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RESUMO

O objetivo dessa tese foi avaliar o efeito do cortisol, na maturacao oocitaria e
cultivo de embriées bovinos. No ARTIGO 1 foi analisada a distribuicdo e localizacao
de receptor de glicocorticéide (GR) por imunocitoquimica em odcitos, células do
cumulus, embrido de 2-4 células, 8-16 células, mérula e blastocisto, e foi verificado
também a presenca de RNAm (tPCR qualitativa) para GR nos referidos estadios.
Os resultados apontam que o GR esta presente em todas as células analisadas. A
fim de verificar a funcionalidade de GR no desenvolvimento embrionario pré-
implantacional, a traducao do RNAm para GR foi silenciada em zigotos pela técnica
de RNAI, e o desenvolvimento embrionario subsequente foi analisado. A diminuicao
de transcrito e proteinas de GR pela técnica de RNAI prejudicou o desenvolvimento
embrionario (p<0,05. A presenga de GR em o0dcito e células do cumulus nos indica
que essas células sao sensiveis ao uso de GC. Visto isso, no ARTIGO 2 foi avaliado
o efeito de diferentes concentragbes do cortisol durante a maturagéo in vitro (MIV)
de odcitos bovinos sobre o desenvolvimento embrionario, indice de apoptose e
expressdao de génica (NRF1, COX, TFAM, GLUT1, FASN e HSP70). As
concentragdes de cortisol utilizadas foram 0,01; 0,1 e 1 pg/mL.. Nao houve diferenca
estatistica em relacdo ao numero de células e taxa de clivagem, porém a
concentracdo de 0,1 pg/ml de cortisol aumentou a taxa de blastocisto quando
comparada ao grupo controle (sem cortisol na MIV) (41 £ 10 versus 21 £ 1,2; p<0,05;
respectivamente). A taxa de apoptose e a expressdao génica em odcitos, células do
cumulus, e blastocistos foi avaliada apenas na concentragdo de 0,1 pg/ml de
cortisol. Nao houve diferenga estatistica com relagdo ao indice apoptético, e nem
com relacdo a expressao génica em odcitos e células do cumulus para os genes
COX, NRF1, HSP70 e FASN (p>0,05). Em relagdo a expressao génica embrionaria,
apenas as quantificagdes relativas de RNAm para FASN, GLUT1 e HSP70 estavam
aumentadas nos blastocistos tratados com 0,1ug/mL durante a MIV quando
comparados aos embrides do grupo Controle (p<0,05), os demais genes néao
mostraram alteracao (p>0,05). No ARTIGO 3 foi analisado o uso do cortisol durante
o cultivo in vitro (CIV) de embrides bovinos. Visto que no Capitulo 1 foi identificado
GR em todos os estadios de desenvolvimento embrionario e quando a expressao de
GR foi silenciada o desenvolvimento embrionario foi prejudicado. Sendo assim, no

experimento 3 foram adicionadas diferentes concentrac¢des (0,01; 0,1 e 1 pug/mL) de



cortisol na CIV e o desenvolvimento embrionario foi avaliado, mesmos parametros
do Capitulo 2. Nao houve diferenca estatistica nos embrides tratados com Cortisol
em diferentes concentracbes quando comparados com o Controle para nenhum dos
parametros analisados (p>0.05). A concentracado de 0,1 pg/mL foi escolhida para
avaliar outros parametros de qualidade embrionaria. Sendo assim, embrides CIV
Com ou Sem 0,1 ug/mL de Cortisol, foram analisados quanto a taxa de apoptose e
expressao génica, nao sendo observada diferengca estatistica em nenhuma das
analises (p>0,05). Apds estes estudos concluimos que od6citos e embrides sao
responsivos a GC, que a adicao de cortisol na MIV melhora a competéncia oocitaria,
porém a suplementacdo com cortisol na CIV nao influenciou o desenvolvimento

embrionario.

Palavras-Chaves: Cortisol. Oocito. Embrido. Expressao Génica.



ABSTRACT

The aim of this thesis was to evaluate the effect of cortisol in oocyte
maturation and bovine embryo culture. In Chapter 1 we analyzed the distribution and
location of glucocorticoid receptor (GR) by immunocytochemistry in oocytes, cumulus
cells, embryonic cells 2-4, 8-16 cell, morula and blastocyst, and was also verified the
presence of mMRNA (qualitative RT-PCR) for GR in the stages. The results showed
that the GR is present in all cells analyzed. In order to verify the functionality GR in
preimplantation embryo development, translation of mRNA for GR zygotes was
silenced in the RNAI technique, and subsequent embryo development was analyzed.
The embryonic development decreased (P <0.05) after silencing of GR mRNA. The
presence of GR oocyte and the cumulus cells indicates that these cells are sensitive
to the use of CG. Given this, in Chapter 2, the effects of different cortisol
concentrations during in vitro maturation (IVM) of bovine oocytes and embryonic
development, apoptosis rate and gene expression (NRF1, COX, TFAM, GLUTT1,
FASN and HSP70) were analiyzed. The concentrations of cortisol used were 0.01,
0.1 and 1 mg / mL . There was no statistical difference in the number of cells and
cleavage rate, but the concentration of 0.1 mg/ml of cortisol increased the blastocyst
rate when compared to the control group (without cortisol in IVM) (41 + 10 versus 21
t 1.2; p <0.05, respectively). The rate of apoptosis and gene expression in oocytes,
cumulus cells and blastocysts was only assessed at a concentration of 0.1 mg / ml of
cortisol. There was no statistical difference in the apoptotic index, and not with
respect to gene expression in oocytes and cumulus cells for COX genes, NRF1,
HSP70 and FASN (p> 0, 05). Regarding embryonic gene expression, only the
measurements relative mRNA FASN, GLUT1 and HSP70 were increased in
blastocysts treated with 0.1 g/ml during IVM when compared to embryos of the
Control group (p <0.05), the other genes showed no change (p> 0.05). In Chapter 3,
we investigated the use of cortisol during in vitro culture (IVC) of bovine embryos. As
in Chapter 1 was identified GR in all embryonic stages and when the GR expression
was silenced and embryonic development was impaired. Thus, in the experiment
three different concentrations (0.01, 0.1 and 1 mg / mL) of cortisol in IVC and
embryonic development was evaluated same parameters of Chapter 2. There was no
statistical difference in the embryos treated with cortisol in different concentrations

when compared to the control for the parameters analyzed (p> 0.05). The



concentration of 0.1 mg/ml was chosen to evaluate other parameters of embryo
quality. Thus, IVC embryos with or without 0.1 mg/mL of cortisol, were analyzed for
apoptosis rate and gene expression, not being statistically significant difference in
any of the analyzes (p> 0.05). After these studies conclude that oocytes and embryos
are responsive to GC, and the addition of cortisol in IVM improves oocyte
competence, but the supplementation of IVC with cortisol may not have influence on
embryo development

Key Words: Cortisol. Oocyte. Embryo. Gene Expression.
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1. INTRODUCAO

A produgcdo in vitro de embrides (PIVE) é uma biotecnologia da
reproducdo, que envolve etapas de colheita, maturacdo oocitaria, fecundacao e
cultivo de zigotos in vitro, podendo ser aplicada nos estudos para compreensao dos
eventos bioldégicos que ocorrem no inicio do desenvolvimento embrionario pré-
implantacional e também vem sendo incorporada aos programas de melhoramento
genético animal como técnica de multiplicacdo de animais de interesse econémico,
em especial os da espécie bovina (CAMARGO et al., 2006; GONCALVES et al.,
2008; LONERGAN, 2008).

Atualmente o Brasil ocupa posicao de destaque no cenario mundial com
consequente reconhecimento internacional, sendo o lider na producéo in vitro de
embrides bovinos, declarando no ano de 2010 mais de 264.000 embriées (STROUD;
CALLESEN, 2013).

Apesar dos avancos em relacdo a qualidade do embrido produzido in
vitro, 0 mesmo ainda é de qualidade inferior em comparac¢do ao embrido produzido
in vivo. Por este motivo, pesquisas que visem melhorar a qualidade do embrido in
vitro sdo ainda necessarias, visto que isso permitird submeter o referido embrido ao
processo da criopreservacao, a qual ainda nao apresenta resultados satisfatorios e
consistentes, especialmente do ponto de vista comercial (DRIVER et al., 2012;
KHURANA; NIEMANN, 2000; MACHADO et al., 2013; STROUD; BO, 2011).

Diversos fatores tem sido objeto de pesquisa na tentativa de melhorar a
qualidade do embrido produzido in vitro, dentre esses, a composicdo dos meios
(ions, tampodes, aminoacidos e substratos energéticos) e as condigdes de cultivo
(WRENZYCKI; STINSHOFF, 2013). Nesse sentido grupos de pesquisa buscam o
aperfeicoamento dos meios utilizados na PIVE, na tentativa de mimetizar o
microambiente in vivo, em diversos aspectos, inclusive na adicdo de hormoénios
relacionados ao metabolismo com resultados satisfatérios, como por exemplo,
hormoénios tireocideanos (ASHKAR et al, 2010; COSTA et al., 2013), leptina
(CORDOVA et al., 2010; ARIAS-ALVAREZ et al.; 2011; JIA et al., 2012); insulina
(CEBRIAN-SERRANO; SALVADOR,; SILVESTRE, et al., 2014; MOTA et al., 2014 )
melatonina (XM et al.; 2014; WANG et al., 2014) e horménio do crescimento (PERS-
KAMCZYC et al., 2010).
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Outros compostos, além dos acima citados, podem também contribuir no
aperfeicoamento dos referidos meios, como por exemplo, os horménios
glicocorticéides (cortisol e dexametasona), conhecidos como horménios do estresse,
que também atuam comprovadamente no metabolismo celular, entretanto com
relacao a reproducao, seus efeitos ainda ndo estao totalmente elucidados.

Em humano, Keay et al. (2002) verificaram que a administracdo de
dexametasona (analogo sintético do cortisol) nos ciclos de fertilizacdo in vitro
melhorou a resposta ovariana ao estimulo super-ovulatério, sugerindo assim que os
glicocorticoides seriam importantes para a maturacao oocitaria, bem como, para a
implantagdo embrionaria (POLAK DE FRIED et al., 1993; KEAY et al., 2002).

Em bovinos, o cultivo de embrides com dexametasona aumentou a taxa
de eclosdo e o numero de células em blastocistos sem influenciar nos indices de
apoptose (SANTANA et al., 2014).

Dada a importancia do cortisol na fisiologia reprodutiva em mamiferos,
principalmente na ovulagao, o qual esta presente em altas concentracdes no liquido
folicular de foliculos pré-ovulatérios (KEAY et al., 2002), e durante a gestacao,
acredita-se que no sistema in vitro ele possa ter acdes, em nivel de maturacao
oocitaria e desenvolvimento embriondrio pré-implantacional, dessa forma

aperfeicoando a producéo in vitro de embrides
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2. OBJETIVOS
2.1. OBJETIVO GERAL

- Melhorar a qualidade do embrido bovino produzido in vitro através da

suplementacao dos meios de cultivo com cortisol.

2.2. OBJETIVOS ESPECIFICOS

- Identificar a presenca de transcritos e a distribuicio de receptores de
glicocorticéides em odécitos bovinos imaturos e maturados in vitro, células do
cumulus de obcitos maturados in vitro, € em embrides de diferentes estagios de

desenvolvimento embrionario.

- Compreender a importdncia do receptor de glicocorticoide durante o

desenvolvimento embrionario pré-implantacional.

- Avaliar o efeito de diferentes concentracbes de cortisol durante a maturacao

oocitaria e o desenvolvimento embrionario in vitro.
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3. REVISAO DE LITERATURA

3.1. PRODUGAO IN VITRO DE EMBRIOES

Para a producéao in vitro de embrides (PIVE), os odcitos precisam ser
coletados e preparados para a fecundacao em laboratério. Apdés a fecundacao os
embrides podem ser cultivados até o estadio de blastocisto (MACHATY et al., 2012).
E uma biotecnologia da reprodugdo utilizada para acelerar a producédo de animais
com genética superior, impedir o descarte de fémeas geneticamente privilegiadas
com infertilidade adquirida, permite o estudo da fisiologia ovariana e embrionaria
pré-implantacional (GONCALVEZ et al., 2008).

A PIVE, inicialmente, era vista como uma biotécnica restrita as entidades
de pesquisa, sendo algo fora da realidade do setor pecuério (VIANA, 2009).

Atualmente, é uma ferramenta amplamente requisitada pelo setor
comercial, sendo indispensavel nos programas de melhoramento genético,
(CAMARGO et al., 2006). De acordo com os dados da Sociedade Internacional de
Transferéncia de embrido, a IETS, o numero de embrides produzidos in vitro e
transferidos para receptoras aumentou mais de 10 vezes (STROUD, 2012 apud
GALLI et al.,, 2014) nos ultimo 12 anos, demonstrando assim seu potencial

comercial, como pode ser visto na figura 1.
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Figura 1: Resumo dos dados estatisticos da Sociedade Internacional de
Transferéncia de Embrido, que mostra uma comparacao dos embrides transferidos
in vitro e in vivo por ano. Os embrides produzidos in vitro estdo em constante
ascensao.

800,000

700,000
€ 600,000
£ 500,000
% 400,000

300,000

g 200,000
c

100,000

0,000
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

years
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Fonte: STROUD, 2012 apud GALLI et al., 2014.

Em 2011 foram relatados quase 400.000 embrides bovinos PIV em todo o
mundo, e o Brasil se destacou por ser o responsavel por aproximadamente 85%
desse total, reforcando sua lideranca absoluta no mercado mundial (STROUD, 2012
apud GALLI, et al., 2014).

A utilizacdo comercial da biotecnologia foi possivel porque os sistemas de
producdo in vitro de embrido evoluiram, entretanto as condicbes ainda sao
subdtimas, como por exemplo, a taxa de blastocisto ainda € baixa (média 40%), e
nem todos estes apresentam a capacidade de chegar a termo. Além disso, a
qualidade do embridao in vitro é inferior quando comparado ao in vivo, fato
comprovado pela baixa criotolerancia, cavitagdo precoce sem compactacao
adequada, reducao de proteinas de comunicacgao intercelular, e atrasos nos ciclos
celulares atrasados resultando em retardo do desenvolvimento e menor nimero de
celular (THOMPSON, 1997; ENRIGHT et al., 2000; LONERGAN et al.,, 2003;
PLOURDE, et al., 2012).

Por este motivo, pesquisas que visem melhorar a qualidade do embrido in

vitro sdo ainda necessarias, visto que isso permitird submeter o referido embrido ao
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processo da criopreservacao, a qual ainda ndo apresenta resultados satisfatorios e
consistentes, especialmente do ponto de vista comercial (STROUD; BO, 2011).
Outro ponto relevante esta no fato de que a eficiéncia dos embrides
produzidos in vitro e congelados provavelmente determinara a aceitacdo da
tecnologia in vitro por outros paises, pois até agora, a maioria dos embrides
transferidos € constituida de embrides PIV frescos (ndo congelados). Como por
exemplo, apenas 7% dos embrides PIV transferidos em 2009 eram congelados
(STROUD; BO, 2011). Sendo assim, o Brasil seria o maior beneficiado com o
aperfeicoamento dos meios de cultivo e consequente melhora da qualidade

embrionaria.

3.1.1. Contribuicao dos meios de cultivo para o desenvolvimento embrionario

Os embrides exibem uma imensa plasticidade e tolerancia, sendo
capazes de se adaptar ao ambiente onde sao cultivados. Sao capazes de se
desenvolver em meios de cultivo in vitro com composicao nutricional minima, e
mesmo assim uma proporcao razoavel de blastocistos sdo formados e aptos a ponto
de levar uma gestacao a termo. Entretanto muitos estudos tém mostrado que sim, os
embrides sdo sensiveis as condigdes de cultivo, ao ambiente, e isso pode afetar o
futuro pré e pds nascimento, assim como o potencial de desenvolvimento
(LONERGAN; FAIR, 2008; LONERGAN; FAIR, 2014).

A sensibilidade embrionaria pode ser verificada pela qualidade inferior dos
embrides produzidos in vitro, que na maioria das vezes, estd relacionada com a
composicao dos meios e condigbes de cultivo, demonstrando a necessidade de
pesquisas que proponham modificagdes nos protocolos, visando diminuir as
diferencas qualitativas entre o embrido produzidos in vitro do in vivo (DRIVER, et al.,
2012; KHURANA; NIEMANN, 2000).

As evidéncias apontam que a qualidade do oécito € crucial para a
fertilizacao e producao in vitro em blastocistos (ALBUZ et al., 2010; LONERGAN;
FAIR, 2008). Entretanto, o microambiente pds fecundagdo seria o ponto
determinante para a aquisicao da qualidade embrionaria. Por exemplo, o cultivo de

zigotos bovino produzido in vitro em oviduto de ovelha aumenta consideravelmente a
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qualidade embriondria, mensurada em termos de criotolerancia, sendo inclusive
semelhante ao embrido produzido in vivo (RIZOS et al., 2002).

Nesse sentido modificagdes nas condicoes de maturagao e cultivo in vitro
podem afetar o desenvolvimento embrionario, em termos quantitativos e qualitativos
(LONERGAN et al., 2000; LONERGAN et al., 2003; SIRARD 2011).

Pesquisas na area de reproducédo tém buscado elucidar os complexos
mecanismos que regem as varias etapas do desenvolvimento embrionario. Os
resultados obtidos destacam o relevante papel dos horménios metabdlicos na
concretizacdo de muitas dessas etapas, de modo a se constituirem como
elementos fundamentais para garantir a sobrevivéncia do embrido e o crescimento
fetal (HARDY; SPANOS, 2002).

A leptina, conhecida como horménio do metabolismo relacionado ao estado
nutricional, exerce influencia na fisiologia reprodutiva em camundongos (ZACHOW,
MAGOFFIN, 1997). Em bovinos ja foi identificada a transcricao de receptores para o
hormbénio em oécitos e embrides. A adicdo de leptina ao meio de maturacao
promoveu uma melhora na competéncia oocitaria, constatada pela diminuicdo da
taxa de apoptose e aumento no numero de zigotos que desenvolvem a blastocisto,
entretanto quando adicionado ao meio de cultivo embrionario (10ng/mL e
100ng/mL) ndo exerceu nenhum efeito positivo no processo (ARIAS-ALVAREZ et
al., 2011; BOELHAUVE et al., 2005; CORDOVA et al., 2010; JIA et al., 2012).

Um metabdlito que tem sido considerado importante regulador do
desenvolvimento embrionario € o horménio do crescimento (GH). Em bovinos, o
receptor de GH é expresso a partir do segundo dia do desenvolvimento embrionario,
enquanto o GH inicia sua expressao a partir do dia oito (KOLLE et al., 2001). Em
bovinos 0 GH quando adicionado ao meio de cultivo in vitro causa aumento no
catabolismo de lipidios e de glicogénio verificada em blastocistos (KOLLE et al.,
2001) e aumenta o numero de células no trofectoderma e na massa celular interna,
0 que ocorre aparentemente por uma inibicao do processo apoptético (KOLLE et al.,
2002).

A utilizagdo da insulina apresenta divergentes efeitos em embrides pré-
implantacionais. E um horménio que promove a entrada de glicose na célula além de
exercer efeito mitogénico (GARDNER; KAYE, 1991). Insulina no meio de maturagao
melhorou a taxa de blastocisto assim como aumentou a expressao de GDF-9, gene
relacionado a competéncia oocitaria (MOTA et al., 2014). Ja foi observado que a
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adicao de insulina no meio de cultivo diminuiu a apoptose e aumentou a proliferacao
celular em embrido de coelho (HERRLER et al., 1998). O mesmo ocorreu em
bovinos, a presenca de insulina no meio de cultivo ndo aumentou o numero de
células embrionarias bovinas demonstrando assim sua atividade mitogénica, além
de ter efeito anti-apoptético em embrido (AUGUSTIN et al., 2003).

O meio de maturacédo suplementado com triiodotironina (COSTA et al.,
2013) por 20 horas aumentou a taxa de eclosdo em blastocisto bovinos, o que é
considerado como um parametro de qualidade embrionaria (GORDON, 2003;
SUTOVSKY et al., 2001).

3.1.2. Avaliacao embrionaria

A andlise da qualidade embrionaria se faz importante, pois auxilia no
momento de escolha de qual embrido deve ser transferido para a receptora, por isso
a necessidade de aperfeicoamento dessas avaliacdes, tornando-as mais confiaveis
€ menos invasiva, de modo a garantir o sucesso pos transferéncia embrionaria (BO;
MAPLETOFT, 2013; EL-SAYED et al., 2007).

A avaliacao da qualidade embrionaria pode ser feitas de diversas maneiras.
Os métodos tradicionais sao avaliagdo do desenvolvimento embrionario, descrita
como a propor¢cao de oécitos que clivam apoés a fecundagao (taxa de clivagem) e
chegam ao estadio de blastocisto (taxa de blastocisto); outro tipo de analise é taxa
de eclosdo, ou seja, 0 numero de blastocisto que saem da zona pellcida. Essas
analises podem ser feitas em lupa estereomicroscépica, e é necessario que o
avaliador seja experiente (BO; MAPLETOFT, 2013). Além disso, outras técnicas
também auxiliam na avaliacdo de um sistema alternativo como indicativo de
qualidade embrionaria, como a contagem do numero total de células, através da
marcacao nuclear por Hoescht ou iodeto de propidio; estando esta avaliagdo
relacionada a habilidade do embrido em sobreviver no utero (HARDY et al., 1989); e
a analise da taxa de apoptose, também considerada um indicativo da viabilidade
embrionaria (GAD et al., 2012; LONERGAN; FAIR, 2014; RUVOLO et al., 2013).

Outra ferramenta valiosa para andlise da qualidade embrionaria é a
expressdao de RNA mensageiro (RNAm), na qual genes relacionados a competéncia
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do odcito e do embrido s&o analisados e quantificados (DRIVER et al., 2012; EL-
SAYED et al., 2007; GAD et al., 2012; WRENZYCKI et al., 2007) .

Dentre os varios aspectos indicadores de qualidade embrionaria e que podem
ser avaliados por meio da analise da expressao génica podemos verificar a funcao
mitocondrial. A mitocdndria possui papel importante pelo metabolismo energético
celular, homeostasia e morte celular, sendo responsavel pela geragdo de ATP
através da fosforilacdo oxidativa (OXPHOS) (HUO; SCARPULLA, 2001; MAY-
PANLOUP et al., 2005).

Para desempenhar tantas funcdes, ela necessita de contribuicdes tanto do
DNA nuclear (DNAn) quanto do DNA mitocondrial (DNAmt). O fator nuclear de
respiracdo 1 (NRF1) é importante para manutencdo do DNAmt e fungcdo da cadeia
respiratéria, sendo considerado um fator de ativacao de varios genes relacionados a
mitocondria, entre eles os fatores de transcricdo mitocondrial e o citocromo ¢ oxidase
1 (COXT1), proteina da cadeia respiratério codificada no DNAmt (HUO;
SCARPULLA, 2001). May-Panloup et al. (2005) descreveram que o6cito bovinos que
nao clivaram 28 horas apdés a fecundacdao apresentaram numero reduzido de
transcritos para NRF1 e COX1.

O fator de transcricao mitocondrial A (TFAM) regula a replicagéao e transcricao
do DNAmt, importante nas divisbes celulares. Ambos NRF1 e TFAM séo
importantes para embriogénese e evidéncias apontam que seus transcritos
aumentam com a replicacao do DNA (HUO; SCARPULLA, 2001; CHIARATTI et al.,
2010, MASTROMONACO et al., 2012, MAY-PANLOUP et al., 2005 ).

Outro ponto do desenvolvimento embrionario que pode ser analisado com o
estudo dos transcritos € o metabolismo dos carboidratos. Os transportadores de
glicose (GLUT) sao uma familia de proteinas glicoprotéicas que facilitam a entrada
de glicose na célula ndo necessitando de Na+. A expressao de GLUT 1 durante o
desenvolvimento embrionario pré-implantacional é restrito a membrana basolateral
em células do trofoblasto de blastocistos bovinos (AUGUSTIN et al., 2001). Em
embrides cultivados in vitro a expressdao de transcritos € reduzida quando
comparada com os embrides desenvolvidos in vivo (NIEMANN & WRENZYCKI,
2000). O numero expressivo de transportadores GLUT 1, talvez, seja em fungéo da
necessidade extra de glicose, estocado na forma de glicogénio , garantindo assim
reserva energética para o inicio do desenvolvimento embrionario in vivo (GARCIA-
HERREROS et al., 2012; THOMPSON et al., 1996).
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O metabolismo dos lipidos constitue um aimportante fonte energética em
oocitos e embrides (SINCLAIR et al.,, 2003). O acido graxo sintase (FASN) que
catalisa a sintese do palmitato na cadeia saturada de acidos graxos, contribuindo
dessa maneira para os a formagao da reserva energética. Colesterol e fosfolipidios
s&o essenciais para a formagdo de membranas celulares e muito importantes para
as divisdes celulares apés a fecundacdo (AUCLAIR et al., 2013; GONZALEZ-
SERRANO et al., 2013).

A analise do estresse celular embrionario € associada a expressao das
proteinas do estresse térmico (HSP), que sdao uma familia de chaperonas,
importantes para o empacotamento de proteinas (ABDOON et al., 2014; EITAM et
al., 2010; KAWARSKY et al., 2001). A interpretacdo sobre a quantificacdo desse
gene deve ser feita com cuidado. Machado et al., 2013 esperavam que o cultivo in
vitro aumentasse a expressao de HSP70 em embrides bovinos (14° dia de cultivo),
entretanto verificaram que embriées in vivo no mesmo estadio apresentavam mais
RNAm para HSP70. Sendo assim, eles sugeriram que o RNAm para HSP70 em
embrides produzidos in vitro estaria sendo traduzido de forma mais rapida em
proteina HSP70 em resposta as condi¢des de estresse do cultivo. Outras evidéncias
sugerem que a expressdao de elevada de HSP70 em embrides bovinos esta
associada ao aumento nos transcritos de Interferon tau, importante sinalizador

embrionario para reconhecimento materno (HICKMAN et al., 2013).

3.2 HORMONIOS GLICOCORTICOIDES

Os glicocorticoides (GC) sdao hormbnios esterdides, sintetizados a partir
de uma molécula de colesterol. O nome glicocorticéide (glicose+cortex+esteroide) é
derivado da sua funcédo na regulacdo do metabolismo da glicose, sua sintese no
cortex adrenal e sua estrutura esteroidal (DE BOSSCHER, 2010).

Esses horménios estdo envolvidos em uma gama de processos
fisioldgicos como o metabolismo energético (PECKET, 2011), processos anti-
inflamatérios (BARNERS; ADCOCK, 2009) e na reproducao, agindo em processos
como luteinizacdo, oogénese e ovulacdo (TILBROOK, 2000; MICHAEL;
PAPAGEORGHIOU, 2008).
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O cortisol, principal horménio GC circulante em humanos e bovinos,
também €& conhecido como horménio do estresse, devido o aumento da sua
secrecao ser um sinal classico de estresse animal, agindo sobre o metabolismo e
visando a mobilizacdo de energia, ou seja, aumentar a disponibilidade de
combustivel em frente a fatores estressores (BENFIELD, et al 2014; HELLHAMMER,;
WUST; KUDIELKA, et al., 2009).

3.2.1 Glicocorticoides fisiolégicos e sintéticos

O cortisol é o principal horménio glicocorticoide produzido no cortex da
adrenal, exercendo cerca de 95% da atividade glicocorticbide no organismo. A
corticosterona € outro importante GC fisiolégico, apresentando atividade
glicocorticbéide menos potente que o cortisol. Contudo, em algumas espécies, como
em roedores, € o principal horménio da classe atuante no organismo.

Varios andlogos sintéticos de glicocorticdides tém sido desenvolvidos pela
industria farmacéutica e incluem a betametasona, prednisona, predinisolona e
dexametasona (DEX), entre outros. Este Ultimo apresenta uma atividade
glicocorticéide 30-40 vezes mais potente que o cortisol. Uma das vantagens desses
farmacos é que eles ndo sofrem regulacdo celular e possuem menos efeitos
colaterais com relacéao aos GC fisiol6gicos (DE BOSSCHER; HAEGEMAN, 2009).

3.2.2 Regulacao da sintese de glicocorticdides

A sintese de GC ocorre na zona fasciculata do cortex das glandulas
adrenais, a partir do colesterol. As lipoproteinas de baixa densidade (LDL) se ligam a
receptores especificos presentes na membrana celular das células da adrenal, os
quais sao endocitados. O colesterol é liberado apés fusdo das LDL com lisossomos,
e entdo sao esterificados e estocados no interior das células para serem usados na
producdo de esterbdides pelas células adrenocorticais (GRIFFIN; OJEDA, 1996;
GUYTON; HALL, 2011).
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A regulacdo na produgcdo e secrecdo de GC é conduzida pelo eixo
hipotalamo-hipofise-adrenal (HHA), o sistema nervoso auténomo e glandulas
endocrinas atuam em conjunto com efeitos paracrinos e autdcrinos. O hormdnio
liberador de corticotropina (CRH) estimula a secrecdo de horménio
adrenocorticotréfico (ACTH), o qual induz a secrecdo de glicocorticdides no cortex
adrenal (GRIFFI; OJEDA, 1996).

Tal horménio ira atuar sobre as células da zona fasciculata do cortex
adrenal promovendo uma maior producdo dos receptores de LDL e das enzimas
envolvidas na cascata de sintese dos GC, induzindo, assim, a sintese destes
hormonios por estas células (GUYTON; HALL, 2011).

Os glicocorticéides sao liberados imediatamente na circulacao por difuséo
(GETTING, 2006). Os efeitos da ACTH sobre a supra-renal ocorrem de forma
imediata e cronica. Os efeitos agudos acontecem em poucos minutos apo6s estimulo
da esteroidogénese através de um aumento da proteina Star, mediadora na entrega
do colesterol para a primeira enzima da cascata. O efeito crénico, dentro de 24-26h,
leva ao aumento na sintese de todas as enzimas esteroidogénicas, assim como
também estimula a sintese do colesterol LDL (MILLER; AUCHUS, 2011).

Ha, desta forma, um feedback positivo por parte dos horménios
hipotalamico e hipofisario para producdo de GC. Quando a concentragéo plasmatica
de cortisol atinge o limite maximo fisiolégico, o cortisol passa a promover um
feedback negativo sobre o eixo HHA, inibindo assim sua propria sintese (Figura 2)
(BENFIELD, et al., 2014).
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Figura 2: Esquema representando a regulacdo da sintese de cortisol. CRH:
Hormonio liberador de corticrotopina. ACTH: Hormonio adrenocorticotropico. Fonte:
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Fonte: Adaptado de GUYTON; HALL, 2011.

3.2.3 Fatores que regulam a biodisponibilidade dos glicocorticédides

Em nivel celular, a atividade de glicocorticéides circulantes é determinada
por fatores que regulam o acesso livre do horménio ao seu receptor. Tais fatores
incluem globulinas ligante de corticosteréide (CBG) e 11B-HSD (11B-hidroxi
esterdide desidrogenase). Esses fatores modulam as agdes dos glicocorticoides em
um nivel pré-receptor (GUYTON; HALL, 2011).

A maioria dos GC’s encontra-se ligado a proteinas transportadoras,
predominantemente CBG e, em certa medida, a albumina. Assim, apenas 2-5% do
total de cortisol circula na forma livre. Em humanos os niveis de CBG permanecem
relativamente constante ap6s a adolescéncia e ndo tém variacbes diurnas
(COOLENS; BAELEN; HEYNS, et al., 1987, HEYNS; COOLENS, 1988). Esta
globulina parece ter diferentes afinidades a corticosterona em diferentes

temperaturas (CAMERON, 2010). Mutacdes no gene CBG causando diminuicdo da
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ligacdo a CBG tem sido associadas com baixa pressdo arterial (BREUNER,;
ORCHINIK, 2002; TORPY et al., 2001)

Existem duas isoformas da enzima 11B3-HSD, o tipo 1 e o tipo 2. A 11B3-
HSD-2 converte cortisol em cortisona, esta por sua vez possui baixa afinidade pelos
receptores de glicocorticéide, enquanto que a 11B3-HSD-1 catalisa o oposto da
reacao; transformando cortisona em cortisol (GRIFFIN; OJEDA, 1996).

A 113-HSD 1 é encontrada em muitos tecidos, incluindo o figado, o tecido
adiposo, o0 musculo, o cérebro e o sistema vascular, enquanto 113-HSD 2 converte o
cortisol em cortisona e é encontrado no tecido sensivel a aldosterona (WAKE;
WALKER, 2004). A 11B-HSD 2 protege o receptor mineralocorticdide da acéo
competitiva do cortisol mais abundante, que tem a mesma afinidade de ligacao para
o receptor de aldosterona, assegurando, assim, um efeito de mineralocorticéides
apenas pela aldosterona (MASUZAKI et al., 2001).

3.2.4 Receptores de glicocorticdides

A maioria das acdes dos glicocorticdides sao controladas por receptores
de glicocorticdides (GR), também conhecidos como receptores nucleares da
superfamilia 3, grupo C, membro 1 (NR3C1), membro da superfamilia de receptores
hormonais nucleares que se ligam a fatores de crescimento.

O receptor de glicocorticide € uma proteina codificada por um dnico
gene, e seu transcrito é formado pela transcricdo de nove éxons deste gene. Sua
estrutura é constituida por trés dominios, a) o dominio N-terminal ou dominio de
transativacdo, o qual interage com a maquinaria de transcricdo; b) o dominio de
ligacdo ao ligante (LBD), que ira se ligar a molécula de hormdnio; e ¢) o dominio de
ligacdo ao DNA (DBD), o qual ira se ligar ao elemento de resposta a glicocorticéides
(GRE) presentes no genoma (MERKULOV; MERKULOVA, 2012; VANDEVYVER et
al, 2012).

Ainda que exista apenas um gene codificante para o GR, ha numerosas
isoformas para este receptor, 0 que se apresenta como resultado de splicing e
iniciacdo de transcricdo alternativos (OAKLEY; CICLOWSKI, 2011; MERKULOQOV;
MERKULOVA, 2012).
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Em humanos as principais isoformas sdo GRa e o GRp (Figura 3), sendo
que este primeiro apresenta-se como a forma classica e € biologicamente ativo, pois
em contato com o horménio é capaz de se ligar a GRE de genes responsivos a
glicocorticéides, atrair co-ativadores, e influenciar na transcricao génica (FARIA;
LUNGUI, 2006; MERKULOV; MERKULOVA, 2012). Em bovino foi descrito o GRa
(JAMES et al., 2003; NAYEBOSADRI et al., 2012; TETSUKA et al., 2010).

Figura 3: Representacdo da estrutura do gene de receptor glicocorticoide e das
isoformas proteicas GR alfa e GR beta. O gene do GR apresenta nove exons, € um
splincing alternativo no nono exon gera as isoformas alfa (777 aminoacidos) e beta
do GR (742 aminoéacidos). Os dominios de transativacao, de ligacdo ao DNA e de
ligagdo hormonal estao representados.
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Fonte: FARIA; LUNGUI, 2006.

Embora as isoformas GRa e GRB sejam 94% idénticas, a isoforma 3 é
incapaz de ligar-se aos glicocorticoides e de ativar a transcricdo génica. Esta
isoforma possui 742 aminoacidos e, apesar de também formar um complexo
protéico com as HSP (“heat shock proteina”, proteina do choque térmico), localiza-
se primariamente no ndcleo celular, mesmo na auséncia do ligante, e tem como
funcdo regular negativamente a acdao do GRa (OAKLEY; CIDLOWSKI, 2011;
WANG et al., 2014).
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Ambas as isoformas estdo presentes em praticamente todos os tipos
celulares, sendo necessarios para o desenvolvimento pdés-natal. Contudo a
distribuicao celular dos diferentes tipos de GR difere entre os tipos celulares
dependendo do estagio de desenvolvimento, diferenciacdo ou fase do ciclo celular,
sendo essas varias isoformas do receptor responsaveis pelas diferentes respostas
fisioldgicas e farmacoldgica dos glicocorticoides (OAKLEY; CIDLOWSKI, 2011).

Existem ainda outras isoformas ndo tdo comuns e com pouca atividade
transcricional. Além disso, pouco se sabe a respeito da sua real funcdo, sao
resultado do splicing alternativo entre os éxons 2 e 7 (GR-P) e exons 3 e 4 (GR-y),
estes receptores possuem pouca atividade transcricional (FARIA; LUNGUI, 2006).

Além do splicing alternativo para geracao de diferentes isoformas, novas
proteinas podem ser geradas, através da traducdo alternativa. O RNAm do GRa
pode gerar novas formas de proteinas, as quais diferem em tamanho na regido N-
terminal. Todas as proteinas tém a mesma afinidade pelo glicocorticoide, séo
capazes de se ligar aos GREs e estimular a expressao génica, mas variam na
eficiéncia de inducao pelo horménio (MERKULOV; MERKULOVA, 2012; OAKLEY;
CIDLOWSKI, 2011).

3.2.5 Mecanismo de acao

O principal mecanismo de acdo dos GC ocorre através da sua agao
gendmica. Os glicocorticoides sao capazes de se difundir pela membrana
plasmatica e se ligar a receptores especificos e de alta-afinidade, os receptores de
glicocorticoides (GR). Tais receptores na forma inativa entdo localizados no citosol
ligados a proteinas HSP e imunofilinas, formando um complexo. Quando o cortisol
se liga ao receptor, induz uma mudanca conformacional na proteina, a qual provoca
sua liberacdo do complexo e revelando um sitio de ligacdo nuclear, que facilita sua
translocacao para o nucleo (BARNES, 1998) ou ainda para a mitocondria (LEE et
al., 2013; PSARRA; SEKERIS, 2011).

Os GRs ligados ao horménio formam dimeros, que se ligam a dominios
de ligacao especificos no genoma (elementos de reposta a glicocorticoides), e

agem promovendo ou inibindo a transcricdo de RNAm que originarao as proteinas
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mediadoras das acoes fisioldégicas do GC (Figura 4). Além de atuar diretamente
sobre 0 genoma, os GRs podem agir se ligando a outros fatores de transcricéo,
modulando sua acdo, tanto de forma positiva quanto negativa (BAXTER, 1976;
REDDY et al., 2009).

Figura 4: Esquema representando o mecanismo de agédo do hormdnio glicocorticéide
(GC). O receptor de glicocrtiocide (GR) esta no citoplasma acoplado a proteinas do
choque térmico (hsp) e com a sua ligacdo ao GC, este se desloca para o nucleo,
onde vai ativar ou inibir a expressdo génica. GRE: elemento responsivo a
glicocorticéide localizado no DNA.
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Fonte: Whirledge; Cidlowski, 2013.

O numero de genes regulados diretamente (transativacdo) pelos
glicocorticoides, por célula, € estimado entre 10 e 100. Sabe-se do papel desses
genes no metabolismo da glicose e de lipidios, seja aumentando a expressao de
transportador de glicose do tipo 1 (GLUT 1) em enterécitos e ou de acido graxo
sintetase (FASN, que participa da lipogénese) em adipécitos (GATHERCOLE et al.,
2011; REICHARDT et al., 2012; SHAO et al., 2013).
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Os (glicocorticéides aumentam também a expressdo de genes
responsaveis pela resposta celular ao estresse, a HSP (proteinas do choque
térmico). As HSPs estdo envolvidas no processo de sintese, translocacdo e
empacotamento de proteinas (EITAM et al., 2010; GEETHING; SAMBROOK, 1992;
RAVIKUMAR; MUTHURAMAN, 2014). Outra funcdo das HSP, em especial da
HSP70, é inibir a apoptose celular induzida por diferentes fatores estressantes
(HSU et al.,, 2014; KENNEDY et al., 2014), dessa forma os glicocorticoides
desempenham sua funcao anti-apoptética de forma indireta.

Entretanto muitos genes também sdo inativados de forma direta ou
indireta (transrrepressao), regulados através de uma interagdo com outros fatores de
transcricdo e coativadores, representando o principal mecanismo pelo qual os
glicocorticéides inibem a atividade de fatores de transcricdo que regulam a resposta
imune, bloqueando a expressdao de NF- Kb (nuclear factor Kappa-B) e AP-1
(proteina ativacéo 1 do complexo dos fatores de transcricdo) (HAYASHI et al., 2004).

O complexo glicocorticéide mais receptor pode ser translocado também
para a mitocOndria, e se ligar a seqléncias semelhantes a GRE em seu DNA,
sugerindo assim a acgao direta de GC na transcricao mitocondrial (DEMONACOS et
al., 1995; LEE et al., 2013). Psarra e Sekeris (2011) verificaram que o cultivo de
hepatécitos com dexametasona por 24 horas aumentou a expressdo da proteina
citocromo ¢ oxidase subunidade 1 (COX 1), afetando assim a biosintese das
enzimas da fosforilagdo oxidativa . Além disso, os GCs superexpressam genes
mitocondriais por meio da indug&o nuclear de fatores transcricionais da mitocondria,
como o fator de transcricdo mitocondrial A (TFAM) e fator de respiracdo nuclear
(NRF 1) (DATSON et al., 2008; LEE et al., 2013; PSARRA; SEKERIS, 2011).

A teoria genbmica tradicional de acao dos glicocorticoides nao explica
completamente alguns efeitos rapidos desses horménios. E assim comecaram as
especulacdes a respeito das acées ndo-gendmicas, no qual foi identificado um tipo
de receptor de membrana plasmatica, que tem a mesma capacidade de ligacdo ao
horménio, e que provavelmente esta relacionado a vias de sinalizagao celular, que
desencadeiam efeitos mais rapidos como fosforilagdo de enzimas e estabilizacdo de
organelas (CHEN; QUI, 1999; EVANS; MURRAY; MOORE, et al., 2000).
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3.2.6 Acao fisioldgica

Horménios glicocorticoides regulam inumeros processos fisioldgicos,
como a regulagdo do metabolismo dos carboidratos, lipidios e proteinas, e exercem
acao anti-inflamatéria e imunossupressora.

O principal alvo dos GC é o metabolismo energético, tendo como
principais objetivos a manutengdo do nivel de glicose circulante no sangue e a
inducéo da gliconeogénese. O cortisol ndo age de forma direta sobre tais processos,
mas sim ao estimular a sintese de enzimas participantes nessas vias metabdlicas
(GRIFFIN; OJEDA, 1996; GUYTON; HALL, 2011).

Além de atuar sobre o metabolismo, o cortisol age sobre outras funcoes
fisioldgicas como nas respostas anti-inflamatéria e imunossupressora (BARNERS;
ADCOCK, 1993; BOSSCHER; VANDEN; HAEGEMAN, 2000; BARNERS; ADCOCK,
2009). Dependendo do tipo celular, os GC promovem tanto a apoptose, como em
timécitos e linfécitos, quanto exerce um efeito antiapoptético em diferentes tipos
celulares, como em célula epitelial pulmonar (WEN et al., 1997), neutréfilos humanos
(KATO et al., 1995), células da granulosa (SASSON; AMSTERDAM, 2003) e células
endoteliais glomerulares (MESSMER et al., 2000).

3.2.7 Glicocorticoides e Reproducao

A secrecdao de glicocorticéide em resposta ao estresse inibe o eixo
hipotalamo-hipéfise-gonadal (HHG) diminuindo a sintese de hormoénios sexuais
femininos e masculinos. Entretanto na auséncia do estresse, acredita-se que os
niveis fisiolégicos de GC afetam de forma positiva a funcao reprodutiva. Além disso,
estudos in vivo e in vitro indicam que outros componentes do sistema reprodutor
também sao regulados por glicocorticéides (WHIRLEDGE; CIDLOWSKI, 2013).

No sistema reprodutor masculino os GC além de inibirem a producao e
liberacao de testosterona, atuam aumentando a expressado de BAX e Fas (proteinas
pré-apoptoéticas) na linhagem germinativa testicular. Nesse sentido a enzima 11-
HSD 2, que regula agdo do cortisol, é expressa em altos niveis nas células de
Leydig, protegendo assim essas células do efeito negativo dos GC’s (GE; HARDY,
2000; SINHA; SWERDLOFF, 1999).
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No sistema reprodutor feminino o entendimento da atuacao do cortisol na
regulacao da esteroidogénese através do eixo HHA é muito bem compreendido nos
dias atuais, entretanto ainda ha controvérsia com relagcdo a sua acao nas células
ovarianas (WHIRLEDGE; CIDLOWSKI, 2013).

Exposicdo de células ovarianas humanas durante a vida fetal a
glicocorticbides resultou na diminuicao da densidade de células germinativas como
consequéncia do aumento da apoptose na oogbnia (POULAN et al. 2012). No
entanto, os glicocorticéides também atuam como potente citoprotetor no ovario, pois
diminui a apoptose nas células luteinicas em bovinos, preservando assim a fungao
do corpo luteo (DUONG et al., 2012; KOMIYAMA et al., 2008).

Além disso, os GC’s desempenham papel chave no inicio da gestacgao,
pois regulam o sistema imune materno, a invasao e fixagado do embrido no utero, e
ainda o crescimento e desenvolvimento fetal (MICHAEL; PAPAGEORGHIOU, 2008).
Tanto que atualmente a medicina reprodutiva humana utiliza desse conhecimento
para administrar GC sintéticos a pacientes submetidas a fertilizagdo in vitro e assim
obter melhores taxas de gestacdo (BOOMSMA; KEAY; MACKLON et al., 2007;
POLAK DE FRIED et al., 1993).

3.3 GLICOCORTICOIDES E SUA RELACAO COM A PRODUGAO IN VITRO DE
EMBRIOES

3.3.1 Glicocorticoides e maturacao oocitaria in vitro

Em bovinos e humanos os glicocorticoides presentes na circulacdo se
difundem para o fluido folicular, levando a niveis intrafoliculares de cortisol ativo
geralmente mais elevados que os do sangue (HARLOW et al., 1997; ANDERSEN,
2002; THURSTON et al., 2002) e segundo Keay et al. (2002) estdo associados com
uma melhora na taxa de implantagdo embrionaria em mulheres submetidas a
técnicas de reproducado assistida sem ciclos de superestimulacéo, sugerindo assim
que os GC influenciam no desenvolvimento folicular e maturagdo oocitaria. Em

estudos com células da granulosa de pacientes submetidos a fertilizagdo in vitro, a
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deteccdo da atividade da enzima moduladora de cortisol, 11B-HSD tipo 1, contribuiu
para predizer o sucesso da transferéncia embrionaria (MICHAEL et al., 1993).

Esses achados levaram a estudos que indicam que o cortisol esta
envolvido no final da maturagéo oocitaria em humanos (HARLOW et al., 1997; KEAY
et al., 2002; MICHAEL et al., 1997, 1999).

Apesar do efeito positivo dos GC na maturacdo oocitaria em humanos,
em outros mamiferos os efeitos ainda sado contraditérios. Em um estudo mais
detalhado sobre o mecanismo de acao dos glicocorticéides na maturacao oocitaria in
vitro em suinos, foi demonstrado que o cortisol e seu analogo sintético, a
dexametasona, tem efeito inibitério na progressdo da meiose dependendo da
concentracao (YANG et al., 1999). A menor dose de cortisol com efeito inibitério foi
100ng/mL, semelhante a concentracdo encontrada em suinos apdés administracdo
de ACTH, assim podemos concluir que esse efeito € mais farmacoldgico, ou seja ,
téxico que fisioldgico (YANG et al., 1999).

Além disso, este efeito negativo pode ser impedido pelo antagonista do
receptor de glicocorticéide, a droga mifepristona (RU-486), sugerindo que a
retomada da meiose e maturagdo oocitaria podem ser reguladas via receptor de
glicocorticoide (YANG et al., 1999).

E interessante considerar por quais mecanismos os GC provocaram o
bloqueio da maturacdo meiotica. Sabe-se que a regulacdo do ciclo celular, em
especial a meiose, é controlada pelo fator promotor da fase M (MPF), formado pelo
complexo p34°®? e ciclina B1 (CHOI et al., 1991), e que o MPF fosforila varias
proteinas envolvidas na formagdo da membrana nuclear, condensagcédo da cromatina
e reorganizacdo de microtubulos (VERDE et al., 1992; DEKEL, 1996). Indicando
assim uma possivel rota pela qual os glicocorticoides podem atuar na maturacao
oocitaria, ja que no estudo de YANG et al. (1999) os GC bloquearam a quebra da
vesicula germinativa.

Em outro estudo realizado pelo mesmo grupo de Yang, os pesquisadores
identificaram em odcitos suinos 0 mecanismo responsavel para as acoes inibitérias
da dexametasona, que na concentracdo de 1ug/mL diminuiu os niveis da proteina

4cdc2

ciclina B1, mas manteve os de p3 em o0citos suinos maturados por 48 horas. A

4°9°2_giclina Bf,

exposicdo dos gametas a DEX também diminuiu o complexo p3
impedindo assim a dissolucdo do envoltério nuclear (CHEN et al., 2000). O

metabolismo de glicocorticéides no microambiente folicular pode ser controlado pela
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enzima 11B-HSD, que converte cortisol em cortisona, sendo esta forma a biolégica
do hormédnio que possui pouca afinidade pelo receptor de GC (LI et al., 2012). Webb
et al. (2008) demonstraram que o6citos suinos que alcancam o estagio de metafase
Il apresentam taxas elevadas desta, protegendo, assim, o microambiente ovariano
dos efeitos inibitério dos GC durante a maturacao.

Em ratos, Andersen (2003) testou concentracbes fisioldgicas e
suprafisiolégicas de cortisol e dexametasona durante a maturagdo oocitaria com ou
sem suplementacdo do horménio foliculo estimulante (FSH) por 24 horas,
observando que os GC exerceram um efeito minimo ou nao influenciaram na
regulacdao da maturacao oocitaria. Vale ressaltar que a presenca de receptores para
GC ja foi comprovada em ovarios de ratas, sendo este um possivel mecanismo para
uma reposta ao horménio (SCHREIBER et al., 1982; TETSUKA et al., 1999).

Merris et al. (2007) avaliaram a funcdo da dexametasona na
foliculogénese e maturacdo oocitaria de camundongos, observando que
concentragcbes menores que 40ug/mL ndo afetam a foliculogénese e nem a
oogénese, entretanto doses maiores que esta prejudicam a diferenciagao folicular e
a progressao dos odcitos para a metafase Il. Em altas doses de GC, a produc¢ao de
andrégenos, estrdgenos e progestina diminuiram drasticamente, 0 que pode ter
comprometido a maturagédo nuclear e o metabolismo das células da granulosa.

Apesar de trabalhos sobre o efeito de GC em roedores ja terem sido
relatados (ANDERSEN, 2003; MERRIS et al., 2007), os mesmos nao analisavam o
efeito na maturacéo oocitaria com subsequiente desenvolvimento embrionario. Além
disso, em camundongos, o principal GC € a corticosterona e ndao o cortisol.
Gonzales et al. (2010) analisaram o efeito de corticosterdides na maturacao in vitro e
mudancas nos padrdes da via da quinase regulada por sinal extracelula (ERK), que
sao proteinas importantes para a progressao do ciclo celular, assim como também
foram avaliados fertilizacédo e progressao até ao estadio de blastocisto.

Estes pesquisadores verificaram um efeito diferencial de glicocorticéides
naturais e sintéticos em odcitos de roedores. Concentracées suprafisioldgicas (250
uM) de corticosterona diminuiram a ativagcdo de ERK-1/2 e consequentemente a
taxa de maturacao nuclear oocitaria, levando a um decréscimo no desenvolvimento
embrionario. Fato este ndao observado no tratamento com dexametasona, que,
mesmo em altas concentracdes, ndo exerceu nenhum efeito na producgéo in vitro de
embrides (GONZALES et al., 2010).
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Sao varias as fungdes desenvolvidas por ERK-1/2. Além de atuarem
diretamente no ciclo celular, essas quinases em altos niveis mantém fosforiladas a
proteina Bad (proteina pré-apoptética), suprimindo assim a apoptose celular
(GEBAUER et al.,, 1999). Esse efeito anti-apoptético das ERK-1/2 pode ser
regulados por glicocorticdides. SASSON et al (2003) verificaram que a
dexametasona em doses baixas (10 nM) foi capaz de induzir a fosforilacao de ERK-
1/2 em células da granulosa bovinas e assim mediar o efeito anti-apoptético nessas
células.

Em peixe, os efeitos benéficos dos GC durante a maturagédo oocitéria séo
melhores compreendidos. Diferentes espécies de peixes teledsteos mostraram ser
capazes de induzir o o6cito a maturacdo no seu estagio final, utilizando cortisol
isolado ou combinado com metabdlitos hidroxilados da progesterona, e esses efeitos
ainda persistirem para o desenvolvimento embrionario (SUNDARARAJ et al., 1971,
MILLA et al., 2006; KLEPPE et al., 2013).

LI et al. (2012) mostraram que as taxas de fertilizacdo, clivagem e
eclosdo de embrides derivados de od6citos de peixe maturados em meio
suplementado com cortisol foram maiores em relagdo ao grupo controle,
apresentando embrides com maior numero de células e melhorando assim a
qualidade embrionaria, através da ativagdo de vias de sinalizacao do sistema IGF
(fatores de crescimento relacionados a insulina, do inglés “insulin-like growth
factors”). Desta forma, a inclusdo de cortisol na maturacéo in vitro aparentemente
promoveu um efeito duradouro no desenvolvimento embrionario.

Embora o conjunto de regulacdo responsavel pela maturacao de odcitos
em mamiferos seja semelhante podem existir variagcdes mais sutis entre as espécies
(ANDERSEN, 2003; BILODEAU-GOESEELS, 2012), além disso, diferentes
respostas a GC podem ser atribuidas principalmente a niveis de receptores para
glicocorticbides e sua afinidade, assim como a cinética da proteina durante

maturacao oocitaria.
3.3.2 Glicocorticoides e o cultivo in vitro de embrioes
Sao poucos os trabalhos que descrevem o efeito de glicocorticoides no

desenvolvimento embrionario pré-implantacional. Siemieniuch et al. (2010)
identificaram transcritos para receptores de glicocorticoides e as duas isoformas das
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enzimas 11B- hidroxiesteroide desidrogenase (11B—HSD) no oviduto e no
endométrio gravidico assim como em embrides pré-implantacionais produzidos in
vitro. Nesse estudo a expressao de RNAm para 11B-HSD1 era maior em embrides
bovinos produzidos in vitro no 4° dia (5-16 células) de cultivo quando comparados
com trofoblastos e endometrio no 16° dia de gestacédo. Dessa forma pode-se supor
que, durante as fases iniciais da gravidez, os GC atuam como um fator autécrino ou
paracrino e assim mediam a comunicagao entre o ambiente materno e o embriéo.

Ja que o embriao pré-implantacional é capaz de responder a presencga de
glicocorticéides, Merris et al. (2007) testaram o efeito embriotdxico da dexametasona
(5 a 80 pg/mL) no inicio do cultivo in vitro de embrides de camundongos e
verificaram que este ndo afetava o estadio de desenvolvimento de 2 células nem as
clivagens iniciais, porém, a expansao e a capacidade de eclosdo dos blastocistos
foram prejudicadas a partir de 10 ug/mL de dexametasona, sendo que os embrides
expostos a 80 ug/mL apresentaram, a partir do 5°dia de cultivo, caracteristicas
degenerativas.

Em outro estudo foi verificado o efeito anti-apoptético da dexametasona
no cultivo in vitro de embrides bovinos. Sabe-se que embrides produzidos in vitro
tém elevadas taxas de apoptose, resultando assim na qualidade inferior dos
mesmos (SANTANA et al.,2014).

Santana et al. (2014) avaliaram o possivel envolvimento da
dexametasona na diminuicdo da apoptose em embrides bovinos e observaram que o
tratamento de embrides com dexametasona ndo diminuiu a taxa de apoptose
observada em embrides de D4, mas melhorou a qualidade embrionaria, acelerando
a eclosdo e aumentando o numero de células, sugerindo os efeitos positivos do GC
na proliferacdo celular (SANTANA et al., 2014). Esse estudo corrobora com o estudo
de Ll et al., 2012 em embrido de peixe no qual a adicdo de cortisol no fluido folicular
aumentou o numero de células embrionarias devido a hiperexpressdo de genes
relacionados a fatores de crescimento.

Mais estudos sao necessarios para se identificar a melhor dose benéfica
de GC, assim como o estadio de desenvolvimento embrionario no qual estes
horménios atuam induzindo o melhoramento da qualidade do embrido. Tais
informacdes podem servir de base para se compreender a fungcao dos GC na fase
inicial de gestacdao e como ele pode ser utilizado dentro das biotecnologias
reprodutivas.
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ABSTRACT

Glucocorticoids (GC) are the hormones involved in various physiological processes,
because their main mechanism of action occurs through interaction with specific
receptors, the identification of the response may indicate that the CG play a major
role in the production of embryos in vitro. Thus the aim of this work was to study the
glucocorticoid receptor (GR) in vitro production of bovine embryos. First we identify
the presence of mRNA and protein for GR (using RT-PCR analysis and
immunocytochemistry, respectively), cumulus oocyte complexes (COC), 2-4 oocytes
and embryo cells 8-16 cell, morula and blastocyst. All stages presented transcripts
for GR and positive staining of the corresponding protein, however there was a
difference in the labeling pattern as the location of the GR (cytoplasm and nucleus)
between the analyzed stages. In the second experiment GR was analyzed for early
embryonic development silencing the translation of mRNA for GR, using the
technigue of RNAI. Zygotes were injected with siRNA to GR 16 hours after in vitro
fertilization, and then cultured for 8 days for analysis of embryonic development and
analysis of the amount of mMRNA and protein for GR in blastocyst. Cleavage rate,
blastocyst, relative quantification of mMRNA and fluorescence for GR were submitted
to ANOVA . Gene expression for GR decreased in blastocysts, and quantification of
immunofluorescence in blastocysts (p <0.05), revealing that there was block the
translation. Regarding the rate of cleavage and blastocyst decreased in the injected
group (58 £ 4.4%; 9% = 1.4, respectively) compared to control (81% * 8.3; 25% % 7,
respectively) (p <0.05). We conclude therefore that the GR is present in the
cytoplasm and nucleus of COC and pre-implantation bovine embryos, these GR are

important for proper embryonic development.
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INTRODUCTION

Glucocorticoids modulate many physiological processes including energy
metabolism (Pecket et al., 2011), immune and cardiovascular function (Barners and
Adcock, 2009) and the stress response (Aschbacher et al., 2013; Whirledge and
Cidlowski, 2013). Beyond their effects upon the hypothalamic-pituitary-
adrenal/gonadal axis, glucocorticoids play important roles in reproduction including
onset of puberty timing, spermatogenesis, luteal function as well as in pregnancy
establishment and maintenance (Dupuis et al., 2007; Hikim and Swerdloff, 1999;
Waddell et al., 1996).

Few studies have evaluated the effect of GCs on gametes and pre-
implantation embryos despite some evidence for a direct role upon ovarian function
and early embryo development. For instance, in human follicular fluid the
cortisol:cortisone ratio is higher in preovulatory than immature follicles (Fateh et al.,
1989; Harlow et al., 1997; Keay et al, 2002), suggesting a positive effect of cortisol
(the active metabolite) on oocyte maturation.

Moreover, higher cortisol:cortisone concentration ratios in follicular fluid have
been associated with IVF success in women undergoing unstimulated assisted
reproduction cycles (Keay et al., 2002). In a recent study, supplementation of the in
vitro culture medium with the synthetic GC dexamethasone improved the
developmental kinetics and cell number of in vitro produced bovine blastocysts
(Santana et al., 2014).  Altogether, these studies support a role of GCs upon
oocyte/embryo developmental competency. Most actions of GCs are mediated by
intracellular signaling through the glucocorticoid receptor (GR), a member of the
family of transcription factors linked to nuclear receptors. Several isoforms are
generated by alternative splicing of the GR gene. In humans, alternative splicing in
exon 9 results in two transcripts that yield the hGRa and hGRp isoforms, respectively
(Merkulov and Merkulova, 2012; Oakley and Ciclowski, 2011).

Furthermore, post-transcriptional changes resulting from multiple translational
initiation sites also lead to eight hGRa isoforms (Lu and Cidlowski, 2005; Oakley and
Ciclowski, 2011) . Most unbound hGRa is found in the cell cytoplasm as part of a
large protein complex including several chaperone proteins (Grad and Picard, 2007).

After binding to its ligand hGRa changes its conformation and translocates to the
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nucleus, where it binds to gene responsive elements (GREs) or other transcription
factors, hence modulating the transcription of target genes (Beato, 1989).

In accordance with a role of glucocorticoids in oocyte maturation and early
embryo development, GR expression has been identified in ovarian granulosa cells
(Hirst et al., 1990; Schreiber et al., 1982), in oocytes (Belikov et al., 2007; Milla et al.,
2009 ) and in embryos ( Driver et al., 2001; Lu et al., 2012; Manceau et al., 2012) in
laboratory species and humans.

In the bovine species, expression of mRNA for the GRa isoform has been
shown in embryos and the endometrium (Siemieniuch et al., 2010), suggesting a role
in signaling during early embryo development. However, given the complex
transcriptional and translational regulation of the GR, the presence of mRNA alone
does not necessarily translate to the presence of functional GR protein (Adams et al.,
2000). Given that the main actions of GCs occur via binding to its GR, in this study
we sought to identify the GR both at the transcript and protein level in all cumulus
cells, oocytes and embryos. The goal of this study is to understand the potential role
of GCs via the GR during oocyte maturation and early embryo development.

RESULTS
Experiment 1: GR mRNA and protein expression in oocytes, cumulus cells and
embryos.

All samples analyzed displayed specific amplification for GR mRNA as
evidenced by a single peak in the dissociation curve prior to 35 cycles. Similarly, all
samples displayed positive immunostaining for GR protein, which was absent in
negative controls (Figure 1).

Cumulus cells from GV oocytes displayed predominantly difuse cytoplasmic
immunostaining  (Figure 1D). Similarly, cumulus cells from MIl oocytes also
presented cytoplasmic staining although with a more uniform distribution, but with
nuclear stained too (Figure 1G). Immature oocytes showed a uniform GR distribution
in the cytoplasmic and nucleus (Figure 2C). However in matured oocytes GR
displayed a patchy appearance in MIl oocytes, prioritizing one pole of the oocyte, and
in the limit between metaphase and polar body showed a GR stained too (Fig. 2F).

For embryos, we analyzed GR immunolocalization at different developmental
stages (Figure 3). At the 2-4 cell stage, the GR was evenly distributed in both the
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cytoplasm and nuclei of blastomeres (Figure 3A and 3C). Conversely, blastomeres in
embryos at the 8-16 cell stage displayed more intense immunostaining in the nucleus
than cytoplasm (Figure 3D). At the morula and hatched blastocyst (HB) stages, the
GR was again evenly distributed throughout the cells (Figure 31 and 3J).

GLUCOCORTICOID RECEPTOR HOESCHT MERGED

--

Figure 1: Immunocytochemistry for the glucocorticoid receptor (GR) in cumulus-
oocyte complexes. (A,B,C) Negative controls without primary antlbody (D,E,F)
Cumulus cells from inmature (GV) oocytes. (G,H,lI) Cumulus cells from mature (MIl)
oocytes. GV: germinal vesicle. MIl: metaphase Il. Bar scale 50 pM



GLUCOCORTICOID RECEPTOR HOESCHT MERGED

--

Figure 2. Immunocytochemistry for the glucocorticoid receptor (GR) in oocytes.
(A,B,C) Inmature (GV) oocytes. (D,E,F) Mature (MIl) oocytes. Bar scale 50 pm.
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GLUCOCORTICOID HOESCHT MERGED
RECEFPTOR

.-

Figure 3: Immunocytochemistry for the (GR) in embryos at different developmental
stages. (A,B,C) 2 cell embryo (representing 2-4 cell embryos). (D,E,F) 8 cell embryo
(representing 8-16 cell embryos). (G,H,l) Morula. (J,K,L) Hatched blastocyst. Bar

scale 50 pm.
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Experiment 2: Effect of GR siRNA microinjection in zygotes on the subsequent
embryo development.

To analyze the functional significance of the GR during bovine embryonic
development, a GR-specific sSiRNA was microinjected into zygotes at 16 hours after
IVF, and cleavage and blastocyst rates were then assessed (Table 1). Interestingly,
embryos injected with GR-specific siRNA displayed lower (P<0.05) cleavage and
blastocyst developmental rates. This was not due to microinjection itself since
zygotes injected with a scrambled siRNA showed development rates similar (P>0.05)

to those in the uninjected control group.

Table 1: Cleavage and blastocyst rates following zygote microinjection with a siRNA

specific for the glucocorticoid receptor.

Groups n Cleaved % Blastocyst %
Mean + SD Mean + SD
Control 176 81%8.3° 25%:1+7.0°
Injection Control 144 80%13.6° 17%+4.6"
siRNA Injection 147 58%+4.4° 9%:+1.4

a.b Different lowercase superscripts within column denote significant differences (p
<0.05)

n = sample size; SD = standard deviation
Cleavage was evaluated at 24 hr of in vitro culture.
Control: uninjected zygotes. Injection control: zygotes injected with a scrambled
control siRNA.

The efficiency of downregulating GR expression was evaluated in blastocysts
() at 8 days post siRNA microinjection. A siRNA concentration of 20 pM was
sufficient to reduce GR expression at both the transcript (Figure 4) and protein
(Figure 5) levels, when compared to both uninjected controls or controls injected with
a scrambled siRNA (P<0.05).
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Figure 4: Relative concentration of mRNA for the glucocorticoid receptor (GR)
blastocysts following microinjection of a GR-specific siRNA. Control: uninjected
zygotes. Injection control: zygotes injected with a scrambled siRNA. *P<0.001.
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Figure 5: Relative fluorescence intensity for glucocorticoid receptor (GR)
immunoblotting in bovine blastocysts. Zygotes were injected with a GR-specific
siRNA. Control: uninjected zygotes. Injection control: zygotes injected with a
scrambled siRNA. *P<0.001

DISCUSSION
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Herein we report expression of GR at the protein level, as well as changes in
the pattern of GR expression during oocyte maturation and embryo development.
This is particularly relevant given that previous studies had only shown expression at
the mRNA level and that microRNAs can post-transcriptionally regulate the
expression of various genes with impact on protein levels (Papadopoulos et al.,
2015; Siemeniuch et al., 2010). Moreover, since most effects of glucocorticoids are
driven via its receptor (Burgess et al., 2010), we hypothesized that the expression of
GR should have functional significance.

To further explore this we knocked down GR expression in zygotes
using siRNA technology and recorded embryo development rates. Interestingly,
lower GR levels correlated to a decrease in cleavage and blastocyst rates as
compared to uninjected and injected controls. Altogether, these experiments provide
evidence for a role of glucocorticoids in preimplantation embryo development. Much
has been said about the importance of GRs at the end of oocyte maturation and
ovulation (Andersen, 2002; Keay et al 2002), In regards oocyte maturation in pig
glucocorticoid may exert negatively effects (Chen et al., 2000) and in mice decrease
ERK -1/2 leading to a poor blastocysts rates (Gonzales et al., 2010), but little is
understood about the mechanisms by which these hormones exert their function.

The nuclear GR translocation and its localization are important factors to
understand the glucocorticoid actions (Robertson et al., 2013). Therefore, in this
study, we assessed the distribution of the GR in both GV and MIl oocytes, as well
cumulus cells. Cumulus cells (CC) are cells of follicular lineage that directly surround
the oocyte (Chian et al., 2004; Gilchrist et al, 2008) connected among them and with
the oocyte by cytoplasmic projections with gap junctions (Albertini et al, 2001 ).
Cumulus cells play a crucial role in oocyte maturation, and the acquisition of oocyte
competence (Macaulay et al, 2014; Regassa et al, 2011).

Interestingly, cumulus cells from GV oocytes showed both nuclear and
cytoplasmic GR distribution . Previous studies have also shown that translocation or
presence of the GR in the nucleus may be independent from glucocorticoids in the
medium, James et al. (2003) showed in bovine lens epithelial cells that GR was
marginally in the nucleus without a presence of glucocorticoid and in the cauda
epididymis of rat, that exhibited a predominant GR-positive nuclear/perinuclear
staining and a diffuse cytoplasmic immunolocalization (Silva et al., 2010). Although in
many reports the predominant location of unbound GR appears to be cytosolic,



59

based on the classic mechanism that following binding, the glucocorticoid-GR
complex translocates to the nucleus to affect gene expression (De Bosscher et al.
2000; Oakley et al.,, 1999; Raddatz, et al, 1996). So we speculate that GR in the
nucleus may have actually bound to glucocorticoids present in follicular fluid prior to
oocyte retrieval for our experiments (Spicy et al., 1987).

During maturation, the oocyte acquires competence or the ability to become
fertilized and support embryonic development (Sirard et al., 2006). This competence
acquisition requires all nuclear, cytoplasmic and molecular maturation, with the
corresponding storage of transcripts, proteins and nutrients to be used at the time of
activation of the embryonic genome (Sirard , 2011). In this study we report the
presence of GR in immature oocytes, at a time when the DNA chromatin is
decondensed and accessible to gene transcription, presumably generating mRNAs
to be stored after germinal vesicle breakdown (Rodgers et al, 2003; Assou et al,
2010). Conversely, GR was not observed in the the metaphase plate in MIl oocytes,
although a stained close to metaphase and polar body was observed; which is
compatible with the condensed chromatin and lower transcription activity observed at
this stage (Lequarre et al., 2004; Sirard et al., 1998). From these findings, we infer
that supplementation of maturation medium with glucocorticoids may contribute to
the acquisition of higher oocyte competence.

In this study we confirm that GR transcripts (Siemeniuch et al., 2010) are
translated into the corresponding protein in bovine preimplantation embryos, further
supporting a potential role for glucocorticoids in embryo development. Indeed, 2-4
cell embryos displayed both cytoplasmic and nuclear staining for GR. In cattle, it is
generally considered that activation of the embryonic genome takes place at the 4 to
8 cell stage (Jiang et al., 2014). However, some studies reported activation of some
genes already at the 4-cell stage, with eight embryonic proteins already detected at
this stage against the 23 present in 8-cell embryos (Barnes and First, 1991). Thus,
the nuclear localization of GR in 4-cell embryos may be involved in early embryonic
genome activation in cattle, the developmental stage at which the maternal
transcripts and proteins begin to be degraded, and the embryo becomes dependent
upon transcription of its own genes (Memili and First., 2000; Graf et al, 2014).

Nuclear GR immunostaining became further evident in blastomeres from 8-16
cell embryos, and was also observed at later stages. This may also correlate to the
increased gene transcription occurring during these initial stages of embryo
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development. ,which may be required to sustain the corresponding high cleavage
activity (Graf et al., 2014).

To further analyze the functional significance of the GR during embryonic
development, we knocked down GR mRNA translation using siRNA technology. This
should allow for the analysis of the effects of decreased amounts of the
corresponding GR protein during early embryonic development (Driver et al, 2013;.
Favetta et al, 2007;Furuya et al,. 2007; Yamanaka et al, 2011; Xiong et al, 2013).

Interestingly a decrease in GR expression resulted in a 16% decrease in the
blastocyst rate observed on the 8th day of culture. Our study did not address the
reason by which GR downregulation may have hampered blastocyst development.
However, human adenocarcinoma cells transfected with siRNA for GR displayed a
significant suppression of 44 glucocorticoid-regulated genes, including genes
important for early embryonic development, such as transcription factors, Klf4 and
POUS5F1. Therefore, further research should analyze the effect of GR downregulation
upon expression of developmental genes.

In summary, the GR is expressed both at the mRNA and protein levels in
bovine GV and MII oocytes and their corresponding cumulus cells, as well as in
embryos at various stages of preimplantation development, albeit its distribution
pattern varies at these different stages. The fact that GR downregulation reduced
embryo development rates supports a crucial role for this receptor in embryo
preimplantation events . We speculate that reduced GR expression may impact
embryos by affecting the expression of genes important for development, although
this requires further investigation.

MATERIALS AND METHODS

All chemicals and reagents were purchased from Sigma-Aldrich Chemical Co. (St.

Louis, MO, USA) unless otherwise stated.

Experimental design

Two experiments were conducted to study the presence of functional GRs in
bovine oocytes and embryos. Experiment 1 aimed to identify the presence of GR
transcripts (qualitative analysis by real-time PCR) and protein (immunocitochemistry)
in oocytes and cells of the immature and matured cumulus embryo cells 2-4, 8-16
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cell, morula and blastocyst. In Experiment 2, GR expression was knocked down via
microinjection of the corresponding siRNA into zygotes, and embryo development
was subsequently monitored. The efficiency of GR downregulation was evaluated by
relative quantification via immunofluorescence using a primary antibody against the
GR.

In Vitro Embryo Production

Oocyte collection and in vitro maturation (IVM)

Ovaries were obtained from a slaughterhouse and transported in 0.9% sodium
chloride solution at room temperature for a maximum of 2 hours. Once in the
laboratory, 2-8 mm antral follicles were punctured using a using a syringe and 18Ga
needle and follicular fluid was aspirated. Only cumulus-oocyte complexes (COCs)
with compact cumulus cells and good morphological appearance were selected
(Leibfried and First, 1979). Groups of 10-15 COCs were then placed into 100-pL
droplets of TCM 199 supplemented with 25 mM sodium bicarbonate, 10% FBS
(Gibco BRL, Grand Island, NY, USA), 11 mg/mL pyruvate, 50 ug/ml gentamicin, 0.5
ug/mL FSH (Folltropin, Bioniche Animal Health, Belleville, Ont., Canada), and 5
ug/mL LH (Lutropin, Bioniche Animal Health). Drops were overlaid with sterile
mineral oil, and cultured in an incubator at 38.5°C in a 5% CO,, 20% O, and 75% N>
atmosphere in humidified air for 22 hours.

In vitro fertilization (IVF) and in vitro culture (IVC)

Frozen semen from one bull (Bos indicus) of proven fertility was used for IVF.

After thawing, semen was centrifuged at 180 g for 7 minutes through a
discontinuous density gradient Percoll column (GE Healthcare Bio-Sciences,
Uppsala, Sweden).

In vitro fertilization was performed in 80-pL droplets of TALP-Fert modified
medium (Parrish et al., 1988) supplemented with 30 pg/ml heparin, 1.8 uM
epinephrine, 18 UM penicillamine, 10 pM hypotaurine, and 4 mg/ ml bovine serum
albumin (BSA) under the same conditions described for IVM. In each droplet, groups
of 20 COCs were co-incubated with 2 x 10° sperm/ml frozen-thawed washed sperm.

At 26 hours following insemination presumptive zygotes were incubated in a cumulus
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cell monolayer in 100-uL droplets of synthetic oviductal fluid (SOF) culture medium
(Holm et al. 1999). Incubation proceeded in the same conditions as described for

IVM. Length of time in culture depended upon the following experimental step.

Microinjection of GR-specific siRNA into zygotes

The GR gene sequence was obtained from GenBank (access number:
NM_001206634). Both the sense and antisense sequence for the corresponding
siRNA were designed and synthesized by Life Techonologies (Burlington, ON,
Canada), siRNA primer sense: GGAGAUGAUAACUUGACUUTT, siRNA primer
antisense: AAGUCAAGUUAUCAUCUCCTT and for control, a scrambled siRNA
primer sense: GGAGUUAAAUCGUAGACUUTT, and anti sense:
AAGUCUACGAUUUAACUCCTT. The siRNA was dissolved in RNase free water
according to the manufacturer's instructions.

At 16 hours following IVF, presumptive zygotes were randomly allocated to
one of three experimental groups (20-30 per group): 1) Control or not microinjected;
2) Injection Control or embryos microinjected with scrambled siRNA not targeting GR
mRNA; and, 3) Injection group or zygotes injected with the siRNA targeted to GR.
The control group was incubated in SOF medium and stored under the same
conditions of IVM.

For micromanipulation, zygotes were transferred to 20-uL droplets of TALP
HEPES medium supplemented with 5% FBS overlayed with light mineral oil.
Microinjection was performed with sterile injection capillary (Femtotip Il; Eppendor,
Hamburg, Germany) using a FemtoJet Microinjector (Femtodet express, Eppendorf,
Hamburg, Germany). Approximately 15 pL of GR-specific siRNA duplex (20 mM) or
its scrambled control were delivered into the cytoplasm of a zygote. Lysed embryos
were discarded, and viable zygotes were washed 3 times in SOF medium, and
cultured for 8 days.The efficience of GR downregulation following siRNA
microinjection was estimated by the relative fluorescence intensity reduction following
immunoblotting as well as by the relative transcript expression using gRT_PCR (see
below).

Immunocytochemistry
Immature (GV) and mature (MIl) oocytes, as well as matured and immature
CCO/Oocyte and embryos (of 15 pools each) at different stages of development (2-4
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cells, 8-16 cells, morula and hatched blastocyst) were washed 3 times in wash buffer
(0.1% PBS / PVP) and fixed in 4% paraformaldehyde (PFA) for 15 minutes. After
fixation, samples were washed 3X and stored in wash buffer at 4 °C. Oocytes / COO
/ embryos were then permeabilized in 400-pL drops of 0.25% Triton X-100 in wash
buffer for 10 minutes and rinsed 3X for 3 minutes each in wash buffer. Samples were
then incubated in 400 pL of blocking buffer (1% BSA, 0.3M glycine, 0.1% PVP in
PBS) for 30 minutes and rinsed 3X for 3 minutes each in wash buffer. After blocking,
samples were incubated in 25-uL drops of blocking buffer containing a mouse raised
monoclonal primary antibody against the GR (1:50; ab2768, ABCAM, Cambridge,
USA) at 4°C, overnight in a humid chamber. Negative controls were incubated in
blocking buffer devoid of primary antibody. After rinsing 3X in wash buffer for 3
minutes each, samples were incubated in 40-pL drops of blocking buffer with a FITC-
conjugated goat anti-mouse secondary antibody (1:200; sc2010; Santa Cruz, Dallas,
USA) for 1 hour in a dark chamber. For nuclear staining, , samples were incubated in
100 pl of 1:100 Hoechst in blocking buffer for 10 minutes and then rinsed 3X in wash
buffer. Drops with about 10 oocytes/embryos were placed onto a glass slide and
overlaid with 5uL of anti-fade (VECTASHIELD, Ingold Road USA). Visualization was
performed using a H550S fluorescence microscope (NIKON, Tokyo, Japan) at 400X
using the appropriated excitation filters. The relative quantification of the specific
fluorescent was calculated using the Corrected Total Cell Fluorescence (CTCF),
which is a measurement of intensity of the specific fluorescent against the
background (Burgess et al., 2010). *CTCF = Integrated Density — (Area of selected
cell X Mean Fluorescence of background readings). The measurement of the images
for the calculation was obtained using Image J software (Imaged 1.32] analysis
software, NIH, USA).

Gene expression: Storage of samples

Cumulus cells of both GV and MIl oocytes were removed by repeated
pipetting in a 0.5% hyaluronidase solution. Only oocytes with a first polar body were
considered mature. Embryos at the 2-4 cell (day 2), 8-16 cell (day 3), morula (day 5)
and hatched blastocyst (day 7) stage were also collected for analysis. For zona
pellucida removal, oocytes and embryos were incubated in a 1.5 mg/ml protease
solution in PBS for 5 minutes. Immature oocytes matured in pools of 20 and their

respective cumulus cells Groups of 20 immature or mature oocytes, their
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corresponding cumulus cells, as well as groups of 30-60 embryos were each placed
separately in 0.2-mL microtubes containing 5 ul of RNAlater (provide source

information) and stored at -20°C until the time of RNA extraction.

Gene expression: RNA extraction and cDNA synthesis

Total RNA was extracted using the RNeasy Micro kit kit (Qiagen, Valencia,
CA) according to manufacturer's instructions. The RNA was treated with DNAse |
(provided with the kit) to avoid contamination by genomic DNA. Reverse transcription
was performed using the High Capacity Reverse Transcription Kit (Applied
Biosystems, Foster City, CA) according to manufacturer's instructions.

Gene expression: Real time PCR

Real time PCR was performed using a StepOne plus Real Time PCR system
(Applied Biosystems). Primers were designed using Primer Premier software
(Premier Biosoft International, Palo Alto, CA, USA) based on cDNA sequences
available in GenBank (Table 2). Primer specificity was checked by BLAST. The PCR
total reaction volume was 10 pL containing 5 uL of SYBR Green Master Mix (Applied
Biosystems), 0.5 mM of each primer, and 4 pL of DNA diluted 1: 8. The
thermocycling conditions consisted of 95 °C for 10 minutes, followed by 45 cycles at
60 ° C for 1 minute. The specificity of PCR products was verified by evaluating the

corresponding dissociation curves.

The amplification efficiency for each gene was calculated using a relative
standard curve of serial dilutions of cDNA (1: 4, 1: 8; 1:16; 1:32; 1:64). The relative
quantity of each target gene was corrected relative to the expression of the
housekeeping genes histone 2A1 (H2A1) for Experiment 1, or the tyrosine 3-
monooxygenase / tryptophan 5-monooxygenase activation protein zeta polypeptide
(YWHAZ) and succinate dehydrogenase flavoprotein subunit (SDHA) (Goossens et
al., 2005) in Experiment 2. After normalizing to endogenous gene expression
(ACt=target gene Ct- endogenous gene) and then to the control group

2-8Ctwas calculated as a

(AACt =treatment ACt-C ACt), relative quantification using
fold change of target mMRNA expression vs. control. Each experiment was performed

in triplicate.
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Table 2: Primer sequences, expected fragment size and GenBank access code for genes

evaluated by RT-PCR.

Gene Sequence Size (pb) Genbank
GCATCCCACAGACTATTTCC

YWHAZ GCAAAGACAATGACAGACCA 120 BM446307
GCAGAACCTGATGCTTTGTG

SDHA CGTAGGAGAGCGTGTGCTT 185 NM_174178

CCAGCACTTCAGACAAAATCCTA
H2al 182 U62674
AGCGGCTGACTCTTCGTTG

TGACTTCCTTGGGGACTTTG
GR 107 XM_612999.4
TGAGGAACTGGATGGAGGAG

YWHAZ: Tyrosine 3-monooxygenase / tryptophan 5-monooxygenase activation protein zeta
polypeptide. SDHA: Succinate dehydrogenase flavoprotein subunit. H2A1: Histone 2A1. GR:

glucocorticoid receptor. bp: base pairs

Statistical Analysis

Data for average embryo development rates, as well as relative gene
expression and immunofluorescence values were analyzed by ANOVA followed by
Bonferroni post-test (p <0.05) using SigmaPlot 11.0 software (Systat Software, San
Jose, SC, USA).
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ABSTRACT

Glucocorticoids (GCs) are important mediators of key cellular events. Herein
we investigated the effect of adding cortisol to the in vitro maturation (IVM) medium
on the acquisition of developmental competency in bovine oocytes. Cortisol (0.01,
0.1 or 1 pg/mL) had no effect on cleavage rates or cell numbers of resulting
blastocysts, although supplementation with 0.1 pg/mL during IVM increased
blastocyst rates of in vitro fertilized (IVF) bovine oocytes as compared to untreated
controls (41 £ 10 vs. 21 + 1.2%, p <0.05, respectively). This concentration was
chosen to assess changes in the relative expression of potential GC target genes.
Oocytes matured in the presence of cortisol and their corresponding cumulus cells
did not show changes in expression for genes analyzed as compared to untreated
controls. Notably, blastocysts from oocytes matured in cortisol-supplemented
medium expressed higher relative levels of glucose transporter 1 (GLUTT), fatty acid
synthase (FASN), and heat shock protein 70 (HSP70).
This study supports a role for cortisol in the acquisition of bovine oocyte competence.
This is evidenced by increased blastocyst development rates and presumably related
to increased embryonic transcripts with roles in glucose and lipid metabolism, as well

as the cellular response to stress.

Keywords: cortisol, oocyte competence, gene expression, embryo, bovine
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1. Introduction

Oocyte maturation is a long and complex process during which the female
gamete acquires the competence to be fertilized as well as to sustain in vitro embryo
development to the blastocyst stage and, likely, in vivo development to term [1-3]. In
vivo, oocyte maturation occurs within the follicle driven by multiple local and systemic
signalling events that require interaction between the oocyte and surrounding
somatic cells [4]. Given the inherent challenge involved in trying to replicate these
events, in vivo matured oocytes display higher developmental competency than their
in vitro counterparts [5,6].

Certain mRNA and protein expression patterns determine oocyte quality [7,8].
In this regard, it is known that in vitro culture conditions used for oocyte maturation
can influence gene expression and thus developmental competency [8, 9]. Moreover,
while much progress has been made in optimizing maturation media, in vitro matured
bovine oocytes rarely yield more than 30-40% blastocyst rates as compared to
almost two times higher rates obtained with in vivo matured oocytes under the same
fertilization and embryo culture conditions [6,10]. Therefore, optimization of the
oocyte maturation conditions via the addition of hormones and/or growth factors to
the culture medium is still a research priority [9, 11-14].

Glucocorticoid hormones (GC), in particular cortisol, are important mediators
in many cellular events such as apoptosis modulation [15, 16], response to stress
[17,18], lipid and carbohydrate metabolism [19,20], and mitochondrial activity [21-23].
However, their role in ovarian physiology remains unclear. Studies in pigs and mice
showed that supplementation of maturation medium with cortisol inhibited or had no

effect on oocyte developmental competency, respectively [24,25]. Conversely, a



75

higher cortisol:cortisone ratio in follicular fluid of women undergoing IVF cycles was
associated with higher embryo implantation rates [26,27]. Furthermore, in humans,
GCs diffused from general circulation into follicular fluid where they were metabolized
so that intrafollicular levels of the active metabolite cortisol were higher than those in
blood, especially close to the LH peak [28]. Based upon these findings, low doses of
dexamethasone (a synthetic GC) are often administered to women as a co-treatment
to increase the ovarian response in assisted reproduction cycles [29]. Altogether,
these studies suggest that GCs may have a positive effect on oocyte maturation.
Transcripts for the GC receptor (GR) and 11B-Hydroxysteroid dehydrogenase
(118 HSD) type |, the enzyme that catalyzes the conversion of cortisone to its active
metabolite cortisol, have been identified in bovine granulosa and theca interna cells
from mature ovarian follicles [30]. Moreover, the concentration of cortisol in follicular
fluid is highest around the LH peak in cow preovulatory follicles [31]. This suggests
that GCs may also play an important role during folliculogenesis and oocyte
maturation in the bovine species. Given the importance of improving in vitro embryo
production methods and the evidence in regards to a potential role of GCs in the
acquisition of oocyte developmental competency, the goal of this study was to
evaluate the effect of different concentrations of cortisol during in vitro oocyte

maturation and subsequent bovine embryo development.

2. Materials and Methods

All chemicals and reagents were purchased from Sigma-Aldrich Chemical Co. (St.

Louis, MO, USA) unless otherwise stated.
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2.1 Experimental design

Two experiments were conducted in order to understand the potential role of
cortisol on bovine oocyte maturation. In experiment 1, embryo development rates
were evaluated following IVF of oocytes incubated in in vitro maturation medium
containing different cortisol concentrations. Endpoint evaluations included cleavage
and blastocyst rates, as well as blastocyst cell numbers. The cortisol concentration
providing the best outcomes in experiment 1 was chosen for in vitro oocyte
maturation in Experiment 2. Mature oocytes, their corresponding cumulus cells, and
resulting day 8 blastocysts were used to assess the transcript levels for potential GC
target genes, which included: two genes related to mitochondrial function,
cytochrome c oxidase subunit (COX7) and nuclear respiratory factor 1 (NRFT)
[21,32-34]; one gene related to lipid metabolism or fatty acid synthase (FASN)
[19,35]; and, one gene related to cellular stress or heat shock protein 70 (HSP70)
[17,36,37]. In addition, only for embryos, we evaluated the expression of two
additional genes with roles in: carbohydrate metabolism or glucose transporter 1
(GLUTT) [20,38]; and, cellular respiration or mitochondrial transcription factor (TFAM)

[22,32].

2.2 In Vitro Embryo Production
2.2.1. Oocyte collection and in vitro maturation (IVM)

Ovaries were obtained from a slaughterhouse and transported in 0.9% sodium
chloride solution at room temperature for a maximum of 2 hours. Once in the
laboratory, 2-8 mm antral follicles were punctured using a syringe and 18Ga needle
and follicular fluid was aspirated. Only cumulus-oocyte complexes (COCs) with

compact cumulus cells and good morphological appearance were selected [39].
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Groups of 35-41 COCs were matured in 400-puL droplets of TCM 199
supplemented with 25 mM sodium bicarbonate, 10% fetal calf serum (FCS) (Gibco
BRL, Grand Island, NY USA), 11 mg/mL pyruvate, 50 pg/mL gentamicin, 0.5 pug/mL
FSH (Folltropin, Bioniche Animal Health, Belleville, Ont., Canada), and 5 ug/mL LH
(Lutropin, Bioniche Animal Health). A cortisol (Sigma H0135) stock solution was
prepared at a concentration of 50 pg/mL in ethanol, and 50-pL aliquots were stored
at -20 °C until use. The final ethanol concentration did not exceed 0.1%, which
should not affect embryonic development [24]. Thus, COCs were matured for 20
hours in the absence of cortisol (control group) or in the presence of different cortisol
concentrations (0.01, 0.1 or 1 ug/mL). Incubations were performed at 38.5°C in a 5%
CO,, 20% O, and 75% Ny in humidified air atmosphere. Given that GC hormones
may bind to plastic, COC maturation was performed in custom made (1 cm in

diameter) glass Petri dishes [40].

2.2.2. In vitro fertilization (IVF) and in vitro culture (IVC)

Frozen semen from one bull (Bos indicus) of proven fertility was used for IVF.
After thawing, semen was centrifuged at 180 g for 7 minutes through a discontinuous
density gradient Percoll column (GE Healthcare Bio-Sciences, Uppsala, Sweden).

In vitro fertilization was performed in 80-uL droplets of TALP-Fert modified
medium [41] supplemented with 30 pg/mL heparin, 1.8 uM epinephrine, 18 uM
penicillamine, 10 uM hypotaurine, and 4 mg/mL bovine serum albumin (BSA) under
the same conditions described for IVM. Groups of 20 oocytes per droplet were
inseminated with washed sperm at a final concentration of 2 x 10° sperm/mL.

At 26 h following insemination, presumptive zygotes were denuded from their

cumulus cells by repeat pipetting. Groups of 20 were then incubated over a cumulus
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cell monolayer in 100-uL droplets of synthetic oviductual fluid (SOF) culture medium
supplemented with 3 mg/mL BSA, 50 upg/mL gentamicin, and 5% FBS [42].
Incubations proceeded under the same conditions described for IVM. Cleavage and
blastocyst rates were evaluated on days 2 and 7 of culture, respectively (Experiment
1). Thirteen to 16 embryos per group were labeled with the fluorochrome Hoechst
33342 [43] and examined under a fluorescence microscope (Eclipse TE 300, Nikon
Corporation, Tokyo, Japan; X 400) to assess cell numbers. For Experiment 2, day 8
blastocysts were stored in RNAlater (Applied Biosystems, Foster City, CA) at -20°C

following the manufacturer’s directions.

2.3 Gene expression
2.3.1 Acquisition and storage of samples for RNA isolation

For RNA isolation, oocytes were matured as above and cumulus cells
removed by repeat pipetting in a 0.5% bovine testis hyaluronidase solution in PBS.
Only MII oocytes, as evidenced by first polar body extrusion, were selected. Zona
pellucidae were removed from oocytes by incubation in a 1.5 mg/mL protease
solution in HEPES-buffered TCM199, for 5 minutes. Cumulus cells were also saved
for analysis. Embryos were collected on day 8 of in vitro culture at the hatched
blastocyst stage. Triplicate samples consisting of 20 mature oocytes, their
corresponding cumulus cells or 10 hatched blastocysts were placed into
microcentrifuge tubes containing 0.2 mL of RNAlater (Applied Biosystems, Foster

City, CA) and stored at -20°C for later use.

2.3.2 RNA extraction and cDNA synthesis
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Total RNA was extracted using the RNeasy Micro kit (Qiagen, Valencia, CA)
according to manufacturer's instructions. The RNA was treated with DNAse |
(provided with the kit) to avoid contamination by genomic DNA. Reverse transcription
was performed using the High Capacity Reverse Transcription kit (Applied

Biosystems, Foster City, CA) also according to manufacturer's instructions.

2.3.3 Real time PCR

Real-time PCR was performed using a StepOne plus Real Time PCR system
(Applied Biosystems). Primers were designed using Primer Premier software
(Premier Biosoft International, Palo Alto, CA, USA) based on cDNA sequences
available in GenBank (Table 1). Primer specificity was checked by BLAST. The PCR
total reaction volume was 10 pL, containing 5 uL of SYBR Green Master Mix (Applied
Biosystems), 0.5 mM of each primer, and 4 uL of DNA diluted 1:8. The thermocycling
conditions consisted of 95°C for 10 minutes followed by 45 cycles at 60°C for 1
minute. The specificity of PCR products was verified by evaluating the corresponding

dissociation curves.
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Table 1: Primer sequences, expected fragment size and Genbank access code for

genes evaluated by RT-PCR.

Gene Sequence Size (pb) Genbank
GCATCCCACAGACTATTTCC

YWHAZ GCAAAGACAATGACAGACCA 120 BM446307
GAACGCGCTGGAGTCGTAC

HSP70 ATGGGGTTACACACCTGCTC 202 NM_174550.1
TGCTCATTAACCGCAACGA

GLUTT  1GACCTTCTTCTCCCGCATC 133 M60448
GACCTCGCTCAGCTTATAACATT

TFAM  CAGCTTTACCTGTGATGTGCC 146 NM_001034016.2
TGACCATCCAGACAACGCAA

NRF1  TGCACCTGTTGAGTGCCAT 127 NM_001098002.2
TTTGATGCTTGGGCCGGTAT

COXT  ACAAATGCGTGTGCGGTTAC 128 YP_209207.1
CACTCCATCCTCGCTCTCC

FASN  GCCTGTCATCATCTGTCACC 181 AY343889

YWHAZ: Tyrosine 3-monooxygenase / tryptophan 5-monooxygenase activation protein zeta

polypeptide. HSP70: heat shock protein 70. GLUTT: glucose transporter 1. TFAM: mitochondrial

transcription factor A. NRF1: nuclear respiratory factor 1. COX1: cytochrome ¢ oxidase subunit 1

FASN: fatty acid synthase. bp: base pairs.

The amplification efficiency for each gene was calculated using a relative

standard curve of serial dilutions of cDNA (1: 4, 1: 8, 1:16, 1:32, 1:64). The relative

quantity of each target gene was corrected relative to the quantity of the endogenous

gene Tyrosine 3-monooxygenase / tryptophan 5-monooxygenase activation protein

zeta polypeptide (YWHAZ) [44], using the comparative delta CT method (2AACH).

Each experiment was performed in triplicate.



81

2.4 Statistical Analysis

Data for cleavage and blastocyst rates, as well as for relative gene expression
levels were analyzed by ANOVA and Bonferroni post-hoc test, with significance set
at P <0.05, using the SigmaPlot 11.0 software (Systat Software, San Jose, CA,

USA).

3. Results
3.1 Experiment 1: Effect of cortisol concentration during IVM on subsequent
embryonic development

Four replicates were performed to assess the effect of cortisol addition to the
oocyte maturation medium on later embryonic development. There were no
differences in cleavage rates among groups (p> 0.05; Table 2) Conversely, addition
of 0.1 pg/mL cortisol to the IVM medium did improve blastocyst rates over those in
the control group (P<0.01). Cortisol treatment during IVM had no effect on the cell

numbers of the resulting blastocysts (Table 3).



Table 2: Effect of supplementing in vitro maturation medium with cortisol on embryo

development rates of in vitro fertilized bovine oocytes

Groups N Cleaved %Mean * SD Blastocyst %
Mean = SD

Control 162 69 £9.8 21 +1,2°

0.01 pg/mL’ 158 85 +10.2 31 +6,12b¢

0.1pg/mL’ 164 80 +5.5 41 £10°

1 pg/mL 165 84 +8.7 26,7 +2,8%°

N = sample size; SD = standard deviation.
% blastocyst is calculate as percentage of total oocytes.
“Concentration of cortisol added to the medium used for in vitro oocyte maturation.

a.b.¢ pifferent superscripts within column denote significant differences (p <0.05).
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Table 3: Effect of supplementing in vitro bovine oocyte maturation medium with

cortisol on cell numbers of the resulting in vitro produced blastocysts.

Groups N Number of cells
Mean = SD

Control 13 87.2+8.9

0.01 pug/mL’ 17 78.5+20.8

0.1 pg/mL” 14 93.3 +20.4

1 pg/mL’ 16 83,3+5,4

N = sample size; SD = standard deviation.

" Concentration of cortisol added to the medium used for in vitro oocyte maturation.

3.2 Experiment 2: Gene expression analysis in COCs and embryos

Given that supplementing the IVM medium with 0.1 pg/mL of cortisol improved
embryo development rates, we used this concentration in subsequent experiments to
ascertain expression levels of genes that are reportedly regulated by cortisol
[18,19,23, 45,46] and may also be important for embryonic development. No
differences in relative gene expression levels were detected for oocytes or cumulus
cells when comparing those matured in the presence or absence of cortisol (Figs. 1,
2).

Oocytes matured with or without the addition of 0.1 pg/mL of cortisol were
fertilized and cultured in vitro for 8 days to the blastocyst stage. Three replicates
consisting of 10 hatched blastocysts each were used for analysis of gene expression
levels. Blastocysts that did not hatch were not use for analysis. Interestingly,

embryos from oocytes matured in cortisol-containing medium displayed increased
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expression levels for HSP70 (p <0.001), GLUT1 (p = 0.027) and FASN (p = 0.008)

(Figure 3).

Figure 1: Comparison of gene expression levels between oocytes matured in vitro in
the absence or presence of 0.1 ug/mL cortisol. Data is reported as mean £ SD. The
relative quantity of each target gene was corrected relative to the quantity of the
endogenous gene tyrosine 3-monooxygenase / tryptophan 5-monooxygenase
activation protein zeta polypeptide (YWHAZ). No differences were detected in gene
expression levels between treated and control oocytes: HSP70 = heat shock protein
(p = 0.211); 70 NRF1: nuclear respiratory factor 1 (p = 0.818); COX: cytochrome ¢
oxidase subunit 1 (p = 0.18); FASN: fatty acid synthase (p = 0.212).
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Figure 2: Comparison of gene expression levels between cumulus cells obtained
from oocytes matured in vitro in the absence or presence of 0.1 ug/mL cortisol. Mean
+ SD. The relative quantity of each target gene was corrected relative to the quantity
of the endogenous gene tyrosine 3-monooxygenase / tryptophan 5-monooxygenase
activation protein zeta polypeptide (YWHAZ). No differences were detected in gene
expression levels between treated and control cumulus cells: HSP70 = heat shock
protein (p = 0.699); NRF1: nuclear respiratory factor 1 (p = 0.937); COX: cytochrome
¢ oxidase subunit 1 (p = 0.18); FASN. fatty acid synthase FASN (p=0.485).

16
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Figure 3: Comparison of gene expression levels between hatched blastocysts
obtained from the fertilization of oocytes matured in vitro in the absence or presence
of 0.1 ug/mL cortisol. Mean = SD. The relative quantity of each target gene was
corrected relative to the quantity of the endogenous gene tyrosine 3-monooxygenase
/ tryptophan 5-monooxygenase activation protein zeta polypeptide (YWHAZ). No
differences were detected in gene expression levels for: NRF1: nuclear respiratory
factor 1 (p = 0.746); COX: cytochrome ¢ oxidase subunit 1 (p = 0.289); or, TFAM:
mitochondrial transcription factor (p<0.06). Gene expression levels between treated
and control samples differed for: HSP70 = heat shock protein (p <0.001); FASN: fatty
acid synthase (p=0.008); and, GLUTT: glucose transporter 1 (p<0.027). * Asterisk
denotes p<0.05.
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4. Discussion

This is the first study reporting a beneficial effect of GC addition to the in vitro
oocyte maturation medium in mammals. Indeed, addition of cortisol to the VM
medium yielded higher blastocyst rates that were paired with increased embryonic
expression of FASN, GLUT1 and HSP 70. These findings are consistent with cortisol
exerting a beneficial effect via the modulation of lipid and carbohydrate metabolism
(FASN and GLUTT1), and the response to stress in treated oocytes (HSP70), both
pathways susceptible to in vitro conditions and related to embryo quality.

Previous studies have yielded contrasting results in regards to the effect of GC
on mammalian oocyte competence. For instance, addition of cortisol or
dexamethasone to porcine oocyte maturation medium decreased the percent of
oocytes undergoing germinal vesicle breakdown, with no effect on subsequent
embryo development [25]. In the mouse, cortisol or dexamethasone had no effect on
oocyte maturation rates, although embryo development was not assessed [24].
Conversely, in a different study, corticosterone exerted a concentration-dependent
negative effect on mouse oocyte maturation, presumably via inhibition of the
extracellular signal-regulated kinases (ERKs), and on blastocyst development. In the
same study, dexamethasone had no effect on oocyte maturation or embryo
development [47]. While GC concentrations tested in these studies were similar to
those used herein, it is difficult to establish a direct comparison given differences in
activity of different GCs among species. In addition, oocyte culture conditions also
differ between studies. Moreover, albeit subtle, there are reported differences in the
regulation of oocyte maturation among species [24, 48] that could account for

differences in the response to GC treatment.
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Beneficial effects of GCs for in vitro maturation of oocytes have also been
reported in non mammalian species. Cortisol is involved in different aspects of oocyte
and embryo growth and development in fish species [49-52]. For instance, increasing
cortisol levels inside rainbow trout oocytes by its addition in maturation medium
resulted in higher embryonic cell numbers at 48 hours following fertilization [49-50].
This effect appeared to be mediated via the activation of insulin growth factor (IGF)
related pathways [50]. The fact that in our study we did not detect changes in
blastocyst cell number despite a beneficial effect of cortisol in embryo development
rates further suggests species-specific differences in the actions of GCs in gametes
and pre-implantation embryos.

Most of the actions carried out by GCs are mediated by interaction with the
corresponding glucocorticoid receptor (GR). In fact the GR is expressed throughout
all stages of bovine follicular development by both granulosa and theca interna cells
[30], as well as by the oocyte and cumulus cells before and after IVM (unpublished
observations), providing further evidence of the importance of GC in follicular and
oocyte physiology. Given that binding of GCs to their GR involves translocation to
the nucleus and activation or repression of gene expression [53], we investigated
whether cortisol affected oocyte competence via a genomic pathway. However, we
found no effect of cortisol on gene expression in either oocytes or cumulus cells. This
may be partially due to the relatively large standard deviations observed, possibly
linked to the inherent heterogeneity resulting from the use of oocytes from abattoir
ovaries, paired with a relatively low sample size [54, 55]. Conversely, cortisol
treatment did affect transcript levels for key genes in embryos, suggesting a long-
term delayed effect upon gene transcription [53]. For instance, GLUT1, one of the

genes upregulated by cortisol treatment, modulates glucose entry into cells. Glucose
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can then be used as an energy source via the pentose or glycolytic pathways, both of
which are important in embryogenesis [56,57]. This finding also highlights the role of
GCs in carbohydrate metabolism.

Moreover, embryos from treated oocytes also expressed higher levels of
FASN, an enzyme important for lipogenesis that acts by catalyzing the synthesis of
palmitate into long-chain fatty acids to form lipid droplets that represent an energy
reserve [35]. Embryos from obese mice expressed less FASN and this was
associated with alterations in the regulation of cholesterol biosynthesis [58].

Embryos from treated oocytes also displayed increased HSP70 expression.
Heat shock proteins (HSPs) are a family of chaperones, that participate in important
cellular functions, related to stabilization of protein and DNA repair, cell cycle control,
as well as apoptosis and elimination of damaged proteins, important to cell viability in
response to stresses [18,59,60]. In cattle embryos, HSP expression is also related to
the activation interferon tau, which is crucial for maternal recognition and
maintenance of pregnancy [36]. Notably, HSPs regulate the cellular response to
stress conditions and, in this context, to cortisol [61]. Cortisol also regulates HSP
expression in somatic cells such as adipocytes [18] and recent studies suggest that
subjecting a cell to a sublethal stress (increased hydrostatic pressure, osmotic stress,
oxidative stress), may confer an adaptation and increased tolerance to additional
stressful conditions [62-64]. In fact, Du et al. [64] observed that the sublethal stress
caused by exposure of immature swine oocytes to high hydrostatic pressure resulted
in increased blastocyst rates with higher cell numbers following parthenogenetic
activation. Hence we speculate that the mechanism of action of cortisol via increased
expression of HSP70 in this study may be related to the preparation of the oocyte to

sustain the upcoming stress related to the in vitro production process, thus ultimately
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benefiting embryo development, similar to what was observed when submitting
oocytes to sublethal stressors [65]. Worth noting is the fact that heat stress in zebu
cows promoted deleterious effects on ovarian follicular dynamics, with concomitant
decrease in oocyte competence; however this was not accompanied by cortisol
elevation in follicular fluid, arguing that the physiological stress detrimental for oocyte
competence is not mediated by cortisol [66].

In summary, this study provides evidence for cortisol playing a role in the
acquisition of bovine oocyte competence when added to the maturation medium.
This resulted in increased blastocyst development rates paired with increased
transcripts for genes related to energy metabolism and stress. Future research
should elucidate the cortisol-driven oocyte cytoplasmic modifications presumably

contributing to improved embryonic development.

Acknowledgements
We are grateful to FAPESPA, UNOPAR, CNPQ, and Agropecuaria Laffranchi for

providing funding for this research.



90

References

[1] Ferreira EM, Vireque AA, Adona PR, Meirelles FV, Ferriani RA, Navarro PAAS.
Cytoplasmic maturation of bovine oocytes: structural and biochemical modifications
and acquisition of developmental competence. Theriogenology 2009;71:836—48.
[2] Farin PW, Piedrahita JA, Farin CE. Errors in development of fetuses and
placentas from in vitro-produced bovine embryos. Theriogenology 2005;7:178-91.
[3] Sirard M, Richard F, Blondin P, Robert C. Contribution of the oocyte to embryo
quality. Theriogenology 2006;65:126—36.

[4] Zuccotti M, Merico V, Cecconi S, Redi CA, Garagna S. What does it take to make
a development competente mammalian egg? Hum Reprod Update 2011;17:525-540.
[5] Brisard D, Desmarchais A, Touzé J, Lardic L, Freret S, Elis S, et al. Alteration of
energy metabolism gene expression in cumulus cells affects oocyte maturation via
MOS—-mitogen-activated protein kinase pathway in dairy cows with an unfavorable
“Fertil-" haplotype of one female fertility quantitative trait locus. Theriogenology
2014;81:599-612.

[6] Rizos D, Ward F, Duffy P, Boland MP, Lonergan P. Consequences of bovine
oocyte maturation, fertilization or early embryo development in vitro versus in vivo:
implications for blastocyst yield and blastocyst quality. Mol Reprod Dev
2002;61:234-48.

[7] Minami N, Suzuki T, Tsukamoto S. Zigote gene activation and maternal factors in
mammals. J Reprod Dev 2007;53:707-15.

[8] Wrenzycki C, Herrmann D, Niemann H. Messenger RNA in oocytes and embryos

in relation to embryo viability. Theriogenology 2007;68:77-83.



91

[9] Russell DF, Bagir S, Bordignon J, Betts DH. The impact of oocyte maturation
media on early bovine embryonic development. Mol Reprod Dev 2006;73:1255-70.
[10] Leemput EE, Vos PL, Zeinstra EC, Beverns MM, Weijden GC, Dieleman SJ.
Improved in vitro embryo development using in matured oocyes from heifers
superovulated with a controlled preovulatory LH surge. Theriogenology 1999;15:335-
49.

[11] Costa NN, Cordeiro MS, Silva TVG, Sastre D, Santana PPB, Sa ALA, et al.
Effect of triiodothyronine on developmental competence of bovine oocytes.
Theriogenology 2013;80:295-301.

[12] EI-Raey M, Geshi M, Somfai T, Kaneda M, Hirako M, Abdel-Ghaffar AE.
Evidence of melatonin synthesis in the cumulus oocyte complexes and its role in
enhancing oocyte maturation in vitro in cattle. Mol Reprod Dev 2011;78:250—-62.
[13] Pers-Kamczyc E, Warzych E, Peippo J, Lechniak D. Growth hormone exerts no
effect on the timing of the first zygotic cleavage in cattle. Theriogenology
2010;74:581-95.

[15] Komiyama J, Nishimura R, Lee H, Sakumotor, Tetsuka M, Acosta TJ, et al.
Cortisol is a suppressor of apoptosis in bovine corpus luteum. Biol Reprod
2008;78:888-95.

[16] Sasson R, Tajima K, Amsterdam. Glucocorticoids Protect against Apoptosis
Induced by Serum Deprivation, Cyclic Adenosine 3', 5'-Monophosphate and p53
Activation in Immortalized Human Granulosa Cells: Involvement of Bcl-2 1.
Endocrinology 2001;142:802-11.

[17] Eitam H, Vaya J, Brosh A, Orlov A, Soliman K, Izhaki I, et al. Differential stress
responses among newly received calves: variations in reductant capacity and Hsp

gene expression. Cell Stress Chaperones 2010;15:865-76.



92

[18] Ravikumar S, Muthuraman P. Cortisol Effect on Heat Shock Proteins in the
C2C12 and 3T3-L1 Cells. In Vitro Cell Dev Biol Anim 2014;50:1-6.

[19] Gathercole LL, Morgan SA, Bujalska IJ, Hauton D, Stewart PM, TOMLINSON
JW. Regulation of lipogenesis by glucocorticoids and insulin in human adipose
tissue. PLoS One 2011;6:€26223.

[20] Reichardt SD, Foller M, Rexhepaj R, Pathare G, Minnich K, Tuchermann JP, et
al. Glucocorticoids enhance intestinal glucose uptake via the dimerized glucocorticoid
receptor in enterocytes. Endocrinology 2012;153:1783-94.

[21] Datson NA, Morsink MC, Meijer OC, Ronald de Kloet E, et al. Central
corticosteroid actions: Search for gene targets. Eur J Pharmacol 2008;583:272-89.
[22] Lee S, Kim H, Song I, Youm J, Dizon LA, Jeong S, et al. Glucocorticoids and
their receptors: Insights into specific roles in mitochondria. Prog Biophys Mol Biol
2013;112:44-54.

[23] Psarra AG, Sekeris CE. Glucocorticoids induce mitochondrial gene transcription
in HepG2 cells: role of the mitochondrial glucocorticoid receptor. Biochim Biophys
Acta 2011;1813:1814-21.

[24] Andersen CY. Effect of glucocorticoids on spontaneous and follicle-stimulating
hormone induced oocyte maturation in mouse oocytes during culture. J Steroid
Biochem Mol Biol 2003;85:423-7.

[25] Yang J, Chen W, Li PS. Effects of glucocorticoids on maturation of pig oocytes
and their subsequent fertilizing capacity in vitro. Biol Reprod1999;60:929-36.

[26] Keay SD, Harlow CR, Wood PJ, Jenkins JM, Cahill DJ. Higher cortisol: cortisone
ratios in the preovulatory follicle of completely unstimulated IVF cycles indicate

oocytes with increased pregnancy potential. Hum Reprod 2002;17:2410-14.



93

[27] Lewicka S, Hagens C, Hettinger U, Grunwald K, Vecsei P, Runnebaum B, et al.
Cortisol and cortisone in human follicular fluid and serum and the outcome of IVF
treatment. Hum Reprod 2003;18:1613-17.

[28] Harlow CR, Jenkins JM, Winston RML. Increased follicular fluid total and free
cortisol levels during the luteinizing hormone surge. Fertil Steril 1997;68: 48-53.
[29] Keay SD, Lenton EA, Cooke ID, Hull MGR, Jenkins JM. Low-dose
dexamethasone augments the ovarian response to exogenous gonadotrophins
leading to a reduction in cycle cancellation rate in a standard IVF programme. Hum
Reprod 2001;16:1861-65.

[30] Tetsuka M, Nishimoto H, Miyamoto A, Okuda K, Hamano S. Gene Expression of
11 B-HSD and Glucocorticoid Receptor in the Bovine (Bos taurus) Follicle During
Follicular Maturation and Atresia: The Role of Follicular Stimulating Hormone. J
Reprod Dev 2010;56:616-22.

[31] Acosta TJ, Tetsuka M, Matsui M, Shimizu T, Berisha B, Schams D, et al. In vivo
evidence that local cortisol production increases in the preovulatory follicle of the
cow. J Reprod Dev 2005;51:483-9.

[32] Chiaratti M R, Bressan FF, Ferreira CR, Caetano AR, Smith LC, Vercesi AE, et
al. Embryo mitochondrial DNA depletion is reversed during early embryogenesis in
cattle. Biol Reprod 2010;82:76-85.

[33] Demonacos C, Djordjevic-Markovic R, Tsawdaroglou N, Sekeris CE, et al. The
mitochondrion as a primary site of action of glucocorticoids: the interaction of the
glucocorticoid receptor with mitochondrial DNA sequences showing partial similarity
to the nuclear glucocorticoid responsive elements. J Steroid Biochem Mol Biol

1995;55:43-55.



94

[34] Seaby RP, Mackie P, King WA, Mastromonaco GF. Investigation into
Developmental Potential and Nuclear/Mitochondrial Function in Early Wood and
Plains Bison Hybrid Embryos. Reprod Domest Anim 2012;47:644-54.

[35] Auclair S, Uzbekov R, Elis S, Sanchez L, Kireev |, Lardic L, et al. Absence of
cumulus cells during in vitro maturation affects lipid metabolism in bovine oocytes.
Am J Physiol Endocrinol Metab 2013;304:599-613.

[36] Hickman CF, Clinton M, Ainslie A, Ashworth CJ, Rooke JA. Heat shock induces
interferon-tau gene expression by in vitro-produced bovine blastocysts. Am J
Reprod Immunol 2013;70:177-81.

[37] Machado GM, Ferreira AR, Guardieiro MM, Bastos MR, Carvalho JO, Lucci CM,
et al. Morphology, sex ratio and gene expression of day 14 in vivo and in vitro bovine
embryos. Reprod Fertil Dev 2013;25:600-8.

[38] Lopes AS, Wrenzycki C, Ramsing NB, Herrmann D, Niemann H, Lovendahi, et
al. Respiration rates correlate with mRNA expression of G6PD and GLUT1 genes in
individual bovine in vitro produced blastocysts. Theriogenology 2007;68:223—-36.
[39] Leibfried L, First NL. Characterization of bovine follicular oocytes and their ability
to mature in vitro. J Anim Sci 1979;48:76-86.

[40] Kennedy JA, Besses GS. Comparison of adsorption of iodine-131-thyroxine to
glass and plastic containers. J Nucl Med 1967;8:226-8.

[41] Parrish JJ, Susko-Parrish J, Winer MA, Frist NL. Capacitation of bovine sperm
by heparin. Biol Reprod 1988;38:1171-80.

[42] Holm P, Booth PJ, Schmidt MH, Greve T, Callesen H. High bovine blastocyst
development in a static in vitro production system using SOFaa medium
supplemented with sodium citrate and myo-inositol with or without serum-proteins.

Theriogenology 1999;52:683-700.



95

[43] Manser RC, Leese HJ; Houghton FD. Effect of inhibiting nitric oxide production
on mouse preimplantation embryo development and metabolism. Biol Reprod
2004;71528-383.

[44] Goossens K, Poucke MV, Soom A, Vandesompele J, Zeveren A, Peelman LJ.
Selection of reference genes for quantitative real-time PCR in bovine preimplantation
embryos. BMC Dev Biol 2005;5.

[45] Shao Y, Wall EH, Mcfadden TB, Misra Y, Qian X, Blauwiekel R, et al. Lactogenic
hormones stimulate expression of lipogenic genes but not glucose transporters in
bovine mammary gland. Domest Anim Endocrinol 2013;44:57-69.

[46] Langdown ML, Sugden MC. Enhanced placental GLUT1 and GLUT3 expression
in dexamethasone-induced fetal growth retardation. Molecular and cellular
endocrinology 2011;185:109-17.

[47] Gonzalez R, Ruiz-Leon Y, Gomendio M, Roldan ERS. The effect of
glucocorticoids on mouse oocyte in vitro maturation and subsequent fertilization and
embryo development. Toxicology in Vitro 2010;24:108-15.

[48] Bilodeau-Goeseels S. Cows are not mice: The role of cyclic AMP,
phosphodiesterases, and adenosine monophosphate-activated protein kinase in the
maintenance of meiotic arrest in bovine oocytes. Mol Reprod Dev 2011;78:734-43.
[49] Li M, Bureau DP, King WA, Leatherland JF, The actions of in ovo cortisol on egg
fertility, embryo development and the expression of growth-related genes in rainbow
trout embryos, and the growth performance of juveniles. Mol Reprod Dev
2010;77:922-31.

[50] Li M, Leatherland JF, Vijayan MM, King WA, Madan P. Glucocorticoid receptor

activation following elevated oocyte cortisol content is associated with zygote



96

activation, early embryo cell division, and IGF system gene responses in rainbow
trout. J Endocrinol 2012;215:137-49.

[51] Milla S, Jalabert B, Rime H, Prunet B, Bobe J. Hydration of rainbow trout oocyte
during meiotic maturation and in vitro regulation by 17,20b-dihydroxy-4-pregnen-3-
one and cortisol. J Exp Biol 2006;209:1147-56.

[52] Sundararaj Bl, Goswami SV. Effects of desoxycorticosterone and
hydrocorticortisone singly and in varius combinations on in vitro maturation of
oocytes the catfish, Heteropneustes fossilis (Bloch). Gen Comp Endocrinology
1971,;3:570-3.

[53] Reddy TE, Pauli F, Sprouse RO, Neff NF, Newberry KM, Garabedian MJ, et al.
Genomic determination of the glucocorticoid response reveals unexpected
mechanisms of gene regulation. Genome Research 2009;19:2163-71.

[54] Lussier JG, Matton P, Dufour JJ. Growth rates of follicles in the ovary of the cow.
J Reprod Fertil 1987; 81 :301-307.

[55] Vassena R, Mapletoft RJ, Allodi S, Singh J, Adams GP. Morphology and
developmental competence of bovine oocytes relative to follicular

status. Theriogenology 2003; 60:923 — 932.

[56] Khurana N, Niemann H. Energy metabolism in preimplantation bovine embryos
derived in vitro or in vivo. Biol Reprod 2000;62:847-56.

[57] Sinclair KD, Rooke JA, Mcevoy TG. Regulation of nutrient uptake and
metabolism in pre-elongation ruminant embryos. Reproduction Supplement
2002;61:371-85.

[58] Kdnigsdorf CA, Navarrete SA, Schmidt JS, Fischer S, Fischer B. Expression
profile of fatty acid metabolism genes in preimplantation blastocysts of obese and

non-obese mice. Obes Facts 2011;5:575-86.



97

[59] Kennedy D, Mnich K, Samali A. Heat shock preconditioning protects against ER
stress-induced apoptosis through the regulation of the BH3-only protein BIM. FEBS
Open Bio 2014;4:813-21.

[60] Mosser DD, Morimoto RI. Molecular chaperones and the stress of oncogenesis.
Oncogene 2004;23:2907-18.

[61] Aschbacher K, O’'Donovan A, Wolkowitz O, Dhabhar F, Su Y, Epel E. Good
stress, bad stress and oxidative stress: Insights from anticipatory cortisol reactivity.
Psychoneuroendocrinology 2013;38:1698-708.

[62] LinL, Du Y, Liu Y, Kragh PM, Li J, Purup S, et al. Elevated NaCl concentration
improves cryotolerance and developmental competence of porcine oocytes. Reprod
Biomed Online 2009;18:360—6.

[63] Vandaele L, Thys M, Bijttebier J, Langendonckt A, Donnay |, Maes D, et al.
Short-term exposure to hydrogen peroxide during oocyte maturation improves bovine
embryo development. Reproduction 2010;139:505-11.

[64] Du Y, Lin L, Schmidt M, Bogh IB, Kragh PM, Sorensen CB, et al. High
hydrostatic pressure treatment of porcine oocytes before handmade cloning
improves developmental competence and cryosurvival. Cloning and Stem Cells
2008;10:325-30.

[65] Pribenszky C, Vajta G, Molnar M, Du Y, Lin L, Bolund L, et al. Stress for stress
tolerance? A fundamentally new approach in mammalian embryology. Biol Reprod
2010;83:690-7.

[66] Torres-Junior JRS, Pires MFA, S& WF, Ferreira AM, Viana JHM, Camargo LSA,
et al. Effect of maternal heat-stress on follicular growth and oocyte competence in

Bos indicus cattle. Theriogenology 2008;69:155-66.



98

6. ARTIGO 3: EFFECT OF CORTISOL ON BOVINE EMBRYO DEVELOPMENT IN
VITRO

O artigo foi submetido a revista Animal Reproduction

Nathalia Nogueira da Costa®*, Karynne Nazaré Lins Brito?, Priscila di Paula Bessa
Santana® Marcela da Silva Cordeiro®, Thiago Velasco Guimaraes Silva?, Simone do
Socorro Damasceno Santos?, W. Allan King®, Moyses dos Santos Miranda®, Otavio
Mitio Ohashi®.

? Institute of Biological Sciences, Animal Reproduction Laboratory, PA, Brazil

® Federal Institute of Para - Abaetetuba Campus, PA, Brazil

¢ Department of Biomedical Sciences, Ontario Veterinary College, University of
Guelph, Guelph, ON, Canada

* Correspondence: Federal University of Para; Institute of Biological Sciences,
Animal Reproduction Laboratory, Pa, Brazil. ZIP CODE. 66075-900. Phone +55 91
32017773

Email address: nathalia@ufpa.br




99

ABSTRACT

The cortisol hormone, major glucocorticoid (GC) found in human and bovine,
operates in several physiological processes, including playing a key role at the
beginning of pregnancy, regulates mechanisms involved in the embryo in the
endometrium deployment process. The objective of this study was to evaluate the
effect of different concentrations of cortisol (0.01 mg/ mL, 0.1 mg/ mL and 1 mg/ ml)
in the in vitro bovine embryos culture, embryonic development was evaluated as well
as the number of cell and relative quantitation of mMRNA (NRF1, COX TFAM, HSP70,
FASN, GLUTT). Oocytes were matured, fertilized in vitro, and subsequently cultured
in vitro with 0; 0.01pg/ml; 0.1 pg/ml and 1 ug/ml cortisol. There was no statistical
difference in the embryos treated with cortisol compared to the control for the
parameters analyzed (p> 0.05). The only difference was in the group where embryos
were treated with 1 mg/ml cortisol with respect to counting the number of cells when
compared to the no treatment group (64.7+11.4 vs. 96.2+20.4, respectively, p <0.05).
Although was not observed difference in relation to the improvement of the system,
we chose the concentration of 0.1 mg/mL to be evaluated by other paramather. Thus,
in vitro embryos were incubated since the 1st day of cultivation with or without 0.1
ug/mL of Cortisol, and the embryos on day 8 were analyzed for gene expression.
However there was no difference with respect to gene expression for any of the
transcripts (p>0.05). Therefore, we concluded that cortisol have a little or no influence
on the regulation of embryo development in the bovine.

Keywords: cortisol, gene expression, embryo, bovine.
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INTRODUCTION

The beginning of embryonic development period starts with post-fertilization
and blastocyst formation is one of the most critical stages in this process, involves
several morphological changes related to genomics activity. During this period the
embryo needs to control various events, and many of them are regulated by gene
expression, which suffers strong influence of culture conditions (Jiang et al, 2014;
Lonergan et al., 2003; Vigneault, et al., 2009).

Many of the products of these genes are involved various cellular processes,
and can be regulated by glucocorticoid (GC) as energy metabolism, stress
adaptation, transcription, translation, apoptosis, compactation and blastocyst
differentiation (Gad et al., 2012; Reddy et al., 2009). The cortisol hormone, main GC
found in human and bovine, operates in various physiological processes (Whirledge
and Cidlowski, 2013). In addition, the GC's play key role at the beginning of
pregnancy, regulating mechanisms involved in embryo implantation process in
humans (Brann and Mahesh, 1991; Michael and Papageorghiou, 2008) and in the
maintenance of early pregnancy in cattle (Lee et al, 2007; Mariko et al, 2013.).

It well know that the in vitro culture conditions strongly influences on
embryonic development, especially with he quality of these embryos (Jiang et al.,
2014; Lonergan et al., 2003; Vigneault, et al., 2009). This influence is noted with the
wide divergence in standards of embryonic gene expression between the embryo
produced in vivo and in vitro (Gad et al., 2012; Jiang et al., 2014). Thus changes in
the composition of the culture media can change this in vitro embryo profile (Gad et
al., 2012).

However, there are few studies describing the glucocorticoid effect on embryo
development in vitro. Siemieniuch et al. (2010) identified mRNA to glucocorticoid
receptors and two isoforms of enzymes 11B- hydroxysteroid dehydrogenase (11pB-
HSD) which control the availability of cortisol in the oviduct and endometrium during
early pregnancy. In this study the mRNA expression for 113-HSD1 was higher in
bovine embryos produced in vitro when compared to endometrio at 16th days of
gestation. Thus it can be assumed that during the early stages of pregnancy, CG act
as an autocrine or paracrine growth factor and thus mediate communication between

the embryo and maternal environment.
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Other studies employ a synthetic GC, dexamethasone, during embryonic
development in vitro (Merris et al, 2007; Santana et al., 2014). In cattle, Santana et
al. (2014) observed that dexamethasone when added to in vitro culture improved the
embryo quality. However, to date there are no reports on the effect of a physiological
GC, such as cortisol, in the cultivation of pre-implantation bovine embryos. Thus the
use of a physiological GC can contribute to the understanding of the metabolic
behavior of bovine embryo. In this sense the objective of this study is to investigate
the effect of different concentrations of cortisol in vitro culture of bovine embryos

MATERIALS AND METHODS

All reagents were from Sigma-Aldrich Chemical Co. (St. Louis, MO, USA), if not they
are cited.

Experimental Design

Two experiments were conducted in order to understand the role of cortisol in the
culture of bovine embryos produced in vitro. In first experiment the rate of cleavage
and blastocyst, as well as the total cell number were evaluated in embryos cultured
with or without various concentrations of cortisol. The best concentration found in

Experiment 1 was used in Experiment 2, in which was analyzed gene expression.

In vitro production of embryos

In vitro oocyte maturation (IVM)

Ovaries were obtained from a slaughterhouse and transported in refrigerated
solution of 0.9% sodium chloride at room temperature for up to 2 hours. Antral
follicles 2-8 mm were punctured. Only COC presenting good characteristics were
selected (Leibfried and First, 1979) and matured in drops with 100 uL of IVM medium
[TCM 199 supplemented with 25 mM of sodium bicarbonate, 10% of fetal bovine
serum, 11 mg/ml of pyruvate, 50 ug/ml of gentamicin, 0.5 ug/ml FSH (Folltropin,
Bioniche Animal Health, Belleville, Ont., Canada), and 5 ug/ml LH (Lutropin, Bioniche
Animal Health)]. COCs were matured for 20 hours incubator with 5% CO2, 20% 02
and 75% N2 under humid atmosphere and temperature at 38.5 °C.
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In vitro fertilization (IVF) and in vitro culture (IVC)

Frozen semen from one bull (Bos indicus) of proven fertility was used for
IVF. After thawing, semen was centrifuged at 180 g for 7 minutes through a
discontinuous density gradient Percoll column (GE Healthcare Bio-Sciences,
Uppsala, Sweden).

In vitro fertilization was performed in 80 uL drops of TALP-Fert modified
medium (Parrish et al., 1988) supplemented with 30 ug/ml heparin, 1.8 uM
epinephrine, 18 uM penicillamine, 10 uM hypotaurine and 4 mg/ml of BSA (bovine
serum albumin) under the same conditions described for in vitro maturation.

After 26 h of in vitro fertilization, cumulus cells were removed by repeated
pipetting, and 30-40 per group presumptive zygotes were then incubated with 400 uL
of SOF culture medium (synthetic oviductal fluid) as described by Holm et al. (1999),
with 3mg /ml BSA, 50 ug/ml gentamicin, and 5% SFB, in the absence of cortisol
(control group) or presence of different concentrations of cortisol (0.01mg /ml; 0.1 mg
/ml or 1mg /ml), previously described by Santana et al (2014a). A stock solution of
cortisol (Sigma H0135) was diluted with ethanol, stored in 50 uL aliquots at -20 ° C
until the moment of dilution in SOF. The final ethanol concentration did not exceed
0.1%, which does not affect embryonic development (Andersen, 2003). As the plastic
has been shown to interact and decrease the amount of steroid hormones in culture
media, was used a glass dish (Kennedy and Besses, 1967; Macaulay et al., 2013;
McDonald et al., 2008). The atmosphere conditions were the same as described in
IVM and FIV.

Cleavage rate was assessed at day 2 of culture and blastocyst rate on the
7th day of culture (Experiment 1). To assess the total number of cells, 9 to 21
embryos per group were labeled with fluorochrome Hoechst 33342 as described
previously (Manser et al., 2004) and were examined under a fluorescence
microscope (Eclipse TE 300, Nikon Corporation, Tokyo, Japan ). On day 8 of culture
the embryos were stored in RNAlater (Applied Biosystems, Foster City, CA) at -20 °
C for later RNA extraction (Experiment 2).

Storage of samples
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Hatched blastocyst were collected on the 8th day of, and were stored in 0.2
mL microtubes with 5 ul of RNAlater (Applied Biosystems, Foster city, CA) containing
10 embryos (3 pools each). Samples were kept in a freezer -20 ° C until the time of

extraction.

RNA extraction and cDNA synthesis

Total RNA was extracted using RNeasy Micro kit (Qiagen, Valencia, CA)
according to manufacturer's instructions. The RNA was treated with DNAse |
(provided with the kit) to avoid contamination by genomic DNA. Reverse transcription
was performed using the High Capacity Reverse Transcription Kit (Applied
Biosystems, Foster City, CA) according to manufacturer's instructions.

Analysis of gene expression

Real-time PCR was performed in StepOne plus Real Time PCR system
(Applied Biosystems). Primers were designed using Primer Premier software
(Premier Biosoft International, USA) based on cDNA sequences available in
GenBank (Table 1). The specificity of the primer was checked by BLAST. For the
PCR reaction consisted was used 5 pL of SYBR Green Master Mix (Applied
Biosystems), 0.5 mM of each primer, and 4 uL of DNA diluted 1:8. The thermocycling
conditions were: 95 ° C for 10 minutes, and 45 cycles at 60 ° C for 1 minute. The

specificity of PCR products was verified by evaluating dissociation curve.
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Table 1: Primer sequences, expected fragment size and Genbank access code for

genes evaluated by RT-PCR.

Gene Sequence Size (pb) Genbank
GCATCCCACAGAGTATTTCC
YWHAZ GCAAAGACAATGACAGACCA 120 BM446307
GAACGCGCTGGAGTCGTAC
HSP 70 ATGGGGTTACACACCTGCTC 202 NM_174550.1
TGCTCATTAACCGCAACGA
GLUT 1 TGACCTTCTTGTCCCGCATC 133 MB0448
GACCTCGCTCAGCTTATAACATT
TFAM CAGCTTTACCTGTGATGTGCC 146 NM_001034016.2
TGACCATCCAGACAACGCAA
NRF1 CTCCACCTGTTGAGTGCCAT 127 NM_001098002.2
TTTGATGCTTGGGCCGGTAT
cox ACAAATGCGTGTGCGGTTAC 128 YP_209207.1
CACTCCATCCTCGCTCTCC
FASN GCCTGTCATCATCTGTCACC 181 AY343889

YWHAZ: Tyrosine 3-monooxygenase / tryptophan 5-monooxygenase activation protein zeta
polypeptide. HSP70: heat shock protein 70. GLUT1: glucose transporter 1. TFAM: mitochondrial
transcription factor A. NRF1: nuclear respiratory factor 1. COX: cytochrome ¢ oxidase subunit 1 FASN:
fatty acid synthase. bp: base pairs.

For the analysis of embryonic gene expression was observed the relative
quantification of possible target genes of glucocorticoids, which are important for
embryonic development. Three genes related to mitochondrial function, mitochondrial
transcription factor (TFAM), cytochrome C ocidase 1 ( COX') and nuclear respiratory
factor (NRF1 ) (Chiaratti et al , 2010; Datson et al, 2008; Demonacos et al . 1995;
Lee et al., 2013; Mastromonaco et al , 2012); one related to lipid metabolism, fatty
acid synthase ( FASN) ( Gathercole et al , 2011; Auclair et al , 2013); another related
to cellular stress, heat shock protein ( HSP70 ) (Eitam et al., 2010; Hickman et al.,
2013; Machado et al.,2013 ); and another one related to carbohydrate metabolism ,
GLUTT (Lopes et al , 2007; Reichardt et al , 2012) .
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The efficiency of each gene was calculated using a standard curve relating
cDNA with serial dilutions (1: 4 , 1: 8; 1:16 ; 1:32 ; 1:64 ) . All samples were
performed in triplicate. The relative quantification of the target gene was corrected
by the quantification of endogenous gene YWHAZ ( Goossens et al . , 2005), using
the comparative CT method ( AACt ).

Statistical analysis

Cleavage and blastocyst The data and relative gene expression were

analyzed by ANOVA , Bonferroni post- test using the software SigmaPlot 11.0

(Systat Software, San Jose, SC, USA) . Level of significance was p < 0.05.

RESULTS

Experiment 1: Effect os cortisol concentrations during IVC

Four replications were conducted to assess the effect of cortisol addition to the

embryo culture medium. There were no difference in cleavage and blastocyst rates

among groups ( p> 0.05) (Table 2).

Table 2- embryonic development rate with different concentrations of cortisol in vitro
culture.

Groups N Cleaved % Blastocyst %
Mean = SD Mean = SD
Controle 145 67.11 £ 11 34.8+9.8
0,01 ug/mL 140 66.6 + 6 30.5+8.9
0,1ug/mL 160 70.0+5 35.6 +10.1
1ug/mL 130 70.0 £ 11 275145

N = sample size; SD = standard deviation.
% blastocyst is calculate as percentage of total oocytes.
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Cortisol treatment during IVC had no effect on the cell numbers of the resulting
blastocysts, excepted to groups with 1ug/mL of cortisol that decreased the total

number of cells in when compared to control group (Table 3)

Table 3: Effet of supplementing in vitro bovine embryo culture medium with cortisol
on cell numbers of the resulting in vitro produced blastocysts

Groups N Number of cells
Mean + SD
Control 21 96.2 +20.4"
0.01 ug/mL 16 86.4+11.6"
0.1ug/mL 17 84.7 +11.4"
1ug/mL 9 64.7 +11.4°

N = sample size; SD = standard deviation.
AB Different superscripts within column denote significant differences (p <0.05).

Experiment 2: Analysis gene expression

We used the cortisol concentration 0.1ug/mL in subsequent experiments to
ascertain expression levels of genes that are reportedly regulated by cortisol and
may also be important for embryonic development. No differences in relative gene
expression levels were detected for embryos when comparing those blastocysts in

the presence or absence of cortisol (Figure 1).
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Figure 1: Analysis of gene expression in embryos cultured or not with 0.1 pg /mL of
cortisol. The control group (without Cortisol) was the calibrator. GLUTT: glucose
transporter 1. TFAM: mitochondrial transcription factor. HSP70 : heat shock protein
70. NRF1: nuclear respiratory factor 1. COX: cytochrome ¢ oxidase subunit 1. FASN:
fatty acid synthase. p> 0.05.
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DISCUSSION

The GC hormones can act regulating many functions in cells as energy
metabolism, stress adaptation, transcription, translation and apoptosis (Gad et al ,
2012; Reddy et al., 2009). Thus, the present study was the first to test the effect of
cortisol on bovine embryos development. The main GC mechanism of action is
through genomic pathway, that it is activated by binding of the hormone to
glicorticoide receptor (GR), and this has been described (at least the presence of
mRNA) in bovine embryos (Siemieniuch et al.,, 2010). Experiments performed in our
laboratory (preliminary results) showed that there is also the protein to GR with large-
scale distribution in the cytoplasm and nucleus of bovine embryos in all
preimplantation stages. These results showed that the physiological GC , cortisol, is

able to perform their effects during early embryonic development.
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However, in this study, different concentrations of cortisol in IVC medium did
not change the rates of embryonic development and cleavage and blastocyst nor
gene expression on embryos. In a previous study (Santana et al., 2014) the presence
of dexamethasone, a synthetic GC, improved blastocyst rates in cattle embryos
(0.1ug / mL) differing from our results. However, these differences may be due to the
affinity of the hormone once dexamethasone is 30 times more potent than cortisol,
and dexamethasone did not suffer any type of cellular regulation (Almeida et al.,
2000; Menshanov et al, 2013). The cortisol can be regulated by the presence of the
enzyme 11BHSD 1, which transforms cortisone to cortisol, its active form, enabling
the interaction of GC with its GR and whose presence of the transcripts has been
reported in bovine embryos and pregnant endometrium (Siemieniuch et al., 2010).

Merris et al. (2007) also tested the synthetic GC in embryonic development. In
this case they analyzed teratogenic effect of dexamethasone (5 to 80 mg / ml) at the
first day of culture in vitro of mouse embryos, and that not affect the development of
2-cell stage or the early cleavage, however, the rates of expansion in blastocysts
treated with 10 mg/mL of dexamethasone decreased, and the embryos exposed to
80 mg/mL had degenerative characteristics. In our study, the concentration of cortisol
1ug /ml had no effect in the proportion of in vitro produced embryos, but impared the
embryo quality. These data corroborate the fact that the growing conditions affect the
embryo profile and the probability of a zygote develop into blastocyst (Rizos et al.,
2002a, 2002b ) .

Often embryo morphology hides molecular differences that are not perceptible
to the common light stereomicroscope (Jiang et al, 2014; Van Soom et al., 2003). So
we chose the MIC cortisol group with 0.1 mg / mL, which showed similar results to
the control group, to investigate other parameters related to embryo quality.

It is known that pre-implantation embryos have specific metabolic
requirements for its development (Hashimoto et al., 2000). In a recent study Santana
et al (2014b) reported that the use of arginine used throughout the in vitro culture of
bovine embryos did not alter development rates or total number of cells, but when it
was used in the specific stage, at morula, increased hatching rate and embryo
quality. Thus, we speculate that cortisol can have a similar effect specific stage, since
there CG receptors at all stages of embryonic development (Siemieniuch et al.,
2010).
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Regarding the analysis of gene expression was expected that the addition of
GC regulate the genes NRF1, TFAM , COX, since the GC acts directly in
mitochondrial activity (Lee et al , 2013; Psarra and Sekeris, 2011 ), but was not
observed statistical difference between embryos in the control group and the group
treated with 0.1 mg/mL of cortisol in IVC. Although cortisol action in mitochondria
may occur via control transcription of nDNA ( NRF1 and TFAM) or via regulation of
mitochondrial protein transcription (COX) , as analyzed in this study , other
mechanisms can be activated by GC affecting mitochondrial function in a indirect
way, such as through the cytoplasmic signaling proteins ( HSP 90 ), or by blocking
pro-apoptotic protein or second messenger which activates phosphorylase enzymes
( Alzamora and Harvey, 2008; Song and Buttgereit , 2006).

The FASN and GLUT1 gene expression did not suffer regulation by GCs, then
there is the possibility that the regulation of carbohydrate and lipid metabolism by GC
is not regulated by those genes, as in the adipose tissue that GC stimulate lipolysis
by activating the hormone-sensitive lipase, or enhance the utilization of
carbohydrates by an increase in glucose transporter expression of insulin-dependent
(GLUT4) (Long et al., 2012; Reddy et al, 2009; Wang et al , 2014).

The relative quantification of HSP70 gene is not regulate in hatched
blastocysts treated with 0.1 pg/mL of Cortisol. This gene is related to cellular stress
(Eitam et al., 2010), however its transcription also occurs under physiological
conditions (Ravikumar and Muthuraman, 2014), and also plays antiapoptotic function
(Kennedy et al., 2014). In this case we can assume that the responsiveness to stress
is similar for both control and cortisol group.

In conclusion, the present study demonstrates that glucocorticoids are unable
to affect positive the early embryo development.



110

REFERENCES

ALMEIDA, O. F. X. et al. Subtle shifts in the ratio between pro-and antiapoptotic
molecules after activation of corticosteroid receptors decide neuronal fate. The
FASEB Journal, v. 14, n. 5, p. 779-790, 2000.

ALZAMORA, Rodrigo; HARVEY, Brian J. Direct binding and activation of protein
kinase C isoforms by steroid hormones. Steroids, v. 73, n. 9, p. 885-888, 2008.

ANDERSEN, C. Y. Effect of glucocorticoids on spontaneous and follicle-stimulating
hormone induced oocyte maturation in mouse oocytes during culture. The Journal of
steroid biochemistry and molecular biology, v. 85, n. 2, p. 423-427, 2003.

AUCLAIR, S. et al. Absence of cumulus cells during in vitro maturation affects lipid
metabolism in bovine oocytes. American Journal of Physiology-Endocrinology
and Metabolism, v. 304, n. 6, p. E599-E613, 2013.

BO, G. A.; MAPLETOFT, R. J. Evaluation and classification of bovine embryos.
Anim. Reprod, v. 10, n. 3, p. 344-348, 2013.

BOOMSMA, C.M., et al. Peri-implantation glucocorticoid administration for ass
isted reproductive technology cycles. Cochrane Database Syst Rev, 1, 2007.

BRANN, DARRELL W.; MAHESH, VIRENDRA B. Role of corticosteroids in female
reproduction. The FASEB journal, v. 5, n. 12, p. 2691-2698, 1991.

CHIARATTI, M. R. et al. Embryo mitochondrial DNA depletion is reversed during
early embryogenesis in cattle. Biology of reproduction, v. 82, n. 1, p. 76-85, 2010.

DATSON, N. A. et al. Central corticosteroid actions: Search for gene targets.
European journal of pharmacology, v. 583, n. 2, p. 272-289, 2008.

DEMONACQOS, C. et al. The mitochondrion as a primary site of action of
glucocorticoids: the interaction of the glucocorticoid receptor with mitochondrial DNA
sequences showing partial similarity to the nuclear glucocorticoid responsive
elements. The Journal of steroid biochemistry and molecular biology, v. 55, n. 1,
p. 43-55, 1995.

EITAM, H. et al. Differential stress responses among newly received calves:
variations in reductant capacity and Hsp gene expression. Cell Stress and
Chaperones, v. 15, n. 6, p. 865-876, 2010.

GAD, A. et al. Transcriptome profile of early mammalian embryos in response to
culture environment. Animal reproduction science, v. 134, n. 1, p. 76-83, 2012.

GATHERCOLE, L. L. et al. Regulation of lipogenesis by glucocorticoids and insulin
in human adipose tissue. PLoS One, v. 6, n. 10, p. €26223, 2011.

GJIRRET, Jakob O. et al. Chronology of apoptosis in bovine embryos produced in
vivo and in vitro. Biology of reproduction, v. 69, n. 4, p. 1193-1200, 2003.



111

GOOSSENS, K. et al. Selection of reference genes for quantitative real-time PCR in
bovine preimplantation embryos. BMC developmental biology, v. 5, n. 1, p. 27,
2005.

HASHIMOTO S, et al. An excessive concentration of glucose during in vitro
maturation impairs the developmental competence of bovine oocytes after in vitro
fertilization:relevance  to intracellular ~ reactive  oxygen  species and
glutathionecontents. Mol Reprod Dev 2000;56:520—6.

HICKMAN, C. F. et al. Heat shock induces interferon-tau gene expression by in vitro-
produced bovine blastocysts. American Journal of Reproductive Immunology, v.
70,n.3,p.177-181, 2013

HOLM, P. et al. High bovine blastocyst development in a static in vitro production
system using SOFaa medium supplemented with sodium citrate and myo-inositol
with or without serum-proteins. Theriogenology, v. 52, n. 4, p. 683-700, 1999.

JIANG, Zongliang et al. Transcriptional profiles of bovine in vivo pre-implantation
development. BMC genomics, v. 15, n. 1, p. 756, 2014.

JING, Ying et al. A mechanistic study on the effect of dexamethasone in moderating
cell death in Chinese Hamster Ovary cell cultures. Biotechnology progress, v. 28,
n. 2, p. 490-496, 2012.

KENNEDY, JA & BESSES, G S. Comparison of adsorption of iodine-131-thyroxine to
glass and plastic containers. Journal of Nuclear Medicine, v. 8, n. 3, p. 226-228,
1967.

KENNEDY et al. Heat shock preconditioning protects against ER stress-induced
apoptosis through the regulation of the BH3-only protein BIM. FEBS Open Bio. 2014

KIM, S M et al. The effects of dexamethasone on the apoptosis and osteogenic
differentiation of human periodontal ligament cells. Journal of periodontal &
implant science, v. 43, n. 4, p. 168-176, 2013.

KOMIYAMA, J. et al. Cortisol is a suppressor of apoptosis in bovine corpus luteum.
Biology of reproduction, v. 78, n. 5, p. 888-895, 2008.

LEE, Hwa-Yong et al. The role of glucocorticoid in the regulation of prostaglandin
biosynthesis in non-pregnant bovine endometrium. Journal of Endocrinology, v.
193, n. 1, p. 127-135, 2007.

LEE, S. et al. Glucocorticoids and their receptors: Insights into specific roles in
mitochondria. Progress in biophysics and molecular biology, v. 112, n. 1, p. 44-
54, 2013.

LEIBFRIED, L.; FIRST, N. L. Characterization of bovine follicular oocytes and their
ability to mature in vitro. Journal of Animal Science, v. 48, n. 1, p. 76-86, 1979.



112

LONERGAN, P. et al. Effect of culture environment on embryo quality and gene
expression—experience from animal studies. Reproductive biomedicine online, v.
7,n. 6, p. 657-663, 2003.

LONG, N. M. et al. Maternal obesity upregulates fatty acid and glucose transporters
and increases expression of enzymes mediating fatty acid biosynthesis in fetal
adipose tissue depots. Journal of animal science, v. 90, n. 7, p. 2201-2210, 2012.

LOPES A. S. et al. Respiration rates correlate with mRNA expression of G6PD and
GLUT1 genes in individual bovine in vitro produced blastocysts. Theriogenology
68:223-36, 2007.

MACAULAY A D. et al. Influence of physiological concentrations of androgens on
the developmental competence and sex ratio of invitro produced bovine embryos.
Reproduction Biology; Mar;13(1):41-50, 2013.

MACHADO GM et al, Morphology, sex ratio and gene expression of day 14 in vivo
and in vitro bovine embryos. Reprod Fertil Dev25(4):600-8, 2013

MANSER, R. C.; LEESE, H. J.; HOUGHTON, F. D. Effect of inhibiting nitric oxide
production on mouse preimplantation embryo development and metabolism. Biology
of reproduction, v. 71, n. 2, p. 528-533, 2004.

MARIKO, K. U. S. E. et al. Expression of glucocorticoid receptor a and its regulation
in the bovine endometrium: Possible role in cyclic prostaglandin F2a production. The
Journal of reproduction and development, v. 59, n. 4, p. 346, 2013.

MCDONALD, G. R. et al. Bioactive contaminants leach from disposable laboratory
plasticware. Science, v. 322, n. 5903, p. 917-917, 2008.

MENSHANOV, P. N. et al. Acute antiapoptotic effects of hydrocortisone in the
hippocampus of neonatal rats. Physiol Res, v. 62, n. 2, p. 205-213, 2013.

MERRIS, Valérie; VAN WEMMEL, Kelly; CORTVRINDT, Rita. In vitro effects of
dexamethasone on mouse ovarian function and pre-implantation embryo
development. Reproductive Toxicology, v. 23, n. 1, p. 32-41, 2007.

MICHAEL, Anthony E.; PAPAGEORGHIOU, Aris T. Potential significance of
physiological and pharmacological glucocorticoids in early pregnancy.Human
reproduction update, v. 14, n. 5, p. 497-517, 2008.

PARRISH, J.J. et al. Capacitation of bovine sperm by heparin. Biology of
Reproduction, v. 38, n. 5, p. 1171-1180, 1988.

POLAK DE FRIED, Ester et al. Improvement of clinical pregnancy rate and
implantation rate of in-vitro fertilization—embryo transfer patients by using
methylprednisone. Human Reproduction, v. 8, n. 3, p. 393-395, 1993.

PSARRA, G.; SEKERIS, C. E. Gilucocorticoids induce mitochondrial gene
transcription in HepG2 cells: role of the mitochondrial glucocorticoid receptor.



113

Biochimica et Biophysica Acta (BBA)-Molecular Cell Research, v. 1813, n. 10, p.
1814-1821, 2011.

RAVIKUMAR, Sambandam; MUTHURAMAN, Pandurangan. Cortisol Effect on Heat
Shock Proteins in the C2C12 and 3T3-L1 Cells. In Vitro Cellular & Developmental
Biology-Animal, p. 1-6, 2014.

REICHARDT, S. D. et al. Glucocorticoids enhance intestinal glucose uptake via the
dimerized glucocorticoid receptor in enterocytes. Endocrinology, v. 153, n. 4, p.
1783-1794, 2012

REDDY, Timothy E. et al. Genomic determination of the glucocorticoid response
reveals unexpected mechanisms of gene regulation. Genome research, v. 19, n. 12,
p. 2163-2171, 2009.

RIZOS, D. et al. Analysis of differential messenger RNA expression between bovine
blastocysts produced in different culture systems: implications for blastocyst quality.
Biology of reproduction, v. 66, n. 3, p. 589-595, 2002a.

RIZOS, Dimitrios et al. Consequences of bovine oocyte maturation, fertilization or
early embryo development in vitro versus in vivo: implications for blastocyst yield and
blastocyst quality. Molecular reproduction and development, v. 61, n. 2, p. 234-
248, 2002b.

SANTANA, P.P. et al. Effect of dexamethasone on development of in vitro-produced
bovine embryos. Theriogenology. v.82, p.10-16, 2014a

SANTANA, P.P. et al.. Supplementation of bovine embryo culture medium with |-
arginine improves embryo quality via nitric oxide production. Molecular
reproduction and development, 2014b

SASSON, Ravid; TAJIMA, Kimihisa; AMSTERDAM, Abraham. Glucocorticoids
Protect against Apoptosis Induced by Serum Deprivation, Cyclic Adenosine 3', 5'-
Monophosphate and p53 Activation in Immortalized Human Granulosa Cells:
Involvement of Bcl-2 1. Endocrinology, v. 142, n. 2, p. 802-811, 2001.

SEABY, R. P. et al. Investigation into Developmental Potential and
Nuclear/Mitochondrial Function in Early Wood and Plains Bison Hybrid
Embryos. Reproduction in Domestic Animals, v. 47, n. 4, p. 644-654, 2012.

SIEMIENIUCH, Marta J. et al. Are glucocorticoids auto—and/or paracrine factors in
early bovine embryo development and implantation?. Reproductive biology, v. 10,
n. 3, p. 249-256, 2010.

SONG, IN-HO & BUTTGEREIT, FRANK. Non-genomic glucocorticoid effects to
provide the basis for new drug developments. Molecular and cellular
endocrinology, v. 246, n. 1, p. 142-146, 2006.



114

VAN SOOM, A et al. Assessment of mammalian embryo quality: what can we learn
from embryo morphology?. Reproductive biomedicine online, v. 7, n. 6, p. 664-
670, 2003.

VIGNEAULT, C et al. Unveiling the bovine embryo transcriptome during the
maternal-to-embryonic transition. Reproduction, v. 137, n. 2, p. 245-257, 2009.

WANG Y, et al. 11B8-Hydroxysteroid Dehydrogenase Type 1 shRNA Ameliorates
Glucocorticoid -Induced Insulin Resistance and Lipolysis in Mouse Abdominal
Adipose Tissue. Am J Physiol Endocrinol Metab. 2014

WHIRLEDGE S1, CIDLOWSKI JA. A role for glucocorticoids in stress-impaired
reproduction: beyond the hypothalamus and pituitary. Endocrinology.
Dec;154(12):4450-68, 2013,



115

7. CONCLUSOES GERAIS

Concluimos que:

Ha receptor de glicocorticéide em complexo cumulus o6cito imaturo e
maturado, embrido de 2-4 e 8-16 células, mérula e blastocisto, e que esse receptor é
importante para o desenvolvimento embrionario.

A suplementacdo do meio de maturagéo oocitaria in vitro com 0,1 ug/mL de
cortisol aumenta a proporcao de blastocistos, além de promover a regulagcao génica
embrionaria de genes relacionados a capacidade de resposta ao estresse celular
(HSP70) e metabolismo de lipidios (FASN) e carboidratos (GLUTT).

A adicdo de cortisol no cultivo de embriées in vitro nao teve efeito positivo

sobre o desenvolvimento embrionario.



