UNIVERSIDADE ESTADUAL PAULISTA “JULIO DE MESQUITA FILHO”
INSTITUTO DE BIOCIENCIAS DE BOTUCATU

Impactos da superestimulacao ovariana sobre a diferenciacéo das
células da granulosa bovina

PRISCILA HELENA DOS SANTOS

Botucatu — SP
2017



UNIVERSIDADE ESTADUAL PAULISTA “JULIO DE MESQUITA FILHO”
INSTITUTO DE BIOCIENCIAS DE BOTUCATU

Impactos da superestimulacdo ovariana sobre a diferenciacéo das
células da granulosa bovina

PRISCILA HELENA DOS SANTOS

Dissertacdo apresentada ao Programa de Poés
Graduagdo do Instituto de Biociéncias de
Botucatu, Universidade Estadual Paulista —
UNESP, para a obtencéo do titulo de Mestre
em Farmacologia e Biotecnologia

Orientador: Prof. Dr. Anthony César de Souza Castilho

Botucatu — SP
2017



FICHA CATALOGRAFICA ELABORADA PELA SECAD TEC. AQUIS. TRATAMENTO DA INFORM.
DIVISACQ TECHICA DE BIELICTECA E DOCUMENTACAD - CAMPUS DE EBOTUCATU = UHESP
BIELIOTECARIA RESPONSAVEL: ROSANGELA APARECIDA LOBO=CRE B/7500

Santosz, Priscila Helena dos.

Impactos da superestimunlacdo ovariana sobre a
diferenciacdo das células da granuleosa bovina / Priscila
Helena dos Santos. - Botucatu, 2017

Dissertacdo [(mestrado) = Universidade Estadual Paulizta
"Jilio de Mesgquita Filho", Instituto de Biociéncias de
Botucatu

Orientador: Anthony César de Scouza Castilho

Capes: 50504002

1. Bovino - Reprodugdo. 2. Colestergol. 3. Esztradicl. 4.
Horménio liberador de gonadotropina. 5. MicroBNAs. 6.
Inducdo da Ovulacado.

Palavras-chave: Colesterol; Estradicl; LHCGR; mir-222;
superestimulagio .




Nome da Autora: Priscila Helena dos Santos

Titulo: Impactos da superestimulacéo ovariana sobre a diferenciacdo das células da granulosa

bovina

Banca Examinadora

Prof. Dr. Anthony César de Souza Castilho
Presidente e Orientador

Programa de Pds-graduacdo em Ciéncias Animal

Universidade do Oeste Paulista — UNOESTE — Presidente Prudente — SP

Prof. Dr. Jodo Carlos Pinheiro Ferreira
Membro Titular
Departamento de Reproducdo Animal e Radiologia Veterinaria

Faculdade de Medicina Veterinaria e Zootecnia - FMVVZ — UNESP — Botucatu — SP

Prof. Dr. Ronaldo Luiz Ereno
Membro Titular

Universidade Estacio de Sa — Ourinhos - SP

Data da Defesa: 24/02/2017

Local da Defesa: Instituto de Biociéncias de Botucatu, UNESP, Botucatu - SP



Losé Roberts ¢ Loclma, pele incentive,
WWIW%W



AGRADECIMENTOS

Ao meu orientador, Anthony Castilho, pelo aprendizado, pela confianca, oportunidade de
crescimento profissional e pessoal. Profissional dedicado, solicito e competente. Fazer parte
da sua equipe foi, sem sombra de ddvidas, uma experiéncia engrandecedora e pdde mostrar

que em um ambiente de trabalho é possivel ter amigos. Obrigada.

Aos membros da banca pela disponibilidade e tempo dedicado ao enriquecimento deste
trabalho.

Ao Prof. Dr. Luiz Claudio Di Stasi, Prof. Dr. Marcelo Fabio Gouveia Nogueira e Prof. Ciro
Moraes de Barros por cederem equipamentos e espaco (Laboratério Multiusuario de
Fitomedicamentos, Farmacologia e Biotecnologia e Laboratério de Micromanipulacdo
Embrionéria) para a realizagdo deste trabalho.

Aos colegas e aos amigos do Laboratério Multiusuario Fitomedicamentos, Farmacologia e
Biotecnologia, pelas conversas produtivas, trocas de experiéncias e risadas garantidas.
Obrigada pela receptividade durante o periodo que me mantive em Botucatu.

Aos colegas e amigos do Laboratério de Micromanipulacdo Embrionéria, obrigada também
pela receptividade, em especial a Vitoria pelo companheirismo e divisdo das cargas diarias.

A Elisa, Eduardo, Ramon, Mariana, Marina, Alan, Patricia e Fernanda por manterem um
ambiente agradavel de trabalho, por todas as dividas sanadas, pelas sugestbes e
companheirismo.

Aos colegas do Departamento de Fisiologia: Carol, Lorena e Rodrigo pela ajuda e
colaboracdo nos momentos de necessarios.

A minha familia, tdo importante em minha vida, por aguentarem as constantes alteracdes de
humor, por todo o incentivo e apoio. Em toda minha vida ndo houve um momento em que nao
me senti amparada e amada por vocés. Obrigada por acreditarem em mim.

Ao meu noivo, Guilherme por ndo me desamparar e me incentivar a cada momento de
desespero, a cada momento de fraqueza e cansaco. Por suportar a longa distancia e poucos
finais de semana que conseguimos estar juntos. Todos os dias dificeis terminaram com uma
palavra de consolo e estimulo que sem duavida alguma, facilitaram a trajetoria. Sou
imensamente grata a vocé.

A Patricia e Jaqueline, por abrirem as portas de casa e pela receptividade em Botucatu. Sentir-
me confortavel foi essencial para me manter sa. E a Luisa, pessoa tdo doce e delicada pelo
convivio diario.



Aos meus amigos do coracdo e amigos de verdade Talita, Ketlin, Anderson, Patricia e
Fernanda que aguentaram choros, lamentag¢fes, mas principalmente participaram de todas as
historias extra laboratoriais e conheceram mais do que o lado profissional, e mesmo assim,
permaneceram ao meu lado. Amigos conquistados em uma fase da vida que serdo levados
para as proximas.

Em especial, a Patricia e Fernanda por todo o aprendizado laboratorial. Pessoas as quais
confio e me espelho profissionalmente. Agradeco pela cumplicidade, amizade e pela
disponibilidade em todos 0s momentos que precisei.

A minha grande e eterna amiga Natélia, que sempre esteve ao meu lado e acredito que
continuara assim. VVocé foi um grande exemplo de forca, coragem e persisténcia. Eu te amo.

Aos funcionérios do Departamento de Farmacologia Janete, Cristina, Luis, Paulo e Hélio pela
dedicacéo e atencéo.

A secdo técnica de pos-graduacdo do Instituto de Biociéncias de Botucatu.

A CAPES e a FAPESP pela concesséo de bolsa de mestrado e pelo suporte financeiro para a
realizacdo deste trabalho.



A persirtoneia é.o caminke do Svits.

Charles Chaplin



RESUMO

A superestimulacdo ovariana é uma biotecnologia amplamente empregada na espécie bovina
para a obtencdo de multiplas ovulagdes. Com este objetivo diversos protocolos
superestimulatérios surgiram, dentre eles o protocolo P-36 e sua variagdo, o protocolo P-
36/eCG. Ambos os tratamentos utilizam o horménio foliculo estimulante (FSH) na inducgéo
do crescimento folicular. Como € acreditado que no ultimo dia do tratamento, as células da
granulosa folicular possuam receptores do horménio luteinizante (LH; LHR), duas ultimas
doses de FSH foram substituidas pela administracdo de gonadotrifina coridnica equina (eCG;
P-36/eCG). A molécula de eCG possui atividade tanto LH quanto FSH por se ligar a ambos
receptores, aumentando a resposta ovulatoria. Os dois tratamentos tém demonstrado eficécia
quanto ao desenvolvimento de odcitos competentes para a producdo embriondria, no entanto
pouco se sabe sobre seus efeitos na diferenciacdo celular no foliculo ovariano. Por isso, o
presente estudo investigou os efeitos da superestimulacdo ovariana com FSH (P-36) ou FSH
combinado com eCG (P-36/eCG) sobre aspectos bioquimicos e a producdo de horménios
esteroides. Adicionalmente, quantificou-se a abundancia de miRNAs reguladores da
expressdo do mRNA do LHR e outros miRNAs relacionados com o desenvolvimento
folicular ovariano. Os resultados obtidos mostram que os tratamentos superestimulatdrios
alteram o perfil bioquimico intrafolicular e a concentracdo de estradiol no plasma. Aliado a
isso, também alteram a expressdo do LHR e dos miRNAs reguladores da expressao do mRNA
de LHR, possivelmente modulando a capacidade ovulatdria em foliculos ovarianos

superestimulados.



ABSTRACT

Ovarian overstimulation is a biotechnology widely used in the bovine species to obtain
multiple ovulations. With this objective, several protocols were introduced, including the P-36
protocol and its variation, the P-36/eCG protocol. Both treatments use follicle stimulating
hormone (FSH) to induce the follicular growth. As it is believed that on the last day of
treatment, follicular granulosa cells have luteinizing hormone (LHR) receptors, two last doses
of FSH have been replaced by administration of equine chorionic gonadotrifine (eCG; P-
36/eCG). The eCG molecule has LH and FSH activity by binding to both receptors,
increasing the ovulatory response. Both treatments has demonstrated efficacy in the
development of oocytes competent for embryo production, however little is known about their
effects on cell differentiation in the ovarian follicle. Therefore, the present study investigated
the effects of ovarian superstimulation using FSH (P-36) or FSH combined with eCG (P-
36/eCG) on biochemical aspects and production of steroid hormones. In addition, the
abundance of miRNAs regulating the expression of LHR mRNA and other miRNAs related to
ovarian follicular development. Results demonstrated that superstimulatory treatments alter
the intrafollicular biochemical profile and the plasma estradiol concentration. In addition, they
also alter the expression of LHR and miRNAs regulating LHR mRNA expression, possibly

modulating ovulatory capacity in superstimulated ovarian follicles.
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INTRODUCAO

As biotecnologias de controle do desenvolvimento folicular e ovulacdo tém sido
bastante utilizadas em conjunto com as tecnologias de reproducdo assistida, visando o
aumento do potencial reprodutivo de animais (gerando maultiplas ovulagbes) com alto valor
econémico. No Brasil é predominante a criacdo da raca Nelore como gado de corte, devido
sua melhor tolerancia ao estresse térmico e resisténcia a parasitas (Barros e Nogueira, 2001).
Esta raca apresenta um maior nimero de foliculos antrais quando comparada a outros animais
da mesma espécie, tornando-a passivel de submissdo as tecnologias reprodutivas como a
producdo in vitro de embrides (PIVE; Pontes et al., 2009), mas apesar disso, a raca Nelore
possui um estro curto e com alta incidéncia noturna, dificultando a sua deteccdo (Pinheiro et
al., 1998).

Com a finalidade de diminuir a manipulacdo animal e também aumentar a producao
embrionaria, protocolos superestimulatorios sem a necessidade de deteccdo de estro foram
desenvolvidos (Barros e Nogueira, 2001; Baruselli et al., 2006; B0 et al., 2006; Barros et al.,
2010). Neste contexto, Barros e Nogueira (2001) desenvolveram o protocolo P-36 e
posteriormente foi desenvolvido a sua variacdo, o protocolo P-36/eCG (Barcelos et al., 2007).
Ambos o0s protocolos tém apresentado maior aquisicdo de o0citos competentes para a
producdo embrionaria in vitro (PIVE), comparados com animais ndo submetidos aos
protocolos superestimulatdrios, além de maior producdo de embrides bovinos de qualidade
(dados ndo publicados), no entanto, pouco se sabe quanto aos aspectos moleculares
envolvidos no desenvolvimento dos foliculos ovarianos de vacas submetidas aos protocolos
de superestimulacédo (P-36 e P-36/eCG).

O desenvolvimento do foliculo antral é dependente de um conjunto de fatores

envolvidos na transformacdo molecular, bioquimica e morfolégica dos componentes
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foliculares (odcito e células adjacentes; Sdnchez e Smitz, 2012; Aller et al., 2013; Noferesti et
al., 2015). Assim, qualquer alteracdo no fluido folicular, por exemplo, pode comprometer o
desenvolvimento e aquisicdo da competéncia oocitaria (Sirard et al., 2006; Aller et al., 2013;
Noferesti et al., 2015).

Faz parte do desenvolvimento folicular ovariano a diferenciacdo funcional das células
da granulosa de foliculos dominantes (Orisaka et al., 2006). A dominancia folicular na raca
Nelore ocorre entre 2,5 a 2,8 dias apos a ovulacdo (Sartorelli et al., 2005; Gimenes et al.,
2008), onde depois de um crescimento sincronizado de um determinado numero de pequenos
foliculos antrais, apenas um anico foliculo continua seu crescimento e desenvolvimento até a
ovulacdo (foliculo dominante), enquanto os demais regridem (foliculos subordinados)
(Ginther et al., 1996). Tal acontecimento é denominado divergéncia (ou desvio) folicular e
tem como principal caracteristica a diferenca na taxa de crescimento entre o foliculo
dominante e o segundo maior foliculo (Ginther et al., 1996).

As razbes pelas quais o foliculo dominante é o foliculo escolhido para o
desenvolvimento final ainda ndo foram completamente elucidadas, mas acredita-se que a
diferenciacdo sofrida pelos foliculos é o que permite o desenvolvimento até a ovulacdo
(Fortune et al., 2001). Um grande nimero de genes e vias estdo envolvidos neste processo
(Bao et al., 1997; Webb et al., 1999; Toloubeydokhti et al., 2008). Entre as alteracdes estdo a
expressao ou maior expressdo dos genes FSHR, LHR, AROMATASE, 35-HSD e STAR, o que
impacta em uma maior sintese de hormonios esteroides (Bao e Garverick, 1998; Webb et al.,
1999).

Diversos fatores estdo relacionados com a regulacdo da expressdo de genes
importantes na diferenciagéo celular, dentre estes, estdo os microRNAs (miRNAs; Donadeu et
al., 2012, Donadeu et al., 2016). Recentes estudos tém demonstrado a acdo de miRNAs sobre

a expressdo génica no trato reprodutivo de fémeas mamiferas (Maalouf 2016, Chakrabarty
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2007, Ro 2007, Hu 2008, Hossain 2009). Isso porque os miRNAs, que sdo pequenas
moléculas ndo codificadoras, que participam da regulacdo pos-transcricional de mRNA, onde
um miRNA maduro, unido a um complexo silenciador de mRNA, pode agir silenciando ou
degradando o mRNA alvo. E também, é importante salientar, que um Unico miRNA pode
regular a transcricdo de diversos genes (Hutvagner and Zamore 2002, Gregory 2005, Selbach
2008) e estes tém se mostrado importante no desenvolvimento folicular ovariano, ja que em
bovinos, estudos tém demonstrado um diferente perfil de expressdo dos miRNAs entre
foliculos dominantes e foliculos subordinados (Sontakke 2014, Salilew-Wondim 2014),
sugerindo uma acdo dos miRNASs nos processos de diferenciacao celular.

Assim, o presente estudo visou buscar um maior entendimento dos efeitos dos
protocolos superestimulatorios P-36 e P-36/eCG sobre alteragdes bioquimicas e moleculares

que possam afetar a diferenciacéo do foliculo ovariano na espécie bovina.
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Capitulo 1
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1.ESTADO DA ARTE

1.1 Foliculogénese ovariana em bovinos e a diferenciagéo folicular

O desenvolvimento folicular bovino tem inicio ainda na vida fetal com as células
germinativas primordiais provenientes do endoderma do saco embrionario vitelino (revisado
por Oktem e Urman, 2010). As células germinativas primordiais Sdo essenciais para a
formacdo e manutencdo do ovario (Oktem e Urman, 2010). Apo6s sua proliferacdo por
sucessivas mitoses seguida de sintese de DNA, as células atingem a fase de odcitos primarios,
gue adquirem uma camada Unica de células da pré-granulosas, formando o foliculo primordial
(revisado por Fair, 2003). Ao nascimento, 0s ovarios contém uma alta gama de foliculos
primordiais, mas os fatores que regulam a formacdo desses foliculos ainda ndo foram bem

elucidados (Fair, 2003; Adams et al., 2008; Rodgers e Irving-Rodgers, 2010).

Os foliculos primordiais permanecem em fase de repouso até um estimulo para seu
desenvolvimento onde as células da granulosa achatadas, passam a ser cuboides, mas ainda
sim, formando uma Unica camada e os odcitos iniciam seu crescimento, sendo a partir deste
momento denominados foliculos primarios (Fortune et al., 2011). Uma multiplicacdo nas
células da granulosa, com aumento para aproximadamente seis camadas de células e a
deposicao inicial de material de zona peltcida em torno do odcito, caracteriza a transicdo de
foliculos primarios para foliculos secundarios. Em seguida, ocorre a proliferacdo continua e
diferenciagéo das células que circundam o oocito em células da teca interna e externa, além da
formagdo de uma cavidade antral preenchida com fluido, denominado fluido folicular,
caracterizando o foliculo antral inicial (revisado por: Adams et al., 2008; Fortune et al., 2011;

Scaramuzzi et al., 2011). A partir deste momento 0s mecanismos endocrinos sao
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preponderantes na regulacdo do desenvolvimento folicular, com destaque para as

gonadotrofinas (FSH e LH) e os hormonios esteroides (Adams et al., 1992; Fortune, 1994).

O ciclo estral bovino ocorre em perfil de ondas foliculares com o crescimento destes
foliculos, podendo ocorrer de uma a quatro ondas de crescimento folicular em cada ciclo
(Rhodes et al., 1995; Figueiredo et al., 1997). Uma elevacdo na concentracdo plasmatica de
FSH inicia o recrutamento de pequenos foliculos antrais (emergéncia folicular) que iniciaréo
uma fase de crescimento sincronizado por cerca de dois dias e meio (Webb et al., 1999;
Ginther et al.,, 2003) até o desvio folicular, momento caracterizado pela diferenca no
crescimento do maior foliculo (foliculo dominante) para o segundo maior (foliculo
subordinado). A partir do desvio folicular apenas o foliculo dominante continuard seu
desenvolvimento até a ovulacdo, enquanto os demais foliculos regredirdo (Ginther et al.,
1996). A regressao dos foliculos subordinados, em parte, se deve a reducdo das concentragdes
circulantes do hormdnio FSH, tornando-se insuficiente para o crescimento e manutencdo dos

foliculos subordinados (Ginther et al., 1996).

Além da diferente taxa de crescimento entre 0 maior e 0 segundo maior foliculo
ovariano, autores tém demonstrado diferencas moleculares entre os foliculos dominantes e 0s
foliculos subordinados (Fortune et al., 2001; Sanchez e Smitz, 2012; Hatzirodos et al., 2014).
E bem estabelecido o modelo duas células dois hormdnios, no qual as células da teca, com o
estimulo do horménio LH, sdo capazes de sintetizar androgenos que serdo aromatizados pelas
células da granulosa com o estimulos do horménio FSH, para a sintese de estradiol (Richards
et al., 1987). Os foliculos dominantes apresentam uma maior concentra¢do de estradiol no
fluido folicular comparado aos foliculos subordinados (Fortune, 1994) e, além disso, nas
células da granulosa a abundancia do mRNA de aromatase é maior quando comparada a um

foliculo do inicio da onda folicular (Tian et al., 1995), assim como em foliculos dominantes
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apresentam uma maior expressdao de enzimas envolvidas na sintese de andrdgenos e
progestinas (17a-OH, P450scc, 3p-HSD e STAR; Fortune et al., 2001). Tais alteracdes nos
foliculos dominantes sdo decorrentes da diferenciacdo celular nas células da granulosa,
tornando-os capazes de continuar seu desenvolvimento e conferir competéncia ao odcito e
posterior ovulacdo (Fortune et al., 2001; Sanchez e Smitz, 2012). Sekar et al., (2000) e Sasson
et al., (2004) associaram a expressao de tais enzimas esteroidogénicas a aquisicdo de receptor
de LH pelas células da granulosa, pois 0 horménio LH regula a concentracdo destes e outros
genes com funcéo esteroidogénica. Além disso, tal aquisicdo € essencial para o LH produzir
seu efeito na finalizacdo da maturacdo folicular e posterior ovulacdo (Luo et al., 2011), sendo

fundamental para o desenvolvimento folicular.

Sabe-se que 0 FSH estimula a expressdo do LHR (Barros et al., 2012), mas além deste,
outros fatores estdo envolvidos na regulacdo da transcri¢do deste receptor, como por exemplo,
0s microRNAs (miRNAs) (Menon et al., 2013; Gilchrist et al., 2016). Os miRNAs sdo
pequenas moléculas (19-25 pb) ndo codificantes, envolvidas na regulagcdo pos-transcricional
de genes se ligando de maneira complementar aos mMRNAs alvos, degradando ou reprimindo a

traducdo génica (Bushati e Cohen, 2007).

A biogénese dos miRNAs, que ocorre no nucleo celular, tem inicio com sua
transcricdo pela enzima RNA polimerase Il (Poli 1), gerando um stemloop contendo um
miRNA primario (pri-miRNA), que pode variar com relacdo ao nimero de nucleotideos (Cai
et al., 2004). Ainda no nucleo, o pri-miRNA é processado por um complexo multiproteico,
composto pela enzima DROSHA e a proteina ligante de RNA, a PASHA (Lee et al., 2003),
formando miRNAs precursores (pre-miRNAS), que sdo constituidos de aproximadamente 70
pb. Os pre-miRNAs sdo transportados para o citoplasma celular pela agcdo da exportina-5 e

clivados em pequenos miRNAs pela DICERL. Para desempenhar suas agdes, 0s miRNAs
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formam um complexo RISC (complexo silenciador da expressdo de RNA) junto com a
DICERL1 e outras proteinas. Para isso, 0 complexo € guiado até 0 mRNA alvo para inibir a
traducéo proteica ou degradar o mRNA por ativacdo de RNAses (Hutvagner e Zamore, 2002;

Gregory et al., 2005; Bushati e Cohen, 2007).

Relatos na literatura demonstram efeitos dos miRNAs na regulacdo da transcri¢cdo do
receptor de LH nas células da granulosas, direta (Kitahara et al., 2013; Troppmann et al.,
2014) ou indiretamente (Azhar, 2013; Menon et al., 2013; Iwamune et al., 2014; Menon et
al., 2015; 2017). Uma via de acdo de miRNAs que regula a transcricdo do LHR de maneira
indireta é a regulacdo do LRBP (Menon et al., 2013). O LRBP (proteina ligante de LHR
mRNA) regula a expressaio do mRNA do LHR apds a sua transcricdo em ovario de ratos
(Kash e Menon, 1998; 1999). Dados recentes demonstram a agdo de um miRNA sobre as
LRBP regulando negativamente a transcricdo do mRNA do LHR (Menon et al., 2013; Menon
et al., 2015; 2017) em ovario de ratos. Em bovinos, o LRBP foi detectado nas células da
granulosa com uma correlacdo inversa a expresséo do mRNA do LHR (Ereno et al., 2015)

indicando sua participacdo na regulacdo pés-transcrional em bovinos.

Além do envolvimento na downregulation da transcricdo do LHR, autores tém
demonstrado diferencas no perfil de expressdo de miRNAs durante o desenvolvimento
folicular (Donadeu et al., 2012; Hu et al., 2013; Santonocito et al., 2014; Sontakke et al.,
2014; Gebremedhn et al., 2015; Donadeu et al., 2016), indicando um papel dos miRNAs na

diferenciacéo folicular.

1.2 Protocolos superestimulatérios em bovinos
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Foi descrita em 1890, a primeira manipulacdo de embrides em mamiferos (revisado
por Hasler, 2014; Phillips e Jahnke, 2016), mas somente com um maior conhecimento do
desenvolvimento folicular houve grandes avangos nas biotecnologias reprodutivas, permitindo
hoje, a realizacdo de técnicas bem estabelecidas como a superestimulacdo ovariana, producéo
in vitro, transferéncia e a criopreservacdo embrionaria, com diversos protocolos utilizados em

todo 0 mundo.

Os tratamentos superestimulatérios visam a obtencdo de um nimero maximo de
odcitos competentes, embrides transferiveis e com alta probabilidade de gestacdo (revisado
por Mapletoft et al., 2002). Na década de 70 utilizava-se a gonadotrofina coridnica equina
(eCG) com a finalidade de superovulacdo, sozinha (revisado por Mapletoft e B6, 2011;
Phillips e Jahnke, 2016) ou em combinacdo com anti-soro da molécula de eCG (Dieleman e
Bevers, 1987). Posteriormente, surgiu o FSH extraido da pituitaria de suinos, equinos e

ovinos (Donalson 1989) e também o FSH recombinante bovino (Looney e Bondioli, 1998).

Inicialmente os protocolos superestimulatérios utilizavam a regressdo natural do corpo
luteo como marcador do inicio do tratamento (revisado por Mapletoft e BO, 2011) e mais
tarde, com o conhecimento que a presenca de um foliculo dominante interfere no sucesso dos
protocolos hormonais (Guilbault et al., 1991), técnicas foram desenvolvidas a fim de facilitar
e melhorar os protocolos superestimulatérios, como a aspiracdo do foliculo dominante
(Bodensteiner et al., 1996), administragao de prostaglandina F2a (PGF2 a), que possibilitou o
comeco do tratamento em outras fases do ciclo estral (Mapletoft e B, 2011), utilizacdo do
inicio do ciclo estral para o iniciar o tratamento com FSH (Roberts et al., 1994) e

sincronizacdo da onda folicular com estradiol e progesterona (Bo et al., 2006).

Os protocolos tradicionais de superovulacdo ovariana (SOV) em que é necessario a
deteccdo de estro possuem algumas limitacGes, por exemplo, a sub-espécie Nelore (Bos
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taurus indicus) apresenta uma dificil manipulacéo e deteccao de estro, pela sua curta duracdo
e alta incidéncia de estro noturno, o que levou ao desenvolvimento de protocolos hormonais
funcionais nesses animais para controlar o desenvolvimento folicular e ovulagdo, com a
finalidade de facilitar o uso de protocolos biotecnolédgicos reprodutivos, como por exemplo a
IATF (inseminacéo artificial em tempo fixo; Barros e Nogueira, 2001), sem a necessidade da

observacao de cio.

Com a finalidade de associar uma menor manipulacdo do animal aos beneficios de
protocolos superestimulatérios, Barros e Nogueira (2001) desenvolveram o protocolo
hormonal P-36, o qual tem inicio com uma fonte de progesterona (dispositivo intravaginal)
associada com a administracdo intramuscular de benzoato de estradiol, com o intuito de
garantir a inexisténcia de um foliculo dominante (Mapletoft et al., 2000). Assim, ap0s 3, 5-4
dias do inicio do tratamento, surge uma nova onda folicular e da-se inicio a aplicacdo de duas
doses diérias e decrescentes de FSH por trés dias consecutivos para induzir desenvolvimento
folicular. Dois dias depois da primeira dose de FSH (dia 7 do inicio do protocolo), é
administrada uma dose luteolitica de PGF2a. A indugdo da ovulagdo ¢ realizada com LH
exogeno, 12 horas ap6s a remoc¢do do dispositivo intravaginal de progesterona, visto que a
ovulacdo pode ocorrer entre 24 e 36 horas ap6s a administracdo do LH, é possivel uma
inseminacao artificial em tempo fixo (AITF) 12 ou 24 horas depois da dose de LH, ndo sendo
necessaria a deteccdo de estro (Barros e Nogueira, 2001). Barros et al., (2012) demonstraram
que o protocolo P-36 além de aumentar a expressao do LHR nas células da graulosa
(necessario para o desenvolvimento final e ovulagdo do foliculo) e Dias et al., (2013)
mostraram que o P-36 altera de maneira positiva o desenvolvimento oocitario aumentando a

expansdo das células do cumulus e o nimero de COCs que atingiram o estagio de blastocisto.
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Uma variacdo no protocolo P-36 foi desenvolvida com a substituicdo das duas ultimas
doses de FSH por eCG (Barros et al., 2010). E esperado que no Gltimo dia do tratamento
superestimulatdrio, os foliculos em desenvolvimento ja tenham adquirido LHR (Barros et al.,
2010), assim, o0 eCG estimularia o crescimento final do foliculos devido sua capacidade de
estimular ambos o0s receptores gonadotropicos (LH e FSH). Barcelos et al., (2007)
demonstraram um aumento no namero de embrides recuperados de vacas Nelore que tiveram
as duas ultimas doses de FSH trocadas por doses de eCG. Resultados similares foram
encontrados por Reano et al., (2009) utilizando animais da raca Brangus e em fémeas Sindi
(B. indicus; Mattos et al., 2011). Além disso, um aumento na resposta ovulatéria, na
ocorréncia de estro, nas concentracdes de progesterona e nas taxas de prenhez, tém sido
atribuidas a utilizacdo de eCG no final do tratamento (Pessoa et al., 2016). E ainda, dados nédo
publicados do nosso grupo mostraram que ambos os protocolos superestimulatérios (P-36 e P-
36/eCG) interferem na qualidade de embriBes produzidos in vitro, aumentando a expressao de
genes relacionados positivamente ao desenvolvimento oocitario e embrionario. Tais estudos
demonstram bons resultados dos tratamentos superestimulatérios, indicando um sucesso na
producdo embrionaria, mas ndo relatam as alteragdes moleculares na diferenciacédo celular das
células da granulosa, necessarias para tal sucesso. Com isso, temos como hipétese, que a
superestimulacdo ovariana altera a diferenciacdo das células da granulosa de foliculos
provenientes de vacas superestimuladas modulando aspectos bioquimicos, a producédo

hormonal e o perfil de transcritos, bem como dos seus miRNAS reguladores.

3. OBJETIVOS

1) Dosar as concentrages plasmaticas de estradiol (E;) e progesterona (P4) de vacas

submetidas ou ndo a protocolos de superestimulacdo ovariana (P-36 e P-36/eCG).
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2) Quantificar o mMRNA de enzimas esteroidogénicas (CYP19A1 e STAR) e mRNA do FSHR,
VEGF, FLK e FLT1 nas células da granulosa de vacas submetidas ou ndo a protocolos de

superestimulacdo ovariana (P-36 e P-36/eCG).

3) Quantificar a abundancia de LHR e LRBP em células da granulosa de vacas submetidas ou
ndo aos protocolos P-36 e P-36/eCG, além de quantificar a expressdo do miRNAs regulador

do LHR (MiR-222).

4) Quantificar a expressdo de miRNAs correlacionados ao desenvolvimento folicular ovariano
(miR-144, 202 e 873) e seus preditos genes alvos nas células da granulosa de vacas

submetidas ou ndo aos protocolos de superestimulacdo ovariana.
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ABSTRACT

To improve the knowledge about impacts of ovarian superstimulation in bovine follicular

microenvironment, Nelore cows (Bos taurus indicus) were submitted or not (n=10; control
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group) to ovarian superstimulation with FSH (n=10; P-36 protocol) or FSH combined to eCG
(n=10; P-36/eCG protocol). After that, follicular fluid was used to measure cholesterol
concentration and granulosa cells were submitted to RT-gPCR for quantification the
abundance of target genes related to steroidogenic and ovulatory capacity and microRNAs
related to final follicular development and LHCGR expression. In addition, the plasma
concentration of estradiol was measured. In summary, follicular fluid from cow submitted to
P-36 superstimulatory protocol showed higher concentration of cholesterol when compared
with non-superstimulated cows. Still, plasma concentration of estradiol was higher in P-
36/eCG. Regarding transcripts profile, we found a lower abundance of mMRNA encoding STAR
and FSHR in granulosa from cows submitted to P-36/eCG protocol. On the other hand, the
abundance of the mRNA encoding LHCGR was higher in superstimulated granulosa cells
from P-36 group and demonstrated an inverse pattern when compared to mir-222 expression.
When others markers of antral follicle development were analyzed (miR-202-5p; miR-873;
miR-144 and their target genes: CREB1; TGFBR2; ATG7), the ovarian superstimulation was
did not affected their abundance. However, the mRNA abundance of VEGF members was
modulated by P-36 treatment. Taken together, the results demonstrated that superstimulatory
protocols modulate steroidogenic capacity and increase plasmatic estradiol, as well, regulates
the abundance of LHCGR mRNA and VEGF system in bovine granulosa cells and reinforces
the hypothesis that the mir-222 should be suppressed to allow the antral follicle development.

Keywords: cholesterol, estradiol, LHCGR, mir-222, superovulation, bovine.

INTRODUCTION

Follicle development is endocrine mechanisms-dependent, mainly gonadotropic

hormones (FSH and LH) and steroid hormones (estradiol and progesterone) [1, 2] . The
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development of ovarian follicle depends on the coordinated action of FSH and LH hormones
(the well-known two-cell, two-gonadotropin model), with estradiol synthesis. Moreover,
follicle development is characterized by the proliferation and functional differentiation of
granulosa cells, essential to the final development and ovulation [3, 4]. The expression of
gonadotropic receptors (LHCGR and FSHR) and steroidogenic enzymes (CYP19A1 and
STAR) are some of the characteristics of this differentiation, besides the secretion of high
levels of estradiol [3, 4]. In response to LH, androgens are synthetized by theca cells and
transported to granulosa cells where they are aromatized to estrogens under influence of FSH
[5-8].

Another factor that influences the follicular development is microRNAs (MmiRNAS)
(for review see: [9]. MiRNAs are small non-coding RNA of about 18-24 nucleotides involved
in post-transcriptional control of gene expression [10]. Recent studies presented different
regulatory roles of specifics miRNAs in the ovarian follicles [11-18], including a involvement
in bovine steroidogenic capacity [18-20]. Among several microRNAS, the mir-222 was
detected in ovine [21] and bovine [22] fetal ovary and LHCGR was indicated as a possible
target for its [22].

Another miRNAs are involved with antral follicle development. Besides that, [23] and
[18] suggest that miR-202, miR-873 and mir-144 could be used in combination as markers of
steroidogenic capacity and antral follicle development. According [20] the miRNAs miR-144,
miR-202 e miR-873 are expressed in health dominant follicles and are involved in signaling
pathways involved in follicular cell proliferation, steroidogenesis and oocyte maturation
through modulation of predicted target genes TGFBR2, SPRED1 and ATG7.

A Dbetter understanding of follicular development allowed the development of
superstimulatory treatment capable of increasing the number of competent oocytes to generate

an embryo [24]. With this objective, several protocols were development, including the P-36
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protocol and its variation, the P-36/eCG protocol. Both treatments use stimulation hormone
(FSH) in the induction of follicle growth. It is believed that, on the last day of treatment,
follicular granulosa cells have luteinizing hormone receptors (LHCGR) [25], and therefore,
the last two doses of FSH have been replaced by eCG doses (P-36/eCG). Recent data
presented in Nelore cows showed the impacts of superstimulatory protocols on oviductal
transcript profile [26], lipids profile on follicular fluid [27] and target genes involved with
LHCGR signaling in granulosa cells [28], but the effect of P-36 and P-36/eCG protocols on
follicular development need to be more explored. Thus, the present study aimed to evaluate
the effects of ovarian superstimulation on the estrogenic capacity and expression of
microRNAs and target genes related to steroidogenesis and ovulatory capacity in granulosa

cells from Nelore cows.

2. MATERIAL AND METHODS

| Progestercncreteasing device (10 | i
o0 o or o8

NO SUPERSTIMULATED P-36 PROTOCOL P-36/eCG PROTOCOL

FOLLICULAR PLASM GRANULOSA CELLS
FLUDD
RT-qPCRiarget
CHOLESTEROL ESTRADIOL genes (FSHR, STAR, RT-GPCR: target

CYPI941, VEGF. mRNAs (miR-222,

FLKI, FLTI, LHR, miR-144, miR-202-
LRBE, ATGY, 5p, miR-873)

CREBI, TGFBR2)
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Figure 1. Experimental design to investigate the effects of ovarian superstimulation in Nelore cows on
plasma concentration of estradiol, intrafollicular cholesterol and abundance of target genes and
microRNAs in granulosa cells from 10 cows submitted to P-36 or P-36/eCG superstimulatory

treatments or 10 non-superstimulated cows.

2.1 Ovarian superstimulation

This study was conducted on a farm located in Santa Cruz do Rio Pardo (S&o Paulo,
Brazil, latitude 22° 53° 567, longitude 49° 37° 577, altitude 467 m) and the cattle were
maintained on pasture (Brachiaria brizantha), with ad libitum access to water and a mineral
supplement. Nelore non-lactating multiparous cows ranged from 5 to 7 years age, and some
cows with body condition scores ranging from 2.0 to 3.5 were submitted to P-36 (FSH, n=10)
or P-36/eCG (FSH+eCG, n=10) ovarian superstimulatory protocols with a control group
(n=10; non-superstimulated cows). The local Ethics Committee on Animal Use from the
Institute of Bioscience [University of Sdo Paulo State (UNESP), Botucatu, S&o Paulo, Brazil]
approved the experiments (protocol number: 379/2012).

For ovarian superstimulation, as described by Santos et al., 2017, cows at random
stage of estrous cycle received progesterone-releasing vaginal inserts (1.0 g, PRIMER ©,
Tecnopec, S&o Paulo, Brazil) and estradiol benzoate (2.5 mg, i.m., Estrogin ®, Farmavet, Sdo
Paulo Brazil) on day 0.

The P-36 protocol was performed using pFSH (Folltropin-V®, Bioniche Animal
Health, Belleville, ON, Canada), administered twice daily (AM & PM) from days 5 to 8 in
decreasing doses of 40% (day 5), 30% (day 6), 20% (day 7) and 10% (day 8) of the total
amount used (200 mg). All cattle were given 150 mg of d-cloprostenol (Prolise®, Tecnopec,
Séo Paulo, SP, Brazil) i.m. twice on day 7 (7 am and 7 pm). Progesterone-releasing vaginal

inserts were removed at 7 pm on day 8, and the cows were slaughtered on day 9 at 7 am. For
39



115

120

125

130

135

P-36/eCG treatment, the final two (2) doses of FSH were replaced by two (2) doses of eCG

(total doses = 400 1U, i.m., Novormon®, Syntex, Buenos Aires, Argentina).

2.2 Follicular fluid and granulosa cells recovering

The follicles were previously detected by ovarian ultrasonography performed 12 h
before slaughter. Ovaries were collected and transported to the laboratory in saline solution
(0,9%) at 4°C and evaluated for the presence of corpora lutea or previous ovulations. The
average diameter of each follicle, as measured by the average of two lines of measurement
approximately perpendicular to one another, was ascertained using a caliper. The dominant
follicles (n=10) from non-superstimulated cows and the largest follicle from P-36 group cows
(n=10) and for P-36/eCG group cows (n=10) was submitted to follicular fluid and cells
recovery. For all cows, the diameter of follicle ranged 11 to 14 mm.

After that, the antral cavity was flushed repeatedly with cold saline and granulosa cells
were recovered by centrifugation at 1200 g for 1 min. The pool of granulosa cells from each
follicle were placed in buffer solution and homogenized using Precellys- Tissue homogenizer
(Bertin Corp.®) by 3 cycles of 30 seconds each. After that, granulosa cells samples were

submitted to total RNA extraction RNeasy microkit (Qiagen®).

2.3 Intrafollicular concentration of cholesterol

To quantify the concentration of cholesterol in follicular fluid was used Kit from
Laborlab® (Sao Paulo, Brazil). The cholesterol was determined enzymatically by cholesterol
oxidase (Moura, 1993) with prior enzymatic hydrolysis of the esters by a lipase. Hydrogen

peroxide, release by the reaction between cholesterol and molecular oxygen, oxidized the
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phenol and 4-aminophenazone, with formation of quinone-imine (red color). The

spectrophotometric readings were at 505 nm.

2.4 Estradiol assay

Blood samples were collected from jugular vein on day 9 to quantify the plasma
concentration of estradiol. For this, was used a solid phase competitive immunoassay
(Immulite 1000; Siemens®). Samples and reagents were incubated together with specific anti-
body coated sphere (solid phase), for 60 minutes. Successive washes were performed to
eliminate unconjugated sample and enzymatic conjugate, and chemiluminescent substrate was
added to produce a signal proportional to the amount of enzyme bound. The technic has a

work range in 20 pg/mL to 2,000 pg/mL and sensibility of 15 pg/mL.

2.5 RNA extraction and expression of target genes

The RNA was extracted according to the manufacturer’s protocol and stored at -80°C.
Cross-contamination of granulosa cells was tested by PCR as previously described by
Buratini et al., (2005) to detect mMRNA-encoding 17a-hydroxylase (CY17) in each sample.
Previously, total RNA from samples (1pg) were incubated with DNAse (1 U/ug; Invitrogen,
Sdo Paulo, Brazil) and then reverse transcribed using random primer according with protocol
provided by High Capacity Kit (Applied Biosystems, Sao Paulo, Brazil).

Analysis of RT-gPCR of each target genes (table 1) were performed with
QuantStudio™ 7 Flex using Power Sybr® Green PCR Master Mix system (Applied
Biosystems, S&o Paulo, Brazil). The mRNA abundance of 11 genes was analyzed (table 1).

Mix in 25 pL volumes with 1.0 puL of each sample and 24 pL of probe plus primers were
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carried out and submitted to 95°C for 10 minutes, 40 cycles for denaturing at 95°C for 10
seconds followed by annealing and extension for 1 minute (temperature varies between
genes).

Reactions were optimized to provide maximum amplification efficiency for each gene.
The specificity of each PCR product was determined by melting curve analysis and
confirmation of the amplicon size using electrophoresis in 1.5% agarose gels. Each sample
was analyzed in duplicate and negative controls were run on every plate.

To select the most stable reference gene for detailed analyses of granulosa cells,
peptidylprolyl isomerase A (PPIA), glyceraldehyde-3-phosphate dehydrogenase (GAPDH),
and histone H2AFZ (H2AFZ) amplification profiles were compared using the geNorm applet
for Microsoft Excel (medgen.ugent.be/genorm; [29]. The most stable housekeeping gene for
granulosa cells was PPIA. The AACt method with efficiency correction was used to calculate
relative expression values (target genes/PPIA) for each target gene, using one control sample
as calibrator (Pfaffl, 2001).

2.6 MiRNAs expression

The miRNA extraction was performed using 50 pg of total RNA into mirVana™
miRNA Isolation Kit (Life Technologies®, Sio Paulo, Brazil) with manufacturer’s instruction
and stored at -80°C. To reverse transcription of target miRNAs (bta-mir-222, mmu-miR-202-
5p; hsa-miR-873; has-miR-144; table 2) was used TagMan® Reverse Transcription Reagents
for each assay following manufacturer’s protocols. Analyses of qPCR were performed with
QuantStudio™ 7 Flex using TagMan® Universal PCR Master Mix. The final volume of PCR
mix was 20 pL and cycling conditions were 95°C for 10 minutes to enzyme activation
followed for 40 cycles of denature (95°C for 15 seconds) and annealing/extension (60°C for

60 seconds). All samples were run in duplicates.
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To quantify the relative abundance of target miRNAs were used the geometric mean
of RNU43 and has-miR-191 expression as reference. The AACt method with efficiency
correction was used to calculate relative expression values (target genes/RNU43_has-mir-191

geometric mean) for each miRNA, using one control sample as calibrator (Pfaffl, 2001).

Table 1. Details of primers used in RT-qPCR.

Final Temp.
Gene Forward sequence Reverse sequence concentration annealing
(mM) (°C)

5’CCCAGCAGAAGGGTGTC  5’TGCGAGAGGACCTGGTT
STAR 400 62
ATC 3 GAT 3’

5S’CCCAGATGAGATTGAGT 5’ACCGCCTCGGCTTGTCAC
VEGF 300 60
TCATTTT 3’ 3

5’GAAGGACGGGATGAGGA  5’ATGGCGTTGAGCGGAAT
FLT1 300 60
TGC 3’ GGA %’

5’TGTTGTCAGAAGTCCTGC 5 TAAGTTGAGGCCCACTCT
LRBP 300 56
TGGTGT 3’ CCCATT 3’

43



5’GGCCTCTCCAGATTGCAG 5’GCTTCGTCTAGCCGGTAC
ATG7
TT 3’ TC3

5’AATCCTAGTGCCCAGCA 5°’CGCTGTGCGAATCTGGTA
CREB1
ACC3’ TG 3

300 60

300 60

195
Table 2. Details of microRNA assays used in RT-gPCR.

MiRNA Mature miRNA Sequence Code MirBase acession number
Has-miR-222 AGCUACAUCUGGCUACUGGGU 002276 MIMATO000279
Has-miR-144 UACAGUAUAGAUGAUGUACU 197375_mat MIMAT0000436

Mmu-miR-202-5p UUCCUAUGCAUAUACUUCUUU 002579 MIMAT0004546
Has-miR-873 GCAGGAACUUGUGAGUCuUCCU 002356 MIMATO0004953
Has-miR-191 CAACGGAAUCCCAAAAGCAGCUG 002299 MIMATO0000440

2.7 Statistical Analysis

200

Data were transformed to logarithms if not normally distributed. ANOVA was used to

test for effects ovarian superstimulation on estradiol and cholesterol concentration as well as

relative abundance of miRNAs and target genes. The differences between means were

determined with the Tukey-Kramer test. Analyses were performed using JMP software (SAS

205 Institute Cary, NC). Data are presented as means + SEM. Differences were considered

significant when p<0.05.

RESULTS
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In follicular fluid, cholesterol level was higher in cows from P-36 group when
compared with no-superstimulated cows. In the same way, but into plasma, the concentration
of estradiol was higher in cows submitted to P-36/eCG treatment (figure 2A).

Regarding expression of genes involved with estrogenic capacity, the abundance of
FSHR mRNA was higher in non-superstimulated cows when compared with cows submitted
to ovarian superstimulation (P= 0.0126, figure 2A). On the other hand, the abundance of
LHCGR mRNA was higher in FSH treatment compared to control (figure 3). Moreover, the
abundance of STAR mRNA was lower in P-36/eCG group when compared with control group
(P=0.0017) and abundance of CYP19A1 mRNA was unaffected by ovarian superstimulation
(Figure 2B).

When the impacts of superstimulation were evaluated on expression of VEGF system,
data showed a higher mMRNA abundance of VEGF in cows submitted to P-36 group compared
with control group and inversely, a lower mMRNA abundance of FLK and FLT1 (figure 2B) in

the same animals.
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and were calculated with the AACt method with efficiency correction. Data are obtained of 10
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follicles/experimental group and presented as mean (= S.E.M.) Bars with different letters (A and B)

are significantly different (P<0.05).

Further, the abundance of LRBP mRNA and miR-222, suggested as LHCGR
expression regulators, was performed to evaluate the effects of ovarian superstimulation on
genes related to follicular healthy and ovulatory capacity. The abundance of LRBP mRNA
was not affected by ovarian superstimulation, but abundance of mir-222 was higher in
granulosa cells from non-superstimulated cows compared cows submitted to ovarian
superstimulation (figure 3). On the other hand, the abundance of others miRNAs markers for
follicle development and their correspondent genes (mmu-miR-202-5p; hsa-miR-873; has-
miR-144; CREB1; TGFBR2; ATG7) was did not affected by ovarian superstimulation (figure

4).
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Figure 3. Effects of ovarian superstimulation (P-36 or P-36/eCG) on the relative abundance
(meanxS.E.M.) of LHCGR, LRBP mRNA and bta-mir-222 in granulosa cells. Messenger RNA and
microRNA abundance was measured by real-time PCR and expression values are relative to a
calibrator sample and were calculated with the AACt method with efficiency correction. Data are
obtained of 10 follicles/experimental group and presented as mean (x S.E.M.). Bars with different

letters (A and B) are significantly different (P<0.05).
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and their target mMRNA SPRED1; TGFBR2; ATG7 in bovine granulosa cells. Messenger RNA and
microRNA abundance was measured by real-time PCR and expression values are relative to a
calibrator sample and were calculated with the AACt method with efficiency correction. Data are
obtained of 10 follicles/experimental group and presented as mean (x S.E.M.). Bars with different

letters are significantly different (P<0.05).

48



260

265

270

275

280

DISCUSSION

In the present work, we demonstrated the effects of ovarian superstimulation on
estrogenic capacity as well on transcript and miRNAs profile in granulosa cells from Nelore
cows submitted to P-36 and P-36/eCG superstimulatory protocols. The findings showed the
increasing on intrafollicular concentration of cholesterol and estradiol plasmatic concentration
and the regulation of target genes involved with steroidogenic and ovulatory capacity in
bovine granulosa cells. Furthermore, it was demonstrated the up regulation on the abundance
of LHCGR mRNA with an inverse pattern when compared with mir-222 expression in
granulosa cells.

Cholesterol is substrate for androstenedione produce by theca cells and androstenedione is
the substrate to biosynthesis of estradiol in granulosa cells, under effect of FSH hormone
(reviewed for [7]) and the estradiol has a fundamental role in cellular differentiation on
granulosa cells, follicular maturation [30]. The circulating estradiol concentration is a key
component of the physiological cascade involved in stimulating estrous behavior and
inducing the gonadotropin surge [31]. In the present study we showed higher levels of plasma
concentration of estradiol in cows submitted to ovarian superstimulation using FSH combined
with eCG. Similar results were demonstrated in buffalo which showed an increasing on
plasma concentration of estradiol after treatment with eCG and reach concentration of
estradiol over 150 pg/ml [32], et al. 2000). Likewise, similar findings were described in
bovine heifers by [33] using FSH or human menopausal gonadotropin. In that study, Alcivar
and collaborators demonstrated the increasing on plasma concentration of estradiol, as well of
progesterone, using human menopausal gonadotropin. Additionally, corroborating with our
data, studies in sheep showed that individual follicles from eCG-stimulated animals secrete

more estradiol in culture that follicles from non-eCG treated sheep, suggesting that the
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individual estrogenic capacity of follicles contributes to increase plasma steroid
concentrations [34]. Despite the higher concentration of plasmatic estradiol in cows submitted
to P-36/eCG, there was no difference on the mRNA abundance of aromatase.

The uptake of extracellular cholesterol in the form of high-density lipoproteins (HDL)
and low-density lipoproteins (LDL) from circulation is achieved though their respect
receptors (LDLR and SRB1) [35] and the follicle stimulating hormone increase the expression
of LDLR [36]. Moreover, in granulosa cells, FSH selectively increases expression of the
transcription factors that are known to regulate cholesterol synthesis by de novo pathway [37].
In that way, the higher concentration of cholesterol in follicular fluid from P-36 group could
be explained by FSH as a stimulator for higher uptake of cholesterol into mitochondria
membrane. Another possible explanation for higher concentration of cholesterol could be the
lower abundance of mRNA encoding STAR, a key enzyme in the cholesterol uptake to inner
of mitochondria [35]. Once the STAR was down regulated in P-36/eCG group, we could
expect a reduction on ability to regulate the cholesterol delivery to inner mitochondrial
membrane, triggering an intrafollicular cholesterol surplus.

Further, the cholesterol from follicular fluid is transported by Steroidogenic acute
regulatory protein (StAR) to the inner mitochondrial membrane and this transport is
considered a rate-limiting step in steroidogenesis [35]. After that, the cholesterol is converted
to pregnenolone by another enzyme, the P450 cholesterol side chain cleavage complex [8,
38]. [35] found a significant increase in expression of STAR during follicle differentiation in
cows. However, in the present work, cows submitted to P-36/eCG showed lower abundance
of STAR mRNA compared to control group. In fact, these results are compatible with late
preovulatory follicles obtained from cows submitted to GnRH injection and late to LH surge,

showing that superstimulatory treatment could be stimulating the transition for dominant to
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preovulatory follicles in these animals and maybe modifying the ovulatory capacity in these
COWS.

Another important finding in the present study was the granulosa cells from cows
submitted to both superstimulatory protocols has presented a lower abundance of FSHR
MRNA compared to non-superstimulated cows. These results seem to be related to a negative
feedback effects due the FSH, corroborating to several studies of [39-42] where granulosa
cells exposed to FSH suffer a down regulation of FSHR mRNA. Additionally, the lower
expression of FSHR in granulosa cells from superstimulated groups agrees with [43], which
showed that FSHR is down regulated in late preovulatory follicles obtained from cows
submitted to Gonadotropin-releasing hormone (GnRH) injection.

On the other hand of FSH receptor expression, we demonstrated that ovarian
superstimulation using FSH increases the abundance of LHCGR mRNA. FSH is responsible
to induce the recruitment of follicular wave and maintains the follicle growth before
acquisition of LH receptor by granulosa cells [1, 2]. In granulosa cells, the transcriptional
regulation of the LHCGR gene is FSH dependent and is important for the differentiation of
this cell type [44]. Moreover, our in vivo results corroborate with previous studies where the
LHCGR mRNA transcripts were increased in bovine granulosa cells cultured with FSH [45].
Regarding the participation of LHR in ovulation, it has been suggested that ovulatory capacity
is linked to the acquisition of LHR in granulosa cells [46-49]. Thus, the present data suggest
that the up regulation of mMRNA encoding LHCGR could be related to improvement of
ovulatory capacity in superstimulated cows.

LH plays a key role in controlling physiological processes in the ovary, such as in the
development of antral follicles and ovulation [46]. Although, the LHCGR was upregulated in
granulosa cells from cows of P-36 group, no effects was demonstrated in granulosa cells from

cows submitted to FSH/eCG superstimulatory protocol. One effect to be considered is an
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inherent LH bioactivity of eCG. The eCG molecule has a structure could reacts quite well
with ruminant FSH and LH receptors [34]. It is known that high concentrations of hCG or LH
may lead to lower concentrations of the LH receptor on the cell surface, with concomitant
decrease of all alternative LHR transcripts [50], thus, the LH activity of eCG molecule could
be the key role to explain the absence of LHCGR up regulation in granulosa cells from cows
submitted to P-36/eCG group. Nevertheless the abundance of LHCGR mRNA was not up
regulated by FSH combined with eCG treatment, the eCG molecule seems to be a key
hormone to increase the abundance of the mRNA encoding proteins involved with Gs-
protein/adenylyl cyclase/cAMP/protein kinase A (PKA) system and via phospholipase CB/IP3
pathways [28] supporting the role of eCG on the regulation of granulosa cell differentiation
and its participation in the controlling of intracellular pathways involves with ovulatory
capacity.

Among possible mechanisms involved with regulation of LH receptor in granulosa
cells are LRBP or some microRNAs. In first way, the LRBP is mRNA binding protein that
binds to the LHCGR coding region and promotes the repression of LHCGR expression [51].
The inverse correlation between LRBP expression and LHCGR mRNA regulation also were
found by [52] around follicular deviation in bovine and authors suggest the lower abundance
of LRBP mRNA in dominant follicles is compatible with the participation of LHR/LRBP
system during follicle selection to ensure LHCGR mRNA expression and acquisition of
ovulatory capacity. However, in these data present here, there was no effect of ovarian
superstimulation on mRNA abundance of LRBP , suggesting that the regulation of LHCGR
levels in granulosa cells could not be regulated by these protein during superstimulation
response as described for follicle deviation.

In a second way, the post transcriptional regulation of the LHCGR transcript by

miRNA pathways has been described in ovary from several species [16, 17, 53, 54]. There are
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reports of mMiRNAs expression and key role on bovine ovary [55], including mir-222, which
was suggest by [22] as a possible regulator of LHCGR expression. In bovine antral follicle,
[15] demonstrated the expression of mir-222 antral follicles with lower expression in
granulosa cells from bovine dominant follicles. Corroborating with possible role of mir-222 in
antral follicle development, [18] showed a higher expression in theca and granulosa cells from
atretic follicle. Likewise, in present study, mir-222 presents a lower expression in
superstimulated granulosa cells compared to control group and showed an inverse pattern
when compared to LHCGR mRNA abundance. Furthermore, to reinforce a role of mir-222 in
granulosa cells differentiation, maybe controlling the LHCGR mRNA expression, data not
showed here demonstrated that superstimulatory protocols did not regulate LHCGR mRNA
abundance in theca cells and additionally, in the same way, there was no effects on thecal mir-
222 expression. Taken together, the data suggest that the up regulation of LHCGR in
superstimulated granulosa cells could be supported by a down regulation of mir-222 and that
lower levels of mir-222 are required to improve follicular health in bovine ovary and antral
follicle development.

Additionally, according [23] the miRNAs mir-202 and mir-873 were up regulated in
dominant follicular granulosa cells compared to subordinate follicles, showing a possible
involvement of miRNAs in follicular development. Beside this, [18] showed that the miRNAs
mir-202 and mir-873 could be used in combination as markers of steroidogenic capacity.
Moreover, [20] demonstrated that combination of miR-144, miR-202 and miR-873 may play
a key role on final maturation of bovine dominant follicle through their predicted target genes
(TGFBR2, ATG7 and CREB1), which are involved in multiple signaling pathways in follicular
cells proliferation, steroidogenesis and prevention of premature luteinization. In the present
study, absence of regulation of these miRNAs and the predicted gene indicates that the

superstimulatory protocols affects specific pathways to promote the final maturation of
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preovulatory follicles in superstimulated cows; e.g. steroidogenic and ovulatory capacity, and
that these miRNAs and their target genes could be a key role during follicle deviation in
cattle. Beside this, [20] also associate a higher expression of CYP19A1 with the expression of
miR-144, miR-202 and miR-873 in dominant-size follicles. In our dates the non-regulation of
miRNAs by superstimulation protocols seems to maintains the abundance of CYP19Al,
corroborating to Sontakke and collaborate study. In the same way, [18] proposed that the
miRNAs miR-202 and miR-873 jointly CYP19A1 and LHCG expression, could be used to
determinate the steroidogenic capacity and health status of follicles, thus, our date suggest that
superstimulatory protocols preserves the health status of follicles.

At long last, our findings demonstrated the lower expression of FLT1 and FLK1and a
higher expression of VEGF by FSH superstimulatory treatment. VEGF (vascular endothelial
growth factor and VEGF) is an important factor that promotes follicular development in ovary
(reviewed by [56]). And according [57], a vascular network in health follicles is associated
with transport of oxygen, gonadotropins and nutrients required by follicle during the period of
high cell proliferation and higher capacity for synthesis of estradiol. Moreover, VEGF
components are associated with selection of dominant follicle a higher expression of FLT1
and FLK1 was found in subordinate follicles, corroborating with [58] which demonstrated a
lower expression of these receptors in granulosa cells from healthy follicles. Taken together,
data suggest that the ovarian superstimulation using FSH could improves antral follicle
development through also by up regulation o VEGF and down regulation of its cognate

receptors.

CONCLUSION
Collectively, our data showed that superstimulatory treatments seem to modify the

estrogenic capacity and induces molecular changes in granulosa cells from superstimulated
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follicles through transcription regulation of steroidogenic enzymes and FSH receptor. Besides
that, FSH seems to be the key hormone to increase the mRNA abundance of LHCGR in
granulosa cells and combined or not to eCG is able to suppress the expression of mir-222
maybe to allows the final maturation of preovulatory follicles and to improves the ovulatory
capacity. Together, present findings added to the regulation of VEGF system in granulosa
cells from superstimulated cows from P-36 treatment hypothesizes a positive role of ovarian

superstimulation on follicular healthy and better antral follicle development.
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