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“Science and everyday life cannot and should not be separated”
(A ciéncia e a vida cotidiana ndo podem e ndo devem ser separadas)

— Rosalind Franklin
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RESUMO

O oviduto desempenha diversas funcbes até a formagdo do embrido, como
maturacdo e transporte final dos gametas, processo de fertilizacdo, transporte do
embrido e desenvolvimento inicial do embrido. No entanto, nenhuma dessas
etapas precisa ocorrer obrigatoriamente no oviduto. A capacidade de desenvolver
embribes até o0 estagio de blastocisto sem qualquer contato com o trato
reprodutivo materno gerou a hipétese de que o oviduto seria secundario e néo
essencial no estagio inicial da vida. Hoje, no entanto, € amplamente conhecido
que a interacdo embrido-oviduto, ou interacdo com produtos de células ovidutais,
pode impactar o embrido de diferentes maneiras, especialmente em relacdo as
caracteristicas epigenéticas, metabolismo e varios marcadores de qualidade. Para
reconectar o embrido em desenvolvimento as células ovidutais (OC), muitas
abordagens artificiais foram delineadas. Nesta tese, investigamos as CO diante de
duas dessas abordagens: os protocolos de superestimulacdo ovariana (SOV) e a
cocultura in vitro de embridao-CO. No primeiro estudo, as vacas foram submetidas
a: i) protocolo SOV apenas com hormdnio foliculo-estimulante (FSH), ii) protocolo
SOV usando FSH com gonadotrofina coribnica equina (eCG), ou iii) ovulacéo
Gnica por sincronizacdo hormonal. O uso de protocolos SOV permite o
desenvolvimento de multiplos embrides dentro do oviduto, possibilitando a
interacdo dos embrides com as CO. Este primeiro estudo demonstrou que as CO
de vacas submetidas a SOV com FSH + eCG apresentam niveis mais elevados de
estradiol, que também modulou a expressdo génica de genes relacionados ao
processo de fertilizacdo. Em seguida, esse perfil hormonal foi aplicado em um
sistema de cultivo in vitro de OC. As CO podem ser cultivadas para aplicacdo em
sistema de cocultura com embrides, o que permite que o embrido produzido in
vitro interaja com as CO. A cultura de OC ainda nédo possui protocolo padréo ouro.
Portanto, para analisar o efeito dos diferentes perfis hormonais obtidos como
resultado do primeiro estudo, foi necessario incluir outra variagdo no segundo
estudo: diferentes perfis hormonais x CO coletadas em diferentes fases do ciclo
estral. Ao analisar os dados obtidos na anélise de RNAseq, ap6s o cultivo in vitro,
as OC coletadas durante a fase folicular apresentam um perfil de transcriptoma
muito diferente do perfil das células coletadas na fase latea, caso nenhum
tratamento hormonal for aplicado. Porém, quando altos niveis de estradiol sédo
aplicados na cultura in vitro dessas células, o perfil do transcriptoma das CO torna-
se muito semelhante, independentemente do ciclo estral em que as CO foram
coletadas. Em conclusédo, essas duas abordagens artificiais para possibilitar a
interacdo dos embrides com o oviduto modulam as CO em funcdo dos perfis
hormonais. Portanto, o perfil hormonal é um fator importante a ser considerado
nas estratégias para estabelecer a interacdo de embrides e células ovidutais.

-3-



ABSTRACT

The oviduct plays many roles in the embryo formation, as gametes final maturation
and transport, fertilization process, embryo transport, and embryo early
development. However, none of these steps need to occur in the oviduct
mandatorily. The ability to develop embryos up to the blastocyst stage without any
contact with the maternal reproductive tract hypothesized that the oviduct would be
minor and inessential at the early stage of life. Today, however, it is widely known
that the embryo-oviduct interaction, or interaction with oviductal cells’ products, can
impact the embryo in different ways, especially regarding epigenetic
characteristics, metabolism, and several quality markers. To reconnect the embryo
in development to the oviductal cells (OC), many artificial approaches have been
designed. In this thesis, we investigated the OC from two of these approaches: the
ovarian superstimulation protocols (OVS) and the embryo-OC in vitro coculture. In
the first study, cows were submitted to: i) OVS protocol only with follicle-stimulating
hormone (FSH), ii) OVS protocol using FSH with equine chorionic gonadotrophin
(eCG), or iii) single ovulation by hormone synchronization. The use of OVS
protocols allows the development of multiples embryos inside the oviduct, making
possible the interaction of the embryos with the OC. This first study demonstrated
that OC from cows submitted to OVS using FSH+eCG has higher levels of
estradiol, which also modulated gene expression of genes related to the
fertilization process. Next, this hormone profile was applied in an in vitro culture
system of OC. The OC can be cultured for application in a coculture system with
embryos, which enable the in vitro produced embryo to interact with the OC. The
culture of OC has still no gold standard protocol. Therefore, to analyze the effect of
different hormone profiles obtained as a result of the first study, it was necessary to
include another variation in the second study: different hormone profiles x OC
collected in a different phase of the estrous cycle. When analyzing the data
obtained from the RNAseq analysis, after in vitro culture, OC collected during the
follicular phase presents a very different transcriptome profile than cells collected
during the luteal phase, if no hormone treatment is applied. However, when high
levels of estradiol are applied in the in vitro culture, the transcriptome profile of the
OC become very similar to each other, independently of the estrous cycle when
OC was collected. In conclusion, these two artificial approaches to enable the
interaction of embryos with the oviduct modulate the OC depending on the
hormone levels presented. Therefore, the hormone profile is an important factor to
be considered in strategies to establish the interaction of embryos and oviductal
cells.



INTRODUCTION

After reproductive biotechnologies have been developed, exponential
growth was observed in embryo production numbers. Currently, the total number of
bovine embryos produced by in vitro and in vivo techniques exceeds 1.5 million per
year worldwide. Associated with numerical expansion, many studies investigate
how to improve embryo quality and increase the chance of establishing a
successful pregnancy after embryo transfer. The oviduct is the organ responsible
for establishing a suitable microenvironment for the final oocyte maturation, sperm
reserve formation and capacitation, fertilization, gamete/embryo transport, and
initial embryo development. Although the interaction with the oviduct does not
impede bovine embryo formation and initial development, when the embryo is in
natural circumstances with oviduct cells, its quality is unquestionably superior.
Thus, the improvement of embryonic quality and consequently increasing
pregnancy success may lie in the interaction of the embryo with oviduct cells, or
oviductal cells products. To provide this embryo-oviduct contact, several artificial
methods have been developed and are constantly evolving. A general selection of
these methods is presented in Chapter 1. This literature review addresses the
main in vivo and in vitro methods available for providing interaction between the
embryo and the oviduct, their limitations, and perspectives.

Superovulation protocol is one of these methods. Although cattle are
monovulatory animals, hormonal treatments stimulate multiple follicle growth and
ovulation, enabling the formation and development of several embryos in the
oviduct lumen. This interaction with the oviduct is very beneficial to these embryos,
although their quality is still inferior when compared to embryos produced from
single ovulation. The cause of this inferior embryonic quality may be multifactorial,
and changes in oviductal cells can be one of them. In Chapter 2, oviduct tissues
were evaluated after cows had been treated with two ovarian superstimulation
protocols and one synchronization protocol for single ovulation. The oviducts were
evaluated one day before ovulation, to understand the effects of the protocols

without interference from the gametes/embryos presence. Cows submitted to the
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ovarian superstimulation protocols, specifically treated with follicle-stimulating
hormone associated with equine chorionic gonadotropin, had their oviducts with
higher estradiol levels and modulation on transcription levels of genes related to
the fertilization process in the oviduct.

In Chapter 3, another method that provides interaction between the embryo
and the oviduct was studied, in this case, an approach for embryos produced in
vitro. During the in vitro culture of embryos, it is possible to establish a coculture
system with oviductal cells. Currently, compartmentalized culture systems are
more efficient at this task, as it provides cellular nutrition through the basolateral
segment, which mimics blood nutrition in oviductal cells and cell apical region free
of culture medium, which mimics the organ lumen. In these compartmentalized
systems, it is possible to place embryos in the zygote stage in the apical
compartment to develop in contact with oviductal cells. At the same time, it is
possible to modulate the culture medium in the basolateral compartment to mimic
blood supply. This modulation, especially with hormonal treatments, is not yet fully
established. For this reason, in Chapter 3 the data from the analysis of the culture
of bovine oviduct epithelial cells submitted to hormonal treatments in a
compartmentalized system is present. It was observed that treatment with high
levels of estradiol seems to be the major modulator of transcription in oviductal
cells and more importantly, the results suggest that the moment of the estrous
cycle when the cells are obtained for later in vitro culture is an essential aspect that
should be considered for the cultivation of bovine oviduct epithelial cells. Finally, in
Chapter 4, the final considerations of the findings of these studies are presented.
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