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“Previsdes estimam que o mundo sera habitado por mais de 157 milhdes de
pessoas derivadas de pelo menos uma tecnologia de reproducao assistida até 2100.”
(Faddy et al., 2018)



RESUMO

Com o aumento da demanda pela reprodugéao assistida humana, tornou-
se essencial o aperfeigoamento das tecnologias para a selegédo de blastocistos com
maior potencial de implantagdo no endométrio. O objetivo deste trabalho foi identificar
microRNAs secretados por blastocistos em meios de cultura, que pudessem atuar
como biomarcadores preditivos para o processo de implantagdo no endométrio. O
estudo utilizou uma revisdo da literatura, elencando pesquisas experimentais
humanas com amostras de meios de cultivo que continham miRNAs exocitados de
blastocistos provenientes de clinicas de reproducgao assistida. A metodologia envolveu
a filtragem de artigos por titulo e resumo, seguida da leitura integral dos trabalhos
selecionados e analise das informagdes elencadas. Os artigos selecionados,
resultantes dos critérios de inclusdo e exclusao, destacaram que 17 familias de
miRNAs. Destas, 9 familias foram concordantes em resultado em mais de um artigo,
reafirmando os resultados de implantagao e ndo implantagdo. Foram analisados, na
literatura, possiveis alvos e efeitos desses microRNA, sendo possivel determinar que
o subtipo miR-99a-5p e a familia miR-199 se correlacionam a implantagédo, enquanto
as familias let-7 e miR-515 e o subtipo miR-519d-3p se correlacionam a falha da
implantacdo. A reafirmacdo dos padroes de expressdo dessas 9 familias de
microRNAs como potenciais biomarcadores para o processo de implantagdo pode
contribuir para o desenvolvimento de novos protocolos nao-invasivos de analise de
blastocistos para transferéncia na reproducdo assistida e melhorar as taxas de

sucesso de implantagao.

Palavras-chave: microRNA; embrido; nidagao.






ABSTRACT

With the increased demand for assisted human reproduction, it has
become essential to improve technologies for selecting blastocysts with greater
potential for implantation in the endometrium. The objective of this work was to identify
microRNAs secreted by blastocysts in culture media that could act as predictive
biomarkers for the implantation process in the endometrium. The study used a
literature review, listing human experimental research with culture media samples
containing miRNAs exocytosed from blastocysts from assisted reproduction clinics.
The methodology involved filtering articles by title and abstract, followed by full reading
of the selected works and analysis of the information listed. The selected articles,
resulting from the inclusion and exclusion criteria, highlighted 17 miRNA families. Of
these, 9 families were concordant in results in more than one article, reaffirming the
results of implantation and non-implantation. A review of the literature analyzed
potential targets and effects of these microRNAs, determining that the miR-99a-5p
subtype and the miR-199 family correlate with implantation, while the let-7 and miR-
515 families and the miR-519d-3p subtype correlate with implantation failure. The
reaffirmation of the expression patterns of these 9 microRNA families as potential
biomarkers for the implantation process may contribute to the development of new
non-invasive blastocyst analysis protocols for transfer in assisted reproduction and

improve implantation success rates.

Keywords: microRNA; embryo; nidation.
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1.INTRODUGCAO
1.1 REPRODUCAO HUMANA ASSISTIDA (RHA)

Em 2021, estima-se que 55.000.818 homens e 110.089.459 mulheres
viviam com infertilidade em todo o mundo. Aproximadamente 1.820,6 casos por
100.000 habitantes (1,8%) para homens e 3.713,2 casos por 100.000 habitantes
(3,7%) para mulheres. A infertilidade afetou principalmente mulheres e a faixa etaria
de 35 a 39 anos (LIANG et al., 2025). No Brasil, as mulheres estdo decidindo ter seus
primeiros filhos cada vez mais tarde, segundo nova pesquisa do Instituto Brasileiro de
Geografia e Estatistica (IBGE, 2024), o que pode aumentar os numeros de
infertilidade. Em 2024, 55.962 ciclos de reprodu¢ao humana assistida (RHA) foram
realizados no Brasil, e foram registradas 867 gravidezes clinicas em pacientes
maiores de 35 anos, mais que o dobro das gravidezes em pacientes menores de 35
anos (ANVISA, 2024). Em 2021, a fila de espera no SUS para consulta ginecolégica
para infertilidade era de aproximadamente 400 usuarios por més, e o tempo de espera
passava de 200 dias (ENTRINGER et al., 2023).

De acordo com dados da Organizagao Mundial da Saude, 278 mil casais
enfrentam infertilidade no Brasil, o que equivale a 15% do total de casais em idade
reprodutiva (WHO, 2023). Cerca de 20 a 30% dos casos de infertilidade sao devidos
a infertilidade masculina, 20 a 35% a infertilidade feminina e 25 a 40% a problemas
combinados em ambos os sexos. Em 10 a 20% dos casos, nenhuma causa é
encontrada, chamada causa idiopatica (MATTEO, 2023). Algumas das principais
causas da infertilidade feminina sao disfun¢des hormonais como Sindrome de Ovarios
Policisticos, obesidade, disturbios da tireoide e insuficiéncia ovariana, causas
imunoldgicas, aléem de alteragbes anatbmicas como miomas, polipos endometriais,
aderéncias intrauterinas, anomalias uterinas, tubarias e adenomiose. (KANWAL et
al., 2022; SALAMA; SMITH, 2023; GU et al., 2024). Fatores tubarios e peritoneais séo
frequentes, geralmente causados por Infecgbes Sexualmente Transmissiveis (IST).
IST causadas por Neisseria gonorrhoeae, Chlamydia trachomatis e Mycoplasma
genitalium sdo uma causa comum de doenga inflamatdria pélvica que pode levar a
infertilidade por fator tubario (SMOLARCZYK et al., 2021). A infertilidade masculina
pode ser multifatorial e causada por anomalias urogenitais, adquiridas ou congénitas,
cancer, infeccbes do trato genital, anomalias genéticas, insuficiéncia testicular,

disturbios enddcrinos, fatores imunoldgicos e doencas sistémicas (BHATTACHARYA
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et al., 2024; ASSIDI, 2022). Muitos virus podem ser detectados no sémen, incluindo
aqueles que causam infecgdes agudas como ZIKV (do inglés “Zika Virus”, virus Zika)
e EBOV (do inglés “Ebolavirus”, virus ebola), bem como aqueles que causam
infecgbes cronicas como HPV (do inglés “Human Papilomavirus®, papilomavirus
humano) e HIV (do inglés “Human Immunodeficiency Virus”, virus da imunodeficiéncia
humana). Esses virus podem potencialmente afetar a qualidade e a fertilidade do
sémen, incluindo infeccdo direta de espermatozoides ou células germinativas,
interrupcédo das fungdes testiculares, indugdo de inflamagao do trato reprodutivo e
desencadeamento de respostas imunolégicas (GUO et al., 2024). Individuos
infectados com HPV possuem diminuicdo da motilidade espermatica, maior nimero
de morfologia anormal do esperma e maior indice de fragmentagdo do DNA em
comparagao com nao infectados (MORENO-SEPULVEDA; RAJMIL, 2021).

As técnicas empregadas a fertilizagdo in vitro (FIV) estdo evoluindo
consideravelmente para acompanhar a crescente procura por tratamentos, que nos
ultimos 40 anos ajudaram em mais de 8 milhées de nascimentos (DYER et al., 2025).
Com o aumento da demanda, se tornou essencial o aperfeicoamento dos sistemas de
cultura de blastocistos. Porém, o desenvolvimento de um método mais assertivo, que
prevé o potencial de implantacdo na selegao de blastocistos, continua sendo uma
busca no avango na tecnologia de RA. Os principais desafios enfrentados pela
tecnologia em RHA s&o continuar a aumentar a possibilidade de atendimento, como
a aplicabilidade por meio de mais financiamento social e expandir o atendimento a
populagdes ndo tradicionais e marginalizadas em todos os paises, especialmente
paises de baixa e média renda, onde o acesso é atualmente limitado (ADAMSON et
al., 2023).

Dados apontam que a RHA é praticada em mais de 100 paises em todo o
mundo (FADDY et al., 2018). Os ciclos de RHA relatados aumentaram de
aproximadamente 140 mil em 1991 para mais de 3,2 milhdes em 2018. Isso inclui mais
de 1 milhdo de ciclos relatados pela China em 2018 (ADAMSON et al., 2023). Dados
da 132 edigao do relatério do Sistema Nacional de Produgao de Embrides (SisEmbrio)
indicam que a taxa média de sucesso na fecundagado (odcitos fecundados com
formacgao de 2 pré nucleos, em relagéo a odécitos inseminados) na RHA no Brasil é de
76% (ANVISA, 2020).
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1.2 DESENVOLVIMENTO PRE-IMPLANTAGAO

Naturalmente, o odcito quando € liberado do ovario € deslocado pelas
fimbrias para a as tubas uterinas, onde ocorre a fertilizagcdo. O desenvolvimento
humano comega com a formagéo do zigoto, que apresenta clivagem para formar o
embrido e os tecidos extraembrionarios. Até o estagio de 8 células, o desenvolvimento
€ impulsionado principalmente por fatores herdados do oécito. No entanto, a ativagao
da transcricdo embrionaria entre os estagios de 4 e 8 células marca o inicio da
regulacdo do desenvolvimento pelos genes das proprias células embrionarias e
especializagdo dos destinos celulares. Posteriormente ha a compactacao dessas
células que leva a formagdo da morula. Ha a organizagdo de células epiteliais
polarizadas do trofoblasto, também chamado de trofoectoderma ou trofectoderma
(TE), enquanto as células de Massa Celular Interna (MCI) permanecem nao
polarizadas. Um fluido €& produzido pelos blastdmeros, iniciando a formacédo da
cavidade blastocele. Nesse momento, no quinto dia, o desenvolvimento atinge o
estagio inicial de blastocisto. Enquanto o blastocisto se desloca através das tubas
uterinas para o utero, ele passa por varios movimentos de colapso e expansao dentro
da zona pelucida (ZP), para enfim o blastocisto eclodir da ZP e estar pronto para
implantagdo, compreendendo cerca de 200 células (figura 1) (GILBERT; BARRESI,
2017). No blastocisto tardio, as células do MCI passam a se diferenciar em células
epiblasticas e hipoblasticas. As células epiblasticas sao as células pluripotentes que
produzem os tecidos embrionarios, enquanto as células hipoblasticas dao origem ao
endoderma extraembrionario do saco vitelino (COCKERELL et al., 2023).

Geralmente os protocolos de FIV requerem a aspiracao de odécitos em
metafase Il, coleta e preparacédo seminal, a fertilizagao, o cultivo de zigotos até a fase
de blastocisto em meios de cultivo e a transferéncia dos blastocistos selecionados
para o utero, preferencialmente na fase inicial. A escolha dos zigotos € baseada em
uma série de elementos, como presenca e qualidade de dois pro-nucleos (do
espermatozoide e do 0dcito) no estagio pré-nuclear do zigoto; durante o periodo de
clivagem e formagéao do blastocisto € avaliado o numero de blastdbmeros, como sao
chamadas as células nessa fase; porcentagem de fragmentacao dos blastémeros; no
estagio de blastocisto se verifica o grau de expansao da blastocele e a qualidade da

MCI, também chamada de embrioblasto; a qualidade do TE e a possivel degeneragao
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das células e analise de ploidias por testes genéticos (CAPALBO et al., 2016;
PIERSON et al., 2023).

Figura 1. Imagem microscopica de um blastocisto e seus componentes no

quinto dia de desenvolvimento, antes da eclosao do blastocisto da ZP.

Fonte: adaptado de SCIORIO et al. (2021). Legenda: Microfotografia de blastocisto com raio de
(148 um) indicado pela seta vermelha . As setas amarelas indicam BL: blastocele; MCI: massa celular

interna; TE: trofoblasto; ZP: zona pelucida.

1.3 ACOMUNICACAO MOLECULAR ENTRE BLASTOCISTO-ENDOMETRIO
Vesiculas extracelulares (VE) sdo pequenas estruturas ligadas a
membrana que sao secretadas pela maioria das células e transportam e entregam
biomoléculas importantes para outras células (YANEZ-MO et al., 2015). O contetdo
de VE pode ser heterogénea, contendo uma combinagdo variada de proteinas,
lipidios, acidos nucleicos e agucares, sugerindo que VE funcionam como mensageiras
moleculares (YANEZ-MO et al., 2015). Os trés principais subtipos de VE sdo
microvesiculas (MV), exossomos e corpos apoptoéticos, que sao diferenciados com
base em sua biogénese, vias de liberagdo, tamanho, conteudo e fungcdo (DOYLE;
WANG, 2019). MV sao vesiculas de tamanho de 100 nm a 1 ym e sao liberadas do
brotamento da membrana plasmatica, enquanto os exossomos sao muito menores
que as MV (40 a 120 nm), e se originam no compartimento endossémico que se
incorpora no endossomo inicial ao tardio e nos corpos multivesiculares que sao

liberados por fusdo com a membrana plasmatica como exossomos.

Sobre o papel de mensageiro molecular de VE, é sugerido que quando

secretadas pelas células epiteliais endometriais maternas, VE séo internalizadas por


https://www.fertstert.org/article/S0015-0282(15)01931-7/fulltext
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blastocistos e, interessantemente transportam mMIRNAs que tem importancia
moduladora de processos bioldgicos relacionados a eventos de implantagéo e
desenvolvimento embrionario inicial (SEGURA-BENITEZ et al., 2022). O dialogo
molecular entre blastocisto e endométrio tem participagdo de integrinas, enzimas
degradadoras de matriz, citocinas e quimosinas, que sao produzidas em resposta aos
hormonios esteroides ovarianos para permitir a adesao celular, modular a resposta
imune local e regular a expressédo génica no blastocisto (Figura 3) (ANDRONICO et
al., 2019).

Blastocistos humanos, obtidos a partir de ciclos de FIV, s&o capazes de
secretar exossomos e microvesiculas em meio de cultura e foi demonstrado que VE
embrionarias sdo absorvidas por células endometriais (SAADELDIN; OH; LEE, 2015).
E proposto que, enquanto o blastocisto esta na cavidade uterina antes da implantacao,
ele empacota miRNAs regulatérios em VE, que posteriormente sao absorvidas pelas
células endometriais, alterando sua fungdo, e assim preparando-as para a
implantagdo (ASHARY; TIWARI; MODI, 2018).

Figura 3. Dialogo molecular entre blastocisto, pelas células trofoblasticas,

e 0 epitélio endométrio.
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EXOCITOSE ENDOMETRIAL
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ABSORCAO / :
MOLECULAS COMO CONTEUDO
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ABSORCAO -% >
- * )
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VIAS ESPECIFICAS

EXOCITOSE
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Fonte: legendas adaptadas de ANDRONICO et al, (2019).
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Legenda: Blastocistos sdo capazes de secretar VE, como exossomos e microvesiculas, que sao
absorvidas por células endometriais. O inverso também acontece, VE sdo secretadas pelas células
epiteliais endometriais e sao internalizadas por blastocistos humanos. VE transportam diversas
moléculas, entre elas o0 miRNA.

1.4 OS MEIOS DE CULTIVO

Na FIV, os blastocistos sdo desenvolvidos em meios de cultivo que
tentam imitar as condigdes ambientais in vivo. Os meios de cultivo sdo compostos por
sais, tampao (bicarbonato de sddio), substratos energéticos, aminoacidos, quelante,
antibiotico e indicador de pH. Ha a possibilidade de blastocistos serem cultivados em
diferentes condigdes de cultivo, com diferentes macromoléculas e fontes de proteina.
Junto a isso, atualmente ha uma grande variedade de meios de cultivo disponiveis no
mercado. Uma vez que os meios nao podem ser patenteados, a exata concentragao
dos componentes dos meios nao é divulgada pelos fabricantes, por segredo comercial
(MORBECK et al., 2014; SCIORIO; RINALDO, 2023).

No entanto, é interessante ressaltar que todos os meios de cultivo
contém piruvato, lactato e glicose como substratos energéticos, fontes de carboidratos
(GRUBER; KLEIN, 2011). A glicose é precursora para a sintese de inumeras
biomoléculas, como acidos nucleicos, carboidratos complexos, fosfolipidios,
glicoproteinas e lipidios (GRUBER; KLEIN, 2011). Tanto os aminoacidos essenciais
quanto os nao essenciais favorecem o crescimento da MCI, enquanto os aminoacidos
nao essenciais promovem a estimulacdo do TE e a eclosdao da ZP (KRISHER;
SCHLENKER, 2019). Em substituicdo ao Soro Bovino Fetal (SBF) utilizado por anos,
ha a adigdo de Albumina Sérica Humana (ASH) como fonte de macromoléculas em
meios de cultura (SENA-NETTO et al., 2020). A adicdo minimiza a aderéncia dos
gametas e dos embrides aos consumiveis e estabiliza as membranas citoplasmaticas,
fornece uma fonte de nitrogénio, tampao de pH, quelante e ajuda a estabilizar o
citoesqueleto das células apds a criopreservagdo (MORBECK, BAUMANN e
OGLESBEE, 2017).

Porém, é importante apontar que um estudo comparativo em bovinos
indicou que a falta do SBF priva os embrides da exposicdo a um grande numero de
proteinas e biomoléculas importantes que seriam encontrados naturalmente nas tubas

uterinas e no utero, como miRNAs e lipidios, encontrados no fluido uterino ou como
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parte da carga de VE (TRIBULO et al., 2019; CANON-BELTRAN et al., 2021). Estudos
demonstram que VE podem ser aditivos promissores para melhorar a eficacia dos
meios de cultura (CANON-BELTRAN et al., 2021).

O &cido hialurénico (AH), um composto de aderéncia, € frequentemente
adicionado aos meios de cultura. O AH é naturalmente detectado no fluido uterino. O
AH desempenha potencialmente uma funcéo crucial no aumento da adesédo dos
blastocistos a superficie endometrial, facilitando assim a invasao do TE e a circulagao
materna para a formacgdo da placenta pelas células maternas e do blastocisto
(RASHKI GHALENO et al., 2024). O uso de AH pode diminuir ligeiramente a taxa de
aborto espontaneo. Em grupos com baixa chance de gravidez, como idade avangada

ou falhas prévias, o uso de AH triplicou a chance de gravidez (HEYMANN et al., 2020).

A concentracao de oxigénio no trato reprodutivo feminino de mamiferos
varia entre 2 e 8% (NG et al., 2018). Entéo as praticas atuais para sistemas de cultura
recomendam que as incubadoras, que mantém os odcitos e os blastocistos em
desenvolvimento, estejam a 5% de oxigénio (CHEN et al., 2023). Foram explorados
os beneficios de suplementar antioxidantes nos meios de cultura, o que reduziu os
processos biolégicos alterados por genes diferencialmente expressos (TRUONG;
HARVEY; GARDNER, 2022).

O ¢leo de parafina ou o 6leo mineral leve serve como um tampao direto
entre 0 meio e o ar, e reduz a evaporagao do meio de cultivo, o que pode alterar a
osmolaridade (ELDER; VAN DEN BERGH; WOODWARD, 2015). Em contrapartida,
toéxicos presentes no petroleo bruto, como hidrocarbonetos insaturados, peroxidos,

zinco e outros compostos podem contaminar o 6leo (MORBECK; LEONARD, 2012).

Por fim, é ideal que os meios de cultivo tenham a minima manipulagao
para evitar inconsisténcias no crescimento e no potencial de desenvolvimento das
células embrionarias no processo da FIV (COY, ROMAR, ROMERO-
AGUIRREGOMEZCORTA, 2022).

1.5 FASES DA IMPLANTACAO EMBRIONARIA

A implantagdo precisa de comunicagdo mutua entre o blastocisto e o

endométrio, enviando e recebendo sinais, o que envolve fatores genéticos, que devem
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ser executados dentro de uma janela temporal (KURIAN; MODI, 2019). O processo
de implantagdo comega com a perda de a zona pelucida no estagio de blastocisto,
conhecida como eclos&o, que ocorre entre 5 a 7 dias apos a fertilizag&o (figura 2). No
proximo estagio, o blastocisto entra em contato com o local de implantagdo do
endométrio, processo denominado de aposicao (KIM; KIM, 2017). As células do TE
se ligam ao epitélio endometrial receptivo, no processo de adesdo, enquanto as
células estromais do endométrio ao redor do blastocisto se diferenciam em células
deciduais, por meio de um processo conhecido como decidualizagdo (MASSIMIANI et
al., 2019). A decidualizacdo é o processo de intensa remodelagdo tecidual que
transforma o endométrio em um tecido dinamico, a decidua, capaz de acomodar a
placenta em rapida expansdo no inicio da gravidez (BORTOLETTO; PRABHU;
BAKER, 2022). A decidualizag&o é caracterizada pela diferenciagdo de fibroblastos
endometriais em células deciduais, pela extensa remodelagdo da matriz extracelular
do estroma endometrial e pela angiogénese, formando uma extensa rede de vasos
sanguineos que serve como suprimento nutricional para o embrido e remodelagéo dos
vasos durante a placentagcdo (FAVARO; ABRAHAMSOHN; ZORN, 2014). A adeséao
celular do blastocisto, TE e células endometriais luminais epiteliais do utero € mediada
por moléculas de adesao celular, como integrinas e caderinas (ACHACHE; REVEL,
2006; SHARMA; KUMAR, 2012).

No processo de implantacdo ha ainda a etapa de invasao, na qual as
células trofoblasticas atravessam a membrana basal epitelial endometrial e invadem
o estroma endometrial. O processo de implantacdo permite que as células
trofoblasticas invadam e migrem para a decidua (APLIN; RUANE, 2017). No local de
implantacdo, o TE passa a se diferenciar em citotrofoblasto e sua subsequente
diferenciacdo em sinciciotrofoblasto multinucleado. O sinciciotrofoblasto forma uma
camada superficial que cobre a superficie das vilosidades placentarias e separa

completamente o sangue materno da circulacao fetal (LI et al., 2023).

Blastocistos podem criar um ambiente uterino favoravel, facilitando a
implantagdo bem-sucedida (BROSENS et al., 2014). No entanto, blastocistos de
qualidade abaixo do ideal causam alteragbes anormais no ambiente endometrial e
levam a falha de implantacéo (XIONG et al., 2024).
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Figura 2. Processo das trés fases da implantagdo embrionaria, aposi¢cao, adesao e

invasao.

ENDOMETRIO ;i
- BLASTOCISTO

t.~?

GLANDULA
UTERINA

TROFOECTODERMA

— MASSA CELULAR INTERNA

oysiav | oylisodv | oyso1d3

CITOTROFOBLASTO

OYSVANI

SINCICIOTROFOBLASTO

HIPOBLASTO

CAVIDADE PRE-AMNIOTICA

3~ EPIBLASTO
-

_

o

Y

>
- -
— <

Fonte: adaptada de OJOSNEGROS et al. (2021).

Legenda: A eclosao ocorre na cavidade uterina em preparagéo para a implantagdo. Na aposi¢cao
ocorre o contato com o local de implantagao do endométrio. Na adeséo, as células trofoblasticas do
blastocisto se ligam ao epitélio endometrial receptivo, processo mediado por moléculas de adesao
celular, como integrinas e caderinas. No processo de invaséo as células trofoblasticas invasivas
atravessam a membrana basal epitelial endometrial e invadem o estroma endometrial. As células
trofoblasticas passam a se diferenciar em citotrofoblasto e depois em sinciciotrofoblasto
multinucleado, que desempenha fun¢bes bioldgicas no ambito materno-fetal. As células do MCI
passam a se diferenciar em células epiblasticas e hipoblasticas. As células epiblasticas produzem os

tecidos fetais, enquanto as células hipoblasticas dao origem ao endoderma extraembrionario.
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Ao investigar as razdes de desordens do processo de implantagao
embrionaria, estudos apontam que a decidualizagao alterada pode ser um fator causal
relevante para uma variedade de problemas clinicos envolvendo implantacao
(HUNKAPILLER et al., 2011; BEZEMER et al., 2020). Observagbes em tentantes
(pessoas que estdo buscando a gravidez) que tiveram multiplas tentativas frustradas
de FIV com falha recorrente de implantagdo, mesmo com blastocistos de boa
qualidade sugerem, que em pelo menos alguns casos, € uma consequéncia clinica de
alteragdes na decidualizagdo (MOUSTAFA; YOUNG, 2020). Ha ainda, evidéncias
experimentais e clinicas que sugerem que a decidualizagdo inadequada pode ser
responsavel por casos de perda gestacional recorrente (LUCAS et al., 2020; PIRTEA
et al., 2021). Visto que células estromais endometriais humanas decidualizadas de
mulheres com recorréncia de perda gestacional ndo sdo capazes de discriminar a
qualidade do embrido e podem apresentar uma resposta inflamatéria prolongada e
desordenada, ao contrario do que ocorre com células obtidas de mulheres
normalmente férteis (WEIMAR et al., 2012; SALKER et al., 2012).

Evidéncias sugerem que uma decidualizagdo defeituosa ou
desordenada pode ser uma anormalidade comum que acompanha alteragbes que
causam a pré-eclampsia (TURCO; MOFFETT, 2019). No mais, outras complicagdes
da gravidez avangada, como a restricao do crescimento fetal, o natimorto sem causas
aparentes, a prematuridade, o descolamento prematuro da placenta e a placenta
acreta, que ultrapassa o endométrio, invadindo o miométrio, podem ter como causa a
falha de um processo de implantagao apropriadamente funcional (EROL et al., 2024;
TURCO; MOFFETT, 2019; APLIN et al., 2020; BEZEMER et al., 2020). Pois essa ma
funcionalidade é capaz de comprometer o suprimento de nutrientes e oxigénio ao feto
(hipoxia placentaria) e problemas na formagéo da placenta podem afetar gravemente
a formacao deste 6rgéao, resultando em insuficiéncia placentaria (BEZEMER et al.,
2020).

1.6 NOVA ERA: TECNICAS NAO-INVASIVAS DE QUALIFICACAO PARA
IMPLANTACAO

Além da avaliagdo morfolégica convencional, ha outros métodos invasivos
e nao invasivos para selegao de blastocistos, como testes genéticos pré-implantagéo,
morfocinética, proteémica, metabolémica (SALLAM; SALLAM; SALLAM, 2016).
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Alguns substratos presentes no meio de cultivo sdo consumidos pelo blastocisto em
formacgao (individualmente isolados), enquanto outros metabdlitos sdo secretados,
sendo potenciais métodos ndo invasivos de avaliagdo da qualidade da fase pre-
embrionaria e selegdo de blastocistos (SALLAM; SALLAM; SALLAM, 2016). Estes
incluem substratos e produtos do metabolismo de carboidratos, renovagao de
aminoacidos, medicdo do fragmento s-HLA-G (Antigeno Leucocitario Humano G
soluvel), BHCG (beta gonadotrofina coribnica humana), fragmento de haptoglobina-a-
1, leptina, ubiquitina e concentra¢des de fator de ativagao plaquetaria, consumo de
oxigénio e medigdo do estresse oxidativo no meio de cultivo (SALLAM; SALLAM,;
SALLAM, 2016; ANAGNOSTOPOULOU et al., 2022).

Ha pesquisas que se concentraram na analise do DNA livre circulante
(cfDNA) no estagio de blastocisto, captados na blastocele ou no meio de cultivo de
blastocistos (MCB), para determinar o status genético do blastocisto de forma nao
invasiva, buscando sua aplicagéo em testes nao invasivos para doenga monogénica
e aneuploidias cromoss6micas (KAKOUROU et al., 2022). Foi demonstrado que mais
de 96% dos miRNAs presentes nos meios de cultura originam-se do TE e podem ser
detectados consistentemente apds a formacgao do blastocisto em condi¢des de cultura
de FIV (CAPALBO et al., 2016).

1.7 MIRNA

O conhecimento descrito anteriormente, aliado as proposi¢cdes e
descobertas colaboram para a exploracao de miRNAs, especialmente na RHA. E para
entender o papel dessas moléculas na RHA, € importante destacar os miRNAs sao
pequenas moléculas de 18 a 24 nucleotideos de RNA nao codificadoras, e atuam para
regular a expressao génica tanto negativamente, por clivagem de mRNAs ou
desadenilagcdo. O mIRISC, ao se ligar ao mRNA alvo, recruta o complexo
desadenilase CCR4-NOT. Este complexo, que contém proteinas como CCR4 e CAF1,
encurta a cauda poli(A) do mRNA alvo. A desadenilagdo € a primeira etapa na
degradagao do mRNA. Os miRNAs também podem ser agentes da regulagao positiva
dos genes através da ligacao direta ao DNA da regidao promotora de genes-alvo e
recrutamento de modificadores de histonas. Essa ligagdo pode recrutar ativadores

transcricionais ou alterar a estrutura da cromatina para tornar o gene mais acessivel
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a transcrigdo. Um exemplo € o miR-617, que se liga ao promotor do DDX27 em células
de cancer oral, levando ao aumento da expressao de DDX27 e efeitos subsequentes
nas caracteristicas do cancer (PAUL; SADEK; MAHESAN, 2019; PLACE et al., 2008;
WU; FAN; BELASCO, 2006).

Para o processo de silenciamento dos mRNAs, que € a regulagao por
miRNAs mais abordada em exemplificagbes, a biogénese dos miRNA, de forma
resumida, se inicia com a transcricdo de um pri-miRNA, essa molécula possui
estrutura em alga, reconhecida pelo complexo de RNase Ill Drosha e DGCR8 capaz
de cliva-la e, posteriormente translocada para o citoplasma pela Exportina 5. Fora do
nucleo celular o pré-miRNA sofre um segundo evento de clivagem, mediado pela
RNase Il Dicer e seu cofator TRBP, formando um pequeno duplex de RNA que é
montado em uma proteina argonauta (AGO) (CREUGNY; FENDER; PFEFFER,
2018). Uma das fitas do duplex fica retida e se torna o miRNA maduro, a fita guia
(guide strand), enquanto a outra, a fita passageira (passenger strand) geralmente é
degradada (Figura 4) (BARTEL, 2004; YANG et al., 2011). A proteina AGO carregada
com um miRNA, forma o Complexo de Silenciamento Induzido por RNA (RISC, do
termo em inglés “RNA-induced silencing complex”), que desliza no mRNA e ao
encontrar uma sequéncia correspondente se emparelha as bases de forma imperfeita
com as regides 3' ndo traduzidas (3' UTRs) dos mRNA, de onde geram inibicdo e
desestabilizagdo da traducdo do mRNA (CREUGNY; FENDER; PFEFFER, 2018;
DUCHAINE; FABIAN, 2019). miRNAs tém sido propostos como biomarcadores nao
invasivos para diagndsticos clinicos, ja que a desregulacdo dos miRNAs tem sido
associada ao desenvolvimento de doencas, incluindo infecgbes virais, disturbios do
sistema nervoso, disturbios cardiovasculares, diabetes e cancer (KOSAKA; IGUCHI;
OCHIYA, 2010; LAWRIE et al., 2008; YANG et al., 2020).

Figura 4. A biogénese do miRNA e os diversos complexos com proteinas que se

formam ao longo da maturagao.
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Legenda: A biogénese dos miRNAs comega com a transcrigdo do pri-miRNA, que é clivado pela
enzima Drosha no nucleo e exportado para o citoplasma pela Exportina 5. No citoplasma, o pré-
miRNA é novamente clivado pela enzima Dicer, formando um duplex de fitas de RNA. Uma das fitas
do incorporada a proteina AGO, originando o miRNA maduro, enquanto a outra é degradada. O
miRNA associado & AGO forma o complexo RISC, que se liga a sequéncias-alvo de mRNA para inibir

sua traducgao.

E necessario entender como a nomenclatura dos miRNAs ¢é
estabelecida, ja que diversas vezes podem ser encontrados distintos miRNAs com
pequenas diferengas na nomenclatura, que podem tornar confuso um entendimento.
A partir disso, os loci gendmicos que codificam miRNAs bem como os pre-miRNAs
sao abreviados usando o prefixo mir, para referir-se ao transcrito maduro, deve-se
usar a grafia com a letra "R" em maiusculo, miR. Ambas designacdes sao seguidas
de um hifen e um unico numero de identificacdo, sendo, portanto, mir-# e miR-#,
respectivamente (Lagos-Quintana et al., 2001; Lau et al., 2001; Lee e Ambros, 2001).
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Alguns genes de miRNAs apresentam varias cépias paralogas (que tém
origem comum, mas que divergiram entre si) no genoma. Quando tais paralogos
originam sequéncias maduras idénticas, acrescenta-se mais um hifen e mais um
numero. Dessa forma, as formas maduras sdo nomeadas, por exemplo, miR-#-1, miR-
#-2. Outros genes de miRNAs expressam sequéncias maduras nao-idénticas, mas
muito similares (homologas). Nesse caso, usa-se 0 mesmo numero e adiciona-se uma
letra minuscula, sendo assim: mir-#a, mir-#b, enquanto as respectivas formas
maduras sdo miR-#a, miR-#b (GRIFFITHS-JONES et al.,, 2006; KOZOMARA;
BIRGAOANU; GRIFFITHS-JONES, 2019;).

No miRBase (https://mirbase.org), a numeragao dos miRNAs segue uma
ordem sequencial. Por exemplo, se neste momento o mir-9500 é o ultimo da lista dos
mMiRNAs humanos, indica-se que o proximo a ser descoberto devera ser nomeado
como mir-9501. Apds a agao da enzima Dicer, forma-se um duplex RNA-RNA. Ambas
as fitas do duplex podem se ligar ao RISC e ser funcionais, ainda que uma possa
predominar sobre a outra, como visto na figura 3 (BARTEL, 2004; YANG et al., 2011).
Assim, passou-se a adotar os sufixos “-5p” ou “-3p” para indicar a extremidade do pré-
miRNA da qual se origina a fita. Por exemplo, miR-133a-5p ¢é originado da porg¢ao 5’
do pré-miRNA precursor e miR-133a-3p tem origem na porcdo 3’ do pré-miRNA
precursor (NUNES, 2015).
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2. OBJETIVO
Neste estudo, o objetivo geral foi identificar, através da analise da literatura
cientifica, os padroes de expressao de miRNAs secretados por blastocistos em
meios de cultura provenientes de técnicas de reprodugao assistida, e averiguar seus
padroes de expressdo, bem como, a associagao desses padrdes ao sucesso ou

falha da implantagdo no endométrio.
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3. CONTEXTUALIZAGCAO

Neste manuscrito, € pretendido fornecer uma revisdo abrangente da
literatura atual relacionada a possibilidade de aplicacdo de miRNAs exocitados pelo
blastocisto no MCB, como biomarcador do éxito ou fracasso da implantagcdo do
blastocisto no endométrio, em meio a tecnologias de RA utilizadas nas clinicas de
assisténcia a fertilizagdo. Estudos relevantes, que em total foram publicados em lingua
inglesa, foram identificados na literatura recente, usando blocos de palavras-chave
em bancos de dados das areas da saude e filtrando sua importancia pelo método de
revisdo de escopo. Todas as publicagbes relevantes até janeiro de 2025 foram
avaliadas criticamente e discutidas. Fornecendo assim informacées como quais
mMiRNAs sao encontrados e quais seus padroes de presenca no ambiente de
comunicagao blastocisto-endométrio. miRNAs vém sendo cada vez mais investigados
em pesquisas experimentais de coorte, como € descrito neste presente estudo. As
pesquisas que foram apresentadas sao relativamente recentes, ja que o primeiro
artigo que ajudou com seus resultados € de 2014, mas os dados na literatura sao
bastante promissores e a pesquisa nessa area esta avancando rapidamente.
Ademais, entende-se que as maiores correlagbes, com fatores parentais, nao
puderam ser feitas pela falta de informagdes nos artigos que nao sado padronizados.
Considerando aspectos culturais, técnicos e juridicos, miRNAs extracelulares
provenientes do blastocisto, mas que estao presentes em material de descarte como
o MCB, podem ser sugeridos como valiosos biomarcadores nio invasivos para a

avaliagao da viabilidade do blastocisto e receptividade endometrial.
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Importance: Molecular communication occurs between the blastocyst and the endometrium during the
embryo implantation process. By studying miRNAs from blastocyst culture media associated with
implanted and non-implanted blastocysts, researchers aim to identify patterns that could improve the

prediction of implantation outcomes without the need for invasive methods.

Objective: We reviewed human experimental studies that used clinical samples from Assisted Human
Reproduction procedures and included cohorts with positive or negative pregnancy outcomes. Our goal
was to correlate possible miRNA expression patterns that may have contributed to the success or failure

of blastocyst implantation in the endometrium and to identify promising biomarkers.

Evidence Review: Of the 3,399 articles initially retrieved from various databases, thirteen met all
inclusion criteria after detailed analysis. All studies shared a common methodology involving total

miRNA extraction from blastocyst culture media followed by RT-qPCR analysis.

Findings: After screening, eighteen miRNAs families were identified repeatedly. Nine miRNA families
appeared in more than one study, reaffirming consistent correlations with implantation outcomes. miR-
26, miR-99, and miR-199 were highly expressed in implanted blastocyst groups, whereas let-7, miR-
182, miR-372, miR-515, miR-518, and miR-519 were highly expressed in non-implanted blastocysts.
We related these findings to their known targets and roles in the endometrium and implantation process

as described in the literature.

Conclusion: This review suggests a broad range of miRNAs as promising biomarkers for embryo
implantation. The miRNA families most strongly associated with implantation outcomes were miR-199,
miR-515, miR-519, and let-7.

Relevance: The validation of effective biomarkers and the development of clinical protocols using
miRNAs from blastocyst culture media have great potential to optimize blastocyst selection for transfer

in in vitro fertilization and to improve implantation success rates.

Keywords: miRNA, blastocyst, implantation, assisted reproduction.



33

INTRODUCTION

According to the standard in vitro fertilization (IVF) protocol, zygotes are
cultivated until the blastocyst stage and the selected blastocysts are transferred to the
uterus. The quality of the transferred blastocysts is a factor that contributes to
establishing the success of IVF treatment cycles. Among several methods of
evaluating blastocysts, there is the classic Gardner classification system, which
qualifies three characteristics of blastocyst morphology: expansion of the blastocoele
(BL); the amount of cells forming the trophectoderm (TE); and the compaction of the
inner cell mass (ICM) (1,2). The expansion status of blastocysts is rated from 1 to 6. 1:
to early stage, BL has less than half the blastocyst volume; 2: BL is greater than or
equal to half the volume; 3: BL completely fills it; 4: blastocyst is expanded, with thinned
zona pellucida; 5: process of hatching (blastocyst is escaping from the zona pellucida),
with TE starting to herniate; 6: hatched blastocyst. The ICM and TE are graded A to C.
ICM is A: tightly packed with many cells; B: loosely grouped, several cells; C: few cells.
TE is A: many cells, tight epithelium; B: fewer cells; C: very few cells, loose epithelium.

Blastocyst morphology is expressed as a number plus two letters (e.g., 5AB) (3,4).

To reach successful implantation, the uterus must undergo structural and
functional remodeling and become receptive (5). Estrogen and progesterone are the
main hormones mediating these changes. In the proliferative (follicular) phase,
estrogen increases due to the growth of ovarian follicles, leading to proliferation of the
endometrial epithelium, stroma and vascular endothelium (6). In eighty-five percent of
all failed conceptions are explained by pre-embryos that fail to implant or are lost
shortly after implantation (7). Many subfertility, what generally describes any form of
reduced fertility with prolonged time of unwanted non-conception, have been overcome
with the use of IVF treatments, although average live birth rates after IVF are still only
about 30% per blastocyst transferred (8). This low efficiency is due to the fact that
blastocysts do not implant in natural pregnancies and because the physiology of some
IVF patients prevents pregnancy, despite repeated transfers of good-quality euploid
blastocysts (9). In assisted reproduction, factors such as female age, blastocyst quality
and chromosomal composition, endometrial receptivity, the state of the female immune
system and the method of blastocyst transfer are also important for the implantation

process (10).
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The process of implantation of the blastocyst in the uterus consists of
three stages: apposition, the phase in which the blastocyst hatches from the zona
pellucida and establishes contact with the endometrium. Apposition involves molecules
on the surface of the blastocyst and the endometrial epithelium; adhesion, when the
trophoblast cells of the blastocyst attach to the receptive endometrial epithelium, this
attachment strengthens the adhesion during the attachment phase, and there is an
intense exchange of molecules between the blastocyst and the endometrium, which
induces the upregulation of endometrial surface receptors and the secretion of
signaling molecules and hormones (11); and invasion, which occurs when signaling
molecules influence the differentiation of the trophoblast into cytotrophoblast and
syncytiotrophoblast layers while invading the stromal endometrium. The inner cell
mass then initiates the process of embryonic development, which begins with the

differentiation of the hypoblast and epiblast (12).

No technique is widely applied to analyze the molecular signals involved
in blastocyst-uterus interaction. Biological markers to predict embryonic and uterine
reproductive competence may increase pregnancy rates. Transcriptome and proteome
analyses of human blastocysts and their relationship to pregnancy outcomes are
progressing (13). Multiple molecules may be involved in cellular communication, thus
participating in the regulation of implantation (14,15). Some of these analyses include
microRNAs (miRNAs), which are most studied for their presence in body fluids and
circulating in the blood, as well as for their secretion by cells in culture (16,17). To act
in intercellular communication, miRNAs can be secreted by cells via extracellular
vesicles such as exosomes, apoptotic bodies, bound to lipids or complex proteins (17).
miRNAs are detected in blastocyst culture media (BCM) derived from human IVF
blastocysts and exhibit unique expression profiles associated with chromosomal status
and pre-embryonic development (15). The non-invasiveness of BCM analysis and the
evidence that blastocyst genetic material can be detected and analyzed from this
medium make this IVF waste product an important source for investigations aimed at
improving blastocyst selection (18). By studying miRNAs associated with implanted
blastocysts and comparing them with blastocysts that did not implant, researchers
have sought to identify patterns that can predict implantation outcome (19,20).
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In this study we aim to correlate possible miRNAs patterns exocytosed
from blastocysts, with evident presence in BCM, that may contribute to the success or
failure of blastocyst implantation in the endometrium, and thus indicate promising
biomarkers, through human experimental studies with clinical samples from AHR

procedures that comprised a cohort with positive or negative pregnancy results.
MATERIALS AND METHODS
Search

A preliminary search of the National Library of Medicine (PubMed) was
performed to establish sentinel articles that could support possible answers to the
scoping review question. Four articles compared miRNAs patterns in discarded BCM
from implanted versus non-implanted blastocysts, indicated by the results of
pregnancy confirmation tests (19,21,22,23). Second, acronyms and their respective
synonyms were formulated in MeSH and the ideal databases were chosen for the
present research. This step was necessary to ensure that the keywords could be found
in all databases. Finally, the following search strategy (builder) was used in PubMed
(table 1), and builders were constructed with the same terms in the databases
EMBASE (Periédicos Capes), Lilacs, Medline, Scielo, Scopus (Periodicos Capes),
Google Scholar, Web of Science (Peridédicos Capes) until January 30, 2025.

Table 1

Database Builder

“Blastocyst'[MeSH Terms] OR “Blastocysts"[All Fields] OR “Embryo, Preimplantation”[All Fields] OR
“Embryos, Preimplantation”[All Fields] OR “Preimplantation Embryo[All Fields] OR “Preimplantation
Embryos”[All Fields] AND “Implantation”MeSH Terms] OR “Embryo Implantation”[All Fields] OR
“Embryo Implantations”[All Fields] OR ‘“Implantation, Embryo”[All Fields] OR “Implantations,
Embryo™[All Fields] OR “Implantation, Blastocyst'[All Fields] OR “Blastocyst Implantations"[All Fields]
PubMed OR “Implantations, Blastocyst’[All Fields] OR “Blastocyst Implantation”[All Fields] OR “Ovum
Implantation”[All Fields] OR “Implantation, Ovum’[All Fields] OR “Implantations, Ovum™[All Fields] OR
814 results “Ovum Implantations”[All Fields] OR “Nidation"[All Fields] OR “Nidations"[All Fields] OR “Decidual Cell
Reaction"[All Fields] OR “Decidual Cell Reactions"[All Fields] AND “MicroRNAMeSH Terms] OR
30/01/2025 “MicroRNAs"[All Fields] OR “miRNAs”[All Fields] OR “Micro RNA'AIl Fields] OR “RNA, Micro™[All
Fields] OR “miRNA[AIl Fields] OR “Primary MicroRNA"[All Fields] OR “MicroRNA, Primary”[All Fields]
OR “Primary miRNAT[AIl Fields] OR “miRNA, Primary’[All Fields] OR “pri-miRNA’[AIl Fields] OR “pri
miRNAAIl Fields] OR “RNA, Small Temporal’[All Fields] OR “Temporal RNA, Small’[All Fields] OR
“stRNA’[AIl Fields] OR “Small Temporal RNA"[All Fields] OR “pre-miRNA[All Fields] OR “pre
miRNATAIl Fields]

Search Key Building Block Example.
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Evidence source selection and eligibility criteria

Original research articles published between January 2014 and January
2025 were included in this review because the earliest article found in the databases
on miRNAs released by blastocysts related to implantation outcomes was published in
2014 (22). All available titles and abstracts were independently screened for eligibility
in the review by two reviewers (J.C.S.P. and M.A.J.) using Rayyan (https://rayyan.ai).
Any discrepancies were resolved by in-depth reading, discussion, and subsequent
consensus. Selected publications were screened in full text by one reviewer (J.C.S.P.)
and assessed for relevance and congruence with the aim and research question of this

review.

The presence of sentinel articles was checked in the total of 3,399 articles
collected from all databases. The selection of articles went through 3 filtering steps.
The first filter was the manual exclusion of duplicates using the Rayyan program. The
second filter was the inclusion or exclusion by title and abstract, to verify that the topic
of this research was being related. The third filter was an in-depth reading of the articles

to verify whether they provided results for the question of this present research.

Specific reasons why the articles did not pass the screening, for not listing
evidence for the search for this research: diverse research objects such as research
with embryonic and endometrial extracellular microvesicles; endometrial genes;
conceptus stage (here referring to the blastocyst already implanted). Articles that did
not have the methodology sought in this research: review; secondary study; research
on animals; cell line method. Articles that did not collect miRNAs from BCM:
endometrial miRNA; oocyte miRNAs; sperm miRNAs; blastocyst lysis; miscellaneous
collection (not BCM). Articles that explored other miRNAs information collected as
quality of pre-embryonic development. In the end, 13 articles passed all filtering and

were included in the scoping review (figure 1).

Figure 1
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Flowchart of the selection and screening process of included articles. Of the 15 articles to be analyzed
in full, 2 did not provide evidence for the search for miRNAs exocytosed by the blastocyst in the culture
medium that were related to the embryonic implantation process. Regarding those excluded in the final
phase, an analysis was performed comparing culture media of blastocysts considered to be of high and
low quality due to morphological and fragmentation characteristics. Implantation and pregnancy results
were not included. In the other, the morphokinetic differences of the blastocyst and other information

correlated with viable and non-viable blastocysts were evaluated, without discussing implantation.
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Data mapping process

A form was developed (Supplementary materials) by the reviewing
investigator to assess the contributions of the studies according to the objectives,
blastocyst information, infertility factors and age of the trying to conceive (TTC)

individuals, BCM used, methodologies employed, reported results and considerations.
RESULTS

All the included studies used in their methodologies the total extraction
of miRNAs from MCB and subsequent RT-gPCR process. With the results, a variety
of analyses of inclusion and exclusion were applied. From the included articles 17
miRNA families appeared repeatedly: let-7, miR-16, miR-19, miR-24, miR-26, miR-30,
miR-99, miR-182, miR-191, miR-199, miR-320, miR-515, miR-517, miR-518, miR-519,
miR-371, miR-372. Among them, 8 miRNAs families have controversial results, that is,
in some articles they appear upregulated in BCM of blastocysts that implanted (table
2), in other research they are upregulated in BCM of blastocysts that did not implant,

or even downregulated in BCM of blastocysts that implanted (table 3).

Table 2

FAMILY miRNAs UPREGULATED miRNAs UPREGULATED IN
IN IMPLANTED GROUP NOT IMPLANTED GROUP

miR-16 miR-16-5p miR-16-5p
miR-19 miR-19b-3p 18 miR-19a-3p 18
miR-24 miR-24-2-5p 19 miR-24-1-5p 24
miR-30 miR-30c 21 miR-30e-5p 26
miR-191  miR-191-5p 24 miR-191 22
miR-320a 26
miR-320 = miR-320a 25
miR-320b 26
miR-371a-5p 19
miR-371  miR-371a-5p 18
miR-371a-3p 18
miR-517 = miR-517a-3p 18 miR-517c-3p 18

miRNA families that appear upregulated in both groups of BCM of implanted and non-implanted
blastocysts. Article 22 does not describe the miR-191 subtype.

The 9 most promising miRNAs families founded are: miR-26, miR-99;
miR-199; let-7; miR-182; miR-372; miR-515; miR-518; miR-519. Among these families,
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the miRNAs subtypes that appear in more than one research related to equal
implantation results are miR-99a-5p, upregulated in positive results (18,27), miR-518a-
3p upregulated in negative results (18,19) and miR-519d-3p, upregulated in negative

results (18,30), as we can see in Table 3.

Table 3
CONCORDANT miRNAs WITH CONCORDANT miRNAs WITH
FAMILY . FAMILY
POSITIVE IMPLANTATION NEGATIVE IMPLANTATION
miR-26b-3p 19 let-7b-3p 19
miR-26 let-7
miR-26b-5p 19 let-7c-5 26
miR-99a-5p 18 miR-182-5p 18
miR-99 miR-182
miR-99a-5p 27 miR-182-3p 19
miR-199a-3p 27 miR-372 19
miR-199 miR-199b-3p 27 miR-372 22
miR-372
miR-199a-5p 27 miR-372-3p 30
miR-515-3p 18
miR-515
miR-515-5p 19
miR-518a-3p 18
miR-518  miR-518a-3p 19
miR-518c-3p 19
miR-519d-3p 18
miR-519
miR-519d-3p 30

Subtypes of the same miRNA families showing expression patterns observed more than once and with
concordant consequences on implantation success or failure. Articles 19 and 22 did not specify the miR-
372 subtypes. Discordant subtypes were found, these are: miR-26b-5p and miR-29b downregulated in
positive group (28,29). miR-518f-5p and miR-372-3p upregulated in positive group (18).

Some miRNAs appeared in relatively unusual situations, compared with
the others showed in the results of the articles used in this review. In one of the filtered
articles, miR-634 was the only finding and correlated with the outcome of samples of
successful blastocyst implantation (31). In only one other article was miR-142-3p found
to have a significant increase in expression in a group of non-implantation blastocysts

(23). Cuman et al. draw attention to miR-661, as being the miRNAs with the highest
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expression in the group of non-implantation blastocysts, but this miRNA did not appear
in the discussions of other studies (19). Distinctly, miR-26b-5p is upregulated in the
implantation-positive group (19), but also downregulated in another study with the
other group of implantation-positive samples (28). One miRNA that did not make it to
the final list of these promising biomarkers is miR-223, which is upregulated in groups
of samples that were positive for implantation (29). However, it was not included in the
final list, as miR-223-3p and miR-223-5p were both characterized with high expression
in culture media of embryos with poor morphological and fragmentation quality (32). In
addition to the result being controversial, embryo quality was an exclusion criterion, as

it did not specifically respond to our search.

Further findings obtained in these articles that reached the end of the
screening are the sample discrepancy (BCM) analyzed, where we found from 5 to 162
samples. The number of miRNAs identified and discussed in the analysis of the
studies, which range from 1 to 41 (Supplementary material). Maternal age was not
disclosed by most studies. Not all studies reported parental factors due to the search
for reproductive assistance, but maternal factors were presented, such as tubal,
ovulation, subfertility and female infertility, perimenopause, poorly described male
factors and idiopathic causes. Interestingly, the articles present different methods for
confirming pregnancies, and these confirmations subjectively imply the result of the
implantation, which is not necessarily correlated since there is the clinical picture of
recurrent implantation failure, which does not reach sufficient development to be
reported as pregnancy loss. Among the 13 studies included, 5 did not report which
implantation confirmation method they used and 1 study considered implantation
confirmation only in the count of pregnancies that resulted in birth. Furthermore, culture
media such as Continuous single culture media (Irvine Scientific), G-2 PLUS (Vitrolife)
and SAGE 1-Step (Origio) were the media used in the samples that brought the most
promising results (table 4).
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Table 4

# of blastocysts # miRNA Parental factor Pregnancy BCM References
60 29 - live birth Non-sequential, Continuous single culture media (Irvine Scientific) 18
8 a1 tubal, ovulation, male aetiology pregnancy carried to term >36w - 19
5 T - cardiac activity beyond 20w Sequential, Quinn's Advantage Blastocyst Medium (Cooper Surgical) + HSA 21
28 3 - - Sequential, IVC-Three (In VitroCare) + HSA 22
36 1 - - Non-sequential, Global® (LifeGlobal) 23
50 2 infertile females ultrasound at 14d Sequential, G-1 PLUS (Vitrolife) 24
96 1 premenopause - Sequential, Quinn’s advantage blastocyst medium (Cooper Surgical) + HSA 25
60 8 - fetal heart-beat at = 8w Non-sequential, SAGE 1-Step (Origio) 26
8 6 - ultrasound after 7w Sequential, G-2 PLUS (Vitrolife) 27
30 2 - - Sequential, G-2 PLUS (Vitrolife) 28
50 4 idiopathic infertility ultrasound and fetal heart-beat at = 7w Non-sequential, SAGE 1-5tep (Origio) 29
162 2 tubal obstruction and/or male factors fetal heart-beat at = 8w Sequential, G-2 PLUS (Vitrolife) 30
56 1 subfertile females - Non-sequential, Continuous Single Culture® Medium (Irvine Scientific) x|

Differences found in the cohort studies of the selected articles of the review, showing discrepancies in samples and miRNAs analyzed, lack of parental

information and standardization in BCB used.
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DISCUSSION

After investigation and filtering of evidence, it became clear that since the
work of Rosenbluth et al. (22), studies investigating the importance of miRNAs as
possible promising biomarkers are still rare. It is noticeable that various sample
information, inclusion and exclusion criteria, as well as methodologies and conclusions
are diverse and often conflicting. It is interesting to point out that not all studies reported
relevant information that could be correlated with miRNAs patterns, such as the age of
the TTC patients or infertility factors. The characteristics of the blastocyst alone are not
a guarantee of pregnancy; it is necessary to be aware of the parental factors of infertility
that led the TTC to seek assisted reproduction. TTC individuals with compromised
endometrial receptivity, whether due to a medical condition or low progesterone levels,

are important to consider in reproduction laboratories.

The confirmation of implantation was established in several ways in the
studies selected for this research. It is important to standardize, since bringing a
pregnancy to term requires several factors, and clearly, not only the characteristics of
the blastocyst or its expression patterns are sufficient to be responsible or related.
Confirmation of implantation itself, when the beginning of development of the embryo
and extra-embryonic membranes is verified, should ideally be confirmed by the Human
Chorionic Gonadotropin (beta-HCG, or B-hCG) test 14 days after the blastocyst
transfer. During pregnancy, hCG is produced mainly by syncytiotrophoblast cells. The
release of hCG into the maternal circulation begins with implantation of the blastocyst

and approximately 20% is excreted in the urine (33).

Blastocysts can be cultured under different culture conditions, with
different macromolecules and protein sources. There are a variety of culture media
available on the market. This diversity of parameters can affect the quality of embryonic
development. Since the media cannot be patented, the exact concentration of the
media components is not disclosed by the manufacturers, due to trade secrecy (34).
However, Continuous single culture media (Irvine Scientific, USA) and SAGE 1-Step
(Origio), and the sequential medium G2-PLUS (Vitrolife, Gothenburg, Sweden), were
the culture media that correlated with the most relevant results sought in this research.
Itis interesting to note that in two studies, the laboratories used Human Serum Albumin
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(HSA) supplementation to replace the Fetal Bovine Serum (FBS) used for years. HSA,
or even FBS, is a source of macromolecules in culture media (35). Supplementation,
among other benefits, stabilizes cytoplasmic membranes, provides a source of
nitrogen, pH buffer, and helps stabilize the cytoskeleton of cells after cryopreservation
during heating (36,37). In the articles that had more promising results on miRNAs

patterns, we observed the non-use of this supplementation (18,19,26,27,29,30).

Despite miR-223 did not make the final list, it was found upregulated in
samples from pregnancy-positive groups, a previous study in mice reported that miR-
223 decreases the gene expression of Leukemia Inhibitory Factor (LIF) which
maintains cell growth and when its levels fall the cells differentiate, thus there is the
formation of pinopods, which are a formation of uterine protrusions in the endometrium
that are associated with a type of secretory mechanism to nourish the blastocyst at the

time of implantation, and affects the implantation process (38,39,40).

This review showed that miR-26b-5p was found upregulated in group of
implanted blastocysts, but also founded downregulated in positive implanted group
(19,28). miR-26a-5p is a homologue that was related to inhibition of Vascular
Endothelial Growth Factor A (VEGFA), which promotes angiogenesis and
consequently trophoblast invasion (46). The relation between the miR-99 family and
the embryonic implantation process has not yet been described, but downregulation of
miR-99a-5p and miR-99b-5p has been correlated with several targets, such as
Mammalian Target of Rapamycin (mTOR), Insulin-like Growth Factor 1 (IGF1R), and
Fibroblast Growth Factor Receptor 3 (FGFR3), which consequently inhibited cell

migration, proliferation, and invasion processes (45).

Regarding miR-199 family, mmu-miR-199a-5p was observed to silence
the self-renewal of mouse embryonic stem cells (41). Compared to an in vivo fertilized
group, downregulated miR-199a-5p in IVF blastocysts was responsible for the lower
developmental potential and subsequent viability (42). ssc-miR-199a-5p is suggested
to have a crucial role for implantation when investigating the miRNAome of the
endometrium of pregnant and non-pregnant groups in pigs (43). mmu-miR-199a is

differentially expressed in the uterus of mice during implantation, inhibiting the
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expression of Cyclooxygenase-2 (COX-2), a local inflammation mediator that has

increased expression during menstruation (44).

let-7 is commonly associated with endometrial receptivity. Integrin-83, a
known implantation-related molecule, has been shown to be a target of let-7a, and
forced expression in mouse blastocysts decreased the number of implantations (52).
Integrins are transmembrane glycoproteins present in the plasma membrane, playing
key roles in signaling, maintenance of epithelial polarity, and progression of placental
cytotrophoblast development. Indeed, these proteins are some of the best
characterized biomarkers of uterine receptivity, and their roles in implantation have

been extensively reviewed (53).

Upregulation of miR-182-5p, miR-182-5p, correlated with the
upregulation of Regulator of calcineurin 1 (RCAN1) weaken the inhibitory effect on cell
proliferation, migration, invasion, and cell cycle progression (51). miR-372 family,
upregulated in 3 of the 4 studies in non-implanted blastocyst samples, is part of the
miR-371-373 family. These miRNAs are also expressed in undifferentiated cells and
placenta, thus possibly involved in the establishment and progression of a pregnancy
(50). miR-515-5p suppresses trophoblast cell invasion and proliferation in patients with
preeclampsia by affecting the expression of X-linked Inhibitor of Apoptosis Protein
(XIAP), leading to reduced epithelial-mesenchymal transition (49). miR-518a-3p was
not found in studies that relate targets in endometrium. miR-519d-3p is a suppressor
of trophoblast cell invasion and migration (47,48), which demonstrates the importance

of this miRNA being upregulated in BCM of non-implanted blastocysts.
CONCLUSION

In this review, which used cohort studies with MCB samples from AR
clinics in several countries, it was possible to correlate 9 miRNAs families with
successful or unsuccessful blastocyst implantation outcomes, and these families are
considered promising biomarkers. The understanding of how miRNAs patterns affect
implantation is being elucidated with an increasing number of studies in this area.
Relating the results, given that they were identified at least twice and their targets and
effects have already been described in the literature, the miRNA families most
corresponding to the implantation results were the miR-99a-5p subtype, the miR-199
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family, the miR-515 family, the miR-519d-3p subtype, and the let-7 family. Therefore,
a future study focused on the promising miRNAs found in this review is justified, in
order to confirm the correlations of these specific miRNAs patterns with the
implantation outcomes showed here. The use of effective biomarkers and the
development of protocols using miRNAs of BCM for use in clinical practice have great
potential to optimize the selection of blastocysts for transfer in IVF and improve

implantation success rates.
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5 CONCLUSAO

Nesta revisdo, que utilizou estudos de coorte com amostras de células
germinativas de clinicas de fertilizagdo in vitro em diversos paises, foi possivel
correlacionar 9 familias de miRNAs com resultados de implantacdo de blastocistos
blastocisto, sendo estas, miR-26; miR-99; miR-199, altamente expressos em grupos
de blastocistos implantados. let-7; miR-182; miR-372; miR-515; miR-518; miR-519
altamente expressos em blastocistos ndo implantados. mRNAs envolvidos nos
processos moleculares da implantagdo sao conhecidos alvos moleculares dessas
familias de miRNAs. A compreensao de quais padrées de miRNAs se correlacionam
com o processo da implantagdo esta sendo elucidada cada vez mais na literatura
cientifica. Relacionando os resultados, visto que foram identificados pelo menos duas
vezes e seus alvos e efeitos ja foram descritos na literatura, as familias de miRNAs
que mais corresponderam aos resultados de implantagéo foram o subtipo miR-99a-5p
e a familia miR-199; e de nao-implantacédo, a familia let-7, a familia miR-515 e o
subtipo miR-519d-3p. E interessante que um futuro estudo experimental com
amostras de MCB, os miRNAs promissores encontrados nesta revisdo sejam
investigados e que esses padroes e correlagbes com a implantagdo sejam
reafirmados. A utilizacdo de biomarcadores eficazes e o desenvolvimento de
protocolos utilizando miRNAs do MCB para uso na pratica clinica tem potencial para
otimizar a selegédo de blastocistos para transferéncia na FIV e melhorar as taxas de

sucesso de implantagao.
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ANEXO A

Dados suplementares: lista de miRNAs totais encontrados nos artigos da revisao.

63

Totalof MNumberof Upregulated Number of Downgulated References
miRNA  upregulated miRNA downregulated miRNA
detected miRNAs miRNAs
10 NI NI 3 miR-191 22
miR-645
miR-372
4 NI NI 1 miR-142-3p 23
4 miR-191-5p | 1 miR-24-1-5p 24
53 1 miR-320a NI NI 25
48 1 miR-181a-5 | 7 miR-16-5p 26
miR-30e-5p
miR-320a
miR-320b
miR-509-3p
miR-99b-5p
let-7Tc-5
26 6 miR-483-5p* | NI NI 27
miR-199a-3p
miR-199b-3p
miR-199a-5p
miR-379-5p*
miR-432-5p
miR-99a-5p
237 2 miR-26b-5p* | NI NI 28
miR-21-5p*
NI 4 miR-195* NI NI 29
miR-29b*
miR-145*
miR-223
6 NI NI 2 miR-372-3p 30
miR-519d-3p
621 1 miR-634 NI NI 31

Total of Number of Upregulated Number of Downgulated References
miRNA  upregulated miRNA downregulated miRNA
detected miRNAs miRNAs
198 12 miR-19b-3p | 17 miR940 18
miR-193b-3p miR-1972
miR-517a-3p miR-519d-3p
miR-99a-5p miR-125b-5p
miR-525-3p miR-25-3p
miR-503-5p miR-367-3p
miR-518f-5p miR-515-3p
miR-548¢c-5p miR-423-5p
miR-16-5p miR-182-5p
miR-371a-5p miR-663a
miR-372-3p miR-518a-3p
miR-192-5p miR-19a-3p
miR-302a-3p
miR-378a-3p
miR-517¢c-3p
miR-371a-3p
miR-373-3p
ER 19 miR-23a-3p | 22 miR-661-5p 19
miR-570-3p miR-372
miR-485-3p miR-374b-3p
miR-572 miR-518¢-3p
miR-26b-5p miR-126-3p
miR-150-5p miR-361-5p
miR-744-5p miR-29b-2-5p
miR-874 miR-516b-5p
miR-24-2-5p miR-371a-5p
miR-300 miR-518a-3
miR-619 miR-149-5p
miR-208a miR-571
miR-612 miR-943
miR-26b-3p miR-937-3p
miR-632 miR-761
miR-362-3p miR-106b-3p
miR-543 miR-182-3p
miR-380-5p miR-624
miR-638 miR-515-5p
let-Tb-3p
miR-577
miR-1912
61 7 miR-220 NI NI 21
miR-146b-3p
miR-512-3p
miR-34c
miR-375
miR-20a
miR-30c

Legenda: miRNA indicados por asterisco sao miRNA descritos nos artigos com padrao de baixa expressao. A sigla NI significa “not informed”, ndo

informado, em artigos que ndo apontam determinados padrdes de miRNA.
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ANEXO B

Dados suplementares: informagdes de materiais e métodos dos artigos da revisao.

CONFIRMATION
OF IMPLANTATION

Live birth.

BLASTOCYST
QUALITY

AA according to

NUMBER OF
BLASTOCYSTS

Phase 1: 60;

COLLECT

Exigon whole human miRNome

ANALYSIS

Whole miRNoma gPCR

SCM INFO

Continuous single culture

CONTROL

Whole miRNome gPCR:

64

MATERNAL
AGE

sperm injection (ICSI) in a private
university-affiliated IVF center,
collected between January/2015 and
November/2015.

scale)

media.

Transcription Kit

(Life Technologies, Carlsbad, CA,
USA);

RNA spike-in: C. elegans miR-39.
Tagman miRNA Assays (Life
Technologies);

RT-qPCR SDS software (Life
Technologies);

cDNA: miRNA Reverse Transcription kit

(Life Technologies);
RT-gPCR TagMan® MiRNA Assay
system (Life Technologies).

LifeGlobal)

Gardner and Phase 2: 221 protocol; purification: TagMan media (Irvine Scientific, USA) | Blanc media were
Schoolcraft, 1999. miRNA. Anti-miRNA Bead run in parallel to identify false
Capture (ABC) Purification Kit positive amplifications
(Thermofisher intrinsic to the two protocols.
Scientific);
Tubal defect, ovulation Clinical pregnancy NI 8 RNA total of the spend culture miRCURY RNA Biofluids NI Control culture media (not <38 19
defect, male aetiology; carried to media. isolation Kit (Exiqon, Denmark). exposed to an
fertilised by ICSI only. term >36 weeks. RT-gPCR (miRCURY LNA™ Universal embryo)
RT microRNA PCR system).
NI Fetus with cardiac Expanded 5 TagMan miRNA Anti-miRNA Bead | Isolation by miRCURY RNA Isolation Quinn's Advantage no-template control of real- NI 21
activity beyond 20 blastocysts of Cap- Kit for Biofluids (EXIQON). Blastocyst Me- time (RT) and qPCR
weeks of gestation. good quality ture (ABC) Purification Kit (Applied | Retrotranscription miR-CURY LNA dium (Cooper Surgical) with | were also included in the
(Gardner scale) Biosystems) Universal RT individual microRNA 5% Quinn's Advantage analysis, and also a blank
and without signs assays protocol; Human Serum Albumin culture
of degenerating Viia7 instrument (Applied Biosytems); (Cooper Surgical). media sample never
cells. Whole-genome RT-qPCR based exposed to embryo culture.
miRNA profiling.
The information was not released NI 2ICM B(Jansen 28 RNA total of the spend culture RT-qPCR Sequencial, IVC-Three (In Blank media control drops. NI 22
due to restrictions imposed by the and Mortimer). media. VitroCare), 20% SPS.
institutional review board protocol. Good genomic
composition
(without
mosaicism).
Patients undergoing intracytoplasmic | NI >4BC (Garder 36 RNA total of the spend culture cDNA Tagman MicroRNA Reverse Non-sequencial (Global®, NI NI 23
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Fifthy female patients who received a | Fourteen days after Type |, I, or 1l 50 RNA total, SCM, d5 RT-PCR, optical density. G-1 PLUS culture medium NI <37 24
diagnosis of infertility and requested | embryo transfer, quality on the third (Vitrolife Sweden AB,
in vitro fertilization (IVF). The ultrasound was day of embryonic Sweden).
inclusion criteria were <37 years of employed to development.*
age, regular menstrual cycles, examine the
normal uterine cavity confirmed by possibility of
hysteroscopy, the absence of successful
intrauterine adhesion or implantation,
inflammation, a normal ovarian evidenced by the
reserve, a normal ovarian response development of the
to the stimulation protocols, and no embryonic sac.
use of exogenous hormone
(estradiol/progesterone) during the
endometrial cycle. The exclusion
criterion was the failure of the
woman to undergo an ultrasound
scan within 4 weeks after a positive
preg- nancy test. Non-inclusion
criteria were endometrial cancer or
hyperplasia, endometriosis, and
having a male partner with infertility.
Biopsies were performed on NI Day 1-4. High 96 d4; Expression of miRNAs; Sage medium (Quinn’s Empty medium droplets, in 35to 37 25
hysterectomy specimens from morphological Total RNA (miRCURY RNA Ready-to-Use Human panel Ipll advantage blastocyst which no embryo was grown
patients that received surgery for quality (>=8 isolation kit—Biofluids 300112, PCR, using ExXiILENT SYBRVR medium, Cooper Surgical, but that oth-
spotting due to a niche in a cesarean blastomeres and Exigon, Denmark); Green master mix (339322, Qiagen, USA) supplemented with 5% | erwise underwent the same
section scar (n2). Patients were pre- fragmentation <= Hilden, Germany); HSA. procedures, from the same
menopausal, were 35 and 39 years 20%), low Amplification reactions were performed dishes were
of morphological ina used as controls.
age, had a history of proven fertility quality (<=7 LightCycler 480 Real-Time PCR
and at least one live birth, and re- blastomeres and System (05015243001, Roche,
ceived no hormonal treatment 3 fragmentation >= Basel, Switzerland);
months prior to surgery. 20%) n46 each Amplification curves were
group. analyzed using LC software
(04994884001, Roche, Basel,
Switzerland).
ICSl realized between May 2016 and | Fetal heartbeat at > 2 3BB (Gardner 60 RNA total of the spend culture sequencing of miRNA (TruSeq® Small Non-sequencial, SAGE 1- culture medium only <41 26
April 2019. Patients having 8 weeks. scale). media. RNA Sample Prep Kit - lllumina ) Step (Origio). (negative control
undergone conventional in vitro RT-gPCR (TagMan qPCR: C. elegans-derived
fertilization (IVF) were excluded to Advanced miRNA Kit - TermoFisher). miRNA as a control gene.
avoid contamination of granulosa
cells, as were patients with structural
and tissue abnormalities or infectious
etiologies in the uterus and adnexa.
NI Gestational sac with | Number of 8 RNA total of the spend culture miRNeasy Serum/Plasma Kit (Qiagen, Sequencial, G2-PLUStm NI NI 27

fetal heartbeat was
revealed by
ultrasound
examination after 7

weeks of pregnancy.

blastomeres,
fragmentation rate
and symmetry
(CALPHA/ESHRE

)
24BB (Gardner
scale).

media.

Germany).

(Vitrolife, Gothenburg,
Sweden).
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NI NI "blastocyst 30 A high-throughput miRNA After bioinformatics analysis and Sequencial, G-2 PLUS Blank samples, namely water | NI 28
scoring system"*. sequencing method was applied screening of differentially expressed (Vitrolife, Goteborg, and culture media never
to detect the miRNA profiles in the | miRNAs, quantitative real-time Sweden). exposed to embryo culture.
human embryo culture media. polymerase chain reaction (QRT-PCR)
assay.

Patients with unexplained infertility. Clinical pregnancy is | Reach d5. 50 RNA total of the spend culture RT-gPCR Non-sequencial, SAGE 1- NI NI 29

defined by the media. Step (Origio)

presence of a

heartbeat on

ultrasound between

the 7th and 8th week

of gestation.
Age <38 years, and infertility due to Blastocysts that were | 24BC (Gardner 162 RNA total of the spend culture miRNeasy Serum/Plasma Sequencial, G-2 PLUS cel-miR-39. <38 30
tubal obstruction and/or male factors. | implanted and those | scale). media. kit (Qiagen GmbH) (Vitrolife, Goteborg,
Patients with recurrent that were not RT-gPCR (miDETECT A Sweden);
miscarriage; repeated implantation implanted, according Track™ miRNA gRT-PCR Starter kit
failure; endometriosis; to whether a positive Guangzhou RiboBio Co., Ltd.).
polycystic ovary syndrome; fetal heartbeat was
hydrosalpinx; chronic endome- observed beyond 8
tritis; immune diseases, such as weeks of gestation.
antiphospholipid syndrome
and systemic lupus erythematous;
and thrombophilia were
excluded. Cycles with two
blastocysts transferred at once were
included if the blastocysts had the
same pregnancy outcomes.
Subfertile females underwent single- | NI Embryos that 56 RNA total, SCM, d3 and d5. Microarray, RT-qPCR. 25 pL, Continuous Single Two negative controls were NI 31

embryo transfer cycle.

displayed two
pronuclei and
completed the first
division.

Culture® Medium (CSCM)
(Irvine Scientific — USA).

cultured in the same
conditions but without
embryos i.e. media that were
not exposed. miRNA
isolation: The Caenorhabditis
elegans (C. elegans) miR-39
mimic was added to each
isolation as an internal spike-
in con-

trol (Qiagen, Germany).

Legenda: O grupo de controle corrige a presenga de miRNAs de origem nao especifica, incluindo aqueles derivados da albumina sérica no meio de

informado, em artigos que nao apontam determinadas informacgoes.

cultura. Asterisco indica a falta de referéncia e detalhes sobre a forma de avaliagdo usada para avaliar os blastocistos. A sigla NI significa “not informed”, nao
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