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Fig. 1. Basic maturation medium (bMM) contained TCM199 supplemented with 4
mg/mL bovine serum albumin, 75 pg/mL amikacin, 22 pg/mL sodium pyruvate and 1
mM cysteamine. The 1-FSH group was composed by bMM and 10" UI/mL r-hFSH. The
2-FSH + NTS group contained 10™ Ul/mL r-hFSH and 1 uM NTS. The composition of
the 3-FS group was 102 UlI/mL r-hFSH, 50 ng/mL 17B-estradiol, 150 ng/mL
progesterone, 10 ng/mL insulin-like grown factor (IGF)-1 and 100 ng/mL AREG. The 4-
FS + NTS group was supplemented with 10 Ul/mL r-hFSH, 50 ng/mL 17B-estradiol,
150 ng/mL progesterone, 10 ng/mL insulin-like grown factor (IGF)-1, 100 ng/mL AREG
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Fig. 2. (A) Schematic representation of the experiment 1. Pools of 30-35 COCs were
divided in four groups: FSH, FSH+NTS, FS and FS+NTS. COCs were submitted to
IVM for 24 h and after culture, the degrees of expansion were evaluated. At the end of
this analysis, was performed IVF. After 18 h, COCs were submitted to IVC for 8 days
and the blastocyst rate and number of embryonic cells were evaluated. (B) Schematic
representation of the experiment 2. Pools of 15-20 COCs were divided in the same
groups: FSH, FSH+NTS, FS and FS+NTS. COCs were submitted to IVM for different
times of culture: 18, 20 and 22 hours. At the end IVM, the meiotic progression was
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graphs represent the mean * standard deviation (s.d.) of the % COCs grade 1/ total
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RESUMO

A maturacdo in vitro (MIV) de od6citos em bovinos € ineficiente e h4 grande interesse
no desenvolvimento de abordagens para melhorar as taxas de maturacdo e
fertilizacdo. Fatores intrafoliculares estdo sendo explorados como potenciais aditivos
para o sistema in vitro. Um desses fatores é a neurotensina (NTS), neuropeptideo que
estimula a maturacéo e aprimora a competéncia para o desenvolvimento oocitario. Em
suinos, a NTS potencializa a ativacdo da via de quinases reguladas por sinais
extracelulares do tipo 1 e 2 (ERK1/2) como resultado da expressdo do receptor do
fator de crescimento epidermal (EGFR) nas células do cumulus (CC), dessa forma
favorecendo a maturacdo do odécito e o desenvolvimento embrionéario. O objetivo deste
trabalho foi investigar os efeitos da NTS sobre a expansdo das CC e progresso da
meiose em dois cenarios atuais da MIV, induzida com horménio foliculo estimulante
(FSH), método convencional ou utilizando componentes que mimetizam a condicdo
fisiolégica, denominado de sistema folicular (SF). Em adicdo, foram investigados os
efeitos da NTS sobre a producéo e cinética embrionaria na espécie bovina. Na MIV
induzida com FSH, a NTS aumentou a porcentagem de complexos cumulus-oécito
(COCs) totalmente expandidos apdés 24 horas de cultivo. A mesma tendéncia foi
observada na taxa de metafase Il (MIl) apoés 18, 20 e 22 horas de cultivo.
Distintamente, a adicdo da NTS em COCs cultivados no SF, ndo afetou a
porcentagem de odcitos expandidos, nem a taxa de MIl as 20 e 22 horas da MIV,
embora tenha aumentado a mesma apos 18 horas de cultivo. Contudo, a adicdo de
NTS ao sistema de cultivo in vitro induzido com FSH ou SF ndo alterou a taxa de
blastocisto nem a cinética embrionaria avaliada pelo namero total de células. No
entanto, o presente estudo fornece novas evidéncias, pela primeira vez em bovinos,
de que a NTS melhora a expansdo do cumulus e regula a dindmica da retomada
meidtica durante a MIV, que podem favorecer a aquisicdo de competéncia no
desenvolvimento e contribuir para a compreensao do papel da NTS na regulacdo da
maturacdo do COC.

Palavras Chave: maturag&o in vitro, neurotensina, expansado do cumulus, metéfase IlI.



CAPITULO 1



1. INTRODUCAO

A populacgéo folicular no ovéario da fémea bovina é estabelecida ainda na vida
fetal e 0 animal j& nasce com a reserva de gametas que sera utilizada durante toda a
sua vida reprodutiva. Ao longo da foliculogénese, a vasta maioria dos foliculos sofre
degeneracdo atrésica, enguanto apenas uma pequena parcela atinge o estagio
ovulatério (Fortune 2003; Gandolfi & Gandolfi 2001).

Algumas biotécnicas de reproducdo assistida tem sido empregadas com
objetivo de maximizar e explorar o potencial reprodutivo das fémeas bovinas, além do
aumento na produtividade dos rebanhos de corte e leite (Farsi et al. 2013; Yang et al.
1998). Entre elas, destaca-se a técnica de producgéo in vitro de embrides (PIV) que
tende a ser intensamente pesquisada e os protocolos aperfeicoados para melhorar
cada vez mais as taxas de producgdo. A PIV compreende a maturagao in vitro (MIV),
fecundacéo in vitro (FIV) e cultivo in vitro (CIV). Apesar do grande avanco desta
técnica, os indices de maturacao do complexo cumulus-oécito (COC) no sistema in
vitro sdo deficitarios quando comparado a condi¢des fisioloégicas (Rizos et al. 2002;
Sirard et al. 2006).

Esse desempenho inferior da PIV est4 associado a diversos fatores como a
perda da sincronizacdo entre maturacdo nuclear e citoplasmatica durante a MIV pela
remocado dos odcitos dos foliculos (Dode et al. 2006). Além disso, O crescimento e a
diferenciacdo do odcito e das células somaticas nos foliculos ovarianos dependem de
uma comunicacdo bidirecional e essencial para o desenvolvimento do COC e,
consequentemente, para a fecundagéo e geracdo de um embrido com alto potencial
de desenvolvimento (Eppig 2001).

O microambiente folicular permite que oécito se mantenha em parada meiética,
denominada também como estado de vesicula germinativa (VG). Posteriormente,
fatores intrafoliculares induzidos pelo pico ovulatério do horménio luteinizante (LH)
iniciam a retomada da meiose e a diferenciacdo do cumulus (Gilchrist 2011). Portanto,
o aprofundamento dos conhecimentos sobre os mecanismos que controlam a
maturacao oocitaria e os fatores que séo liberados em resposta as gonadotrofinas é
fundamental para ajustar as condi¢cbes de cultivo para que se aproximem da situacao
fisiolégica, proporcionando melhores resultados na PIV.

Estudo em suinos mostrou que a adicdo de um neuropeptideo denominado
neurotensina (NTS) ao meio de cultura no momento da MIV contribuiu para a melhoria
da expansdo do cumulus, a expressdo génica relacionada a esse desenvolvimento, a

proporcao de metafase Il (MIl) e a taxa de mérula (Nagamura et al. 2014; Okamoto et



al. 2016). Adicionalmente a NTS permite a ativacdo sustentada do receptor do fator de
crescimento epidermal (EGFR) e quinases reguladas por sinas extracelulares do tipo 1
e 2 (ERK1/2) em células do cumulus (CC) durante o processo de ovulacao suina, e é
um fator para garantir a maturacao do odécito e subsequente embriogénese (Okamoto
et al. 2016).

Objetivou-se investigar no presente estudo os efeitos da NTS sobre a
expansao das CC e progresso da meiose em dois cenarios atuais da maturacdo in
vitro, induzida com horménio foliculo estimulante (FSH), método convencional ou
utilizando componentes de ordem fisiolégica encontradas no ambiente folicular,
denominado de sistema folicular (SF). Paralelamente, os efeitos da NTS sobre a

producao e cinética embriondria na espécie bovina também foram investigados.

2. REVISAO DE LITERATURA

2.1lInteracdo cumulus-od6cito

A foliculogénese se inicia com a formagé&o do foliculo primordial e finaliza com o
foliculo pré-ovulatério, envolvendo etapas de formacao, desenvolvimento e maturagéo
folicular (Van den Hurk & Zhao 2005). Em fémeas de mamiferos, o foliculo é a unidade
funcional do ovéario e tem como finalidade manter as condic6es ideais para o
crescimento e maturacao do odécito (McCaffery et al. 2000).

Para o crescimento e a diferenciacdo do odécito e das células somaticas nos
foliculos ovarianos, deve haver comunicacao bidirecional entre os dois tipos celulares
(Eppig 2001) proporcionando um microambiente que assegura O sucesso da
maturacdo e o desenvolvimento posterior. As CC fornecem suporte nutricional para o
desenvolvimento do o6cito e tem papel fundamental no seu crescimento e
metabolismo (Buccione et al. 1990; Haghighat & Van Winkle 1990). Em contrapartida,
o efeito do odcito sobre as CC inclui prevenir contra apoptose e secretar fatores
paracrinos que agem nas CC e nas células da granulosa (CG) murais, essenciais para
a regulacdo da funcéo ovariana (Eppig 2001; Gilchrist et al. 2004; McNatty et al. 2004).

A comunicacao entre 0 00cito e as células adjacentes pode ser por projecdes
trans-zonais (TZP), pelas jun¢des do tipo gap e também ocorre via sinalizagédo
paracrina intrafolicular (Albertini et al. 2001; Lodde et al. 2007; Santiquet et al. 2012).
As TZP séo extensfes das células adjacentes que penetram na zona pellcida do

odcito, onde juncdes do tipo gap permitem o transporte de metabdlitos, ions,



aminoacidos e pequenas moléculas reguladoras (Albertini et al. 2001). A presenca de
acido ribonucleico mensageiro (RNAm) nas TZP e sua transferéncia das CC para o
odcito, reforcam a importancia das TZP na comunicacdo intercelular do COC e
indicam a regulagdo promovida pelas CC no estoque de RNAm e a sintese proteica do
od6cito apos a queda da sua atividade transcricional (Macaulay et al. 2014).

As juncdes do tipo gap sdo compostas por seis unidades idénticas (hexaméros
de proteinas pertencentes a familia das conexinas), que se arranjam formando um
tunel comunicante com um poro central (Santiquet et al. 2012). Isso permite a
passagem de moléculas pequenas e hidrofilicas como adenosina monofosfato ciclico
(AMPc), guanosina monofosfato ciclico (GMPc) e o piruvato, que sao fundamentais
para o crescimento, metabolismo e controle da maturacdo do odcito. O odcito é
dependente da fosforilacdo oxidativa da adenosina tri-fosfato (ATP) e n&o possui
capacidade de oxidar a glicose. Ja as CC tem uma significante habilidade em captar e
utilizar a glicose (Cetica et al. 2002; Gilchrist et al. 2008; Sutton-McDowall et al. 2004).
O metabolismo da glicose dentro das CC fornece substrato para fosforilagcdo oxidativa
dentro do odcito (Gilchrist et al. 2008; Sutton et al. 2003).

Além das TZP e das jungbes do tipo gap, a comunicacdo entre o o6cito e as
células somaticas também ocorre via sinalizagdo de fatores paracrinos. Diversos
fatores secretados pelo oécito (FSO) agem nas CG vizinhas regulando seu préprio
desenvolvimento (Gilchrist et al. 2008). Dentre os FSO, destacam-se o fator de
crescimento e diferenciacdo 9 (GDF9) e a proteina morfogénica 6ssea 15 (BMP15).
Esses fatores participam da regulacdo da maturagéo oocitaria e da diferenciacao das
células da granulosa em CC além de serem fundamentais para o desenvolvimento de
foliculos pré-antrais e antrais (Juengel & McNatty 2005; Li et al. 2000). A inclusao dos
fatores de crescimento de fibroblastos (FGFs) dentre os FSO também tem sido
sugerida em funcdo de seus padrdes de expressao e influéncia sobre o metabolismo
energético e expansao das CC (Buratini et al. 2007; Buratini et al. 2005; Caixeta et al.
2013; Machado et al. 2009; Sugiura et al. 2005). A competéncia adquirida pelo odécito
em completar a meiose, ser fertilizado e progredir na embriogénese depende da inter-
relacdo cumulus-odcito regulada através desses mecanismos de comunicacao

intercelular (Coticchio et al. 2004; Dumesic et al. 2015).



2.2 Maturagao oocitaria

A maturagcdo oocitaria tem como finalidade capacitar o gameta feminino a
suportar fases de desenvolvimento subsequentes até que ocorra a ativacdo do
genoma embrionério (Farsi et al. 2013; Ferreira et al. 2009). O processo de maturagéo
oocitaria compreende a maturacdo do nucleo e do citoplasma, sendo que estas devem
acontecer em sincronia para nao haver prejuizo celular. O descompasso entre a
maturacdo nuclear e citoplasméatica pode comprometer a fecundacdo e subsequente
embriogénese (Xu & Greve 1988). A maturacdo nuclear é caracterizada pela
progressao da meiose no oécito, que inclui diversos eventos, como remodelagem da
cromatina, quebra da vesicula germinativa (VGBD), desaparecimento do nucléolo,
extrusdo do primeiro corpusculo polar e formacdo do segundo fuso meiético e apos a
fertilizacdo a extrusédo do segundo corpusculo polar finalizando a meiose (Meinecke et
al. 2001). Na maturacao citoplasméatica ocorre reorganizacdo de organelas, acumulo
de proteinas, acido ribonucleico (RNA) e fatores transcricionais (Watson 2007).

Em fémeas de mamiferos, os odcitos se encontram bloqueados no estagio de
dictiéteno da préfase | ao nascimento. A retomada da meiose acontece a partir da
puberdade, induzida in vivo pelo pico ovulatério do LH, culminando no rompimento da
VG (Pincus & Enzmann 1935; Schatten & Sun 2011). A maturacdo nuclear progride
até MIl, estagio no qual é blogueada novamente e s6 sera retomada apés fecundacao
(Pincus & Enzmann 1935).

Como descrito (Lodde et al. 2007), a condensacdo da cromatina de odcitos
bovinos no estagio de VG ocorre de maneira gradual até a VGBD. A VG apresenta
quatro estagios independentes de configuracdo da cromatina, classificados como VGO,
VG1, VG2 e VG3. A fase VGO é caracterizada por um padrdo de cromatina difusa
filamentosa em toda a area do nucleo, que representa a grande maioria dos o4citos
em foliculos antrais precoces. Os o00citos em estagio VGO sao transcricionalmente
ativos, mas incapazes de progredir até o estagio de MIl da divisdo meiética. De acordo
com (Lodde et al. 2007; Lodde et al. 2008), no estagio VG1 a cromatina apresenta
alguns focos de condensacdo, o0 que representa um estado de estabilidade
transcricional e, apesar da competéncia meidtica completa, o o6cito apresenta uma
capacidade limitada para completar o desenvolvimento. Em contrapartida, os estagios
VG2 e VG3 mostram uma maior capacidade de desenvolvimento. Em VG2, ocorre a
formacao de aglomerados distintos de cromatina condensada, enquanto que em VG3
o nivel maximo de condensacdo € alcancado com a cromatina organizada em um

anico aglomerado (Lodde et al. 2007).



Durante a foliculogénese o odcito adquire capacidade de retomar a meiose
(Albertini et al. 2003). Conforme descrito (Sirard 2001), quando os odcitos séo
removidos dos foliculos, perdem a influéncia dos fatores presentes no fluido folicular,
dentre eles os inibidores da meiose, sem 0s quais o processo de maturacdo nuclear e
citoplasmética séo iniciados, o que pode afetar a competéncia para o desenvolvimento
embrionario. Com a retomada da progressdo meidtica, ocorre blogueio gradual da
maturacdo citoplasmética e do acumulo de transcritos e proteinas, que acontece no
o6cito em estagio inicial de VG, quando 0s cromossomos encontram-se
descondensados. Desse modo, quando o odcito € retirado do ambiente folicular antes
da onda pré-ovulatéria de LH, ocorre o descompasso entre maturagéo citoplasmética e
nuclear, essa assincronia influencia negativamente a competéncia oocitaria (Sirard
2001).

2.3 Controle da retomada meidtica

A maturacdo meidtica depende das concentracdes dos nucleotideos ciclicos,
AMPc e GMPc (Cho et al. 1974). A produgcdo de GMPc pelas CC é dependente da
sinalizacdo entre o peptideo natriurético tipo C (NPPC) e o0 seu receptor peptideo
natriurético tipo 2 (NPR2) (Vaccari et al. 2009; Zhang et al. 2010; Zhang et al. 2011). O
NPPC é um inibidor fisiol6gico da retomada da meiose e mantém a funcionalidade das
juncdes do tipo gap permitindo a passagem do GMPc e, este por sua vez, controla a
atividade da fosfodiesterase do tipo 3A (PDE3A), que sdao enzimas que degradam o
AMPc (Franciosi et al. 2014; Tsafriri et al. 1996), dessa forma o AMPc se mantém
elevado e ndo ocorre a retomada da meiose, mas uma vez que essa sinalizacdo é
interrompida ocorre a reducdo do AMPc no odcito e consequentemente a retomada da
meiose (Gilchrist et al. 2016). O pico de LH reduz os niveis de RNAm de NPPC e a
sinalizagdo do NPPC com seu receptor NPR2 ¢é interrompida, resultando na
diminuicdo do GMPc dentro das CC, ndo sendo transferido para o odcito (Liu et al.
2014). A auséncia de GMPc eleva os niveis de PDE3A que promove a hidrolise de
AMPc, permitindo a retomada da meiose (Zhang et al. 2010; Zhang et al. 2005; Zhang
et al. 2014).

A expressao dos fatores semelhantes ao fator de crescimento epidermal (EGF-
like): ampirregulina (AREG), epirregulina (EREG) e betacelulina (BTC) nas CG é
desencadeada pelo pico de LH que gera uma elevacao nos niveis de AMPc e ativacdo
da proteina quinase A (PKA) (Freimann et al. 2004; Park et al. 2004).



Estudos demonstraram que os fatores EGF-like parecem mediar as acdes do
FSH, agente indutor da MIV, ja que este estimula a expressdo da AREG e EREG em
CG humanas (Freimann et al. 2004) e em CC bovinas (Caixeta et al. 2013). O FSH é
amplamente utilizado em diversos protocolos de maturacao in vitro devido a presenca
de receptores para FSH em CC e em CG de foliculos de pequeno a médio tamanho
(Van Tol et al. 1996). Estudos anteriores demonstraram que a substituicdo do FSH no
meio MIV pelo peptideo AREG, um indutor fisiolégico da maturacdo do COC, mostrou-
se eficiente em melhorar a qualidade embrionaria e aumentar o numero de
blastocistos (Albuz et al. 2010; Richani et al. 2013). Adicionalmente, a suplementacéo
do meio MIV com fatores do tipo EGF pode melhorar a competéncia de
desenvolvimento de odcitos em relacdo a MIV induzida exclusivamente com
gonadotrofinas (Prochazka et al. 2011; Richani et al. 2013).

Para serem liberados da superficie celular na sua forma ativa os fatores EGF-
like devem ser clivados pelos membros da familia desintegrina e metaloproteinases
(ADAMs) (Ben-Ami et al. 2006). Assim que liberados, esses fatores se ligam aos
receptores EGFR nas CG e nas CC e estimulam a maturagdo do COC (Ashkenazi et
al. 2005; Conti et al. 2006; Diaz et al. 2006; Su et al. 2003). A ligagédo dos fatores EGF-
like aos seus receptores EGFR induzem a fosforilagdo das ERK1/2 (Sakaguchi et al.
2000) e ativacéo de vias que induzem a fosforilacdo da conexina 43 (Cx43), causando
o fechamento das jun¢des do tipo gap com consequente reducgéo dos efeitos inibitorios
do AMPc e GMPc provenientes das CC sobre a meiose. Quando presentes, o AMPc e
o GMPc mantém o bloqueio meidtico pela inibicdo do fator promotor da maturacao
(MPF) e da regulagéo da PDE3A, respectivamente (Gilchrist et al. 2011). A diminuig&do
do fluxo intercelular de GMPc oriundo das CC e hidrolise do AMPc produzido pelo
odcito através da PDE3A, resulta na desfosforilagdo e consequente ativagdo do MPF
(Miller 1992). A proteina MPF é responséavel pelo inicio da maturagdo oocitaria e €
ativada concomitantemente a VGBD. Essa proteina é um complexo formado pela
ciclina B (subunidade regulatéria) e quinase p34 cdc2 (subunidade catalitica). Quando
ativo, o MPF fosforila as proteinas que circundam o envelope nuclear alterando a
condensacdo da cromatina e reorganizacdo do citoesqueleto, resultando na retomada
meidtica (Van den Hurk & Zhao 2005). Portanto, conhecer 0s mecanismos que
controlam a maturacdo oocitaria e os fatores que sdo liberados em resposta as

gonadotrofinas é fundamental para melhorar os resultados das técnicas de PIV.



2.4 Expansdao das células do cumulus

O processo de expansao das CC é caracterizado pela producdo de uma matriz
extracelular formada pela deposicdo de acido hialurénico (HA) e pela sintese de
proteinas que organizam e estabilizam essa matriz (Yokoo & Sato 2004). Durante o
periodo pré-ovulatério, a expansdo das CC é induzida pelo pico de LH, ativando a
expressao dos fatores EGF-like, da hialurona sintetase 2 (HAS2), da ciclooxigenase 2
(COX2), da proteina indutora do fator de necrose tumoral 6 (TSG6) e da pentraxina 3
(PTX3) (Ashkenazi et al. 2005; Park et al. 2004; Shimada et al. 2006).

A HAS2 é a principal enzima responsavel pela sintese de HA no COC a partir
de produtos do metabolismo das CC como as hexosaminas, glicosaminas e glicose
(Chen et al. 1990; Schoenfelder & Einspanier 2003). A COX2 (ou prostaglandina
sintetase 2; PTGS2) é necesséaria para a sintese de prostaglandinas (PG). Ela é
produzida pelas CC e pelas CG murais, onde regula a expansdo do cumulus e a
ovulagdo por meio da prostaglandina E2 (PGE2) (Calder et al. 2001; Eppig 1981;
Hizaki et al. 1999). A TSG6 e PTX3 sdo essenciais para a estabilizacdo do HA na
matriz do cumulus expandido (Richards 2005). A PTX3 tem afinidade pela TSG6, e a
interagdo entre elas parece crucial para a estruturagéo da matriz do cumulus (Richards
2005). A expressdo da HAS2, COX2, TSG6 e PTX3 mostrou-se positivamente
associada com o potencial de desenvolvimento embrionério e, por isso, esses genes
sdo considerados marcadores da competéncia do COC para a fecundacéo (Assidi et
al. 2008; Tesfaye et al. 2009).

2.5 Neurotensina

A NTS é um neuropeptideo estimulado pelo pico de LH, e ao se ligar a seu
receptor acoplado a proteina G, induz a rotatividade do trifosfato de inositol (IP3) e a
mobilizacdo de calcio intracelular, estimulando vérias vias de transducdo de sinal
como a proteina quinase ativada por mitégenos (MAPK), ERKs e isoformas de
proteina quinase C (PKC) (Ehlers et al. 2000; Wang et al. 2006). Além disso, a NTS é
conhecida por alterar as concentracdes de GMPc e AMPc nas células que contém
seus receptores (Vincent 1995).

A NTS é um modulador chave da fertilizacdo e concepcao em bovinos (Umezu

et al. 2019). Dados funcionais e de expressdo de mRNA no oviduto e no Utero, indicam
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a participacdo da NTS na capacitacdo espermatica e na reacdo do acrossoma em
touros e camundongos (Hiradate et al. 2014; Umezu et al. 2016). A taxa de clivagem, o
numero de células da massa celular interna e o numero total de células embrionérias
aumentaram significativamente pela adicdo de NTS ao meio de fertilizagcdo (Umezu et
al. 2019). Esses resultados sugeriram que a NTS melhorou a eficiéncia do
desenvolvimento embrionério e qualidade do blastocisto na espécie bovina (Umezu et
al. 2019).

Estudos anteriores em suinos mostraram que a adicdo de NTS ao meio de
cultivo MIV melhora a expansdo do cumulus e modula a expresséo de genes (HAS2,
TSG6, PTX3), relacionados a este processo, além de aumentar as taxas de Ml e
producdo embrionaria (Nagamura et al. 2014; Okamoto et al. 2016). Adicionalmente, a
NTS potencializa a ativagdo da via ERK1/2 como resultado do aumento da expresséo
dos EGFRs nas CC, dessa forma favorecendo a maturacdo do oocito e o
desenvolvimento embrionario (Okamoto et al. 2016).

3. OBJETIVOS
3.1 Especificos

e Investigar os efeitos da NTS sobre a expansédo das CC e da progressao meiética
bovina durante a MIV na presenca de FSH, ou na presenga de componentes que
mimetizam a condic&o fisiologica.

e Investigar os efeitos do tratamento com NTS na MIV sobre a producao e cinética

embrionaria ap6s a FIV em bovinos.

3.2 Hipo6teses

e A adicdo de NTS ao meio MIV melhora a competéncia oocitaria e,
consequentemente, o desenvolvimento embrionéario apos a FIV.

e Efeito positivo da adicdo de NTS ao meio MIV esta associado a melhorias na

expansao do cumulus e mudancas na dindmica da maturagéo nuclear.
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Abstract

In vitro maturation (IVM) of oocytes is a critical step of in vitro embryo
production (IVP) in cattle and depends on direct and indirect the communication
among mural granulosa cells (GC), cumulus cells (CC) and the oocyte.
Neurotensin (NTS) expression is stimulated by luteinizing hormone (LH) in GC
and CC in pigs, favoring oocyte maturation and subsequent embryogenesis. In
the present study, we first tested the hypothesis that the addition of NTS to the
IVM medium, would improve oocyte competence and consequently, embryonic
development. The specific objectives of the study were to test the effects of
NTS in two different current scenarios of IVM: with supraphysiological levels of
follicle stimulating hormone (FSH), conventional method, or in the presence of
the follicular system (FS) that has components (steroid hormones, growth
factor, amphiregulin and lower concentrations of FSH), that mimic an
approximate physiological condition. Bovine cumulus-oocyte complexes (COCSs)
were aspirated from 3 - 8 mm diameter follicles and submitted to IVM containing
or not NTS. In IVM induced with FSH, NTS increased the percentage of fully
expanded COCs. The same tendency was observed for metaphase Il (Mll) rate
after 18, 20 and 22h of culture. However, supplementation with NTS during IVM
with physiological components did not affect cumulus expansion or meiotic
progression. Also, in neither culture systems, addition of NTS was able to
improve blastocyst production or embryonic quality, as assessed by the number
of embryo cells. Nevertheless, in conclusion the present study provides
evidence, for the first time in cattle that NTS may participate in the mechanisms
regulating cumulus expansion and meiotic resumption.

Keywords: in vitro maturation, neurotensin, cumulus expansion, metaphase II,
cattle.
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1. Introduction

Oocyte quality is crucial for assisted reproductive technologies applied to
animals and humans [1]. In vitro matured oocytes are less competent to
become fertilized and advance to the blastocyst stage in relation to in vivo
matured oocyte [2]. Successful oocyte maturation dependent on direct and
indirect interaction among mural granulosa cells (GC), cumulus cells (CC) and
the oocyte. This interaction stimulates oocyte growth and gradual acquisition for
oocyte development competence [1].

In vivo final maturation is triggered by the luteinizing hormone (LH) surge,
which causes the release of the epidermal growth factor (EGF)-like molecules
amphiregulin (AREG), epirregulin (EREG) and betacellulin (BTC) from GC by
increasing cyclic adenosine monophosphate (CAMP) levels and protein kinase
A (PKA) activation [3, 4]. Most in vitro maturation (IVM) protocols stimulate final
maturation with supraphysiological levels of the follicle stimulating hormone
(FSH), which strongly stimulates expression and secretion of EGF-like factors
mainly AREG and EREG from CC [4].

EGF-like ligands are synthesized as transmembrane precursors and
must be cleaved by members of the disintegrin family and metalloproteinases
(ADAMS) to be released from the cell surface in their active form [5]. Once
released, EGF-like factors activate their receptors (EGFR) on GC, CC and
trigger meiotic resumption and cumulus expansion via mitogen-activated protein
kinase (MAPK) and extracellular signal-regulated protein kinase (ERK) [4, 6, 7].
Cumulus expansion requires increased expression of several genes, including

prostaglandin synthetase 2 (PTGS2), induced tumor necrosis factor- stimulated
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gene 6 (TNFAIPG6), pentraxin 3 (PTX3) and hyaluronan synthase 2 (HAS2) [6,
8].

The intracellular mechanisms following EGFR activation and ERK1 / 2
phosphorylation leading to meiosis resumption are not completely known, but
include phosphorylation of connexin 43 (Cx43), which causes gap junction
closure with consequent loss of the inhibitory effects of cyclic guanosine
monophosphate (cGMP) from CC on meiosis. cGMP maintains meiotic arrest by
inhibiting phosphodiesterase 3 (PDE3) thus preserving cAMP which prevents
the activation of the maturation promoting factor (MPF) [9-11].

Another factor also stimulated by the LH surge is neurotensin (NTS), a
neuropeptide that binds to a G-protein-coupled receptor (NTSR) to induce
inositol triphosphate (IP3) turnover and mobilization of intracellular calcium,
stimulating various signal transduction pathways such as MAPK / ERKs and
protein kinase C (PKC) isoforms [12, 13]. In addition, NTS is known to alter
cGMP and cAMP concentrations in cells containing their receptors [14].

A previous study in pigs suggest that NTS and AREG act synergistically
to promote cumulus expansion, meiotic resumption and embryo development
[15, 16]. NTS maintains EGFR expression in CC during ovulation in sows, a
process that is sustained by activation of EGFR-ERK1/ 2 [16].

Considering that NTS is expressed by GC and CC after LH stimulation,
and that the addition of NTS to the IVM medium improved swine oocyte
maturation [15], we first tested the hypothesis that the addition of NTS to the
IVM medium, would improve oocyte competence and consequently, embryonic
development. The specific objectives of the study were to test the effects of

NTS in two different current scenarios of IVM: with supraphysiological levels of
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follicle stimulating hormone (FSH), conventional method, or in the presence of
physiological components, denominated follicular system (FS), on the dynamics
of cumulus expansion, meiotic progression and, finally, embryonic development

after in vitro fertilization (IVF).

2. Materials and methods

Unless specified, all chemicals and reagents were purchased from Sigma.

2.1 Ovaries and COC collection

Ovaries of adult cows (predominantly Nellore, Bos indicus) were obtained
at a slaughterhouse near Sao Paulo State University- Campus of Botucatu
(Frigonobre) and transported to the laboratory in sterile saline solution (0.9%
NaCl) at 38°C. Cumulus-oocyte complexes (COCs) were aspirated from 3 - 8
mm diameter follicles with an 18 gauge needle and pooled in a 15 mL conical
tube. After sedimentation, COCs were recovered and selected using a
stereomicroscope. Only COCs with homogenous cytoplasm and at least five
compact layers of cumulus cells were used (grades 1 and 2). COCs were
washed in TCM199 with Earle’s salts and 25 mM HEPES, supplemented with

75 pg/mL amicacin and 4 mg/mL bovine serum albumin (BSA).

2.2 In vitro maturation

COCs were cultured in basic maturation medium (bMM) consisting
TCM199 containing Earle’s salts supplemented with 4 mg/mL bovine serum
albumin (BSA), 75 yg/mL amicacin, 22 pg/mL sodium pyruvate and 1 mM

cysteamine (Fig. 1). COCs cultured in FSH (control), conventional method, were
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matured in bMM supplemented with 10 UI/mL r-hFSH (Fig. 1). COCs cultured
in FS, medium containing components at concentrations found in the follicular
environment, were matured in bMM supplemented with 10 Ul/mL r-hFSH, 50
ng/mL 17B-estradiol, 150 ng/mL progesterone, 10 ng/mL insulin-like grown
factor (IGF)-1 and 100 ng/mL AREG observed in bovine follicles after the LH
surge [17-19] (Fig. 1). To measure the effects of NTS associated to the
treatments, the FSH (control) and FS medium was supplemented or not with 1
MM NTS (FSH + NTS and FS + NTS, respectively) (Fig. 1). The COCs were
matured for 18, 20, 22 e 24 hours in the respective groups, 1-FSH, 2- FSH +
NTS, 3- FS and 4- FS + NTS; and cultured in four-well dishes at 38.5°C and 5%
CO2 in humidified air. The experiment was performed on six independent
replicates.

After IVM, some parameters were evaluated, such as the cumulus
expansion degrees and meiosis progression. The NTS concentration used in
the present study is the concentration that neuropeptide acts as a key

modulator of swine maturation and embryogenesis [16].

2.3 Experiment 1- Cumulus expansion assessment, IVF, in vitro culture (IVC)
and assessment of embryo total cell number

At the end of the IVM, cumulus expansion was visually assessed at 24 h
of culture according to a subjective scoring system. Grades 1 to 3 were
attributed to increasing degrees of expansion: 1- small expansion,
characterized by some morphological changes compared to before maturation;
2— intermediate expansion, characterized by fair expansion but notable clusters

lacking expansion; 3— complete or almost complete expansion [20]. At the end
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of this analysis, was performed IVF as described previously Lodde et al. 2007
[21] (Fig. 2A).

The content of a straw of cryopreserved bull spermatozoa (only one
batch from the same bull was used throughout the study) was thawed and the
cells separated on a 45%—90% Percoll gradient. Sperms were counted and
diluted to a final concentration of 2x10° spermatozoa/mL in fertilization medium
that was a modified Tyrode solution supplemented with 0.6% BSA (fatty acid-
free), 10 pg/mL heparin, 20 uM penicillamine, 1 uM adrenaline, and 100 pM
hypotaurine. COCs and spermatozoa were incubated in 400 pl of IVF medium
for 18 h in four-well dishes at 38.5°C under 5% CO2 in humidified air. Supposed
zygotes were then washed, and cumulus cells removed by vortex (2 min, 35 Hz)
in 500 pL modified synthetic oviductal fluid (SOF) supplemented with 0.3% BSA
fraction V (fatty acid free), minimum essential medium (MEM) essential and
nonessential amino acids and 0.72 mM sodium pyruvate and buffered with 10
mM Hepes and 5 mM NaHCO3. Presumptive zygotes were transferred in
embryo culture medium, which was SOF buffered with 25 mM NaHCO3
supplemented with MEM essential and nonessential amino acids, 0.72 mM
sodium pyruvate, 2.74 mM myoinositol, 0.34 mM sodium citrate and 5% bovine
calf serum (Gibco, Invitrogen). Incubation was performed at 38.5°C under 5%
CO2, 5% O2 and 90% N2 in humidified air for 8 days [22].

After IVC the blastocyst rate were assessed under a stereomicroscope,
and blastocysts were morphologically classified as not expanded, expanded,
and hatched [23]. The embryos were then fixed in 60% methanol in dulbecco's
phosphate-buffered saline (DPBS), and cell nuclei were counted under a

fluorescence microscope after staining with 1 pg/mL Hoechst 33342.
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2.4 Experiment 2- Assessment of meiotic progression

At the end of IVM, the patterns of large-scale chromatin configuration and
the meiotic progression after germinal vesicle breakdown (GVBD) were
evaluated after different times of culture: 18, 20 and 22 hours (Fig. 2B). All the
oocytes were denuded by pipetting in phosphate buffered saline (PBS) fixed in
60% methanol and stained with 1 pg/mL Hoechst 33342. Chromatin status and
meiotic staging were determined by epifluorescence microscopy. Oocytes at the
GV stage were classified according to the degree of chromatin condensation as
described previously Lodde et al. 2007 [21]. The meiotic staging was classified
in metaphase | (Ml), anaphase/telophase (ANA/TEL), metaphase Il (Mll), or

degenerated (DEG) [24, 25].

2.5 Statistical analysis

Data in percentages were arcsine transformed before analysis. The
effects of treatment with NTS on cumulus cell expansion, meiosis progression,
embryo development rates and blastocyst cell number levels were tested by
Shapiro-Wilk’s test to verify normality. Means were compared with Student t test
(parametric data) or Wilcoxon test (non-parametric data). These analyses were
performed using JMP software (SAS Institute, Cary, NC, USA) and differences

were considered significant when P < 0.05.

3. Results
In experiment 1, the combination NTS + FSH promoted a significant
increase in the percentage of fully expanded COCs (Fig. 3A), which was not

observed when the NTS was added FS group (Fig. 3B). NTS supplementation
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in both IVM scenarios did not alter blastocyst production rates neither affect
embryonic quality, as assessed by the number of cells on day 8 after IVF (Fig.
4A, B). The addition of the IVM medium with NTS in the FS group, significantly
reduced the percentage of expanded and hatched blastocysts (Fig. 4B), this
tendency was not observed when NTS was added to the control group (Fig.
4A).

In experiment 2, the addition of NTS to the IVM medium with FSH
increased MII rates after 18, 20 and 22 hours of culture (Fig. 5A), which was not
observed when the NTS was added FS group after 20 and 22 hours of culture,

but it increased after 18 hours of culture (Fig. 5B).

4. Discussion

Previous study has shown that NTS is expressed by GC and CC after LH
stimulation in swine, suggesting a role for NTS in the mechanisms underlying
COC maturation [15]. In the present study, we provide evidence for the first time
that NTS may play a role in the regulation of cumulus expansion and meiotic
progression, although it does not seem to largely impact on the efficiency of in
vitro embryo production (IVP) in cattle.

In a recent study utilizing the porcine model, COC diameter was
increased by the addition of NTS to a medium containing FSH and AREG,
suggesting that NTS and AREG pathways interact for full expression of oocyte
developmental competence [15]. In the present study, we assessed whether
NTS can improve cumulus expansion in two different current scenarios of IVM
in cattle. We explore the potential interaction of NTS in the conventional

scenario or with a combination of steroid hormones, AREG and IGF-1 at
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physiological concentrations in the regulation of cumulus expansion. NTS
supplementation in the conventional method promoted a significant increase in
the percentage of fully expanded COCs. However, NTS did not alter the
competence of the COC in expansion to expand during IVM with physiological
components in cattle, contrasting with previous findings in the pig [15]. This
discrepancy may be due to species-specific mechanisms regulating cumulus of
expansion control or differences in the culture systems.

Previous study has shown that NTS is a key modulator of fertilization and
conception in cattle [26]. Functional data and mRNA expression in the oviduct
and uterus indicate the participation of NTS in sperm capacitation and
acrosome reaction in bulls and mice [27, 28]. Cleavage rate, cell number of
internal cell mass and total number of embryonic cells were significantly
increased by the addition of NTS to the fertilization medium in cattle [26].
Against our hypothesis, herein we show that the supplementation of the IVM
culture medium with NTS did not improve blastocyst production or quality, as
assessed by the number of cells after IVF, contrasting with previous findings in
cattle [26]. We interpret this discrepancy as a consequence of the addition of
NTS in two different stages from IVP. Taken together, the study reported by
Umezu et al. 2019 [26] suggests that the addition of NTS to the fertilization
medium may be a potential cooperative mechanism for the embryo
development and blastocyst quality in cattle. However, considering the results
obtained in the present study, this capability was not effective by NTS when it
was added to IVM medium.

In pig, NTS stimulates the expression of the NTSR in CC, which induces

activation of the EGFR-ERK 1/2 system, contributing for resumption of meiosis
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and oocyte maturation [16]. In the present study, NTS increased the proportion
of bovine oocytes reaching MIl, denoting a stimulatory action upon meiosis
progression. However, this increase in meiotic competence occurred only in
relation to treatment with FSH. The addition of NTS to FS did not alter meiotic
dynamics. The important finding of this study is that FS is effective alone in
promoting meiosis progression. Aiming for a more physiological induction of
oocyte maturation, COCs cultured in FS was induced in the presence of AREG
and FSH at concentrations lower than the supraphysiological levels commonly
used [29, 30]. It is speculated that the administration of low concentrations of
FSH appear to be effective in promoting intercellular communication within the
COC, probably by regulating Cx43 phosphorylation in a way that favours gap
junctions coupling [31-33]. Previous studies have shown that FSH, AREG and
EREG activate cascades required for oocyte developmental competence [34-
36]. Supplementation of the IVM medium with EGF-like factors can improve
oocyte developmental competence in relation to IVM induced exclusively with
gonadotrophins [34, 35]. A recent study in cattle suggest that AREG promotes
meiosis progression up to MIl more rapidly than FSH [36]. In the same study,
embryo production after 24 hours of IVM with AREG or FSH promoted similar
blastocyst rates. The present data reinforces and confirm these preliminary
results.

In conclusion, the present study provides novel evidence, that NTS
improves cumulus expansion and regulates the dynamics of meiotic resumption
during IVM in cattle. Other studies are required to assess whether NTS can be

used to improve IVF outcomes in cattle.
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FIGURES
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Fig. 1. Basic maturation medium (bMM) contained TCM199 supplemented with 4 mg/mL bovine
serum albumin, 75 pg/mL amikacin, 22 pg/mL sodium pyruvate and 1 mM cysteamine. The 1-

FSH group was composed by bMM and 10 Ul/mL r-hFSH. The 2-FSH + NTS

group contained

10" UI/mL r-hFSH and 1 puM NTS. The composition of the 3-FS group was 10 Ul/mL r-hFSH,
50 ng/mL 17B-estradiol, 150 ng/mL progesterone, 10 ng/mL insulin-like grown factor (IGF)-1
and 100 ng/mL AREG. The 4-FS + NTS group was supplemented with 102 Ul/mL r-hFSH, 50
ng/mL 17B-estradiol, 150 ng/mL progesterone, 10 ng/mL insulin-like grown factor (IGF)-1, 100
ng/mL AREG and 1 uM NTS.
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Fig. 2. (A) Schematic representation of the experiment 1. Pools of 30-35 COCs were divided in
four groups: FSH, FSH+NTS, FS and FS+NTS. COCs were submitted to IVM for 24 h and after
culture, the degrees of expansion were evaluated. At the end of this analysis, was performed
IVF. After 18 h, COCs were submitted to IVC for 8 days and the blastocyst rate and number of
embryonic cells were evaluated. (B) Schematic representation of the experiment 2. Pools of 15-
20 COCs were divided in the same groups: FSH, FSH+NTS, FS and FS+NTS. COCs were
submitted to IVM for different times of culture: 18, 20 and 22 hours. At the end IVM, the meiotic
progression was evaluated.
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Fig. 3. Effects of NTS associated to the medium FSH (A) and combined with FS (B) on cumulus
expansion. COCs exhibiting different degrees of cumulus expansion. The bar graphs represent
the mean + standard deviation (s.d.) of the % COCs grade 1/ total oocytes, % COCs grade 2/
total oocytes, and % COCs grade 3/ total oocytes in six replicates for each treatment. The bars
with different letters are significantly different (P<0.05).
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Fig. 4. In vitro development of bovine embryos derived from COCs matured in the presence of
NTS combined with FSH (A) and FS (B). The bar graphs represent the mean + s.d. of the %
blastocysts in relation to total oocytes, % expanded and hatched blastocysts in relation to total
blastocysts and blastocyst cell number. The bars with different letters are significantly different
(P<0.05) in six replicates with 186, 199, 196, 201 COCs in the FSH, FSH + NTS, FS and FS+

NTS groups respectively.
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Fig. 5. Effects of NTS associated or not to FSH (A) and FS (B) on meiosis progression. COCs
were subjected to IVM in different times of culture, after 18 h, 20 h and 22 h. GV: germinal
vesicle; GVBD: germinal vesicle breakdown; MI: metaphase I; ANATEL: anaphase/telophase;
MIl: metaphase Il and DEG: degenerated. Data derived from six independent replicates for
each treatment. The bars with different letters are significantly different (P<0.05).
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CONSIDERACOES FINAIS

A busca na melhoria da eficiéncia da maturacéo in vitro em bovinos por
motivos econdmicos e sociais estimula a pesquisa cientifica para o
desenvolvimento de novas abordagens técnicas para o desenvolvimento de
novos meios de cultivo para reduzir a perda de odcitos durante o processo de
maturacdo e aumentar a competéncia do o06cito em suportar etapas
subsequentes a maturacdo e evoluir para o desenvolvimento embrionario.

Este trabalho testou a influéncia da adicdo de NTS sobre a expanséo
das CC e a progressdao da meiose em COCs bovinos submetidos em dois
cenarios atuais da MIV, induzida com FSH, método convencional ou utilizando
componentes que mimetizam a condicdo fisioldgica, denominado de SF.
Adicionalmente, foram investigados os efeitos da NTS sobre a producédo e
cinética embrionaria. Apesar da NTS ndo impactar na eficiéncia da PIV,
demonstramos que a participacdo da NTS no cenario convencional melhora a
expansdo do cumulus e regula a dindmica da retomada meiotica durante a
MIV. O que né&o foi observado quando a NTS foi adicionada ao grupo SF. Em
sintese, os dados do presente trabalho sugerem que o SF é eficaz sozinho em
promover a competéncia do odcito. Visando uma inducdo mais fisiolégica da
maturacdo dos odcitos, os COCs cultivados no SF foram induzidos na
presenca de AREG e FSH em concentracdes inferiores aos niveis
suprafisiolégicos comumente utilizados (Richani et al. 2014; Sugimura et al
2014). Nossa intencéo € aproximar o sistema de cultivo do processo natural de
maturacdo oocitaria, favorecendo a competéncia oocitaria para a fecundacéo e
desenvolvimento. A partir disso surgiram algumas especulagdes.
ConcentragOes suprafisiologicas de FSH, usualmente utilizadas nos protocolos
de MIV, precipitam o fechamento das juncdes do tipo gap, enquanto que
concentragcbes mais baixas de FSH permitem a manutencdo da comunicacéo
intercelular entre o oocito e as ceélulas do cumulus (Ali & Sirard 2002). A
suplementacdo com fatores do tipo EGF durante a MIV pode melhorar a
competéncia de desenvolvimento de oocitos em relagdo a MIV induzida
exclusivamente com gonadotrofinas (Prochazka et al. 2011; Richani et al.
2013).
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O entendimento dos mecanismos regulatorios da maturacao oocitaria no
bovino se faz necesséria. A comunicagdo entre o odcito e as células do
cumulus é de extrema importancia para o desencadeamento da maturacdo do
COC. Mas o sucesso da técnica depende do conhecimento dos mecanismos
fisiolégicos que regulam a competéncia do odcito. Tal conhecimento é
relevante para o aperfeicoamento da MIV, além disso, os protocolos permitem
a manipulagdo dos mecanismos intracelulares para obter melhores resultados

apos a fertilizacéo.
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