receptores reguladores intra e extracelulares (ONEILL,
2006; UEMATSU; AKIRA, 2007). A hipoatividade dos TLRs pode gerar
susceptibilidade a patdgenos, ao mesmo tempo em que hiperatividade esta
associada a doencas autoimunes (PAPADIMITRAKI; BERTSIAS; BOUMPAS,
2007).

1.3 MicroRNAs

O RNA é uma molécula de fita simples, que contem sequéncias de bases
transcritas a partir de moldes de DNA, que possuem funcdes especificas. Os
tipos de RNA sdo RNA mensageiro (MRNA), RNA transportador (tRNA) e 0 RNA
ribossdmico (rRNA). Existem outros tipos de RNA que nao participam
diretamente na sintese de proteinas, como: RNAs ndo codificantes (ncRNA) que
possui especificas fungdes. Temos small nuclear RNA (snRNA), small nucleolar
RNAs (snoRNAs), o small interfering RNA (siRNA) e 0os micro-RNAs. Os micro-
RNAs (miR) ndo participam diretamente na traducdo de proteinas, no entanto
desempenham funcéo extremamente importante, e significativa, na regulacéo de
genes das células eucariontes (BJOMER et al., 2014; HIGA et al., 2014).

Os microRNAs possuem aproximadamente de 14 a 20 nucleotideos
organizados em um unico filamento. Originados de regibes néo-codificantes
(introns), os micro-RNAs possuem funcdo na regulacdo génica, fundamental
para diferenciacdo de tecidos, ciclo celular, proliferacdo e apoptose
(LECLERCQ; DIALLO; BLANCHETTE, 2013). Existem evidéncias de que séo,
também, essenciais na regulacdo, desenvolvimento e homeostase celular,
possuindo controle de diversos processos metabdlicos bem como do mRNA
(DOENCH et al., 2003; HOEFIG et al., 2008).

Ha outras atividades celulares, além dos processos vitais anteriormente
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citados, em que os microRNAs estdo envolvidos, como metabolismo lipidico,
secrecdo de insulina, sintese de neurotransmissores, replicagdo viral, resposta
imune, entre outros (GLAZOV et al., 2009; LEE; DUTTA, 2009).

Os microRNAs séo filamentos Unicos originados da transcricdo génica
presente no DNA, normalmente séo transcritos de introns pela RNA polimerase
I, resultando no microRNA primério (pri-miRNA), este apresenta extremidade
cap na porcao 5’ e cauda poli (A) na por¢cédo 3’. O pri-miRNA é clivado no nucleo
pela RNAse lll e seu cofator DGCRS8, produzindo precursores de microRNAs
denominados pré-miRNA, este possui em média de 70 a 90 nucleotideos em sua
cadeia e uma estrutura secundéaria ndo pareada que possui formato parecido a
um grampo, em alga (LEE et al., 2004; RODRIGUEZ; VIGOTIYO; CLARE, 2007).
A proteina exportina-5’ reconhece o pré-miRNA e o transporta ao citoplasma
onde outra RNAse Il realiza clivagem eliminando a alca, entdo, surge uma
cadeia de fita dupla de miRNA que contem uma fita de miRNA madura e uma fita
complementar, que possui aproximadamente 22 pares de nucleotideos (LIU; LI,
2012; MAJER et al., 20017).

Uma fita do microRNA é reconhecida pelo complexo protéico (RNA RISC),
as fitas séo separadas entdo e o miRNA maduro incorpora ao RISC e a outra fita
sofre degradacao (FIGURA 3). O microRNA gue incorporou ao RISC é levado
ao mRNA e induz o silenciamento por meio de duas maneiras: pareamento
perfeito ou imperfeito entre eles. Em mamiferos geralmente ocorre o pareamento
imperfeito que leva a inibicdo da sintese proteica. O microRNA liga-se a regido
3’-UTR do mRNA com pareamento imperfeito, resultando na inibigdo da traducéo
do mRNA alvo (KOZOMARA; GRIFFITHS-JONES, 2014).



21

DDA DDA

RMA PO

A Transcrigio V //

Ex::o"hn 5 "
Pri-miRNﬁ\jE (_E T :D Pre-miRNA
= rro u

_,,,,_r'“\,,,,m._ miRMA

ch EFE
=y Fita Dupla

N ,;/

~E—r Pra-mikNA

AAAAAT

Repressdo da ot g -\"-‘.'.'_'_';:.h.__ Degradacio do
Tradugao - “ mRNA

Figura 2 - Modelo de Biogénese de microRNAs (BJORNER et al,. 2014).

Os microRNAs sdo pequenos RNAs nao-codificantes que regulam a
expressao génica inibindo a traducéo de proteinas ou por desestabilizar a fita de
MRNA. Os miRNAs ligam-se a regiao 3’-UTR do mRNA e usualmente, regulam
de forma negativa a sua expressao. Foi descoberto ao menos um miRNA que
regula de forma positiva a expressao génica, e aparentemente, um unico miRNA
pode regular diversos genes (BHELA et al., 2014; CARDOSO; GUEDES; LIMA,
2016a).

Uma fita de mRNA pode conter varios sitios de ligagdo para um unico
mMiRNA ou conter um sitio para varios miRNAs, criando um complexo sistema de
regulacdo entre miRNAs e mRNAs (DICKEY et al., 2016; IZZARD et al., 2017).
MRNAS que possuem varios sitios de ligacao para miRNAs s&o mais suscetiveis
a supressao da traducdo do que o0s que possuem um unico sitio (SOREL;
DEWALS, 2016). Estudos sugerem que miRNAs regulam a intese protéica sem
afetar 0o mMRNA, ao mesmo tempo outros estudos evidenciam a existéncia de
mMiRNAs que degradam o mRNA (PAREEK et al., 2004; THAI et al., 2007;
VIGORITO et al., 2007; BJORNER et al., 2014).

Devido a quantidade de informagfes ja descritas sobre miRNAs, existe

entdo um banco de dados criado em 2002, onde milhares de miRNAs estdo
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registrado no miRbase, um depdsito online que contém todas informacfes sobre
miRNASs ja publicadas. Até o momento, o banco de dados possui registrado
38.589 miRNAs.

O microRNA-155 encontra-se no transcrito de RNA BIC n&o codificante e
esta envolvido na imunidade inata, evidenciado pela rapida inducdo em linfécitos
B e linfocitos T apOs a exposicdo ao antigeno ou devido a alguns mediadores
inflamatoérios (BHELA et al., 2015; DICKEY et al., 2017 PEREZ et al., 2006). O
miR-155 tem como alvo os fatores de transcricdo PU.1 e c-Maf, que resultam na
regulacdo negativa da linhagem de IgG1 e células T pela diferenciacdo das
células T auxiliares tipo 1 e tipo 2 (PIEDADE; AZEVEDO-PEREIRA, 2016;
POWDRILL et al., 2016).
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Abstract Bovine herpesvirus 5 (BHV5) infection of young
cattle is frequently associated with fatal neurological disease
and, as such, represents an attractive model for studying the
pathogenesis of viral-induced meningoencephalitis.
Following replication in the nasal mucosa, BHV5 invades
the central nervous system (CNS) mainly through the olfacto-
ry pathway. The innate immune response triggered by the host
face to virus replication through the olfactory route is poorly
understood. Recently, an upregulation of conserved pathogen-
associated molecular pattern, as Toll-like receptors (TLRs),
has been demonstrated in the CNS of BHV5 experimentally
infected cows. A new perspective to understand host-
pathogen interactions has emerged elucidating microRNAs
(miRNAS) network that interact with innate immune response
during neurotropic viral infections. In this study, we demon-
strated a link between the expression of TLRs 3, 7, and 9 and
miR-155 transcription in the olfactory bulbs (OB) of 16 cows
sufferingfromacute BHV5-induced neurological disease. The
OBs were analyzed for viral antigens and genome, miR-155
and TLR 3, 7, and 9 expression considering three major
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regions: olfactory receptor neurons (ORNS), glomerular layer
(GL), and mitral cell layer (ML). BHV5 antigens and viral
genomes, corresponding to glycol-C gene, were detected in
all OBs regions by fluorescent antibody assay (FA) and
PCR, respectively. TLR 3, 7, and 9 transcripts were upregu-
lated in ORNs and ML, yet only ORN layers revealed a pos-
itive correlation between TLR3 and miR-155 transcription. In
ML, miR-155 correlated positively with all TLRs studied.
Herein, our results evidence miR-155 transcription in BHV5
infected OB tissue associated to TLRs expression specifically
ORNSs which may be a hew window for further studies.

Keywords BHV5 - miRNAs - Neuropathogenesis -
Neuroinvasion - Innate immune response

Introduction

Bovine herpesvirus 5 (BHV5) belongs to the family
Herpesviridae, subfamily Alphaherpesvirinae, and genus
Varicellovirus (Davison et al. 2009; Davison 2010). BHV5
isaneurotropicvirusthat produces neurological disease main-
lyinyoung animals worldwide, especially in South American
countries (Vogeletal. 2003). Following primary replicationin
the nasal mucosa, BHV5 is believed to invade the central
nervous system (CNS) mainly through the olfactory route
(Vogel et al. 2003; Mori et al. 2004; Perez et al. 2006). The
olfactory mucosa is composed by a neuroepithelium divided
into layers organized initially by nasal mucosa, olfactory re-
ceptor neurons (ORNS), glomerular layer (GL), cribriforme
plate, mitral cell layer (ML), and limbic system (Mori et al.
2004). The olfactory receptor neurons (ORNS) are bipolar
neuronal cells whose axons leave the epithelium, penetrate
the cribriform plate, enter the olfactory bulb and, finally, make
synapse with the dendrites of mitral cells in the glomerular
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layer (Mori et al. 2004; Shivkumar et al. 2013). Mitral cells
project to the olfactory and limbic systems, mainly the olfac-
tory cortex and hippocampus, respectively (Mori et al. 2004;
van Riel et al. 2015). During acute infection, BHV5 gains
access mostly to the CNS cranial areas, indicating that viral
invasion occurs more directly along olfactory neurons
(Chowdhuryetal. 1997; Favier etal. 2014). Despite evidences
indicating that BHV5 uses the olfactory pathway to invade the
CNS, detailed information onthe sequential progression ofthe
virus—and the host-mediated immune events—through the
OB layers is lacking.

Toll-like receptors (TLRs) are a broad family of conserved
innate immune receptors that recognize pathogen-associated
molecular patterns (PAMPS) (Xagorari and Chlichlia 2008).
TLRs 3, 7, 8, and 9 are expressed in intracellular vesicles and
recognize nucleic acids from viral origin (Cardoso et al. 2016a).
Cattle experimentally infected with BHV5 showed an overex-
pression of TLRs 3, 7, and 9 in the frontal cerebral cortex,
including the OBs, during acute infection and/or following virus
reactivation (Marin et al. 2015). We have previously demonstrat-
ed that the host immune response and inflammation play a cru-
cial role in the pathogenesis of acute encephalitis by BHV5 in
cattle (Cardoso et al. 2016b). In many aspects, there is a consen-
sus that BHV5 acute infection induces activation of pro-
inflammatory cytokines and chemokines that eventually lead
to brain injury, especially in frontal cortices (Marin et al.
2015). However, the portion/areas of the OBs more affected by
inflammation process remain unclear.

MicroRNAs(miRNAs) representsmall RNA species com-
posed by ~ 20-14 nucleotides found in virtually all living
organisms (Grey 2015; Sorel and Dewals 2016). Mature
miRNAs are able to cause either mMRNA degradation or trans-
lational repression regulating physiological process by target
genes after their transcription (Glazov et al. 2009). Moreover,
hostmiRNAs control herpesvirus infection by inhibiting viral
or host transcripts (Piedade and Azevedo-Pereira 2016;
Powdrill etal. 2016; Dickey et al. 2017). Recent data indicate
that miR-155 plays a critical role in immunity, inflammation,
and viral infections (Bhela et al. 2014; Dickey et al. 2016).
Moreover, miR-155 isexpressed in a variety of immune cells,
including B cells, macrophages, types of Tcells, NK cells, and
dendritic cells Dickey etal. 2017). Inaddition, miR-155 mod-
ulation may act to control Japanese encephalitis virusinfec-
tion (Pareek et al. 2004) and to enhance T cell trafficking in a
model of coronavirus-induced neurological disease (Dickey
et al. 2016). In fact, a number of studies have demonstrated
that T cell responses are impaired in the absence of miR-155
during infection with some neurotropic viruses (Bhela et al.
2014; Bhela et al. 2015; Dickey et al. 2016; Dickey et al.
2017). Recently, induction of miR-155 was associated to
HSV1 acute encephalitis in a mouse model (Majer et al.
2017). Considering the finding described for HSV1 encepha-
litis (Shivkumar et al. BbEba et al. 2014; Grey 2015;
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Sorel and Dewals 2016; Majer etal. 2017), it would be worth
to investigate miRNA expression in the CNS during BHV5
infection.

Inthis study, we investigated TLRs 3, 7, and 9 transcription
associated with the distribution of BHV5 antigens and ge-
nome in OB portions/layers of cattle naturally infected with
BHVS5. In addition, expression of host miR-155 was also ex-
amined. The results were compared in order to describe a
possible participation of these components in the
pathogenesis/immune response in natural BHV5 acute
infections.

Materials and methods
Olfactory bulb samples

Brains of 16 cattle with positive diagnosis of acute BHV5
neurological disease (Cardoso et al. 2016b) and from eight
healthy cattle were obtained from routine pathological diag-
nostics at the Laboratory of Animal Virology of University of
S&o Paulo state, Brazil. The brain samples were selected from
38 cattle reported previously (Cardoso et al. 2016b) based on
OB anatomical preservation. All applicable institutional
guidelines for the care and use of animals were followed
(CEEA2015/09765). Thewholebrainwas carefullyremoved,
sectioned into two halves and the olfactory bulbs (OB) were
gently removed to preserve the anatomical and histological
structures. Two fragments of approximately 8.5 mm were col-
lected from each OB (Fig. 1) and stored in RNA later®-1CE
(Ambien®, Life Technologies™, Carlsbad, CA, USA) at
- 86 °C for molecular analysis, and immersed in 10% forma-
lin for immunofluorescence in histological sections (Marin
et al. 2015; Vogel et al. 2003).

BHVS5 antigen detection in OBs

Briefly, OB histological slides (infected and controls) pre-
pared as described previously (Cardoso et al. 2016b) were
hydrated for 15 min followed by incubation overnightat 4
°C with 1:50 diluted monoclonal antibody to BHV5
(BHV52F9) (Goldoni et al. 2004) and 1:100 diluted N200
monoclonal antibody (Sigma-Aldrich®) produced against
neurofilament. After three washes, slides were incubated with
the respective goat secondary antibody (1:100) anti-mouse
FITC (Sigma-Aldrich®) and nuclear staining was performed
with 1 mg/ml of DAPI (4'-6-diamino-2-phenylindole; Sigma-
Aldrich®) was diluted in Fluormount™ aqueous medium.
The images were collected under an Axiolmager® A.1 light
and an ultraviolet (UV) microscope connected to an
AxioCam®MRc (Carl Zeiss, Oberkochen, Germany). The
images were processed using AxioVision® 4.8 software
(Carl Zeiss) for viral antigen detection and neuron cells.
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examined in this study: olfactory receptor neurons (ORNS), glomerular
layer (GL), and mitral layer (ML)
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BHV5 DNA detection by quantitative real-time
polymerase chain reaction

Briefly, total DNA from each OB region and respective neg-
ative control was extracted using DNAzol™ according to
manufacturer’s instructions (Invitrogen®). An average of
100 ng of genomic DNA were used for quantitative real-time
polymerase chain reaction (qPCR) and BHV5 primers and
respective probes developed for glycol-C gene were usedas
described previously (Cardoso et al. 2016b). The data obtain-
ed from three replicates were carried out by qPCR reaction
and analyzed by the software on a StepOnePlus™ real time
instrument (Applied Biosystems®). Housekeeping Histone 2a
gene (H2A) was used for normalization and comparative
delta-delta Ct method applied to analyze the results (Livak
and Schmittgen 2001).

RNA extraction, RNA integrity and cDNA generation

OB samples stored at - 80 °C in RNAlater™ (Ambien,
Paisley, UK) were thawed on ice and RNA extracted using a
Trizol™ protocol according to manufacturer’s instructions

(Invitrogen®) with a DNase digestion step to remove contam-
inating genomic DNA using TurboDNase™ (Ambien,
Paisley, UK). RNA concentration was determined using the
Nanodrop™ ND-2000 spectrophotometer (Thermo-
Scientific, Wilmington, DE, USA) and samples were diluted
in nuclease-free water appropriately to give a final concentra-
tion of 40 ng/pL per sample. The RNA integrity was deter-
mined using an Agilent 2100 Bioanalyzer™ (Agilent
Technologies, Waldbronn, Germany). All samples included
in this study had an RNA Integrity Number (RIN) value in
excess of six. cDNA was generated using an Enhanced
Avian™ RT First Strand Synthesis Kit (Sigma-Aldrich®),
aliquoted and stored at - 20 °C.

Molecular quantification of miR-155 and Toll-like
receptors 3, 7, and 9

The gPCR was applied in order to quantify TLR 3, 7, and 9
genes using a single tube assay from 100 ng of cDNA pre-
pared. Both TagMan™ FAM-MGB primersand probes: TLR3
Bt03210267_m1 (cat#4351372), TLR7 Bt03225261_s1 (cat
#4351373), and TLR9 Bt03224812_m1 (cat # 4331182). The
expression of the housekeeping Histone 2a gene was also
quantified in a similar way as viral DNA. The gPCR reaction
was conducted as described previously (Cardoso et al.
2016b).The same amount of cDNA applied on TLR3, 7, and
9 transcription was used to detect sequence mature of bta-
miR-155 (cat#25576) and amplification was performed using
Advanced miRNA Assay™ (Applied Biosystems®). All re-
actions were carried out and analyzed as described for BHV5
DNA detection.

Statistical analysis

All experiments were performed at least in duplicate.
Descriptive statistics included the mean + standard deviation
(s.d.). A p value < 0.005 was considered significant. All sta-
tistical analyses were performed using Prism software
(GraphPad® v.6, CA, USA). Gene expression values were
transformed in logs and correlations were evaluated with
Spearman correlation coefficient. The differences between
various groups were examined for a significance using the
non-parametric Mann-Whitney U test.

Results

BHV5 antigens and genome detection

The control samples, represented by OBs obtained from
healthy animals, were included to elucidate the histology of

each studied area, ORNs, GL, and ML (Fig. 2a—c, respective-
ly). The distribution of BHV5 antigens in ONRs, GL, and ML
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Fig.2 Analysis of negative samples showed OBs, divided into a ORNSs,
b GL, and ¢ ML stained with N200 monoclonal antibody whereas OE-
olfactoryepithelium, olfactory receptor neurons, and GL-glomerular lay-
erarerepresented, respectively. The photomicrography isarepresentative
for all negative OBs analyzed. BHV5 antigen visualization by immuno-
fluorescence performed using monoclonal antibody (BHV5 2F9) against
BHV 5 (green) followed by DAPI (blue) counterstain. The photomicrog-
raphy is a representative for all positive 16 OBs, divided into d ORNSs, e
GL, and f ML analyzed. The arrows indicate positive label for BHV5 and
boxed areas represent viral antigens, x100 magnification. The negative
OB samples are illustrated g ORNSs, h GL, and i ML, respectively

regions is illustrated in Fig. 2d—f, respectively. The ONRs
showed positive fluorescence in olfactory neurons and glo-
merular layer showed by boxed areas (Fig. 2d, e,
respectively). The ML revealed positive BHV5 antigens not
associated with mitral cells (Fig. 2f). After labeled with
BHV52F9 monoclonal control, OBs did not show any posi-
tive signal for viral antigens in ONRs, GL, and ML regions
(Fig. 2g—i). Detection of BHV5 in the OBs reinforces the role
of the olfactory pathway as a route for BHV5 neuroinvasion.
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These findings correlated with the distribution of BHV5 ge-
nome, since all OBs regions were positive for glyco-C BHV5
expression (Fig. 3a).

TLR3, TLR7,and TLR9 expressionassociated to miR-155
transcription

Despite viral expression detected in all OBs regions, only
ORNs and ML regions showed TLR3, 7, and 9 upregulation
(Fig. 3b). Moreover, only TLR3 was upregulated in GL, while
TLR7 and 9 were downregulated. No positive results were
observed among control samples. In regard to miR-155 ex-
pression, only TLR3 correlated positively in ORNSs, r =0.92
(Fig. 4a). No correlation was observed between TLR and
miR-155 expression in GL region (Fig. 4b). However, the
highest correlation between the same parameter was found
in ML, whereas r > 0.90 was observed in all OBs regions
(Fig. 4c).

Discussion

Toll-like receptors (TLRs) play an important role in host de-
fense against pathogens, including viruses. Among these,
TLR3, TLR7, and TLR9 are involved in antiviral responses
through cytokine activation, such asthe type-1 IFNs (Xagorari
and Chlichlia 2008). Studies focusing on the interaction be-
tween BHV5 and TLRs in the CNS are scarce (Marin et al.
2015). The results presented in the present study provide new
information on the regulation of TLR3, TLR7, and TLR9 in
ORNs, GL, and ML of OBs by association of their expression
with miR-155 transcription. Taken together, these data indi-
cate that BHVS5 infection may result in a differential expres-
sion of TLRs in neural tissues. Basically, TLR3 showed cor-
relation with miR-155 transcription in ORNs, and all studied
TLRs were positively correlated with miR-155 transcription
in ML.

The olfactory mucosa is an external barrier of the nasal
cavity in human and animals (Mori et al. 2004; van Riel et
al. 2015 ; Winkler et al. 2015). The olfactory
neuroepithelium consists of a limited number of cell types,
including ORN (Winkler et al. 2015). The course of neuro-
tropic virus infection may include a latent phase in the OBs
and neuroepithelium, representing potential for virusreactiva-
tion (Mori etal. 2004). For example, HSV1 established latent
infection in the murine OBs after experimental infection
(Shivkumar et al. 2013) and Equine herpesvirus type 1
(EHV1) remained latent in mitral cells after experimental in-
fection of mice (Morietal. 2004). Moreover, after experimen-
tal inoculation of rabbits, BHV5 is transported retrogradely
from the nasal cavity and may be found in the OBs and limbic
system (Ludlow etal. 2016). These findings are inagreement,
to what has been described in the present study. Nonetheless,
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detection/localization of BHV5 antigens in ORNs and GL of
OBs regions has not been described previously.

Despite the fact that TLR9 was the only receptor affected
by viral infection, and only animals acutely infected showed
high levels of TLR9 transcription, olfactory cortices were not
the main brain region of TLR9 detection (Marin et al. 2015).
These findings contrast our results, in which, in addition to
OBs, ORNs, and ML regions also presented upregulation of
TLRs. Moreover, BHV5 antigens and genomes were also de-
tected in ORNs and GL regions.

In fact, it has been described that olfactory nerve acts as a
shortcut for influenza and other viruses into the CNS (Van
Riel et al. 2015) and the neuroepithelium for HSV 1 invasion
(Shivkumar et al. 2013). Moreover, defects in TLR3-
interferon (IFN) and IFN-responsive pathways were shown
to facilitate HSV encephalitis (Verma and Bharti 2017).
Therefore, TLR3-mediate immune response in CNS infection
should be considered an important pathway to control
neuroinvasion (Verma and Bharti 2017). In addition, capil-
laries in the OBs were shown to be susceptible to virus-
induced vascular leak and to facilitate neuroinvasion
(Winkler et al. 2015). Recently, a novel role for miR-155 in
host defense in a model of viral-induced encephalomyelitis
has been supported, by enhancing antiviral T cell responses
including cytokine secretion, cytolytic activity, and homing to
the CNS in response to coronavirus infection (Dickey et al.
2016). In conclusion, miR-155 may play either a host-

Il infected

ORNs GL MCL

E= control

protective or damaging role during neuroinflammation, de-
pending on the disease trigger (Pareek et al. 2004).
Interestingly, BHV5 has been shown to encode different
microRNAs when compared with BHV1, which could help
to explain the differences in cell/tissue tropism (Tang Qi et al.
2014). Taking our results together, we can speculate that
ORNs could be the target cells for BHV5 neuroinvasion dur-
ing natural infections. In, the HSV1 system, it was established
apossible link between miR-155 overexpression and suscep-
tibility of the CNS to virus infection (Bhela et al. 2014) in
accordance to what has been proposed in the present study.
Inaddition, induction of miR-155hasbeenrecentlyassociated
with HSV 1 acute encephalitis ina mouse model (Majer et al.
2017).

The CNS changes observed during BHV5 infection are
composed by an increase of lymphocyte migration during
acute, late, or reactivation phases (Cardoso et al. 2016b;
Perez et al. 2006). However, the neuropathogenesis of
BHV5 neurological disease is not completely understood.
Recently, a pro-inflammatory cytokines profile has been dem-
onstrated and an association with CD3+ T cells was
established mainly in the OBs (Cardoso et al. 2016b). This
could help to understand the high levels of miR-155 transcrip-
tion in this study, since an association of miR-155 with the
immune response has been described for another
alphaherpesviruses (Bhela et al. 2014). The importance of
miR-155 immune properties has been described in mice
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Fig. 4 Correlation between TRL3, TLR7, TLR9, and miR-155 expression ina ORNSs, b GL, and ¢ ML from bovine olfactory bulbs naturally infected

with BHV5. The correlation coefficient (r) was calculated according to the Spearman analysis and p < 0.005 was considered significant

infected with a recombinant influenza virus encoding miR-
155 in the NS gene segment, resulting in expansion of CD8+
T cells and production of high levels of neutralizing
antibodies (lzzard et al. 2017).

In summary, the overall results obtained in this work sug-
gest that BHV5 is able to regulate the innate immunity by the
TLR pathways associated to miR-155 expression in ORNs
and ML. These preliminary results can be useful for further
studies focusing on the innate immunity against BHV5 neu-
rological infection under in vitro conditions.
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