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RESUMO

E sabido que alguns patégenos podem desencadear o processo de
apoptose em determinadas células do organismo, entretanto, o BHV-5 inibe a
apoptose em embrides bovinos com sete dias de desenvolvimento. Por esta
razdo, o objetivo deste trabalho foi investigar a interagdo virus-embrido no
mecanismo de morte celular programada. Odcitos bovinos foram divididos em
dois grupos, sendo: | (controle) e Il (exposto ao BHV-5). Apos 24 horas de
maturacéo in vitro, 100 odcitos de cada grupo foram desnudados e observados
em microscopio invertido para verificagdo da extrusdo do primeiro corpusculo
polar, sendo o restante dos odcitos incubados com espermatozoides, por 18 a
20 horas, para que ocorresse 0 processo de fertilizagdo in vitro. Transcorrido
este periodo, os provaveis zigotos foram desnudados e transferidos para gotas
contendo meio de cultivo (mMSOF), até o dia sete pdés-inseminagdo. Os
embrides produzidos in vitro foram submetidos a técnica de PCR em tempo
real para pesquisa do BHV-5 e analise da transcricdo dos genes Mcl-1, Bax,
caspase-2, -3 e Apaf-1 relacionados a apoptose, além do teste de MTT ((3-[4,5-
dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium bromide)), para avaliacdo da
atividade mitocondrial. A analise estatistica para a taxa de maturacdo nuclear
dos odcitos foi feita pelo teste de y?. A producdo in vitro de embrides, MTT e
transcricdo génica foi avaliada pelo teste t ndo pareado. Observou-se que o
BHV-5 nao interferiu na taxa de maturacdo nuclear dos od6citos e no
desenvolvimento embrionario, entretanto os embriées do grupo | apresentaram
maior viabilidade mitocondrial e os embrides do grupo Il tiveram a expressao
dos genes Bax e caspase-2 diminuidos, comprovando que o virus inibiu o
processo de morte celular programada nos embridées bovinos sete dias pos-

inseminacao, a fim de favorecer a disseminacéo viral.

Palavras-Chave: apoptose, MTT, odcitos, gPCR e virus



ABSTRACT

It is known that some pathogens can initiate apoptosis in certain cells of
the organism, however, BHV-5 inhibits apoptosis in bovine embryos after seven
days of development. Therefore, the aim was to investigate the interaction
virus-embryo in the mechanism of programmed cell death. Bovine oocytes were
divided into two groups: | (control) and Il (exposed to BHV-5). After 24 hours of
in vitro maturation, 100 oocytes of each group were denuded and observed
under inverted microscope to check the extrusion of the first polar body, and the
other oocytes were incubated with spermatozoa for 18 to 20 hours, for in vitro
fertilization. After this period, presumptive zygotes were denuded and
transferred to drops containing culture medium (mSOF), until day seven post-
fertilization. In vitro produced embryos were submitted to real time PCR to
evaluated the presence of BHV-5 and expression of Mcl-1, Bax, caspase-2, -3
and Apaf-1 related to apoptosis, also the MTT assay ((3 - [4,5-dimethylthiazol -
2-yl] -2,5-diphenyl tetrazolium bromide)) was performed for the evaluation of
mitochondrial activity. Statistical analysis for nuclear maturation of oocytes was
performed by y? test. In vitro embryo production, MTT and gene expression
were analyzed by unpaired t test. It was observed that BHV-5 did not influence
nuclear maturation rate of oocytes or embryonic development, however
embryos of group | showed greater mitochondrial viability, and embryos of
group Il had a decrease in genes expression of Bax and caspase-2, suggesting
that the virus inhibited the process of programmed cell death in bovine embryos

seven days post-fertilization, in order to promote viral spread.

Keywords: apoptosis, MTT, oocytes, gPCR and virus
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1. Exposicdo experimental de o6citos ao BHV-5 e producéo in vitro de
embrides bovinos

Diversas biotécnicas ligadas a reproducdo animal tém sido
desenvolvidas e aprimoradas, a fim de aumentar a eficiéncia reprodutiva e,
consequentemente, maximizar a producdo de animais geneticamente
superiores, visando o aproveitamento deste material genético para obtencao do
maior nimero de descendentes em um curto periodo de tempo (RENESTO,
2004).

Dentre as principais biotécnicas reprodutivas adotadas no Brasil,
destaca-se, inicialmente, o emprego da inseminagéo artificial (I1A) (AX et al.,
2000), sendo a primeira biotecnologia adotada no sistema de producéo
pecuario brasileiro, seguida da introducdo de esquemas de ovulacfes
multiplas, recuperacdo e transferéncia de embribes (TE), conhecida como
“Multiple Ovulation and Embryo Transfer” (MOET), associada a criopreservacao
de embribes na década de 80, a qual possibilitou a bovinocultura aumentar o
namero de gestacdes provenientes de fémeas de alto mérito genético,
multiplicando em mais de trés vezes o niumero de descendentes na sua vida
reprodutiva (BOLS et al., 1997; RODRIGUES, 2001).

A producgdo in vitro de embrides (PIVE) foi considerada a terceira
geracado de biotecnologia aplicada ao melhoramento genético, apés alAe a TE
(BOLS et al., 1997; SENEDA et al., 2002). Desenvolveu-se, inicialmente, como
uma ferramenta de pesquisa, porém no inicio da década de 90, com a
incorporacdo da técnica de puncéao folicular in vivo (OPU — “Ovum Pick Up”)
tornou-se possivel a recuperacao de oocitos diretamente de animais vivos, e a
aplicacdo comercial da tecnologia avancou notavelmente (PIETERSE et al.,
1991). Passou a ser utilizada para acelerar a producdo de animais
geneticamente superiores e para impedir o descarte precoce de fémeas
portadoras de alteragbes adquiridas ou congénitas que impossibilitam a
fecundacdo (GONCALVES et al., 2007).

Na bovinocultura brasileira, essas tecnologias também vém sendo

amplamente utilizadas e adaptadas ao nosso sistema de producéo e, ao longo
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da sua evolucédo, tém revelado bons indices reprodutivos, confirmando serem
um procedimento economicamente viavel (RENESTO, 2004).

A aplicacdo de biotecnologias ligadas a reproducdo animal contribuiu
para que o pais fosse classificado como o segundo maior detentor do rebanho
comercial de bovinos do mundo, e o maior exportador mundial de carne bovina
(ANUALPEC, 2012), e ainda, ganhou uma condicdo de destaque dentro do
contexto internacional relativo a producdo in vitro de embrides bovinos
(THIBIER, 2002; FIGUEIREDO; GONCALVES; VISINTIN, 2008).

Com o aumento da comercializacdo de embrides, houve a preocupacao
com o aspecto sanitario dos mesmos. Varios métodos de prevencdo sdo
utilizados para se obter embrides livres de patdgenos especificos, controlando
a sanidade desde a doadora até a receptora, além de tratamentos nos
embrides para torna-los livre de patdgenos. No entanto, as biotécnicas
representam um desafio para o controle da transmissdo de patégenos, pois a
manipulacdo excessiva do material, a exposicdo ao ambiente externo,
mudancas no ambiente de cultivo, uso de meios contendo produtos de origem
animal e outras variaveis proporcionam um maior risco de contaminacdo e
disseminacao de patdgenos (STRINGFELLOW; GIVENS; WALDROP, 2004).

A Sociedade Internacional de Transferéncia de Embribes (IETS)
apresentou dados de 2008, mostrando que aproximadamente 800.000
embrides bovinos foram transferidos para receptoras em todo o mundo, sendo
dois tercos produzidos in vivo e um terco in vitro, ou seja, 0 uso de embrides
tornou-se largamente aceito como um meio seguro, eficiente e pratico para o
deslocamento de germoplasma. Entretanto, os procedimentos de TE e PIVE
podem facilitar a disseminacdo de alguns patdégenos, os quais podem ser
transmitidos ocasionalmente pelo sémen ou embrides (GARD et al., 2007).
Portanto, o aspecto sanitario destes passou a ser uma preocupacao crescente.

O primeiro virus considerado pela IETS (1998) como de ocorréncia em
oocitos e embrides de zona pellcida intacta, foi o virus da diarréia viral bovina
(BVDV). Dentre o grande numero de embrides bovinos, oriundos de TE, que

sao transferidos anualmente, em todo o mundo, somente dois investigadores
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demonstraram a transmissdao do BVDV através desta técnica (LINDBERG et
al., 2000; DREW et al., 2002), constatando a escassez de literatura sobre o
assunto. Em ambos os relatos, o uso de soro fetal bovino (SFB) contaminado
foi mencionado como possivel origem do virus.

Xia et al. (2011) identificou BVDV e outros pestivirus bovinos e Van
Wagtendonk-de Leeuw et al. (2000) mencionou a presengca do BHV-1 nos
componentes de origem animal utilizados na PIVE. Além disso, nos ultimos
anos foi demonstrado que o BHV-1 pode estar presente no material utilizado no
sistema de producao in vitro de embrides bovinos (VANROOSE et al., 1999),
ou seja, no liquido folicular, associado as células epiteliais do oviduto
(BIELANSKI et al., 1993; D’ANGELO et al., 2009), e no sémen de touros
infectados (ROCHA et al., 1998; VAN WAGTENDONK-DE LEEUW et al., 2000;
MUYLKENS et al.,, 2007; WRENZYCKI et al.,, 2007). Portanto, o risco de
transmissdo de patégenos durante o procedimento de PIVE deve ser
considerado, uma vez que 0 virus pode estar presente em animais
aparentemente saudaveis.

O Herpesvirus bovino é um patdbgeno que acomete comumente a
espécie bovina. Existem trés tipos conhecidos de Herpesvirus bovino (BHV-1, 4
e 5), que estdo associados a disturbios reprodutivos (SMITH, 1997). O BHV-1 é
0 mais investigado, tendo grande impacto econémico na pecuaria (MUYLKENS
et al., 2007; WRATHALL et al., 2006). Sua ocorréncia foi relacionada a
rinotraqueite infecciosa bovina, endometrite, aborto, vulvovaginite pustulosa
infecciosa, balanopostite e a infeccdo sistémica em neonatos. Animais
acometidos que sobrevivem ao Herpesvirus e nao apresentam sintomas
clinicos da doencga, albergam o virus de forma latente nos ganglios sensoriais
do sistema nervoso (WRATHALL et al., 2006).

Pesquisadores tém identificado a presenca do BHV-1 no sémen de
touros, sendo este infectado no momento da ejaculacéo, pelo virus presente na
mucosa do prepucio (WRATHALL et al., 2006). Contudo, a grande
preocupacdo é que existe uma tendéncia do virus se ligar a membrana

plasmatica do espermatozoide, inibindo sua habilidade em fecundar o odcito.
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N&o ha relatos de que os espermatozoides infectados possam penetrar através
da zona peldcida e, desta forma, levar contaminagdo aos embribes
(WRATHALL et al. 2006). O unico risco plausivel é de que espermatozoides
normais em sémen infectado com BHV-1 possam fecundar os odcitos, podendo
0 virus ser carreado passivamente através da zona pellcida. Risco este
comprovado por Silva-Frade et al. (2010a) em estudo realizado com BHV-5.

O BHV-1 pode estar presente no soro (KNIAZEFF et al., 1975), fluido
folicular (STRINGFELLOW e GIVENS, 2000a) ou células da granulosa de
odcitos bovinos (BIELANSK et al., 1997), assim como nas células do oviduto
(GIVENS et al., 2002) e no sémen de touros infectados (ROCHA et al., 1998,
WRATHALL et al., 2006), indicando que animais infectados tém potencial
chance de transmitir o virus (BIELANSK e DUBUC, 1994).

Estes relatos servem para destacar a necessidade de considerar o
material de origem animal empregado na PIVE e TE, bem como a saude do
touro, da doadora, dos embrides e receptoras quando se deseja produzir
embrides livres de patdgenos, necessitando de analise prévia, através de
técnicas de isolamento viral, a fim de excluir a possibilidade de infec¢édo para
0s embrides.

A PIVE de bovinos requer que o sistema e seus componentes estejam
livres de patdgenos especificos e suportem alto desenvolvimento embrionario
com resultados repetiveis. O uso de macromoléculas nao proteicas,
especialmente o alcool polivinilico (PVA), tem sido discutido, a fim de eliminar o
uso de produtos de origem animal nos meios de cultura in vitro de embrides, 0s
quais apresentam grande risco sanitario (SILVA, 2005). Segundo Seidel et al.
(1990) e Nowshari e Brem (2000) o PVA pode substituir o SFB nos protocolos
de PIVE.

Além do BHV-1 existe a possibilidade de o BHV-5 ser encontrado em
odcitos, sémen e embrides, devido a grande similaridade gendmica deste com
o BHV-1, observada por Abdelmagid et al. (1995) e Engelhardt e Keil (1996).
Ambos sdo membros da familia Herpesviridae e subfamilia Alphaherpesvirinae

(RISSI et al., 2007), sendo considerados virus neurotropicos que estabelecem
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laténcia no ganglio trigémeo (CHOWDHURY et al., 2000a,b). Assim, apesar
das escassas informag@es disponiveis a respeito do BHV-5, relacionado com o
sistema reprodutivo, supde-se que, apdés a reativacdo e replicacdo viral, o
mesmo possa causar disturbios reprodutivos em bovinos.

O BHV-5 é o0 agente causador da segunda doenca infecciosa cerebral
mais importante, denominada de encefalite herpética, a qual afeta rebanhos
bovinos na América Latina. O virus é caracterizado por uma rapida replicacao
litica em cultura de células e, como o BHV-1, estabelece laténcia nos ganglios
sensoriais do sistema nervoso do hospedeiro (RISSI et al., 2007). Desta forma,
€ possivel que o virus, ap0s a reativacao viral, tenha tropismo pelo aparelho
genital, levando a comprometimentos na esfera reprodutiva, assim como
observado para o BHV-1.

A infeccdo causada pelo BHV-5 foi descrita na Argentina (CARILLO et
al., 1983), Brasil (WEIBLEIN et al., 1989), Austrdlia (STUDDERT, 1989),
Estados Unidos (D’OFFAY et al., 1993) e Hungria (ABDELMAGID et al., 1995).
O BHV-5 foi classificado como a segunda maior causa de encefalite letal em
bovinos (SANCHES et al., 2000), com tendéncia a ser reativado da laténcia,
apos uma situacdo de estresse, incluindo infecgBes por outros agentes
(OSORIO, 1998; TIKOO et al., 1995). O virus induz a liberac&o de interleucina-
6 (IL-6), levando, consequentemente, a distlrbios na homeostasia do sistema
imunolégico e a imunossupressao (GOSSELIN et al., 1992)

Segundo Silva-Frade et al. (2010a) odcitos, espermatozoides e embrides
bovinos foram susceptiveis a exposicdo ao BHV-5. Diversos autores relataram
a deteccdo do BHV-1 no sémen bovino, através do emprego de técnicas de
PCR (DEKA ET AL., 2005; OLIVEIRA et al., 2011; RANA et al., 2011), mas, a
deteccdo do BHV-5 foi descrita pela primeira vez por Gomes et al. (2003).
Schudel et al. (1986) isolou o0 BHV-5 de fetos abortados e Esteves et al. (2003)
isolou o BHV-5 do sémen de touros assintomaticos. Alguns autores tém
relatado a presenca do BHV-1 em amostras de sémen de touros soronegativos
(PARSONSON e SNOWDON, 1975; KUPFERSCHMIED et al., 1986). Segundo
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Gomes et al. (2003) ndo ha correlacdo entre o titulo de anticorpos e a excre¢ao
de BHV-5 no sémen.

Nussbaum et al. (1993) concluiram que espermatozoides podem
facilmente servir como carreadores de genes virais, especialmente de virus
envelopados como o0 Herpesvirus. Além disso, Bacceti et al. (1994)
demonstraram a existéncia de particulas virais em zigotos, as quais eram
morfologicamente similares as encontradas nos espermatozoides. Concluiram
que, o virus foi carreado pelo espermatozoide infectado para dentro dos odcitos
durante a fecundagao.

Vanroose et al. (2000) estudaram os poros externos da zona pellucida e
mostraram que estes sao largos o suficiente para permitir a entrada do BHV-1
(180 — 200 nm). Observaram também que, alguns zigotos fertilizados
apresentavam formacao de escavacdes e fissuras na zona pelGcida com a
dimensdo exata da cabeca espermatica, podendo proporcionar um ponto de
entrada para o virus na fecundacao, além de servir como um potencial local de
ligacdo para o virus. Nesta localidade o virus encontra-se protegido contra
eventuais medidas sanitarias, como por exemplo, lavagens e tratamento com
tripsina (KUBOVICOVA, 2008). Desta forma, o procedimento de lavagem com
tripsina preconizado pela IETS pode nado ser efetivo na remoc¢do do BHV-1
(BIELANSKI E DUBUC, 1993, 1994; BIELANSKI et al., 1997; STRINGFELLOW
e GIVENS, 2000b; D’ANGELO et al., 2002; EDENS et al., 2003; WALDRORP et
al., 2004; D’ANGELO et al.,, 2008), sugerindo uma interagdo entre virus e
embrido.

Segundo Gillespie et al. (1990), o BHV-1 adere ao embrido apdés
exposicao artificial, sendo assim o embrido pode funcionar como vetor na
transmissao de patogenos. Portanto, o risco de introduzir agentes infecciosos
na PIVE é evidente. Lavagens e tratamentos com tripsina sao utilizados de
maneira empirica e seguem o mesmo protocolo utilizado para os embribes
produzidos in vivo, mas eles ndo séo eficientes para os embrides produzidos in
vitro (STRINGFELLOW e GIVENS, 2000a), levando a reducdo na taxa de
prenhez, apés a TE (IETS, 1998).
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Como descrito por Bielanski no artigo 3 do manual da IETS (1998), os
embrides de PIVE apresentam maior susceptibilidade as infecgbes virais,
gquando comparados com os embrides produzidos in vivo. Bielanski et al.
(1997) concluiram que, comparado com o0s embrides obtidos in vivo, o0s
embrides PIV possuem uma maior tendéncia a carrear o BHV-1, apos
exposi¢do experimental ao virus, sendo mais dificil de remové-los por meio do
protocolo de tratamento com tripsina recomendado pela IETS (1998).

Guerin et al. (1990) estudaram o efeito do BHV-1 em grupos de odcitos
que foram expostos ao virus durante a maturacdo e fecundacdo. O virus
parece ndo ter efeito na maturagdo dos odbcitos, porém reduziu
significativamente a taxa de fecundacédo. Os autores concluiram que o BHV-1
nao somente foi adsorvido no gameta, como também prejudicou sua habilidade
de fecundar o odcito, possivelmente devido ao fato de alterar a penetracdo
espermética ou afetar o mecanismo de interacao intracelular de fuséo.

Segundo Bielanski e Dubuc (1994), a proporcdo de blastocistos
morfologicamente normais foi reduzida, quando estes foram produzidos no
sistema de PIVE infectado com BHV-1. Makarevich et al. (2007) observou
comprometimento no desenvolvimento embrionario pré-implantacdo, apdés
exposicdo ao BHV-1, concluindo que a viabilidade embrionaria pode ser
afetada em funcao do titulo viral.

Os embrides com zona pellcida intacta foram protegidos contra a
infeccdo, contudo, o0s blastocistos expandidos, expostos ao BHV-1,
expressaram antigenos virais em aproximadamente 13% de suas células e
tornaram-se degenerados (VANROOSE et al., 1996). Em outro estudo,
Vanroose et al. (1999) encontraram taxas de clivagem e de formacdo de
blastocistos significativamente reduzidas, ap0s a exposi¢cao ao virus, durante a
etapa de fecundacéo in vitro (FIV).

Vanroose et al. (2000) usaram espermatozoides previamente incubados
com BHV-1 na FIV, encontrando uma reducdo de até 60% no numero de
espermatozoides aderidos a zona pelicida, quando comparada ao grupo

controle (sem exposicao ao virus). Gomes et al. (2003) e Schudel et al. (1986)
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demonstraram que o BHV-5 também pode comprometer o aparelho reprodutor,
semelhante ao BHV-1.

Sendo assim, estudos com exposicdo de odcitos, espermatozoides e
embrides a diferentes tipos virais podem ajudar a elucidar os mecanismos
utilizados pelo virus para se propagarem nestas células, bem como verificar os

efeitos da interagcdo entre virus e gametas.

2. Conceitos sobre apoptose

O termo morte celular programada (MCP) foi introduzido em 1964,
propondo que a morte celular durante o desenvolvimento ndo € um acidente da
natureza, e sim, uma sequéncia de passos programados (LOCKSHIN e
WILLIAMS, 1964). Em 1972, Kerr, Wyllie e Currie sugeriram o termo apoptose
(do grego ap6 = separacdo, ptésis = queda) para indicar este tipo de morte
celular. A apoptose, ou morte celular programada, refere-se as caracteristicas
morfolégicas e bioquimicas do processo de eliminacdo celular (FABIAN;
KOPPEL; MADDOX-HYTTEL, 2005).

A apoptose é um processo fisiolégico ativo, em que ocorre a
condensacao da cromatina, reducdo do volume celular, perda da aderéncia
com a matriz extracelular e células vizinhas, fragmentacdo do DNA e formacéo
de vesiculas na membrana, denominadas de corpos apoptéticos, 0os quais sédo
rapidamente fagocitados por macréfagos e removidos sem que haja processo
inflamatério associado (SCHWARTZMAN E CIDLOWSKI, 1993; FABIAN;
KOPPEL e MADDOX-HYTTEL, 2005; GRIVICICH, REGNER e ROCHA, 2007)
(FIGURA 1).
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FIGURA 1. Representacdo esquematica da apoptose.

Durante muito tempo, a MCP foi considerada um processo passivo de
carater degenerativo, que ocorre em situacdes de lesdo celular, infeccdo e
auséncia de fatores de crescimento. Como consequéncia, a célula altera a
integridade da membrana plasmatica, diminui o seu volume e perde as suas
fungcbes metabolicas (YU e CHOI, 2000). Entretanto, nem todos os eventos de
morte celular sdo processos passivos. Organismos multicelulares sado capazes
de induzir a MCP como resposta a estimulos intra ou extracelulares
(HENGARTNER, 2000).

A apoptose envolve dois mecanismos: intrinseco (mitocondrial),
dependente da mitocbndria, sendo iniciada por sinais intracelulares pro-
apoptoticos, levando a liberagdo do citocromo c e ativagdo das caspases; e
extrinseco (citoplasmatica), no qual ocorre ligacéo receptor-ligante, levando a

ativacdo das caspases (FIGURA 2).
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FIGURA 2. Via intrinseca e extrinseca de ativacdo da apoptose.

Estudos envolvendo a participacdo de genes no controle da apoptose
iniciaram-se com o nematddio Caenorhabditis elegans (C. elegans). A morte
fisiologica nesses organismos € controlada, principalmente, por trés genes da
familia ced (“cell death abnormal”): ced-3, ced-4, ced-9, além de outras
proteinas (LIU e HENGARTNER, 1999). Nesses organismos, 0 gene supressor
da apoptose ced-9 (homdlogo ao gene humano Bcl-2) sempre esta associado
ao gene ced-4 (homologo a proteina humana fator de ativacdo de protease
associada a apoptose 1 - Apaf-1), o qual impede a ativacdo da ced-3 (gene
pré-apoptético). Quando a apoptose € iniciada, a proteina EGL-1 (homdloga a
proteina humana Bax) se associa ao ced-9, liberando o ced-4 e levando a
ativacdo do ced-3. Em humanos, o processo € muito semelhante ao que ocorre
com o C. elegans, ou seja, a proteina Bax se associa a Bcl-2, induzindo a
liberacdo da Apaf-1, ativando a caspase 9, desencadeando a apoptose
(HENGARTNER, 2000) (FIGURA 3).
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FIGURA 3. Comparacao dos genes envolvidos no processo de apoptose no

nematddio C. elegans e nos mamiferos.

A apoptose nos mamiferos tem um importante papel no controle da
qualidade do desenvolvimento embriondrio, uma vez que, através desse
mecanismo sdo eliminadas células danificadas, ndo funcionais e anormais
(revisado por PAULA-LOPES e HANSEN, 2002a,b; BETTS e MADAN, 2008).
A apoptose de células embrionarias pode ser uma resposta celular as
condi¢cdes subltimas de cultura e ao estresse, sendo que um aumento na
incidéncia de morte celular € um importante indicador de condicBes
inadequadas para o desenvolvimento do embrido (BETTS e KING, 2001).

Embora a apoptose pareca um processo de autodestruicdo iniciado
internamente, atualmente reconhece-se que a cascata de eventos
intracelulares que levam a eliminacdo celular, raramente ocorre em um
contexto estritamente enddégeno. Dentre as causas de apoptose em embrides
pré-implantados, podemos citar as anormalidades cromossdémicas e nucleares,

desequilibrio nos fatores de crescimento e hormdnios, exposicdo a agentes
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prejudiciais, tais como: espécies reativas de oxigénio (ERO), radiacdo
ultravioleta e choque térmico (PAULA-LOPES e HANSEN, 2002a,b; FABIAN;
KOPPEL e MADDOX-HYTTEL, 2005).

Segundo Tarazona et al. (2006), a competéncia do embrido para se
manter vivo até os primeiros estagios do desenvolvimento é dependente da
producdo de ATP pela mitocondria, sendo que embrides ndo competentes tém
baixa atividade mitocondrial e a clivagem é bloqueada antes da ativacdo do
genoma. Segundo Melka et al. (2010), a apoptose durante o inicio do
desenvolvimento embriondrio € considerada uma das causas de perdas
embrionérias.

Ha& um consenso de que em células somaticas ocorrem mais de 100.000
reparos no DNA por dia. Em embrides, durante as primeiras 24 horas,
imediatamente antes e ap6s a fase S, o numero de lesGes para serem
reparadas pode atingir facilmente este nudmero, especialmente se
considerarmos o genoma materno e paterno. Existem trés opcbes para a
célula, somatica ou embrionaria, as quais sao voltadas para os danos no DNA
(FIGURA 4): a primeira € ativar os passos da apoptose. Esta ativacdo leva a
morte celular (JURISICOVA E ACTON, 2004), a qual destruira uma ou mais
células e prejudicara a viabilidade celular. A segunda opcao € tolerar a leséo.
Esta opcdo pode levar a mutacdes e a eventual carcinogénese nas geracfes
futuras. A terceira opgéo, e melhor, é a reparacdo da lesdo (MENEZO et al.,
2010)
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FIGURA 4. Opc¢oes para os danos no DNA do embrido.

Segundo Crocco et al. (2011), as mitocdndrias conferem competéncia a
oocitos e embrides, e sdo, portanto, responsaveis por uma reproducao
adequada do individuo. Embora diferentes padrbes de distribuicdo e atividade
mitocondrial sejam descritos em diferentes estagios do desenvolvimento
embrionario bovino, este é um parametro importante para avaliar a potencial
competéncia de odécitos e embrides (TARAZONA et al., 2006).

A fim de melhorar a producéo in vitro de embrides, diferentes graus de
oocitos séo selecionados com base na morfologia das células do cumulus e do
ooplasma, havendo uma possivel relacdo entre a morfologia e o
desenvolvimento embrionario (LONERGAN et al., 1992; BRACKETT e
ZUELKE, 1993). Esses estudos demonstraram que o0citos com células do
cumulus compactas foram originados de foliculos saudaveis, enquanto que
oocitos sem células do cumulus ou expandidas foram originados de foliculos

com sinais de atresia. BLONDIN e SIRARD (1995) relataram que od0citos
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desnudos tém menor taxa de desenvolvimento, e diferem significativamente de
oocitos com células do cumulus compactas e citoplasma homogéneo. Esses
resultados confirmam os achados de YANG e RAJAMAHENDRAM (2002) em
gue odQcitos grau 4 tiveram maior avanco no processo de apoptose, quando
comparados com grau 1 (excelente qualidade), levando a formacdo de
embribes de ma e boa qualidade, respectivamente. Os pesquisadores
avaliaram a expressdo de Bcl-2 e Bax nos embrides bovinos, sendo possivel
concluir que em embrides saudaveis (boa qualidade) havia uma maior
expressdo de Bcl-2, ja a expressdo de Bax foi maior em embrides
fragmentados (ma qualidade), constatando que a apoptose € responsavel pela
degeneracdo de odcitos, fragmentacdo de embrides e esta diretamente
relacionada a perda embrionaria.

As mitocOndrias tém um comportamento particular durante o
desenvolvimento embrionario, sendo maternalmente transmitidas com infima
contribuicdo paterna, ndo havendo multiplicacdo das mesmas até a eclosdo
embrionaria. Manter um perfeito funcionamento das mitocdndrias de origem
materna € vital para o embrido, pois uma disfuncdo mitocondrial pode
comprometer o processo de desenvolvimento e/ou desencadear a apoptose do
embrido (JANSEN e DE BOER, 1998; DUMOLLARD, DUCHEN, CARROLL,
2007). O estresse celular ativa a mitocondria, provocando a despolarizacédo da
membrana e alterando a razdo entre as proteinas pro-apoptéticas e as
antiapoptoticas (HANSEN e FEAR, 2011).

A infec¢do viral geralmente resulta na alteracdo dos processos celulares
que podem desencadear a MCP pela via mitocondrial. A apoptose é um
importante mecanismo de defesa da célula hospedeira contra os agentes virais,
0S quais possuem estratégias para controla-la ou regula-la, maximizando a
producdo da progénie viral e permitindo a disseminacao viral para as células
vizinhas (HAY e KANNOURAKIS, 2002). O sucesso na replicacdo de muitos
virus depende da habilidade em prevenir a inducdo da apoptose pela via
mitocondrial (SCOTT, 2010). Nao € possivel estabelecer se a apoptose tem

uma consequéncia direta na replicacdo viral ou se € mediada por mecanismos
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indiretos, tais como a liberacdo de citocinas pré-apoptoticas (BORDI et al.,
2006). A manutencdo da respiragdo mitocondrial durante a infec¢édo é essencial
para garantir um aporte de ATP que viabilize a replicacdo viral, enquanto
concomitantemente, inibe a apoptose induzida pelo estresse oxidativo (TIEDE
et al., 2011).

A exposicdo experimental de gametas bovinos ao BHV-5 levou a
infeccdo de embrides bovinos produzidos in vitro sem interferir no
desenvolvimento embrionario (SILVA-FRADE et al.,, 2010a), suprimindo
algumas vias da apoptose. Ainda é desconhecido como o BHV-5 inibe a
apoptose ou induz disfuncdo mitocondrial em embrides bovinos expostos
experimentalmente (HAY e KANNOURAKIS, 2002; SILVA-FRADE et al., 2010
a, b).

Considerando a grande complexidade do processo de apoptose, e com
a finalidade de melhor elucida-lo na infeccao por BHV-5 em embrides bovinos,
foram utilizados cinco genes relacionados com a morte celular programada,

direta e indiretamente, sendo estes mencionados a seguir.

2.1. A mitocondria no processo da apoptose

Evidéncias experimentais indicam que a mitocéndria representa um alvo
preferencial e critico para a acdo de drogas e toxinas, bem como agentes
virais. Os efeitos sobre as mitocondrias podem ocorrer por mecanismos diretos
e indiretos, levando a disfungbes mitocondriais, tais como: alteragcdes no
transporte de elétrons e fosforilacdo oxidativa, na permeabilidade da membrana
mitocondrial interna, no transporte de célcio, no estado oxidativo, além de uma
série de outros eventos que levam a deplecdo de ATP (MINGATTO et al.,
1996; UYEMURA et al., 1997; PIGOSO et al., 1998; MINGATTO et al., 2000;
DORTA et al., 2003).

A mitocondria participa da manutencao de funcdes celulares vitais, tais
como: respiragdo celular e sintese de ATP, modulacdo do estado redox da
célula, regulacdo osmdtica, controle do pH, homeostasia do calcio no citosol e

sinalizacdo intracelular. Paradoxalmente, a mitocondria guarda no espaco
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intermembranoso substancias letais, capazes de deflagrar o processo de morte
celular, dentre as quais figura o citocromo c. Quando liberado da mitocondria, o
citocromo c¢ associa-se a duas proteinas presentes no citosol (Apaf-1 e a pro-
caspase-9) e na presenca de ATP, ativa a caspase-9. A caspase-9, por sua
vez, ativa a pro-caspase-3 e 7, as quais executam o processo de apoptose. A
caspase-3 pode amplificar a cascata de protedlise pela ativagdo da caspase-8
e pela clivagem da proteina antiapoptotica Bcl-2 que, normalmente, garante a
integridade da membrana mitocondrial (KAPLOWITZ, 2000).

Para a manutencdo da integridade celular é necessario que o0s
componentes pré-apoptoticos, presentes no interior da mitocéndria, ndo sejam
liberados para o citosol. Existe, na membrana mitocondrial interna, uma
estrutura proteica chamada poro de transicdo de permeabilidade mitocondrial,
que se mantém habitualmente fechada, assegurando a sobrevivéncia celular.

Uma das consequéncias da abertura do poro de permeabilidade € a
expansao da matriz mitocondrial devido a sua hiperosmolaridade. A membrana
mitocondrial interna, que apresenta varias pregas, pode acomodar 0 aumento
do volume da matriz, enquanto a membrana externa, que é esférica, se rompe,
liberando componentes pré-apoptoéticos, como o fator indutor da apoptose e o
citocromo ¢ (FIGURA 5). Outra consequéncia é a nova entrada de prétons na
matriz, causando colapso no potencial de membrana mitocondrial e
comprometendo a sintese de ATP (FELDMANN et al., 2000).
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FIGURA 5. Representacdo esquematica da mitocondria: membrana interna e

externa, cristas mitocondriais e matriz mitocondrial.

A abertura do poro de permeabilidade mitocondrial causa,
simultaneamente, ativacdo das caspases (potencialmente levando a apoptose)
e deplecéo de ATP (potencialmente causando necrose). Essa disputa entre a
ativacdo das caspases e a deplecdo de ATP ira orientar a morte celular, seja
por apoptose ou por necrose. A disputa pode ser vencida pelas caspases,
quando estas sdo diretamente ativadas pelos receptores da superficie celular
ou granzima B e, quando o poro de permeabilidade se abre em algumas
mitocdndrias, permitindo que as demais sintetizem ATP. Nestas circunstancias,
a célula entra no processo de apoptose. Por outro lado, se o poro de
permeabilidade é aberto rapidamente e a célula ndo pode obter energia
suficiente a partir da glicélise anaerdbia, a deplecdo do ATP impede que a
apoptose se instale (processo ativo que requer energia) e a célula morre por
necrose (PESSAYRE, et al., 1999).

A mitocéndria é importante para odécitos e embrides ndo somente para
sua competéncia, mas também para adequada divisdo celular. Durante o inicio

do desenvolvimento embrionario, as mitocondrias sdo todas maternas, uma vez
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que as paternas sao eliminadas quando o espermatozoide penetra no
ooplasma (JANSEN e BURTON, 2004).

O odocito primario contém aproximadamente 6.000 mitocondrias e
durante a maturacao citoplasmatica, o nimero aumenta para mais de 100.000
(CUMMINS, 2004). Nos odcitos, as mitocondrias sdo estruturas imaturas, com
formato arredondado ou ovalado, com poucas cristas e alguns vacuolos. Apés
a fertilizacdo e durante o inicio do desenvolvimento, as mitocéndrias maturam
formando novas cristas e podem, além disso, ser consideradas como uma
mistura, composta de varias populacfes de mitocondrias com diferentes niveis
de atividade e fase de maturacdo (BAVISTER E SQUIRRELL, 2000).

Segundo Lane e Gardner (1998), durante o inicio do desenvolvimento, a
competéncia dos embrides depende do ATP produzido pela mitocondria. Como
0s embrides nédo competentes tem menor atividade de mitocondria e sua
clivagem foi bloqueada antes da ativacdo do genoma (quatro células), isto
sugere o papel importante da mitocondria na producdo de energia para o
processo de ativacdo do genoma (TARAZONA et al., 2006) e,

consequentemente, para o desenvolvimento embrionario adequado.

2.2. Caspase-2 e -3

A apoptose pode ser deflagrada por estimulos externos, através de
receptores especificos na superficie celular, chamados receptores da morte, ou
por estimulos internos de estresse intracelular, tais como: lesdo do DNA ou
perturbacdes no ciclo celular ou nas vias metabdlicas. Essas diferentes vias
culminam com a ativacdo de proteases conhecidas como caspases, que
possuem papel fundamental no processo de morte celular (PAROLIN e
REASON, 2001).

As caspases (cysteine-dependent aspartate-specific  proteases)
pertencem a familia das cisteinas proteases, as quais tém a capacidade de
reconhecer e clivar substratos que possuam residuos de aspartato
(NICHOLSON e THORNBERRY, 1997), sendo essenciais no processo de

apoptose. Estdo presentes no citosol sob a forma de pré-enzimas inativas,

34



denominadas zimogénios (HENGARTNER, 2000), tornando-se ativas apos
clivagem proteolitica dos residuos do &cido aspértico (THOMPSON, 1999).

As caspases podem ser caracterizadas como iniciadoras ou efetoras da
cascata das caspases (THORNBERRY E LAZEBNIK, 1998). As iniciadoras
(caspase-2, 8, 9 e 10) clivam as caspases efetoras inativas, ativando-as. Sendo
assim, as efetoras (caspase-3, 6 e 7) desencadeiam 0 mecanismo de
apoptose, clivando substratos que sdo essenciais para funcdo e estrutura da
célula, levando a mudancas morfologicas e morte celular (KAPLOWITZ, 2000)
(FIGURA 6).

Mitocondria

Citocromo ¢

FIGURA 6. Cascata das caspases — ativadoras e efetoras.
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A pro-caspase-2 esta localizada na mitocondria e é liberada no citosol,
apos ativagdo por varios estimulos fisioldgicos e patoldgicos, ja a pro-caspase-
3 é uma proteina citosolica (EARNSHAW et al., 1999). A clivagem especifica
da caspase-2 esta relacionada com as caspases efetoras, tais como caspase-3
e 7 (ZHIVOTOVSKY e ORRENIUS, 2005). Robertson et al. (2002) e Lassus et
al. (2002), estudaram a supressdo da expressdo da caspase-2 através de
“knockout” em células de ratos usando RNA de interferéncia (RNAIi). Neste
experimento foi possivel evitar a morte celular pela ablagéo da caspase-2, além
de prevenir a translocacédo do Bax na mitocondria e a subsequente liberacéo do
citocromo ¢ por essa organela. Revisao feita por Zhivotovsky e Orrenius (2005)
indicou que a caspase-2 tem muitas propriedades distintas de outras caspases,
mas ainda ndo se sabe muito sobre seu o exato papel na regulacdo da morte
celular in vivo.

Uma vez ativada, a maioria das caspases tem a habilidade de catalisar a
ativacdo de multiplos outros membros dessa familia, resultando em
amplificacdo da cascata proteolitica. Contrariamente as proteases
armazenadas nos lisossomos ou ativadas no citosol pelo calcio, as quais
possuem espectro amplo de substratos inespecificos, as caspases tém
substratos bem restritos, o que lhes assegura seletividade e especificidade no
processo de protedlise. Tais substratos incluem proteinas envolvidas no reparo
de danos na replicacdo do DNA, no ciclo celular, na sinalizagdo de transducao
e na manutencdo da integridade da estrutura celular. O ataque a todos esses
alvos impede o reparo quando se rompe a estrutura do citoesqueleto e do

nacleo, levando a desestruturacéo celular (THOMPSON, 1999).

2.3. Mcl-1 e Bax

Um numero crescente de genes tem sido identificado como capazes de
influenciar o processo de apoptose. Entre eles, destaca-se a familia das
proteinas Bcl-2, que desempenha papel critico na regulacdo da apoptose em
condi¢cbes fisiologicas ou patologicas (BORNER, 2003). Pelo menos 15

membros dessa familia ja foram identificados nos mamiferos. Algumas dessas
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proteinas, como Bcl-2 e Bcl-XL, Bcl-w, Mcl-1 (BCL2L3) e Al séo
antiapoptoticas, enquanto outras, como a Bax, Bad e Bid sdo pré-apoptoéticas
(PATEL e GORES, 1998; HENGARTNER, 2000), as quais possuem sitios de
ligacdo na membrana mitocondrial externa (MURPHY et al., 2000).

O Bcl-2 é uma proteina localizada na membrana externa da mitocondria,
a qual previne a liberacdo do citocromo ¢ (YANG et al., 1997), sendo chamada
de regulador antiapoptotico. Uma vez liberada, o citocromo c, presente no
espaco existente entre a membrana mitocondrial interna e externa, forma um
complexo com o fator ativador da apoptose 1 (Apaf-1), levando a ativacao da
caspase-9, que ativa caspases efetoras (PAROLIN e REASON, 2001), além
disso a expressédo do Bcl-2 é capaz de inibir a geracdo de espécies reativas de
oxigénio e a acidificacao intracelular, bem como estabilizar o potencial de
membrana da mitocondria (VANDER HEIDEN e THOMPSON, 1999).

Trés funcbes tém sido descritas para essas proteinas: dimerizacéo,
atividade formadora de poro ou canal de ions, e ligacdo a outras proteinas. As
proteinas Bax e Bcl-2 sdo capazes de formar homodimeros (Bax-Bax e Bcl-2-
Bcl-2) e heterodimeros (Bax-Bcl-2), sendo que o equilibrio entre esses
homodimeros e heterodimeros pode definir o balanco pré-apoptético ou
antiapoptotico na célula (PETROS; OLEJNICZAK e FESIK, 2004). A formacéao
de heterodimeros entre proteinas agonistas e antagonistas, pode inibir a
apoptose pela neutralizacdo das agonistas ou promover a apoptose pelo
deslocamento de fatores pro-apoptéticos ligados a antagonistas, como por
exemplo, o Apaf-1(RICCI e ZONG, 2006).

Os principais antagonistas da apoptose, Bcl-2 e Bcl-X., localizam-se,
principalmente, na membrana mitocondrial (PATEL e GORES, 1998). Essas
proteinas sdo capazes de formar poros condutores de ions em membranas
sintéticas (THOMPSON, 1999). Acredita-se que um dos mecanismos, pelos
quais elas mantém a homeostasia celular, seja o de regulacdo da
permeabilidade das membranas nas quais se distribuem. Recentemente, foi
demonstrado que a Bcl-2 bloqueia a penetracdo nuclear de perfurina e

granzima, substancias liberadas pelos linfocitos T citotoxicos contra seus alvos
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e que podem ser ativadoras de caspases (GRIVICICH, REGNER E ROCHA,
2007).

Os membros pro-apoptoticos da familia Bcl-2 sdo normalmente
encontrados no citosol, e apds um estimulo de morte, o Bcl-2 inibe a
permeabilizagdo da membrana externa da mitocondria, pelo sequestro de Bax
ou por competir por sitios que seriam ocupados pelo Bax na membrana externa
mitocondrial (MURPHY et al.,, 2000). Este evento leva a alteracdo na
permeabilidade da membrana dessa organela, permitindo o extravasamento de
proteinas pré-apoptoticas, tais como o citocromo c, o fator indutor da apoptose,
DNAse e pro-caspases-2 e 9 (KERR, WYLLIE e CURRIE, 1972) (FIGURA 7).

Fonte: dominio publico
FIGURA 7. Alteracdes na permeabilidade da membrana mitocondrial levam a

liberacdo do citocromo c e desencadeiam o processo de apoptose.

2.4. Apaf-1
Como mencionado, estudos envolvendo a participacdo de genes no
controle da apoptose iniciaram-se com o nematédio Caenorhabditis elegans (C.

elegans). A morte fisiolégica nesses organismos é controlada, principalmente
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por trés genes da familia ced (“cell death abnormal”): ced-3, ced-4 e ced-9,
além de outras proteinas. Nesses organismos, 0 gene supressor de apoptose
ced-9 (homadlogo ao gene humano Bcl-2) sempre esta associado ao gene ced-4
(homélogo a proteina humana fator de ativacdo de protease associada a
apoptose 1 - Apaf-1), o que impede a ativacdo de ced-3 (pré-apoptética).
Quando a apoptose € iniciada, a proteina EGL-1 (homdloga a proteina humana
Bax) se associa ao ced-9, liberando o ced-4 e levando a ativacdo do ced-3
(FIGURA 8). Em humanos, o processo é muito semelhante ao que ocorre com
C. elegans, ou seja, a proteina Bax se associa a Bcl-2 induzindo a liberacdo do
citocromo ¢, o qual no citosol se liga ao Apaf-1 e a caspase-9, formando o
chamado apoptossomo, promovendo assim a clivagem da pré-caspase-9,
liberando a caspase-9, ativa (BUDIHARDJO et al., 1999) (FIGURA 9). Uma vez
ativada, a caspase-9 ativa a caspase-3 que vai ocasionar a apoptose
(RUPNARAIN et al., 2004; PETROS; OLEJNICZAK e FESIK, 2004).

C. elegans
CED-4
EGL-1 CED-9 CED-3
A — W — W =
BAX BCLXL APAF1
BCL2 CASP9
BID CASP3
Mammals

Fonte: dominio publico

FIGURA 8. Comparacédo dos genes envolvidos no processo de apoptose no

nematodio C. elegans e nos mamiferos.
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First stage of apoptosome formation

Recruitment of
procaspase-9

procaspase-9

Caspase Activation
Fonte: dominio publico

FIGURA 9. Formacao do apoptossomo.
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O presente estudo teve como objetivo geral investigar a interacao virus-
embrido no mecanismo de morte celular programada, apos infeccdo

experimental de odcitos bovinos com BHV-5.

Os objetivos especificos foram:
1. Verificar a taxa de maturacdo nuclear de odcitos in vitro, apds a infeccéo
experimental com BHV-5.
2. Analisar a viabilidade mitocondrial dos embribes bovinos produzidos, apos
infeccéo experimental com BHV-5 pelo teste de MTT.
3. Avaliar a producéo in vitro de embrides bovinos, apos infeccdo experimental
de odcitos com BHV-5.
4. Determinar a transcricdo dos genes Mcl-1, Bax, caspase-2, caspase-3 e

Apaf-1, relacionados a apoptose.
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RESUMO

E sabido que alguns patégenos podem desencadear o processo de
apoptose em determinadas células do organismo, entretanto, o BHV-5 inibe a
apoptose em embrides bovinos com sete dias de desenvolvimento. Por esta
razdo, o objetivo deste trabalho foi investigar a interacdo virus-embrido no
mecanismo de morte celular programada. Odcitos bovinos foram divididos em
dois grupos, sendo: | (controle) e Il (exposto ao BHV-5). ApGs 24 horas de
maturacéo in vitro, 100 odcitos de cada grupo foram desnudados e observados
em microscopio invertido para verificacdo da extrusdo do primeiro corpusculo
polar, sendo o restante dos o0citos incubados com espermatozoides, por 18 a
20 horas, para que ocorresse 0 processo de fertilizagdo in vitro. Transcorrido
este periodo, os provaveis zigotos foram desnudados e transferidos para gotas
contendo meio de cultivo (mMSOF), até o dia sete poés-inseminagdo. Os
embrides produzidos in vitro foram submetidos a técnica de PCR em tempo
real para pesquisa do BHV-5 e andlise da transcricdo dos genes Mcl-1, Bax,
caspase-2, -3 e Apaf-1 relacionados a apoptose, além do teste de MTT ((3-[4,5-
dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium bromide)), para avaliacdo da
atividade mitocondrial. A analise estatistica para a taxa de maturacdo nuclear
dos odcitos foi feita pelo teste de y2. A produco in vitro de embrides, MTT e
transcricdo génica foi avaliada pelo teste t ndo pareado. Observou-se que o
BHV-5 ndo interferiu na taxa de maturacdo nuclear dos o00citos e no
desenvolvimento embrionario, entretanto os embrides do grupo | apresentaram
maior viabilidade mitocondrial e os embrides do grupo Il tiveram a expressao
dos genes Bax e caspase-2 diminuidos, comprovando que o virus inibiu o
processo de morte celular programada nos embrifes bovinos sete dias pos-

inseminacao, a fim de favorecer a disseminacao viral.

Palavras-Chave: apoptose, MTT, odcitos, qPCR e virus
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ABSTRACT

It is known that some pathogens can initiate apoptosis in certain cells of
the organism, however, BHV-5 inhibits apoptosis in bovine embryos after seven
days of development. Therefore, the aim was to investigate the interaction
virus-embryo in the mechanism of programmed cell death. Bovine oocytes were
divided into two groups: | (control) and Il (exposed to BHV-5). After 24 hours of
in vitro maturation, 100 oocytes of each group were denuded and observed
under inverted microscope to check the extrusion of the first polar body, and the
other oocytes were incubated with spermatozoa for 18 to 20 hours, for in vitro
fertilization. After this period, presumptive zygotes were denuded and
transferred to drops containing culture medium (mSOF), until day seven post-
fertilization. In vitro produced embryos were submitted to real time PCR to
evaluated the presence of BHV-5 and expression of Mcl-1, Bax, caspase-2, -3
and Apaf-1 related to apoptosis, also the MTT assay ((3 - [4,5-dimethylthiazol -
2-yl] -2,5-diphenyl tetrazolium bromide)) was performed for the evaluation of
mitochondrial activity. Statistical analysis for nuclear maturation of oocytes was
performed by y? test. In vitro embryo production, MTT and gene expression
were analyzed by unpaired t test. It was observed that BHV-5 did not influence
nuclear maturation rate of oocytes or embryonic development, however
embryos of group | showed greater mitochondrial viability, and embryos of
group Il had a decrease in genes expression of Bax and caspase-2, suggesting
that the virus inhibited the process of programmed cell death in bovine embryos
seven days post-fertilization, in order to promote viral spread.

Keywords: apoptosis, MTT, oocytes, gPCR and virus
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1. INTRODUCAO

O Herpesvirus bovino é um patdégeno que acomete a espécie bovina,
podendo estar presente em animais aparentemente sadios. Existem trés tipos
conhecidos de Herpesvirus bovino (BHV-1, 4 e 5), os quais estdo associados a
distarbios reprodutivos (SMITH, 1997). O BHV-1 € o mais investigado, tendo
grande impacto econémico na pecuaria (MUYLKENS et al., 2007; WRATHALL
et al., 2006). Sua ocorréncia foi relacionada a rinotraqueite infecciosa bovina,
endometrite, aborto, vulvovaginite pustulosa infecciosa, balanopostite, e a
infeccdo sistémica em neonatos.

O BHV-5 e o BHV-1 sao alfa-Herpesvirus e apresentam 85% de
identidade gendomica (CHOWDHURY, 1995). Assim, apesar das escassas
informacdes disponiveis a respeito do BHV-5 relacionado com o sistema
reprodutivo, supde-se que, apOs a reativacdo e replicacdo viral, 0 mesmo
possa causar distarbios reprodutivos em bovinos. O BHV-5 é o0 agente
causador da segunda mais importante doenca infecciosa cerebral, denominada
de encefalite herpética, a qual afeta rebanhos bovinos na América Latina. O
virus é caracterizado por uma rapida replicacao litica em cultura de células e,
como o BHV-1, estabelece laténcia nos ganglios sensoriais do sistema nervoso
do hospedeiro (RISSI et al., 2007; WRATHALL et al.,, 2006). O BHV-5 foi
detectado no sémen bovino (GOMES et al., 2003; KIRKLAND et al., 2009) e
em fetos abortados, mas nenhum relato menciona sua presenca em gametas e
embrides bovinos. Silva-Frade et al. (2010a) realizou o primeiro estudo in vitro
com o BHV-5, expondo odcitos, espermatozoides e embrides bovinos ao virus,
concluindo que o BHV-5 infecta gametas e embrides bovinos, podendo ser
propagado durante o procedimento de fecundacdo e cultura in vitro, sem
apresentar prejuizo no numero de embrides produzidos in vitro.

Estes achados resultam em grande preocupacao sanitaria e comercial,
uma vez que machos que albergam o virus no estagio de laténcia podem

liberd-lo no sémen apos reativacdo viral, desencadeada por fatores
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estressantes (VAN WAGTENDONK-DE LEEUW et al., 2000), tais como:
transporte, vacinacao, variagdes de temperatura, entre outros. O virus replica
inicialmente na mucosa do prepucio, pénis e uretra. Desta forma, o virus
presente nas mucosas infectadas contamina o sémen no momento da
ejaculacdo (WRENZYCKI et al., 2007). Odcitos e embrides também podem ser
infectados pelo BHV-5 através dos componentes de origem animal presentes
nos meios utilizados para producédo in vitro de embrides bovino (VAN
WAGTENDONK-DE LEEUW et al.,, 2000). Segundo Cardoso et al., 2005 e
Makoschey et al., 2002 o soro fetal bovino (SFB), comumente utilizado na
PIVE, pode ser responsavel por carrear fungos, bactérias e virus para o
sistema.

A infeccdo viral geralmente resulta em alteracdo no processo de morte
celular programada, pela via mitocondrial, estimulando ou inibindo genes
relacionados a apoptose, favorecendo a replicacdo e disseminacao viral (HAY
e KANNOURAKIS, 2002). A apoptose pode também servir como uma resposta
celular inata a infeccéo, a qual limita o tempo e a maquinaria celular disponivel
para a replicacao do virus (VAUX et al, 1994).

As caracteristicas tipicas de células apoptéticas incluem alteracbes
celulares, morfologicas e bioquimicas, tais como condensagcdo da cromatina,
exposicao da fosfatidilserina (PS), retracdo citoplasmatica, invaginacdo da
membrana, fragmentacdo do DNA e ativacdo da caspase (HAY e
KANNOURAKIS, 2002). Muitos dos principais eventos bioquimicos que
ocorrem durante a apoptose sao mediados por proteases (KIDD et al., 2000),
as mais importantes delas sdo as caspases (proteases cisteina dependentes
de especifico aspartato).

A apoptose é iniciada por mecanismos extrinsecos ou intrinsecos. O
desencadeamento extrinseco da apoptose ocorre apds a ligagdo dos
receptores de morte com o fator de necrose tumoral (TNF), ligante Fas (FasL) e
TNF relacionado com ligantes indutores da apoptose (TRAIL). A ligacdo do
receptor TNF resulta na formacéo do complexo sinalizador da inducdo da morte

(DISC) (KISCHKEL et al., 1995) necessério para a ativacdo das caspases
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iniciadoras. A ativagdo intrinseca da apoptose € desencadeada apos a
translocacdo dos membros pré-apoptoticos da familia Bcl-2, como Bid ou Bax,
na mitocondria (YIN, 2006; YOULE et al., 2008), resultando na formacao de
poros e permeabilidade da membrana externa da mitocondria (YIN, 2006;
CARRIDO et at., 2006).

Os mecanismos da apoptose apresentam muitas etapas individuais. O
virus pode influenciar apenas um Unico ponto do processo ou 0 progresso da
morte celular programada pela manipulacdo de uma variedade de proteinas
apoptoticas essenciais (HAY e KANNOURAKIS, 2002).

Como explicado acima, a proteina efetora chave que é ativada durante a
apoptose e representa o0 alvo dos virus para a inibicdo da apoptose, sdo as
caspases (KISCHKEL et al., 1995). As caspases efetoras e iniciadoras
avaliadas neste experimento foram caspase-2 e -3, respectivamente. As
caspases existem na célula como pré-caspases inativas ou zimogénio e, para
serem ativadas € necessario a clivagem das mesmas (DENAULT e
SALVESEN, 2002).

A atividade das caspases € regulada pela familia de proteinas Bcl-2
(REED, 1997; ADAMS e CORY, 1998; GREEN e REED, 1998) as quais foram
divididas em dois subgrupos: aqueles que exercem efeitos antiapoptoticos (por
exemplo, Mcl-1) e aqueles que sdo pré-apoptéticos (por exemplo, Bax) (CORY
e ADAMS, 1998). Encontrou-se que a proteina Bcl-2 previne a apoptose por
diversos estimulos e mantém a sobrevivéncia celular por influenciar na
liberacdo do citocromo ¢ da mitocondria (YANG et al., 1997), o qual no citosol
se liga ao Apaf-1 e a pro-caspase-9, formando o chamado apoptossomo,
promovendo assim a ativacdo da caspase-9 (BUDIHARDJO et al., 1999). Uma
vez ativada, a caspase-9 ativa a caspase-3 que vai desencadear a cascata das
caspases (RUPNARAIN et al., 2004; PETROS; OLEJNICZAK e FESIK, 2004).

A hipotese do presente estudo foi de que o BHV-5 inibe a transcricdo de
algum gene relacionado a apoptose, a fim de manter a viabilidade embrionaria

e, desta forma se replicar com eficiéncia.
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2. MATERIAL E METODOS

2.1. Reagentes e Meios
Exceto indicacao contraria, todos os produtos quimicos foram obtidos da
Sigma-Aldrich® (St. Louis, MO, USA) e Invitrogen™ (Grand Island, NY, USA),

sempre seguindo as recomendacfes de uso dos fabricantes.

2.2. Exposicéo experimental de o6citos bovinos ao BHV-5

Foram utilizadas amostras de BHV-5 isoladas em 2007 a partir de
animais acometidos durante um surto em Aracatuba, SP, Brasil (CARDOSO et
al., 2007), e propagado em células “Madin Darby Bovine Kidney” (MDBK,
ATCC CCL-2), as quais foram cultivadas em meio essencial minimo (MEM). A
dose infectante da cultura de tecidos por 50 pL (TCIDsp) foi realizada apos o
cultivo in vitro do virus, na sequéncia 0,1 m.o.i. (“multiplicity of infection dose” —
10? TCIDso/mL) (FERRARI, et al., 2007; DEL MEDICO ZAJAC, et al., 2011).
Aliquotas do estoque do virus (100 pL) com 1032 TCIDsy/50 pL foram
congeladas a -86°C até o momento do uso.

Os odcitos utilizados foram obtidos a partir de ovarios de animais
abatidos em frigorifico, sendo estes transportados para o laboratério no prazo
de uma hora post mortem em solucédo fisiolégica a 37°C. Os complexos
cumulus-odcito (COC) foram recuperados por aspiracdo dos foliculos com
didmetro de 2-6 mm, com auxilio de seringa (10 mL) e agulha (40x12). Apenas
0os COC que apresentavam 3 a 4 camadas ou mais de células do cumulus
compacta e citoplasma homogéneo foram selecionados. Estes foram divididos
em dois grupos: | (controle) e Il (exposto ao BHV-5) e acondicionados em
criotubos contendo 400 puL de meio de maturagcéo (MM).

O grupo | recebeu 40 uL de MEM e o grupo I, 40 pyL de suspensao viral,
oriundas do estoque de virus. Os criotubos foram incubados por uma hora em
estufa Thermo Scientific (Spectrun, modelo 3110) com atmosfera umida e 5%

de CO,em ar, para permitir a adsorgao viral.
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2.3. Maturacdo in vitro dos oocitos

Apés o periodo de adsorcdo viral, os odcitos foram lavados por trés
vezes em MM e alocados em gotas de 70 uL de MM, distribuidas em placa de
Petri (35x10 mm), sob éleo mineral, sendo que cada gota continha de 20 a 25
o0citos.

A gota de cultura foi a unidade experimental do trabalho, sendo
realizadas 23 repeticdes, ou seja, 23 gotas (unidades experimentais) para cada
grupo. Em cada etapa foi feito 0 mesmo ndmero de gotas para cada grupo, e
as placas foram mantidas na mesma estufa de cultura, sob as mesmas
condicoes.

Durante o periodo de maturacdo, os odcitos foram mantidos em estufa
Thermo Scientific (Spectrun, modelo 3110), com atmosfera Umida, a 5% de
CO, em ar, a 38,8°C, por um periodo de 23 horas, que somados a uma hora da

exposicao experimental ao BHV-5, totalizaram 24 horas.

2.4. Avaliacdo da Taxa de Maturagédo Oocitaria

Foram realizados os processos de colheita de odcitos, exposi¢ao
experimental ao BHV-5 e maturagcdo in vitro (MIV), como descrito
anteriormente. Apds as 24 horas da etapa de maturacdo, 100 odcitos de cada
grupo (I e 1l) foram lavados trés vezes em gotas de 400 pL de solugcédo de PBS
com hialuronidase a 5 pg/mL. A cada lavagem, foram realizadas pipetagens
sucessivas dos 00citos para promover a remocao total das células do cumulus.
ApOs as lavagens e a completa remocgdo das células do cumulus, os odcitos
foram analisados individualmente em microscopia invertida com aumento de
40X, sendo contados 0s o0citos que apresentavam a extrusdo do primeiro
corpusculo polar, evento este que caracteriza a maturacdo oocitaria nuclear
(n=100).
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2.5. Fecundacéo e culturain vitro

Foi utilizado na fecundacéo in vitro (FIV), sémen congelado de bovino
(Bos indicus) em palhetas 0,5 mL, de um Unico touro e da mesma partida. O
sémen foi centrifugado em gradiente de Percoll a 700 xg por 20 minutos. O
“pellet” de espermatozoides resultante da centrifugagéo foi lavado em meio
TALP-FERT (“Tyrode” albumina, lactato e piruvato), suplementado com 6
mg/mL de BSA, 30 upg/mL de heparina e solugdo de PHE (2 mM de
penicilamina, 1 mM de hipotaurina e 250 mM de epinefrina) e novamente
centrifugado a 200 xg por 5 minutos. O “pellet” foi diluido em meio TALP-FERT
para uma concentracéo final de 1 x 10° espermatozoides/mL, em gotas de 100
ML. ApOs 24 horas de maturacado, os odcitos foram lavados e transferidos para
gotas com 100 pL de meio TALP-FERT.

Na FIV, odcitos e espermatozoides foram co-incubados por 20 horas.
Transcorrido este periodo, 0os provaveis zigotos (pz) foram desnudados através
de pipetagens sucessivas e colocados em gotas com 100 pL de meio de
cultura in vitro mSOF (“modified Synthetic Oviduct Fluid”) até o dia sete (D7),
sendo considerado dia zero (DO) o dia da fecundacéo. A taxa de clivagem foi
avaliada no dia trés (D3) e o “feeding” realizado, ou seja, de cada gota de
cultivo foi removido o volume de 50 uL e acrescentado 50 uL de meio fresco de
mesma composi¢cdo. O procedimento de “feeding” foi repetido no dia cinco
(D5). A FIV e a cultura foram realizadas sob as mesmas condi¢bes descritas
para a MIV.

O desenvolvimento embrionario foi monitorado, sendo odcitos clivados e
0s estagios blastocisto (BL), blastocisto expandido (BX) e blastocisto eclodido
(BE) avaliados no D3 e D7, respectivamente.

No dia sete apenas os embrides grau 1 (excelente ou bom) ou grau 2
(bom ou razoavel), segundo as instrugdes da IETS (1998), foram armazenados
para analises posteriores. Os reagentes de origem animal utilizados neste
estudo foram testados para a presenca do BHV-1 e 5 (SILVA-FRADE, et al.,
2010a), a fim de garantir a auséncia da contaminacdo viral de carater néo

experimental.
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2.6. Recuperacao Viral

Os embrides (n=10) derivados dos grupos | e Il foram congelados e
descongelados trés vezes, para promover a lise celular e permitir a
recuperacgdo viral. Monocamadas de cultura de células MDBK com 80% de
confluéncia foram preparadas conforme o procedimento padrdo livre de
patégenos (SILVA-FRADE et al., 2010a,b). O periodo de adsorcdo foi de 90
minutos a 38,5°C, quando entdo meio fresco foi adicionado por sete dias
consecutivos as culturas, estas foram examinadas para verificar o efeito
citopatico classificado como formacao sincicial (CPE). Depois de pelo menos
trés passagens, culturas que ndo apresentaram efeitos citopaticos foram

consideradas negativas.

2.7. Atividade mitocondrial

A atividade mitocondrial foi avaliada com o uso do kit “In vitro toxicology
assay kit MTT based” (M5655, Sigma-Aldrich), utilizando espectrofotometria.

O sistema MTT mensura a atividade das células viaveis por meio das
dehidrogenases mitocondriais. E um método simples, acurado e com
resultados reproduziveis. O componente chave é (3-[4,5-dimethylthiazol-2-yl]-
2,5-diphenyl tetrazolium bromide) ou MTT. A solucdo de MTT, dissolvida em
solucéo salina balanceada sem soro ou fenol “red”, apresenta cor amarelada.
As dehidrogenases mitocondriais das células viaveis clivam o anel tetrazolium,
formando cristais de formazan, os quais apresentam cor roxa e séo insoluveis
em agua. Os cristais sao dissolvidos em isopropanol acidificado, resultando em
uma solucdo roxa que é mensurada por espectrofotometria. Quanto maior o
namero de cristais de formazan, maior o valor de leitura no espectrofotdmetro
para o teste, menor citotoxicidade e, consequentemente, maior viabilidade
mitocondrial.

Para as analises o tubo contendo MTT foi reconstituido em 3 mL de
solucéo salina balanceada. Em seguida, 10 embrides foram pipetados dando

um volume de 50 pL, o qual foi colocado em tubo tipo eppendorf, sendo

67



acrescido de 5 pL da solucdo de MTT, diluicdo de 1:10. O tubo contendo
embrides e MTT foi incubado em estufa por 4 horas. Apés o periodo de
incubacéo, os cristais de formazan foram dissolvidos com a adicéo de 50 uL de
MTT “Solubilization Solution” (M8910, Sigma-Aldrich) e homogeneizados
cuidadosamente. Posteriormente, 50 pL desta solugéo foi colocada em cubeta
e submetida a leitura em espectrofotbmetro, com comprimento de onda de 570
nm.

Todas as leituras foram feitas sempre com o emprego do controle
negativo, sendo usado meio mSOF sem células (embrides), com leitura sempre

negativa, tendo como valor médio de absorbancia -0,243.

2.8. PCR em tempo real
2.8.1. Extragdo do DNA

O DNA dos embrides pertencentes aos grupos | e Il foram extraidos com
uso do Mini Kit PureLink™ Viral RNA/DNA (Invitrogen™, cat # 12280-050,
FIGURA 10), seguindo as recomendacdes do fabricante. Para cada grupo
foram utilizados 10 embrides no D7 (dia sete pés-inseminacao). Apds extracao,
as amostras de DNA foram quantificadas no equipamento NanoDrop 3.1.2
(ND1000, Applied Biosystems), apresentando valor médio de 578,8 ng/uL e
620,5 ng/uL de DNA para os grupos | e Il, respectivamente.

Estas amostras de DNA foram diluidas para a concentracdo de 100 ng
por reacao e utilizadas na PCR em tempo real para detec¢cdo do BHV-5.
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Fonte: Dominio publico

FIGURA 10. Extracéo de DNA viral usando o PureLink™.

2.8.2. Extracdo do RNA e sintese de cDNA

Os RNAs, pertencentes aos grupos | e Il, foram extraidos com uso de
Mini Kit PureLink™ Viral RNA/DNA (Invitrogen™, cat # 12280-050), seguindo
as recomendacbGes do fabricante. Para cada grupo, foram utilizados 10
embrides no D7 (dia 7 pds-inseminacdo). Apds extracdo, as amostras foram
tratadas com DNase e quantificadas no equipamento NanoDrop 3.1.2
(ND1000, Applied Biosystems), apresentando valor médio de 2,7 ng/uL e 2,8
ng/uL de RNA para os grupos | e Il, respectivamente.

Estas amostras de RNA foram convertidas em cDNA com o uso do Kit
high capacity RNA-to-cDNA™ (Applied Biosystems) e, entdo, utilizadas na PCR
em tempo real para determinacdo da transcricdo dos genes: Apaf-1, Bax,

caspase-2, -3, Mcl-1 e histona 2a.
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2.8.3. Deteccao viral (sistema SYBR® Green)

Para a deteccdo do BHV-5 foram sintetizados os “primers” pela Applied
Biosystems, conforme representado no Anexo 1. O sistema de deteccao
empregado foi o SYBR® Green (agente ligante de DNA, FIGURA 11), portanto
ndo ha necessidade do uso de sonda TagMan® (sondas de hidrélise), tornando
a técnica menos onerosa e viavel na rotina laboratorial.

A reacéo consiste de 25 pL, sendo 12,5 yL de SYBR-Green master mix,
100 uM de cada “primer”, 100 ng da amostra e agua ultrapura livre de
DNA/RNA (Invitrogen™) para completar o volume final. O volume da reac&o foi
multiplicado pelo numero de amostras a serem analisadas, excluindo o volume
da amostra (DNA). O volume total foi pipetado em tubo tipo eppendorf de 1,5
mL e, entdo distribuido nos pocos da placa, sendo que cada poc¢o recebeu,
posteriormente, a amostra a ser testada. A placa foi vedada e centrifugada
brevemente e, em seguida, foi levada ao Step One Plus (Applied Biosystems) e
iniciada a corrida. As condicdes da corrida foram: desnaturacao inicial 95°C por
15 minutos, seguida de 40 ciclos de 95°C por 1 minuto, 58°C por 1 minuto e
72°C por 1 minuto, com a extensao final de 72°C por 10 minutos.

Foram testados 3 genes referéncia (histona 2a, 3-actina e GAPDH) em
reacoes separadas para verificar a curva de dissociacdo (curva de
dissociacao), curva padrao e a eficiéncia da amplificacdo. Para a curva padréao,
as amostras foram diluidas em 100 ng, 20 ng, 4 ng, 0,8 ns e 0,16 ng. O método
do ACt foi usado para analisar os resultados da expressdo do gene US9 (BHV-
5) em embrides do grupo | e I, levando em consideragéo os genes referéncia
histona 2a, B-actina e GAPDH (Anexo 1).

Fonte: Dominio publico

FIGURA 11. Molécula de SYBR® Green entre a dupla fita de DNA.

70



2.8.4. Expressdo génica (sistema TagMan®)

A reacdo de PCR em tempo real foi realizada no Step One Plus™
(Applied Biosystems), usando TagMan Gene Expression Assays para
expressdo dos genes: Apaf-1 (Bt03210919 gl), Bax (Bt03211776_ml),
caspase-2 (Bt03817113 ml), caspase-3 (Bt03250955 gl) e Mcl-1
(Bt03276965_g1), todos itens inventoriados pela Applied Biosystems, cuja
sonda empregada foi a FAM-MGB (regido 57) (FIGURA 12).

A reacdao final foi de 20 uL, sendo 1 uL do TagMan Gene Expression
Assay (“primer” e sonda), 10 uL do Master Mix, 4 uL da amostra (cDNA) e 5 uL
de agua RNase-free. O volume da reacédo foi multiplicado pelo nimero de
amostras a serem analisadas, excluindo o cDNA. O volume total foi pipetado
em tubo tipo eppendorf de 1,5 mL e, entdo distribuido nos pocos da placa,
sendo que cada poco recebeu, posteriormente, o cDNA correspondente a
amostra a ser testada. A placa foi vedada e centrifugada brevemente e, em
seguida, foi levada ao equipamento e iniciada a corrida.

Em todas as corridas foi utilizado o gene referéncia histona 2a, cuja
expressdo nao se altera nos embrides do grupo | e Il. Além disso, todas as
reacoes foram feitas em triplicata para assegurar os resultados.

A abundancia relativa do gene transcrito foi calculada baseada no valor
do ACt (“Threshold cycle”) obtido ap6s tragar o “Threshold” (FIGURA 13).

5’ Reporter
R
5' Reporter
¥ 3' Quencher 3’ Quencher
R Taq
- & Q —~ DNA " - Q
- polymerase 2 1 |+ >
Amplified Target DNA
1. Probe in solution emits 2. Emission of the fluorescence
low fluorescence by hydrolysis

Fonte: Dominio publico

FIGURA 12. Representacédo esquematica da Sonda TagMan.
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FIGURA 13. “Threshold” colocado manualmente na regido exponencial para

amplificacdo do gene referéncia Histona 2a.
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FIGURA 14. Representacdo da fluorescéncia para o gene referéncia Histona
2a, cuja sonda foi FAM-MGB, bem como para o corante passivo ROX

(calibrador).
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FIGURA 15. Comparacdo entre os sistemas de deteccdo TagMan® e SYBR®

Green.

2.9. Andlise Estatistica

As taxas de clivagem e desenvolvimento embrionario, bem como a
viabilidade celular foram analisadas pelo teste t ndo pareado, sendo
considerada diferenca significativa para p<0,05. A taxa de maturacao foi
avaliada pelo teste de Xz_ A analise dos genes referéncia foi feita pela
correlacdo linear e determinacdo do coeficiente de determinacdo (r?) sendo
usado teste t ndo pareado para verificar a expresséo do genes Mcl-1, caspase-
2, caspase-3, Apaf-1 e Bax, sendo considerada diferenca significativa para

p<0,05.
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3. RESULTADOS

3.1. Avaliacao da Taxa de Maturacéo Oocitaria
A taxa de maturacéo oocitaria ndo diferiu entre os grupos, como se pode

observar na Tabela 1.

Tabela 1. Percentual de od0citos que apresentaram extrusdo do primeiro

corpusculo polar para os grupos avaliados.

GRUPOS % DE OOCITOS COM CORPUSCULO POLAR
| (CONTROLE) 92,0+1,2% (92/100)
Il (BHV-5) 89,0+1,4% (89/100)

% Valores seguidos de mesma letra, na coluna, nao diferem entre si, pelo teste X°

FIGURA 16. Odcito maturado in vitro, desnudo, com a extrusdo do primeiro

corpusculo polar, indicado pela seta (Grupo |), aumento 40X.
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FIGURA 17. Odcito maturado in vitro, desnudo, com a extrusdo do primeiro

corpusculo polar, indicado pela seta (Grupo Il), aumento 40X.

3.2. Desenvolvimento Embrionario e Detecc¢éo Viral

O grupo controle (grupo 1) foi composto por 357 o6citos nao expostos ao
BHV-5, enquanto 388 odcitos compuseram 0 grupo exposto (grupo II). A
exposicdo viral experimental resultou em diferenga significativa (p=0,0336) na
taxa de clivagem (Tabela 2), sendo 87,7% e 84,5% para os grupos | e Il,
respectivamente. Entretanto, ndo houve diferenca significativa (p>0,05) no
desenvolvimento embrionario até o dia 7 pos-inseminagcdo. Foram
considerados na contagem BL, BX e BE; no grupo | foram obtidos 195
embrides (54,6%) e no grupo Il, 193 (49,7%). Para confirmar a infeccdo viral,
antigenos do BHV-5 foram identificados pela técnica de PCR em tempo real.
Apenas a amostra com embrides do grupo Il foi positiva para o BHV-5.
Nenhuma evidéncia de contaminacéo por BHV-5 foi ser observada nos odcitos,
espermatozoides e embrides oriundos do grupo | (dados ndo mostrados).
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Tabela 2. Efeito da infec¢cdo experimental com BHV-5 em od6citos bovinos

sobre o desenvolvimento embrionario in vitro.

Desenvolvimento embrionario - n

(%)
Grupos Odcitos Clivados Bl/Bx/Be
(n) 72 h 168 h
| (Controle) 357 313+6,5 (87,7)> 195%3,2 (54,6)%
Il (BHV-5) 388 328+8,9 (84,5)° 193+3,2 (49,7)

2 Valores seguidos de mesma letra, na coluna, ndo diferem entre si, pelo teste t ndo
pareado (p>0,05)
h = horas pos-inseminagéo

3.3. Atividade mitocondrial

Os valores de MTT foram maiores (p=0,0026) para o grupo | (2,753)
quando comparado ao Il (1,480), ou seja, mais cristais de formazan foram
produzidos no grupo |, mostrando que o grupo Il apresenta maior numero de
mitocondrias danificadas, maior citotoxicidade e menor viabilidade mitocondrial
(Tabela 3).

Tabela 3. Resultados da atividade mitocondrial pela dehidrogenase
mitocondrial (teste de MTT)

GRUPOS Valor médio de absorbancia
| (CONTROLE) 2,753+0,0192
Il (BHV-5) 1,265+0,074"

2P valores seguidos de mesma letra, na coluna, ndo diferem entre si (p>0,05), pelo teste t ndo
pareado
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3.4. Deteccgao viral

A sensibilidade da deteccdo com SYBR® Green pode ser comprometida
pela formacdo de dimeros de “primers”, a falta de especificidade e
concentracdo dos “primers”, além da formacdo de estruturas secundéarias no
produto da PCR. Todos esses fatores podem levar a producdo de produto
inespecifico de DNA de fita dupla, os quais incorporam SYBR-Green e
produzem sinal de fluorescéncia (FIGURA 18). O ensaio utilizando sondas
TagMan® também pode ser comprometido pela formacdo de dimeros de
“orimers”, no entanto estes produtos ndo séo detectados na reacéo e, portanto,

nao alteram a eficiéncia de amplificagéo.
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FIGURA 18. Curva de dissociacdo dos genes referéncia: A. Histona 2a; B. [3-
actina e C. GAPDH, nas setas a representacdo de rea¢fes inespecificas (A e

B) e formacao de dimeros de “primer” (C)

Apbés a corrida e verificagdo da curva de dissociacdo foi feita a
correlacdo linear para constatar a eficiéncia da amplificacdo, o maior valor do
coeficiente de determinacao (r*=0,95, FIGURA 19B) representa o melhor gene
referéncia para o estudo em questéo, ou seja, a histona 2a € o gene referéncia
mais adequado para estudos com embrides bovinos infectados com BHV-5
quando comparada com a 3-actina e 0 GAPDH (FIGURA 19).
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FIGURA 19. Correlacao linear para os genes referéncia: A. B-actina, B. histona

2a e C. GAPDH, em destague o maior valor para o coeficiente de

determinacao.

Adotando-se o gene referéncia histona 2a para a detec¢édo do BHV-5 em
embrides bovinos pertencentes ao grupo | e Il e nas células MDBK 72h pés-
infeccdo, foi possivel observar que o virus estava presente nas amostras de
embrides oriundas de oocitos expostos ao BHV-5 (grupo Il), assim como nas

células MDBK cultivadas com fragmentos dos embrides do grupo I,
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apresentando valores de Ct iguais a 36,5 e 32,8, respectivamente. Os embrides
do grupo | e as células MDBK cultivadas com fragmentos de embribes deste
grupo nado apresentaram pico de fluorescéncia, ou seja, foram negativos para a

presenca do BHV-5.

3.5. Expresséo génica

Quanto a expressao dos genes Mcl-1, caspase-2, caspase-3, Apaf-1 e
Bax, a deteccdo foi feita pelo sistema TagMan® e os resultados estdo
apresentados na FIGURA 20. Houve diferengca significativa (p<0,05) na
expressao da caspase-2, Apaf-1 e Bax, sendo que a caspase-2 (p=0,0253) e o
Bax (p=0,0232) foram mais expressos no grupo | e o Apaf-1 foi mais expresso
(p= 0,0381) no grupo II. Entretanto, ndo houve diferenca estatistica na

expresséo dos genes Mcl-1 e caspase-3 (p>0,05).

2
a
1,5 —
1
05 -
0 LN

Mcl-1 Caspase-2  Caspase-3 Apaf-1 Bax

X Grupo | Grupo ll

FIGURA 20. Diferentes expressdes dos genes Mcl-1, caspase-2, caspase-3,
Apaf-1 e Bax para os grupos | e Il. Dados sdo apresentados como meédia e

desvio padréo (p<0,05) de trés replicatas.
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4. DISCUSSAO

Observou-se que a taxa de maturacdo dos odcitos expostos ou ndo ao
BHV-5 foi similar (p>0,05), mostrando que o virus ndo afetou o processo de
maturacdo nuclear in vitro, a qual foi avaliada pela extrusdo do primeiro
corpusculo polar. A exposicao experimental dos odcitos ao BHV-5 diminuiu a
taxa de clivagem, entretanto este resultado ndo comprometeu o
desenvolvimento embrionario e a producao in vitro de embrides, dados estes
verificados anteriormente por Silva-Frade et al. (2010a).

Guerin et al. (1990), usando espermatozéides infectados com BHV-1 e
odcitos expostos ao BHV-1 para a producao in vitro de embrido, demonstraram
que o BHV-1 nédo interferiu na maturacdo oocitaria, mas reduziu
significativamente a clivagem. O virus n&o foi somente adsorvido aos gametas,
como também prejudicou a fertilizacao in vitro, possivelmente devido ao efeito
sobre a penetracdo espermatica ou a interacdo com mecanismos intracelulares
de fuséo.

Segundo Vanroose et al. (2000), o BHV-1 pode reduzir em até 60% a
ligacdo do espermatozoide a zona pellcida. De acordo com Choi et al. (2008),
o BHV-1 pode modificar as propriedades elétricas da membrana plasmatica
através de alteracdes nos gradientes catibnicos ou por interagcbes com as
proteinas da membrana que modulam os canais ibnicos. Esta observacdo pode
estar relacionada com o mecanismo de fusdo (od4cito-espermatozoide), sendo
assim, o estresse imposto pelo virus pode prejudicar a taxa clivagem.

Bielanski e Dubuc (1994) relataram que a infec¢cdo de odcitos bovinos
com BHV-1 levou a diminuicdo na taxa de formagdo de blastocistos. O
resultado do presente estudo pode ter divergido dos achados da literatura, por
se tratar de outro agente viral (BHV-5), com caracteristicas intrinsecas
diferentes, embora muito similares geneticamente e pertencentes a mesma
familia Alphaherpevirus (Chowdurry, 1995).

Os resultados obtidos confirmam que a zona pelicida ndo € uma

barreira eficaz para proteger odécitos da infeccdo viral, dados estes ja
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observados por Silva-Frade et al. (2010a) e por Makaravechi et al. (2007), os
quais verificaram a ineficiéncia da zona pellicida em proteger odcitos e
embrides expostos ao BHV-5 e BHV-1, respectivamente, 0os quais transpdem
0os grandes poros externos da zona peldcida (180 a 200 nm) (VANROOSE et
al., 2000).

Embora o BHV-5 ndo tenha interferido no numero de embrides
produzidos in vitro, a qualidade destes embrides € questionavel, uma vez que
embribes de baixa qualidade resultam em maiores taxas de perdas
embrionérias (DISKIN e MORRIS, 2008). Para avaliar tal parametro, foi
empregado o teste de MTT que analisa a atividade mitocondrial. Este método
foi relatado pela primeira vez por Mosmann (1983), que o considerou uma
técnica simples e barata, e tem sido usado em varios tipos de células (LEVITZ
e DIAMOND, 1985; CARMICHAEL et al., 1987; FREIMOSER et al., 1999; AZIZ,
2006; HONG et al., 2011).

A viabilidade mitocondrial foi maior quanto mais elevado o valor médio
da absorbéancia, ou seja, o grupo | (controle) apresentou maior atividade
mitocondrial. Por esta razdo, possivelmente os embrides pertencentes a este
grupo tém maiores chances de obterem sucesso apés a transferéncia para o
Gtero de receptoras sincronizadas.

As mitocondrias tém papel importante durante o desenvolvimento
embrionério, sdo maternalmente transmitidas com infima contribuicdo paterna,
ndo havendo multiplicacdo das mesmas até a eclosdo embrionaria. Portanto,
manter o perfeito funcionamento destas organelas € vital para o embrido, ja
gque uma disfuncdo mitocondrial pode comprometer o processo de
desenvolvimento e/ou ocasionar a MCP (JANSEN e DE BOER, 1998;
DUMOLLARD, DUCHEN, CARROL, 2007).

A infecgao viral geralmente resulta na alteracado dos processos celulares
gue podem desencadear a MCP pela via mitocondrial, ou seja, o0 sucesso da
replicacdo viral depende da interacdo entre o virus e a ceélula hospedeira.

Muitos virus tém como parte de seu arsenal a habilidade de modular as vias da
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apoptose no hospedeiro através da manipulacdo de uma variedade de
proteinas chaves para a apoptose (HAY e KANNOURAKIS, 2002).

A apoptose é a maior causa de morte em alguns tipos de infeccdes virais
(XU et al.,, 2012) e caracteriza-se como um processo fisiolégico ativo da
condensacdo da cromatina, reducdo do volume celular e formacéo de vesiculas
na membrana chamadas corpos apoptéticos, resultando em fragmentos e
eliminacdo de células desnecessarias e danificadas (SCHWARTZMAN e
CIDLOWSKI, 1993). A relacéo entre infeccéo viral e apoptose é bidirecional.
Por um lado, a célula infectada por virus pode ser eliminada pela apoptose,
enquanto que por outro lado, o virus tem estratégias envolvendo a regulacdo
da apoptose, bloqueando passos especificos na cascata da apoptose na célula
hospedeira, maximizando assim a producéo viral, ou induzindo a apoptose, 0
que consequentemente facilitard a disseminacdo da progénie viral (CLARKE e
TYLER, 2009).

Os virus podem produzir fatores pr6 e antiapoptéticas. Dentre eles,
estdo a caspase-2, -3 e Bcl-2, respectivamente. As caspases existem na célula
como pré-caspases inativas ou zimogénios (KUMAR, 2007), e 0 mecanismo
usado pelo virus para suprimir a ativacdo das caspases € a inibicdo da
permeabilidade da membrana mitocondrial, impedindo ou retardando a
liberacdo do citocromo ¢ (BOYA et al., 2004; THOMSON, 2001).

Foi possivel observar uma reducdo na expressdo do Bax e caspase-2
em embrides bovinos infectados com BHV-5. O Bax forma poros na membrana
mitocondrial permitindo a liberacdo do citocromo c e a caspase-2 age como
iniciadora no processo de apoptose, ou seja, diminuindo a expressdo destes
genes, o virus garante maior vida util a célula, tendo tempo suficiente para sua
replicacdo. No entanto, ha relatos da indugcéo da apoptose em diversos tipos de
células causada por diferentes Alphaherpesvirus. O Herpesvirus tipo 2 (HSV-2)
ativa o processo de apoptose em células T (OEVER e HAN, 2010). O BHV-1
promove apoptose em linfocitos B (GEISER, ROSE e JONES, 2008).

Segundo Xu et al. (2012) o BHV-1 induz apoptose em células MDBK e,

além disso, eles propéem a liberacdo do citocromo ¢ pela mitocondria e o
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aumento na expressdo do Apaf-1 como sendo pontos criticos na iniciacdo da
apoptose pelo virus. O citocromo c ajuda o Apaf-1 a recrutar e ativar a
caspase-9, a qual ativa a caspase-3 (LI et al., 1997). No presente estudo houve
um aumento na expressao do Apaf-1 em embrides bovinos infectados com
BHV-5, concordando com os achados de Xu et al. (2012) para o BHV-1,
entretanto n&o houve diferenca na expressao da caspase-3 quando comparado
ao grupo | (ndo infectado pelo BHV-5).

E possivel inferir que o BHV-5, por diminuir a expressdo do Bax, evita
consequentemente, a liberacdo do citocromo ¢, ou seja, mesmo havendo
aumento na expressao do Apaf-1 ndo ha formacdo do apoptossomo, sendo
assim o mecanismo de ativacao da cascata das caspases fica bloqueado.

A caspase-3 e 0 Mcl-1 ndo sofreram alteracbes em sua expressado nos
grupos | e Il, mais uma constatacédo de que o Apaf-1, embora mais expresso no
grupo Il (infectado por BHV-5), ndo estava ativo, devido a auséncia do
citocromo c, bloqueada pela diminuicdo na expressao do Bax. Estes achados
comprovam a evidéncia feita por Xu et al. (2012) de que a infec¢cdo por BHV-1
induz a apoptose pela via da mitocondria, assim como a inibe pela mesma via.
Ha alguns virus que induzem a apoptose pela via mitocondrial, tais como o
virus da arterite equina (ST-LOUIS e ARCHAMBAULT, 2007) e o virus da
dengue (SU et al., 2001).

Foi possivel observar que o BHV-5 controla a expressdo do Bax e,
consequentemente, a liberagdo do citocromo c. Estes achados sé&o
consistentes com 0s observados para outros Herpesvirus (LI et al., 2010; LI et
al., 2011; Xu et al., 2012) que sugerem a modulacdo dos membros da familia

Bcl-2 como chaves no processo de apoptose.
5. CONCLUSAO
O BHV-5 inibiu os genes caspase-2 e Bax em embribes bovinos

produzidos in vitro, alterando o mecanismo intrinseco de apoptose, o qual é

mediado pela mitocondria.
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e O BHV-5 ndo afetou a taxa de maturacdo nuclear de odcitos bovinos

expostos ao virus.

eEmbrides infectados com BHV-5 apresentaram menor atividade mitocondrial.

e O BHV-5 nao afetou a taxa de producado embrionaria in vitro, apds exposicao

de odcitos bovinos ao virus.

e A histona 2a foi o melhor gene referéncia para o estudo de embrides bovinos
e BHV-5 utilizando o método de deteccdo SYBR® Green .

e O BHV-5 inibiu passos da apoptose, pela diminuicdo na expressédo dos genes

Bax e caspase-2.

e O BHV-5 estimulou a expressao do gene Apaf-1, possivelmente, para facilitar

a sua disseminacao apos a replicacéo viral.
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ANEXO 1

Primer desenhados no Primer Express® Software e produzidos pela Applied

Biosystems™ para uso na gPCR

US9 BHV-5 (GU947818.1; Gene Bank accession number)

Primer Forward 5°-3° Reverse 5°- 3°
Sequence ACACAGCGTCGTCAACGAAA TGGTGAGCTCGAGGATGGG
Size 20 19
Melting 57,4 °C 56,8 °C
temperature
% CG 50 % 59,2 %
Product 110 bp

Bovine beta actin (NM_173979.3, Gene Bank accession number)

Primer Forward 5°- 37 Reverse 5- 3’
Sequence AGGTCATCACCATCGGCAAT TGAATGCCGCAGGATTCCAT
Size 20 20
Melting 56,7 °C 57,3 °C
temperature
% CG 50 % 50 %
Product 88 bp

Histona 2a (AW461431, Gene Bank accession number)

Primer Forward 5°- 3° Reverse 5°- 3
Sequence GTCTTGGAGTACCTGACCGC ACAACGAGGGCTTCTTCTGA
Size 20 20
Melting 56 °C 56 °C
temperature
% CG 50 % 50 %
Product 101 bp

GAPDH (XM_618013, Gene Bank accession number)

Primer Forward5"- 3’ Reverse 5- 3
Sequence TTCAACGGCACAGTCAAGGA ACATACTCAGCACCAGCATC
Size 20 20
Melting 56,7 °C 57,3 °C
temperature
% CG 50 % 50 %
Product 88 bp
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Abstract

study of BoHV-5 biology.

Keywords: BoHV-5, in vitra replication, Neuronal culture

Background: Bovine herpesvirus type 5 (BoHV-5), frequently lethal in cattle, is associated with significant agricultural
economic losses due to neurological disease. Cattle and rabbits are frequently used as models to study the biology
and pathogenesis of BoHV-5 infection. In particular, neural invasion and proliferation are two of the factors impoertant in
BoHV-5 infection. The present study investigated the potential of bovine Wharton's jelly mesenchymal stromal cells
(BWI-MSCs) to differertiate into a neuronal phenotype and support robust BoHV-5 replication.

Results: Upon inducing differentiation within a defined neuronal spedific medium, most bWJ-MSCs acquired the
distinctive neuronal morphological features and stained positively for the neuronal/glial markers MAP2 (neuronal
microtubule assodated protein 2), N200 (neurofilament 200), NT3 (neutrophin 3), tau and GFAP (glial fibrillary acidic
protein). Expression of nestin, N200, B-tubulin Il (Tull) and GFAP was further demonstrated by reverse transcriptase
polymerase chain reaction (RT-PCR). Following BoHV-5 incculation, there were low rates of cell detachment, good cell
viability at 96 h postirfection (pi), and small vesicles developed along neuronal branches. Levels of BoHY-5 antigens
and DNA were assodated with the peak in viral titres at 72 h pi. BoHV-5 glycoprotein C mRMNA expression was
significantly correlated with production of progeny virus at 72 h pi. (p < 0.05).

Conclusion: The results demonstrated the ability of bWJ-MSCs to differentiate into a neuronal phenotype in vitro and

support preductive BoHV-5 replication. These findings constitute a remarkable contribution to the in vitro study of
neurotropic viruses. This work may pave the way for bWJ-MSCs to be used as an alternative to animal models in the

Background

The two most basic properties of stem cells are their
capacity for indefinite self-renewal and differentiation
into multiple cell or tissue types [1-3]. Embryonic stem
cells are totipotent and can be maintained in culture in
the presence of leukemia inhibitory factor (LIF) [4].
Withdrawal of LIF induces the formation of cellular
aggregates called embryonic bodies. A wide variety of
cell types migrate away from embryonic bodies, includ-
ing some with neuron-like morphology [5]. In addition,
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embryonic stem cells may be differentiated into neurons
and glial cells with retinoic acid or basic fibroblast
growth factor (bFGF) [6,7].

Neurons derived from embryonic stem cells express
neurofilaments, neuron-specific class 11T p-tubulin (Tu]l)
and a number of neuron-specific microtubule-associated
proteins [8]. Neural stem cells (NSC) are immature, un-
committed cells that exist in both the developing brain
and the adult nervous system [8]. These cells can undergo
expansion and differentiate into neurons, astrocytes, and
oligndendrocytes [8,9]. Stem cells differentiated into neu-
rons from both these sources display a limited prolifera-
tion potential. Obtaining them requires invasive procedures
and results in ethical limitations in their use [10]. Because

© 20012 Cardom et al; licensee BioMed Central Ltd. This & an Open Access article distributed under the terme of the Creathe
Commeans Attribution Lcense hitefceativecommons.ong/licenses by/2.0), which parmits unrestricted wse, distribution, and
reprod uctian in any medium, pravided the ariginal work is properly cited.
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neurcblastoma cells can mimic the morphological and
biochemical characteristics of primary neurons, they have
proved to be highly valuable models in analyzing the neu-
ropathogenesis and neurotropism of a range of viruses
[11]. To overcome ethical issues regarding the use of fetal
and adult brain samples, mesenchymal cells (MSCs) iso-
lated from the Wharton's jelly (W7T) of human and animal
umbilical cords (UC) represent an attractive alternative.
These cells are easily obtained, proliferate rapidly in cul-
ture, are immunologically compatible, and represent fetal
adnexa that is usually discarded [1,5]. M5Cs have been
previously isolated from dogs, sheep, horses [2,3,12], and
recently bovine WJ-UC [13]. The W]-UC cell structure is
embryonic in origin and encloses the yolk sac, which is
the source of the primordial germ cells and the first
hematopoietic stem cells [5].

The neurotropic RNA and DNA viruses that produce
central nervous system (CNS) diseases employ a range
of pathologic mechanisms in a variety of hosts. The use-
ful biological models applied to isolate, propagate, and
study biological properties of these viruses include mice,
rabbits, monkeys and hamsters. The a-herpesviruses, in-
cluding human herpes simplex types 1 and 2 (HSV-1
and HSV-2), varicella-zoster virus (VZV), animal patho-
gens such as pseudorabies virus (PRV), bovine herpes-
virus types 1 and 5 (BoHV-1 and BoHV-5), and Marek's
disease virus are neurotropic viruses capable of invading
the peripheral and central nervous systems to cause
neurological disease [14]. BoHV-5 belongs to the family
Herpesviridae, subfamily «a-Herpesvirinae, and genus
Varicellovirus. BoHV-5 is genetically and antigenically
closely related to BoHV-1, a highly prevalent virus re-
sponsible for respiratory and genital disease in cattle
around the world [15].

BoHV-1, associated with respiratory and genital dis-
ease, and BoHV-5, associated with neurological disease,
cause significant agricultural loss. [16]. Experimentally
infected cattle and/or rabbits have been used to better
understand the neural invasion and spread of BoHV-1
and BoHV-5 [16-19]. Indeed, rabbits have been used as
an animal model to study selected aspects of acute and
latent infections caused by BoHV-5 [19]. Unlike BoHV-1,
BoHV-5 can be difficult to isolate from cell culture and
animals presenting neurological symptoms after experi-
mental inoculation [20-23]. These difficulties in viral isola-
tion might be related to low virus titres present in tissue
sections [18].

In contrast with in vivo studies, in vitro studies with
Madin-Darby bovine kidney (MDBK) cells and primary
cell eultures of bovine origin represent adequate substrates
for viral in vitro studies [24,25]. In cell culture, BoHV-1
and BoHV-5 share similar phenotypes and produce similar
cytopathic effects (CPE). CPE are characterized by a round
cell shape and presence of multinucleated and syncytial
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cells [25]. In a previous report, the CPE observed in bo-
vine lung cells infected with BoHV-1 were elongated and
spindle-shape cells; in contrast, BoHV-5 infected cells
showed syncytial-like CPE [26]. In spite of many reports
describing the difficulty of re-isolating the virus from field
samples and experimentally infected rabbits, the MDBK
cell line has been used as a standard substrate for BoHV-5
isolation and propagation in vitro [25]. To date, no effort
has been made to develop a better in vitro culture system
for virus isolation/propagation. Optimizing viral culture
would reduce the need for the use of animal models. In
this context, the aim of the present study was to gener-
ate a novel in vitro biological model/substrate that
would differentiate bovine WJ-MSC cells into neuron-
like cells susceptible to neurotropic BoHV-5 replication.
In addition, such a model would provide a means for
rapidly examining key aspects of the interactions be-
tween BoHV-5 and bovine neuron-like cells. In particu-
lar, this model system may overcome many of the
limitations of live animals, primary neuronal culture, or
neural mesenchymal cells from fetuses with less costly
experimentation and ethical constraints.

Results

Differentiation of stem cells into neuron-like cells

The main objective of the present study was to assess the
full neural potential of bWJ-MSCs after culture in a retinoic
acid-deprived reprogramming medium. Continuous culture
for 28 days resulted in cells exhibiting varied morphologies,
including cells with multiple long thin-axon-like processes
at 7, 14, 21 and 28 days (Figure 1A-D). Furthermore, we
observed the presence of neurons and oligndendrocytes
based on morphology of spindle-like cells with multiple,
network forming (Figure 2C and 2D), long-branch projec-
tions (Figure 2A). In addition, neural-like cells displayed
distinct neuronal morphology, ranging from simple bipolar
to large, extensively branched, multipolar cells (Figure 3).
Thus, after 28 days of neuron induction, BW]-Uc cells were
capable of generating both neuron and glial-like cells.

Characterization of differentiated neuron-like cells

The distribution of neural/glial cell markers in differen-
tiated cells is shown in Table 1. Inmunostaining for neuro-
differentiation markers displayed 75-100% expression of
N200, MAP2, NT3, Tau, and GFAP. Approximately 50-
75% of differentiated cells were positive for nestin, CXCR4,
and Tu]l. The ubiquitin marker was less frequently detected
among differentiated cells (25-50%). Consistent with these
observations, RT-PCR confirmed presence of nestin, N200,
B-tubulin T (Tul), GFAP and NT3 mRNA (Figure 2E).
Flow cytometric analysis was used to determine the
phenotype of the neuron-like cells. Cell-surface markers
that characterize neuro-differentiation at 28 days of culture
were analyzed. The results showed that cells expressed at
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Figure 1 Bovine Wharton's jelly differentiation. Photomicrographs representative of the momphological appearance of neuron-ike cells under
differentiation at 7, 14, 21 and 28 days of neuron induction observed under phase contrast microscopy (x 40 magnification). The mulipolar,
round cell bodies form a network-like structure The inset images show the undifferentiated bW-MSCs.

LS

Q

least 70% of putative neuronal markers such as NT3,
GFAP, MAP2, Tau and N200 (Figure 4). Nestin, f-tubulin
IT1, ubiquitin, and CXCR4 were also expressed, but at lower
rates (Figure 4). Our experiments confirmed previous stud-
ies demonstrating the ability of human MSCs derived from
Wharton's jelly layer to generate neuron-like cells. Our
results also demonstrated cross-reactivity among human
and bovine monaclonal antibodies against these markers.

Susceptibility of neuron-like cells to BoHV-5 infection

The susceptibility of neuron-like cells to BoHV-5 infec-
tion was investigated by assessing the viral growth curve,
cell viability, and cytopathology. The one-step kinetic
growth curve profile for infected neuron-like cells was
established CPE are an important parameter in the
in vitro characterization of viral lytic potential To study
the CPE, an indirect measure of viral cell-to-cell spread —
morphology, viral antigens, and DNA were monitored.
Following infection, CPE was characterized by an enlarge-
ment of the neuronal branches (Figure 5A-D) and by
appearance of small and large wvesicles (Figure 5E-F).
BoHV-5 antigens were detected by immunofluorescence at
96 h p.i (Figure 6A) and active BoHV-5 replication was
detected by ISH (Figure 6B). The viral DNA label was
observed almost exclusively in the perinuclear region of
infected neurons and ranged from sporadic to dense grain
accumulations along neuron branches (Figure 6B). Almost
60% of neurons demonstrated active viral DNA replication
by 72-96 h p.i (500 cells per time-point in two parallel
experiments) (Figure 6D). In the replication curve, max-
imum viral titre was observed at 72 h p.i. (Figure 6C) and

loss of cell viability occurred only after 96 h p.i (Figure 5G).
Altogether, these results demonstrate that differentiated
bWT-MCS cells support productive BoHV-5 replication.

Discussion
Several studies have described the ability of Wharton's
jelly cells from a variety of animal species to differentiate
into neurons and/or glial cells in vitro [3]. The most
commonly applied protocol to induce undifferentiated
MSC cells to differentiate into neuron-like cells is based
on treatment with bFGF (basic fibroblast growth factor),
dimethylsulfoxide (DMSO) and butylatedhydroxyanisole
(BHA) [7]. Some differences have also been described in
the use of retinoic acid (RA) and/or insulin associated
with hydrocortisone [26]. Retinoic acid is an oxidized
derivative of retinol and is the active form of vitamin A.
RA functions as a specific ligand for the retinoic acid
receptor signaling pathway, which is required in embry-
onic development, bone formation, and in the mainten-
ance of normal epithelial structures. The addition of RA
to induction medium has been shown to influence neur-
onal differentiation and to improve cell survival [26].
The precise composition of the culture medium is crit-
ical to avoid inconsistent results, especially when the
reagents are obtained from different sources. With regard
to RA, most of the neural induction methods in rodent
or human M5Cs employ a combination of RA with other
chemical agents, cytokines, and growth factors [7-9]. In
the present study, a commercially defined medium with
no supplement was used to facilitate the reproducibility
of the culture system. Another advantage of the culture
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isible under phase contrast
microscopy. A) Neuron-like cells with triangular, round and cone-shaped morphology; B) Bi-polar neuron-| morphology; C) Network among
neurondike cells; D) Long axon of a Golgi neuronx 100 magnffication; E) RT-PCR analy euronal | markersnestin, N B-tubulin NIl
n-lik after differentiation were observed. The H2A gene was used as an internal control for the

GFAP and NT3 transcript expression in ne >
reverse transcription-polymerase chain reaction. MW-molecular weight 1 kb plus.

NESTIN

UBIQUITIN TUBULIN I

Figure 3 Neuron-like cells surface markers. Immunofluorescence images showing the expression of neuronal markers, such as (XCR4, GFAP,
NT3, nestin, MAP2, Tau, ubiquitin, N200, and Tull, by immunofluorescence staining. DAPI indicates the nucleus. Inset images show the absence of
neuronal markers in the undifferentiated bW+MSCs (scale bar: 20 um).

-
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Table 1 Incidence of various markers that neuron-like
cells derived from bWJ-UC express after 28 days of
differentiation visually counting under UV microscopy

Marker Neuron-like cells bwWJ-UC
Mestin 3 _
MAPZ S _
GFAFP EERE _
N200 ++++ +
NT3 +++ _
Tul +HH —
Tau ++++ _
Ubiguitin + ++
CHCR4 ++ _
Bovine IgG _ —
Bavine IgM ~ _

*Values were determined by visually counting positive cells (=, 09%; +, 0-25%; +
+, 25-509; 44+, 50-75%; ++4+, 75-100%).

system developed herein is the natural adherence of
neuron-like cells to the plastic flasks. This phenotype is
different from neuron-like cells derived from fetal brain
tissue which require a specific substrate to initiate differ-
entiation [10]. Collectively, the results presented here in-
dicate that it is possible to derive neuron-like cells from
bBWI-MSCs. These differentiated cells maintain identical
morphology and cell viability after 28 days of in vitro cul-
ture with a commercial medium. Moreover, there are no
ethical issues in using cells in vitro from umbilical cords
versus fetal brains. Following neuronal differentiation,
the neuron-like cells clearly exhibited their neurogenic
potential by expressing classic neuronal markers such
N200, MAP2, NT3, Tau and GFAP. Nestin, CXCR4, and
TuJl were also detected, but at lower intensities. Import-
antly, none of these neuronal markers were detectable
inundifferentiated cells, suggesting the lack of spontan-
eous neuwronal potential However, a previous study
using porcine “WJ]-MSCs described similar expression
levels of neuron-specific enolase (NSE) in differentiated
and undifferentiated cells [9]. This finding has also been
reported for bone marrow stromal cells isolated from
rats, pigs, and humans [7,8]. Neurofilaments and GFAR
both considered important neuronal/glial proteins, were
also found to be expressed in undifferentiated and differ-
entiated MSCs using RA as a neuronal inducer for
human bone marrow stromal cells [8]. Furthermore,
flow cytometric analysis found that differentiated bW]-
MSCs expressed NT3, GFAP, MAP2, Tau, and N200.
This indicates the presence of neural precursors, mature
neurons, and glial cells in the same culture. Similar
results have been reported with human neural progeni-
tors obtained from umbilical cord blood; however, no
GFAP expression could be detected in this experiment
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[7.8]. Thus, phenotyping of neuron-like cells revealed
that more than 80% of the initial cell population became
differentiated and expressed neurological receptors after
28 days of induction. This time period was inferior when
compared to neural stem cells produced from fetal brain
in humans [10], but similar to one study performed in
dogs using Wharton’s jelly source [12].

The neurotropic RNA and DNA viruses that produce
CNS diseases in humans and animals use a variety of patho-
logical mechanisms. For members of the a- Herpesvirinae
subfamily, almost all types and areas of the nervous sys-
tem have been identified as targets for viral replication
[16,18]. Although many studies have been performed
in vivo using rabbits and cattle, it is difficult to examine
BoHV-1 replication in vivo. an in vitro culture of rabbit
sensory neurons and ganglionic non-neuron cells to
examine BoHV-1 replication [27].

Because of this difficulty, suitable in vitro systems imple-
menting the three R's principle of Russel and Burch (1959)
are needed to study primary host-virus interactions [27].
Because of the clinical relevance of the a-subfamily Her-
pesvirinae, in vitro models would be highly appreciated to
replace animal studies. In addition to ethical considera-
tions, in vitro studies would eliminate potential confound-
ing factors such as individual animal variation and
environmental factors [28].

Both herpes simplex virus 1 (HSV-1) and BoHV-1/5
establish lifelong latent infections in rabbit and cow sen-
sory nerve ganglia [18,27]. Several days after infection by
HSV-1 and BoHV-1/5, some neurons are productively
infected (acute phase) [27]. Other neurons, however, be-
come latently infected [18,23]. In the present study, the
absence of floating neuron-like cells following BoHV-5
infection suggests a low rate of cell death. This was con-
firmed by MTT assay results showing high cell viability
and 60% ISH positivity. These findings can be explained
by the expression of a latency-associated region (LTR)
gene that is involved in neuronal survival during HSV-1
infection in vitro [17]. In addition, in vitro replication does
not always correlate with in vivo viral behavior. Thus, it is
particularly important to note that data obtained from
in vitro studies are not necessarily representative of viral
host interactions oceurring in vivo [27].

However, the molecular mechanisms by which pro-
ductive and persistent viruses produce nervous system
diseases are diverse and not completely understood. The
results obtained in this investigation open the door to
questions about neuronal death/survival mechanisms fol-
lowing BoHV-5 infection and replication.

Conclusion

This report provides the first characterization of neuron-
like cells derived from bWT-MSCs. We have demonstrated
that these cells are susceptible to BoHV-5 infection. These
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results open the door to replace animal models to study
particular aspects of BoHV-5 biology and pathogenesis.
Our in vitro model reduces the need for animal experi-
mentation. The neuron-like cells developed herein can be
used as a viable alternative to investigate several aspects of
BoHV-5 biology including neurotropism, neurovirulence,
and gene expression.

Methods

Bovine Wharton's jelly-derived multipotent mesenchymal
stromal cells (bWJ-MSCs)

The bW]-MSCs were isolated and characterized as pre-
viously described [13] according to the Animal Care
Committee at the University of Sao Paulo State, Brazil
The cell monolayers have been maintained in the

laboratory of Animal Virology and Cell Culture since
2010 following standard procedures for seeding, freeze-
thawing, and propagation. Passage 30 undifferentiated
bW]-MSCs were kept at 35 x 10° cells/mL in 25-cm’
tissue culture flasks (Falcon, BD) at 38.5°C in 5% CO,
in a humidified incubator. The cells were seeded with
Advanced-DMEM {Invitrogen®. Life Technologiesm.
Carlsbad, CA, USA) with the addition of 10% fetal bo-
vine serum (FBS; Sigma—Aldrid'L@. St. Louis, MO, USA),
2 mM glutamine and 10 mM non-essential amino acids
(Sigrm-ﬁldrich@]. The cells were then expanded until
they reached subconfluence (80-90%) in serum-free
conditions, at which point the supplement was switched
to Xeno-Free (Invitmgenm] in lieu of FBS (Invitro-
gen™). The medium was refreshed every 24 h, and
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pictures were taken to observe the morphology of undif-
ferentiated b'WJ-MSCs.

Differentiation of bWJ-MSCs

The differentiation protocol was divided into three stages.
In stage I, bW]-MSCs were resuspended at 2.8 x 10" cells/
mL in Neurobasal " medium supplemented with 10% fetal
bovine serum (FBS, Sigma-Aldrich®) for 24 h. Stage 11
consisted of replacing the culture medium with Neuroba-
sal™ and B27 supplement (Invitrogen™). The medium was
replaced after 24 h of induction; and stage Il was started
by replacing the old medium with Neurobasal™ with the
addition of a neuro-differentiation supplement (Invitro-
gen®™). Stage 11l was sustained for 15 consecutive days.
The neuron-like cells were cultured both in 25-em*flasks
for the viability assay and on Lab-Tek™ well chamber
slides for immunostaining (Nunc'", Rochester, NY, USA).
All of the media were supplemented with penicillin
(100 TU/mL) and streptomycin (100 pg/mL). All cultures
were incubated at 38.5°C in 5% CO, with 95% humidity.

Immuneostaining for neural cell markers

Differentiated cells at 28 days of culture were fixed with
4% paraformaldehyde for 15 min in Lab-Tek™ chamber
slides (Nunc' ). The cells were permeabilized for 10 min
at room temperature in 04% Triton X-100 diluted in
phosphate buffered solution (PBS). The fixed neuron-like

cells were incubated overnight at 4°C with each of the
primary antibodies anti-Nestin (cat # N5413, diluted at
1:100), anti-NT3 (neurotrophin 3; cat # SAB3300030,
1:50), anti-CXCR4 (chemokine receptor 4; cat # C3116,
1:20), anti-GFAP (cat # WHO0002670M1, 1:50), anti-
MAP2 (microtubule associated protein 2; cat # M1406,
1:20), anti-Tau (cat # Te402, 1:200), anti—ubiquitin (cat #
GW10073E, 1:200), anti-f tubulin IIT (neuronal TuJl, cat
# T8578, 1:100), and anti-N200 (neurofilament200k; cat #
N4142, 1:200), all purchased from Sigma-Aldrich®. On
the next day, after three washes, cells were incubated with
the respective goat secondary antibody (1:100) anti-
mouse, anti-rabbit and anti-chicken FITC (Sigma-
Aldrich™). For nuclear staining, DAPI (1 mg/ml) was
diluted in Fluormount™ aqueous medium and loaded
onto samples for 15 min. The images were collected
under an A:ciolmagerlD Al light and an ultraviolet (UV)
microscope connected to an AxioCam™MRe (Carl Zeiss,
Oberkochen, Germany). The images were processed using
AxioVision™ 4.8 software (Carl Zeiss) for each antigen,
whereas values were determined by visually counting
positive cells (-, 0%; +, 0-25%; ++, 25-50%; +++, 50-75%;
++++, 75-100%). The undifferentiated cells underwent
the same staining procedure to assess for cross reactions
among antibodies. The negative contrals consisted of in-
cubation of slides with bovine IgG and IgM isotypes as
the primary antibodies.
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Flow cytometric analysis for neural cell markers

Following differentiation at 28 days of culture, 1 x 10°
differentiated cells were harvested after being detached
with 0.25% trypsin (Sigma-AIdﬁchR), washed with PBS,
permeabilized in 4% of paraformaldehyde, and incubated
for 18 h at 4°C with the monoclonal antibodies at the
same dilutions described for immunostaining in 1% Tri-
ton X-100 and 0.5% bovine serum albumin (BSA). After
incubation with the primary antibodies, the cells were
washed three times with PBS plus 0.1% Triton X-100. Next,
a 1:50 dilution of the secondary antibody was added to
100 pl of the cell suspension and then incubated at 37°C
for 30 min. The cell suspension was washed as previously
described. After the final wash, the cells were fixed with 4%

paraformaldehyde. Data were acquired with an Attune™
acoustic focusing cytometer system (Applied Biosystems'™,
Foster City, CA, USA) and at least 50,000 events were
counted. The negative pattern was examined by applying
the same cell suspension with the initial incubation with
bovine IgG and IgM isotypes, and the result was included
in the global compensation to exclude auto-fluorescence.
A BL1-A (488 nm) filter was used in each analysis.

Reverse transcription-polymerase chain reaction

Reverse transcription-polymerase chain reaction (RT-PCR)
analysis was used to evaluate the differentiation of bW7J-
MSCs into neuron-like cells. Briefly, total RNA was
extracted from the cell culture at 28 days using the
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TRizol™ method {Invitrogen'm}. mRNA expression of the
nestin, N200, f-tubulin III (TuJl), GFAP and NT3 genes
was reverse transcribed using an enhanced avian RT first
strand synthesis kit (STR-1, Sigma-Aldrich). The PCR re-
action was conducted following JumpStart™ Taq ready mix
according to manufacturer’s instructions (Sigma—Aldrich@}
with the specific primers described in Table 2. A house-
keeping gene, H2A (bovine histone), was used as an in-
ternal control. All of the primers were designed to amplify
207 to 209 bp and were electrophoresed on a 1.5% agarose
gel. Samples were visualized by ethidium bromide staining
and photographed.

Susceptibility of neuron-like cells to viral infection

After differentiation, neuron-like cells were maintained in
a Neurobasal ™ medium (Invitrogen™) plus B27 without
FBS. The BoHV-5 strain used in the experiment was iso-
lated from an outbreak of meningoencephalitis [22]. This
strain has 90% sequence similarity to EVI99 based on the
US9 region (GenBank accession number AY064172). The
strain was kept for 9 consecutive cell passages in our la-
boratory [29]. For the infection, neuron-like cells were
grown to 70% confluence in Lab-Tek®™ chambers slides
(Nunc™) and infected with 100 pl of a BoHV-5 suspen-
sion (10* TCIDgy/ml), corresponding to a multiplicity of
infection (m.o.i.) of 0.1. The viral suspension was allowed
to adsorb for 1 h at 38.5°C. After incubation, the viral
suspension was removed and the monolayers were sup-
plemented with the same medium. Inoculated cells were
monitored thereafter for cytopathic effect (CPE).

Viability assay and viral growth kinetics

The cell proliferation analysis was performed using an
In Vitro Toxicology Assay”™ Kit, an MTT-based assay, in
both infected and non-infected neuron-like cells at 0, 24,
48, 72, 96 and 120 h post-infection (p.i.) (TOXI-1 Kit;
Sigm.a—Aldrid&@}. For each p.i. time point, the culture
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supernatant was removed and 2 mL of MTT (tetrazo-
lium salts) were added following the manufacturer’s
recommendations (Sigm—Aldridl'ﬁ'}k Absorbance was
measured at 600 nm with a Biophotometer (Eppendorf”,
Hamburg, Germany). All reported values are means of
triplicated samples.

One-step growth curve of the BoHV-5 in neuron-like
cells was assayed in a multiplication kinetics experiment,
followed by infecton at 80% of monolayer confluence
with m.o.i of 1. After 90 min of adsorption at 38.5°C, the
inoculum was removed and fresh medium was added.
The neuron-like cells were incubated at different time
intervals (24, 48, 72, 96 and 120 h p.i). After incubation,
both supematant and lysate cells were harvested and
assayed for the presence of the virus by infecting
(Madin-Darby bovine kidney cells) MDBK cells as
described previously [30]. All experiments were performed
in triplicate. Infectious virus titres were calculated accord-
ing to the Spearmann-Kirber method and expressed as
Log, o TCIDs/mL.

Viral nucleic acid detection by in situ hybridization assay

To estimate the number of neurons actively replicating
viral DN A, neuron-like cells grown on Lab-Tek™ (Nunc™)
chamber slides were infected with at least 1 TCIDs, per
cell, incubated for 24, 48, 72, 96 and 120 h p.i. and fixed
with 95% ethanol-glacial acetic acid (3:1) for 30 min in an
ice bath. In situ hybridization assay (ISH) was performed
as described previously [21,31,32]. To perform in situ
hybridization, the DNA probe was prepared from PCR
amplicons of BoHV-5 DNA glycoprotein-C gene accord-
ing to previous study [28,29,32]. The 159 base pair (bp)
amplicons were produced by primary forward PCR primer
gl+(5"- GTG CTC TTC TCC ATC GCC-3") and reverse
primer gl- (5"-GCG GAG GAGGAG TTG TCG G-3-bio")
{Invitrogen™, Brazil). After DNA purification from agarose
gel, the PCR product was linked into the TA-vector

Table 2 Cell surface neuregenic markers analysed by RT-PCR

Genes Accession number Primers sequence Size (bp)
Mestin AB257750 forward 5'- AGACTTCOCTCAGCTTTCAGG-3 209
reverse 5'-GLCTGGAGGAATTCTTGGTT-3
N200 MM174121 forward 5" TAGCACATTTGCAGGAAGCA-S 208
reverse 5 -COGUCAATTCCTCTGTAATG-3
Brtubulin 1l NMO01077127 forward 5°- AGATTCCGCTATTAGCTA-3 207
reverse 5'- CGETACCGGITAATAGTAGT-3
GFAP L15867 forward 5'- TGCAGACCTGACAGACGCTGTIGS' 209
reverse 5-CTGCTAGAGGGOGAGEAGANCGS'
NT3 NMOD1077588 forward 5°- ATGCCGTAGOGGTTAATGOAS 208
forward 5°- ATGLCGTAGUGGTTAATGOAS
H2A AWAE143T forward 3-GTCTTGGAGTACCTGACCGCS 209

reverse 3’ -AGTCTTCTTCGGEAGCAACA-5

103



Cardoso et al. BMC Veterinary Research 2012, 8:242
httpy/www.biomedcentral.com/1746-6148/8/242

(pGEMTEasy, Promega, Madison, W1, USA) and ligation
products were introduced into E coli by heat shock. Posi-
tive colonies were confirmed by DNA sequencing. A con-
firmed positive colony was cultured and plasmid DNA
was prepared using a commercially available kit (Promega
Mini- Prep®, Promega, Madison, WI, USA). The probe
was generated by PCR reaction [31] targeting the gC gene
located in the plasmid as described before using the biotin
labeled reverse primer (Invitrogen™).

Briefly, for ISH assay the infected and uninfected
neuron-like cells were placed on glass slides {EasyPaﬂl®},
pre-treated with pure poly-L-lysine (Sigma-Aldrich™) and
fixed with 4% (w/v) paraformaldehyde (Sigma-Aldrich®™)
in phosphate-butfered saline (PBS) for 24 h at 4°C. Slides
were treated with proteinase K (10 pg/mlL, Invitrogen™)
for 10 min at room temperature and washed in PBS. A
159-bp denatured biotin labeled probe consisting of 2
uL (2 ng/mL) of probe and 98 pL of pre-hybridization
buffer (50% formamide, 5% bovine seroalbumin, 1% N-
lauroylsarcosine and 0.02% sodium dodecyl sulphate,
Sigma-Aldrich™) was applied the slides. The slides were
incubated overnight at 37°C under a plastic coverslip in
a humidified chamber. The slides were then washed and
excess probe was removed by washing in increasingly
stringent solutions consisting of 1x S5C (saline sodium
citrate) and 0.1x SSC for 10 min at 42°C. The detection
system consisted of incubation with monoclonal anti-
body against biotin labeled to FITC (Sigma-Aldrich™).

The ISH positive reaction was visualized after the slides
were covered using Fluormount® {Sigma—Aldrich@}
medium and observed under a UV microscope. The
images were collected under an Axio Imager A.l light
microscope connected to an AxioCamMRc (Carl Zeiss
Oberkochen, Germany), and the micrographs were pro-
cessed with AxioVision 4.7 software (Carl Zeiss). The
results were expressed as the mean percentage of neurons
positively marked.

Total RNA isolation and quantitative real time polymerase
chain reaction (qPCR)

Upon harvesting at 24, 48, 72, 96 and 120 h p.i., the cells,
monolayers and respective supernatants, and total RNA
was extracted using the Trizol LS™ protocol according te
manufacturer’s instructions {Invih’ogen®}. An average of
150 ng of total RNA was used for first-strand cDNA syn-
thesis with Enhanced Avian RT First Strand Synthesis
{Sigma-ﬁldﬁch®}. The qPCR was carried out and ana-
lyzed by the software on a SEpOnePlus® real time instru-
ment (Applied Biosystems ). The real time PCR mixtures
(50 pl) contained 1.2 pg of ¢cDNA, 400 nM primers and
200 nM probes. The probes were FAM-label customized
for glyco-C gene sequences according to a previous report
[33]. The PCR was initiated by sequential amplification of
40 cycles at 95°C (15 s) and 60°C (60 s). The results were
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obtained from three replicates of each sample to ensure
representative and accuracy pipetting. The expression of
bovine GAPDH (glyceraldehyde-3-phosphate dehydro-
genase) gene was also quantified in a similar way for
normalization. The comparative delta-delta C, method
was used to analyze the results. The expression level of
the BoHV-5 glyco-C gene at the corresponding time point
in infected and uninfected neuron-like cells was quantified
in comparison to GAPDH C, values.

Statistical analysis

All of the experiments were performed in triplicate or
greater. Results of representative experiments are pre-
sented. Descriptive statistics include the mean + standard
deviation (s.d.). Statistical analysis was performed using
ANOVA to evaluate the results. Student’s -test was used
for comparison of uninfected (control) and BoHV-5
infected cells. Two-tailed p values < 0.05 were considered
significant.
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Abstract

Background: Bovine Herpesvirus type-5 (BoHV-5) is a neurovirulent a-Herpesvirus which is potentially pathogenic for
cows and suspected to be associated with reproductive disorders. Interestingly, natural transmission of BoHV-5 by
contaminated semen was recently described in Australia. Additionally, BoHV-5 was also isolated from the semen of
a healthy bull in the same country and incriminated in a natural outbreak of reproductive disease after artificial
insemination. In contrast with BoHV-1, experimental exposure of in vitro produced bovine embryos ta BoHV-5

does not affect embryo viability and seems to inhibit some pathways of apoptosis. However, the mechanisms
responsible for these phenomena are poorly understood. In this study, we examined mitochondrial activity,
antioxidant protection, stress response and developmental rates of in vitro produced bovine embryos that were
exposed and unexposed to BoHV-5.

Methods: For this purpose, bovine embryos produced in vitro were assayed for cell markers after experimental
infection of cocytes (n=30; five repetitions), in vitro fertilization and development. The indirect immunofluorescence
was employed to measure the expression of superoxide dismutase 1 (S0D1), anti-oxidant like protein 1 (AOP-1),
heat shock protein 70.1 (Hsp 70.1) and also viral antigens in embryos derived from BoHV-5 exposed and unexposed
oocytes. The determination of gene transcripts of mitochondrial activity (SODT), antioxidant protection (AOP-T)

and stress response (Hsp70.1) were evaluated using the reverse transcriptase polymerase chain reaction (RT-PCR).
MitoTracker Green FM, JC-1 and Hoechst 33342-staining were used to evaluate mitochondrial distribution,
segregation pattems and embryos marphology. The intensity of labeling was graded semi-quantitatively and
embryos considered intensively marked were used for statistical analysis.

Results: The quality of the produced embryos was not affected by exposure to BoHV-5. Of the 357 collected
oocytes, 313 (+/— 6.5; 87,7%) were cleaved and 195 (+/— 3.2; 54,6%) blastocysts were produced without virus
exposure. After exposure, 388 oocytes were cleaved into 328 (+/— 8.9, 84,5%), and these embryos produced
193 (+/— 3.2, 49,7%) blastocysts. Viral DNA corresponding to the US9 gene was only detected in embryos at
day 7 after in vitro culture, and confirmed by indirect immunofluorescence assay (IFA). These results revealed
significant differences (p < 0.05) between exposed and unexposed oocytes fertilized, as MitoTracker Green FM
staining Fluorescence intensity of Jc-1 staining was significantly higher (p < 0.005) among exposed embryos
(143 +/— 8.2). There was no significant difference between the ratios of Hoechst 33342-stained nuclei and total
cells in good-guality blastocysts (in both the exposed and unexposed groups). Using IFA and reverse transcriptase
polymerase chain reaction (RT-PCR) for the set of target transcripts (SOD1, AOP-1 and Hsp 70.1), there were
differences in the mRNA and respective proteins between the control and exposed embryos. Only the exposed
embryos produced anti-oxidant protein-like 1 (AOP-1). However, neither the control nor the exposed embryos
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produced the heat shock protein Hsp 70.1. Interestingly, both the control and the exposed embryos produced
superoxide dismutase (SODT), revealing intense mitochondrial activity.

Conclusion: This is the first demonstration of SODT and AOP-1 production in bovine embryos exposed to BoHV-3.
Intense mitochondrial activity was also observed during infection, and this occurred without interfering with the
quality or number of produced embryos. These findings further our understanding on the ability of a-Herpesviruses
to prevent apoptosis by modulating mitochondrial pathways.

Background

Many calves are produced by in vitro embryo production
(IVP) and transferred worldwide [1]. However, the pro-
duction of blastocysts from mature in vitro cocytes has
only a modest success rate [2]. Despite many efforts to
improve IVP techniques, the successful development of
only 30% to 40% of blastocysts appears to be the limit
[1]. A number of factors can influence the culture envir-
onment, such as media composition, protein supplemen-
tation, the number of embryos present in the culture
drop and gas atmosphere. Among those factors, oxida-
tive stress induced by greater oxygen tension has
received special attention in the last few years [3-6].
Generally, higher oxygen (O,) tension (5% CO; in air)
than that of the in vive environment employed for
in vitro culture (IVC) is responsible for the increased
generation of reactive oxygen species in cells, which can
lead to DNA damage, lipid peroxidation and oxidative
modification of proteins [4]. The role of mitochondria in
the all-aerobic cell system has been widely studied, and
these organelles play a well-known role as the energy-
ATP resource for most of the reactions occurring in
cells, including metabolic pathways, fatty acid metabol-
ism, urea metabolism and the metabolism of specific
hormones [7].

Concerning to oocytes and embryos, mitochondria are
important organelle not only for competence but also
for adequate reproduction [8]. During early develop-
ment, the role of maternal mitochondria dominates over
paternal mitochondria because sperm mitochondria are
ubiquitinated and eliminated when the sperm enters the
ooplasm [9]. Although distinct patterns of mitochondrial
distribution and activity have been described at different
stages of bovine embryonic development, it is still an
important parameter for assessing the potential compe-
tence of the oocytes and embryos [9].

Latent infection is a hallmark of the Herpesviridae
family [10]. It is noteworthy that BoHV-5 can be reacti-
vated from a persistent state and excreted without clin-
ical signs, consistent with the low incidence of apoptotic
embryos derived from oocytes exposed to virus infection
in previous studies [11,12]. Moreover, cattle are consid-
ered the natural host of BoHV-5, and latently infected
animals constitute natural reservoirs of the virus [13-15].

Thus, biological products derived from latently infected
sources may be potentially contaminated with the virus
and, therefore, represent a potential source of contamin-
ation for IVC procedures [12]. Despite numerous reports
of BoHV-5 in bull semen, the significance of BoHV-5
in semen is unknown [16-20]. Recently, an association
between venereal disease in cows and artificial insemin-
ation with semen contaminated with BoHV-5 has been
described in Australia [18,21].

Viral infection typically results in the perturbation of
cellular processes that can serve to trigger cell death via
the mitochondrial pathway [18]. Successful replication of
many viruses, therefore, depends on the ability of the
virus to prevent apoptosis induced by the mitochondrial
pathway [7]. The maintenance of mitochondrial respir-
ation during viral infection is essential for ensuring
that sufficient ATP is available for viral replication
to proceed, while concomitantly inhibiting apoptosis
induced by oxidative stress [22]. Interestingly, experi-
mental infection of bovine gametes with BoHV-5 led to
the infection of in vitro-produced embryos without
interference to embryonic development, and infection
with BoHV-5 suppressed specific apoptotic pathways
[11,23]. Determining how BoHV-5 interferes with cell-
death pathways will not only improve our understand-
ing of viral pathogenesis but also has the potential to
advance our understanding of the processes that nor-
mally control of cellular death pathways. For example, oxi-
dative stress is essential for apoptotic induction to proceed
in response to many stimuli [23]; however, the mechan-
isms by which BoHV-5 inhibits bovine embryo apoptosis
or induces mitochondrial dysfunction are unknown.

The objective of this study was to investigate the role
of mitochondrial activity, antioxidant protection, and the
stress response in bovine embryos exposed to BoHV-5
and healthy IVC embryo controls. For this purpose,
bovine oocytes were experimentally exposed to BoHV-5.
The presence of viral antigens, superoxide dismutase 1
(SOD1), anti-oxidant like protein 1 (AOP-1) and heat
shock protein 70.1 (Hsp70.1) in both exposed and unex-
posed embryos were confirmed by indirect immuno-
fluorescence and by assessing transcription of related
genes. BoHV-5 viable particles were recovered from
infected embryos by virus re-isolation in MDBK cells
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and by polymerase chain reaction (PCR) targeting the
US9 gene.

Methods

Reagents and media

Unless otherwise stated, all chemicals were obtained
from Sigma-Aldrich (St. Louis, MO, USA) and Invi-
trogen (Grand island, NY, USA) at the highest avail-
able purity. The basic dilutions and culture media
were cell culture grade, which are routinely used in
our laboratory.

Qocyte collection, in vitro fertilization and maturation
Qocyte collection, in vitro maturation (IVM), sperm and
in vitro fertilization procedures were followed as pre-
viously described [11,12]. The study was conducted with
presumptive zygotes produced from oocytes exposed or
unexposed (n=30/per slide; in five repetitions) to
BoHV-5 (the latter underwent the same protocol but
without exposure to BoHV-5). Frozen-thawed sperm for
IVF were derived from 0.5 mL straws of bovine (Bos
indicus) semen collected from a single bull. Semen
was centrifuged on a Percoll (Nutricell®, Campinas, SP,
Brazil) gradient at 700 x g for 20 min. The resulting
sperm pellet was washed in TALP medium (Tyrode
medium with added bicarbonate buffer and supplemen-
ted with 6 mg BSA per milliliter) and centrifuged at
200 X g for 5 min. The pellet was diluted in IVF medium
(TALP medium supplemented with 3 mg/mL heparin
and PHE solution: 2 mM penicillamine, 1 mM hypotaur-
ine, and 250 mM epinephrine) to a final concentration
of 1 x 10° sperm/mL in drops of 100 uL. After 24 h of
maturation, the oocytes were transferred to drops con-
taining IVE medium. For IVE, oocytes and sperm were
co-incubated in the IVF medium for 20 h under the
same conditions used for [VM. Afterward, presumptive
zygotes (PZ) were placed in in vitro culture medium
(IVC) up to day 7 (day O=day of fertilization). After
blastocyst production on day 7 post-fertilization, only
embryos graded as Code 1 (Excellent or Good) or Code
2 (Fair) following the IETS guidelines [1] were used.
Similarly, only oocytes and presumptive zygotes classi-
fied as good quality were used. All uninfected cells and
reagents used in this study were assayed for bovine her-
pesvirus types 1 and 5 (BoHV-1 and 5), bovine viral diar-
rhea (BVD), and others pathogens, e.g., Mycoplasma by
the use of molecular search [11].

Virus infection and embryo development

Stocks of BoHV-5, isolated in 2007 from outbreaks in
Aracatuba, SP, Brazil [24], were propagated in Madin-
Darby bovine kidney (MDBK, ATCC CCL-2) cells, which
were cultured in minimum essential medium (MEM)
[25,26]. The tissue culture infective dose per 50 pL
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(TCIDsy) of stock virus was determined by virus titration
infection of confluent monolayers of MDBK cells [25,26]
at a multiplicity of infection (MOI) of 1. Aliquots of
stock virus (100 pL) with 10** TCIDs/50 pL were fro-
zen at —-86°C prior to use. Only COCs with several layers
of compact cumulus cells and homogeneous cytoplasm
were used, divided into drops of 30 oocytes each for ex-
perimental use. The culture consisted of oocytes main-
tained in 100 pL TCM-199 (GIBCO-BRL, Grand
Island, NY, USA), supplemented with 10% EBS, 2.2 mg/mL
sodium bicarbonate, 0.02 mg/mL sodium pyruvate,
0.05 mg/mL gentamicin sulfate, 0.5 pg/mL FSH (Pluset,
Calier; Barcelona, Spain), and 50 pg/mL LH (Lutropin-V;
Bioniche Inc., Belleville, ON, Canada) for 24 h at 39°C in
5% CO,-air. Selected oocytes (n=30) were washed in
maturation medium consisted of TCM-199 (GIBCO-
BRL, Grand Island, NY, USA) supplemented with 10%
FBS (Nutriccll@), 22 mg/mL sodium bicarbonate,
0.02 mg/mL sodium pyruvate, 0.05 mg/mL gentamicin
sulfate, 0.5 pg/mL FSH (Plusct®, Calier, Barcelona,
Spain) and 50 pg/mL LH (Lutropin-V®, Bioniche Inc.,
Belleville, ON, Canada). Oocytes were transferred to
drops containing 100 pL of MM in five repetitions in a
total number of 150 oocytes. Qocytes were experimen-
tally exposed by co-incubation with 10 pL BoHV-5 (10™
TCIDs corresponding to 1 MOI) for 1 h at 39°C in 5%
COy-air. The oocytes were subsequently washed three
times and transferred to new, virus-free maturation
drops for further in vitro development, as previously
described [11,12].

BoHV-5 molecular detection

The viral DNA detection was applied to detect the LIS9
gene among exposed and unexposed derived-embryos,
follicular liquid, oocytes and sperm, as described previ-
ously [27]. A 250-bp amplicon was generated based on
the sequence of US9 region (GenBank accession number
AY064172). Procedures for DNA purification and PCR
were previously described [10]. The PCR was performed
using 12.5 pL of 2x Platinum Taq Polymerase High-
Fidelity Master Mix (Invitrogen™", Carlsbad, CA, USA),
and 10 pmoles of each primer (US9-For: 5-AGAGT
CCACACAGCGTCGTCAA-3' and US9-Rev 5-CTACA
GCGAGAGCGACAGCGAGA-3). The reverse primer
(US9-Rev) was purchased by Invitrogen. In addition,
2.5 pL of nuclease-free water and 8 pL of the DNA sample
(positive reference strain AY064172) consisting of 3 pL of
DMSO plus 5 pL of DNA were added to the master mix.
In an automated thermocycler (Eppendorf, Hamburg,
Germany), the reactions were incubated at 98°C for 5 min;
34 cycles of 94°C for 30 s, 60°C for 1 min, and 72°C for
2 min, and finally 72°C for 5 min. The PCR products were
visualized on a 1.5% (w/v) agarose gel after staining with
SYBR green at 0.5 pg/mL of concentration.
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Virus isolation

Embryos derived from oocytes directly exposed to
BoHV-5 and observed during in vitro production were
collected and freeze-thawed (1 h under -86°C and 1 h
under room temperature) three times. Monolayer cul-
tures of MDBK cells at 80% confluence were prepared,
according to standard procedures, to be free of BoHV-1
and any other potential pathogens [12]. Adsorption was
allowed for 90 min at 38.5°C. Then, fresh medium was
added, and for the next 7 dayays, cultures were exam-
ined for cytopathic effect (CPE). After an additional pas-
sage, the cultures with no evidence of CPE were
considered negative. When CPE was observed, the re-
spective cells were removed and submitted to virus titra-
tion and identification. Virus titration was conducted
with infected embryo suspensions and 96-well plates
previously seeded with MDBK cells. Serial dilutions,
from 107 to 10°% of infected embryos suspensions
were prepared and used for BoHV-5 titration onto a
single well in triplicate. The plate was incubated for 1 h
at 38.5°C prior to adding 100 pL of supplemented MEM.
The plates were incubated for 7 d and examined every
24 h for evidence of CPE. Infectious virus was
calculated according to the Spearmann-Kirber method,
as described [26].

MitoTracker green FM, jc-1 and Hoechst 33342 staining

To evaluate the number of embryos/slide, intensively
labeled with MitoTracker Green FM, Jc-1 and Hoechst
33342 probes, 30 selected embryos, in five repetitions,
from oocytes exposed or unexposed to BoHV-5 were
washed in PBS and then fixed with 4% (w/v) formalde-
hyde. This procedure was similar for all dyes used to
assay exposed and unexposed embryos. MitoTracker
Green FM (Invitrogen, Eugene, OR, USA) was used to
evaluate mitochondrial distribution and segregation pat-
terns. The MitoTracker Green FM was diluted in DMSO
at 10 nM per slide direct applied on fixed embryos
(30 per slide, in a total of 150 analyzed) and incubated
for 10 min at 38.5°C. The mitochondrial distribution in
the cytoplasm of embryos appeared as increased areas of
fluorescence intensity or aggregates detected by fluores-
cence. Mitochondrial activity was qualified based on Je-1
(5,5, 6,6 -tetrachloro-1,1°, 3,3"-tetraethyl-benzimida-
zoyl-carbocyanine iodide) staining. Je-1 monomers were
detected with a green filter. Je-1 dimers that formed on
mitochondrial membranes with high potential were
detected via a red filter. Mitochondria distribution in the
embryonic cytoplasm was evaluated by the intensity of
the green/red fluorescence. To observe the embryo qual-
ity, 1 pg/mL per slide of Hoechst 33342 at 38.5°C for
30 min was used. The fixed embryos were washed again
to remove excessive Hoechst 33342 and then mounted
onto slides under coverslips to evaluate the nuclear
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configuration. To measure the fluorescence intensity
(MitoTracker Green FM emission 500 nm, Jc-1 red filter
515 nm and green filter 488 nm, and Hoechst 33342,
emission 488 nm, stained slides were observed under an
Axiolmager A.l light and ultraviolet microscope con-
nected to an AxioCam MRc camera (Carl Zeiss, Oberko-
chen, Germany), and micrographs were processed with
AxioVision 4.8 software (Carl Zeiss).

Indirect immunofluorescence to assay SOD1, AOP-1,
Hsp70.1 and BoHV-5 antigens

Exposed and unexposed embryos (n=30/slide; in five
repetitions) were washed three times in PBS and fixed in
4% formaldehyde for 24 h at 4°C. The samples were then
rinsed with PBS and permeabilized with proteinase K
(10 pg/mL, Invitrogen) for 15 min at room temperature.
After pre-treatment with proteinase K (10 pg/mL) at 4°C,
the slides were incubated overnight with primary anti-
bodies against mitochondrial superoxide dismutase, anti-
oxidative protein 1 and stress response heat shock protein
7 (mouse anti-SODI; anti-AOP-1 and anti-Hsp70.1, re-
spectively) diluted 1:50 in antibody diluent (PBS plus 0.1%
of Tween 20). The viral antigens were detected by react-
ing exposed and unexposed embryos to monoclonal anti-
BoHV-5 diluted in PBS plus 0.1% Tween 80 at 1:5 [26].
The slides were then incubated for 24 h at 4°C with sec-
ondary antibody (FITC-goat anti-mouse IgG; Zymed,
South San Francisco, CA, USA). Omission of the primary
antibody was used as a negative control. Subsequently, all
samples were counterstained with 1 mg/mL of DAPT (4'-
6-diamino-2-phenylindole; Sigma-Aldrich®) for 15 min at
room temperature before mounting the slides in the dark
[11].

Determination of gene transcripts of mitochondrial
activity (SODT), antioxidant protection (AOP-1) and stress
response (Hsp70.1)

The abundance of transcripts for genes related to
mitochondrial activity antioxidant protection, manganese-
superoxide dismutase (SODI) sense 5-CCCATGAAGC
CTTTCTAATCCTG-3" and antisense 5-TTCAGAGG
CGCTACTATTTCCTTC-3" primers (accession no. L22092.1)
and antioxidant protein like 1 (AOP-1) sense 5°-CCT
AGGTTATTTAGCGCGT-3" and antisense 5°-TTTC
CGCTAGCGCTTATT-3 primers were evaluated using
the reverse transcriptase polymerase chain reaction (RT-
PCR), and these primers generated amplicons of 297
and 310 bp, respectively. The stress response gene
transcription was performed by amplification of heat
shock protein 70.1 (HSP 70.1 accession no. U09861)
sense 5’ -AAGGTGCTGGAGTAGGCT-3" and antisense
5"-ACTTGGAAGTAAACAGAAGC-3 primers producing
an amplicon of 312 bp. Total RNA was isolated from
7 pools of 10 exposed and unexposed embryos using the
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PureLink®™ viral RNA/DNA extraction kit, according to
the manufacturer’s protocol (Invitrogen). The total RNA
was eluted in 20 pL of ultra-pure water and treated with
0.5 IU DNAse. The reverse transcriptase reaction (RT)
was immediately performed using 0.5 pg oligo (dT) pri-
mers (Invitrogen). The reaction mix consisted of 200 pM
of each dNTP, 1 x RT buffer, 2 pL. DTT 0.1 M, 40 IU
RNase inhibitor and 200 TU SuperScript II (Invitrogen).
The RT reaction was performed at 42°C for 52 min, with
a final incubation at 70°C for 15 min. Polymerase chain re-
action was conducted, as previously described in the
Materials and Methods section. The PCR products were
visualized on a 1.5% (w/v) agarose gel after staining with
SYBR green (Invitrogen) at 0.5 pg/mL of concentration.

Semi quantitation and data analysis

The levels of SOD1, AOP-1, Hsp70.1 and viral antigens
were semi-quantitated according to the intensity of the
immunofluorescence reactions. Two standard filters
were employed: a DAPI filter (emission wavelength:
425 nm) was used to determine quality and a fluorescein
isothiocyanate (FITC) filter (emission wavelength, 512 nm)
was used to detect SOD1, AOP-1, Hsp70.1 and BoHV-5
antigens. Bovine embryos were examined on two separ-
ate occasions by two observers without prior knowledge
of the classification. The intensity of labeling was graded
and only embryos considered marked lebeled were
included in a semi-quantitative analysis. Differences in
the respective mean values (n=30 in five repetitions)
were tested using ANOVA, with the primary effects as
morphological quality groups, followed by a multiple
pair-wise comparison using Student’st-test for inde-
pendent samples and the Bonferroni ¢-test. Differences
of P<0.05 were considered significant. The images
were collected under an Axiolmager A.1 light and ultra-
violet microscope connected to an AxioCam MRc (Carl
Zeiss, Oberkochen, Germany), and the micrographs
were processed using the Axiovision 4.7 software (Carl
Zeiss). The results are expressed as the mean +/- SEM.
p values < 0.05 were considered significant.

Results

Embryo development and virus detection

From 357 unexposed oocytes and 388 oocytes exposed
to BoHV-5 infection, 131 +/- 6.5 and 328 +/- 8.9 were
cleaved, respectively (Table 1). There was no significant
difference relative to the total number of unexposed
oocytes when compared with those exposed to BoHV-5.
There was no significant effect of virus infection on
embryonic development, including proportions of oocytes
that developed into blastocysts: unexposed 195 +/- 3.2
(54,6%) and exposed 193 +/- 3.2 (49,7%). The quality
of the infected and uninfected embryos was considered
to be similar, and both groups were rated as Code 1
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(excellent or good). To confirm virus infection, BoHV-5
antigens were identified by indirect immunofluorescence
assay (IFA) and PCR amplification in all infected
embryos (Figure 1B and C, line 3). No evidence of
BoHV-5 infection was observed among the unexposed
oocytes (Figure 1C, line 1), sperm (Figure 1C, line 2) and
presumptive embryos (Figure 1C, line 4). BoHV-5 was
recovered from exposed embryos after infection of
MDBK monolayers (data not shown).

Expression of MitoTracker green FM, jc-1 and Hoechst
33342 labels

The results revealed differences (p <0.05) between
exposed (123 +/- 8.5) and unexposed (53 +/- 3.9) for
MitoTracker Green FM staining (Figure 2; Table 2).
Cytoplasmatic fluorescence intensity was higher in
exposed embryos (inner mass) than in unexposed ones
(Figure 2). In addition, in the results observed for Jc-1
labeling exposed embryos had an intense red label,
which was different (143 +/- 8.2; p < 0.05) from that of
unexposed embryos (Table 2; Figure 2). Moreover,
among the exposed and unexposed embryos, three
patterns of mitochondrial distribution were observed:
(1) Je-1 staining was diffuse with mitochondria distribu-
ted throughout the cytoplasm, (2) pericytoplasmic and
(3) perinuclear. The exposed embryos showed a pericy-
toplasmatic pattern in contrast to unexposed embryos
that revealed a perinuclear and diffuse pattern (Figure 2).
There was no significant difference between the ratios of
Hoechst 33342-stained nuclei and total cells in good-
quality among exposed and unexposed groups (Table 3;
Figure 2).

Antigens and genes related to mitochondrial activity,
antioxidant protection and the stress response

The relative expression of each cell marker and gene
transcript studied, SODI, AOP-1 and Hsp70 is depicted
in Figures 3 and 4. Embryos exposed to BoHV-5 had an
increased expression of SODI (Figures 3A-C) compared
with the unexposed group (Figures 3D and E). SODI
gene transcription was only detected in exposed
embryos (Figure 3F; line 3). The AOPI antigens were
detected in high amounts in the pericytoplasm and peri-
nuclear regions of the exposed embryos (Figures 4 A-C).
However, AOP-1 transcription was observed in both
groups of exposed and unexposed embryos (Figure 4F,
lines 3 and 4). No detectable signal or positive amplicon
for Hsp70 protein was obtained in this study.

Discussion

The successful replication of a wvirus within a cell
requires a remarkable cascade of interactions between
virus and host. As part of their arsenal, many viruses
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Table 1 Comparison of development rates of exposed
and unexposed bovine embryos submitted to BoHV-5
unexposed or exposure

Total number
of oocytes

Embryonic development
(mean +sd)

Cleaved, n (%)
3131£6.5° ( 195+£3.2° (54.6)
328+8.9° (84,5) 193+3.2° (49,7)

=5 Within a column, values without a common superscript differ (p< 0.05).

Groups

Blastocysts, n (%)

Unexposed 357

Exposed 388

maintain the ability to modulate cell metabolism to pro-
duce viral particles [7,10,23,28].

Experimental infection of bovine embryos with BoHV-
5 in this study appeared not to interfere with the in vitro
production of embryos. These results are consistent with
our previous results that also showed that BoHV-5
exposure had no impact on the development in vitro of
bovine embryos [11,12]. These observations contrast
with the findings that BoHV-1 directly affects the
fertilization process, supported by the observation of a
strong decrease in the embryonic development rate
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when bovine IVF was performed in the presence of
BoHV-1 [1]. Therefore, the potential of BoHV-5 to in-
duce bovine reproductive disorders should not be under-
estimated, and a review of the sanitary measures
required for international marketing of biological pro-
ducts should be considered [21].

In this respect, the regulation of the expression of
genes related to the stress response, such as heat shock
proteins (Hsp), could also be affected by different embry-
onic densities and inadequate culture conditions [4].
This condition was excluded in the present investigation
because the exposed and unexposed embryos did not ex-
press mRNA and antigens related to Hsp 70.1. As the
embryos produced for this analysis were not under stress
caused by the IVC system, other parameters could be
directly compared based on BoHV-5 exposure.

The abundance of SODI antigens and the respective
transcripts were not similar in both groups of embryos.
Some studies revealed that higher levels of SODI transcrip-
tion may be an indicator of lower mitochondrial activity
[5]. Furthermore, differences in oxygen concentration may

A

unexposed oocytes

Figure 1 Day 7 in vitro cultured bovine blastocysts derived from control cocytes (unexposed to BoHV-5) and exposed oocytes. A} DAP!
labeling (425 nm) under fluorescence shows the good quality of the exposed embryos; B) Indirect immunofluorescence assay showing positive
signals to BoHV-5 antigens under fluorescence (512 nm). Scale bars is equal to100 pm; €} An electrophoresis agarose gel of US98 PCR; MW-
molecular weight 1-kb plus; lanes 1 and 2 represent PCR results from unexposed oocytes and bovine semen; lane 3 shows the positive PCR
amplification of 7-day embryos derived from exposed oocytes (250 bp); lane 4 shows the negative PCR amplification of embryos derived from

B
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MitoTracker Green FM

|ExPosED

P
X

MitoTracker Green FM

|UNEXPOSED

Figure 2 Day 7 in vitro cultured bovine blastocysts derived from oocytes exposed and unexposed to BoHV-5. MitoTracker Green FiM
labeling under fluorescence (500 nm) demonstrates an intense signal inner cell mass of exposed embryos; Jc-1 labeling under fluorescence
(515-488 nm) reveals an intense signal in exposed embryos; Hoechst 33342 staining under fluorescence (488 nm) illustrates no difference
between the qualities of exposed and unexposed embryos. Scale bar is equal to 20 pm.

HOECHST33342

HOECHST 33342

also contribute to altered mitochondrial activity [6]. The
IVC system applied in this study did not appear to affect
the embryonic development. However, physiologically,
the abundance of SODI mRNA tended to decrease from
the zygote to the initial blastocyst stage [8,9]. However,
the correct sequence of this event is not fully under-
stood. In addition, SODI gene expression has been asso-
ciated with good-quality, in vitro-produced embryos [9].
Moreover, an increase in SODI expression has been
related to a reduction in both the number of apoptotic
cells and atresic follicles in mouse ovaries, showing that
this gene is related to cell quality [3].

Recently, it has been described that bovine oocytes
exposed to BoHV-5 after embryonic development show
a reduction in the number of apoptotic cells [3]. Another
parameter to be considered is the higher fluorescence
intensity of MitoTracker Green FM probe, as well as Je-1
labeling, among the exposed embryos. These two dyes are
considered to be important for the qualitative and quanti-
tative measure of mitochondrial activity [7]. In fact, mito-
chondria itself do not multiply until embryo hatching.
These organelles are responsible for energy production

Table 2 Comparison of fluorescence intensity among the
unexposed and exposed bovine embryos to BoHV-5
suspension after MitoTracker Green FM and Jc-1 staining

Groups Total number Number of embryos intensively
of embryos labeled +sd
MitoTracker Jc-1
Green FM
Unexposed 150 53+39° 40£4.5°
Exposed 150 123+85° 143+82°

=B Within a column, values without a common superscript differ (p< 0.05).

until genome activation begins. According to a previous
study, the blastocyst hatch is characterized by a mito-
chondrial distribution pattern changing from perinuclear
to pericytoplasmatic localization, while in the cells of the
inner mass, the distribution remains unchanged [9]. This
pattern was observed in embryos exposed to BoHV-5,
where the inner mass was intensively labeled by Mito-
Tracker Green FM probe compared with unexposed
embryos, and the label was more evident in the pericyto-
plasmatic area. Moreover, the exposed embryos were also
intensively labeled by the Jc-1 probe, demonstrating peri-
cytoplasmatic localization, which was in contrast with
the unexposed embryos that were markedly labeled in
the inner mass compartment. These patterns are consid-
ered physiological since trophoblastic cells start expres-
sing adhesion proteins and other molecules important
for maternal recognition of the embryos [9]. One pos-
sible explanation for the intense mitochondrial activity
among exposed embryos is that virus replication
demands more energy than usual. However, this activity
does not seem to interfere with embryonic development.
Taken together, these observations suggest that exposure
of bovine embryos to BoHV-5 increases mitochondrial
activity without any adverse physiological effect on the
developing embryo, an important characteristic among
the viruses from the Herpesviridae [10,28].

Reactive oxygen metabolites (ROS) appear to play a
role in the cause and progression of several reproductive
events both in humans and animals, such as fertilization
and early development [5,7]. Recently, oxidative stress
has been proposed as responsible for and as a possible
cause of embryonic mortality in dairy cows [29]. The
oxidative stress condition is thought to result from an
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Table 3 Comparison of the number of nuclei in
unexposed and exposed of bovine embryos after Hoechst
33342 staining

Groups Number of Number of embryos
embryos mean +sd

Unexposed 150 107+£102°

Exposed 150 85

2 Within a column, values without a common superscript differ (p < 0.05).

imbalance between the production of ROS and the neu-
tralizing capacity of antioxidant mechanisms [7]. How-
ever, the significant induction of ROS or the depletion of
cellular antioxidants induces cell death, and ROS are
likely to act as signaling intermediates that are involved
in the signal transduction mechanism of apoptosis
[3,22,23]. The (AOP-1) functions as a thioredoxin-
dependent peroxidase that scavenges ROS, such as H,O,
[30,31]. Remarkably, we were only able to detect the
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antigens and mRNA of AOP-1 among embryos exposed
to BoHV-5. The role of AOP-1 in viral infections has
previously been demonstrated; however, this is the first
report of the association between AOP-1 and in vitro-
produced bovine embryos [30-32].

In summary, this study confirmed that BoHV-5 is cap-
able to infect bovine oocytes. Furthermore, we conclude
that experimental infection of oocytes with BoHV-5 does
not interfere with cell viability, which facilitates viral repli-
cation by modulating mitochondrial function and produ-
cing antioxidative factors. However, multiple mechanisms
are involved in cell survival during viral infection, and the
majority of these mechanisms remain unclear.

Conclusions
This is the first demonstration of SODI1 and AOP-1 pro-

duction in bovine embryos exposed to BoHV-5. Intense
mitochondrial activity was also observed during infection,

500 bp

300 bp
200 bp

Figure 3 A representative picture showing the total numbers of cells examined under fluorescence (FITC, 512 nm) for superoxide
dismutase 1 (SOD1). Day 7 bovine blastocysts derived from embryos exposed to BoHV-5 infection (A-C) and embryos that were unexposed
(D-E) showing marked to mild int SOD1 ve signals; F rophoresis ac of SOD1 N-molecular w
lane 1 rep ts RT-PCR results from pure water used as a negative control; lane 2 shows the negati CR amplification of 7 d unexposed
embryos; lane hows the po & PCR amplification of exposed embryos ( ). Scale bar is equal to 100 pm.

t 1-kb plus;
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300 bp
200 bp
100 bp

nolecular
RT-PCR amplification of unexp St,d embryos (31(
equal to 100 pm.

lane 1 represents RT-PCRre

Figure 4 A representative picture showing total numbers of cells examined under fluorescence (FITC, 512 nm) for AOP-1: A-C) Day 7
bovine blastocysts derived from oocytes exposed to BoHV-5 infection showing marked signals to AOP-1; D-E) Day 7 blastocysts

denved from oocytes unexposed to BoHV-5 infection showing mild signals to AOP-1. Electrophoresis agarose gel of AO
from pure

ter used asar
e RT-PCR am

and this occurred without interfering with the quality or
number of produced embryos. These findings further our
understanding on the ability of a-Herpesviruses to prevent
apoptosis by modulating mitochondrial pathways.
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