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RESUMO

EPIGENETICA NA REPROGRAMACAO CELULAR E NO DESENVOLVIMENTO
EMBRIONARIO

AUTOR: Werner Giehl Glanzner
ORIENTADOR: Paulo Bayard Dias Gongalves

A epigenética tem se destacado como a principal moduladora das funcgdes celulares e
reguladora da expressdo génica, seja pela ativagdo ou repressdo da atividade transcricional.
Além disso, a epigenética estd relacionada diretamente a processos reprodutivos como a
reprogramagdo celular e o desenvolvimento embrionario. Em um primeiro estudo, foi
avaliado o efeito do extrato de odcitos em vesicula germinativa (VG), isoladamente, ou em
associagdo com o inibidor de deacetilase, Scriptaid, sobre o potencial de reprogramacao
celular em células somaticas suinas. Foi observada a formacdo de colonias semelhantes a
células-tronco pluripotentes aproximadamente duas semanas apos o tratamento com o extrato
de odcitos ou extrato de odcitos associado ao Scriptaid. O nimero de coldnias, no dia de
aparecimento e 48 horas ap6s esse periodo, foi semelhante entre as células tratadas somente
com o extrato de odcitos ou em associagdo com Scriptaid. Foi observada ainda a ativagao
parcial de genes de pluripoténcia celular e de genes reguladores de modificacdes de cromatina
e de metilacdo de DNA, como o Ezh2 e o Dnmtl, trés dias apds o tratamento com extrato de
odcitos. No entanto, 15 dias apo6s o tratamento, esses niveis retornaram aos niveis do controle.
Esses dados sugerem que o extrato de oocitos em estadio de VG ¢ capaz de induzir uma
reprogramagdo parcial nos fibroblastos suinos, caracterizada pela inducdo parcial de
pluripoténcia e modulagdo de modificadores epigenéticos. Em um segundo estudo, foram
caracterizados o co-fator ativador e remodelador de cromatina (BRG1), e a lisina demetilase 1
A (KDMI1A), durante o desenvolvimento embriondrio de suinos. A KDMIA atua na
desmetilacdo da mono e dimetilagdo da lisina 4 da histona 3 (H3K4m3 e H3K4me2,
respectivamente). Primeiramente, foi verificado que as proteinas desses fatores ndo estdo
presentes no nticleo de odcitos no estadio de metafase I, porém estdo presentes no nucleo da
maioria dos embrides durante os dias 3-4 do desenvolvimento embrionario, o que coincide
com o momento da ativacdo do genoma embrionario (EGA), na espécie suina. Além disso,
utilizando um modelo de alta e baixa competéncia para o desenvolvimento, foi verificado que
a expressao de RNAm desses fatores sdo regulados durante o desenvolvimento embriondrio e
estdo correlacionados com a expressao de RNAm de outras enzimas demetilases de lisinas e
com niveis de metilagdo da H3K4me e H3K4me2 durante a EGA. Observou-se ainda que os
niveis proteicos dos fatores BRG1 e KDMI1A parecem ter relagdo com o numero de células
por embrido durante a EGA. Esses dados sugerem que esses fatores podem apresentar um
envolvimento na regulacio da H3K4 durante a ativagdo do genoma e consequente no
desenvolvimento embrionério.

Palavras chave: Biologia celular, reprogramagao celular, suino, embrio.



ABSTRACT

EPIGENETIC REGULATION IN CELL REPROGRAMMING AND EMBRYO
DEVELOPMENT

AUTHOR: Werner Giehl Glanzner
ADVISOR: Paulo Bayard Dias Gongalves

Epigenetic programming is the main mechanism regulating cell function and gene expression,
through the activation or repression of transcriptional activity. In addition, epigenetics is
closely related to reproductive events such as cell reprogramming and embryo development.
In the first study, the effects of the germinal vesicle (GV) oocyte extract alone, or in
combination with the deacetylase inhibitor Scriptaid, on porcine somatic cell reprogramming
were evaluated. The formation of stem cell-like colonies were observed approximately two
weeks after treatment with oocyte extract or oocyte extract plus Scriptaid. The colony
number, at the time of appearance and after 48 hours, was similar between treatments. Partial
activation of pluripotent, chromatin modifying and DNA methylating genes such as EzA2 and
Dnmtl, was observed three days after the oocyte extract treatment. However, the mRNA
expression levels of the previous genes were similar to the control 15 days after treatment.
This data suggest that GV oocyte extract is able to induce limited reprogramming in porcine
fibroblasts, seen here by the partial activation of these genes. In the second study, brahma-
related gene-1 (BRG1), a cofactor and activator of chromatin modifications, and lysine
demethylase 1A (Kdm1A), a repressor of gene expression, were characterized during porcine
embryo development. KdmlA is involved in the demethylation of both mono- and di-
methylations, H3K4me and H3K4me2, respectively, on lysine 4 of histone 3. Firstly, we
observed that proteins for both factors (BRG1 and Kdm1lA) were absent in the nuclei of
metaphase II oocytes, however, the proportion of nuclear localization increased on day 3-4 of
embryo development. This time point coincides with the embryonic genome activation (EGA)
in swine. Furthermore, using a well-established model of embryo developmental competence,
based on time of first cleavage, it was verified that these factors were regulated during
embryo development and are correlated with mRNA expression of other demethylases and
H3K4me and H3K4me?2 levels during EGA. It was also observed that BRG1 and KdmlA
levels are correlated with embryo cell numbers during EGA. These data suggest that BRG1
and KdmlA participate in the regulation of H3K4 methylation during embryonic genome
activation, and consequently, embryo development in swine.

Keywords: Cellular biology, cell reprogramming, swine, embryo.
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1. INTRODUCAO

A atuagdo da epigenética na regulagdo dos eventos celulares e moleculares vem sendo
cada vez mais estudada e compreendida. Com a descoberta do DNA nos anos 50, acreditava-
se que grande parte do entendimento acerca do funcionamento celular seria facilmente
entendido, no entanto, foi a partir desse ponto em que se comegou o estudo da regulacdo da
expressdo génica. Hipdteses comegaram a ser levantadas de que algo controlava o DNA e o
funcionamento dos genes, e a epigenética passou a ser considerada um ponto chave nesse
processo. A epigenética ¢ o conjunto de mecanismos de regulacio do funcionamento da
ativacao génica. As modificacdes no DNA e nas proteinas que o circundam sdo responsaveis
pela ativacdo e repressdo dos genes, permitindo que suas informacdes possam ser utilizadas
na expressdo e consequente tradugdo das proteinas que serdo responsaveis por todas as
modifica¢des nas células e no organismo. Fazendo uma simples busca da palavra epigenetics
no pubmed € possivel observar que os trabalhos indexados relacionados a esse termo somam-
se 16 no ano de 2000 a mais de 3600 no ano de 2015. No entanto, quando o termo buscado
nesse indexador € epigenetic regulation of gene expression, o numero de citagdes vai de 14
nos anos 90 para mais de 1500 no ano de 2015. Esses indices de citagdes mostram que esta
area tem se destacado na area da biologia celular, na qual a reproducdo estd inserida. As
interacdes epigenéticas participam das regulacdes celulares em diversos niveis. Uma das
maiores provas do envolvimento da epigenética nos eventos celulares reprodutivos, seja
talvez, a reprogramagdo celular pela SCNT (transferéncia nuclear de célula somadtica)
(WILMUT et al.,, 1997) e também a obtencdo das iPSC (células-tronco pluripotentes
induzidas) (TAKAHASHI & YAMANAKA, 2006; TAKAHASHI et al.,, 2007). Nesses
momentos, células diferenciadas foram capazes de perder suas memorias epigenéticas e
reverter seus padrdoes de expressdo génica para formacdo de um novo embrido e para
linhagem de células semelhantes a células embriondrias, respectivamente. Outro momento
crucial das modulagdes epigenéticas na area reprodutiva sdo as alteragdes nos padrdes de
metilagdo que antecedem o momento da ativagdo do genoma do embrido e inicio da atividade
transcricional (OSTRUP et al., 2013).

As interacdes epigenéticas que controlam a expressdo génica acontecem
principalmente na cromatina, além do DNA propriamente dito. A cromatina ¢ uma unidade
repetitiva de DNA e proteinas (KORNBERG, 1974). Essas proteinas (histonas), organizadas

na maneira de octameros, interagem com as moléculas do DNA formando o nucleossomo
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(COSGROVE & WOLBERGER, 2005; VENKATESH & WORKMAN, 2015). As principais
histonas que compde a cromatina sdo: H2A; H2B; H3; e H4, além de histona H1 que
desempenha um papel estrutural. Recentemente, uma série de variantes de histonas tém sido
descritas como tendo relagdo com determinadas atividades durante o desenvolvimento
embrionario, fetal ou celular (SANTORO & DULAC, 2015; VENKATESH & WORKMAN,
2015). Dessa forma, além da regulacdo epigenética pela modificagdo nos padrdes de
metilacdo de DNA e metilacdo, acetilacdo e fosforilacdo nas histonas, também as variantes de
histonas parecem alterar a plasticidade e coordenar efeitos celulares. Além disso, as histonas
sdo proteinas bem conservadas, e quando formam o nucleossomo possuem sua regido (N)-
terminal flexivel, constituida por uma cauda de aminoacidos exposta (SANTOS-ROSA &
CALDAS, 2005). Sao nesses aminodcidos da cauda das histonas, chamados residuos das
caudas das histonas, que alteragdes epigenéticas acontecem, alteragdes como metilacdo,
acetilacdo, fosforilacdo, ubiquitinagdo, sumolisacdo, ribosilagdo entre outras (SANTOS-
ROSA & CALDAS, 2005; KOUZARIDES, 2007; LAWRENCE et al., 2016). As mais
estudadas em geral sdo a acetilacdo e a metilagdo dos residuos de histonas. Geralmente, a
acetilacdo, que acontece nas lisinas, esta relacionada a um aumento da atividade transcricional
(FRY & PETERSON, 2001), enquanto a metilagdo, nas argininas e lisinas, pode estar
relacionada a repressdo e/ou ativagdo génica, dependendo da regido aonde acontece a
modificacdo na histona (CLOOS et al., 2008). As alteragcdes de acetilagdo resultam em
mudanca de cargas negativas para positivas, o que reflete em diminui¢do da interagdo com as
cargas do DNA, modificando a interagdo da cromatina. Enquanto que as modificacdes de
metilagdo ndo resultam em modificagdes de cargas elétricas, por isso podem tanto reprimir
quanto ativar essas fungdes transcricionais. Inicialmente acreditava-se que essas modificagdes
eram responsaveis diretas pela ativagdo da transcri¢cdo, hoje sabe-se que elas auxiliam através
a ligacdo de co-fatores ou da acessibilidade de proteinas a regides especificas do DNA
(LAWRENCE et al., 2016). Além disso, todo o processo ¢ organizado por uma série de
enzimas demetilases, metiltransferase, acetilases entre muitas outras envolvidas no processo
de modulagdes das alteragdes epigenéticas (KOUZARIDES, 2007). Essas modificagdes sao
moduladas conforme a necessidade de ativacdo e repressdo da transcricdo e da atividade dos
promotores dos genes envolvidos nos processos celulares, que acontecem nas células a todos
0s momentos.

Outro ponto chave da epigenética sdo os eventos que estdo relacionados ao DNA
propriamente dito. Esses referem-se basicamente a metilagdo do DNA. A metilagdo do DNA

ocorre na citosina (C) antecedida de guaninas (G), ou seja, nos dinucleotideos CG, chamadas
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ilhas CpG, (ROBERTSON & WOLFFE, 2000; JONES & TAKALI 2001), e acredita- se que
essa modificacdo possua um papel importante na regulagdo da transcricdo, estando
frequentemente associada com a repressdo da atividade transcricional em mamiferos. A
regulagdo da metilagdo do DNA se da pelas enzimas DNA metiltransferases, e embora
existam diversas variantes descritas (BESTOR, 2000), elas tém um papel importante no
desenvolvimento embrionario e nos odcitos (UYSAL et al., 2015). Nesses processos, algumas
DNA metiltransferases tém um papel na manutencdo dos niveis de metilagdo, como a
DNMT]I, enquanto outras enzimas parecem ter um papel na metilacdo de novo como a
DNMT3 e suas variantes DNTM3A e DNMT3B (UYSAL et al., 2015). Além disso, sabe-se
que logo apos a fertilizacdo, o zigoto perde seus padrdes de metilagio de DNA que sdo
reestabelecidos durante o periodo de implantagdo (REIK et al.,, 2001) mostrando a
importancia da regulacdo desse processo durante os eventos reprodutivos.

De um modo geral, a epigenética estd envolvida em todos os processos da biologia
celular e principalmente nos processos reprodutivos, controlando os mecanismos de expressao
génica, sejam pelas alteragdes nos residuos de histonas ou nos padrdes de metilagdo de DNA.
O entendimento desses eventos ajudara a entender cada vez mais os processos que envolvem

a reprogramacao celular e o desenvolvimento embrionario.



2. REVISAO BIBLIOGRAFICA

2.1. Epigenética da reprogramacio celular nas iPSC e SCNT

Células-tronco embrionarios foram isoladas com sucesso em camundongos, humanos
e primatas (EVANS & KAUFMAN, 1981; THOMSON et al., 1995; THOMSON et al., 1998)
e suas possibilidades de terapia celular e estudos de terapia génica sdo enormes (KAJI &
LEIDEN, 2001; WOBUS & BOHELER, 2005). No entanto, alguns cuidados devem ser
tomados no que se refere ao potencial tumorigénico que essas células possuem (HENTZE et
al., 2009; SU et al., 2011). Estudos tém demonstrado que inclusive células fetais podem
desencadear tumores (AMARIGLIO et al., 2009) aumentando ainda mais esse potencial
tumorigénico. Porém, o que torna as ESC tdo atraentes do ponto de vista da terapia celular sao
a sua capacidade de auto-renovacdo e sua plasticidade (MARTELLO & SMITH, 2014),
caracteristicas que as conferem a qualidade de células-tronco. Desde o surgimento, em 2006,
das células-tronco pluripotentes induzidas (iPSC), que sdo células com caracteristicas
semelhantes as ESC, e que s3o geradas a partir de células somaticas adultas (TAKAHASHI &
YAMANAKA, 2006; TAKAHASHI et al., 2007), a 4rea da medicina regenerativa e terapia
celular teve um avango cientifico considerdvel também na éarea da reprogramacao. As iPSC
foram primeiramente geradas através da adi¢cdo de alguns fatores de transcri¢do (OKSM -
Oct4, Kfl4, Sox2 e c-Myc) que sdo ativados e também ativam os demais fatores de
pluripoténcia responsaveis pela auto-replicagdo e estado de auto-renovacdo e manutencao
celular. A partir de sua descoberta, as iPSC tém sido células de escolha em estudos de
medicina regenerativa e de terapia génica (ROBINTON & DALEY, 2012; FOX et al., 2014;
SINGH et al., 2015). Uma série de vias e alternativas de reprogramacgdo tém sido relatadas
como possiveis candidatas a serem usadas na reprogramag¢do; como vetores virais, RNAm,
miRNAs, plasmideos epissosomais e proteinas do oocito (MALIK & RAO, 2013). Embora
estudos tenham demonstrado que o padrdo de expressdo génica/proteica entre ESC e iPSC
seja diferente (CHIN et al., 2009; MARCHETTO et al., 2009), um estudo de meta-analise de
quatro estudos, incluindo os dois previamente citados, demonstrou que as inconsisténcias nas
diferengas entre ESC e iPSC em diferentes estudos sao enormes (GUENTHER et al., 2010),
provavelmente devido as condi¢des de cultivo, método de obtencdo de iPSC, tempo de
cultivo, andlise, passagem do cultivo entre outros. Apesar disso, a reprogramagdo e geragcao de

iPSC ainda ndo ¢ totalmente entendida, e métodos sem adicdo de elementos genéticos
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principalmente virais para sua obten¢do tornam-se cada vez mais necessarios para garantir
seguranca numa futura terapia celular e uso em medicina regenerativa.

A pluripoténcia, tanto nas células ESC (BOYER et al., 2005), como nas iPSC
(TAKAHASHI & YAMANAKA, 2006), parece ser regulada por uma interligacdo de fatores
de transcricdo que atuam em sinergia se auto-regulando. A reprogramagdo celular e
pluripoténcia sdo influenciadas também pelos fatores epigenéticos, entre eles, a metilacdo de
DNA, as modificagdes em residuos especificos de aminoacidos da cauda das histonas
(ARMSTRONG et al., 2006; PASQUE et al., 2011; PAPP & PLATH, 2013). Assim como na
SCNT, a reprogramacdo plena das iPSC ndo depende somente da ativacdo dos fatores de
transcri¢do especificos, mas depende também de diversos fatores moduladores de cromatina
(JULLIEN et al., 2011; MATTOUT et al., 2011; BIRAN & MESHORER, 2012;
KRISHNAKUMAR & BLELLOCH, 2013; PAPP & PLATH, 2013) e consequentemente da
modulacdo nos residuos de histona e variantes de histonas. Além disso, ja foi demonstrado
existir um sinergismo entre as proteinas derivadas do odcito e os fatores de pluripoténcia para
a geragdo de iPSC, culminando com o aumento da eficiéncia da reprogramacdo das células
somaticas (GANIER et al., 2011). Embora a manipulacdo dos padrdes de metilagdo do DNA
pareca ter um efeito principal no sucesso da reprogramagdo (PENNAROSSA et al., 2013),
somente isso ndo assegura o remodelamento correto da cromatina no processo de
reprogramagdo. Sendo assim, parece ser necessario um balango entre os processos de
demetilagdo de DNA e alteragdes em histonas (DU et al., 2015). Portanto, a manipulag¢ao da
memoria epigenética torna-se uma etapa fundamental no processo de obtengdo de iPSC,
principalmente porque indicios mostram que a memoria epigenética das células de origem ¢
mais dificil de ser removida durante o processo de obten¢do de iPSC do que na SCNT (KIM
et al., 2010). Dentre as varias alteracdes de histonas responsaveis pelos efeitos da
reprogramacgdo ressaltam-se a trimetilacdo das lisina 9 e 27 da histona 3, H3K9me3 e
H3K27me3, respectivamente. Essas marcacdes epigenéticas sdo consideradas barreiras a
reprogramac¢do (CHEN et al., 2013b; XIE et al., 2016) estando relacionadas a repressdo da
transcri¢do, além de exercer um papel fundamental na memoria epigenética durante os
eventos de reprogramacdo por SCNT ou iPSC. Em camundongos, a modulagdo da demetilase
(KDM4D) que atua sobre a H3K9me3 diminuindo o padrdo de metilacdo da lisina 9 da
histona 3, resultou em um incremento de aproximadamente 60% nas taxas de
desenvolvimento embriondrio em embrides produzidos por SCNT (MATOBA et al., 2014).
Esse mesmo grupo recentemente publicou um estudo mostrando que a modulagdo de outro

gene dessa familia (KDM4A) ¢ capaz de melhor modular a reprogramagdo de células
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humanas para obtengdo de linhas de células-tronco (CHUNG et al., 2015). A KDM4B
também parece ter um efeito na reducdo da metilagdo da lisina 9 da histona 3 favorecendo a
SCNT em camundongos (ANTONY et al., 2013). Além disso, outros estudos evidenciaram a
participa¢do dessa memoria epigenética no bloqueio da diferenciacdo de células pré-iPSC em
células totalmente reprogramadas apds a adi¢do exdgena de fatores de pluripoténcia (CHEN
et al., 2013b). E sabido ainda que em células-tronco embrionarias de camundongos a KDM4B
e KDM4C favorecem a auto-renovacao através da modulacdo do complexo PRC2 (policomb
repressive complex 2) das proteinas do grupo das policomb, que atuam na modulagdo do
bloqueio e ativacao da cromatina (SIMON & KINGSTON, 2009). Esses dados sugerem que a
diminuicdo da memoria epigenética pela acdo das demetilases especificas da H3K9me ¢
fundamental para o sucesso da reprogramacao por SCNT ou iPSC.

Em relagdo a H3K27me3, seus padrdes de metilagdo recentemente foram relacionados
como uma barreira transcricional a reprogramacao celular em suinos (XIE et al., 2016). Além
disso, sabe-se que a regulacdo dessa marcacao entre hESC e iPSC em relagdo aos fibroblastos
¢ de quase 70% em relagdo as regides promotoras, inversamente proporcional aos
aproximadamente 10% de marcag@o para a H3K4me (marcador de ativagdo transcricional) em
regides promotoras (GUENTHER et al., 2010). Esses dados sugerem que a repressiao
transcricional, exercida por essa marcacdo epigenética se sobressai a marcacdes de atividade
transcricional, como a H3K4me. Dessa forma, a remoc¢dao dessa memoria epigenética
facilitaria a atividade transcricional durante a reprogramacao celular. Além disso, as enzimas
demetilases que regulam a H3K27me3, como a KDMG6A, atuam na reprogramagao de células
somaticas e germinativas tendo papéis fundamentais na modelacdo da cromatina (MANSOUR
et al., 2012) através da interacdo com os fatores de pluripoténcia. Esses dados ressaltam a
importancia da regulagdo dessas marcagdes epigenéticas na interagdo da reprogramacao
celular. A H3K27 tem ainda uma atividade importante porque ¢ regulada pelas proteinas do
grupo PcG (policomb group of proteins) e pelo complexo PRC2. O PcG ja foi descrito
durante o desenvolvimento embriondrio em varias espécies e tem relacdo direta com as
células-tronco embrionarias e o desenvolvimento embrionario (SIMON & KINGSTON, 2009;
ALOIA et al., 2013).

Inumeros componentes do grupo da PcG ja foram descritos como EED, EZH1, EZH?2,
SUZ12, entre outros (MARGUERON & REINBERG, 2011). Entre esses, o EZH1 ¢ 0 EZH2
parecem ter um efeito central na manutengdo da repressdo embora sua acdo tenha efeitos um
pouco contraditorios. O fator EZH2 ¢ uma metiltransferase ativa, no entanto os niveis de

metilagdo exercidos pelo EZH1 parecem ser muito menores (MARGUERON et al., 2008). O
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EZH2 tem uma papel de destaque durante a reprogramacdo celular sendo seus niveis
relacionados a eficiéncia da reprogramacdo e obtencdo de iPSC (RAO et al., 2015). Além
disso, esse fator esta relacionado aos niveis de metilacdo da H3K27, mas participa também no
recrutamento de DNA metiltransferases que resultam no aumento nos padrdes de metilagdo de
DNA (CHEN et al., 2012), que reprimem ainda mais a cromatina. Dentre os mecanismos de
regulagdo que a H3K27 participa, estd o mecanismo da cromatina bivalente, que modula as
ligacdes nos residuos das lisinas 27 e nas lisinas 4 da histona 3. Essa regulacdo se dd em
ambas as lisinas e ocorre simultaneamente, resultando na balanceada e controlada expressao
génica. Esse tipo de controle ¢ observado em células-tronco e no inicio do desenvolvimento
embrionario (VASTENHOUW & SCHIER, 2012; HARIKUMAR & MESHORER, 2015).
Um estudo publicado recentemente mostrou evidéncias de que o EZHI, um dos membros
relacionados ao PcG que seria uma metiltransferase, supostamente responsavel por, em menor
grau, adicionar grupos metil na H3K27, poderia interagir com outros fatores pelo mecanismo
de cromatina bivalente. Nesse caso, ele interagiria com o SUZI2 e, possivelmente EED,
estaria hipermetilando regides da H3K4 nos promotores das polimerases II (MOUSAVI et al.,
2012). Dessa forma, esse fator estaria associado ao favorecimento da atividade transcricional,
diferentemente do EZH2 e demais membros do PRC2 e do PcG. No entanto o verdadeiro
mecanismo desse fator ainda ndo esté totalmente entendido.

Embora diversos métodos de reprogramagao como a SCNT, iPSC e fusdo celular com
células-tronco estejam disponiveis, o odcito tem tido um papel chave nesse processo
justamente devido a seu envolvimento na SCNT. A SCNT ja& foi realizada em diversas
espécies como roedores e animais de laboratorio (WAKAYAMA et al., 1998), suinos
(ONISHI et al., 2000; POLEJAEVA et al., 2000) e bovinos (CIBELLI et al., 1998). Além
disso, sabe-se que obten¢do de linhagens de ESC de embrides oriundos de SCNT j4 foram
descritas em camundongos, primatas ¢ humanos (BYRNE et al., 2007; TACHIBANA et al.,
2013; QIN et al, 2015). No entanto, os fatores oocitarios exatos responsaveis pela
reprogramacgdo ainda permanecem desconhecidos. Nesse contexto, o uso de odcitos como
fonte de fatores de reprogramacdo celular vem sendo estudado ha alguns anos e por varios
grupos (ALBERIO et al., 2005; BUI et al., 2008; MIYAMOTO et al., 2011; BUI et al., 2012;
JULLIEN et al., 2014; LIU et al., 2014), no entanto com um foco voltado para a melhora da
eficiéncia da propria SCNT e ndo da eficiéncia de obtencdo de linhagens de células iPSC
reprogramadas. Algumas publicagdes tém sugerido que os fatores presentes no oocito e que
sdo responsaveis por todo esse remodelamento da cromatina no processo da reprogramacao,

sdo capazes de coordenar o momento exato de desligamento e ligamento dos determinados
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genes durante o processo de ativacdo da cromatina (JULLIEN et al., 2011). Estudos de
transcriptoma em odcitos humanos e hESC tém demonstrado possiveis candidatos a
reprogramagao entre esses dois sistemas (KOCABAS et al., 2006), através de fatores que s@o
altamente expressos em ambas as células. Além disso, outros fatores denominados fatores
oocitarios candidatos a reprogramacdo (CORFs), como ARID2, ASF1A, ASF1B, DPPA3,
ING3, MSL3, HIFOO e KDM6B, tém sido estudados, os quais parecem atuar na remodelagao
da cromatina, ativag¢do e repressdo da metilagdo e acetilacdo e ativa¢do da expressdo génica
(AWE & BYRNE, 2013). Entre esses fatores destaca-se o HIFOO que tem atuagdo na
descondensa¢do da cromatina e manutencao da cromatina em células tronco-embriondrias de
camundongos (HAYAKAWA et al., 2012) e no desenvolvimento embrionario (MCGRAW et
al., 2006). Além disso, o gene ASFIA quando atenuado através de RNAi em células-tronco
embriondrias de camundongos ¢ capaz de diminuir a acetilacdo da H3K56Ac, o que reduz a
interagdo com os promotores dos genes de pluripoténcia reduzindo sua expressao e induzindo
a expressdo de genes de diferenciacdo, inibindo a manuten¢do da indiferenciagdo (TAN et al.,
2013). Essas evidéncias mostram como um fator oocitario ¢ capaz de modular uma
modificagdo epigenética promovendo ou inibindo a reprogramacdo e o grau de diferenciag@o
celular. Sendo assim, a interagdo e funcdo desses fatores parecem estar intimamente
relacionadas. A memoria epigenética ¢ a passagem da informacao, via padrdes de metilagdo
de DNA, modificagdes de histonas e em menor grau micro-RNAs (MIGICOVSKY &
KOVALCHUK, 2011) da célula de origem para o embrido ou a célula reprogramada. Nesse
contexto, o odcito parece ter um enorme potencial na remoc¢ao da memoria epigenética (KIM
et al., 2010) durante a reprogramagdo. Apesar desse potencial do odcito, ainda ndo se sabe se
esses fatores dependem da integridade da conformacdo do odcito, ou se estdo em menores
quantidades dentro desse, inviabilizando a reprogramag¢do em grande escala quando utilizado
citoplasma de um o6cito para mais de uma célula.

A reprogramacdo celular através da clonagem por transferéncia nuclear tem
demostrado que a associacdo com inibidores de deacetilases (HDACi), como o TSA e o
Scriptaid, melhora a eficiéncia da reprogramacdo em varias espécies animais como suinos
(ZHAO et al., 2009; XU et al., 2013), bovinos (WANG et al., 2011), ovinos (WEN et al.,
2014), roedores (VAN THUAN et al., 2009) ¢ coelhos (CHEN et al., 2013a), além de
aumentar consideravelmente o nimero de reclonagens na SCNT (WAKAYAMA et al., 2013).
Os inibidores de deacetilases atuam aumentando a acetilagdo, aumentando a carga negativa
das histonas, diminuindo sua interagdo com o DNA, carregado negativamente, que acaba

consequentemente, implicando em afrouxamento da cromatina com aumento da atividade
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transcricional (BANNISTER & KOUZARIDES, 2011). Embora estudos comprovem que o
inibidores de deacetilase tenham um efeito benéfico sobre a eficiéncia, com maiores taxas de
desenvolvimento embrionario ou embrides de melhor qualidade, na SCNT ainda ndo se sabe
0 quanto eles contribuem para a perda da memdoria epigenética. Estudos sdo necessarios para
se comprovar como de fato essas moléculas atuam no processo de perda da memoria
epigenética. Nao se sabe ao certo se os padrdes de acetilagdo que essas moléculas induzem
sdo capazes de induzir diretamente as enzimas capazes de remover as marcacdes epigenéticas
responsaveis pela memoria epigenética como a H3K27me3 ou H3K9me3 ou as removem

diretamente, desta forma, favorecendo a reprogramacao.

2.2. Epigenética no desenvolvimento embrionario

A competéncia do oo6cito refere-se ao seu potencial para o subsequente
desenvolvimento embriondrio. Uma série de varidveis t€ém sido descritas como possiveis
candidatos a interferir na competéncia do odcito como o ambiente folicular, a idade do odcito,
a comunicagdo celular entre as células foliculares (oo6cito-cumulus; cumulus-granulosa),
estresse oxidativo, nutri¢do, fatores de crescimento, entre outros (FAIR, 2010; DUMESIC et
al., 2015; KEEFE et al., 2015; MOUSSA et al., 2015). O tamanho folicular tem uma relagao
com a maturagdo oocitaria em varias espécies (LONERGAN et al., 1994; ALGRIANY et al.,
2004; BAGG et al., 2007). Em leitoas pré-puberes as concentracdes de progesterona
aumentam conforme o foliculo aumenta, fato ndo observado para o estradiol. No entanto, para
porcas adultas, esse aumento da progesterona nao ¢ observado. Da mesma forma, em leitoas ¢
observado um aumento da competéncia oocitaria conforme o aumento do foliculo, o que ndo ¢
observado em animais adultos (BAGG et al., 2007). Além disso, sabe-se que o liquido
folicular € rico em uma série de fatores como proteinas, RNAms, miRNAs, além de vesiculas
contendo esses fatores que podem estar envolvidos nos mecanismos de competéncia (DA
SILVEIRA et al., 2012). Esses fatores parecem ter um efeito importante inclusive durante a
maturagdo, uma vez que, em suinos uma pratica comum ¢ usar liquido folicular durante a
MIV (maturacdo in vitro) de oocitos. Uma vez que os fatores responsaveis pela competéncia
oocitaria e subsequente desenvolvimento embrionario ainda ndo sdo entendidos, talvez a
analise de transcriptomas em varios casos € modelos de desenvolvimento possam elucidar os
mecanismos relacionados a competéncia e desenvolvimento (LABRECQUE & SIRARD,

2014).
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Recentemente, uma série de estudos, em roedores, tem proposto novas explicagdes
para como a comunicacdo entre as células foliculares funcionam durante a aquisicdo da
competéncia oocitaria. Neste contexto, foi demonstrado que o FSH ¢é capaz de promover a
expressdo das principais conexinas e caderinas responsaveis pelas conexdes celulares nas
ligacdes entre as células do cumulus e granulosa e oocito através das TZP, que sdo as ligagdes
transzonais que atravessam as células da granulosa e o odcito (EL-HAYEK & CLARKE,
2015). Além disso, estudos ainda mais recentes tém evidenciado que moléculas de RNA tém
sido enviadas para o odcito através destas projegdes (MACAULAY et al, 2014). Uma
publicagdo do final de 2015 mostrou ainda que durante o periodo de reinicio da meiose hd um
trafico intenso e troca de RNAm entre o o6cito e as células adjacentes do cumulus, e que isso
pode ser determinante nos niveis de proteinas no momento da fertilizagao, afetando os indices
de fertilidade devido ao potencial desses transcritos serem traduzidos (MACAULAY et al.,
2015).

O potencial de desenvolvimento tem sido relacionado com o tempo da primeira
clivagem embrionaria em diversas espécies, como camundongos (KOBAYASHI et al., 2004),
suinos (COUTINHO et al., 2011; BOHRER et al., 2015), bovinos (HENRIQUE BARRETA
et al., 2012) e humanos (BOS-MIKICH et al., 2001). Além disso, embrides com maior
potencial de desenvolvimento, ou seja, que clivam mais cedo, apresentam maior nimero de
células ¢ menor lesio de DNA (BOHRER et al., 2015). Desta forma, embrides com maior
potencial sdo embrides que desenvolvem mais cedo, desenvolvendo portanto, embrides com
mais qualidade. No entanto, existem evidéncias que sugerem que embrides que clivam mais
tarde poderiam apresentar uma atividade transcricional prematura (BASTOS et al., 2008). Um
ponto chave no processo do desenvolvimento embriondrio ¢ a transi¢do materno-zigbtica
(LEE et al., 2014), muitas vezes relacionada a parada de crescimento embriondrio. Durante
esse periodo, uma série de modificagdes epigenéticas devem acontecer, as quais precedem o
inicio da atividade transcricional. Dentre elas, ocorrem principalmente a redu¢ao nos niveis de
H3K27me3 e H3K9me3, aumento nos padrdes de metilagdo da H3K4 e aumento da atividade
das polimerases (OSTRUP et al., 2013). Em suinos a ativagdo do genoma coincide com o
estagio de 4 a 8 células do desenvolvimento embriondrio (HYTTEL et al., 2000; CAO et al.,
2014), o que antecede um pouco em relacdo a outras espécies como o bovino, no qual a
ativacao do genoma ocorre no periodo de transicdo de 8 a 16 células (TELFORD et al., 1990).
A ativagdo do genoma parece ocorrer em formato de ondas de ativagao génica (HAMATANI

et al., 2004). A primeira onda de ativacdo seria correspondente a ativagdo do genoma
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propriamente dita. Logo seguem sucessivas ondas de ativagdo e inativacdo de genes
especificos para cada fase do desenvolvimento embrionario.

O desenvolvimento embriondrio inicial depende de uma sequéncia de modifica¢des na
configuracdo da cromatina, as quais sd@o primariamente relacionadas a um papel chave da
modulagdo epigenética, como mudanga nos padrdes de acetilagdo e metilacdo de histonas e a
metilagdo do DNA gendmico (BAO et al., 2000; REIK et al., 2001; BULTMAN et al., 2006;
NIEMANN et al., 2008). Como citado anteriormente, uma das principais modificacdes
relacionadas a atividade transcricional e que parece ter um papel importante nesse inicio do
desenvolvimento embriondrio sdo os padrdes de metilacdo da lisina 4 da histona 3. O perfil da
mono, di- e a trimetilagdo ja foram descritos no ovario suino ao longo do desenvolvimento
desde o foliculo pré-antral até o foliculo pré-ovulatério (SENEDA et al., 2008). Algumas
proteinas estdo estritamente relacionadas com os padrdes de metilagdo da H3K4 . Entre esses,
destaca-se a KDM1A e o BRGI.

A KDMIA ¢ uma demetilase especifica da mono e da dimetilacdo da lisina 4 da
histona 3, atuando também na H3K9 (WANG et al., 2009). A KDMIA ¢ um repressor da
atividade transcricional (demetilase) componente de um complexo, chamado CtBP (C-
terminal binding protein complex), complexo esse envolvido na regulagdo da atividade génica
pela ativacdo ou repressao da expressao (SHI et al., 2004; WANG et al., 2007). Delegdes no
gene da KDMIA resultam também em niveis reduzidos de metilacio de DNA e atividade
reduzida de DNMT1 (WANG et al., 2009). Experimentos que estimularam esse fator em
células espermatogoniais de camundongos observaram padrdes alterados de heranca
epigenética caracterizado por padrdes de expressdo errdnea nos fetos e mal formagdo nos
esqueletos durante o desenvolvimento fetal, bem como morte fetal (SIKLENKA et al., 2015),
mostrando sérias correlacdes desses fatores com o desenvolvimento embriondrio e
consequentemente fetal. Além disso, experimentos de perda de funcdo génica demonstraram
que esse gene tem um efeito vital também no periodo pds-implantacional, ao redor do dia 6.5
de desenvolvimento embriondrio (E6.5) em camundongos (FOSTER et al., 2010).
Adicionalmente, o knockout homozigdtico desse gene em camundongos revelou que os
embrides ndo sdo capazes de se desenvolver além do E7.5 (WANG et al., 2007). Esses dados
corroboram os dados sobre a importancia desse gene na formacdo e desenvolvimento fetal.
Dados ainda evidenciam um papel da KDMI1A durante o inicio do desenvolvimento
embriondrio, mais precisamente durante a ativacdo do genoma embrionario, onde, em
camundongos a utilizacdo de um inibidor da KDM1A em embrides antes da clivagem, afetou

a cinética de desenvolvimento dos embrides até 4 células e afetou os niveis de RNAm de Oct4
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nesses mesmos embrides (SHAO et al., 2008). Esses dados demonstram que esse fator tem
um papel chave nas modulagdes dos padroes de metilacdo, principalmente da H3K4 no inicio
e durante o desenvolvimento embriondrio. Embora a KMD1A tenha esse papel importante ja
comprovado no desenvolvimento embriondrio e fetal, varias outras demetilases participam no
processo de demetilacdo dos padrdes da H3K4 como a KDM1B, KDM5A, KDM5B, KDM5C
e KDMS5D (CHRISTENSEN et al., 2007; IWASE et al., 2007; LEE et al., 2007; CICCONE et
al., 2009). Embora ainda ndo se saiba o papel de cada uma individualmente durante o
desenvolvimento embriondrio, na reprogramacao celular ou nas células-tronco, baseado em
suas fungdes ¢ possivel sugerir que devam exercer um papel de regulagdo importantissimo.
Além disso algumas dessas demetilases, como ¢ o caso da KDM1B, parece ter um efeito mais
importante no imprinting materno, a nivel de DNA, do que de histonas propriamente ditas
(CICCONE et al., 2009).

Existem outros fatores cruciais que modulam o inicio da atividade transcricional do
embrido, entre eles, o BRGl (BULTMAN et al.,, 2006). Durante o desenvolvimento
embriondrio, esse fator parece ser ligado a cromatina materna, uma vez que experimentos
demonstraram que BRG1 materno nocaute em embrides fertilizados foram capazes de parar
os embrides nos estagios de 2 ou 4 células (BULTMAN et al.,, 2006). Durante o
desenvolvimento embriondrio e posteriormente fetal, esse fator parece estar envolvido na
determinagdo das linhagens germinativas, como a mesodermal (ALEXANDER et al., 2015).
Esse gene também parece ter uma papel regulador sobre a expressdo de genes de
pluripoténcia, como o Nanog, durante o desenvolvimento embrionario e também em células-
tronco embriondrias (CAREY et al., 2015). Um trabalho publicado recentemente demonstrou
que em cé¢lulas-tronco embriondrias humanas, a atenuagdo do BRGI, através de RNAI, ¢
capaz de diminuir os niveis de auto-renovagdo e diferenciacdo dessas células nas mais
diversas linhagens germinativas, e que isso estaria relacionado aos niveis de acetilagdo da
H3K27 que estariam sendo regulados por esse fator (ZHANG et al., 2014). O BRG1 ¢ um
fator remodelador da cromatina, e uma unidade catalitica do complexo SWI/SNF que se liga a
regides de promotoras de genes especificos promovendo alteragdes e modificagdes
epigenéticas. O BRGI pode ser encontrado também ligado a fatores de transcricdo e ouras
enzimas modificadores de histona para ativar ou reprimir promotores (GLAROS et al., 2008;

TROTTER & ARCHER, 2008).



ARTIGO 1

TRABALHO ACEITO PARA PUBLICACAO:

Exposure of somatic cells to cytoplasm extracts of porcine
oocyte induces stem cell-like colony formation and alters

expression of pluripotency and chromatin-modifying genes

Werner Giehl Glanzner, Eliza Rossi Komninou, Ashwini Mahendran, Vitor
Braga Rissi, Karina Gutierrez, Rodrigo Camponogara Bohrer, Tiago

Vieira Colares, Paulo Bayard Dias Gongalves, Vilceu Bordignon.

CELLULAR REPROGRAMMING, 2016



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Exposure of somatic cells to cytoplasm extracts of porcine oocytes induces stem cell-like

colony formation and alters expression of pluripotency and chromatin-modifying genes

Glanzner, W.G.'"; Komninou, E.R."®; Mahendran, A.%; Rissi, V.B.%; Gutierrez K., Bohrer,

R.C.5; Collares, T.*; Gongalves, P.B.D.*; Bordignon, V.°*

“Laboratory of Biotechnology and Animal Reproduction - BioRep, Federal University of
Santa Maria (UFSM), Santa Maria, RS, Brazil.

"Laboratory of Molecular Embryology and Transgenesis, Technology Development Center,
Postgraduate Program in Biotechnology, Federal University of Pelotas (UFPEL), Pelotas,
RS, Brazil.

“Department of Animal Science, McGill University, Ste-Anne-De-Bellevue, QC, Canada.

*Corresponding author. Vilceu Bordignon: Department of Animal Science, McGill
University, 21111, Lakeshore road, Room MS1-089, Sainte-Anne-de-Bellevue, QC, Canada,

H9X3V9. Email: vilceu.bordignon@mcgill.ca

'These authors contributed equally to this work.

Running Title: Cell reprogramming with oocyte extracts

Key words: cell reprogramming, pluripotency, oocyte extract, scriptaid, swine.



26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

26

ABSTRACT

Cell permeabilization followed by exposure to cytoplasmic extracts of oocytes has
been proposed as an alternative to transduction of transcription factors for inducing
pluripotency in cultured somatic cells. The main goal in this study was to investigate the
effect of treating porcine fibroblast cells with cytoplasmic extracts of GV-stage oocyte (OEx)
followed by inhibition of histone deacetylases with Scriptaid (Scrip) on the formation of stem
cell-like colonies and expression of genes encoding pluripotency and chromatin-modifying
enzymes. Stem cell-like colonies start developing approximately 2 weeks after treatment in
cells exposed to OEx or OEx + Scrip. The number of cell colonies at the first day of
appearance and 48 h later was also similar between OEx and OEx + Scrip treatments.
Transcripts for Nanog, Rex1 and c-Myc genes were detected in most cell samples analyzed at
different days after OEx treatment. However, Sox2 transcripts were not detected and only a
small proportion of samples had detectable levels of Oct4 mRNA after OEx treatment.
Similar pattern of transcripts for pluripotency genes was observed in cells treated with OEx
alone or OEx + Scrip. Transcript levels for Dnmtl and Ezh2 were reduced at day 3 after
treatment in cells exposed to OEx. These findings revealed that: a) exposure to OEx can
induce a partial reprogramming of fibroblast cells towards pluripotency, characterized by
colony formation and activation of pluripotency genes; and b) inhibition of histone

deacetylases did not improve the reprogramming effect of OEx treatment.
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INTRODUCTION

Since first isolated and cultured in mice (Evans and Kaufman, 1981), non-human
primates (Thomson et al., 1995) and humans (Thomson et al., 1998), embryonic stem cells
(ESC) have been the subject of numerous studies given their promise for developing novel
cell-based therapies (Kaji and Leiden, 2001; Wobus and Boheler, 2005). Important
characteristics of ESC for development of cell therapies include their plasticity for
differentiation and self-renewal capacity (Martello and Smith, 2014).

More recently, induced pluripotent stem cells (iPSCs) having similar characteristics of
ESC have been created from somatic cells (Takahashi et al., 2007; Takahashi and Yamanaka,
2006). Since they can be established from many different cell types of any patient through the
expression of a few transcription factors, iPSCs have emerged as the preferred cells for
development and applications in cell/tissue regenerative therapies (Fox et al., 2014; Robinton
and Daley, 2012; Singh et al., 2015). Pluripotency seems to be similarly regulated by a small
core group of transcription factors in ESC (Boyer et al., 2005), and iPSCs (Takahashi and
Yamanaka, 2006). Cell reprogramming and pluripotency are also affected by epigenetic
factors including DNA methylation and modifications in specific amino acid residues in the
histone tails (Armstrong et al., 2006; Papp and Plath, 2013; Pasque et al., 2011). Among the
histone modifications, the methylation pattern of the lysine 27 in the histone H3 (H3K27me)
is known to play an important role. Indeed, H3K27me is an important constraint for cell
reprogramming (Xie et al., 2016), and its pattern varies significantly between iPSCs and ESC
compared to fibroblast cells (Guenther et al., 2010; Mansour et al., 2012). This epigenetic
mark is mainly regulated by the polycomb group of proteins (PCG) (Aloia et al., 2013; Simon
and Kingston, 2009), which are also involved in the reprogramming process.

Different approaches, including nuclear transfer to enucleated oocytes, cell fusion and

transduction of transcription factors, have been used to induce somatic cell reprograming.
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Nuclear transfer to enucleate oocytes can reprogram differentiated somatic cells to a totipotent
state, since cloned animals of many species have been created using this approach (Meissner
and Jaenisch, 2006). However, ESCs from nuclear transfer embryos have only been
established in few species including mice, non-human primates and humans (Byrne et al.,
2007; Qin et al., 2015; Tachibana et al., 2013). In order to facilitate reprogramming and the
establishment of pluripotent cell cultures, exposure of cultured somatic cells to cytoplasm
extracts of oocytes after cell membrane permeabilization has been proposed. In this regard,
studies have been conducted using cytoplasm extracts of oocytes from different species,
including Xenopus leavis (Alberio et al., 2005; Miyamoto et al., 2007; Miyamoto et al.,
2008), pigs (Bui et al., 2012; Miyamoto et al., 2009) and mice (Bui et al., 2008). However, the
reprogramming efficacy of cytoplasm extracts to induce cell pluripotency in vitro requires
additional investigation.

Studies using somatic cell nuclear transfer (SCNT) have also demonstrated that
inhibition of histone deacetylase enzymes after nuclear transfer enhances cell reprogramming
and ameliorate animal cloning efficiency in different species including mice (Kishigami et al.,
2006; Van Thuan et al., 2009), pigs (Martinez-Diaz et al., 2010; Xu et al., 2013; Zhao et al.,
2009), bovine (Akagi et al., 2011; Wang et al., 2011), ovine (Wen et al., 2014) and rabbits
(Chen et al., 2013a).

In light of those previous findings we hypothesized that inhibition of deacetylase
enzymes after exposure to cytoplasm extracts of GV-stage oocytes would improve cell
reprogramming efficiency in cultured somatic cells to a pluripotent state without the need of
performing nuclear transfer or transduction of transcription factors. Therefore, the objectives
of this study were to evaluate if treatment of fibroblasts cells with cytoplasmic extracts of

porcine oocytes followed by inhibition of histone deacetylase enzymes would improve the
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formation of stem cell-like colonies and expression of genes involved in cell reprogramming

and pluripotency.

MATERIALS AND METHODS
Chemicals
All chemicals and reagents were purchased from Sigma Aldrich Chemical Company

(Sigma-Aldrich, Oakville, ON, Canada), unless otherwise indicated.

Ovaries and oocyte collection

Ovaries of prepubertal gilts were collected at a local slaughterhouse (Olymel
S.E.C./L.P., Saint-Esprit, QC, Canada) and transported to the laboratory at 30 to 35°C in
saline solution (0.9% NaCl) containing penicillin (100 UI/ml) and streptomycin (10 mg/ml).
Cumulus-oocyte complexes (COCs) were aspirated from 3 to 6 mm follicles using a 10 mL
syringe and 18-gauge needle. COCs surrounded by a minimum of three cumulus cells layers
and having a homogeneous granulated cytoplasm were selected for the preparation of

cytoplasm extracts.

Cell culture

Fibroblast cell cultures were established from skin biopsies collected from newborn
Yucatan minipigs. Tissues were cut in small pieces (1x1 mm) using a scalpel blade and
digested in 1 mg/ml collagenase for 20 minutes at 37°C. Cells were washed twice in
Dulbecco’s Modified Eagle’s Medium/Nutrient Mixture F-12 Ham (DMEM-F12)
supplemented with 10% fetal bovine serum (FBS; Life Technologies) and 1% antibiotics

(Penicillin 10.000 U/ml and Streptomycin 10 mg/ml). Cells were then transferred to 75 mm’
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flasks and cultured in the same medium at 38.5°C and 5% CO,. All the experiments were

conducted using a pool of fibroblast cells from 5 different animals.

Preparation of oocyte extracts

Cytoplasm extracts of GV-stage oocytes were prepared within 2 h after follicular
aspiration. Approximately 800 oocytes were stripped from their cumulus cells and had their
zona pelucida dissolved using acidic Tyrode’s solution. The zone-free oocytes were washed
three times and transferred to approximately 10 pl of undifferentiated cell culture media
(UCM) supplemented with an energetic cocktail composed of | mM ATP, 10 mM creatine
phosphate, 25 pg/ml creatine kinase, 100 pM GTP and the protease inhibitor mixture (104
mM AEBSF, 80 uM Aprotinin, 4 mM Bestatin, 1.4 mM E-64, 2 mM Leupeptin and 1.5 mM
Pepstatin A). The UCM consisted of DMEM F12 supplemented with 10% knockout serum
replacement (KSR), 5% FBS, 0.3 uM nucleosides, 1% non-essential amino acids, 150 uM 2-
mercaptoethanol, 10 ng/mL leukemia inhibitory factor and 1% antibiotics (Penicillin 10.000
U/ml and Streptomycin 10 mg/ml). To prepare the extract, oocytes were aspirated several
times through a micropipette with internal diameter of approximately 70 um to ensure that the

ooplasmic membrane of all the oocytes was fragmented.

Cell permeabilization, treatment and culture

To open small pores in the cell membrane for passage of oocyte proteins, 8,000 cells
were exposed to 3 electrical pulses of 1000 V for 30 us each using the Neon® transfection
system (Invitrogen). After electroporation, cells were divided in 4 treatments (approximately
2,000 per treatment) and cultured as follows: a) in UCM supplemented with the energetic
cocktail (Control group); b) same as control group plus 500 nM Scriptaid (Scrip group); ¢) in

10-15 pl of the oocyte extract (in a ratio of approximately 10 cells per oocyte) for 45 minutes,
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and then in UCM supplemented with the energetic cocktail (OEx group); and d) same as OEx
group plus 500 nM Scriptaid (OEx + Scrip group). In all treatments, the cell culture media
was replaced after 20 h of culture and then every 72 h with UCM. Cells from each treatment
were trypsinezed and collected at days 7, 14, 21 and 28 of culture to assess mRNA expression
of pluripotency genes. Cells collected at days 3 and 14 were used to quantify mRNA levels of

chromatin-modifying genes.

Preparation of feeder cell layers and cell colony passage

Mouse embryonic fibroblasts (MEFs) were used as feeder layer cells. MEFs were
cultured in DMEM F12 supplemented with 10% FBS and 1% antibiotics until reaching
confluence. MEFs were then treated with 10 ug/ml mitomicin C for 2 h, washed twice with
PBS, trypsinezed, and then plated onto 0.1% gelatin-coated 6-weel plates with >90%
confluency. Cell colonies that developed from OEx and OEx + Scrip treated fibroblasts were
mechanically passed and cultured in the presence or absence of feeder cells for 7 and 14 days,
which represents in average day 21 and 28 after cell treatment, respectively. Cells colonies
from each treatment were collected at days 21 and 28, and used to quantify transcript levels of

pluripotency and chromatin-modifying genes.

Cell colony evaluation

Fibroblasts cells were inspected every day, from day 1 after treatment to 48 h after
appearance of the stem cell-like colonies, by visual observation in a microscope. The number
of the days for the colony formation, the number of colonies at day of appearance and the

number of colonies 48h after that, were evaluated in 6 replicates.

RNA extraction and gRT-PCR
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Total RNA was extracted from fibroblasts and derived cell colonies using Trizol
(Invitrogen) according to the manufacturer’s instructions. RNA quantity and purity were
estimated using a NanoDrop spectrophotometer (Thermo Scientific, Waltham, USA).
Absorbance 260/280 nm ratios above 1.8 were considered pure. Total RNA was treated with
0.1 U DNase (Invitrogen) at 37°C for 5 minutes to digest contaminating DNA. Reverse
transcriptase reactions were performed with 500 ng RNA using the iScript cDNA Synthesis
Kit (Bio-Rad, Mississauga, ON, CA) in a final volume of 20 pl according to the
manufacturer's protocol.

Real-time quantitative PCR (qPCR) reactions were performed in a CFX 384 real-time
PCR detection system (BioRad) using iQ™ SYBR Green Supermix (BioRad). Primers were
designed based on swine sequences available in GenBank (Table 1) and synthesized by IDT
(Windsor, ON, CA). Samples were run in duplicates and the standard curve method was used
to determine the abundance of mRNA for each gene, and mRNA abundance was normalized
to the mean abundance of the internal control genes Beta actin and Gapdh. All reactions had
efficiencies between 90 and 110%, r* >0.98 and slope values from -3.6 to -3.1. Dissociation
curve analyses were performed to validate the specificity of the amplification products. For
the experiments where only the presence or absence of transcripts were evaluated, PCR
products were submitted to electrophoresis using 2% agarose gel and visualized after stained

with ethidium bromide.

Statistical analyses

Data regarding number of colonies at the time of appearance and 48 h later were
analyzed by ANOVA followed by ¢ test. Differences in transcript levels were analyzed by
multi-comparison test using LSMeans Student ¢ fest. Data were tested for normal distribution

using Shapiro-Wilk test and normalized when necessary. Results are presented as means +
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SEM, and P<0.05 was considered statistically significant. All analyses were performed using
the JMP software (SAS institute Inc., Cary, NC). At least three individual replicates were

conducted for each experiment.

RESULTS

Stem cell-like colonies appearance after fibroblast cell treatment

Treatment of porcine fibroblasts with OEx from GV-stage oocytes induced the
formation of cell colonies that morphologically resemble embryonic or induced stem cell
colonies (Fig. 1B-F). The stem cell-like colonies started to form between 13 and 22 days after
treatment (Table 2). The exposure of cells to Scrip for 20 h after treatment with OEx did not
reduce the time to colony formation. Similar number of stem cell-like colonies was counted at
the day of appearance or 48 h later in cells that were treated with OEx alone or OEx + Scrip.
There was a significant increase in the number of stem cell-like colonies during the first 48 h
after appearance, but it was not affected by Scrip treatment (Table 2). Control (non-treated)
cells and those treated with Scrip alone, without previous exposure to OEX, did not form stem

cell-like colonies.

Expression of pluripotency genes after cell treatment

In order to evaluate if the exposure to OEx induce expression of pluripotency genes,
cDNA was generated from cells collected at days 7, 14, 21 and 28 after treatment. Presence or
absence of transcripts for pluripotency genes was assessed by PCR from cell samples of three
different replicates (Table 3). Transcripts for pluripotency genes were detected in higher
proportion of cell samples treated with OEx alone or with OEx + Scrip compared to control
and Scrip alone treatments. Indeed, c-Myc, Rex1 and Nanog mRNA was detected in most of

the samples treated with OEx. On the other hand, transcripts for Oct4 and Sox2 were only
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detected in a small proportion of cell colonies, indicating that either OEx or OEx + Scrip
treatments were unable to induce transcription of these genes. The association of OEx and
Scrip did not increase the number of samples expressing pluripotency genes compared to
treatment with OEx alone.

Analyses of individual stem cell-like colonies collected at day 21 after treatment
further confirmed the c-Myc, Rex1 and Nanog were expressed in cell colonies but Oct4 and
Sox2 gene were not expressed (Table 4). Similar proportion of colonies expressing

pluripotency genes were detected in cells treated with OEx alone or OEx + Scrip.

Expression of genes encoding chromatin-modifying enzymes after cell treatment

To further evaluate the effects of OEx treatment the transcript levels of genes
encoding chromatin-modifying enzymes were evaluated in fibroblasts cells at day 3 and 14
after treatment and in stem cell-like colonies at day 21 and 28 after treatment. The relative
mRNA levels of DNA methyltransferasel (Dnmtl), policomb group (PCG) proteins (Ezhl,
Ezh2 and Suzl2) and lysine demethylases (Kdm6A and Kdm6B), which act in the
demethylation of the H3K27me, were quantified by qPCR.

At day 3 after treatment, mRNA abundance of Dnmtl, Ezhl, and Ezh2 was
significantly lower in cells treated with OEx compared to control cells (Fig. 2). In cells treated
with OEx + Scrip, only Ezhl mRNA levels were lower than control cells at day 3 after
treatment. £zh1 mRNA abundance was also lower in cells treated with Scrip alone compared
to control cells at day 3 after treatment. Transcript levels of Kdm6A, Kdm6B and Suzl2 were
not affected by the treatments. Transcript levels for all the evaluated genes were similar in
control and treated cells at day 14 after treatment (Fig 2).

Since the exposure to Scriptaid did not enhance expression of genes encoding

pluripotency factor and chromatin-modifying enzymes, stem cell-like colonies derived from
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cells treated with OEx were used to evaluate the effect of culture in the presence or absence of
feeder cells. Transcript levels of the six genes analyzed were not different between stem cell-
like colonies cultured for 7 days in the presence or absence of MEFs, which represents
approximately 21 days from treatment with OEx (Fig 3). After 2 weeks of culture, or
approximately 28 days from OEx treatment, mRNA levels of the six genes remained similar
between stem cell-like colonies, except for Ezh2, which was decreased in the colonies
cultured on MEFs (Fig 3).

The temporal analysis of transcript levels of the six genes in cells treated with OEx
revealed a significant increase in mRNA levels of Dnmtl and Ezh2 (Fig 4A). Variation in
transcript levels of all the other genes was not statistically different at the different times of

culture (Fig 4B).

DISCUSSION

This study was conceived to investigate if pluripotency could be induced by treating in
vitro cultured fibroblasts cells with cytoplasm extracts from porcine oocytes, followed by
inhibition of histone deacetylase enzymes. Our findings revealed that exposure to oocyte
cytoplasm extracts induce cell colony formation resembling stem cell colonies within
approximately 2 weeks after treatment. We have also observed that exposure to Scriptaid, an
inhibitor of histone deacetylase enzymes known to enhance nuclear reprogramming and
development of embryos derived by SCNT, did not improve stem cell-like colonies formation
compared to treatment with oocyte extract alone.

Findings in this study are in line with previous reports, which have shown that pre-
treatment of somatic cells with OEx increased development of SCNT embryos (Bui et al.,
2012; Bui et al., 2008; Liu et al., 2012) and generation of iPSCs cells (Ganier et al., 2011).

However, the effect of treating cells with OEx followed by inhibition of histone deacetylases
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was not previously investigated. Surprisingly, despite of its known effects in enhancing cell
reprograming and development of SCNT embryos (Chen et al., 2013a; Van Thuan et al.,
2009; Wakayama et al., 2013; Wang et al., 2011; Wen et al., 2014; Xu et al., 2013), treatment
with Scriptaid did not improve stem cell-like colony formation in cultured fibroblast cells
after treatment with OEx. This suggests that the positive effect of Scriptaid in promoting cell
reprogramming depends on factors present in an intact oocyte cytoplasm that are either lost,
overdiluted or do not gain access to the cell chromatin during in vitro treatment with OEXx.
Indeed, the ratio of oocyte to cells in this study was 1:10, which reduces the amount of extract
available to each cell compared to the 1:1 ration in SCNT embryos. Nevertheless, it has been
shown that not only amphibian but also porcine oocytes are able to induce reprogramming in
hundreds of somatic cell nuclei (Byrne et al., 2003; Halley-Stott et al., 2010; Jullien et al.,
2010; Jullien et al., 2014; Miyamoto et al., 2011). The meiotic stage (GV-stage) of oocytes
used in the study may be another reason accounting for the lack of Scriptaid effect compared
to SCNT studies. In support to this are recent findings indicating that Scriptaid effects on
SCNT embryos depend on interactions between the cell cycle stage of the nuclear donor cell
and the host cytoplast (Rissi et al., 2016).

To further evaluate the effects of OEx on cell reprograming, mRNA levels of genes
encoding transcription factors involved in cell pluripotency were assessed at different days
after cell treatment. We observed that treatment with OEx activated expression of three
transcriptions factors, Nanog, Rex1 and c-Myc, in most cells samples, while two others, Oct4
and Sox2, were only detected in few cell samples. Similarly to what we observed for colony
formation, treatment with Scriptaid did not benefit expression of transcript factors compared
to treatment with OEx alone. Nanog, together with Oct4 and Sox2 are known to regulate
stemness-related genes (Boyer et al., 2005; Pan and Thomson, 2007), and are important for

ESC self-renewal (Gagliardi et al., 2013). Nanog expression is regulated by several factors
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including the PcG protein EzA2 (Villasante et al., 2011), which also interacts with c-Myc
during cell reprogramming and affect expression of developmental genes in ESC (Krepelova
et al., 2014; Neri et al., 2012; Rao et al., 2015). Similarly, Rex-1 is important for acquisition
and maintenance of pluripotency (Son et al., 2013), and may also interact with PcG proteins
to regulate cell pluripotency (Garcia-Tunon et al., 2011).

Given the potential interactions of PcG proteins with the pluripotency factors that
were regulated by exposure to OEx, we evaluated the effect of cell treatment on the
expression of Ezhl, Ezh2 and Suzl2, which are important components of the PcG and
involved in cell reprogramming (Margueron et al., 2008; Rao et al., 2015). Transcript levels
of the DNA methyltransferase 1 (DNMTI1) and lysine demethylase enzymes (KDM6A and
KDM6B), which are known to be involved in cell reprogramming and pluripotency (Mansour
et al., 2012; Mohan and Chaillet, 2013; Pennarossa et al., 2013; Wang et al., 2012; Xu et al.,
2013), were also quantified. We observed that exposure to OEx induced a transient reduction
in the transcript levels of Ezhl, Ezh2 and Dnmtl at 3 days after treatment, which returned to
similar levels as control cells by day 14 after treatment. However, in cells exposed to OEx
followed by Scrip only transcripts for Ezhl were lower than control cells at day 3 after
treatment. This suggests that Scriptaid had counteractive effects on the modulation of gene
expression induced by the OEx.

We have finally observed that the transcript levels for EzA2 were lower in stem cell-
like colonies derived from fibroblast cells treated with OEx that were cultured for
approximately 2 weeks in the presence of feeder cells. Although the transcript levels for the
other five genes were not affected by the presence of MEFs, the variation in Ezh2 mRNA
levels, suggests that culture environment may play an important role in the induction of cell
reprograming. However, we have not evaluated the effects of feeder cells before colony

formation. Although stem cells can be maintained in culture in the absence of feeder cells, it
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presence helps preserving the pluripotency state of both ESC and iPSCs (Kim and Kino-oka,
2015; Villa-Diaz et al., 2013).

In summary, the findings in this study indicate that exposure of cultured fibroblast
cells to oocyte extracts induce changes in gene expression and result in the formation of cell
colonies resembling those of stem cells. However, lack of activation of key transcription
factors such as Oct4 and Sox2 indicate insufficient reprogramming towards pluripotency.
Formation of pre-IPSC where cells failed to fully activate endogenous pluripotency factors
have been described in other studies (Chen et al., 2013b; Kang et al., 2014; Wei et al., 2015).
This study also revealed that inhibition of histone deacetylases do not enhance cell

reprogramming induced by oocyte extracts.
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List of Figures

Figure 1. Formation of stem cell-like colonies after treatment with oocyte extract. A) porcine
fibroblast before treatment. B-C) small cell colonies at the first day of appearance. D) cell
colonies at 48 hours after appearance. E) cell colony cultured on feeder cells. F) cell colony
stained with DAPI showing several nuclei.

Figure 2. Transcript levels of genes encoding chromatin-modifying enzymes on days 3 and
14 after fibroblast cell treatment. Experiments were performed in triplicate.

Figure 3. Transcript levels of genes encoding chromatin-modifying enzymes in stem cell-like
colonies at days 21 at 28 after treatment.

Figure 4. Expression profile of genes encoding chromatin-modifying enzymes in fibroblast
cells and derived stem cell-like colonies. D3 and D14 = fibroblast cells; D28 = stem cell-like

colonies cultured without feeder cells.



Table 1. List of primers used for detection and quantification of gene transcripts.

Gene Forward primer (5°-3”) Reverse primer (5°-3”) Acession Number
Oct4 GCCAAGCTCCTAAAGCAGAAG GCCAAGCTCCTAAAGCAGAAG NM 001113060
Nanog  CAACGACAGATTTCAGAGGCAGA GGTTCAGGATGTTGGAAAGTTCTTG NM 001129971.1
Sox2 AACCAGAAGAACAGCCCAGAC CTCCGACAAAAGTTTCCACTCG NM 001123197.1
c-Myc  GAACCCTTGGCTCTCCACG CCTCTTTTCCACAGAAACAACATCA NM 001005154.1
Rex1 ATCTCACTCCGGGATGTCCA TGAGGTAGTCGGCCATGAGA XM 003123002.2
Dnmtl  ATTCTCTCCTTCGACACGCC GCCTTTCAGCTCGCCTTTTC NM_001032355.1
Ezhl CTGGGCCTCCAGTTCTTCAG GGTGCCATGGAAGACTCGAA NM 001243206.1
Ezh?2 TGCAACACCCAATACTTACAAGC CGGCAAACTCTTTTGCTCCC NM_001244309.1
Suz12 CCTGGAAGTCCTGCTTGTGA AAACTGCAAGGGACGGGAAA *)

Kdm64 AGCTTTTGTCGAGCCAAGGA GCATTGGACAAAGTGCAGGG #

Kdm6B GGGAGACTATCAGCGCCTTC AGCGGTACACAGGGATGTTG XM _005657029.1
Gapdh  ATTGCCCTCAACGACCACTT GGCTCTTACTCCTTGGAGGC NM_001206359.1
Actb TGTGGATCAGCAAGCAGGAGTA TGCGCAAGTTAGGTTTTGTCA XM 003124280.3

*Homologous region between 6 transcripts: XM _005669066.1; XM _005669068.1; XM _005669065.1;
XM 003131745.3; XM_005669069.1; XM _005669067.1

#Homologous region between 4 transcripts: XM 003360275.2; XM_003360274.2; XM _003360277.2;
XM _003360276.2
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Table 2. Development of stem cell-like colonies from fibroblast cells treated with oocyte extracts.

Number of days Number of Number of

Fold
. to colony colonies at day  colonies 48h
Treatment Replicates ) icrease
formation of appearance after
after 48h
Average (Range) Average (range)  appearance
Oocyte extract 6 16 (13-22) 7.33 (2-20)* 21 (4-35)° 2.86
Oocyte extract .
6 16 (13-22) 7 (3-12)* 17 (7-24) 242

+ Scriptaid




Table 3. Detection of transcripts for pluripotency genes at different times after treatment

of fibroblast cells.

Oocyte Extract

Gene Day Control Oocyte extract Sciptaid + Scriptaid
7 +-+

14

Octd 21 - - ..
28 +-- ++-

Total (1/12) (3/12) (3/12) (1/12)

7 +-- ++-

14 ++-

Nanog 21 +++ +-+ +++
28 ++ - +++ ++-

Total (2/12) (9/12) (4/12) (5/12)

7 - - - - - - - - -

14

Sox2 11 L L L 4
28

Total (0/12) (0/12) (0/12) (1/12)

7 -+ + --+ -+ +

14 ++ - ++-

c-Myc 21 +++ +++
28 ++ - +++ -+ - +++
Total (2/12) (10/12) (2/12) (10/12)

7 -+ + -+ -

14 +++ ++-

Rexl 21 -+ + + 4+
28 ++ - ++ - ++- +++

Total (2/12) (9/12) (2/12) (9/12)

7 + 4+ +++ +++ +++

14 +++ +++ +++ +++

Gapdh 21 +++ +++ +++ +++
28 + 4+ +++ +++ +++
Total (12/12) (12/12) (12/12) (12/12)

7 + 4+ +++ +++ +++

14 +++ +++ +++ +++

Actb 21 +++ +++ +++ +++
28 + 4+ +++ +++ +++
Total (12/12) (12/12) (12/12) (12/12)

(+) represents presence and (-) absence of transcripts.
“Total” represents the number of positives samples for the gene over total number of

samples.



Table 4. Detection of transcripts for pluripotency genes in stem cell-like colonies at

day 21 after treatment.

Gene Oocyte extract Oocyte extract +
Scriptaid

Oct4 --- ---
Nanog +-- ++-

Sox2 -- - ---
c-Myc +++ ++ +

Rex1 ++ - ++ -
Gapdh +++ +++

Actb +++ +++

(+) represents presence and (-) absence of transcripts.
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Abstract

Epigenetics is a fundamental component in the regulation of many biological functions
including development and cell differentiation. Epigenetic modifications affect key chromatin
functions, including gene transcription and DNA repair, which are critical for normal embryo
development. In this study, the profile of important epigenetic modifiers and epigenetic
changes was evaluated in porcine embryos at different stages of development. We observed
that the brahma related gene 1 (BRG-1) and the lysine demethylase 1 A (KDM1A), which can
alter the methylation status of the lysine 4 in the histone 3 (H3K4), become nuclear localized
at days 3-4 of development, which corresponds to the main period of embryonic genome
activation (EGA). Immunofluorescence signal for both proteins was similar in embryos
produced by fertilization (IVF) and parthenogenetic activation (PA). Using a well-stablished
model of embryo developmental competence, based on the time to the first cell cleavage, we
found that mRNA abundance for BRG-1, KDMI1A, as well as other lysine demethylases
(KDM1B, KDM5A, KDM5B AND KDM5C), were significantly higher in late- comparing to
early-cleaving embryos near the EGA period but similar at the blastocyst stage. Moreover, the
fluorescence signal for H3K4 mono- (H3K4me) and di-methylation (H3K4me2) was lower in
late-cleaving and less developmental competent embryos near the EGA period. The
fluorescence intensity of BRG1, KDM1A and H3K4me?2 was higher in embryos having 4 or
more cells at day 3-4 of development compared to those having less than 4 cells. These
findings suggest that altered epigenetic modifications in the H3K4 near the EGA period affect

the developmental competence of swine embryos to reach the blastocyst stage.
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Introduction

Oocyte competence refers to its capacity to complete meiotic maturation and support
embryo development. Features associated with oocyte quality and competence have been
identified and include follicular size, follicular environment, oocyte aging, oocyte-cumulus
cells communication, oxidative stress, metabolism, growth factors and oocyte transcriptional
activity (Algriany et al., 2004; Bagg et al., 2007; Fair, 2010; Labrecque and Sirard, 2014;
Dumesic et al., 2015; Keefe et al., 2015; Moussa et al., 2015).

The potential of oocytes to support embryo develop in vitro has been shown to be
influenced by length of the first cell cycle and embryo cleavage kinetics in different species
including mice, pigs, bovine and humans (Bos-Mikich et al., 2001; Kobayashi et al., 2004;
Coutinho et al., 2011; Henrique Barreta et al., 2012; Isom et al., 2012; Bohrer et al., 2015). In
addition, early cleaving embryos have less incidence of DNA damage as evidenced by the
lower number of DNA double strand breaks compared to late cleaving embryos (Bohrer et al.,
2015). However, the molecular and cellular mechanisms controlling the acquisition of
developmental competence remain poorly understood.

One of the critical stages when a significant proportion of embryos cultured in vitro
arrest development is the maternal-to-zygote transition, the period when the embryo genome
is activated (EGA) (Wong et al., 2010; Lee et al., 2014). During this process a series of
chromatin changes and epigenetic modifications are necessary to allow gene transcription
(Ostrup et al., 2013a).

Epigenetic changes have been shown to be involved in the regulation of embryo
genome activation and gene expression in developing embryos (Mason et al., 2012; Beaujean,
2014a; Beaujean, 2014b; Cheedipudi et al., 2014). Among the observed epigenetic changes,
increased methylation in the lysine 4 of the histone 3 (H3K4me) around the EGA period has

been correlated with transcriptional activity in the embryo (Gao et al., 2010; Ostrup et al.,
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2013a). In pigs, H3K4me is detected during oogenesis from primary to antral follicle stages
(Seneda et al., 2008). Proteins known to be involved in histone modifications, such as
KDMI1A and BRGI1, have been shown to regulate early embryo development (Bultman et al.,
2006; Wang et al., 2007; Carey et al., 2015).

The BRGI is the ATPase subunit of the brahma related gene 1/ mammalian brahma
complex (BRG1/BRM) (Glaros et al., 2008) and acts as a transcriptional coregulator (Trotter
and Archer, 2008). Knockout studies have showed that BRG1 is essential for genome
activation in mice, since oocytes were fertilized but embryos arrested development at the 2- or
4-cells stage (Bultman et al., 2006). Moreover, BRG1 is known to regulate cell pluripotency
by affecting gene expression including Nanog, Oct4, Sox2 (Kidder et al., 2009; Carey et al.,
2015). BRGI is also known to stimulate the mesodermal lineage commitment during fetal
development (Alexander et al., 2015) and to participate in the regulation of DNA double
strand breaks repair (Wang et al., 2012).

KDMI1A is a histone demethylase specific for demethylation of H3K4 and H3K9
(Wang et al., 2009). It acts as a transcriptional co-repressor component of the coREST, C-
terminal binding protein complex (CtBP) complex, which is involved in cell-lineage
determination, and regulates gene activation and repression (Shi et al., 2004; Wang et al.,
2007). KDM1A is essential for survival of postimplantation stage embryos (Foster et al.,
2010). In mice, KDM1A knockout embryos do not develop further than E7.5 (Wang et al.,
2007). On the other hand, mice overexpressing KDMI1A in sperm had abnormal fetal
development and altered epigenetic patterns (Siklenka et al., 2015). Furthermore, mice
embryos treated with a KDM1A inhibitor from 1-cell stage had abnormal development to 4-
cell stage and altered expression of Oct4 (Shao et al., 2008), which suggests that KDM1A

activity is also important for regulation of early embryo transcription.
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In light of those previous findings, we hypothesized that BRG] and KDMI1A would
affect developmental competence of oocytes to reach the blastocyst stage. Therefore, we have
used a well-stablished model for embryo developmental competence based on the time to first
embryo cleavage to investigate the temporal changes in the expression of BRGI, KDMIA,
KDMIB, KDM5A, KDM5B AND KDM5C genes, and localization of BRG1 and KDMI1A,

H3K4me, H3K4me2 proteins during early development of porcine embryos.

Results
Immunolocalization and quantification of fluorescent signal for BRGI and KDMIA in IVF
and PA embryos

Samples collected from matured oocytes to blastocyst stage embryos at day 7 of
development after IVF were stained for BRG1 and KDMIA. The percentages of
oocytes/embryos presenting nuclear localization are shown in figure 1A. Both proteins were
not detected in MIlI-stage oocytes. KDMI1A nuclear localization increased from 46.67% of
embryos at day 2 to 100% at days 3-4 and days 5-7 of development. BRG-1 showed a similar
pattern, with 36.36%, 84.21% and 100% of embryos presenting nuclear staining at days 2, 3-4
and 5-7 of culture, respectively.

Days 3-4 of development represent the main period of the maternal zygote transition
leading to the activation of the embryonic genome in swine. Therefore, we assessed the
fluorescent signal of BRG-1 and KDM1A in IVF and PA embryos during (days 3-4) and after
(days 6-7) the main period of EGA (Figure 2). For PA embryos, we observed a reduction in
the fluorescent intensity at the initial stages of development for both BRG-1 and KDM1A
proteins. However, on later stages of development we only observed a reduction in the

fluorescent intensity in PA embryos for KDM1A (Figure 2).
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Embryo development and total cell number in early- and late-cleaving embryos

Embryos that cleaved before 24 h were cultured separated from those that cleaved
between 24 and 48 h after PA, and the average number of cells was compared between
embryos from each group at different stages of development. The total cleavage rate was
81.24%, but the proportion of early-cleaving (64.59%) was higher than late-cleaving
(16.97%) embryos (Figure 3A). Early-cleaving embryos developed to blastocysts in a higher
proportion (67.48%) than late-cleaving embryos (34.27%), which combined represented
62.37% of the cleaved embryos the reached the blastocyst stage at day 7 of culture (Figure
3B). The average cell number was consistently higher in early- compared to late-cleaving
embryos from day 3 to day 7 of development (Figure 3C). These data shown that early-
cleaving embryos not only have superior developmental capacity but also form better quality

embryos having higher cell numbers.

Relative abundance of transcripts in early- and late-cleaving embryos

Relative mRNA levels of BRGI, KDM1A, KDM1B, KDM5A4, KDM5B AND KDM5C
(Table 1) were compared between early- and late-cleaving embryos at day 4 and 7 of
development. Late-cleaving embryos had higher mRNA levels of BRGI, KDMIA, KDMIB,
KDM54 AND KDMS5B at day 4 of development compared to early-cleaving embryos. There
was no difference in transcripts abundance for any of the analyzed genes between early- and
late-cleaving embryos that developed to the blastocyst stage at day 7. Transcripts abundance
for all genes was significantly lower in day 7 blastocysts compared to day 4 embryos (Figure

4).

Fluorescence signal for H3K4me and H3K4me?2 in early- and late-cleaving embryos
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Mono (H3K4me) and dimethylation (H3K4me2) status of H3K4 were compared
between early- and late-cleaving embryos during the main period of EGA (days 3-4). Lower
immunofluorescence intensity for both H3K4me and H3K4me2 was detected in late-

compared to early-cleaving embryos (Figure 5).

Immunofluorescence signal for Brgl, KdmlA, H3K4me and H3K4me?2 in day 3-4
embryos having different cell numbers

To investigate if the nuclear profile of BRG1, KDMI1A, H3K4me and H3K4me?2 near
the EGA was affected the embryo cell number, the fluorescence intensity was compared
between day 3-4 embryos having less than 4 cells, 4-8 cells or more than 8 cells (Figure 6).
The fluorescence intensity for BRG] and KDM1A was higher in embryos having 4 or more
cells compared to those having less than 4 cells. Similarly, H3K4me?2 florescence intensity
was significantly higher in embryos that reached more than 8 cells compared to those having
8 or less cells. On the other hand, the fluorescence intensity for H3K4me remained similar in

embryos having different cell numbers (Figure 6).

Discussion

Findings from this study provided evidence that epigenetic programing at the time of
embryo genome activation is altered in late-cleaving and less developmental competent
porcine embryos. It was first observed in this study that the chromatin remodelling factor
BRG-1 and the histone demethylase KDM1A proteins become nuclear localized at days 3-4
of development in embryos produced either by IVF and PA. This developmental stage
represents the time when the genome of the pig embryo is activated at the transition from 4- to
8-cell stage (Hyttel et al., 2000; Cao et al., 2014). Our findings suggest that both BRG1 and

KDMI1A proteins participate in promoting the chromatin changes required to initiate gene
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transcription at this critical stage of embryo development. Indeed, given their actions in
promoting epigenetics changes on histone tail residues, including the H3K4, the BRG1 and
KDMI1A are important transcriptional modulators of gene expression (Klose and Zhang,
2007; Shi, 2007; Trotter and Archer, 2008).

In order to investigate if changes occurring at the time of embryo genome activation
are correlated with the embryo developmental capacity to reach the blastocyst stage, we have
compared gene expression and immunofluorescence signals in embryos of higher and lower
developmental capacity based on the time of their first cell cleavage (Coutinho et al., 2011;
Bohrer et al., 2015). Because IVF in pigs is often associated with high polyspermy rates
(Suzuki et al., 2003; Park et al., 2009), the studies with early- and late-cleaving embryos we
conducted using PA embryos. Similarly to the findings of previous studies (Coutinho et al.,
2011; Isom et al., 2012; Bohrer et al., 2015), we observed that early-cleaving embryos not
only produced higher rates of blastocysts but their average number of cells are significantly
higher, starting at day 3 of development and up to the blastocyst stage, compared to late-
cleaving embryos. Interestingly, we found that late-cleaving embryos had higher transcript
levels for BRG1, KDMI1A, as well as for the histone demethylases KDMIB, KDMS5A,
KDM5B AND KDM5C, which are known to be involved in several epigenetic processes,
including demethylation of H3K4 (Shi, 2007; Wang et al., 2007; Wang et al., 2009), and
regulation of gene transcription (Liu and Secombe, 2015), including imprinting genes
(Ciccone et al., 2009). The fact that those transcripts were increased in late cleaving-embryos
suggest that epigenetic changes affected by those genes would be altered compared to the
early-cleaving and more developmental competent embryos.

We have then compared the mono- and di-methylation status of H3K4 between early
and late cleaving embryos near the EGA period. It was observed, based on the intensity of the

fluorescence signal, that the levels of both H3K4me and H3K4me2 were decreased in late-
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compared to the early-cleaving embryos. These results corroborate with the high mRNA
levels of demethylases in the late-cleaving embryos detected in the q-PCR analyses. Mono-,
di- and tri-methylation of H3K4 were shown to be present in pig oocytes since preantral
follicle stages (Seneda et al., 2008), and are involved in the regulation of embryo transcription
(Gao et al., 2010; Ostrup et al., 2013a).

It was also observed in this study that the immunofluorescence signal for BRG-1,
KDMIA and H3K4me2 but not H3K4me increased in the nuclei of embryos during the
transition from 4-8 cells in embryos at day 3-4 of development. This indicates that BRG-1,
KDMI1A and H3K4me2 become more abundant in porcine embryos achieving transcriptional
activity. Previous studies have proposed that BRGI regulates H3K4me2 promoting its
methylation, since knockout mice presented a significant reduction on H3K4me2 levels in
foetal liver cells (Kim et al., 2009).

Although the reasons causing the observed variations in transcript levels and nuclear
localization of epigenetic marks at time of embryo genome activation between embryos
having different developmental capacities remain to be elucidated, one possibility is that late-
cleaving oocytes are derived from less developed follicles and have consequently not stored
sufficient amount of transcripts and proteins required for the proper activation of embryo
genome (Fair et al., 1995; Hay-Schmidt et al., 2001; Donnison and Pfeffer, 2004; Kanka et
al., 2012; Ostrup et al., 2013b). On the other hand, the altered pattern of transcripts and
proteins observed in the less developmental competent embryos may be associated with the
activation of coping responses induced by environmental, metabolic or genotoxic stress. For
instance, increase in DNA damage and genome instability has been correlated with the EGA
period (Butuci et al., 2015). Moreover, late-cleaving embryos were shown to have higher
incidence of DNA double strand breaks and increased mRNA levels for genes encoding DNA

repair and cell cycle checkpoint proteins (Bohrer et al., 2015). In summary, results from this
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study revealed that: a) BRG-1 and KDM1A became nuclear localized near the period of EGA;
b) less developmental competent embryos have higher mRNA levels of BRG-1, KDMIA,
KdmlIB, Kdm5A4, Kdm5B and Kdm5C at the time of EGA; and c) more developmental
competent embryos have higher levels of H3K4me and H3K4me2 at the time of EGA.
Together these data indicate that the activation of the embryo genome is altered in embryos

having low developmental competence.

Material & Methods
Unless stated otherwise, all chemicals were purchased from Sigma Chemicals

Company (Sigma-Aldrich, Oakville, ON, Canada).

Oocyte collection and in vitro maturation (IVM)

Ovaries of prepubertal gilts were collected at a local slaughterhouse (Olymel
S.E.C./L.P., Saint-Esprit, QC, Canada) and transported to the laboratory at 30 to 35°C in
saline solution (0.9% NaCl) containing penicillin (100 Ul/ml) and streptomycin (10 mg/ml).
Cumulus-oocyte complexes (COCs) were aspirated from 3 to 6 mm follicles using a 10 mL
syringe and 18-gauge needle. COCs surrounded by a minimum of three cumulus cells layers
and having a homogeneous granulated cytoplasm were selected for IVM.

Groups of 30 oocytes were cultured in 90 pL droplets of maturation medium using
cell culture plates in a humidified atmosphere of 5% CO, and 95% air at 38.5°C. Maturation
medium consisted of TCM 199 (TCM199; Gibco, Invitrogen life technologies, Burlington,
ON, Canada), supplemented with 20% porcine follicular fluid, 1mM of dibutyryl cyclic
adenosine monophosphate (dbcAMP), 0.1pg/ml cysteine, 10ng/ml epidermal growth factor
(EGF; Life Technologies), 0.91mM sodium pyruvate, 3.05mM D-glucose, 0.5ug/ml LH

(Lutropin-V, Bioniche, Ontario, CA, USA), 0.5pug/ml FSH (Folltropin-V, Bioniche, Ontario
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CA, USA) and 20pg/ml gentamicin. After 22 to 24h of maturation, oocytes were transferred
to the same IVM medium, but without LH, FSH and dbcAMP for an additional 20 to 22h

under the same conditions.

In vitro fertilization (IVF), parthenogenetic activation (PA) and embryo culture

After IVM, cumulus cells were removed by vortexing in TCM 199 HEPES-buffered
medium (Life Technologies) supplemented with 0.1% hyaluronidase to get the oocytes ready
for IVF or PA. For IVF, denuded oocytes were washed three times and then fertilized in
mTBM media in four well plates with 2x10° spermatozoa/ml (Abeydeera and Day, 1997).
After 6 hours, the oocytes were washed twice in PZM-3 media (Yoshioka et al., 2002) and
cultured in a humidified atmosphere of 5% CO, and 95% air at 38.5°C for up to 7 days. For
PA, denuded oocytes were activated using a previously described protocol (Che et al., 2007).
Accordingly, the oocytes were first exposed to ionomycin (15 uM) for 5 min in TCM199
medium supplemented with 2mg/ml BSA. The oocytes were then washed in the same media
without ionomycin and transferred to Ca*free PZM-3 supplemented with 10mM strontium
chloride, cytochalasin B (7.5ug/ml) and cycloheximide (10pug/ml) for 4h. Oocytes were then
washed in PZM-3 and transferred to PZM-3 supplemented with 3 mg/ml BSA fatty acid-free
for embryo culture in a humidified atmosphere of 5% CO, and 95% air at 38.5°C.

Cleavage was assessed at 24h and 48h after PA and 48h after IVF. Embryos that
cleaved within 24h after PA are herein referred as early-cleaving and those that cleaved
between 24 and 48h after PA as late-cleaving. Early- and late-cleaving groups were cultured
separately. At day 5 of development, the medium was supplemented with 10% of fetal bovine

serum (FBS).



273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

64

Immunodetection of HDAC-1, LSD-1, BRG-1, H3K4mel and H3K4me2 in oocytes and
developing embryos

Groups of oocytes and embryos were rinsed in PBS, fixed for 15 min in 4%
paraformaldehyde, and then stored in PBS supplemented with 0.5% triton 100X and 0.3%
bovine serum albumin (BSA) at 4°C.

Prior to immunocytochemistry, oocytes and embryos were exposed for 30 min to a
permeabilization solution consisting of PBS supplemented with 1% triton. Samples were then
washed twice for 10 min each in blocking solution composed of PBS supplemented with
0.2% Tween20 and 3% of BSA. Samples were then exposed overnight at 4°C to the primary
antibodies diluted in blocking solution. The primary antibodies were anti-rabbit LSD-1
(Upstate, cell signaling solutions, Charlotteville, VA, USA), anti-rabbit BRG-1 (Upstate),
anti- rabbit H3K4mel (Abcam, Cambridge, MA, USA), and anti-rabbit H3K4me2 (Upstate).
The respective dilutions of the primary antibodies were 1:400, 1:500, 1:500 and 1:250 in
blocking solution. Negative control samples were exposed to control rabbit IgG (Jackson
Immunoresearch Laboratories Inc., West Grove, PA) at the same concentration as the primary
antibodies. Samples were then washed three times for 20 min each in blocking solution and
incubated for 1h at room temperature in the presence of Alexa Flour 488 goat anti-rabbit
(Molecular Probes, Eugene, OR; 1:200) or Alexa Fluor 594 goat anti-rabbit (Molecular
Probes Inc., 1:500) secondary antibodies. Samples were finally washed three times in
blocking solution and mounted on microscope slides using a drop of Mowiol containing 10
ug/ml of Hoechst 33342 for chromatin visualization.

Slides were examined by epifluorescence in a Nikon eclipse 80i microscope (Nikon,
Tokyo, Japan). Images were individually recorded using a Retiga 2000R monochrome digital
camera (Qimaging, BC, Canada). All images were captured using the same settings and saved

in TIFF format. In order to quantify the fluorescence intensity, the grayscale signal (pixel
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values) was measured using the SimplePCI Imaging Software (Compix, Inc., Sewickley, PA).
The pixel values were measured in entire oocytes or embryos (nuclei + cytoplasms) in
samples of mature (metaphase II stage; MII) oocytes and cleaved (24h after PA) embryos. In
samples fixed at later stages of development (from day 2 to 7 of culture) the pixel values were

measured only on the nuclear area in up to 10 randomly selected nuclei per embryo.

RNA extraction and gRT-PCR

Total RNA was extracted from groups of 20 (day 4; D4) and 15 (day 7; D7) PA
embryos using the PicoPure RNA Isolation Kit (Life Technologies) according to the
manufacturer’s instructions. RNA was treated with DNase I (Qiagen) and reverse transcribed
using SuperScript VILO cDNA Synthesis Kit (Life Technologies).

Real-time quantitative PCR (qPCR) reactions were performed in a CFX 384 real-time
PCR detection system (BioRad) using the advanced qPCR Mastermix (Wisent Bioproducts,
St-Bruno, QC, CA). Primers were designed based on swine sequences available in GenBank
(Table 1) and synthesized by IDT (Windsor, ON, CA). Samples were run in duplicates and
the standard curve method was used to determine the abundance of mRNA for each gene and
expression was normalized to the mean abundance of the internal control genes Befa actin and
Gapdh. All reactions had efficiency between 90 and 110%, r* >0.98 and slope values from -
3.6 to -3.1. Dissociation curve analyses were performed to validate the specificity of the

amplification products.

Statistical Analysis
Data were analyzed using the JMP software (SAS Institute Inc., Cary, NC). The
proportion of oocytes or embryos presenting nuclear localization of the different proteins was

analyzed by Chi-square. At least 3 replicates and 18 embryos were used per group. Analysis
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of variance (ANOVA) was used to analyze pixel signals and number of nuclei. Means were
compared using Student’s t-test or Tukey’s HSD test. Pixel values were normalized for each
stage of development and for each protein using control samples that were exposed to IgG
control antibodies. The value obtained for each stage was subtracted by the mean pixel values
of the corresponding control group. Differences in transcript levels were analyzed by multi-
comparison test using LSMeans Student t-test. Data were tested for normal distribution using
Shapiro-Wilk test. Results are presented as means = SEM, and P<0.05 was considered

statistically significant.
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Figure 1. A) Nuclear localization of BRG1 and KDMIA in mature metaphase II stage
oocytes and IVF embryos ad different stages of development. B) Representative images of
metaphase II and embryos stained for BRG] and KDM1A.

Figure 2. Immunofluorescence signal for BRG1 and KDMI1A proteins in days 3-4 and 6-7 of
embryo development in IVF and PA embryos. Different letters indicate statistical difference
between developmental stages within the same group (IVF or PA).

Figure 3. Rates of cleavage (A), embryo development (B), and average number of cell nuclei
(C) in early- and late-cleaving embryos. Superscripts (* or letters) indicate statistical
difference between early- and late-cleaving embryos.

Figure 4. Transcript levels of Brgl, KdmlA and H3K4 histone demethylases (KdmlB,
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KdmS5A, Kdm5B and Kdm5C) genes in early- and late-cleaving embryos at different stages of
development. Different letters indicate statistical differences between groups.

Figure 5. A) Immunofluorescence signal for H3K4me and H3K4me?2 in early- and late-
cleaving embryos at days 3-4 of development. Different letters indicate statistical difference
between early- and late-cleaving embryos. B) Representative images of early- and late-
cleaving embryos stained for H3K4me and H3K4me?2.

Figure 6. Immunofluorescence signal for BRG1, KDM1A, H3K4me and H3K4me2 in
embryos at days 3-4 of development according to the number of cells. Different letters

indicate statistical differences between groups.
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Table 1. List of primers used for detection and quantification of gene transcripts.

Gene Forward primer (5°-3”) Reverse primer (5°-3") Acession Number

Brgl ATTTGCGAACCAAAGCGACC TGTAGGCCTTGGCATTGAGG (*)
Kdm1A TCGTGTGGGTGGAAGAGTTG CTTGTTTGCTGACCACAGCC NM _001112687.1
Kdm1B GGAATCTCATCCTCGCCCTG GATGAGACCTTTCCGCGTCA  (#)
KdmsA TTGCCACAGACGAACTCTCC AGCAGCTTTCTGGAGCTCTG XM_013997855.1
KdmsB GACGTGTGCCAGTTTTGGAC TCGAGGACACAGCACCTCTA XM_005668019.2
KdmsC GGCATGGTCTTCTCAGCCTT TGAGGGTACCCCATACCAGG NM_001097433.1

Gapdh ATTGCCCTCAACGACCACTT GGCTCTTACTCCTTGGAGGC NM_001206359.1

Actb TGTGGATCAGCAAGCAGGAGT TGCGCAAGTTAGGTTTTGTCA XM 003124280.3

*Homologous region between 7 transcripts: XM 013994690.1; XM _013994689.1; XM _005661255.2;
XM_013994688.1; XM _013994687.1; XM _013994691.1; XM _013994692.1
#Homologous region between 2 transcripts: XM_013977460.1; XM_001927844.4
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3. DISCUSSAO

O numero de estudos mostrando a relacdo dos eventos epigenéticos na regulagdo dos
processos bioldgicos e consequentemente reprodutivos € crescente. Sejam esses indicios em
processos fisioldgicos como o desenvolvimento embrionario ou em processos indiretos como
a reprogramacao celular por SCNT ou para geragdo de iPSC. Na érea da reprogramacao
celular, visando principalmente a obtengdo de células iPSC, células passiveis de serem
utilizadas para diferenciacdo celular, o modelo suino representa um dos melhores modelos
animais. O suino ¢ uma espécie que tem sido amplamente utilizada em estudos de SCNT para
geracdo de animais transgénicos, na pesquisa e producdo de modelos biomédicos e fontes de
orgdos para xenotransplantes (PHELPS et al., 2003; LUTZ et al., 2013; YAO et al., 2014;
GUTIERREZ et al., 2015). No primeiro estudo, portanto, utilizando odcitos suinos em estadio
de vesicula germinativa, foi produzido um extrato de odcitos. Fibroblastos de suinos neonatos
foram eletroporados e tratados com o extrato produzido, na propor¢do de 1:10, e cultivados
em meio de manutencdo de células indiferenciadas. Sabe-se que o o6cito ¢ rico em fatores
responsaveis pela remodelagdo da cromatina e pela reprogramagao celular (ALLEGRUCCI et
al.,, 2011; AWE & BYRNE, 2013; JULLIEN et al., 2014). Além disso, esse potencial do
odcito ¢ mais do que provado pelo sucesso na SCNT. Sendo assim, hipotetizamos que
adicionando esses fatores dentro do odcito eles remodelariam a cromatina e reprogramariam
as células tratadas. Nossos resultados nos permitiram observar formagdo de coldnias
semelhantes a células-tronco que comecaram a se originar a partir de duas semanas de cultivo
(aproximadamente 16 dias) e apds a primeira passagem. Esse aparecimento reduziu qualquer
possibilidade de que as colonias pudessem ser algum residuo de oocitos remanescentes, uma
vez que s6 foram visualizadas apos a primeira passagem. A esse delineamento, foi adicionada
a associagcdo ou niao de um inibidor de deacetilase, Scriptaid. Os inibidores de deacetilases
foram descritos por melhorar taxas de clonagem em varias espécies e também a reclonagem
(VAN THUAN et al., 2009; WANG et al., 2011; XU et al., 2013; WEN et al., 2014), e t€ém
um efeito ciclo celular dependente na SCNT de suinos (et al., 2016), no entanto, nenhum
efeito foi observado sobre nimero e/ou morfologia das coldnias.

Sobre a modulacdo génica, foi observado que o extrato de odcitos modula
parcialmente alguns genes de pluripoténcia celular como o Nanog, Rex1 e o c-Myc, tanto nas
células tratadas, quanto nas coldnias formadas. Esses genes de pluripoténcia que sofrem

modulacdo parecem interagir com o PcG, principalmente o Ezh2 durante a aquisicdo e
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manutencdo de pluripoténcia celular (VILLASANTE et al., 2011; NERI et al., 2012;
GAGLIARDI et al., 2013; SON et al., 2013; BENETATOS et al., 2014; KREPELOVA et al.,
2014; RAO et al., 2015). Esses dados sugerem que as células adquiriram, algum grau de
pluripoténcia celular, o que ndo foi mantido, provavelmente devido a falha na ativagdo de
todos os genes como por exemplo, o Oct4. Isso pode ser explicado, uma vez que estudos
mostram que os fatores de pluripoténcia atuam sobre os seus proprios promotores atuando em
sinergia (BOYER et al., 2005; JAENISCH & YOUNG, 2008). Desta forma, a total
pluripoténcia depende da ativagdo endogena de todos os genes. Uma vez que ndo observamos
a ativagdo endogena completa do Oct4, por exemplo, esse pode ter sido um ponto crucial no
fato da reprogramagdo ter sido parcial, considerando que esse gene parece ter um efeito
central na reprogramacdo. ApoOs a observagdo da ativacdo parcial dos genes de pluripoténcia,
resolvemos investigar qual a regulacdo dos transcritos de alguns membros do PcG e da
Dnmtl. Observamos uma reducdo dos niveis de RNAm para os genes Ezh2 e Dnmtl, logo
apos o tratamento, o que corrobora mais uma vez com um perfil de reprogramacao parcial. A
reducdo dos niveis de metilagdo ¢ essencial para redu¢cdo da memoria epigenética, e a Dnmtl
¢ a principal enzima responsavel pela manuten¢do dos niveis da metilagdo (MOHAN &
CHAILLET, 2013). Além disso, o gene Ezh2 ¢é responsavel por apagar a memoria epigenética
da H3K27me3 (RAO et al., 2015) facilitando desta forma a geracdo das iPSC. Desta forma ¢
possivel concluir que tanto a memoria epigenética do DNA como a relacionada a H3K27 foi
parcialmente, sendo completamente removida.

Estudos bem recentes tém demonstrado que um dos fatores determinantes para
reprogramagao tem sido a trimetilacdo da H3K9 (CHEN et al., 2013b; MATOBA et al., 2014;
CHUNG et al., 2015). Essa memdria epigenética seria uma das principais barreiras tanto na
SCNT como na geragdo de iPSC. Em um desses estudos, os pesquisadores removeram a
trimetilacdo da H3K9 em embrides clonados apds a fusdo aumentando seus indices de
desenvolvimento embriondrio em mais de 60%. Esses dados foram conseguidos através da
adicdo de RNAm de uma demetilase. Além disso, 0 RNA ndo foi adicionado as células e sim
aos embrides dentro do ambiente oocitario. Esses dados sugerem que a reprogramagao possa
ser devido a uma cooperacdo de fatores presentes no oocito e as demetilase utilizada por esses
pesquisadores. No presente estudo (artigo 1), nds avaliamos a expressdo das KDM6A e 6B e
ndo observamos nenhuma diferenga em relagdo a nenhum tratamento. No entanto, a mesma
demetilase utilizada no estudo (KDM4) pelos pesquisadores ndo foi expressa ou nio foi
detectada em nosso estudo. Isso nos leva a crer, que uma das possibilidades de ndo termos

conseguido obter uma plena reprogramacgdo em nossas células seja devido a ndo remog¢ao da



80

memoria epigenética relacionada aos padrdes de metilacdo da H3K9. Desta forma, mais
estudos sdo necessarios relacionando demetilases que removam a memoria epigenética
relacionada a H3K9 associadas ao extrato do odcito para obtengdo de células, talvez com um
carater de plena reprogramagdo e com plena ativacao dos marcadores de pluripoténcia.

No segundo estudo descrito nesta tese, nds primeiramente avaliamos a presenca
nuclear de duas proteinas essencias, BRG1 e KDM1A, para o remodelamento da cromatina e
envolvimento na regulacdo epigenética durante o desenvolvimento embriondrio de embrides
suinos produzidos por FIV (fertilizagdo in vitro). O BRG1 e a KDM1A sdo importantes
reguladores da atividade transcricional e moduladores da expressio génica (KLOSE &
ZHANG, 2007; SHI, 2007; TROTTER & ARCHER, 2008). Nao foi observada marcagao
nuclear em oocitos maturados, em estadio de metafase II, e pouca marcacao foi observada em
embrides no dia D2 do desenvolvimento embrionario. No entanto, nos dias D3-4, que
coincide com o periodo que compreende a transi¢do materno-zigotica e ativacdo do genoma
do embrido, que em suinos ocorre entre 4-8 células (HYTTEL et al., 2000; CAO et al., 2014),
ocorreu um grande aumento nessas proteinas, estando visivelmente presentes nos nucleos das
células dos embrides. Esse padrao se seguiu ao longo do desenvolvimento. Esses dados
sugerem que no momento que o embrido dé inicio a atividade de transcri¢do, esses fatores se
dirigem ao nticleo, para remodelar a cromatina e facilitar o acesso de varios outros co-fatores
e proteinas, aos promotores de genes especificos. Sabe-se que esses fatores interagem com
fatores de transcri¢cdo ou outras proteinas modificadoras de histonas para modular a atividade
génica (SHI, 2007; TROTTER & ARCHER, 2008).

A utilizagao de embrides partenogeneticamente ativados (PA) concomitante com o uso
de dados de clivagem tem sido usado com um confidvel modelo de desenvolvimento
(BASTOS et al., 2008; COUTINHO et al., 2011; BOHRER et al., 2015). Portanto, utilizando
esse modelo, avaliamos a regulacdo desses fatores (BRG1 ¢ KDM1A), niveis de H3K4me e
H3K4me2 e demais demetilases reguladores da H3K4 em embrides com diferentes potencias
de desenvolvimento. Observamos uma tendéncia geral de maiores niveis d¢ RNAm no D4 em
embrido que clivam mais tarde (entre 24-48hs) para todos os genes analisados, no entanto, no
D7 nenhuma diferenga foi observada. Esses dados corroboram com analises feitas para outros
genes em outro estudo, com diferentes objetivos. Nesse estudo, os autores observaram
diferengas nos niveis de expressdo para todos os genes analisados somente no D5, porém,
nenhuma diferenca foi encontrada no D7 (BOHRER et al., 2015). Além disso, existem
evidéncias de que embrides com menor competéncia tendem a ter uma atividade

transcricional prematura (BASTOS et al., 2008). No entanto, outra explicagdo poderia ser que
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justamente por serem embrides que clivam mais tarde, estarem ativando o genoma mais tarde,
em relagdo aos com maior potencial de desenvolvimento, esse aumento seria um reflexo do
atraso.

Ainda no segundo estudo, avaliamos também os niveis de H3K4me e H3K4me2, que
juntamente com a H3K4m3 participam na ativagdo do genoma embrionario (OSTRUP et al.,
2013). Os niveis de ambas as proteinas se mostraram reduzidos nos embrides com menor
desenvolvimento embrionario. No entanto, a H3K4me2 se mostrou mais abundante conforme
o numero de células no embrido aumenta. Esses dados podem sugerir que os embrides com
menor desenvolvimento embrionario tem menores niveis de metilagdo, o que estd diretamente
relacionado com a ativagdo do genoma. Além disso, embrides com menor desenvolvimento

também apresentam menor numero de células.



4. CONCLUSAO

O presente trabalho conclui que o extrato de oocitos suinos em estadio de vesicula
germinativa ¢ capaz de induzir uma reprogramacdo parcial em células somadticas ativando
parcialmente genes de pluripoténcia e moduladores de cromatina sugerindo um grau de perda
da memoria epigenética nessas células tratadas. O trabalho demonstrou ainda que fatores
reguladores da atividade transcricional como o BRG1 e a KDM1A estdo predominantemente
presentes no nucleo celular durante o periodo da ativagdo do genoma embriondrio sendo
regulados durante seu desenvolvimento, exercendo um papel importante para o potencial e a

competéncia para o desenvolvimento embrionario.
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