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RESUMO

Avaliacao histomolecular da dimensao fractal e da remodelagao da matriz
extracelular durante o desenvolvimento ovariano de fetos bovinos

A fisiologia reprodutiva de fémeas mamiferas é distinta em decorréncia de sua fase
estral, formagéo dos gametas femininos e dos foliculos ovarianos iniciada no periodo
pré-natal. O aparecimento dos estagios pré-antrais no ovario tem padrédo temporal
espécie-especifico. Em fémeas de Bos taurus indicus, estudos ja demonstraram que
foliculos primordiais, primarios e secundarios aparecem préximo aos 90, 120 e 150
dias de gestacao, respectivamente. Embora os estudos foquem na remodelagéo da
matriz extracelular (MEC) durante a formacao e funcionalidade de ovarios adultos,
ha escassez no entendimento sobre os mecanismos que controlam a formagao dos
foliculos pré-antrais durante a gestacdo. O objetivo do estudo foi caracterizar o
fendtipo histomolecular do remodelamento MEC através da dimensao fractal (DF),
quantificacdo de colageno e perfil de transcritos envolvidos com remodelagado de
MEC em ovarios de fetos bovinos associados a temporalidade de formagao dos
foliculos pré-antrais. Assim, a fim de investigar o remodelamento tecidual ao longo
do desenvolvimento ovariano fetal, foi utilizado ovarios de fetos para quantificar a
DF, o colageno total e a abundancia relativa de mRNA de genes relacionados ao
remodelamento da MEC (COL1A1, COL1A2, COL4A1, MMP2, MMP9, MMP14,
TIMP1 e TIMP2). Para tanto, pares de ovarios fetais foram obtidos de fémeas Bos
taurus indicus com 60, 90, 120 e 150 dias de gestagdo em matadouro, sendo um
deles destinado a extracdo de RNA total e posterior investigagdo dos transcritos
alvos e o outro para analise de colageno total e DF. O presente estudo demonstrou
que a partir dos 120 dias houve maior area de colageno total no ovario fetal. Nas
analises de coloragdo em hematoxilina eosina (HE), a DF foi menor aos 150 dias
quando comparada aos 60 dias de gestacao, todavia, apresentou padrao inverso na
coloracéo de picrosirius. A expressao dos genes alvos da abundancia relativa dos
transcritos de mRNA para COL1A1, COL4A1, MMP2, MMP14, TIMP1 e TIMP2 foi
maior aos 150 dias em comparagao ao dia 60. Conclui-se que a dimensao fractal
reflete as alteragdes morfolégicas durante a organizagado estrutural do tecido
ovariano fetal e que a expresséo de genes relacionados ao remodelamento da MEC
€ modulada ao longo da gestacdo em ovarios fetais bovinos.

Palavras-chave: Bovino. Colageno. Dimensao fractal. Foliculos pré-antrais.
Metaloproteinase. Ovario fetal.



ABSTRACT

Histomolecular evaluation of the fractal dimension and remodeling of the
extracellular matrix during the ovarian development fetal bovine

The reproductive physiology of female mammals is different due to their estrous
phase, the formation of female gametes and ovarian follicles that started in the
prenatal period. The appearance of preantral stages in the ovary has a species-
specific temporal pattern. In females of Bos taurus indicus, studies have already
shown that primordial, primary and secondary follicles appear close to 90, 120 and
150 days of gestation, respectively. Although studies have focused on remodeling
the extracellular matrix (ECM) during the formation and functionality of adult ovaries,
there is a lack of understanding about the mechanisms that control the formation of
preantral follicles during pregnancy. The aim of the study was to characterize the
histomolecular phenotype of ECM remodeling through the fractal dimension (FD),
quantification of collagen and profile of transcripts involved with remodeling of ECM
in ovaries of bovine fetuses associated with the temporality of formation of pre-antral
follicles. Thus, in order to investigate tissue remodeling along fetal ovarian
development, fetal ovaries were used to quantify FD, total collagen and relative
mRNA abundance of genes related to ECM remodeling (COL1A1, COL1A2,
COL4A1, MMP2, MMP9, MMP14, TIMP1 and TIMP2). For this purpose, pairs of fetal
ovaries were obtained from Bos taurus indicus females at 60, 90, 120 and 150 days
of gestation in a slaughterhouse, one of which was destined for the extraction of total
RNA and further investigation of the target transcripts and the other for collagen
analysis. total and FD. The present study demonstrated that after 120 days there was
a greater area of total collagen in the fetal ovary. In the staining analyzes in
hematoxylin eosin (HE), the FD was lower at 150 days when compared to 60 days of
gestation, however, it presented an inverse pattern in the picrosirius staining. The
expression of the target genes for the relative abundance of mRNA transcripts for
COL1A1, COL4A1, MMP2, MMP14, TIMP1 and TIMP2 was greater at 150 days
compared to day 60. It is concluded that the fractal dimension reflects the
morphological changes during structural organization of fetal ovarian tissue and that
the expression of genes related to ECM remodeling is modulated throughout
pregnancy in fetal bovine ovaries.

Key words: Bovine. Collagen. Fractal dimension. Preantral follicles.
Metalloproteinases. Fetal ovary.
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1 INTRODUGAO

O rebanho bovino brasileiro € o maior rebanho comercial do mundo,
composto principalmente por ragas zebuinas, a raga Nelore (Bos taurus
indicus) e seus cruzamentos compde 80% do rebanho de corte e uma das
principais caracteristicas da pecuaria é a produgdo de animais em pastagens
(ANUAPEC, 2015). Em 2017 o pais possuia um rebanho de 226 milhdes de
cabecgas de bovinos, o que correspondia a 22,64% do total mundial, sendo que
o maior rebanho pertence a india (IBGE, 2017).

Segundo Lima (1989), a raga Nelore multiplicou-se em grande
velocidade, sendo essa grande aceitagao devido aos altos indices produtivos e
reprodutivo. S&o apresentadas algumas de suas caracteristicas funcionais
como a rusticidade em adaptar-se em regides tropicais e subtropicais, alta
fertilidade e prolificidade (BLACKBURN; GOLLIN, 2009).

A ocorréncia de eventos fisiolégicos e morfolégicos, que suportam os
mecanismos enddcrinos, levando a maturidade sexual, é resultante de um
adequado desenvolvimento de fémeas, pois a maturagdo do eixo reprodutivo
ocorre de maneira gradual e associada com as mudangas na composi¢cao
corporal e no eixo somatotropico que regula o status metabdlico do animal para
que ocorra o estabelecimento da gestacédo (DAY; MAQUIVAR, 2014).

A reproducao de fémeas mamiferas é influenciada por varios fatores,
incluindo a formacdo dos gametas femininos e dos foliculos ovarianos €
iniciada no periodo pré-natal, destacando o0s principais processos
morfofisioldgicos envolvidos na ovogénese e na foliculogénese.

O ovario das fémeas de mamiferos € constituido ao nascimento por
milhares de foliculos primordiais, os quais sdo considerados o pool de reserva
dos foliculos ovarianos (MARSTROM et al., 2002). Ha o interesse crescente
em ampliar o conhecimento sobre o0s mecanismos que modulam o
desenvolvimento inicial dos ovarios, 0 que beneficiaria fortemente a producao
de alimentos de origem animal, bem como a preservagdo da biodiversidade,
além de viabilizar estratégias para o tratamento da infertiidade na espécie
humana (JIANG et al., 2003; KSIAZKEWICZ, 2006).
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Na maioria dos animais, a formacao de foliculos € iniciada durante a vida
fetal e ao longo da vida reprodutiva.

Os foliculos nos ovarios de mamiferos permanecem em repouso por um
periodo variavel de tempo, em quiescéncia. A ativacado dos foliculos primordiais
se da através da transicdo da quiescéncia para a fase de crescimento, é a
primeira e essencial etapa caracterizada e o inicio do crescimento do odcito
(McNATTY et al, 1995). Mais de 99,9% destes foliculos n&o atingem a
ovulagao, visto que a maioria morre por um processo fisiolégico designado
atresia folicular (MARSTROM et al., 2002; MORAES et al., 2014).

Pode-se, portanto, associar o padrao de expressao de genes candidatos
com o surgimento ou o aumento em numero de foliculos em categorias
especificas. Dentre elas os fatores de crescimento fibroblastico (FGFs). A
presenca desses fatores e de seus receptores tem sido demonstrada em
oocitos e/ou células somaticas de foliculos pré-antrais (BURATINI et al., 2005;
BURATINI et al., 2007; MACHADO et al., 2009). A natureza dinamica da
arquitetura ovariana dos mamiferos requer o remodelamento ciclico da matriz
extracelular (MEC), onde a metaloproteinase (MMP) e seus inibidores sao
componentes decisivos para a quebra do colageno da membrana basal
folicular, teca interna e externa, tunica albuginea e da membrana basal da
superficie epitelial (MCINTUSH; SMITH, 1998).

A dimenséao fractal (DF) é uma medida n&o topologica do espacgo e
define o grau de auto-semelhanga que um objeto tem nas suas diferentes
escalas de observacdo (HUYN, 2015). E utilizada para detectar alteracdes
morfoldgicas sutis em Iaminas histoldgicas, transformando a complexidade da
forma em dados quantitativos analiticos, conciliando caracteristicas estruturais
e medidas quantitativas funcionais (PAJEVIC, 2018). Nas ciéncias médicas,
tem sido aplicada como base na caracterizacdo da taxa de proliferacédo celular
em tumores malignos, avaliagdo da mineralizagdo 6ssea para o diagnéstico de
osteoporose, ou alteracbes ao padrao molecular das hemacias na
drepanocitose (BOSE et al., 2015). Esses conhecimentos também podem
fornecer ferramentas fundamentais para maximizar o uso de biotecnologias na

reproducao animal.
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1.1 Hipébteses

O presente estudo foi realizado para verificar as seguintes hipoteses
quanto aos mecanismos envolvidos no desenvolvimento ovariano:

A temporalidade gestacional influencia na quantidade de foliculos
primordiais, primarios, secundarios e terciarios.

A descricao do fendtipo histomolecular da remodelacido da MEC com o
aumento do colageno e expressdo genica do perfil dos transcritos alvos se
difere quanto a temporalidade durante a formagao dos foliculos pré-antrais.

A importancia da dimensado fractal como uma ferramenta para ser

agregada como biotecnologia na reprodugao animal.

1.2 Objetivo

O objetivo do estudo foi caracterizar o fendtipo histomolecular do
remodelamento de matriz extracelular (MEC) através dimensado fractal,
quantificacdo de colageno e perfil de transcritos envolvidos com remodelagéo
de MEC em ovarios de fetos bovinos associados a temporalidade de formacéao

dos foliculos pré-antrais
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2 REVISAO DE LITERATURA

2.1 Fisiologia ovariana

2.1.1 Ovogénese

Nos mamiferos, o ovario e a gbnada feminina s&o responsaveis pela
diferenciacao e liberacdo de um odcito maduro para fertilizagdo e propagacgéao
bem-sucedida das espécies. Bem como, na fungdo enddcrina para a producao
de horménios que atuam no desenvolvimento das caracteristicas sexuais
secundarias femininas e auxiliam na gestacéo (DYCE et al., 1987).

A ovogénese refere-se a sequéncia de eventos em que as células
germinativas primordiais (CGPs) diferenciam-se totalmente, ou quase
totalmente, na fase embrionaria, inicialmente em ovogdbnias e se encerram com
a formagao do odcito haploide fecundado (MOORE; PERSAUD, 2008).

Durante a fase embrionaria, as CGPs, localizadas na parede do saco
vitelinico, migram para os ovarios em desenvolvimento, onde iniciam o
processo de diferenciacdo (SADEU et al., 2006). Perdem suas caracteristicas
de motilidade e sofrem extensiva proliferagdo celular e redistribuicdo das
organelas citoplasmaticas transformando-se em ovogdnias. Estas células
apresentam intensa proliferacdo através da divisdo mitética, mantendo-se
diploides (ALBERTS et al.,, 2010). No fim do ciclo de divisdes mitéticas, as
ovogobnias aumentam de tamanho e entram em primeira profase meiotica, com
a duplicagéo do acido desoxirribonucleico (DNA), diferenciando-se, assim, como
ovocitos primarios (MOORE; PERSAUD, 2008; MONIRUZZAMAN; MIYANO,
2010).

A primeira profase meidtica é dividida em cinco estadios sequenciais:
leptéteno, zigéteno, paquiteno, dipléteno ou dictioteno e diacinese (MOORE;
PERSAUD, 1994). No estagio do leptéteno, cada cromossomo se condensa a
partir de sua conformacao interfasica para produzir um fino fio discreto. O
zigéteno comega assim que é iniciada a sinapse e cada gene é trazido em

justaposicdo proxima com seu gene homologo no cromossomo oposto. As
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células entraram no estagio de profase do paquiteno assim que a sinapse esta
completa. Quando o ovdcito atinge o estagio do paquiteno, ele fica fechado em
um foliculo (GOSDEN, 1995).

Porém, o processo meiético no odcito ocorre com a primeira interrupgao
no estadio na profase |, antes de completar o estadio de dipléteno ou
dictidteno. A formagdo dos odcitos primarios (2n = 60 cromossomos ja
duplicados) permanece neste estagio da divisdo celular até o inicio da
maturagao ovocitaria no periodo da puberdade. Em bovinos, a formacao dos
ovécitos primarios ocorre entre 75 e 80 dias apds a concepgado (McNATTY et
al., 1995; McNATTY et al., 2000).

Na puberdade, imediatamente antes da ovulacdo, com o pico dos
hormonios foliculo estimulante (FSH) e horménio luteinizante (LH), os odcito no
estagio de vesicula germinativa, que possui o dobro da quantidade normal de
DNA desde a interrupgdo no estadio da primeira préfase meiotica (GOSDEN,
1995). Os odcitos que terminaram seu crescimento retomam a meiose € o
nucleo da vesicula germinativa para diacinese (MOORE; PERSAUD, 1994).
Segundo Moore; Persaud. (2008), ocorre a quebra da primeira meiose,
progressdo para metafase |, anafase | e teléfase I, expulsdo do primeiro
corpusculo polar e formagdo do oécito secundario (n = 30 cromossomos
duplicados). Inicia-se a seguir a segunda divisdo meidtica, em que o nucleo do
oocito evolui até o estadio de metafase I, quando ocorre a segunda interrupgéo
da meiose (GORDON, 1994). O odcito permanece neste estadio até ser
fecundado pelo espermatozoide, quando, entdo, completa a meiose e expulsa
0 segundo corpusculo polar, formando o odcito haploide fecundado (MOORE;
PERSAUD, 1994; MOORE; PERSAUD, 2008).

2.1.2 Foliculogénese

A foliculogénese inicia na vida fetal, simultaneamente & ovogénese. E o
processo continuo responsavel pelo desenvolvimento folicular (transicdo dos
foliculos primordiais da fase quiescente para a fase de crescimento), pela

liberacdo de um ou mais odécitos maduros e atresia dos foliculos ovarianos em
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um intervalo fixo ao longo da vida reprodutiva de uma fémea até a senilidade
(NILSSON; SKINNER, 2001). Todo o processo de crescimento folicular do
estagio primordial ao estagio ovulatério leva aproximadamente 180 dias em
bovinos (LUSSIER et al., 1987).

Na transicdo da mitose, com a interrup¢do no dictiéteno, na primeira
proéfase meidtica as ovogbnias transformam-se em ovocitos primarios e
foliculos primordiais ao redor do ovdcito, com uma camada de 4 a 8 células
somaticas, chamadas pré-granulosas, e uma lamina basal formando a primeira
geracdo de células foliculares (BRAW-TAL; YOSSEFI, 1997; FAIR, 2003). E o
primeiro sinal de ativacédo dos foliculos primordiais e a retomada da proliferacéo
das células da granulosa (MARTINS, 2008). As células da granulosa dos
foliculos primordiais podem ser originadas das células mesoteliais ou das
células mesonéfricas, ou ainda de ambas as células (CASTILHO et al., 2013).

Isto sugere que a interagdo das células teca e granulosa pode
desempenhar um papel na regulagdo do crescimento e diferenciacdo do
foliculo em todas as etapas da foliculogénese (PICTON, 2001).

A foliculogénese pode ser dividida em duas fases: 1) fase pré-antral, que
€ subdividida em ativacao dos foliculos primordiais e crescimento dos foliculos
primarios e secundarios; 2) fase antral, subdividida em crescimento inicial e
terminal dos foliculos terciarios, pré-ovulatério (foliculo de Graaf) (MARTINS,
2008).

2.1.2.1 Fase pré-antral

Os foliculos permanecem quiescentes nos ovarios até o recrutamento e
o crescimento de um “pool” de foliculos primordiais da populagdo ovariana. Os
fatores e mecanismos responsaveis pela ativagao de foliculos primordiais, bem
como 0s mecanismos envolvidos na variagdo do periodo de inicio do
crescimento folicular sdo ainda enigmaticos e representam uma das maiores
questdes relacionadas com a biologia ovariana (FORTUNE et al., 2000).

No processo da fase pré antral, os foliculos primordiais, sdo a unidade

fundamental de desenvolvimento do ovario de mamiferos. Estao localizados na
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regido periférica do cortex ovariano, presenca das células de granulosa com
formato pavimentoso, sem suprimento sanguineo e sua nutrigdo acontece por
difusdo (MORAES, 2014). Tornam-se foliculos de transicdo, caracterizados
pela presenga de células da granulosa com formato pavimentoso e cubdide,
gradualmente adquirem formato cubico (VAN DEN HURK, 1997). Os foliculos
primordiais no bovino foram detectados pela primeira vez no 90° dia de
gestacédo (ERIKSON, 1966).

Foliculos primordiais bovinos sado ativados para se tornarem foliculos
primarios no 140° dia de gestacdo (RUSSE, 1983). A mudanga de forma &
seguida pelo inicio da sintese de DNA e mitose nas células da granulosa. A
ativacdo ¢é independente da hipdfise, e provavelmente é controlado por
mecanismos autocrinos / paracrinos (McLAUGHILIN; McLVER, 2009).

Em seguida, originam-se os foliculos primarios, caracterizado quando o
oocito € circundado por uma camada completa de granulosas cubdides
(BRAW-TAL; YOSSEFI, 1997; GOURGEON; BUSSO, 2000). Além da mudanga
da forma das células da granulosa, ha um rapido aumento e diferenciagédo no
tamanho do oécito tanto no volume citoplasmatico e nuclear, como resultado de
um aumento progressivo no nivel de sintese de RNA e, terdo alcangado um
diametro de 100 ym. Alguns genes de odcitos sdo transcritos e traduzidos,
incluindo aqueles que codificam as proteinas da zona pelucida (ZP)
(HIRSHFILD, 1991; BRAW-TAL; YOSSEFI, 1997; LIMA-VERDE et al., 2011).
Eventos foliculares pré-antrais importantes incluem a expressao do fator de
crescimento e diferenciacdo 9 (GDF9), fator basico de crescimento de
fibroblastos e fatores de crescimento epidérmico e proteinas da conexina
juncional (ELVIN; YAN; MATUK, 2000).

Os foliculos secundarios aparecem no dia 210 da gestagdo em bovinos
quando as células foliculares dos foliculos primarios sofrem divisdo mitética
intensiva (RUSSE, 1983).

A progressao do foliculo primario para secundario € caracterizada pela
formacgao da segunda e terceira camada de células da granulosa, as células da
teca s&o identificaveis em torno da membrana basal, ZP bem definida e o

foliculo contém uma fina rede capilar (FAIR, 2003). Nesta fase, os foliculos ja
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alcancaram um diametro médio de 200 pym e se tornam responsivos as
gonadotrofinas FSH e LH (LIMA-VERDE et al., 2011). Neste momento, as
células da granulosa apresentam uma extensiva rede de jung¢des do tipo gap,
que permitem a passagem de nutrientes, ions inorganicos, segundo
mensageiros e pequenos metabdlitos entre as células (KIDDER; MHAWI,
2002).

2.1.2.2 Fase antral

A transicdo do foliculo secundario para o foliculo terciario € marcada
pelo aparecimento de uma cavidade nas células da granulosa denominada
antro, preenchida pelo liquido folicular, atingindo um didmetro de 400 um
(ERICKSON, 1966; LEITAO et al., 2009). Os primeiros foliculos antrais
aparecem por volta dos 230 dias de gestagao nos bovinos (RUSSE, 1983).

Durante a fase de transicdo, ocorre a produgdao de hialuronanos e
proteoglicanos pelas células da granulosa que gera um gradiente osmético e
melhora a formagédo de liquido folicular (RODGERS; IRVING-RODGERS,
2010). Esse liquido serve como fonte importante de moléculas reguladoras,
como as gonadotrofinas, os esteroides, os fatores de crescimento, as enzimas,
as proteoglicanas e as lipoproteinas que sao derivadas do sangue e das
células que integram o foliculo (VAN DEN HURK, 1997).

Entre as substancias que promovem a formacado de antro nos foliculos
bovinos, o GDF9 aumenta a expressao de versicano e perlecano, como
consequéncia de uma interagédo positiva com o FSH (VASCONCELOS et al.,
2013). Neste estadio, eles sdo denominados foliculos terciarios, pré-ovulatorios
ou foliculos de Graaf, possuindo células da granulosa cuboides em diversas
camadas que adquire o primeiro receptor para LH, além de células da teca
interna e externa, da lamina basal e das células do cumulus oophorus (LEITAO
et al., 2009).

Em taurinos, a capacidade ovulatoria ocorre somente apds os foliculos
alcancarem 10mm de diametro e em fémeas de Bos taurus indicus ovulam com
diametros inferiores (SARTORI et al., 2001).
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Por fim, ao receber estimulos para desenvolvimento sincronicamente,
em determinados periodos do ciclo estral e sdo conhecidos como ondas de
crescimento folicular. Os foliculos se tornam maduros e um montante que
foram selecionados atinge o papel de dominante alcangando o status de
foliculo pré-ovulatério, possuindo este uma cavidade (antro) maior (LEITAO et
al., 2009). Apds o pico de LH, as células da teca interna comegam a produzir
progesterona que estimula localmente a sintese de uma enzima chamada
colagenase. Esta enzima causa um desarranjo e digestdo do colageno na
tunica albuginea levando ao aumento do fluido folicular que comprime os vasos
sanguineos, fazendo com que diminua e cesse o fluxo. Ao mesmo tempo, sob
agao do LH e FSH, as células da teca interna na regido do estigma perdem a
sua continuidade e as unides celulares do cumulus oophorus desintegram-se,
ocorrendo o rompimento do foliculo e liberagdo do ovdcito e a atresia dos
demais (MORAES et al., 2014).

Apo6s a ovulagado, a prostaglandina E2 (PGE2) sintetizada no ovario,
auxilia na remodelacdo do foliculo para corpo luteo, através da ativagao do
plasminogénio. Este, por sua vez, é convertido em plasmina, que € uma
enzima ativa responsavel pela remodelagéo tecidual, ajudando na remodelagéo
do foliculo a corpo luteo (SENGER, 2003).

2.2 Desenvolvimento e remodelagao da matriz extracelular no foliculo

ovariano

2.2.1 Matriz extracelular

A matriz extracelular (MEC) €é wum conjunto de agregados
supramoleculares constituidos por uma rede molecular que permite a
comunicacao entre as células que ocorre de forma paracrina, enddcrina ou
autécrina, como peptideos, grandes proteinas inseridas na membrana celular,
aminoacidos, nucleotideos, esteroides, colageno, glicoproteinas,
proteoglicanos e glicosaminoglicanos que mantém as células associadas

possibilitando a organizagdo dos tecidos e a sobrevivéncia celular (BULOW;
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HOBERT, 2006) Principalmente composta por duas classes de
macromoléculas: proteinas fibrosas (incluindo colagenos e elastina) e
glicoproteinas (incluindo fibronectina, proteoglicanos e laminina) (MOUW et al.,
2014).

Nos foliculos existem varios compartimentos e MEC diferentes. Estes
incluem a lamina basal folicular, fluido folicular, zona pelucida, membrana
granulosa, cumulus e tanto a teca interna como teca externa em foliculos
antrais maiores, ou o estroma nos foliculos primordiais e pré-antrais menores
(HAY, 1991; LUCK, 1994).

A MEC apresenta papéis diferentes que incluem efeitos no
comportamento celular (Figura 1), tais como: migragao, divisdo, diferenciagao,
morte celular e ancoragem celular. Todos esses comportamentos ocorrem no
desenvolvimento folicular (HAY,1991). Variadas sdo as fungbes da MEC:
Dindmica dos fluidos de um tecido, fornecendo forgcas osmoticas, além de
nutrientes, hormdnios e outros sinais extracelulares necessarios para alcancgar
a célula-alvo. Fornecer informagdes rigidas ou suporte mecanico elastico para
tecidos. Apresenta capacidade de vincular fatores de crescimento (Figura 1)

incluindo aqueles encontrados nos foliculos.

Figura 1 - Foliculo pré-ovulatorio contém odcito circundado de células do
cumulus e células da granulosa, que delimitam a cavidade antral

circundadas pelas células da teca.
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O mecanismo utilizado pela MEC para suportar/melhorar a

Antral

foliculogénese envolve o estabelecimento de foliculos dominantes, capazes de
bloquear o crescimento e induzir a atresia dos demais foliculos, denominados
subordinados (VAN DEN HURK; ZHAO, 2004). A dominancia folicular envolve
reducao da secregao de FSH hipofisario, induzida pela inibina, e de hormdnio
liberador de gonadotrofina (GnRH) hipotaldmico induzida pelo estradiol,
atuando na regressao dos foliculos subordinados (GINTHER et al., 1996). Com
a redugdo na concentragdo endoégena de FSH, induzida pelo mecanismo de
dominancia, os foliculos subordinados regridem, enquanto o dominante

continua seu desenvolvimento.

2.2.2 LAmina basal

No ovario, a camada de célula da granulosa dos foliculos ovarianos é
envolvida por uma lamina basal, que os separa dos elementos do estroma
circundante (VAN WEZEL; RODGERS, 1996). As laminas basais s&o folhas
especializadas de MEC que, nos epitélios, sustentam as células epiteliais e as
separam do estroma adjacente (TIMPL; BROWN, 1996).
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A lamina basal exerce um importante papel onde influenciam a
proliferacdo e diferenciacao de células epiteliais, podem retardar seletivamente
a passagem de moléculas e controlar fatores de crescimento para o interior do
foliculo (RODGERS et al.,, 2000). No entanto, existem poucos estudos que
tentam mostrar que essas mudancgas na lamina basal provocam mudangas no
comportamento celular e tecidual durante o desenvolvimento folicular.

As laminas basais sdo compostas por uma camada de glicoproteina
(rede de colageno tipo IV, entrelagada com uma rede de laminina) e
proteoglicanas secretadas pelas células epiteliais (Figura 2). Essa estrutura &
estabilizada pela ligagdo de entactina / nidogénio ao colageno e a laminina e
por interagdes de baixa afinidade entre colageno tipo IV e laminina
(YURCHENCO; SCHITTNY, 1990; PAULSSON, 1992). Assim, cada molécula
de colageno tipo IV compreende trés cadeias, sendo que até o momento, seis
tipos diferentes de cadeia foram identificados. Potencialmente, qualquer
combinacdo destes pode estar presente (HAY, 1991; ZHOU et al., 1994).
Considera-se que a composi¢cao unica de cada lamina basal contribui para as

suas propriedades funcionais especificas.

Figura 2 - Desenho esquematico (A) rede formada por matriz extracelular e (B)

estabilizacao das estruturas da lamina basal.
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Geralmente associada a porcao inferior da lamina basal, ha uma
camada de fibras reticulares (colageno do tipo lll), a lamina reticular, que é
secretada pelo tecido conjuntivo subjacente. A lamina basal e a lamina reticular
compbéem a membrana basal (MONTANARI, 2016). As laminas basal e
reticular mantém-se unidas pela fibronectina (possui sitios para ligagdo de
colageno, heparina e receptores na membrana celular, que séo as integrinas.
Estas, por sua vez, se ligam aos filamentos de actina do citoesqueleto,
permitindo uma influéncia mutua entre a célula e a matriz extracelular), uma
glicoproteina de adeséo; pelas fibrilas de ancoragem, de colageno do tipo VII, e
pelas microfibrilas, formadas pela glicoproteina fibrilina. Essas substancias
também sao secretadas pelas células do conjuntivo. A membrana basal esta
ligada a matriz extracelular do tecido conjuntivo pelas fibrilas de ancoragem
(RODGERS et al., 2000; MONTANARI, 2016). A lamina basal permite a adeséo
entre o epitélio e o tecido conjuntivo e € uma barreira de filtragao seletiva para

as substancias que se movimentam entre esses dois tecidos. Ela influencia a



26

diferenciacao e a proliferagao das células epiteliais. Quando as células perdem
o contato com a lamina basal, elas morrem: sofrem apoptose. A lamina basal
serve ainda de apoio para a migragao durante o desenvolvimento embrionario
e a regeneracao (MONTANARI, 2016).

2.2.3 Remodelagao da matriz extracelular

A MEC estd em constante remodelacéo e sua sintese e degradacgao
acompanha a morfogénese e a regeneragao Através das moléculas de adeséo,
a matriz extracelular ancora as células, permite a migragdo, estimula a
proliferagdo, regula a diferenciacdo celular e influencia a transmissao de
informagdes pela membrana plasmatica (RODGERS,2000; KUMAR et al.,
2010).

Durante o desenvolvimento folicular, o remodelamento continuo da
parede folicular ocorre a medida que o foliculo aumenta. Em particular, a
rotatividade dos colagenos estruturais da teca externa, bem como a
vasculatura da teca interna e estroma permite a expanséo do foliculo. A I[amina
basal folicular também deve se expandir com a proliferacéo e diferenciagao das
células da granulosa (AMSTERDAM et al., 1989; RICHARDSON et al., 2000;
LUCK, 1994). Existem poucos estudos que mostram essas mudangas na
lamina basal, no comportamento celular e tecidual durante o desenvolvimento
folicular. Nos foliculos de mamiferos, a area da superficie muda sua
composi¢cao, amplia 19 vezes durante o desenvolvimento folicular, permitindo
remodelamento continuo da lamina basal folicular (VAN WEZEL; RODGERS,
1996).

Os componentes da matriz extracelular dos ovarios de mamiferos, mais
comumente estudados: colageno tipo |, colageno tipo [V, laminina e
fibronectina (BERKHOLTZ et al., 2006). Segundo Rodgers et al. (1998), os
colagenos a1 / a6 do tipo IV estdo todos presentes em foliculos primordiais. O
colageno tipo IV interage por meio de seus dominios terminais, a laminina
participa na adeséo das células a lamina basal, enquanto que a fibronectina &

importante nos processos de adesao, migragao, crescimento e diferenciagcao
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celular (RODGERS et al., 2003). Portanto, a lamina basal folicular é importante
para manter a polaridade e a extensdao da especializagdo das células
granulosas (RODGERS et al., 2000).

Os processos de mudanca da MEC requerem controle discreto, pois o
resultado final € uma expansdo da matriz e ndo uma degradacéo total. O
mecanismo preciso pelo qual isso ocorre nao € bem compreendido, mas
envolve simultaneamente degradagao simultanea e sintese da matriz (SMITH
et al.,, 1999). Durante o crescimento folicular, as alteragdes e reconstrugdes da
membrana basal sdo facilitadas por enzimas chamadas metaloproteinases
(MMPs) 1, 2, 9 e 14, que sao secretadas pelas células tecais que degradam o
colageno tipo IV que é um dos principais componentes da membrana basal. A
acao destas enzimas ¢é controlada por inibidores teciduais de
metaloproteinases (TIMPs) 1 e 2 que s&o responsaveis pela reconstrugdo da
membrana basal durante a ovulagao e formagao de corpo luteo. A membrana
basal é reconstruida pela deposi¢cao dos seus principais componentes que sao
secretados pelas células da granulosa, da teca e do estroma ovariano
(McCAFFERY et al., 2000).

O equilibrio entre regeneragdo e degradacado da matriz extracelular é
mantido, em parte, pela acdo de enzimas proteoliticas extracelulares que séo
secretadas por células locais. Dentre estas se destacam as metaloproteinases
da matriz (MMPs), as quais dependem da ligagdo do Ca?* ou Zn?** para sua
atividade. Atualmente, a familia das MMPs é composta por 25 tipos agrupados
em quatro classes: colagenases (MMP-1, -8, -13), gelatinases (MMP-2 e MMP-
9), estromalisinas e as MMPs tipicas de membranas (MTMMPs)
(STERNLICHT; WERB, 2001). Trés mecanismos basicos atuam para
assegurar o controle das MMPs: secrecdo da forma inativa (pro-enzima),
confinamento por receptores de superficie celular e inibidores teciduais de
metaloproteinases (TIMPs). O aumento de TIMPs atua coordenando as agdes
de MMPs, regulando a localizagdo e extensdo da remodelagdo da matriz
extracelular durante o processo ovulatério em mamiferos (CURRY; OSTEEN,
2003). As MMPs desempenham um importante papel no processo ovulatorio de

diferentes grupos de vertebrados, atuando na ruptura folicular, fragmentacgéo



28

da membrana basal e fibras conjuntivas associadas ao foliculo ovariano
(CURRY; OSTENN, 2003; OGIWARA et al., 2005). Em tele6steos, a
distribuicdo e a acao proteolitica das MMPs foram descritas em figado,
musculos, branquias e gbnadas (MATSUI et al., 2000; OGIWARA et al., 2005).

2.3 Dimensao fractal

A Dimenséao Fractal (DF) de um objeto possui uma grande riqueza de
informagdo em suas diferentes escalas espaciais e demonstra ser uma
eficiente ferramenta para o reconhecimento de padrées (BACKES, 2006). A
geometria euclidiana define e estuda formas ditas como perfeitas (pontos,
retas, quadrados, circulos e poligonos). Contudo, isto ndo é suficiente para
classificar algumas formas presentes na natureza. Esses objetos sao
conhecidos como sendo idealizagbes que n&do tém comprimento caracteristico
e nem tamanho abstoluto (ASSIS et al., 2008). Essas formas possuem como
base, regras simples de construgdo, mas que ao serem repetidas inUmeras
vezes, geram figuras de uma complexidade espantosa (BACKES, 2006). Essas
novas formas apresentam auto-semelhanga em nivel de escala, ou seja, o
conjunto total & constituido por pequenas réplicas dele mesmo independente
da escala utilizada para visualiza-lo (GULICK, 1992).

A metodologia foi denominada de metodologia fractal, palavra
proveniente do latim fractus e frangere, que significa quebrar, fraturar (ASSIS et
al., 2008). A dimensao de um objeto fractal € um valor fracionario, pois este
valor indica o grau de complexidade ou irregularidade que uma imagem possui,
ou seja, o quanto do espaco fisico ela ocupa (TRICOT, 1994).

Essa caracteristica a torna uma ferramenta muito util na comparacéo de
duas formas fractais e possibilita ser empregada em organismos. No campo da
biologia e medicina, este conceito vem sendo utilizado para quantificar
mudangas dindmicas e estruturais tanto em células como em tecidos (SMITH
JUNIOR et al, 1989). Bem como na quantificagdo do alinhamento e
comprimento de fibra ou identificagdo de bordas e mudanga na morfologia do
citoesqueleto (DOAN et al., 2013).
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HIGHLIGHTS
1) Fractal dimension is a useful approach in evaluating tissue remodeling in the

bovine fetal ovary.
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2) The expression of collagen I and IV, metalloproteinases 2 and 14, and their
inhibitors is regulated during bovine fetal ovary remodeling and is related to its
fractal dimension.

ABSTRACT

Although studies have focused on extracellular matrix (ECM) remodeling during the
formation and functioning of adult ovaries, there is no comprehensive understanding of
the mechanisms controlling preantral follicle development in fetal bovine ovaries during
gestation. Thus, to gain insights into ECM remodeling during initial ovarian
development, we used fetal ovaries to quantify the fractal dimension (FD), total
collagen, and relative mRNA abundance of genes related to ECM remodeling
(COLIAI, COLIA2, COL4A1, MMP2, MMP9, MMP14, TIMPI, and TIMP?2). For this,
pairs of fetal ovaries were obtained from cows in a local abattoir at days 60, 90, 120,
and 150 of gestation; one of each pair was submitted to RNA extraction for target
transcript analysis, and the other was used for total collagen and FD evaluation. From
day 120 total collagen appeared to occupy a greater area in the fetal ovary. The fractal
analysis with picrosirius red staining shows higher at day 150 when compared with that
on day 60. On the contrary, we found an inverse pattern when we used the hematoxylin
and eosin staining approach. Concerning target gene expression, the relative abundances
of COLIAI, COL4A1, MMP2, MMP14, TIMPI, and TIMP2 mRNA were higher on day
150 when compared with that on day 60. We conclude that fractal analysis reflects the
morphological changes occurring during structural organization of the fetal ovary and
that the expression of genes related to ECM remodeling is modulated throughout

gestation in bovine fetal ovaries.
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Keywords: metalloproteinases, collagen, gene expression, preantral follicles,

picrosirius, cattle.

INTRODUCTION

The appearance of the preantral stages in the ovary has a species-specific
temporal pattern. In cattle, all preantral stages manifest themselves in the fetal ovary
during gestation [1]. Data on the specific time of appearance of each preantral category
are divergent. Russe et al. [2] reported the appearance of primordial, primary, and
secondary follicles at approximately 90, 140, and 210 days of gestation, respectively,
whereas Tanaka et al. [3] reported, in the predominantly taurine fetuses, the appearance
of the same stages of development at approximately 74, 91, and 120 days of gestation,
respectively, with an increase in secondary follicle numbers up to 150 days of gestation.
Castilho et al., [4] recently demonstrated a similar profile of the preantral follicular
dynamics in bovine fetuses, predominantly of the Nellore breed, with the appearance of

primordial follicles at 75, primary at 90, and secondary at 150 days of gestation.

The formation, development, and regression of these follicles requires
considerable tissue remodeling, cell replication, and specialization, with the
extracellular matrix (ECM) involved in many of these processes [5,6,7]. Rodgers et al,
[8] was the first to identify type I collagen as the main component of bovine corpus
luteum (CL), representing about one-sixth of the luteal dry matter. Despite the detection
of the protein and mRNA of type IV collagen in ruminant luteal tissue—the main

component of the follicular basal lamina—its distribution pattern is still unknown. It
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may be located in two possible areas: around the large luteal cells and in the basal
lamina of the blood vessels, since this tissue has an extensive capillary weave [8]. The
abilities of ECM to direct cell proliferation, differentiation, and function imply its
remodeling in normal ovarian function. Specific ECM components are cleaved by
matrix metalloproteinases (MMPs) whose activities are specifically inhibited by tissue

metalloproteinase inhibitors (TIMPs) [9].

Although previous studies have been focused on ECM remodeling of adult
ovaries, nothing is known about the mechanisms that promote and control the process
during the preantral follicle formation in fetal bovine ovaries throughout gestation. To
increase our knowledge of ECM remodeling in the fetal bovine ovary, the use of less
subjective tools such as FD may allow quantification of tissue structural changes [10].
The FD aims to scale the spatial organization of an image from number fractals that
describe the relation of free space and the self-similarity of the structure [11]. For this
reason, FD is able to detect subtle morphological changes, transforming the complexity
of the form into quantitative analytical data and reconciling structural features and

functional quantitative measures [12].

In fact, Frisch et al. [11] have indicated fractal analysis as a consistent method
when evaluating tissue remodeling of tendon collagen in rats exposed to injury. Zouein
et al. [13] also evaluated the morphology and architecture of collagen in the dermis of
mice through FD, proposing it as a preferred method for quantifying collagen in organs
and tissues. These histological findings allow more precise analysis of the results and
decrease errors from manual and subjective quantification [11], besides allowing a
direct comparison with other studies, since it is a technique that allows the results to be

free from evaluator bias [14].
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Therefore, to elucidate the mechanisms involved in ovarian development in
bovine fetuses and establishment of the follicular population during gestation, the
present study was conducted to characterize the histomolecular phenotype of ECM
remodeling through FD, the quantification of collagen, and the profiling of transcripts
involved with ECM remodeling in ovaries of bovine fetuses associated with preantral

follicle formation.

MATERIALS AND METHODS
Tissues

In accordance with the methods of Tanaka et al. (2001) and Castilho et al.
(2014), 20 female fetuses at 60, 90, 120, and 150 days of gestation (n = 5/group),
predominantly from Nellore cattle (Bos taurus indicus), were obtained from a local
abattoir near the Sdo Paulo State University campus in Assis city and were classified
according to crown-rump lengths. Subsequently, one fetal ovary of each fetus was
transported to the laboratory in TRIzol® Reagent for RNA total extraction and the other
was fixed in methacarn solution (60% methanol, 30% chloroform, 10% acetic acid) for

2 h and held in 70% ethanol for histological analysis.

The tissues were dehydrated in ethanol and soaked in Paraplast (Oxford
Labware, St. Louis, MO, USA). Sections of 4 um thickness were obtained and stained
with hematoxylin and eosin (HE) or picrosirius red staining (PSR), according to the
standard laboratory histological protocol. The slides were analyzed, and the images
were captured with a digital photomicroscope Axiophot II (Zeiss Jenaval, Jena,

Germany) with a 40x objective. Fetal ovary sections stained with PSR were used to
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quantify total collagen. The analysis was performed using the Imagel software. Tissue
FD was evaluated in fetal ovary sections stained with PSR or HE (n=10 images/slide;

total 50 images per gestational age).

Fractal Analysis

For the FD analysis, the photographs were binarized for reading, and FD was
estimated by the box-counting method using ImageJ. The software considered box-
counting in two dimensions, allowing the quantification of the distribution of pixels
within this space, not considering the texture of the image. The result of such analysis is
that two images with the same distribution of pixels, one binarized and the other in gray
levels, have the same FD. The analysis of the fractal histological slides was based on the
relation between the resolution and the evaluated scale, and the result was quantitatively
expressed as the FD of the object, as FD = Log Nr/Log r ', where, Nr is the quantity of
equal elements needed to fill the original object and r is the scale applied to the object.
Thus, FD was calculated using the ImageJ software set between 0 and 2, not

distinguishing different textures.

RNA extraction and expression of target genes

Total RNA was extracted according to the manufacturer’s protocol and stored at
-80 °C (TRIzol, Invitrogen®). To prevent any contamination by genomic DNA that may
interfere with the results, all samples of total RNA (400 ng/reaction) were incubated

with DNAse I (11U/pg; Invitrogen, Sao Paulo, Brazil) and then reverse-transcribed
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using random primers according to the protocol provided with the High Capacity Kit

(Applied Biosystem®, Foster City, CA)

The RT-qPCR analysis of each target and reference gene was performed on
QuantStudio ™ 7 Flex equipment using the Power Sybr Green” (Applied Biosystems®)
system, together with the corresponding bovine-specific primer oligonucleotides,
previous published by [16] . The reactions were optimized to provide the maximum
amplification efficiency for each gene. The specificity of each PCR product was
determined by the analysis of the dissociation curve and fragment size confirmation by
1.5% agarose gel electrophoresis. Each sample was analyzed in duplicate and negative
controls, which used water instead of cDNA, were run on each plate. To select the most
stable reference gene, the amplification profiles of the genes: isomeryl peptidylprolyl
isomerase A (PPIA), glyceraldehyde 3-phosphate dehydrogenase (GAPDH), and histone
H2A (H2AFZ), were tested using the NormFinder software. The most stable reference
gene for the fetal ovaries was PPIA. To quantify the relative expression, the AACt
method (target genes / PPIA) with correction of efficiency for each target gene was

followed, using a control sample as the calibrator [15].

Statistical analysis

The gestational age effects on total collagen, FD, and relative mRNA abundance
of target genes were evaluated by One-way ANOVA and the differences were compared
by the Tukey-Kramer test. All analyses were performed using the JMP software (SAS
Institute Cary, NC) and the data are presented as mean = SEM. Differences were

considered significant when p<0.05.
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RESULTS

Regarding the quantitative approach for histological evaluation of ECM
remodeling, we found a greater amount of total collagen in bovine fetal ovaries at days
120 and 150 when compared with the amount on days 60 and 90 (p=0.033, figure 1).
We found a higher FD of collagen fibers in PSR-stained slides from day 120 when
compared with that from day 60 of gestation (p=0.025, figure 1). In contrast, the FD in
the HE-stained slides that showed cytoplasm/nucleus relation, exhibited an inverse
profile with lower levels of FD at 120 days of gestation when compared with those at 60

and 90 days (p=0.02, figure 2).

On evaluating the gene expression profiles related to fetal ovary ECM
remodeling, we identified that relative mRNA abundance of COL1A1 was greater at day
150 when compared with that at day 60 (p=0.0068) and COL4A41 was upregulated at
day 150 when compared with that in other days (p=0.035). However, the gestational age
did not interfere with the abundance of COLIA42 (p=0.32). The relative mRNA
abundances of MMP2 (p = 0.004) and MMP14 (p = 0.037), and of TIMPI (p = 0.001)
and TIMP2 (p = 0.012) (figure 3) were higher at day 150 when compared with those on

other days , but there was no difference in the MMP9 mRNA abundance (p = 0.85).

DISCUSSION

In order to broaden the understanding of the development and organization of

fetal bovine ovary, we demonstrated for the first time that remodeling of ECM is
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correlated with FD in the bovine fetal ovarian tissue. In addition, the findings presented
here indicate that fetal ovarian development is accompanied by extensive ECM
remodeling, and suggest that modification in the amount and distribution of collagen
could be partially explained by the transcriptional regulation of genes involved with
ECM changing (figure 4). Furthermore, as previously described for bovine CL, FD
analysis proves to be an effective approach in understanding the morphological changes

that occur during fetal ovary developmental [16].

Regarding FD as a useful tool to evaluate ECM remodeling of bovine fetal
ovaries, it is relevant to highlight the inverse relationship between FD in HE staining in
relation to that in PSR staining. These findings may indicate that lower FD values in HE
staining reflect an organized tissue, differentiating from a more functional tissue at 150
days of gestation, which would corroborate the same pattern already demonstrated in
bovine CL by Favero et al., 2019. On the contrary, the higher FD values in PSR staining
could be related to the greater amount of collagen and possibly reflect lower cellularity
and an increase in the collagen/cell ratio at this stage of bovine fetal ovarian
development. Together, these findings suggest that the use of FD could help better
standardize histological studies, thus allowing more accurate analysis of the results,
reduction of subjective quantification errors, and direct comparison among studies. FD
analysis is not a widely used approach to explore female reproductive tissue
remodeling, especially in cattle, which makes this tool promising as a new form of
accurate assessment technique to quantify temporal changes during folliculogenesis and

evaluate the impact of the reproductive cycle on mammalian females.
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As described by Berkholtz et al., [7] collagen type I and IV, and other
components of the ECM such as fibronectin and laminin affect the morphology,
survival, proliferation, and steroidogenesis of granulosa cells, follicles, and ovaries.
Consistent with the importance of collagen deposition and its distribution throughout
the development of ovaries in bovine fetuses, we believe the highest amount of collagen
at 150 days of gestation could be related to greater expression of genes encoding type |
and type IV collagen, but not by type II. Furthermore, these findings reinforce that an
increase in the collagen amount and its differential distribution in fetal ovaries at 150
days could play a role in future ECM remodeling during folliculogenesis in adult
ovaries and have an impact on cell morphology, communication, proliferation, survival,

and steroidogenesis in reproductive tissues [7].

MMPs and TIMPs, the regulators of ECM remodeling, are postulated to play a
critical role during follicular development [15]. Indeed, MMPs are also responsible for
the degradation of most ECM components during tissue remodeling, and are required
for the growth and expansion of the follicle during the ovulatory process. On the
contrary, the TIMPs are the tissue inhibitors of its action [17]. Although it has been
described that MMP1, MMP2, and MMPI14 mRNA expression are not regulated during
the follicular phase and development of the CL in adult ovaries [18], in the present
study, we demonstrated a greater expression of MMP2 and MMP14 as well as TIMP1

and TIMP?2 in fetal ovaries at 150 days of gestation.

Furthermore, our findings are contrary to observations on ovaries of adult female
swine, where MMP1, MMP2, and MMP9 expression in CL is always accompanied by

the decrease in TIMPI and TIMP2 expression [19]. This reinforces that tissue
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remodeling of bovine fetal ovary involves a variety of MMP inhibitors, and further
establishes that ECM remodeling during ovarian development of bovine fetuses is an
intense, complex, and unique process where all MMP/TIMP systems are recruited and

required to be highly expressed for the final development of fetal ovary.

In summary, we found that differential FD observed during fetal bovine ovarian
development and preantral folliculogenesis is an effective method for evaluating ovarian
tissue changes. In addition, we conclude that the remodeling of ECM during the
development of the fetal bovine ovary is related to histomolecular alterations in the
expression of collagens type I and IV, MMPs 2 and 14, and TIMPs 1 and 2, as well as

in the amount and distribution of collagen fibers.
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255  Figure 1. Gestational age effects on: (A) Quantification of total collagen in PSR-stained
256  bovine fetal ovarian sections; (B) FD in staining in PSR-stained sections. The results
257  can be quantitatively expressed as FD = (Log Nr / Log r-) and, for that reason, the
258  dimension will always range between 0 and 2. Data are presented by mean + SEM.

259  Different letters (A; B) indicate a significant difference (p<0.05).
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Figure 3. Gestational age effects on the differential mRNA relative abundance of
COLIAI, COLIA2, COL4A1, MMP2, MMPY, MMP14, TIMPI, and TIMP?2 during the
development of bovine fetal ovaries (n = 5 ovaries / gestational age). The expression
values were calculated relative to a calibrator sample using the AACt method with
efficiency correction. Data are presented as mean + SEM. Bars with different letters (A,

B) show significant difference (p<0.05).
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Figure 4. Biological model to gain insight about mechanisms involved with ECM
development in bovine fetal ovary and establishment of the follicular population during
gestation. At day 60, we can visualize the ovigerous cords spread over into ovarian
stroma and a poor ECM remodeling, which could be partially explained by the lower
collagen deposit (light green). On the contrary, when fetal ovary acquires preantral
follicles (primordia characterized by flattened granulosa cells; primary follicle
characterized by cuboidal granulosa cells; and secondary follicle by multilayered
granulosa cells) until gestational day 150, we can observe a higher level of collagen
(green), MMP and TIMP expression that reaches a thin tissular architecture, and the

establishment of cortical or medullar area in bovine fetal ovary.
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contrast, or color balance are acceptable if and as long as they do not obscure or
eliminate any information present in the original. Nonlinear adjustments (e.g. changes
to gamma settings) must be disclosed in the figure legend. Electronic artwork General
points * Make sure you use uniform lettering and sizing of your original artwork.
Embed the used fonts if the application provides that option. * Aim to use the following
fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or use fonts that
look similar. « Number the illustrations according to their sequence in the text. « Use a
logical naming convention for your artwork files. * Provide captions to illustrations
separately. * Size the illustrations close to the desired dimensions of the published
version. * Submit each illustration as a separate file. « Ensure that color images are
accessible to all, including those with impaired color vision. A detailed guide on
electronic artwork is available. You are urged to visit this site; some excerpts from the
detailed information are given here. Formats If your electronic artwork is created in a
Microsoft Office application (Word, PowerPoint, Excel) then please supply 'as is' in the
native document format. AUTHOR INFORMATION PACK 2 Feb 2020
www.elsevier.com/locate/ybbrc 10 Regardless of the application used other than
Microsoft Office, when your electronic artwork is finalized, please 'Save as' or convert
the images to one of the following formats (note the resolution requirements for line
drawings, halftones, and line/halftone combinations given below): EPS (or PDF):
Vector drawings, embed all used fonts. TIFF (or JPEG): Color or grayscale photographs
(halftones), keep to a minimum of 300 dpi. TIFF (or JPEG): Bitmapped (pure black &
white pixels) line drawings, keep to a minimum of 1000 dpi. TIFF (or JPEG):
Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of 500
dpi. Please do not: * Supply files that are optimized for screen use (e.g., GIF, BMP,
PICT, WPQG); these typically have a low number of pixels and limited set of colors; *
Supply files that are too low in resolution; * Submit graphics that are disproportionately
large for the content. Color artwork Please make sure that artwork files are in an
acceptable format (TIFF (or JPEG), EPS (or PDF), or MS Office files) and with the
correct resolution. If, together with your accepted article, you submit usable color
figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) regardless of whether or not these
illustrations are reproduced in color in the printed version. For color reproduction in
print, you will receive information regarding the costs from Elsevier after receipt of
your accepted article. Please indicate your preference for color: in print or online only.
Further information on the preparation of electronic artwork. Figure captions Ensure
that each illustration has a caption. Supply captions separately, not attached to the
figure. A caption should comprise a brief title (not on the figure itself) and a description
of the illustration. Keep text in the illustrations themselves to a minimum but explain all
symbols and abbreviations used. Tables Please submit tables as editable text and not as
images. Tables can be placed either next to the relevant text in the article, or on separate
page(s) at the end. Number tables consecutively in accordance with their appearance in
the text and place any table notes below the table body. Be sparing in the use of tables
and ensure that the data presented in them do not duplicate results described elsewhere
in the article. Please avoid using vertical rules and shading in table cells. References
Citation in text Please ensure that every reference cited in the text is also present in the
reference list (and vice versa). Any references cited in the abstract must be given in full.
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Unpublished results and personal communications are not recommended in the
reference list, but may be mentioned in the text. If these references are included in the
reference list they should follow the standard reference style of the journal and should
include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has
been accepted for publication. Web references As a minimum, the full URL should be
given and the date when the reference was last accessed. Any further information, if
known (DOI, author names, dates, reference to a source publication, etc.), should also
be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list. Data references This
journal encourages you to cite underlying or relevant datasets in your manuscript by
citing them in your text and including a data reference in your Reference List. Data
references should include the following elements: author name(s), dataset title, data
repository, version (where available), year, and global persistent identifier. Add
[dataset] immediately before the reference so we can properly identify it as a data
reference. The [dataset] identifier will not appear in your published article. References
in a special issue Please ensure that the words 'this issue' are added to any references in
the list (and any citations in the text) to other articles in the same Special Issue.
AUTHOR INFORMATION PACK 2 Feb 2020 www.elsevier.com/locate/ybbrc 11
Reference management software Most Elsevier journals have their reference template
available in many of the most popular reference management software products. These
include all products that support Citation Style Language styles, such as Mendeley.
Using citation plug-ins from these products, authors only need to select the appropriate
journal template when preparing their article, after which citations and bibliographies
will be automatically formatted in the journal's style. If no template is yet available for
this journal, please follow the format of the sample references and citations as shown in
this Guide. If you use reference management software, please ensure that you remove
all field codes before submitting the electronic manuscript. More information on how to
remove field codes from different reference management software. Users of Mendeley
Desktop can easily install the reference style for this journal by clicking the following
link: http://open.mendeley.com/use-citation-style/biochemical-and-biophysical-
research-communications When preparing your manuscript, you will then be able to
select this style using the Mendeley plugins for Microsoft Word or LibreOffice.
Reference style Text: Indicate references by number(s) in square brackets in line with
the text. The actual authors can be referred to, but the reference number(s) must always
be given. Example: ... as demonstrated [3,6]. Barnaby and Jones [8] obtained a
different result ...." List: Number the references (numbers in square brackets) in the list
in the order in which they appear in the text. Examples: Reference to a journal
publication: [1] J. van der Geer, J.A.J. Hanraads, R.A. Lupton, The art of writing a
scientific article, J. Sci. Commun. 163 (2010) 51-59.
https://doi.org/10.1016/j.S¢.2010.00372. Reference to a journal publication with an
article number: [2] J. van der Geer, J.A.J. Hanraads, R.A. Lupton, 2018. The art of
writing a scientific article. Heliyon. 19, €00205.
https://doi.org/10.1016/j.heliyon.2018.e00205. Reference to a book: [3] W. Strunk Jr.,
E.B. White, The Elements of Style, fourth ed., Longman, New York, 2000. Reference to
a chapter in an edited book: [4] G.R. Mettam, L.B. Adams, How to prepare an
electronic version of your article, in: B.S. Jones, R.Z. Smith (Eds.), Introduction to the
Electronic Age, E-Publishing Inc., New York, 2009, pp. 281-304. Reference to a



64

website: [5] Cancer Research UK, Cancer statistics reports for the UK.
http://www.cancerresearchuk.org/ aboutcancer/statistics/cancerstatsreport/, 2003
(accessed 13 March 2003). Reference to a dataset: [dataset] [6] M. Oguro, S. Imahiro, S.
Saito, T. Nakashizuka, Mortality data for Japanese oak wilt disease and surrounding
forest compositions, Mendeley Data, v1, 2015. https://doi.org/10.17632/ xwj98nb39r.1.
You must also list a minimum of 3 authors associated with a cited work before using "et
al." in each of your references. Journal abbreviations source Journal names should be
abbreviated according to the List of Title Word Abbreviations. Video Elsevier accepts
video material and animation sequences to support and enhance your scientific research.
Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be
done in the same way as a figure or table by referring to the video or animation content
and noting in the body text where it should be placed. All submitted files should be
properly labeled so that they directly relate to the video file's content. In order to ensure
that your video or animation material is directly usable, please provide the file in one of
our recommended file formats with a preferred maximum size of 150 MB per file, 1 GB
in total. Video and animation files supplied will be published online in the electronic
version of your article in Elsevier Web products, including ScienceDirect. Please supply
'stills' with your files: you can choose any frame from the video or animation or make a
separate image. These will be used instead of standard icons and will personalize the
link to your video data. For AUTHOR INFORMATION PACK 2 Feb 2020
www.elsevier.com/locate/ybbrc 12 more detailed instructions please visit our video
instruction pages. Note: since video and animation cannot be embedded in the print
version of the journal, please provide text for both the electronic and the print version
for the portions of the article that refer to this content. Supplementary material
Supplementary material such as applications, images and sound clips, can be published
with your article to enhance it. Submitted supplementary items are published exactly as
they are received (Excel or PowerPoint files will appear as such online). Please submit
your material together with the article and supply a concise, descriptive caption for each
supplementary file. If you wish to make changes to supplementary material during any
stage of the process, please make sure to provide an updated file. Do not annotate any
corrections on a previous version. Please switch off the '"Track Changes' option in
Microsoft Office files as these will appear in the published version. Research data This
journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles.
Research data refers to the results of observations or experimentation that validate
research findings. To facilitate reproducibility and data reuse, this journal also
encourages you to share your software, code, models, algorithms, protocols, methods
and other useful materials related to the project. Below are a number of ways in which
you can associate data with your article or make a statement about the availability of
your data when submitting your manuscript. If you are sharing data in one of these
ways, you are encouraged to cite the data in your manuscript and reference list. Please
refer to the "References" section for more information about data citation. For more
information on depositing, sharing and using research data and other relevant research
materials, visit the research data page. Data linking If you have made your research data
available in a data repository, you can link your article directly to the dataset. Elsevier
collaborates with a number of repositories to link articles on ScienceDirect with relevant
repositories, giving readers access to underlying data that gives them a better
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understanding of the research described. There are different ways to link your datasets
to your article. When available, you can directly link your dataset to your article by
providing the relevant information in the submission system. For more information,
visit the database linking page. For supported data repositories a repository banner will
automatically appear next to your published article on ScienceDirect. In addition, you
can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020;
CCDC: 734053; PDB: 1XFN). Mendeley Data This journal supports Mendeley Data,
enabling you to deposit any research data (including raw and processed data, video,
code, software, algorithms, protocols, and methods) associated with your manuscript in
a free-to-use, open access repository. During the submission process, after uploading
your manuscript, you will have the opportunity to upload your relevant datasets directly
to Mendeley Data. The datasets will be listed and directly accessible to readers next to
your published article online. For more information, visit the Mendeley Data for
journals page. Data in Brief You have the option of converting any or all parts of your
supplementary or additional raw data into one or multiple data articles, a new kind of
article that houses and describes your data. Data articles ensure that your data is actively
reviewed, curated, formatted, indexed, given a DOI and publicly available to all upon
publication. You are encouraged to submit your article for Data in Brief as an additional
item directly alongside the revised version of your manuscript. If your research article is
accepted, your data article will automatically be transferred over to Data in Brief where
it will be editorially reviewed and published in the open access data journal, Data in
Brief. Please note an open access fee of 600 USD is payable for publication in Data in
Brief. Full details can be found on the Data in Brief website. Please use this template to
write your Data in Brief. AUTHOR INFORMATION PACK 2 Feb 2020
www.elsevier.com/locate/ybbrc 13 MethodsX You have the option of converting
relevant protocols and methods into one or multiple MethodsX articles, a new kind of
article that describes the details of customized research methods. Many researchers
spend a significant amount of time on developing methods to fit their specific needs or
setting, but often without getting credit for this part of their work. MethodsX, an open
access journal, now publishes this information in order to make it searchable, peer
reviewed, citable and reproducible. Authors are encouraged to submit their MethodsX
article as an additional item directly alongside the revised version of their manuscript. If
your research article is accepted, your methods article will automatically be transferred
over to MethodsX where it will be editorially reviewed. Please note an open access fee
is payable for publication in MethodsX. Full details can be found on the MethodsX
website. Please use this template to prepare your MethodsX article. Data statement To
foster transparency, we encourage you to state the availability of your data in your
submission. This may be a requirement of your funding body or institution. If your data
is unavailable to access or unsuitable to post, you will have the opportunity to indicate
why during the submission process, for example by stating that the research data is
confidential. The statement will appear with your published article on ScienceDirect.
For more information, visit the Data Statement page. Submission checklist It is hoped
that this list will be useful during the final checking of an article prior to sending it to
the journal's Editor for review. Please consult this Guide for Authors for further details
of any item. Ensure that the following items are present: One Author designated as
corresponding Author: ¢ E-mail address ¢ Full postal address * Telephone and fax
numbers All necessary files have been uploaded * Research Highlights « Keywords ¢ All
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figure captions ¢ All tables (including title, description, footnotes) Further
considerations ¢ Manuscript has been "spellchecked" and "grammar-checked" -
References are in the correct format for this journal « All references mentioned in the
Reference list are cited in the text, and vice versa ¢« Permission has been obtained for use
of copyrighted material from other sources (including the Web) * Color figures are
clearly marked as being intended for color reproduction on the Web (free of charge) and
in print or to be reproduced in color on the Web (free of charge) and in black-and-white
in print * If only color on the Web is required, black and white versions of the figures
are also supplied for printing purposes For any further information please visit our
customer support site at service.elsevier.com. AFTER ACCEPTANCE Online proof
correction To ensure a fast publication process of the article, we kindly ask authors to
provide us with their proof corrections within two days. Corresponding authors will
receive an e-mail with a link to our online proofing system, allowing annotation and
correction of proofs online. The environment is similar to MS Word: in addition to
editing text, you can also comment on figures/tables and answer questions from the
Copy Editor. Web-based proofing provides a faster and less error-prone process by
allowing you to directly type your corrections, eliminating the potential introduction of
errors. If preferred, you can still choose to annotate and upload your edits on the PDF
version. All instructions for proofing will be given in the e-mail we send to authors,
including alternative methods to the online version and PDF. We will do everything
possible to get your article published quickly and accurately. Please use this proof only
for checking the typesetting, editing, completeness and correctness of the text, tables
and figures. Significant changes to the article as accepted for publication will only be
considered at this stage with permission from the Editor. It is important to ensure that
all corrections are sent back to us in one communication. Please check carefully before
replying, as inclusion of any subsequent corrections cannot be guaranteed. Proofreading
is solely your responsibility. AUTHOR INFORMATION PACK 2 Feb 2020
www.elsevier.com/locate/ybbrc 14



