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RESUMO

FATOR DE CRESCIMENTO DE FIBROBLASTO 18 (FGF18) MODULA
A EXPRESSAO DE CTGF EM CCOs E EMBRIOES BOVINOS
PRODUZIDOS IN VITRO

AUTORA: Elisabeth Schmidt da Silva
ORIENTADOR: Paulo Bayard Dias Goncalves

Em 1995 a via Hippo foi inicialmente descoberta na Drosofila melanogaster, e desde
entdo diversos pesquisadores vém tentando entender melhor essa via. A via Hippo esta
relacionada a processos de proliferacdo celular, tanto em células foliculares ovarianas como no
desenvolvimento embrionario. Os efetores dessa via, YAP e TAZ atuam como coativadores de
transcricdo de genes de proliferacdo e sobrevivéncia celular como CTGF e CYR61. Porém o
fator de crescimento de fibroblasto também induz a expressdo de CTGF. E segundo estudos
recentes foi descoberto que o fator de crescimento fibroblastico 18 (FGF18) esta presente na
tuba uterina durante o desenvolvimento embrionario inicial. I1sso nos levou a pensar que o
FGF18 teria alguma funcéo durante o desenvolvimento embrionario. Portanto, o objetivo deste
estudo foi determinar se 0 FGF18 modula a via Hippo através da expressao de genes alvos de
proliferacdo celular (CTGF e CYR61) durante a maturacdo oocitaria e desenvolvimento
embrionario inicial. Para isso trés experimentos foram realizados. No primeiro experimento
complexos cumulus oocito (CCOs) de bovinos foram maturados in vitro durante 6, 12 e 24
horas na presenca de concentracfes graduais de FGF18(0, 10 e 100ng/mL). No segundo
experimento os CCOs foram maturados 3, 6 e 9 horas na presenca de 0 ou 100ng/mL de FGF18.
No experimento trés CCOs foram colocados para maturacgdo e foram divididos em trés grupos.
Um grupo considerado grupo controle no qual CCOs foram maturados, realizada a fertilizac&o
in vitro (FIV) e depois cultivados in vitro (CIV) sem a adi¢cdo de FGF18. Um grpo no qual
100nf/mL de FGF18 foram adicionados durante as 24 horas da maturacao in vitro e epés foi
realizado a fertilizacdo e o cultivo em meios sem adi¢do de FGF18. E um terceiro grupos os
CCOs foram cultivados (CIV) por sete dias na presenca de 100ng/mL de FGF18. Neste grupo
a MIV e FIV foram realizadas na auséncia de FGF18. Os genes avaliados nos trés experimentos
foram os genes de proliferacdo celular, CTGF e CYR61. O experimento um que teve o objetivo
de avaliar a adig&@o de concentragdes graduais durante a maturagdo houve um aumento (p<0,05)
da expressdo génica para CTGF no grupo tratado com 100ng/mL as 12horas. No experimento
dois em que o objetivo era avaliar a concentracdo de 100ng/mL houve uma diminuicéo (p<0,05)
do grupo tratado em relacdo ao grupo controle as trés horas. E no experimento trés em que o
objetivo era avaliar a adicdo de FGF18 durante o desenvolvimento embrionario, houve
diferenga estatistica (p<0,05) do grupo tratado com FGF18 durante a CIV. Desde forma
concluimos que FG18 modula a expressao de CTGF em periodo criticos da maturacéo nuclear
do o0cito, da expansao do cumulus e do desenvolvimento embrionario inicial.

Palavras-chave: Via Hippo. Desenvolvimento embrionario. Fator de crescimento de
fibroblasto 18.



ABSTRACT

FIBROBLAST GROWTH FACTOR 18 (FGF18) MODULATES CTGF EXPRESSION
IN COCs AND BOVINE EMBRYOS PRODUCED IN VITRO

AUTHOR: Elisabeth Schmidt da Silva
ADVISOR: Paulo Bayard Dias Gongalves

In 1995, the Hippo pathway was initially discovered in Drosophila melanogaster, and
since then several researchers have been trying to better understand this pathway. The Hippo
pathway is involved in cell proliferation processes, both in ovarian follicular cells in the early
embryonic development. The effectors of this pathway YAP e TAZ act as transcription
coactivators of cell proliferation and survival genes such as CTGF and CYR61. However, the
fibroblast growth factor also induces CTGF expression. However, recent studies by the group
found that fibroblast growth factor 18 (FGF18) is present in the fallopian tube during early
embryonic development. This led us to think that FGF18 would have some role during
embryonic development. Therefore, the aim of the following study was to determine whether
FGF18 modulates the Hippo pathway through the expression of target genes for cell
proliferation (CTGF and CYRG61) during oocyte maturation and early embryonic development.
To acquire the results of the objective, three experiments were carried out, with in vitro
maturation (VM) of cumulus oocyte complexes (COCs) in the first and second experiments,
with the addition of FGF18 during VM, and the structures were collected at different times. In
the first experiment, gradual concentrations of FGF18 (0, 10 and 100ng / mL) were added and
there was a control group without the addition of FGF18, and 6, 12 and 24 hours of maturation
were collected. In the second experiment, a concentration of 100ng / mL of FGF18 was added
during IVM, there was a control group and the structures were collected at 0, 3, 6 and 9 hours
of maturation. In the experiment, three COCs were put to maturation and were divided into
three groups. A group considered a control group in which COCs were matured, with in vitro
fertilization (IVF) and then in vitro culture (IVC) without the addition of FGF18. A group in
which, during maturation, FGF18 was added only during IVM and afterwards fertilization and
culture were carried out in media without the addition of FGF18. In a third group, COCs were
put to mature, fertilized and, when put to culture, FGF18 was added in the medium. The genes
evaluated in the three experiments were the cell proliferation genes, CTGF and CYR61. In
experiment one, which aimed to evaluate the addition of gradual concentrations during
maturation, there was an increase (p <0.05) in CTGF gene expression in the group treated with
100ng / mL at 12 hours. In experiment two, in which the objective was to assess the
concentration of 100ng / mL, there was a decrease (p <0.05) in the treated group compared to
the control group at three hours. And in experiment three in which the objective was to evaluate
the addition of FGF18 during embryonic development, there was a statistical difference (p
<0.05) in the group treated with FGF18 during IVC. Therefore, we conclude that FGF18
modulates CTGF expression in critical periods of oocyte nuclear maturation, cumulus
expansion and early embryonic development in cattle.

Keywords: Hippo Pathway. Embryonic development. Fibroblast growth factor 18.
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CAPITULO 1
Figure 1: Relative abundance of target gene mRNA of the Hippo pathway (CTGF and CYR61),

during IVM of bovine COCs produced in vitro. Cumulus-oocyte complexes were matured in
the presence of different concentrations of recombinant human FGF18 (0, 10 or 100ng/ml) in
FSH (100ng/ml)-induced cumulus expansion for 6 (a, d), 12 (b, €) or 24 (c, f) hours. Cultures
were replicated five times with a total of 25 COCs. * Indicates statistical difference (P<0,05).

Figure 2: Relative abundance of target gene mRNA of the Hippo pathway (CTGF and CYR61),
during IVM of bovine COCs produced in vitro. Cumulus-oocyte complexes were matured in
the presence of recombinant human FGF18 (0 or 100ng/ml) in FSH (100ng/ml)-induced
cumulus expansion for 0 (Control; a, €), 3 (b, f), 6 (c, g) or 9 (d, h) hours. Cultures were

replicated five times with a total of 25 COCs. * Indicates statistical difference (P<0,05).

Figure 3: Relative abundance of mRNA of Hippo pathway genes (CTGF and CYRG61) in day 7
blastocyst. Cumulus-oocyte complexes were matured in the presence of 100 ng/mL of FSH and
without (Control and IVC) or with FGF18 (100ng/mL, IVM). In the in vitro embryo culture
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1. INTRODUCAO

A familia dos fatores de crescimento de fibroblastos (FGF’s) ¢ composta por 22
proteinas, a maioria das quais é secretada atraves de receptores transmembranares e atuam em
diversas atividades bioldgicas, entre elas a angiogénese o desenvolvimento embrionario, as vias
de sinalizagdo enddcrina, a proliferacéo e a diferenciagdo celular (BOTTCHER & NIEHRS,
2005; OCON-GROVE et al., 2008). O fator de crescimento de fibroblasto 18 (FGF18) faz parte
dessa grande familia de proteinas, e esta presente no ovario, nas células da teca e granulosa (DA
SILVA et al., 2019). O FGF18 € secretado nas células da teca e atua nas células da granulosa

de foliculos em processo de atresia, se autorregulando (PORTELA et al., 2015).

As células da granulosa tém uma intima ligagdo com o odcito e com as células do
cumulus. Nesse sentido, sabe se que apesar de FGF18 ser identificado em odcitos de
camundongos (PRICE, 2016), esse ndo esta presente em odcitos bovinos (PORTELA et al.,
2015) e sim nas células da teca e granulosa de ruminantes (BURATINI et al., 2007; PORTELA
etal., 2015). O od6cito interage com as células do cumulus formando o “Complexo do Cumulus-
Oophorus” (CCO), o que é essencial para a formacéao e desenvolvimento do gameta feminino,
pois essa interacdo auxilia na maturacdo nuclear e citoplasmatica do odcito, e
consequentemente, na competéncia oocitaria em suportar o desenvolvimento embrionério
inicial (SANCHEZ & SMITZ, 2012). FGFs induzem a expressdo de um gene de proliferacio
celular o CTGF, que é importante para o desenvolvimento embrionario (HAN et al., 2020). E
estudos recentes descobriram que FGF18 é expresso em células epiteliais da tuba uterina
durante o desenvolvimento embrionario indicando, portanto, essa proteina pode ter um papel
muito importante na proliferacdo celular durante o desenvolvimento embrionério inicial de

bovinos.

Existem diversas vias como por exemplo a via Wnt e Notch (SANZ-EZQUERRO et al.,
2017b) e rotas celulares atuantes e regulando o desenvolvimento embrionario. A via Hippo tem
um papel crucial, pois a falta da atividade dessa via acaba havendo morte embrionaria ou retardo
no desenvolvimento embrionario (LORTHONGPANICH & ISSARAGRISIL, 2015). Desde
seu descobrimento, a via Hippo vem sendo estudada incansavelmente por pesquisadores que
tentam desvendar cada vez mais seus enigmas, como por exemplo no papel do controle
fisiologico e desregulacdo em doencas humanas (MA et al., 2019) em cancer em humanos
(HARVEY et al., 2013) na angiogénese (BOOPATHY & HONG, 2019a) no sistema imune de
mamiferos (YAMAUCHI & MOROISHI, 2019) e durante o desenvolvimento embrionario
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(DAVIS & TAPON, 2019). J& se sabe que essa via estd envolvida no tamanho e
desenvolvimento de 6rgdos e regeneracao de tecidos (BOOPATHY & HONG, 2019b).

Quando a via Hippo esta inativa a fosforilacdo da proteina 1 associada a Yes (YAP) e o
coativador transcricional PDZ (TAZ) que sdo os efetores dessa via, ndo acontece. Isso faz com
que esses efetores sejam ativados, e por estarem livre no citoplasma translocam-se para o ntcleo
e interagem principalmente com os fatores de transcricdo do membro da familia de dominio
TEA (TEAD). No nucleo o complexo, YAP/TAZ-TEAD atuam como fatores de transcrigdo
para alguns genes alvos, como CTGF e CYR61 (SHOME et al., 2020) genes estes que regulam
a proliferacdo celular e crescimento de tecidos (SERRANO et al., 2013; BOOPATHY &
HONG, 2019a).

Ja se sabe que YAP esta implicado com as células da granulosa antes e depois da
ovulagdo em camundongos. Pois 0s 06citos ativam a sinalizagdo YAP1, promovendo assim a
sobrevivéncia e proliferacdo das células da granulosa antes da ovulagdo, enquanto suprimem a
diferenciacéo celular, assim sendo, os sinais ovulatorios inibem a atividade YAP1 para permitir
que as células se diferenciem (SUN & DIAZ, 2019).

J& no desenvolvimento embrionério a via Hippo regula genes de proliferacdo celular
como CTGF e CYR61 (SHOME et al., 2020) e também tem um papel significativo na
diferenciacdo de linhas celulares, pois diferencia as células do blastocisto em massa celular
interna e trofoblasto, pois nas células interna ou seja na massa células interna, YAP esta
presente no citoplasma ou seja ndo esté transcrevendo genes, enquanto nas células externa no
trofoblasto YAP e TAZ estdo no nucleo da célula transcrevendo genes de proliferacéo celular
(NISHIOKA et al., 2009).

Sendo assim esta claro que ha alguma relacéo entre FGF18 e a via Hippo, pois 0 FGF18
esta presente na tuba uterina e ja esta relatado que os FGFs induzem a producdo de CTGF. Por
outro lado, os efetores da via Hippo atuam como fatores de transcricdo ao se ligar a TEAD,
transcrevendo CTGF. Desta forma, esse trabalho tem por objetivo determinar se o FGF18
modula a via Hippo através da expressdo de genes alvos de proliferacdo celular (CTGF e

CYR®61) durante a maturacdo oocitaria e desenvolvimento embrionério inicial.
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2. REVISAO BIBLIOGRAFICA

2.1 MATURACAO DOS COMPLEXOS CUMULUS OOCITOS

A producdo in vitro de embrides € uma biotecnologia que visa um maior nimero de
embrides de vacas de alta qualidade em um menor nimero de tempo. Pois vacas receptores sdo
guem geram os embrides das vacas de alto padrdo genético. Desta forma a vaca de alto padrédo
que geraria um terneiro ao ano, passa a ter 5 ou mais terneiros ao ano devido as receptoras

gerarem seus terneiros.

A producdo in vitro de embrides realizada em laboratério de pesquisa, compreende
quatro etapas: 1 - a aspiracdo dos complexos cumulus oécitos (CCOs) de foliculos ovarianos
oriundos de frigorifico ou aspirados de vacas (OPU); 2 - maturagdo in vitro dos CCOs; 3 —

fertilizacdo in vitro; 4 — cultivo dos zigotos.

A maturacdo dos CCOs é uma etapa muito importante e deve permitir a maturacéo
citoplasmatica, molecular e nuclear dos o6citos. Para que ocorra a expansdo do cumulus é
importante que o CTGF que é transcrito por genes da familia Hippo (HERMANN et al., 2021)
ative a proteina quinase ativada por mitogenio (MPK) que consequentemente ativa o fator
promotor de maturacdo (MPF) que leva a quebra da vesicula germinativa (OHASHI et al., 2003;
HIGAKI et al., 2017).

Durante a producdo de embrides in vitro ao retirar os oécitos do foliculo por aspiracéo
folicular, eles ainda ndo estdo aptos a serem fecundados e darem sequéncia a produgdo do
embrido. Para que ocorra a fertilizacdo do odcito é necessario que o cumulus que o rodeia se
expanda, e que o odcito saio do estagio de profase | e chegue a metafase 11 (SUH et al., 2002).
Deve acontecer trés maturacdes nesse periodo, a maturacao citoplasmatica, é quando acontece
a reorganizacao das organelas, a maturacdo molecular, é quando ocorre a sintese de proteinas,
e a maturacao nuclear, é quando o odcito sai do estagio de profase | e chega a metafase Il
(FULKA et al., 1998).

Fisiologicamente antes de acontecer a ovulagdo ocorre um pico do hormonio
luteinizante (LH) que induz a maturagdo do odcito diminuindo os niveis de CAMP (SEN &
CAIAZZA, 2013) levando a quebra das jungdes GAP ocorrendo a producdo do &cido
hialuronico causando a mucificagdo e expansdo do cumulus levando a ovulagdo. In vitro a

expansdo do cumulus é causado pelo hormonio foliculo estimulante (FSH) (EPPIG, 1979).
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CTGF é expresso nas células do cumulus, e conforme estudo realizado por
(NAGASHIMA et al., 2011) quando nocauteado nessas células ocorre igual a expansao do
cumulus porem passam por defeitos durante a ovulacdo. A fémea quando nocaute de CTGF,
passa a ter subfertilidade devido a varios defeitos reprodutivo. Durante o cultivo embrionario a
via Hippo estd presente na forma inativa (hippo of) e ativa (hippo on) nos blastémeros do
blastocisto. Pois LAST1/2 fosforilam Y AP que fica retido no citoplasma da célula, sendo assim
TEAD permanece inativo e essas células passam a ser os blastbmeros internos, ou seja, a massa
células interna, enquanto em outros blastémeros YAP ndo é fosforilado se ligando a TEAD
levando a ativacgdo desse gene que passa a transcrever demais genes nos blastbmeros externos
do blastocisto ou seja no trofoblasto (NISHIOKA et al., 2009)

2.2 VIA HIPPO

A via Hippo foi descoberta a partir de estudos com genes que aumentam a proliferacdo
celular e o tamanho dos 6rgdos da Drosophila melanogaster. A origem do seu nome é devido
a uma proteina chave a quinase Hippo (Hpo), a qual recebeu esse nome devido as mutacdes que
ocorrem em seu gene e levam a um crescimento tecidual exagerado e o individuo portador
apresenta um fendtipo semelhante a um hipop6tamo (do inglés, hippopotamus ou hippo)
(HUANG et al., 2005).

Por ser caracterizada por uma cascata de sinalizacao, a via Hippo regula varios processos
bioldgicos, dentre eles o crescimento células, o controle e tamanho de 6rgaos e a regeneracdo
de tecidos (MA et al., 2019). Esta via no contexto reprodutivo pode ser ativada por diversos
receptores como o receptor acoplado a proteina G, a via Wnt, o TGF — 3 e Notch (WU &
GUAN, 2021).

Esta via consiste em uma cascata de proteinas quinases, e ela é encontrada tanto ativa
como inativa. Quando a via Hippo esta na sua forma ativa (hippo on), as quinases MST1 e
MST?2 fosforilam LAST e LAST2 (CALLUS et al., 2006), as quais fosforilam YAP e TAZ.
YAP e TAZ fosforilados sao reconhecidos pela proteina 14-3-3 que inativa a funcdo pro-
proliferativa, fazendo com que esses efetores permanecam no citoplasma ou sejam degradados
(FREEMAN & MORRISON, 2011).

Por outro lado, quando a via esta inativa (Hippo of) YAP e TAZ translocam-se para o

nacleo, formando complecos com fatores de transcricdo da familia TEAD (transcriptional
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enhancer fator TEF — 1, também conhecido como TAE domain Family member; TEADI,
TEAD2, TEAD3 e TEAD4), e esse complexo modula a atividade transcricional de genes alvo
envolvidos com a sobrevivéncia e proliferacdo celular (MAUVIEL et al., 2012). Os principais
genes alvo do complexo YAP/TAZ/TEAD sdo o CTGF (connective tissue growth fator) e
CYR61 (CYSTEINE-RICH ANGIOGENIC INDUCTER 61), que séo genes relacionados com a
sobrevivéncia e proliferacédo celular (HEATH et al., 2008; LAl et al., 2011) (figura 1).

Hippo "ON’ Hippo ‘OFF"
Cytopiasm Cytopiasm
Q
| e @
i 1433
(7]
MOBIAE  LATS12
Mobl LATS12
1439 ' o
YAPITAZ VAPIAZ YAPITAZ
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\  PoomooooomnR oooooooooo . Avor
\ Nucleus |\ Nucleus  AwOrLY

Figure 1Representacdo esquematica da via de sinalizagdo Hippo-YAP / TAZ. Quando na forma ativa, MST1/2
(em mamiferos) fosforila LATS1/2, que por sua vez, fosforila YAP1/TAZ, resultando na degradago ou na retencéo
citoplasmatica da proteina. Quando na forma inativa, ndo ocorre a fosforilagdo de YAPL/TAZ, as quais
translocam para o ndcleo formando complexos com os fatores de transcricdo da familia TEAD e estimulando a
transcricdo de genes alvo. Fonte: (BOOPATHY & HONG, 2019a)

CTGF e CYR61 fazem parte de uma familia de genes composta por mais quatro
membros, sdo eles, NOV, WISP1, WISP2 e WISP3. Inicialmente o nome dessa familia era
CCN, devido ao descobrimento dos trés primeiros genes CYR61 que corresponde a CCNL1,
CTGF corresponde a CCN2 e NOV que corresponde a CCN3 (PERBAL, 2001; KUBOTA &
TAKIGAWA, 2013).
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2.3 VIA HIPPO NO CONTEXTO REPRODUTIVO

A via Hippo tem suas fun¢des bem definidas na determinacdo do tamanho de 6rgaos,
pois ela participa de mecanismos de diferenciacdo, proliferacdo e apoptose de células de
diversos tecidos, e tambem estd envolvida na embrigénese (MENG et al., 2016). Porém, em
relagdo a fisiologia reprodutiva ha diversos relatos ligando a via Hippo a fisiologia ovariana
(NAGASHIMA et al., 2011; Jl et al., 2017).

Segundo Plewes e colaboradores (PLEWES et al., 2019) YAP1 é proeminentemente
expresso nas celulas da granulosa de foliculos antrais, enquanto nas células da teca € menos
proeminente. Embora a expressdao de YAP1 fosse citoplasmatica, ou seja hippo on néo
transcrevendo genes de proliferacdo celular, a expressdo é mais intensa no nucleo tanto das
células da granulosa como nas células da teca, e por YAP estar no nlcleo ele ativa TEAD que
juntos esse complexo transcreve genes de proliferacdo celular. E o corpo Iiteo YAP tem
expressao tanto citoplasmatica como nuclear, ou seja, no coro liteo pode haver ou ndo a

transcricao de genes de proliferacao celular.

Estudos recentes tém demonstrado que a via Hippo pode desempenhar um papel
importante na regulacdo da fisiologia e patologia ovariana de mamiferos (KAWASHIMA &
KAWAMURA, 2018), os principais componentes da via Hippo (YAP e TAZ) sdo expressdo
no ovario de rato (XIANG et al., 2015). Em razdo de haver evidéncias de que o tratamento com
androgénio e estrogénio promovem a localizacdo nuclear de YAP nas células foliculares, isso
indica que YAP é necessario para a proliferacdo das células da granulosa (CG) de camundongos
(PLEWES et al., 2019). YAP é expresso no citoplasma de células somaticas, quanto TAZ é
expresso no ndcleo (SUN et al., 2015), isso indica que podem ser regulados diferencialmente e
ter funcGes diferentes no ovario (PLEWES et al., 2019). A inativacéo de last1/2, que fosforilam
YAP/TAZ na via Hippo nas células da granulosa de roedores, tanto in vivo quanto in vitro,
acaba levando a alteracdo da morfologia, na funcédo e na expressao génica da granulosa. A nédo
expressao de LAST 1/2 resulta no aumento dos niveis de YAP e TAZ total, bem como de seus
genes alvo, CTGF, CYRG61, e NOV provavelmente sendo responsavel pela diferenciacdo das

células da granulosa em outras linhagens celulares (TSOI et al., 2019).

Também em camundongos, foi relacionada a regulagdo da via Hippo no CCO com a
ovulacdo, onde na auséncia do estimulo ovulatério o odcito secreta fatores que suprimem a

atividade da via, ativando YAP. Em contrapartida quando estimulada a ovulagdo, ocorre a
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degradacéo e fosforilacdo de Y AP, permitindo a diferenciacéo das células do cumulus (SUN &
DIAZ, 2019). A dele¢do condicional em células foliculares de CTGF, talvez o mais importante
gene alvo de YAP/TAZITEAD, afeta o desenvolvimento folicular, ovulacdo e lutedlise em
camundongos (NAGASHIMA et al., 2011)

No blastocisto de camundongos também j& esté caracterizada a via Hippo sendo que as
células externas, ou seja, células do trofoblasto apresentam Y AP no ndcleo estando associado
a TEAD, promovendo a transcricao de genes de proliferacdo como CTGF e CYR61 (NEGRON-
PEREZ & HANSEN, 2018). Enquanto 0s blastdmeros internos apresentam YAP/TAZ no
citoplasma da célula onde podem ser degrados, ndo transcrevendo genes de proliferacéo celular
(SHARMA & MADAN, 2020).

2.4 FATOR DE CRESCIMENTO FIBROBLASTICO 18

O fator de crescimento fibroblastico foi inicialmente identificado como uma proteina
capaz de induzir a proliferacdo de fibroblastos, porém hoje em dia a familia dos fatores de
crescimento de fibroblasto € composta por vinte e duas proteinas, as quais possuem diversas
funcbes por meio de ligacdo e ativagdo dos receptores do fator de crescimento de fibroblasto
(FGFR) e esta dividida em sete subfamilias (PORTELA et al., 2010; YUN et al., 2010).
Segundo Han e colaboradores (HAN et al., 2020) os FGFs no cultivo de células da granulosa
in vitro induzem a expressdo de CTGF, gene este também transcrito quando a via Hippo esta
na sua forma inativa (Hippo Of).

O fator de crescimento fibroblastico 18 (FGF18) faz parte dessa familia de proteinas, e
esta envolvido no crescimento e desenvolvimento do esqueleto (MARIE, 2003). Porém a
funcdo do FGF18 ndo esta limitada apenas ao desenvolvimento do esqueleto, mas também estéa
envolvida em varios outros tecidos (HU et al., 1998; KAWANO et al., 2005). Estudos tanto in
vivo como in vitro demonstraram que o FGF18 esta envolvido na morfogénese, angiogénese e
desenvolvimento de uma variedade de células (SHIMOAKA et al., 2002; ISHIBE et al., 2005).

No sistema reprodutivo, 0 FGF18 desempenha papéis no desenvolvimento gonadal e na
diferenciacdo sexual (CORY et al., 2007). E j& se sabe que 0 FGF18 é expresso nas células da
teca, fracamente nas células da granulosa e nao é expresso em oocitos de bovinos (PORTELA
et al., 2010). As celulas da teca séo a principal fonte de FGF18 no ovario, e quando FSH esta

atuando no inicio de uma onda folicular acaba também estimulando o principa receptor de
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FGF18 (FGFR3), tornando as células da granulosa susceptiveis a acdo de FGF, e FGF18
atuando nas células da granulosa acaba inibindo a esteroidogénese (PORTELA et al., 2010).
Quando realizada a injecdo intrafolicular de FGF18 em foliculos em crescimento, estes

entraram em processo de atresia folicular (PORTELA et al., 2015).

No Utero o FGF18 é expresso no endométrio humano (YERLIKAYA et al., 2016) e no
estroma uterina do camundongo (LI et al., 2011). O FGF18 também é regulado por estrogénio
em camundongos in vivo (LI et al., 2011). Ja se sabe que quando célula da granulosa de ovinos
sdo tratadas com FGF18, este acaba induzindo a regulagdo positiva de numerosas proteinas
associadas a via MAPK/ERK vias essas envolvidas na sobrevivéncia celular (AMIN
MARASHI et al., 2019).

Durante o desenvolvimento embrionario inicial j& se sabe que o FGF18 esta envolvido
no desenvolvimento de diversos érgdos (HAQUE et al., 2007) como no pulmao (USUI et al.,
2004) masculos (MARUOKA et al., 1998) e trato intestinal (HU et al., 1998). O FGF28 também
desempenha um papel importante de sobrevivéncia, proliferacdo e diferenciacdo de células
progenitores da adenohipofise (HERZOG et al., 2004).

2.5 VIA HIPPO E FATOR DE CRESCIMENTO DE FIBROBLASTO 18

E sabido que a via Hippo est4 envolvida em processos oncogénciso. Segundo Calses e
colaboradores (CALSES et al., 2019), ap6s analisar mais de nove mil tumores, YAP e TAZ
mostraram estar frequentemente amplificados em canceres de cabega, pescoco e ginecoldgico,

enquanto LATS 1/2 sdo geralmente mutaveis em canceres gastrointestinais e ginecolégicos.

Jé se sabe que o FGF18 também esta envolvido como um potente indutor oncogenico
de tumor gastrico (TG), e um estudo realizado por Zhang e colaboradores (ZHANG et al., 2020)
0 FGF18 foi adicionado em cultivo de células de tumor géstrico e avaliaram o sequenciamento
de RNA, e foi possivel destacar que efetor da via Hippo YAP e um gene transcrito por essa via
CTGF foram regulados positivamente. Nesse mesmo estudo foi realizado a adicdo de
verteporfina um bloqueador da via Hippo no meio e avaliou-se o nivel de proteina, e resultou
em baixos niveis para o receptor do fator de crescimento de fibroblasto 2 (FGFR2) e 0 mesmo
resultado foi possivel observar para Yap. Sendo assim esta claro que a verteporfina atuou
conform seu mecanismo bloqueando a atividade da via Hippo, por apresentar YAP em niveis

mais baixos.
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Desta forma esta claro que o FGF18 e a via Hippo tem alguma ligagdo, pois ja esta
relatado que os FGFs induzem a expressdo de CTGF e a via Hippo também atua transcrevendo
esse gene, e estudos realizados pelo grupo de pesquisa descobriram que o FGF28 € expresso
pelas células do oviduto e que esse fator de crescimento reduz a capacidade de desenvolvimento
de zigotos, apresentando baixa qualidade e retardo em sua cinética de desenvolvimento, porém

0 mecanismo ainda ndo foi descoberto.
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The Hippo pathway is involved in the proliferation of intrafollicular cells and in the early
embryonic development, mainly because effectors of this pathway are key transcription
regulators of genes such as CTGF and CYR61, which are involved in cell proliferation.
Recent studies by our group found that fibroblast growth factor 18 (FGF18) is present in
the oviduct during early embryonic development, leading to the hypothesis that FGF18
may have a role during embryonic development. Therefore, the aim of the following study
was to determine whether FGF18 modulates the expression of Hippo pathway target
genes, CTGF and CYR®61, during oocyte maturation and early embryonic development.
Three experiments were carried out, with in vitro maturation (IVM) of cumulus oocyte
complexes (COCs) and embryo culture. In experiment one, FGF18 (100ng/ml) induced
an increase (p <0.05) in CTGF gene expression on CCOs 12 hours post-exposure. In
experiment two, FGF18 (100ng/ml) induced a reduction (p <0.05) in CTGF expression
on CCOs three hours post-exposure. In the third experiment, Day 7 embryos exposed to
FGF18 during oocyte IVC expressed greater CTGF mRNA abundance, whereas FGF18
exposure during embryo IVM did not alter CTGF expression in comparation to untreated

controls. The preliminary data presented here shows that FGF18 modulates CTGF
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expression in critical periods of oocyte nuclear maturation, cumulus expansion and early

embryonic development in cattle.

Keywords: Hippo Pathway; Embryonic development; Fibroblast growth factor 18; Cell
proliferation genes; Bovine.

Introduction

The fibroblast growth factors (FGFs) family is composed of 22 proteins, which
are proteins that span the plasma membrane of a cell contain an extracellular domain that
binds to its ligands, and an intracellular domain important for the signaling relay. FSGs
have been associated with several biological activities, including angiogenesis,
ambryonic development, endocrine signaling pathway, cell proliferation and
differentiation (BOTTCHER & NIEHRS, 2005; OCON-GROVE et al., 2008).

As a member of the FGF family, fibroblast growth factor 18 (FGF18) has been
detected in theca and granulosa cells of cattle (JIANG et al., 2013; PORTELA et al.,
2015). FGF18 is secreted by theca cells and acts on the granulosa cells during atresia.
Intra-follicular injection experiments in cows revealed that exogenous FGF18
supplementation caused the interruption of follicular growth and steroidogenesis
(PORTELA et al., 2010; DA SILVA et al., 2019).

The granulosa cells have a close connection with the oocyte and the cumulus cells.
In this regard, whereas mouse oocytes express FGF18 (DA SILVA et al., 2019), the
growth factor has not been detected in bovine oocytes (PORTELA et al., 2010). The
oocyte interacts intimately with the cumulus cells forming the “Cumulus-Oocyte
Complex” (COC), which is essential for the formation and development of the female
gamete. Such an intimate interaction helps in the nuclear and cytoplasmic maturation of
the oocyte, leading to oocyte competence in supporting early embryonic development
(SANCHEZ & SMITZ, 2012). According to studies carried out by Han and contributors
(HAN et al., 2020) FGFs induced the expression of CTGF, a gene involved in cell

proliferation and cell survival.

Preliminary studies by the group have shown that the oviduct secretes FGF18
during embryonic development, thus indicating that this protein may have an important

role in cell proliferation during the initial embryonic development in cattle.
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The Hippo pathway has a crucial role in the regulation of embryonic development
as in its inactive state leads to delayed embryonic development or embryonic death
(LORTHONGPANICH & ISSARAGRISIL, 2015). When When the Hippo pathway is
inactive, the transcription activators YAP and TAZ are maintained unphosphorylated,
being allowed to translocate into the nucleus and interact mainly with the transcription
factors of the TEA (TEAD1/2/3/4) domain family member. In the nucleus, the complex
YAP/TAZ-TEAD acts as transcription factors for target genes such as CTGF and CYR61
(SERRANO et al., 2013), which are known regulators of cell proliferation and tissue

growth,

Oocyte maturation can be understood as the set of biological modifications by
which the oocyte acquires competence to support fertilization and the beginning of
embryonic development. Several molecules and pathways that regulate cell proliferation
are closely related to the regulation of oocyte maturation and early embryonic
development. Because FGFs induce CTGF expression and FGF18 is present in the uterine
tube, it is clear that the Hippo pathway that induces CTGF expression has some
connection with fibroblast growth factors. This work aims to determine whether the set
of target molecules regulated by FGF18 include cell proliferation regulators related to
Hippo, CTGF, and CYR61, during oocyte maturation and early embryonic development.

Material and methods

Cow ovaries were obtained from a local abattoir EI’Golli and transported to the
laboratory in saline solution (0,9% NaCl; 30°C) C containing 100 Ul/ml of penicillin and
50 pg/ml of streptomycin sulfate. Cumulus oocyte complexes (COCs) from 3 to 8 mm
diameter follicles were aspirated with a vacuum pump (vacuum rate of 15 ml of
water/minute). The COCs were recovered and selected under a stereomicroscope. Grade
1 and 2 COCs were randomly distributed into 500 ul of maturation medium in four-well
plates (Nunc, Roskilde, Denmark) and cultured in incubators at 38.5°C (101.3°F) in a 5%
CO2 and 95% air saturation humidity atmosphere varying during 24h of maturation. The
maturation medium consisted of TCM 199, containing Earle’s salts and L-glutamine
(Gibco Labs, Grand Island, NY, USA), supplemented with 25 mM HEPES, 0.2 mM
pyruvic acid, 2.2 mg/ml sodium bicarbonate, 5.0 pg/ml LH (Lutropin-V®), 0,5 pg/ml
FGF(Folltropin - V®), 10% fetal bovine serum (FBS: Gobco Labs, Grand Island, NY,
USA) 100UI/ml penicillin and 50 pg/ml streptomycin sulfate.
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In vitro fertilization (IVF)

After in vitro maturation (IVM), bovine oocytes were fertilized in vitro with tested
semen after thawing and separation through discontinuous Percoll (GE Healthcare, Sdo
Paulo, SP, Brazil) gradient. Sperm cells were diluted and added to the COCs plate with
final concentration adjusted to 2x10° sperm/ml in Fert-TALP medium containing 10
pg/ml heparin, 20 pg/ml penicilinamine, 10 mM hypotaurine and 1 mM epinephrine.
Fertilization was carried out by co-culture of sperm and oocytes for 18-20h in fours-well
plates in the same atmospheric conditions used for maturation. IVF day was considered

as day 0 of embryo development.
In vitro embryo culture (IVC)

After IVF, presumptive bovine zygotes were denuded by vortexing, and then
cultured in a culture chamber at 38.5°C under a saturated humidity atmosphere containing
5% COz2, 5% O2 and 90% N in 500 pl of SOF medium in four-well plates (Nunc, Roskild,
Denmark). Cleavage rates were evaluated 48h after fertilization and blastocyst rates were
assessed on day 7 of embryo development. Blastocysts assessed on day 7 were rinsed

three times in PBS and collected in Trizol at 80°C for subsequent RNA extraction.
RNA extraction, reverse transcription and real time PCR

The total RNA was extracted from COCs and day 7 blastocysts according to
TRIzol® instructions. Briefly, the extraction used 1000 ul TRIzol® reagent (Thermo
Fischer, Waltham, MA, USA) and 200 pl chloroform, followed by purification of the
aqueous phase with GlycoBlue (Thermo Fisher, Walthan, MA, USA) and 700ul isopropyl
alcohol. Quantification and assessment of RNA purity was performed using Nanodrop
spectrophotometer (Thermo Fisher, Walthan, MA, USA; 260/280nm absorbance ratio).
RNA was treated with 0.1U DNAse Amplification Grade (Thermo Fisher, Walthan, MA,
USA) for 15 minutes at 27°C to neutralize any DNA molecules. DNAse was inactivated
with 1ul EDTA for 10 minutes at 65°C. Reverse transcription was performed adding 1U
iScript cDNA synthesis Kit (BioRad, Harcules CA, USA) for 5 minutes at 25°C followed
by 30 minutes at 42°C and 5 minutes at 85°C. Quantitative polymerase chain reaction
(gPCR) was conducted in a thermocycler (BioRad, Hercules, CA, USA) using 2ul of
cDNA and 8ul of MIX containing forward and reverse bovine specific primers (Tablel),
nuclease-free water and GoTag® Master Mix (Promega Corporation, Madison, USA).

Amplification was performed with initial denaturation at 95°C for 5 minutes followed by
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40 cycles of denaturation at 95°C for 15 seconds and annealing/extension at 60°C for 30
seconds. To optimize the qPCR assays, serial dilutions of cDNA templates were used to
generate a relative standard curve. Samples were run in duplicates and the results of all
genes were analyzed as relative fold difference, using RPS18 and GAPDH as reference
genes, according to (PFAFFL, 2001).

Experimental desing
Experiment 1:

The study assessing the effect of FGF18 exposure during IVM on COC expression
of Hippo-related molecules, CTGF and CYR61, used an FSH-induced cumulus expansion
model, and it was divided into two experiments. The experiment 1 assessed the effects of
different concentrations of recombinant human FGF18 (0, 10 and 100ng/ml) in FSH
(100ng/ml)-induced cumulus expansion, at different time points, while each sampling
time had three treatment groups. The COCs were distributed randomly in 400 pL of
maturation medium in a Nunc four-well plate, where they were matured and collected at
6, 12 and 24h of in vitro (IVM). After sampling, the COCs were stored in TRIzol at -80°C
for later RNA extraction. The experiment was replicated five times and a total of 25 COCs
were used for each treatment condition. This experiment was conducted specially to
assess the effect of different FGF18 concentrations on Hippo pathway-related target
molecules (i.e., CTGF and CYR61) during IVM.

Experimento 2:

In the second experiment, the IVM treatment groups were 0 and 100 ng/ml of
FGF18 in FSH (100ng/ml)-induced cumulus expansion. In this experiment, the COCs
were also randomly distributed in 400 puL of maturation medium; however, they were
collected at 0, 3, 6 and 9 hours of IVM.

Experiment 3:

In the third experiment, the early embryonic development was evaluated. In this
experiment, three groups were formed: control group (untreated), IVM group (treated
with 100 ng / mL of FSH and FGF18 only during VM), and in vitro embryo culture
(IvVC) group (100 ng / mL of FSH during IMV and FGF18 was added to the presumptive
embryo only during the embryo culture period). Since there was no difference between

the concentrations tested in experiment 1, FGF18 concentration was 100 ng/mL. All
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groups were collected at embryonic day 7 and stored in Trizol until RNA extraction. The
experiment was replicated five times, and a total of 150 COCs were used for each
treatment group.

Statistical analysis

The data were tested for normal distribution using the Shapiro-Wilk test and
normalized when necessary. All data were analyzed through analysis of variance followed
by multiple pairwise comparisons (Tukey - Kramer HD test) using the JMP software
(13.1.0; SAS Institute Inc, Cary, NC). The results are presented as mean + standard error

of the mean p <0.05 was considered significant.
Results
CTGF mRNA expression is altered by FGF18 treatment at 3 e 12h

CTGF and CYR61 mRNA abundance was assessed at different time points to
investigate whether FGF18 affected Hippo-dependent gene expression. In the first
experiment, there was increased mRNA expression of CTGF in COCs induced by
100ng/ml of FGF18 at 12h of in vitro maturation (p<0.05). There was no effect of FGF
treatment on gene expression at 6 and 24h of IVM (Fig. 1).

In the second experiment, 100 ng/ml of FGF18 reduced (p<0.05) CTGF mRNA
abundance at 3h compared to the untreated control group. There were no gene expression
changes observed at 0, 6 and 9h of IVM. FGF18 treatment did not change the mRNA

expression to CYR61 in any of the evaluated times (Fig. 2
Treatment with FGF18 during ICV increase CTGF mRNA expression

CTGF and CYR61 mRNA abundance was assessed in a study of FGF18 exposure
either during oocyte maturation or during embryo culture to analyze whether FGF18
would affect the Hippo pathway in different moments of in vitro embryo production,
resulting in the final embryo.

The treatment with FGF18, both during maturation and during embryonic culture,
did not affected mMRNA levels for CYR61 gene in bovine embryos in the blastocyst stage.
However, embryos cultured in the presence of FGF18 had higher levels of CTGF mRNA
(p<0.05), in comparison with embryos cultured without FGF18, or those embryos derived

from oocytes matured in the presence of FGF18 (Fig. 3).
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Discussion

This exploratory study of FGF18 sheds light on its effect on Hippo pathway-
regulated genes during early embryonic development (pre-implantation). This is the first
study that assessed the effect FGF18 on mRNA expression of CTGF and CYR61 during
early embryonic development. It was possible to demonstrate that whereas FGF18 alters
CTGF mRNA expression, no effect on CYR61 mRNA was observed. This leads us to
hypothesize that FGF18 may not have directly affected the Hippo Pathway

The supplementation of FGF18 to culture medium in maturation did not change
MRNA levels for CYR61 in any experiment. However, the abundance of CTGF mRNA
was decreased at 3 h and increased at 12 h when COCs were treated with FGF18. The
level of CTGF mRNA was increased when zygotes were in vitro culture up to blastocyst
in the presence of FGF18. This is interesting because CTGF plays an important role in
embryonic development (KRUPSKA et al., 2015). CTGF acts on the activation of MAP
kinase (MAPK) and Smad-dependent pathways, which are important for oocyte
maturation (JIANG et al., 2013). In this study, CTGF were regulated by FGF18, which
may activate MAPK; however, we did not investigate those pathways.

Interestingly, FGF18 caused downregulation of CTGF in COCs at 3 hours and
upregulation at 12 hours of maturation. At these time points, bovine oocytes undergo
germinal vesicle breakdown (GVBD) and cumulus granulosa cells go through expansion
and mucification, respectively. These results agree with previus studies that observed an

increase in CTGF expression at the end of cumulus expansion LIU (LIU et al., 2018).

During embryonic development, the abundance of CTGF (but not CYR61) mRNA
was higher in day 7 blastocyst than the control when the embryos were treated with
FGF18. The CTGF and CYR61 genes seem to be expressed by the trophectoderm in
blastocyst (SANZ-EZQUERRO et al., 2017a). The Hippo pathway may be participating
in the regulation of cell proliferation and differentiation during embryo development, as
observed in other cell types (Yu and Guan, 2013). Although we have not directly
investigated this mechanism, there is evidence that FGF18 regulates, through the Hippo
pathway, the cell proliferation and, probably, differentiation processes during embryonic

development.
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The preliminary data presented here shows that FGF18 modulates CTGF mRNA
expression in critical periods of oocyte nuclear maturation and cumulus expansion ( 3 end

12h) and early embryonic development in cattle (I\VVC).
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Figure legends

Figure 1: Relative abundance of target gene mRNA of the Hippo pathway (CTGF and
CYR61), during IVM of bovine COCs produced in vitro. Cumulus-oocyte complexes
were matured in the presence of different concentrations of recombinant human FGF18
(0, 10 or 100ng/ml) in FSH (100ng/ml)-induced cumulus expansion for 6 (a, d), 12 (b, e)
or 24 (c, ) hours. Cultures were replicated five times with a total of 25 COCs. * Indicates
statistical difference (P<0,05).

Figure 2: Relative abundance of target gene mRNA of the Hippo pathway (CTGF and
CYR61), during IVM of bovine COCs produced in vitro. Cumulus-oocyte complexes
were matured in the presence of recombinant human FGF18 (0 or 100ng/ml) in FSH
(100ng/ml)-induced cumulus expansion for 0 (Control; a, €), 3 (b, f), 6 (c, g) or 9 (d, h)
hours. Cultures were replicated five times with a total of 25 COCs. * Indicates statistical
difference (P<0,05).

Figure 3: Relative abundance of mRNA of Hippo pathway genes (CTGF and CYR61) in
day 7 blastocyst. Cumulus-oocyte complexes were matured in the presence of 100 ng/mL
of FSH and without (Control and IVC) or with FGF18 (100ng/mL, IVM). In the in vitro
embryo culture (IVC) group, the presumptive embryos were cultured with FGF18
(100ng/mL). The experiment was replicated five times, and a total of 150 COCs were
used for each treatment group. Different letters indicate statistical significance (p < 0,05)

among the groups.
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Table 1. Primers used for expression analysis of candidate genes

GENE Access number
RPS18 NM_001033614.2
GAPDH NM_001034034.2
CTGF AF000137.1
CYRG61 NM_001034340.2

Sequence

F: CTTCCGCGAGGATCCATTG

R: GCTCCCAAGATCCAACTAC

F: GATTGTCAGCAATGCCTCCT
R: GTCATAAGTCCCTCCACGA

F: AGCTGGAGCGACTTGTGT ACC
R:TCCGAAAATGTAGGGGGGCAC
F: GGC TCC CCG TTT GGA ATG

R:TCATTGGTAACGCGTGTGGA
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4., CONCLUSAO

Este estudo inédito demonstra a regulacdo de CTGF durante a maturagéo do o6cito
e do desenvolvimento embrionario inicial. Com base nos resultados obtidos, ndo é
possivel concluir se o efeito do FGF18 na expressao dos genes regulados pela via Hippo
afeta a maturagdo do o6cito e/ou o desenvolvimento embrionério precoce.
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