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RESUMO

O sucesso da producdo de animais clones por Transferéncia Nuclear de Células Somaticas
(TNCS) envolve mudltiplas etapas e cada uma destas pode influenciar a eficiéncia final da
técnica. Assim, para investigar fatores relacionados a TNCS em ruminantes, esse trabalho teve
como objetivos: (i) avaliar o efeito de um protocolo alternativo de estimulacdo ovariana (dose
Unica de FSH e eCG) sobre a maturagdo nuclear e expressdo de EGF/EGFR em odcitos e células
do cumulus oriundos de cabras submetidas a laparoscopia, quando comparado ao tratamento
padrdo (multiplas doses de FSH), (ii) investigar a resposta aos danos de DNA em embrides
bovinos produzidos por fecundacdo in vitro (FIV), ativacdo partenogenética (AP) e TNCS
através da deteccdo quantitativa da histona yH2A.X, (iii) produzir e transferir embrides obtidos
por Handmade Cloning (HMC) utilizando células doadoras derivadas de um caprino transgénico
para 0 Fator Estimulante das Colbnias de Granuldcitos humano (hG-CSF). Em ambos os
protocolos para estimulagdo ovariana, nenhuma diferenca foi observada entre o numero de
odcitos recuperados por animal (11,7+4,9 vs.10,8+4,3), percentual de complexos cumulus-oécito
(CCOs) GI/GII e Gl (73,9% vs.70,1% e 14,2% vs. 16,8%) e taxa de maturacdo (49,1% vs.
46,1%) para os regimes padrdo e dose Unica, respectivamente (P>0,05). Por outro lado, os CCOs
produzidos em ambos os tratamentos foram diferentes com relacéo a expressao de EGF e EGFR.
Interessantemente, a maturacao in vitro aumentou a expressao de EGFR em odcitos e células do
cumulus. Quanto a resposta aos danos ao DNA em embrides bovinos pré-implantacionais, em
estadios iniciais do desenvolvimento, prondcleo 1 (pronucleo maior) de embribes fecundados
mostraram um numero de foci de yH2A.X/n(cleo quatro vezes maior que em ndcleo de embries
1-cell de TNCS (309,5£70,2 vs. 73,7£17,6, respectivamente, P<0,05). Por outro lado, ambos 0s
pardmetros (numero de foci de yH2A.X/nucleo e &rea de cromatina danificada/nucleo) foram
maiores em blastocistos derivados de AP quando comparados aos embrides FIV e TNCS
(P<0,05). Tal ocorréncia refletiu numa alta taxa de blastocistos partenotos quando comparado
com os outros grupos (FIV e TNCS). Em relacdo a dindmica da yH2A.X durante o
desenvolvimento em embrifes produzidos pelos diferentes processos, ambos 0s parametros ndo
difereriram entre embrides fecundados (1-célula e 2-células). Interessantemente, blastocistos
produzidos por FIV mostraram uma reducdo em relacdo aos dois parametros quando comparado
a embrides 1-célula (134,7£30,6 vs. 493,0+111,1 para o numero de yH2A.X focus/ndcleo e
1511,8+365,0 vs. 11491,7+3046,8 pixels para a éarea da cromatina danificada/nucleo,
respectivamente, P<0,05). Em relacdo ao desenvolvimento de embriGes TNCS, a &rea da
cromatina danificada/nucleo em embrides clones foi reduzida em blastocistos quando comparado
a embrides precoces (1622,1+641,4 vs. 3074,3+654,8 vs. 12578,9+6014,5 para blastocistos, 1-
célula e 2-células, respetivamente, P<0,05). Quanto a producdo de embrides caprinos clones por
HMC, a taxa de clivagem, morula e blastocisto em embribes reconstruidos foram de 87,3%
(131/150), 18,0% (27/150) e 12,7% (19/150), respectivamente. Nenhuma receptora recebendo
embrides reconstruidos foi diagnosticada prenhe no 35° dia. Em conclusdo, a TNCS é uma
técnica multifatorial e os progressos em todas as suas etapas contribuem de maneira significativa
para simplificar e melhorar sua eficiéncia.

Palavras-chave: Ruminantes. TNCS. EGF. EGFR. yH2A.X. Handmade Cloning. Transgénese.
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ABSTRACT

The success of production of cloned animals by Somatic Cell Nuclear Transfer (SCNT) involves
multiple steps and each of these may influence the final efficiency of the procedure. Thus, to
investigate factors related with the SCNT in ruminants, this work had as aims: (i) to evaluate the
effect of an alternative protocol for goat ovarian stimulation (one-shot of FSH plus eCG) on
nuclear maturation and EGF/EGFR expression in oocytes and cumulus cells from goats
submitted to laparoscopy, when compared to standard treatment (FSH multi-doses), (ii) to
investigate the DNA damage response in bovine embryos produced by in vitro fertilization (IVF)
parthenogenetic activation and SCNT by quantitative detection of histone yH2A.X, (iii) to
produce and transfer embryos obtained by Handmade Cloning (HMC) using donor cells derived
of a human Granulocyte Colony Stimulating Factor (hG-CSF) transgenic goat. In both protocols
for ovarian stimulation, no difference was observed in the number of recovered oocytes per
animal (11.7+4.9 vs.10.844.3), percentage of recovered GI/GIl and GIIl cumulus-oocyte
complexes (COCs) (73.9% vs. 70.1% and 14.2% vs. 16.8%) and nuclear maturation rate (49.1%
vs. 46.1%) for standard and one-shot regimes, respectively (P>0.05). On the other hand, the
COCs produced by both treatments were somewhat different concerning EGF and EGFR gene
expressions. Interestingly, the in vitro maturation increased the EGFR expression in both oocytes
and cumulus cells. For DNA damage response in bovine preimplantation embryos, in early
developmental stages, pronucleus 1 (large size pronuclei) of fertilized embryos show a number
of yH2A. X focus/nucleus four times greater than nucleus of SCNT 1-cell embryos (309.5£70.2
vs. 73.7£17.6, respectively, P<0.05). On the other hand, both parameters (number of yH2A.X
focus/nucleus and chromatin area with damage/nucleus) were greater in PA-derived blastocysts
when compared to IVF and SNCT embryos (P<0.05). Such occurrence reflected in a high
blastocyst rate in parthenotes when compared with other groups (IVF and TNCS). In relation to
yH2A.X dynamics during the development in embryos produced by different process, both the
parameters did not differ between fertilized (1-cell and 2-cell) embryos. Interestingly, blastocysts
produced by IVF show a reduction in relation to two parameters when compared to 1-cell
embryos (134.7+30.6 vs. 493.0+111.1 to number of yH2A.X focus/nucleus and 1511.8+365.0 vs.
11491.7£3046.8 pixels to chromatin area with damage/nucleus, respectively, P<0.05). In
comparison to development of SCNT embryos, the chromatin area with damage in TNCS
embryos was reduced in blasctocyts when compared to early embryos (1622.1+ 641.4 vs.
3074.3+£654.8 vs. 12578.9+6014.5 for blastocyst, 1-cell and 2-cell, respectively, P<0.05). For the
production of goat transgenic cloned embryos, cleavage, morulae and blastocyst rates in
reconstructed embryos were 87.3% (131/150), 18.0% (27/150) and 12.7% (19/150), respectively.
No recipient receiving reconstructed embryos were pregnant on Day 35. In conclusion, SCNT is
a multifactorial technique and advances in all their steps will contribute to simplifying and
improving its efficiency.

Keywords: Ruminants. SCNT. EGF. EGFR. yH2A.X. Handmade Cloning. Transgenesis.
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PVA = Alcool polivinilico

R? = Pearson correlation coefficient

RNA = Acido ribonucléico

ROL = Recuperacdo Oocitaria por Laparoscopia
SCNT = Somatic Cell Nuclear Transfer

SFB = Soro Fetal Bovino

SOF = Synthetic Oviductal Fluid

TALPH = meio TALP tamponado com HEPES
TCM199 = Tissue culture medium 199

TME = Transicdo Materno-Embrionaria

TNCS = Transferéncia Nuclear de Células Somaéticas
TE = Transferéncia de Embrides

UV = Luz ultravioleta

WOW = Well-of-the-Well

ug = Micrograma

uL = Microlitro

uM = Micromolar

YH2A.X = H2A.X fosforilada

VS = Versus
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1. INTRODUCAO

Desde o nascimento da ovelha Dolly, em 1996, utilizando células somaticas adultas como
doadoras de nuacleo (WILMUT et al., 1997), a Transferéncia Nuclear de Células Somaticas
(TNCS) ou clonagem animal é uma técnica que vem sendo sucessivamente aplicada para a
producdo de embrides e crias em diferentes espécies de ruminantes, tais como bovinos (CIBELLI
et al., 1998), caprinos (BAGUISI et al., 1999), bubalinos (SHI et al., 2007), cervideos (BERG et
al., 2007) e camelideos (WANI et al., 2010). Em geral, a TNCS consiste em transferir nlcleos de
células doadoras para o interior de odcitos enucleados, resultando na produgdo de individuos
geneticamente idénticos ao animal doador de nucleo, denominados de clones. O principio basico
da técnica retine-se em duas etapas: a primeira consiste na utilizacdo de odcitos como citoplasma
receptor apds o processo de enucleacdo, enquanto a segunda consiste em reconstruir o embrido e
transferi-lo para uma receptora sincronizada.

A producao animal utilizando a biotécnica de clonagem pode ser empregada em diferentes
setores de investigacdo basica e aplicada. Essa técnica pode ser utilizada para conhecer as
interacOes entre o nucleo e o citoplasma durante a reprogramacdo celular (GAO et al., 2007),
contribuindo para o progresso na area de biologia do desenvolvimento. Além disso, a TNCS pode
produzir em larga escala rebanhos com caracteristicas geneticamente importantes para a producéo
e reproducdo (BHOJWANI et al., 2005), bem como para a conservacao e recuperagdo de recursos
genéticos (FOLCH et al., 2009). Outra aplicabilidade e, talvez a mais interessante e promissora, é
a utilizacdo da TNCS na produgdo e multiplicacdo de animais transgénicos produtores de
proteinas recombinantes que auxiliariam em novas alternativas de tratamento em humanos
(BAGUISI et al., 1999). Desde 2006 (FREITAS et al., 2007a), nosso laboratério vem produzindo
caprinos transgénicos para o Fator Estimulante de Col6nias de Granulécitos humano (hG-CSF)
utilizando a técnica de microinjecdo pronuclear. Recentemente, com o nascimento de um casal de
caprinos transgénicos (FREITAS et al., 2010), nosso grupo vem buscando com a técnica de
TNCS promover a multiplicagdo desses animais.

Apesar de todas estas aplicagdes e sua utilizacdo em diferentes laboratérios, o sucesso da
reconstrucdo embrionaria € ainda limitado em virtude de muitos fatores. Uma variedade de razdes
tem sido relacionada como responsavel por esta baixa eficiéncia, tais como o tipo de célula
doadora, a fonte e a qualidade do odcito ao inicio da maturagdo, o método de cultivo embrionario,
as falhas da reprogramacéo nuclear, a variacdo entre laboratdrios e as metodologias empregadas

para as etapas de enucleacgdo oocitaria e reconstrucdo embrionaria (CAMPBELL et al., 2005).
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No que diz respeito as etapas iniciais do desenvolvimento embrionario, estudos tém
mostrado que o desenvolvimento e a sobrevivéncia embrionaria, as taxas de prenhez e 0s
nascimentos de individuos a partir de embrides produzidos em cultivo in vitro estdo relacionadas
com 0s eventos iniciais durante a maturacdo oocitaria (WEBB et al., 2007). Nesse sentido, a
otimizacdo da producdo de odcitos torna-se im importante alvo de investigacdo em virtude da
constante necessidade de oocitos em quantidade e qualidade para a TNCS.

Em caprinos, uma das possibilidades para produzir tais o6citos para a etapa de maturagédo in
vitro (MIV) ¢ através do uso de protocolos que combinam estimulacdo do desenvolvimento
folicular in vivo e colheita oocitaria por laparoscopia (COL) (BALSASSARRE et al., 1994).
Nosso grupo tem estudado tais protocolos para a producéo de odcitos visando a producdo in vitro
de embrides por fecundacdo in vitro (FIV) e TNCS, analisando os aspectos moleculares desses
odcitos recuperados. Recentemente, nosso laboratério investigou a expressdo do receptor do Fator
de Crescimento Epidermal (EGFR) como um parametro de qualidade de odcitos recuperados de
tratamentos utilizando somente doses de FSH (ALMEIDA et al., 2010). Por outro lado, na
espécie caprina, 0 uso de regimes hormonais com uma Unica dose de FSH associada com eCG
tem mostrado ser tdo eficiente quanto aos métodos convencionais utilizando multiplas doses de
FSH (BALSASSARRE et al., 1996; 2002). Contudo, informacdes sobre 0s niveis de expressao do
sistema EGF-EGFR relacionados a competéncia meiotica de odcitos recuperados de tratamentos
associando FSH e eCG ainda néo sdo totalmente esclarecidas.

Outra vertente dentro da técnica de TNCS consiste em investigar os danos ao material
genético gerados durante o cultivo in vitro de embrides pré-implantacionais. Varios estudos tém
investigado as condicdes e os sistemas de cultivo in vitro, correlacionando com danos ao DNA
(TAKANASHI et al.,, 1999; LONERGAN & FAIR, 2008). O aumento de danos ao DNA
causado, por exemplo, pelas concentracdes de oxigénio em sistemas de cultivo foi positivamente
correlacionado com uma reduzida competéncia de desenvolvimento de embribes bovinos
(TAKANASHI et al., 1999). Por esta razdo, as respostas do embrido a esses danos sdo
necessariamente importantes para assegurar a transmissdo da informacdo genética intacta
(FERNANDES-CAPETILLO et al., 2003; STIFF et al., 2004).

Durante o periodo pré-implantacional, o desenvolvimento dos embrides requer uma
maquinaria de reparo do DNA eficiente para que 0s danos que ocorram durante este periodo ndo
sejam transmitidos para o ciclo celular subseqiente, podendo resultar na morte das células por
apoptose. Uma das respostas da célula ao dano do material genético é a fosforilacdo de histonas,
utilizada como um sinalizador desses danos. A fosforilagdo da histona H2A.X (yH2A.X) forma

foci em sitios de danos ao DNA, sendo utilizada como uma plataforma de recrutamento de varias
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proteinas de reparo (FERNANDEZ-CAPETILLO et al., 2004). Assim, a yH2A.X apresenta
papéis importantes no reparo do DNA e remodelacdo da cromatina durante a resposta aos danos.
Nesse sentido, a deteccéo qualitativa e quantitativa da yH2A.X em embrides pre-implantacionais
podera ser um ponto de partida na investigacdo das anomalias resultantes de falhas na
reprogramacao celular.

Em geral, os procedimentos de TNCS convencional empregam equipamentos sofisticados e
requer habilidade técnica. A técnica de Handmade Cloning (HMC) simplificou o processo. Esta
técnica tem sido desenvolvida exatamente para suprir a necessidade de micromanipuladores,
utilizando para tanto odcitos livres de zona pellcida (PEURA et al., 1998; VAJTA et al., 2001).
Embora a producdo de embrides clones baseada na micromanipulagdo convencional tenha
alcancado sucesso em diferentes espécies (LAGUTINA et al., 2007), a técnica de HMC tém sido
considerada uma tecnologia com equivalente eficiéncia, monstrando que o HMC pode ser
utilizado como um método alternativo para a geracdo de produtos clones (TECIRLIOGLU et
al., 2005).

Em caprinos, varios estudos obtiveram produtos clones (LAN et al., 2006) e transgénicos
(BAGUISI et al., 1999; KEEFER et al., 2001) oriundos de metodologias convencionais de
TNCS. Somente um grupo ja relatou a producdo de blastocistos clones caprinos utilizando o
método de HMC (AKSHEY et al., 2008; 2010). Contudo, ndo € de nosso conhecimento
nenhuma informacdo sobre a aplicabilidade da técnica de HMC na producdo de embribes
caprinos transgénicos clones.

Desta maneira, a fim de investigar diferentes fatores relacionados a TNCS em ruminantes,
essa tese apresenta trés segmentos: (1) investigacdo dos aspectos moleculares do odcito caprino a
ser utilizado em etapas posteriores da TNCS; (1I) compreensdo do desenvolvimento pre-
implantacional in vitro de embriGes clones bovinos através da detec¢do qualitativa e quantitativa
de danos ao material genético com yH2A.X e (Ill) aplicabilidade da tecnica de HMC na

multiplicacdo de caprinos transgénicos.
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2. REVISAO DE LITERATURA

PARTE I*: TRANSFERENCIA NUCLEAR DE CELULAS SOMATICAS (TNCS) EM
RUMINANTES: PROGRESSOS E PERSPECTIVAS ATUAIS

* A parte | dessa revisao de literatura é uma atualizacdo do artigo intitulado “Clonagem
em ruminantes: progressos e perspectivas atuais”, publicado na Revista Brasileira de
Reproducéo Animal, 33, 118-128, 2009, de autoria de Pereira, A.F. & Freitas, V.J.F.

1.1. Definicao, Histdrico e Aplicacdes

Durante varias décadas, diferentes grupos de pesquisa, buscando conhecer os aspectos
fisioldgicos e embrionarios envolvidos na reproducdo, bem como obter descendentes de animais
geneticamente valiosos, estudaram a utilizagdo de um conjunto de técnicas como ferramentas
para a realizacdo de tais objetivos. Seguindo esta tematica, biotécnicas de ultima geragcdo foram
desenvolvidas, em especial, a Transferéncia Nuclear de Células Somaticas (TNCS) ou clonagem.
O principio da técnica retne-se em duas etapas: a primeira consiste na utilizacdo de odcitos
como citoplasma receptor ap6s o processo de enucleacdo, enquanto a segunda consiste em
reconstruir o embrido e transferi-lo para uma receptora sincronizada.

A transferéncia nuclear foi originalmente proposta por SPEEMANN (1938), sendo
utilizada como ferramenta para conhecer o papel do material genético na diferenciacdo celular
em anfibios. Posteriormente, BRIGGS & KING (1952) realizaram a primeira transferéncia
nuclear em anfibios e, subseqiientemente, GURDON (1962) e GURDON & UEHLINGER
(1966) monstraram o potencial de reprogramacdo de celulas diferenciadas utilizando Xenopus
adultos.

Em mamiferos, o desenvolvimento da transferéncia nuclear ocorreu lentamente, sendo
somente descrita a partir de 1975 em coelhos (BROMHALL, 1975). Posteriormente, a técnica
pode ser realizada em espécies de ruminantes, tais como ovinos (WILLADSEN, 1986) e bovinos
(PRATHER et al., 1987), sendo esses animais clones produzidos a partir da utilizacdo de
blastdmeros como fontes doadoras de ndcleos.

Partindo da necessidade de aperfeicoar a técnica, estudos subseqlentes permitiram
verificar que celulas completamente diferenciadas poderiam ser usadas em programas de
transferéncia nuclear. O apice desta afirmativa aconteceu quando do nascimento da ovelha
Dolly, o primeiro mamifero clonado por esta técnica (WILMUT et al., 1997). Posteriormente, 0
sucesso em outras especies de ruminantes foi alcancado, ja tendo sido observado em bovinos
(CIBELLI et al., 1998; KATO et al., 1998), caprinos (BAGUISI et al., 1999), gaur (LANZA et
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al., 2000), bubalinos (SHI et al., 2007), cervideos (BERG et al., 2007), camelideos
(SANSINENA et al., 2003; WANI et al., 2010), além de outras espécies animais (Figura 1).

Figura 1. Diferentes formas animais clonadas por transferéncia nuclear. Da esquerda para
direita: Degrau 1, Ameba unicelular, Paramecium e Stentor; Degrau 2, inseto (Drosophila) e
zebrafish (carpa, medaka); Degrau 3, anfibios urodeles (Ambystoma mexicanum e Pleurodeles
waltlii) e anuros (Rana pipiens e Xenopus laevis); Degrau 4, ovinos; bovinos; murinos; caprinos;
Degrau 5, leporideos, suinos, felinos, murinos e primatas; Degrau 6: cervideos, eqinos,
carnivoros, furdo domestico, bubalinos e camelideos (Adaptado de BERARDINO, 2006).

Dentre as varias aplicagdes da técnica, podem ser citadas aquelas que visam conhecer a
interacdo ndcleo-citoplasma na reprogramacao nuclear. Além disso, a TNCS atende a programas
de multiplicacdo de animais com caracteristicas genéticas desejaveis. A técnica também se
apresenta como uma ferramenta para uso com transgénese a partir da utilizacdo de linhagens
celulares que receberam genes especificos (BEHBOODI et al., 2002), tornando-se uma
alternativa viavel para a producdo de animais transgénicos quando comparada aos métodos
convencionais, ex.: microinjecdo pronuclear (FREITAS et al., 2007a). Dessa forma, a TNCS
pode servir para a produgdo de animais transgénicos portadores de proteinas recombinantes que
auxiliariam em novas alternativas de tratamento em humanos (FREITAS, 2006; FREITAS et al.,
2007b). Outra aplicacdo da TNCS é seu uso na conservacao e na regeneracdo dos recursos

genéticos.
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Apesar de varios estudos sobre o0 assunto, a TNCS ainda apresenta baixa eficiéncia, além
de complicacBes observadas nos produtos obtidos. Desta maneira, a parte | desta revisao
apresenta como proposito conceituar a TNCS em suas vérias etapas, destacando os principais
fatores que interferem no seu sucesso, buscando compreender os diferentes eventos envolvidos e

evidenciando avangos obtidos em ruminantes.

1.2. Técnica de TNCS

A producdo de ruminantes pela técnica de TNCS envolve mdltiplas etapas, cada uma
podendo influenciar diretamente no resultado final. De forma sucinta sdo as seguintes as
principais etapas do processo: sele¢do e preparo de citoplastos receptores adequados, selecéo e
cultivo de células doadoras de nucleo, reconstrucdo embrionaria compreendendo as etapas de
fusdo e ativacdo celular, cultivo dos embribes reconstruidos e transferéncia para receptoras

sincronizadas (Figura 2).

Colheita de Selegdo de
odeitas células doadoras
l l Cultive
Enucleagde

Fusde e ativacdo
celvlar

Cultive de embride
reconstruide

Transferéncio
para receptoras

Figura 2. Apresentacdo esquematica dos diferentes eventos da TNCS em ruminantes.

1.2.1. Selecéo e preparo de citoplastos receptores

A fonte e a qualidade do citoplasma receptor (citoplasto) representam fatores importantes
para 0 sucesso da técnica de TNCS. Neste sentido, vérios estudos ja foram desenvolvidos
buscando avaliar o estadio nuclear adequado deste citoplasto em programas de transferéncia
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nuclear (Tabela 1). Contudo, diferentes estudos tém mostrado que oocitos em metafase 11 (MII)
sdo mais adequados para suportar a reprogramacdo nuclear quando comparados aos demais
estadios de desenvolvimento ja empregados (ZOU et al., 2001; LEE et al., 2007). Por esta raz&o,
a maioria das pesquisas relata o uso de o6citos em MII maturados in vivo (OHKOSHI et al.,
2003) ou in vitro (ZHOU et al., 2007) como o citoplasto de escolha.

Tabela 1. Momento da enucleacédo de citoplastos receptores para reconstrugdo embrionéria em

diferentes espécies de ruminantes.

Estadio nuclear Espécie Referéncia
Anafase-telofase | Ovina CAMPBELL et al. (1996); WILMUT et al. (1997)
Metéafase Il Bovina KATO et al. (2000); DO et al. (2001)
Telofase |1 Bovina BORDIGNON & SMITH (1998)
Caprina BAGUISI et al. (1999)
Zigoto pro-nuclear Bovina PRATHER & FIRST (1990)
Embrido no estadio 2 cél. Ovina WELLS et al. (1997)

Adaptado de CAMPBELL et al. (2005).

O uso de oo6citos maturados in vitro apresenta uma série de vantagens quando
comparados aqueles maturados in vivo. Tem sido demonstrada uma variedade de fatores que
interferem negativamente sobre a qualidade de o6citos maturados in vivo, dentre o0s quais podem
ser citados a idade da doadora e o protocolo de superestimulacdo ovariana (CAMPBELL et al.,
2007). J& os odcitos maturados in vitro tém sido muito utilizados, primeiro, porque geralmente se
utilizam ovarios oriundos de abatedouros, o que resulta em baixo custo e em significativa
guantidade de odcitos e, segundo, porque possibilita um maior controle dos estadios da
maturacdo. Adicionalmente, odcitos para MIV podem ser obtidos in vivo por meio da puncgdo
folicular de ovarios superestimulados (BORDIGNON et al., 1997; KEEFER et al., 2002).
Assim, diferentes estudos tém mostrado a eficiéncia destes odcitos na producéo de blastocistos
clones em diferentes espécies, como: caprinos (BAGUISI et al., 1999; ZHANG et al., 2004),
bovinos (LEE et al., 2007), ovinos (CAMPBELL et al., 1996), bubalinos (MEENA & DAS,
2006) e camelideos (SANSINENA et al., 2003). Em algumas espécies cuja disponibilidade de
odcitos € pequena, a possibilidade de utilizar odcitos de outras espécies como citoplastos
receptores tem sido 0 método proposto. Os resultados obtidos usando esta técnica sugerem que

os citoplasmas obtidos de uma espécie podem adquirir a competéncia necessaria para atuarem
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como receptores de nucleos em uma espécie diferente (SANSINENA et al., 2002; WANG et al.,
2007).

As condicGes para a maturagdo sdo similares aquelas para a producdo in vitro de
embrides (PIVE), ou seja, meio TCM 199 suplementado com hormonios e antibi6ticos, mantidos
em temperatura de 38,5-39,0°C durante 16-24 h em atmosfera com umidade saturada contendo
5% de CO, em ar. Embora meios de maturacdo sejam suplementados com outros fatores como
estradiol, fator de crescimento semelhante a insulina | (IGF-I) e cisteamina, nenhuma diferenca
na producdo de animais saudaveis tem sido verificada (KEEFER et al., 2001; ARAT et al., 2002;
KEEFER et al., 2002). KEEFER et al. (2001) observaram que odcitos caprinos maturados em
TCM199 suplementado com soro de cabra em estro apresentaram uma taxa de maturacao
superior quando comparados a oécitos maturados em TCM199 acrescido de soro fetal bovino
(SFB; 86% vs. 69%, respectivamente).

Para utilizar o6citos como citoplastos receptores na técnica de TNCS, o material nuclear
deve ser removido, resultando apenas no seu contetdo citoplasmatico. Em geral, este objetivo é
atingido por aspiracdo da placa metafasica de odcitos em MII juntamente com o corpusculo
polar, usando micropipetas acopladas a micromanipuladores (LI et al., 2004). O contetdo
nuclear de oocitos em MII ndo é facilmente visivel por microscopia Optica em virtude da
presenca de lipideos citoplasmaticos. Por isso, antes do processo de enucleacdo, o odcito é
marcado com Hoechst 33342, o qual apresenta uma fluorescéncia em azul quando exposto a luz
ultravioleta (UV). Desta maneira, a remocdo do material nuclear é confirmada pela auséncia de
fluorescéncia no odcito apos a enucleacdo. Contudo, estudos tém mostrado um efeito negativo da
exposicdo do odcito a luz UV (VELILLA et al, 2002). Consequentemente, tem sido
recomendado ndo expor o citoplasma a esta radiacdo, mas sim apenas a por¢do removida
presente na pipeta de aspiracdo (CHESNE, 20086).

Uma alternativa para a enucleacdo de odcitos em MII, a fim de se obter maior eficiéncia,
é a remocdo do material nuclear de odcitos ativados em teléfase Il. A aspiracdo mecénica de um
pequeno volume de citoplasma adjacente a extrusdo do segundo corpusculo polar apés a ativacao
€ um método efetivo, ndo sendo necessario a visualizagdo do DNA pela exposigédo a luz UV,
uma vez que a cromatina ainda permanece justaposta ao segundo corpusculo polar (CAMPBELL
et al., 2007).

Além do método de enucleacdo por aspiracdo mecénica, existe ainda o0 método quimico, o
qual consiste na remocdo do material nuclear pelo uso de inibidores de topoisomerase (HYTTER
et al., 2001). Outra possibilidade é o uso da combinacéo etanol e demecolcina (IBANEZ et al.,

2003). Contudo, citoplastos preparados quimicamente resultam em baixas taxas de clivagem e
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ndo produzem desenvolvimento embrionario adequado, quando comparados aos métodos de
enucleacdo convencionais (CAMPBELL et al., 2005).

1.2.2. Selecéo e cultivo de células doadoras de nucleo

A origem do nulcleo doador utilizado para transferéncia nuclear pode ter efeitos
importantes sobre a capacidade de desenvolvimento de embribes reconstruidos até o estadio de
blastocisto, bem como sobre o desenvolvimento fetal pds-implantacdo. Com a obtencdo do
primeiro mamifero a partir de células embrionérias em cultivo (WILLADSEN et al., 1986) e de
linhagens fetais e adultas (WILMUT et al., 1997), numerosas pesquisas foram desenvolvidas
evidenciando que células somaéticas de diferentes tecidos e idades podem ser utilizadas com
sucesso em programas de transferéncia nuclear (Tabela 2). Estudos indicam que diferentes
células doadoras podem ser reprogramadas. Contudo, o0 modelo celular mais utilizado continua
sendo o de fibroblastos obtidos de bidpsias de feto ou de animais adultos, da pele ou do musculo
(CHESNE, 2006).

Tabela 2. Producédo de ruminantes derivados da TN de diferentes tipos celulares.

Espécie  Data Idade do animal doador  Tipo celular Referéncia
_ 1996 Feto Fibroblasto WILMUT et al., 1997
Ovina 1996 Adulto Epitélio mamario  WILMUT et al., 1997
_ 1998 Feto Fibroblasto CIBELLI et al., 1998
Bovina 1498 Adulto Epitélio ovidutario  KATO et al., 1998
Caprina 1999 Feto Fibroblasto BAGUISI et al., 1999

Adaptado de CAMPBELL et al. (2005).

As células doadoras de ndcleo podem ser usadas diretamente apds a sua coleta do animal
doador (GALLI et al., 1999) ou apds um periodo de cultivo (KUBOTA et al., 2000) antes ou
depois da criopreservacdo. O cultivo prolongado das células doadoras pode alterar a ploidia,
estabilidade gendmica e provocar modificagdes nas histonas pos-translagdo, resultando numa
reducdo da eficiéncia da técnica (CAMPBELL et al., 2007). As modificacGes na estrutura da
cromatina e alteracGes epigenéticas sdo consideradas como os principais fatores determinantes
para 0 sucesso da TNCS (SUTEEVUN et al., 2006). Estudos realizados em ovinos, bovinos e
caprinos demonstraram que células no estddio GO do ciclo celular sdo competentes ao
desenvolvimento de embrides reconstruidos por TNCS (WELLS et al., 1997; KATO et al., 2000;
KEEFER et al., 2002; TIBARY et al., 2005).
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Os carioplastos derivados de amostras celulares podem ser cultivados em meio Dulbecco
suplementado com 10% de SFB em condic¢des de 38,5°C e 5% de CO, em ar (KEEFER et al.,
2002; HAYES et al., 2005). Apo6s duas semanas, os fibroblastos podem ser tripsinizados e
semeados em uma nova placa, resultando na passagem 1 (HILL et al., 2001). Apds atingir a
confluéncia, estes podem ser ressemeados em outras placas, sendo as células utilizadas para
TNCS ap0s trés ou quatro passagens. Estas células sdo mantidas em confluéncia ou cultivadas
em meio suplementado com 0,5% de soro, a fim de aumentar a proporg¢éo de células em GO e G1
(CHESNE, 2006). As células sdo preparadas por tripsinizacido 30 min antes de sua utilizag&o
para a TNCS, sendo as mesmas lavadas em meio SOF tamponado com HEPES (LAGUTINA et
al., 2007).

Linhagens celulares transfectadas com genes de interesse associada com a transferéncia
nuclear tem se tornado um método vidvel para introducdo de DNA exdgeno no genoma de
animais (CIBELLI et al., 1998). Contudo, uma limitacéo potencial do uso de fibroblastos adultos
transfectados como doadores de nicleo consiste no periodo de cultivo prolongado necessario
para a programacao, transfeccdo, selecdo e expansdo da linhagem celular. Cada uma destas
etapas requer passagens repetidas, bem como periodos de cultivos longos que podem induzir
perturbacBes nas células doadoras, resultando numa reducdo na eficiéncia da transferéncia
nuclear (FORSBERG et al., 2001).

1.2.3. Reconstrucéo e cultivo do embrido

Para a reconstrucdo do embrido apds a TNCS, o nucleo de célula doadora (carioplasto) é
transferido para o interior de um citoplasma receptor (citoplasto). Cada célula doadora isolada
individualmente com base no cultivo prévio é inserida no espacgo perivitelino de um odcito
enucleado para posterior estimulagdo com um pulso elétrico, o qual promove a fusdo das
membranas adjacentes. O pulso elétrico ndo somente induz a fusdo da célula somatica com o
oocito enucleado para formar um novo complexo, mas também promove uma importante
liberacdo de calcio intracelular que inicia o processo de ativacdo (HEYMAN, 2005).

Em ruminantes, a reconstrucdo embrionéria é geralmente alcancada por eletrofusdo, mas
esta etapa pode também ser obtida pela injecéo intracitoplasmatica da célula intacta ou do nucleo
isolado. Apos a fusdo, os embrides reconstruidos por TNCS séo submetidos a ativacao artificial,
a qual deve mimetizar o papel exercido pelos espermatozoides durante a fecundacdo. Na maioria
dos mamiferos os odcitos em MII ap6s a ovulacdo sdo fecundados. Durante a maturacdo
oocitaria ocorrem uma reorganizacao e redistribuicdo especificas de organelas citoplasmaticas, e

0s odcitos obtém um complemento de moléculas sinalizadoras (MIYAZAKI et al., 1993). O
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evento caracteristico da ativacdo oocitaria € o inicio das oscilagfes intracelulares de calcio, a
exocitose de granulos corticais, o recrutamento de mRNAs, a formacdo dos pré-nucleos e o
inicio da sintese de DNA (CAMPBELL et al.,, 2005). Similarmente, na reconstrucdo
embrionaria, o citoplasto deve ser ativado para iniciar o subseqliente desenvolvimento. De
maneira geral, apos a transferéncia de nucleo, a ploidia normal celular é mantida, aguardando a
replicacdo do DNA. O citoplasto receptor que apresenta um alto nivel de atividade do Fator
Promotor da Maturagdo (MPF) promove o rompimento da membrana nuclear e a condensagéo
prematura dos cromossomos. A ativacdo oocitaria induz uma reducdo da atividade do MPF e
permite a reconstrucdo da membrana nuclear. Deste modo, apds a replicacdo do DNA, ocorre a
divisdo celular no embrido, originando o estadio de 2-células (MIYAZAKI et al., 1993).

A ativacdo consiste na etapa chave do processo de TNCS e pode ser obtida fisica e/ou
quimicamente, por métodos que podem ou ndo estar diretamente ligados aos niveis de célcio
intracelular. Quanto aos meios fisicos, pode ser citada a injecdo de célcio diretamente no
citoplasma, promovendo em seguida estimulos elétricos que promoverdo a liberacdo de
concentraces intracelulares de célcio. Os odcitos tambem podem ser ativados quimicamente por
meio da utilizacdo de célcio ion6foro, A23187 (CIBELLI et al., 1998), ionomicina (HILL et al.,
2001), cicloheximida (KEEFER et al., 2002) ou 6-dimetilaminopurina (6-DMAP) (SUSKO-
PARRISH et al., 1994). Em ruminantes, o uso de calcio ion6foro seguido por um tratamento
com inibidores da atividade de proteinas quinases, tal como a 6-DMAP ou por inibidores de
proteinas quinases dependentes de ciclinas por trés a seis horas, sdo os tratamentos mais
realizados (KEEFER et al., 2002; SANSINENA et al., 2003).

Varios estudos tém sido desenvolvidos visando avaliar o efeito do intervalo entre a fusdo
e a ativacdo sobre o desenvolvimento embrionario (nomeado de tempo de reprogramacéo),
contudo os resultados sdo conflitantes. Grupos de pesquisadores tém apontado que o contato
prolongado entre odcito receptor e nucleo doador pode ser benéfico para os embribes
reconstruidos (WELLS et al., 1999; KATO et al.,, 2000). WRENZYCKI et al. (2001)
observaram que o padréo de transcri¢do de blastocistos bovinos é afetado pelo tempo de contato.
Adicionalmente, outros fatores influenciam na eficiéncia da ativacdo artificial, tais como:
concentracdo dos agentes que promovem a ativacdo quimica, periodo da estimulacdo,
tratamentos posteriores como a citocalasina B ou D, cicloheximida e 6-DMAP (CAMPBELL et
al., 2007). Em ruminantes, diferentes protocolos de ativagdo mostraram-se eficientes na
producdo de animais clones (Tabela 3).

Ap0s a fusdo e a ativacdo, os embrides reconstruidos séo cultivados in vitro até o estadio

de blastocisto, utilizando uma variedade de sistemas de cultivo rotineiramente usados na PIVE
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de embrides, dentre os quais podem ser citados sistemas de co-cultivo utilizando células
priméarias do oviduto ou linhagens celulares estabelecidas (THOMPSON, 2000). Em geral, o
cultivo in vitro requer uma suplementacdo de componentes os quais podem auxiliar no
desenvolvimento, mas que, por um periodo longo de exposi¢do, podem alterar negativamente a
qualidade do embrido. Dentre estes componentes podem ser citados: soro fetal bovino, soro de
cabra/ovelha em estro, albumina sérica bovina (BSA), fatores de crescimentos e vitaminas, entre
outros (Keefer et al., 2001; Tibary et al., 2005).

Tabela 3. Producdo de crias oriundas de transferéncia nuclear apds diferentes protocolos de

ativacdo artificial em bovinos, caprinos e ovinos.

Especie Ativacéo Pos-fuséo Tratamento pés-ativacio Referéncia
Bovina lonoforo (5 M) por 4 min 2-4h 6-DMAP (2 mM) por 3 h CIBELLI et al., 1998
lonéforo (5 uM) por 4 min 4-6 h 6-DMAP (2 mM) por 4 h WELLS et al., 1999
20 V/mm por 20 ps - Cicloheximida (10 pg/mL) por 5h  KATO et al., 2000
Caprina 1,4-1,8 kV/cm por 80 ps - Citocalina B (5 pg/mL) por2h BAGUISI et al., 1999
lonomicina (5 uM) por 1 min 30 min 6-DMAP (2 mM) por 2 h LAN et al., 2006
londéforo (5 uM) por 5 min 2-3h 6-DMAP (2 mM) por 2,5-4 h KEEFER et al., 2002
Ovina 1,25 kV/ecm por 70 ps -- Citocalasina B (7,5 pg/mL) por 1 h  WILMUT et al., 1997

Adaptado de CAMPBELL et al. (2007).

SALAMONE et al. (2003), trabalhando com TNCS na espécie bovina, verificaram que
embrides cultivados em SOF na auséncia de co-cultivo, porém numa atmosfera de trés gases (5%
de O, 5% de CO,, 90% de N,), apresentaram melhores taxas de clivagem e formacédo de
blastocistos quando comparados aqueles tratados em sistemas de co-cultivo. Adicionalmente,
estudos realizados por Chesné et al. (2003) sugerem que as condi¢fes Otimas para o cultivo de
embrides bovinos e caprinos consistem em meio B2-INRA-Menezo co-cultivados com ceélulas

do oviduto ou células Vero.

1.2.4. Transferéncia de embrido reconstruido e fertilidade da receptora

Em ruminantes, os procedimentos de transferéncia de embrides podem ser cirdrgicos,
semicirurgicos ou ndo-cirdrgicos. O método cirargico ou laparotomia consiste em exteriorizar o
corno uterino e depositar os embrides proximos a juncéo uterotubarica (BAGUISI et al., 1999;
KEEFER et al., 2001). Embrides caprinos cultivados por 35 h até o estadio de quatro células sdo
transferidos cirurgicamente para o interior do oviduto com uma média de cinco embrides por
receptora (CHESNE et al., 2003).
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O método semicirdrgico ou semi-laparoscépico € usualmente realizado em caprinos e
ovinos (CHESNE et al., 2003; BARIL, 2006). Em geral, a técnica consiste em associar a
laparoscopia a uma pequena incisdo sem a necessidade de expor o animal a uma anestesia geral.
Finalmente, o método ndo-cirdrgico, frequentemente realizado em bovinos, consiste em inserir,
por via transcervical, embrides no corno uterino ipsilateral ao ovario, apresentando pelo menos
um corpo luteo (CIBELLI et al., 1998; CHAVATTE-PALMER et al., 2002).

A taxa de fertilidade de receptoras sincronizadas é variavel entre diferentes espécies de
ruminantes, bem como entre os grupos de pesquisas. Em bovinos, CIBELLI et al. (1998)
verificaram que, de um total de 28 embribes transferidos para 11 receptoras, apenas quatro
bezerros foram produzidos. J& em Ihamas, SANSINENA et al. (2003) ndo observaram nenhum
nascimento de 11 embrides transferidos. KEEFER et al. (2002), avaliando a eficiéncia da
transferéncia nuclear em caprinos utilizando fibroblastos fetais e células da granulosa como
doadoras de nucleo, de 145 embrides transferidos obtiveram nove animais clones nascidos.

HEYMAN et al. (2002) avaliaram a evolucdo da gestacdo em diferentes grupos de
receptoras bovinas que receberam embrides derivados de PIVE e transferéncia nuclear por meio
de células embrionérias, fetais e adultas. Estes autores verificaram que as taxas de gestacdes
iniciais foram similares nos diferentes grupos quando avaliaram as concentracdes de
progesterona plasmaticas no 21° dia. Contudo, a frequéncia de perdas fetais antes dos dois meses
foi duas vezes maior nos grupos de receptoras que receberam embrifes derivados de células
somaticas fetais e adultas, quando comparado as receptoras que receberam embrides derivados

de transferéncia nuclear de células embrionarias e de FIV (Figura 3).

1.3. Patologias associadas a técnica de TN

Uma das principais contradi¢es dos sistemas de cultivo in vitro é que seu aprimoramento
¢ geralmente avaliado sobre o percentual de embrides desenvolvidos até o estadio de
blastocistos. No entanto, isto ndo necessariamente € o0 melhor indicador da qualidade
embrionaria, em especial em embrides clones que tendem a apresentar reduzidas taxas de
prenhez e elevadas perdas embrionarias. Estas Gltimas tém sido descritas em ovinos (DE SOUSA
et al., 2001), Ihamas (SANSINENA et al., 2003) e em caprinos (BAGUISI et al., 1999;
KEEFER et al., 2002).

Deste modo, diversas anomalias tém sido constatadas durante a gestacdo e apds o
nascimento de animais produzidos pela técnica de TNCS. A baixa eficiéncia e o
desenvolvimento anormal de animais sdo principalmente em virtude da reprogramacao

incompleta e da expressdo génica anormal. Dentre as principais anomalias, verificam-se:
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cardiopatias, placentacdo anormal, hidroalantdide, deficiéncia imunoldgica, disfuncdo renal,
alteracdes no metabolismo energetico e hipertensdo pulmonar (YOUNG et al., 1998; HEYMAN,
2005; CAMPBELL et al., 2007).
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Figura 3. Evolucdo da gestacdo em receptoras bovinas ap6s transferéncia de embrides
produzidos in vitro (G 1), oriundos de células embrionarias (G 1), células somaticas fetais (G I11)
ou células somaticas adultas (G 1V). Adaptado de HEYMAN et al. (2002).

Em bovinos, perdas peri-implantacionais sdo importantes e a proporcdo de perdas de
gestacOes neste periodo pode ser estimada em 50% (CIBELLI et al., 1998; WELLS et al., 1997).
Essas perdas precoces sao freqiientemente associadas com deficiéncias funcionais que ocorrem
no inicio da placentacdo, caracterizada por vascularizagdo anormal de tecidos embrionarios e
reducdo no nimero de placenténios (HEYMAN, 2005).

A hidroalantdide, a qual é caracterizada pela presenca de acumulo de fluido no alantoide,
promove o aumento dos placent6nios e do tamanho fetal. Estudos iniciais indicam que, apds a
transferéncia nuclear, 27% das gestacdes apds 120 dias desenvolvem hidroalantoide (OBACK &
WELLS, 2003). Tal valor é muito elevado quando comparado em programas de monta ou
inseminacao artificial (I1A) (0,02 a 0,6 %; THIBAULT, 2003).

O elevado peso ao nascimento de crias obtidas pela TNCS caracteriza a sindrome da cria
gigante ou LOS (Large Offspring Syndrome), a qual foi bem detalhada por YOUNG et al.
(1998). Esta sindrome foi inicialmente descrita por WILLADSEN et al. (1991) em bezerros

derivados da transferéncia nuclear. Quanto as caracteristicas fenotipicas que identificam esta
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sindrome, tém-se: aumento do tamanho fetal, aumento da miogénese fetal e disfuncdo da
atividade pulmonar. Além disso, sdo verificadas anomalias no desenvolvimento da placenta e
reducdo das taxas de gestacdo (YOUNG et al., 1998). A LOS é manifestada por tais anomalias
fetais que sdo associadas com as taxas elevadas de perdas gestacionais, particulamente nos
primeiros 60 dias da gestacdo (BERTOLINI & ANDERSON, 2002).

Posteriormente, a ocorréncia da LOS foi relatada em embriGes produzidos por PIVE
(SINCLAIR et al., 2000) e embrides obtidos por TNCS (HILL et al., 2001, KATO et al., 2000).
HEYMAN et al. (2002) verificaram que 13,3% de bezerros clones sdo afetados por esta
sindrome, a qual pode estar relacionada a alterac6es nos padrdes epigenéticos associados com a
cromatina embrionaria durante a pré-implantacdo (REIK & WALTER, 2001; REIK et al., 2003),
resultando em alteracfes na expressdo de genes iniciadores e ndo-iniciadores perturbados pelo
uso destas biotécnicas (WRENZYCKI et al., 1998; RI1ZOS et al., 2003).

1.4. Desenvolvimento das crias nascidas

Em geral, a ocorréncia da mortalidade pds-natal € observada da 1% semana ao 4° més de
vida do animal. Nesse periodo uma grande variedade de problemas tem sido relatada em clones,
incluindo infecgdes, tais como inflamacdes do rimen e abomaso (WELLS et al., 1998),
coccidiose e infeccBes apds traumas (HEYMAN et al., 2002). A proporcdo de bezerros clones
nascidos que sdo viaveis ao desenvolvimento normal até a fase adulta é limitada aos 50-70%, de
acordo com varios grupos de pesquisas. CHAVATTE-PALMER et al. (2002) verificaram que,
de 59 bezerros clones nascidos, 62% destes desenvolveram-se normalmente até a fase adulta.

As caracteristicas reprodutivas de novilhas clonadas de células somaéticas adultas foram
avaliadas quanto a puberdade, dinamica folicular e perfil hormonal, ndo sendo observada
nenhuma alteragdo quando da comparacdo com o grupo controle de animais ndo clonados
(ENRIGHT et al., 2002). LANZA et al. (2001) demonstraram que novilhas clonadas séo férteis,
quer seja usando a monta natural ou IA. Usando a técnica de IA, estes autores obtiveram uma
taxa de concepcdo de 83% apds a primeira inseminacdo. Adicionalmente, clones bovinos foram
avaliados quanto a libido e a produgdo quali-quantitativa de sémen, ndo sendo verificado

nenhum efeito negativo sobre tais pardmetros (HEYMAN et al., 2004).

1.5. Enucleagdo manual (Handmade Cloning)
Desde seus estudos iniciais, a transferéncia nuclear ndo sofreu grandes transformacdes,
contudo modificagOes visando simplificar os protocolos experimentais, a reducéo de custos, bem

como a melhoria da sobrevivéncia das crias nascidas vém sendo adotadas por diferentes grupos
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de pesquisa. Neste sentido, varios laboratorios vém adotando a técnica de Handmade Cloning
(HMC), verificando-se a producdo de embrides clones sem a necessidade do uso de
micromanipuladores (VAJTA et al., 2003; GERGER et al., 2010). Dentre as vantagens da
técnica de enucleacdo manual quando comparada a técnica cléssica, destacam-se: a) o baixo
custo, uma vez gque nao necessitam de micromanipuladores para nenhuma fase da TNCS, b) a
simplicidade, a rapidez e a facilidade na execucdo dos procedimentos e ¢) a automacdo da
TNCS.

O principio basico da técnica consiste em promover a digestdo da zona pellcida de
odcitos maturados, para, em seguida, com o auxilio de microlaminas, realizar-se a enucleacao
manual. As interacdes citoplastos e nudcleos doadores ocorrem pela exposicdo de tais
componentes celulares a fitohemaglutinina (VAJTA, 2007). A aplicabilidade deste método ja
pode ser verificada em diferentes espécies pela producdo de embribes clones, tais como a bovina
(VAJTA et al., 2003; RIBEIRO et al., 2009) e ovina (PEURA, 2003).

Estudos tém verificado que as caracteristicas qualitativas de embrides suinos obtidos por
meio da técnica de enucleacdo manual sdo similares aquelas de embrides produzidos por
micromanipulacdo. TECIRLIOGLU et al. (2005), comparando a técnica de enucleacdo manual
com a micromanipulacdo convencional para a producdo de clones bovinos, verificaram que tais
técnicas apresentam eficiéncias semelhantes, quanto aos parametros de taxa de prenhez,
nascimento e sobrevivéncia das crias. BHOJWANI et al. (2005), trabalhando com odcitos
bovinos enucleados pela técnica de enucleacdo manual, verificaram uma taxa de clivagem de
65% e 0 nascimento de um animal clone.

Assim, de acordo com o exposto, pode ser visto que a TNCS em diferentes espécies de
ruminantes tem gerado um forte interesse dos setores cientificos e produtivos. Contudo, a
eficiéncia da técnica ainda € baixa devido a inimeros fatores. Desta maneira, pesquisas ainda
necessitam ser realizadas objetivando compreender os diversos eventos envolvidos e integrar
alternativas que visem simplificar os protocolos experimentais e reduzir os custos relacionados a
técnica. Nesta tematica, a HMC apresenta-se como uma ferramenta promissora para a obtengéo

de tais objetivos.
PARTE Il: PAPEL DO OOCITO NA TECNICA DE TNCS
2.1. Maturacéo in vitro (MIV)

Uma das ultimas etapas no desenvolvimento de um o0cito € a maturagéo, a qual, exceto

em canideos, se define como o0 processo em que ocorre a retomada da meiose para logo seguir a
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ovulacdo. A MIV do od6cito consiste num procedimento que permite 0 mesmo maturar ex Vivo.
Esta técnica envolve a remocao artificial de complexos cumulus-o6cito (CCOs) de foliculos
antrais e cultivo desses complexos em condigdes padrdes in vitro por 24-28 h, dependendo da
espécie, até atingir o estadio de MIl. Uma pequena porcao desses odcitos maturados apresenta a
capacidade de desenvolvimento completo até blastocistos (SCHROEDER et al., 1984).

A eficiéncia da MIV é limitada pela competéncia intrinseca do odcito, a qual se refere ao
estado molecular e bioquimico que permite o odcito maturado ser fecundado normalmente e
desenvolver-se até o estadio de blastocistos, que apds transferéncia permitird o desenvolvimento
até o nascimento das crias (GILCHRIST & THOMPSON, 2007). Uma dos maiores desafios que
permanece nas areas reprodutivas e da biologia do desenvolvimento refere-se a compreender o
que constitui a competéncia de desenvolvimento do odcito, incluindo o papel do ambiente
folicular ovariano sobre o odcito. Certamente, as células somaticas dos foliculos, em especial as
células do cumulus, apresentam um papel importante na aquisicdo da competéncia de
desenvolvimento oocitaria in vivo. Contudo, informacdes sobre a natureza e a diversidade dos
componentes que sdo transferidos entre as células do cumulus e o odcito, via jungbes “gap”,
durante a fase final de desenvolvimento folicular ainda sdo pouco conhecidas (ALBERTINI et
al., 2001).

No momento da formacdo do antro e diferenciacdo das células do cumulus, o odcito
cresce até seu tamanho definitivo, mas se mantém em Préfase | por intermédio das células
foliculares (MEHLMANN, 2005). A inducdo da maturagdo envolve a interacdo de fatores
intracelulares, paracrinos e estruturais que incluem esterdides, fatores de crescimento, adenosina
monofosfato ciclica (AMPc) e juncbes “gap” (GILCHRIST & THOMPSON, 2007).

Nesse contexto, € muito importante também o pico de LH na etapa pré-ovulatoria, a qual
atua sobre as células da granulosa pelo sinal traduzido dentro do odcito, como uma mudanca nas
moléculas de sinalizagdo, o que resulta na retomada da meiose (MEHLMANN, 2005). A
retomada da meiose se manifesta com a ruptura da membrana da vesicula germinativa, seguida
pela condensacdo dos cromossomos e reorganizacdo do fuso da MI, segregacdo dos
cromossomos homologos e terminacao da primeira divisdo meiotica (LIANG et al., 2007).

Em bovinos, por exemplo, observou-se o estado cromossémico a cada momento e
determinou-se o tempo estipulado para cada processo do desenvolvimento da maturacéo (Tabela
4) (SIRARD et al., 1989). Apés todas as etapas, a meiose para em MIl até o momento da

fecundacéo.
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Tabela 4. Determinacao da duracdo de cada estado cromossémico a cada momento da meiose na

espécie bovina.

Estado cromossdmico do odcito Duracéo de cada etapa (horas)
Vesicula germinativa 0 até 6,6

Vesicula germinativa rompida 6,6 até 8,0
Condensacao dos cromossomos 8,0 até 10,3

Metéfase | 10,3 até 15,4

Anéfase | 15,4 até 16,6

Telofase | 16,6 até 18,0
Metéfase 11 18,0 até 24,0

Adaptado de SIRARD et al. (1989).

2.1.1. Critérios para identificacdo de o6citos maturados in vitro

Varios critérios sdo importantes para reconhecer o6citos maturados in vitro, como por
exemplo: revestimento das células do cumulus ao redor da zona peldcida, zona pellcida integra e
auséncia de vesiculas no citoplasma (RAHMAN et al., 2008). Além disso, o tamanho do odcito é
importante para alcancar a maturacdo (RAJIKIN et al., 1994).

Em bovinos, os foliculos com didametro maior apresentam o6citos com maior potencial
para desenvolvimento embrionario in vitro (LONERGAN et al., 2003). O didametro do odcito é
diretamente proporcional ao didametro do foliculo e os o6citos continuam a crescer mesmo em

foliculos com um didmetro maior que 10 mm (Figura 4).
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Figura 4. Relacdo entre competéncia de desenvolvimento do odcito bovino até o estadio de
blastocisto e didmetro oocitario. Adaptado de GANDOLFI et al. (2005).
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2.1.1.1. Expansao das células cumulus e seu papel na MIV

In vivo, as células do cumulus expandem apos a ovulacdo devido a deposi¢do de matriz
proteoglicana. O maior carboidrato encontrado na matriz muco-elastica é o acido hialurénico
(SALUSTRI et al., 1999). O papel das células do cumulus na aquisicdo da competéncia de
desenvolvimento dos odcitos tem sido anteriormente investigado (SATO et al., 1977; XU et al.,
1986). Tais células sdo conhecidas por suprir em nutrientes o odcito (HAGHIGHT & VAN
WINKLE, 1990), atuar como substrato de energia (SUTTON et al., 2003), apresentar moléculas
mensageiras para o desenvolvimento oocitario (BUCCIONE et al., 1990) e medir os efeitos dos
hormonios sobre os CCOs (ZUELKE & BRACKETT, 1990).

A morfologia de revestimento das células do cumulus ao redor do o6cito é comumente
utilizada como um critério de selecdo antes da MIV (LONERGAN et al., 1994) e o grau de
expansdo dessas células pode ser usado como um critério de indicacdo morfoldgica da qualidade
oocitaria. Nesse sentido, tem-se sugerido que a expansdo das células caracteriza odcitos
maturados e de boa qualidade, enquanto a compactacdo das camadas das células do cumulus
indica odcitos imaturos (VEECK, 1988).

O processo de expansdo das células do cumulus é acompanhado pelas modificacdes nas
juncgdes “gap”, as quais contém canais transmembranas formados por hexameros de proteinas
pertencentes a familia das conexinas (MARCHAL et al., 2003). Embora ainda nao observado em
caprinos, células do cumulus em od6citos bovinos iniciam a expansdo apés 12 h de incubacao in
vitro quando todos os odcitos ja se encontram em MI. O grau de expansao aumenta até as 18 h
de incubacdo e se mantém depois disso (SHAMASUDDIN et al., 1993).

2.1.1.2. Maturagao nuclear e citoplasmatica

Similarmente ao que ocorre in vivo, ambas as maturacoes, citoplasmatica e nuclear, séo
requeridas para assegurar a fecundacdo normal e o desenvolvimento embrionario in vitro.
Contudo, as mudangas citoplasmaticas durante a maturacao oocitéria ainda sao dificeis de serem
avaliadas. Como resultado, a maturacdo € julgada indiretamente pela estrutura nuclear e/ou pela
habilidade do odcito em ser fecundado (RAHMAN et al., 2008).

In vitro, dois grandes eventos estdo envolvidos no processo de maturacdo nuclear.
Primeiramente, 0 CCO ¢é removido da influéncia do ambiente folicular e segundo, o contato
fisico com as ceélulas da granulosa é rompido, promovendo o fim das comunicagdes
intercelulares via juncgdes “gap”. Esta estimulacédo fisico-quimica do odcito causa condensagéo
da cromatina e rompimento da vesicula germinativa levando a MIl e a segunda retomada

artificial do ciclo (EDWARDS, 1965). Contrariamente, o0citos em crescimento ndo sdo aptos
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para retomar ou completar a meiose. A competéncia oocitaria € adquirida durante a fase de
crescimento, quando a sintese e estocagem de proteinas e RNA ocorrem (CROZET et al., 1981).

A competéncia meidtica é avaliada por uma cascata de eventos induzida pelo pico do LH e
pela remocdo do odcito do ambiente folicular. Tais eventos sdo programados para ocorrer
mediante a formacdo do MPF, o qual é uma proteina composta pela ciclina B1 e p34°*, este é
sintetizada e/ou ativada atuando sobre o 00cito que evolui e termina a primeira metafase e,
consequentemente, a extrusdo do primeiro corplsculo polar completando a primeira divisdo
meiotica (SIRARD et al., 2006).

A maturacdo citoplasmatica oocitaria inclui os eventos que inserem sobre o 06cito uma
capacidade a completar a maturacdo nuclear, fecundacdo e embriogénese precoce, inicio da
gestacdo e desenvolvimento fetal normal (SIRARD et al., 2006). A maturacdo citoplasmatica
envolve: (a) acumulo de proteina e RNA mensageiro, (b) desenvolvimento de mecanismos
regulatérios de calcio, (c) mudancas na atividade do MPF, (d) redistribuicdo das organelas
celulares (FERREIRA et al., 2009).

A regulacdo da maturacgdo citoplasmatica ndo € tdo bem conhecida quanto a regulacao da
maturacdo nuclear e, consequientemente, € um dos fatores limitantes na producdo in vitro de
embribes viaveis a partir de odcitos imaturos (ABEYDEERA, 2002). Um numero de critérios
tem sido sugerido para avaliar a maturacdo citoplasmatica, tais como: organizacdo do
citoesqueleto em odcitos, aumento no nimero de mitocdndrias e gotas lipidicas, mudancas do
arranjo do complexo de Golgi, migracdo dos granulos corticais para a periféria, presenca de
somente o reticulo endoplasmatico granuloso, atividade do MPF e metabolismo oocitario
(RAHMAN et al., 2008).

2.1.2. Regulagdo do MPF

O MPF e uma cinase envolvida na divisdo celular e na regulacédo do ciclo de transi¢édo da
célula G2/M de todas as celulas eucaridticas (GOTTARDI & MINGOTI, 2009). Este fator
corresponde a um dos principais reguladores das alteragdes que ocorrem durante a maturacao
oocitaria, o rompimento do envelope nuclear regulando a condensagdo dos cromossomos, a
reorganizacdo dos microtubulos e outras organelas citoplasmaticas (KIM et al., 2000;
LEFEBVRE et al., 2002).

A ativacdo do MPF ocorre por um processo de duas etapas que envolvem a formacéao de
um complexo entre a subunidade da cinase (p34°®? ou CDK1) e uma subunidade regulatoria

(ciclina B). Uma vez formado, esse complexo por ser ativado pela desfosforilacdo da treonina 14
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e de residuos da tirosina 15 da subunidade p34. A estabilidade da atividade do MPF pode ser
prevenida por agentes quimicos que agem nesses dois niveis (MERMILLOD et al., 2000).

Em bovinos, a variacdo da atividade do MPF pode ser detectada nos odcitos durante a
MII. Sua atividade € baixa no estaddio de vesicula germinativa, passando a ser observada no
inicio da vesicula germinativa rompida. Em MI alcanca um pico e declina sua atividade durante
a transicdo entre os estadios de Ml e M1l (KUBELKA et al., 2000) e eleva-se novamente para a
entrada do o6cito em MII (Figura 5). A inativacdo da atividade do MPF ocorre nos odcitos em
MII pela fecundacdo ou ativacdo partenogenética. Existem evidéncias de que os 00citos sdo
mantidos em MII por acdo de fatores citostasticos (CSF) capazes de manter a atividade elevada
do MPF. O CSF é composto de MAPK e c-Mos (Mos cinase), pertencentes a familia das
serina/treonina cinases (KUBELKA et al., 2000). Essas proteinas sdo ativadas por sinais
extracelulares (KRISCHEK & MEINECKE, 2002). A ampla faixa de atuacdo das MAPKSs é
mediada por fatores de crescimento e por soro, com uma ativacdo menor pelo estresse, pelo
efeito osmotico e pela desorganizacdo dos microtdbulos. Assim, também esta relacionada a
fosforilacdo de diversos substratos, incluindo fosfolipases, fatores de transcricdo e proteinas do
citoesqueleto. As MAPKs também catalisam a fosforilacdo e a ativacdo de diversas proteinas
cinases, denominadas de proteinas cinases ativadas pelas MAPKS, gque representam um adicional

enzimatico de varios espectros em diferentes células.
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Figura 5. Perfil oscilatério do MPF durante a retomada da meiose e alcance da MII. Adaptado
de MAGGWICK & JONES (2007).
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2.2. Aspectos moleculares do odcito

De maneira geral, o odcito desenvolve mecanismos para armazenamento da informacéo
adquirida durante as etapas de crescimento folicular e maturacdo oocitaria. Tais informacdes
permanecem guardadas prontas para serem utilizadas em um momento apropriado. A informagéo
armazenada no odcito é particularmente critica durante o intervalo entre a fecundacéo e a
transicdo materno-embrionaria (TME) quando a atividade transcricional do genoma embrionario
torna-se inteiramente funcional (GANDOLFI et al.,, 2005). Durante este periodo, o
desenvolvimento embrionario é sustentado por &cidos nucléicos maternos e as proteinas sao
sintetizadas durante a oogénese. A duragdo desse periodo depende da espécie. Em mamiferos, a
TME pode ocorrer tdo precocemente quanto a estadio de 2-células em murinos, ou mais
tardiamente em estadio de 4-células em suinos, entre 4- e 8-células em embrifes humanos,
estadio de 8-células em coelhos e entre 9- e 16-células em embrides ovinos e bovinos
(TELFORD et al., 1990).

Em odcitos bovinos, a atividade transcricional do genoma materno tem sido observada ja
no estadio de foliculo secundario. A sintese do RNA nuclear heterogéneo (precursor de RNA
mensageiro) e do RNA ribossomal € iniciado durante esse estadio folicular e continua até que o
odcito alcance um diametro de 110 um e é encerrada quando o foliculo atingir 2 a 3 mm. Esta
atividade transcricional fornece estoques de moléculas mensageiras no citoplasma oocitario, a
qual seré traduzida até, e possivelmente, em TME (FAIR et al., 1997).

Em murinos, aproximadamente 30% do RNA mensageiro materno € ainda detectavel no
estadio de blastocisto em ambas as regides: trofectoderma e massa celular interna.
Consequientemente, a estabilidade do RNA mensageiro materno do odcito é crucial para o
desenvolvimento normal, e qualquer dano durante esse processo sdo provaveis fatores que levam
a uma reducdo da competéncia de desenvolvimento oocitario e causa um atraso do
desenvolvimento embrionario (GANDOLFI et al., 2005).

Varios sdo os mecanismos de regulacdo da estocagem de moléculas mensageiras ligadas
a transcricdo e, posterior, traducdo. Os RNAs mensageiros que contém uma cauda poli (A)
pequena e sdo traducionalmente inativos devido a sua baixa estabilidade sdo ativados pelo
aumento da cauda poli (A) a medida que ocorre o desenvolvimento do odcito. Por outro lado,
RNA mensageiro estocado em citoplasma de oocitos que ndo adquiriram competéncia
apresentam a calda poli (A) menor quando comparados aquelas de o0citos competentes
(LEQUARRE et al., 2004).

Embora muitos estudos sobre a competéncia de desenvolvimento oocitario ja tenham sido

propostos, fatores responsaveis pela qualidade do odcito e sobre sua competéncia ainda nédo
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foram totalmente esclarecidos. Nesse sentido, as alteracdes pré-maturacionais que ocorrem por
razdo da responsividade do foliculo a pulsatilidade do LH antes do pico pré-ovulatorio sdo pré-
requisitos importantes para o odcito alcangar seu desenvolvimento (ASSEY et al., 1994).

A andlise de transcritos especificos como indicador do status da expressdo génica total
tem sido amplamente observado em odcitos e embrides (WRENZYCKI et al., 2001). O uso de
marcadores moleculares na validagdo da composicdo de meios tem sido utilizado como uma
ferramenta de interesse. Ao longo dos Ultimos anos, o estudo nessa area tem focado avaliar o
efeito dos diferentes meios de maturacdo sobre a expressdo de alguns genes envolvidos na
competéncia oocitaria (COTICCHIO et al., 2004; ASSIDI et al., 2008). Dentre esses genes
encontram-se a familia do EGF (CONTI et al., 2006), principalmente representado pelo Fator de
Crescimento Epidermal (EGF) (LONERGAN et al., 1996; GULER et al., 2000) que atua sobre o
receptor de EGF (EGFR) (CARPENTER & COHEN, 1990).

O EGF participa na regulacdo do crescimento oocitario, maturacdo citoplasmatica e
nuclear e expansao das células do cumulus (GOSPODAROWICZ & BIALECKI, 1979), os quais
tém sido relacionados com competéncia oocitaria (DE LA FUENTE et al., 1999; GULER et al.,
2000). Contudo, informacg6es do uso de tais marcadores comparando a eficiéncia de regimes de
estimulacao sdo escassas.

Vaérios estudos tém mostrado que a expressdo do EGFR aumenta com a progressdo da
foliculogénese em virtude da estimulacdo das gonadotrofinas, atingindo seu maximo no periodo
pré-ovulatério (CHOI et al., 2005). De fato, a estimulacdo de LH de foliculos ovarianos envolve
a ativacdo de um sistema de EGF local (CONTI et al., 2006). Na via de regulacdo e expressdo do
EGF no odcito tem identificado LH e FSH. PARK et al. (2004) tém mostrado que fatores de
crescimento semelhante ao EGF sdo mediadores paracrinos de sinais de LH durante a ovulacao
na maturacdo oocitaria. Em geral, o EGF foi considerado um fator promotor de crescimento
folicular com efeitos sobre a estereiodogénese regulada por FSH e diferenciacdo das células da
granulosa em foliculos pré-antrais (SCHOMBERG et al., 1983). Isto contribuiu para o cenario
do FSH como maior orquestrador do crescimento folicular e dos seus efeitos sobre a modulacéo
dos fatores de crescimento, tais como o EGF (ADASHI, 1998).

Em virtude da atividade fisioldgica envolvida no processo de maturacéo, varios grupos
tém estudado o EGF no meio de maturacdo (LONERGAN et al., 1996; DAS et al., 1991) e os
resultados mostraram uma acgao positiva dessa proteina sobre a expansdo das células do cumulus
e competéncia meiotica. Em diferentes espécies, inclusive a caprina, EGFR tem sido alvo de

estudo. GALL et al. (2004; 2005) avaliaram a presenca do EGFR em od0citos caprinos e células
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foliculares e observaram um possivel papel do EGFR sobre a regulagédo do crescimento folicular

e maturacao oocitaria.

2.3. Importancia do oocito para a técnica de TNCS

Em linhas gerais, a clonagem por TNCS envolve a substituicdo de um nucleo haploide
fecundado por um espermatozoéide por um nucleo de uma célula somatica e odcito enucleado. O
espermatozdide e os eventos da fecundacdo sdo substituidos pela fusdo da célula dipléide com o
citoplasto. Nessa etapa ndo ocorre apenas uma simples contribuicdo da metade do material
genético, mas uma reprogramacao e iniciacdo do desenvolvimento inicial do embrido. Para o
sucesso da TNCS esses eventos necessitam serem melhores conhecidos.

A iniciacdo do desenvolvimento de embribes reconstruidos, ou ativacdo oocitéria,
consiste na retomada da meiose pelo odcito. In vivo, ap6s a ovulacao e transporte pelo oviduto,
0s odcitos sdo fecundados por espermatozoides, 0s quais causam ativacdo e retomada da meiose.
A finalizacdo da meiose também resulta na descondensacdo do nlcleo espermético e sua
transformacdo no pré-nicleo masculino. O zigoto entdo progride através do primeiro ciclo
celular e inicia uma série de eventos que finaliza no desenvolvimento embrionario (FISSORE et
al., 1999). In vitro, a ativacdo e desenvolvimento de odcitos, sem a participacdo de
espermatozéides é denominada de ativacdo partenogenética. Essa técnica vem sendo cada vez
mais empregada, objetivando estudar os mecanismos moleculares do odcito que participam do
desenvolvimento embrionario (SUSKO-PARRISH et al., 1994).

A ativacdo do odcito e a organizacdo dos microtubulos do aparato do fuso mitético sdo
eventos intimamente ligados do primeiro ciclo celular e possuem um papel crucial para o inicio
do desenvolvimento. A regulacdo inapropriada da formacdo do fuso mitético e o arranjo dos
cromossomos na placa metafasica podem resultar em danos no embrido que podem ser letais se

interferirem em pontos chaves durante o desenvolvimento (FISSORE et al., 1999).

PARTE I11: CONDICOES DE CULTIVO IN VITRO DE EMBRIOES CLONES

3.1. Efeito das condicdes in vitro sobre o desenvolvimento embrionario

A manipulacdo de gametas e embrides de animais domesticos resulta em dois caminhos
interessantes: a promocdo de modificacdes programadas e esperadas, utilizando meios fisicos e
quimicos e alteracbes sem intencdo através de mudancas ambientais e outros fatores
desconhecidos. Esse Ultimo caminho, ao longo dessas décadas, tem mostrado uma maior

amplitude de acdo com consequéncias, as vezes desastrosas, frente a comunidade da ciéncia
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animal. De fato, ha vinte anos, ndo se esperava observar problemas na PIVE como a LOS. Por
outro lado, também néo se imaginava que uma biotécnica era capaz de gerar uma prole viavel a
partir do genoma de uma célula somética oriunda de um animal adulto.

A producéo de embrides em um cultivo in vitro envolve inevitavelmente o suprimento de
um sistema que deverd suportar eventos dinamicos, 0s quais sdo sensiveis aos seus fatores
circundantes e suscetiveis a varios danos (McEVOY, 2003). Diversos protocolos de PIVE ja vém
sendo investigados, contudo, ainda sdo baseados em uma compreensdo incompleta da
necessidade do embrido. Entre as espécies domesticas, os ruminantes foram os primeiros que
exibiram aberracdes no desenvolvimento, indicativo de reprogramacdo epigenética incompleta
ou danos no processo iniciado durante o cultivo in vitro.

Para compreender os possiveis efeitos das condigdes in vitro sobre o desenvolvimento
embrionario, torna-se interessante conhecer o complexo cddigo genético do desenvolvimento e
as modificacBes epigenéticas continuas que sdo cruciais na sua expressao final (McEVOY,
2003). De maneira geral, ha varios niveis de composi¢cdo de um embrido — epigenética,
molecular, citoplasmatica — e fatores ambientais imprdprios impdem danos significativos na
integridade e na capacidade de desenvolvimento do zigoto ao blastocisto.

MCcEVOY et al. (2001) tém verificado os efeitos das condic¢des de cultivo in vitro sobre o
o0cito e a expressao génica. Esses efeitos detectaveis em estadios precoces do desenvolvimento
traduzem um maior impacto durante os varios estagios do concepto e do desenvolvimento feto-
placentario e mesmo em vida pés-natal. A maioria dos estudos referentes ao tema traz apenas a
evidéncia indireta da expressdo génica alterada, contudo, outros estudos tém buscado mensurar
transcritos de genes em tecidos fetais. BLONDIN et al. (2000) relataram que niveis de RNA
mensageiro de IGF-1I no figado e musculo esquelético de fetos bovinos aos 70° dias oriundos de
embrides derivados in vitro diferiram daqueles niveis em fetos derivados de embrides in vivo.
Outro grupo utilizando tecidos do musculo esquelético de fetos bovinos aos 222° dias indicou
gue RNA mensageiro de miostatina foi menor naqueles fetos derivados de embrides in vitro
quando comparado a fetos de producdo de embrides in vivo (CROSIER et al., 2002).

A importante licdo aprendida ao longo desses ultimos anos de investigacdo é que 0s
componentes dos meios de cultivo, mesmo amplamente utilizados, ndo devem ser considerados
100% benéficos ou mesmo benignos para o desenvolvimento do embrido, ao menos que seja
provado cuidadosamente grupo a grupo de pesquisa. MCEVOY (2003) realizando comparagdes
de diferentes fontes de soro revelou efeitos criticos sobre a sobrevivéncia embrionaria em curto
prazo. As modificacdes epigenéticas de um ou varios genes influenciam a vitalidade e o tamanho

do feto e podem conduzir a uma variedade de aberragdes resultantes de danos derivados do
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cultivo in vitro (SINCLAIR et al., 2000). Certamente, a intolerancia pode ser maior conduzindo
as falhas no desenvolvimento imediato quando as circunstancias sao sub-6timas.

Durante a ultima década, tém-se observado uma ascensdo exponencial no numero de
estudos sobre a tecnologia de TNCS em rebanhos de animais domésticos e outros mamiferos.
Mesmo com a morte de Dolly, ndo inverteu a inclinacdo em gerar prole a partir da fusdo de
citoplastos enucleados com carioplastos geneticamente transformados (transgénicos) ou néo-
transgénicos. Muitos desses esforgos, contudo, continuam a encontrar limitagfes de
desenvolvimento associadas com os embrides reconstruidos que apds sobreviverem aos traumas
de enucleacdo oocitaria e fusdo de complexos citoplasto-carioplasto encontra-se com as
condicdes de cultivo in vitro.

A fim de procurar conhecer as limitacOes, diferentes grupos buscam comparar
aproximagdes convencionais que podem ser eficazes e, consequentemente, ajudar a eliminar os
danos associados com a TNCS. GAVIN et al. (2003) encontraram melhores taxas de
sobrevivéncia de embrides caprinos reconstruidos derivados de TNCS de células fetais
transfectadas, quando luz polarizada foi empregada ao invés da luz UV nas etapas de enucleacao
oocitaria. Em embrides suinos produzidos por transferéncia nuclear seguida de eletrofusdo ou
injecdo intracitoplasméatica (NAGASHIMA et al., 2003), os autores verificaram rendimentos
maiores (expressos como percentual de embrides reconstruidos por cultivados) nos embrides
derivados do protocolo de eletrofuséo.

Na mesma tematica, as informacdes sobre o controle de doadores de odcitos e nutricdo
devem ser benéficos (PEURA et al., 2003). Contudo, talvez os passos mais dramaticos possam
ser realizados modificando as condicdes in vitro de cultivo associada geralmente com esses
procedimentos. Isto porque com a dependéncia inevitavel do cultivo in vitro e soro, embrifes
derivados de TNCS sdo expostos ndo somente aos traumatismos da enucleacédo, eletrofusao e
reconstrugdo embrionaria, mas igualmente as perturbagdes que podem infligir na LOS em
embrides menos competentes. O desafio em conhecer e talvez eliminar os efeitos gerados pelas
condig@es in vitro consiste em modificar as condigdes artificiais de modo a evitar resultados
prejudiciais e a planejar os métodos de deteccdo que identificam com confianga o genotipo das
aberracOes antes da transferéncia de embrides (McEVOY, 2003).

Além disso, a identificacdo de falhas no inicio do desenvolvimento embrionario
facilitaria extremamente a compreensdo das origens das limitagdes placentarias, por exemplo.
Adicionalmente, a disponibilidade de marcadores confirmativos ou preventivos, aceleraria 0s
estudos visando meios de cultivo adequados que combinem perfeitamente a necessidade

nutricional e de crescimento dos embrides in vitro.
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3.2. Danos ao DNA gerados pelas condicdes artificiais e mecanismos de reparo do
material genético envolvendo yH2A.X

A estrutura primaria do DNA é constantemente sujeita a alteracfes por metabolitos e
agentes exogenos danosos ao material genético. Essas alteracGes podem causar simples
alteracdes ou mudancas complexas incluindo delecdes, fusBes, translocacdes ou aneuplodias
(SANCAR et al., 2004). Tais alteracdes podem levar a morte celular de organismos unicelulares
ou modificagcOes degenerativas em organismos multicelulares.

Os danos ao DNA podem perturbar a homeostasia celular e ativar ou amplificar as vias
bioquimicas que regulam o crescimento e divisdo das células e vias que ajudam a coordenar a
replicacdo do DNA com remocdo dos danos. Os quatro tipos de vias resultantes do dano ao DNA
sdo: a) reparo do DNA; b) “checkpoints” dos danos de DNA,; c) resposta transcricional e d)
apoptose (ZHOU & ELLEDGE, 2000).

Os embrides produzidos por manipulacdo in vitro, independente de apresentarem ou nao
transgenia, apresentam danos no DNA ocasionados pela exposi¢do as condicdes artificiais. As
possiveis fontes causadoras desses danos podem ser de origem exdgena, cOmo exposicdo a
irradiacdo e aos agentes quimicos, ou endogena, como metabdlitos reativos e erros durante a
replicacdo do DNA (HOEIJMAKERS, 2001). Vérios estudos demonstraram um atraso durante o
processo de desenvolvimento em embrides precoces de mamiferos cultivados in vitro quando
comparados aos embrides in vivo. Um dos fatores ambientais que podem contribuir a diferencas
de desenvolvimento &, por exemplo, a concentracdo de oxigénio. In vivo, as concentragdes de
oxigénio no ambiente ovidutario e uterino sdo abaixo daquelas utilizadas convencionalmente em
cultivo de embrides in vitro (MASS et al., 1976). O estresse oxidativo sob altas concentracdes é
correlacionado com a geracdo de espécies de oxigénio reativo, tais como o peroxido de
hidrogénio que induz fragmentagcdo no DNA em células (HALLIWELL & ARUOMA, 1991),
além de danos na membrana celular (AITKEN et al., 1989). Além disso, 0 aumento nos danos de
DNA apresenta uma correlagdo positiva na reducdo do potencial de desenvolvimento de
embrides e, provavelmente, um fator que contribui para a restricdo do desenvolvimento
(TAKAHASHI et al., 1999).

As respostas aos danos do DNA s@o necessariamente importantes para assegurar a
transmissdo de informacdo genética intacta. A forma fosforilada da H2A.X, denominada
YH2A.X, tem recebido atencdo em virtude da sua relagdo com danos gerados ao DNA,
particularmente as DSBs (“Double Strand Breaks”) (REDON et al., 2002; PILCH et al., 2003).
Nesses estudos, demonstrou-se que dentro de poucos minutos de exposicdo a radiacdo ionizante

ou outros fatores exodgenos a uma célula, ja se induz DSBs e H2A.X ¢ fosforilada por membros
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da familia fosfatidil-inositol 3-quinase (PI-3K), resultando em formas localizadas, denominadas
de foci, que ocorrem nas vizinhancas dos sitios DSBs (ROGAKOU et al., 1998; WANG et al.,
2005) (Figura 6A).
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Figura 6. Formacéo dos foci de yH2A.X seguida de reparo do DNA. (A). Reparo rapido de DNA
e (B). Reparo lento de DNA. Adaptado de SEDELNIKOVA et al. (2008).

Além disso, a H2A.X possui um papel essencial no recrutamento e acimulo de proteinas
de reparo do DNA (FERNANDEZ-CAPETILLO et al., 2003, FILLINGHAM et al., 2006). Por
outro lado, quando o reconhecimento desses locais danificados é lento, ocorre um atraso no
recrutamento dos complexos de reparo e, conseqiientemente, um comprometimento do reparo
que culmina no acimulo de danos e aumento de foci de YH2A. X (Figura 6B).

Desta maneira, a formacdo de foci de histona H2A.X fosforilada é utilizada como um
marcador de danos do DNA e consiste em um “checkpoint” da célula em resposta ao dano no
material genético. A H2A.X é uma variagdo da H2A e constitui de 2-25% das histona H2A de
mamiferos de acordo com o organismo e tipo de célula (ROGAKOQOU et al., 1998; REDON et al.,
2002). O DNA de eucariotos € empacotado ao redor de um octamero de quatro proteinas de
histona no nucleo, sendo duas moléculas de cada grupo (H4, H3, H2A e H2B) formando o
nucleossomo (Figura 7). As histonas sdo alvos essenciais para a regulacdo dos processos de
DNA que incluem a transcricdo, a replicacdo e reparo do DNA. Entre as histonas nucleares, a

H2A apresenta 0 niUmero mais elevado de variagdes, e algumas dessas variagdes com funcbes
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especificas durante a espermatogénese e desenvolvimento pré-implatancional (FAAST et al.,
2001; GOVIN et al., 2007).

Chaperone

9\

Lipid droplet

Figura 7. Empacotamento da cromatina em eucariotos. Gotas lipidicas em embrides de
Drosophila sdo utilizadas como depositos para as histonas H2A e H2B. Tais histonas sdo
liberadas dessas gotas lipidicas e transportadas dentro do ndcleo por proteinas denominadas
chaperonas. Dentro do nucleo, tetrdmeros de H3 e H4 encontram-se envolvidos por DNA
genémico, seguida pela associacdo com os dois dimeros de H2A e H2B. O resultado é o
nucleossomo, a unidade basica de empacotamento da cromatina. Adaptado de BRASAEMLE &
HANSEN (2006).

A H2A.X apresenta uma regido conservada de Ser-Glu no grupamento carboxil terminal
da proteina e a serina 139 dessa regido é rapidamente fosforilada pela ATM (Ataxia-
telangiectasia mutated) dentro de minutos apds o dano no material genético (ROGAKOU et al.,
1998; REDON et al., 2002). Assim, a fosforilacdo da H2A.X atua tanto como um sensor de
danos ao DNA como um amplificador de sinais exigidos para impedir a célula com DNA
danificado de iniciar a cariocinese (ZIEGLE-BIRLING et al., 2009). Numerosos estudos tém
demostrado a utilizacdo da yH2A.X como biomarcador de danos no material genético, como por
exemplo em células teciduais irradiadas (ROGAKOU et al., 1998), células embrionarias
irradiadas (ADIGA et al., 2007) e embrides submetidos a estresse ambiental (ZIEGLE-BIRLING
et al., 2009). As respostas a diferentes danos ao material genético sdo ativadas durante o0s
estagios iniciais do desenvolvimento embrionario. Contudo, 0S mecanismos e 0S processos
envolvidos nesse reparo, principalmente quando da insercdo de um transgene ao genoma, ainda

nédo sdo completamente conhecidos.
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3. JUSTIFICATIVA

A biotécnica de TNCS apresenta uma série de aplicagdes com diferentes objetivos, tais
como a producdo de animais transgénicos, conservacdo de recursos genéticos e estudos na
compreensdo da interagdo ndcleo-citoplasma durante a reprogramacao celular. Embora a TNCS
tenha alcancado um forte interesse para a obtencdo de animais superiores e individuos
transgénicos, esta ainda apresenta uma baixa eficiéncia quando comparada a outras
biotecnologias.

O sucesso da técnica de TNCS varia entre 1 % a 83% nos estudos ja realizados. Isso
acontece em virtude de uma variedade de fatores, tais como o tipo de célula doadora, 0 método
de cultivo embrionario, as falhas da reprogramacdo celular, a variacdo entre laboratorios e as
metodologias empregadas para as etapas de enucleacdo oocitaria e reconstrucdo embrionaria,
além da fonte e qualidade do odcito ao inicio da maturagdo. Nesse sentido, investigar os
aspectos moleculares relacionados ao odcito e detectar possiveis danos ao material genético
gerados pelas condicBes in vitro representam alicerces relevantes para incrementar a eficiéncia
da técnica.

Desta maneira, a avaliacdo da expressdo de genes relacionados a competéncia de odcitos a
serem utilizados nas etapas posteriores da TNCS torna-se de suma importancia para o
desenvolvimento da técnica de TNCS em caprinos. Por outro lado, investigar por meio da
fosforilagdo da H2A.X (yH2A.X) danos ao DNA poderdo trazer informagdes relevantes para
assegurar a transmissdo da mensagem genética intacta. E, finalmente, a producdo e
estabelecimento de prenhezes de embribes clones transgénicos produzidos pelo método HMC
podera possibilitar a aplicabilidade desse método na espécie caprina, ja comprovado em

bovinos.



51

4. HIPOTESES CIENTIFICAS

4.1. CAPITULO I

O tipo de regime hormonal de estimulagdo ovariana utilizando FSH e eCG afeta a taxa de
maturacdo in vitro e niveis de expressdo de EGF e EGFR em odcitos e células do cumulus

recuperados por laparoscopia em cabras.

4.2. CAPITULO I

Embrides bovinos produzidos por TNCS apresentam um maior nimero de foci de yH2A.X em
resposta aos danos ao material genético gerados durante as etapas de reconstrucdo embrionéaria e
detectaveis no desenvolvimento in vitro quando comparados a embriGes derivados de ativacao

partenogenética e FIV.

4.2. CAPITULO HII

Embribes caprinos clones transgénicos vidveis podem ser produzidos em taxas aceitaveis
utilizando a técnica de TNCS pelo método HMC.
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5. OBJETIVOS

5.1. GERAL

Avaliar distintos fatores técnicos e biolégicos que podem contribuir para o sucesso da TNCS em

ruminantes.

5.2. ESPECIFICOS

5.2.1. CAPITULO |

Comparar o nivel de expressdo de EGF e EGFR em odcitos e células do cumulus quanto ao
tipo de tratamento de estimulacdo ovariana (padrdo vs. one-shot), qualidade oocitaria (GI/GlI
vs. GIII) e maturagéo nuclear (imaturo vs. maturado vs. ndo maturado);

5.2.2. CAPITULO II

Detectar quantitativamente a presenca da yH2A.X em embri6es bovinos produzidos in vitro

quanto ao tipo de técnica de obtencdo de embrifes (TNCS vs. ativacdo partenogenética vs.

FIV) e estadio embrionario (uma célula ou zigoto vs. duas células vs. blastocisto);

5.2.3. CAPITULO Il

Produzir embrides caprinos clones transgénicos para o hG-CSF utilizando o método de
TNCS por HMC;

Determinar a taxa de prenhez usando embrides caprinos transgénicos produzidos por HMC.
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6. CAPITULO |

GOAT OOCYTE PRODUCTION BY STANDARD OR ONE-SHOT FSH
TREATMENTS AND QUANTITATIVE ANALYSIS OF TRANSCRIPTS FOR
EGF LIGAND AND ITS RECEPTOR AFTER IN VITRO MATURATION

PRODUCAO DE OOCITOS CAPRINOS UTILIZANDO TRATAMENTOS PADRAO
E DOSE UNICA DE FSH E ANALISE QUANTITATIVA DE TRANSCRITOS PARA
O LIGANTE EGF E SEU RECEPTOR APOS A MATURACAO IN VITRO

Periodico: Reproduction, Fertility and Development.
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ABSTRACT

We investigated the expression of EGF and its receptor (EGFR) in oocytes and cumulus cells
from goat COCs recovered by LOR after standard (multi-dose FSH) or one-shot (single dose
FSH plus eCG) treatments for ovarian stimulation. In both protocols, no difference was observed
in the number of recovered oocytes per animal (11.7+4.9 vs. 10.8+4.3), percentage of recovered
GI/GIl and GIII COCs (73.9% vs.70.1% and 14.2% vs.16.8%) and nuclear maturation rate
(49.1% vs. 46.1%) between standard and one-shot regimes, respectively (P>0.05). On the other
hand, the COCs obtained from the two treatments were somewhat different at the molecular
level. In spite of the very low EGF expression levels, transcripts could be detected in goat
oocytes and cumulus cells. While EGFR expression differed (P<0.05) in cumulus cells from
COCs produced from the two hormonal treatments, no quantitative differences (P>0.05) were
measured in oocytes. Concerning IVM, only for standard hormonal treatment the expression of

EGF was up-regulated (P<0.05) in MII oocytes relative to immature or non-competent oocytes.
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In cumulus cells, the EGFR transcripts increased during 1IVM, but the level remained lower in
one-shot-derived structures than in comparison with standard protocol ones. In conclusion,
COCs produced by both treatments were somewhat different concerning to EGF and EGFR gene
expressions. However, such differences could not be correlated with developmental competence,
at least until the maturation step. Interestingly, the in vitro maturation strikingly increased the
EGFR expression in both oocytes and cumulus cells. These findings seem to be strongly
correlated with the resumption of the meiosis, and point out to an action through the cumulus

cells or directly on the oocyte receptor.

Additional keywords: gonadotropins, gene transcripts.

INTRODUCTION

In vitro embryo production (IVP) and related technologies, such as Somatic Cell Nuclear
Transfer (SCNT), have been used in goats mainly to multiply breeds and genetic lines, for
animal cloning and transgenesis (Tervit 1996; Baldassare et al. 2002). Thus, it is very important
to provide a large number of in vitro-matured oocytes either to IVP or to make available
cytoplasts for goat cloning. Laparoscopic oocyte recovery (LOR) has been shown to be a useful
tool to provide good quality and numbers of cumulus-oocyte complexes (COCs) in goats
available for different biotechnologies (Baldassarre et al. 1994), such as for the generation of
transgenic goats (Baldassarre et al. 2003).

In the last years, our group obtained transgenic goats (Freitas et al. 2007, 2010) using a
naturalized breed, named Canindé. From now on, we intend to multiply the female transgenic
founder using IVP and SCNT. To achieve these goals, the laboratory is working with LOR in
Canindé goats submitted to hormonal treatments for ovarian stimulation. LOR has the potential
to be performed during a long period of the year (Baldassare et al. 2002) without affecting the
reproductive potential of donors (Stangl et al. 1999).

To a wider application of I\VP embryo technology is important to simplify the procedures
involved, especially those concerning hormonal treatments before LOR, without reduction of
oocyte quality (or developmental competence). A number of variables has been associated with
developmental competence. In vivo acquisition of oocyte developmental competence occurs
continuously throughout folliculogenesis and is influenced by several factors during oogenesis,
such as the nutritional status (Webb et al. 2004) and the hormonal treatment protocol (Cocero et
al. 2010). In addition, the hypothesis that the quality of the stockpiled mMRNA in the matured
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oocyte will dictate developmental competency is largely accepted (Sirard, 2001; Dieleman et al.
2002; Rizos et al. 2002; Fair et al. 2004). Moreover, the composition of the in vitro maturation
media will also provide the oocyte with certain factors that may contribute to the acquisition of
developmental competence (Ali and Sirard 2002).

It is now generally recognized that the control of ovarian function involves not only
gonadotropins but also various local paracrine and autocrine factors that form a complex
communication network within the ovarian follicle (Hunter et al. 2004; Zhang et al. 2009).
Among numerous ovarian factors reported, members of the Epidermal Growth Factor (EGF)
family have received increasing attention in recent years, especially their roles in mediating in
vivo final oocyte maturation and ovulation (Park et al. 2004) and IVM in several mammals
(Lonergan et al. 1996; Guler et al. 2000; Uhm et al. 2010) including the goat (Cognié et al.
2002). EGF is a member of a large family of closely related proteins that includes amphiregulin
(AREG), epiregulin (EREG), betacellulin (BTC), and transforming growth factor-o (TGF-a.).
All of these EGF-like ligands use the same EGF receptor, EGFR (Shimada et al. 2006).

Recently, our group reported the oocyte production in goats raised in Northeast Brazil,
using two FSH protocols for ovarian stimulation (five vs. three injections). The use of the
protocol with higher number of FSH injections resulted in COCs with greater oocyte meiotic
competence and higher levels of EGF receptor (EGFR) expression in cumulus cells when
compared to the treatment with fewer number of doses (Almeida et al. 2010). We also reported
an increased EGFR expression in goat COCs after IVM, which seemed to be strongly associated
with the resumption of meiosis (Almeida et al. 2010).

In the present work, we evaluate another alternative gonadotrophic protocol (one-shot of
FSH plus eCG) for goat ovarian stimulation, comparing it to the conventional hormonal regime
with FSH multi-doses, in order to produce COCs based on LOR. We examined the COC yield
according to morphological evaluation of the structures, the rate of nuclear IVM and the
expression of EGF and its receptor (EGFR) in oocytes and cumulus cells before and after IVM.

MATERIALS AND METHODS

Animal ethics and management

All the procedures used in the present study were performed in a compliance with the
guidelines from the animal care, according to VVan Zutphen and Balls (1997). A total of 18 adult
goats (mean body weight £ SEM, 32.9 = 0.5 kg) were selected as oocyte donors. All animals

were housed indoors in groups of five per pen under controlled nutrition, with access to Tifton
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(Cynodon dactylon) pasture at morning and receiving Tifton during the afternoon. Additionally,
goats were feed with good-quality concentrate (20% crude protein), water and mineral blocks ad

libitum.

Hormone treatments

The animals were submitted to two ovarian stimulation protocols. Thus, each treatment
was performed in three sessions, with the use of five to six different animals per session per
protocol. Females were synchronized by means of intravaginal sponges impregnated with 60 mg
medroxyprogesterone acetate (Progespon; Syntex, Buenos Aires, Argentina) inserted for 11 days
and with a luteolytic injection of 50 g cloprostenol (Ciosin; Coopers, Sdo Paulo, Brazil) in the
8" day of treatment. The standard ovarian stimulation was carried out using 120 mg pFSH
(Folltropin-V; Vetrepharm, Ontario, Canada) distributed in five injections (30/30; 20/20; 20 mg)
at 12 intervals started in 8" day of progestagen treatment. The one-shot treatment used 70 mg
pFSH plus a single dose of 200 IU eCG (Novormon; Syntex, Buenos Aires, Argentina)
administered 36 h before sponge removal.

Anesthesia and oocyte recovery

Ovarian follicles were punctured just after the sponge removal using LOR procedures, as
previously described by Baldassarre et al. (2003). In brief, goats were starved of food 36 h and
of water 24 h prior to LOR. LOR was performed under anesthesia with 0.5 mg/10 kg of xilazin
hydrochloride (Coopazine 2%; Coopers, Sdo Paulo, Brazil) and 25 mg/10 kg of ketamine
hydrochloride (Ketamine; Unido Quimica, Sdo Paulo, Brazil). Oocytes were aspirated from
follicles >2 mm in diameter, visible on the ovaries surface, using a 22- gauge needle (Watanabe,
Sdo Paulo, Brazil) and a vacuum pump (Biosystem, Biocom, S&o Paulo, Brazil). The vacuum
pressure was regulated to -30 mmHg, generating a fluid flow of 7—7.5 mL/min. The collection
medium used was TCM199 (Nutricell, Campinas, Brazil) buffered with 10 mM HEPES and
supplemented 20 UI/mL heparin and 40 pg/mL gentamin sulfate (Sigma-Aldrich, St. Louis, MO,
USA).

Assessment of oocyte quality and IVM

Cumulus-oocyte complexes (COCs) from each ovarian stimulation protocol were selected
under a stereomicroscope and graded in Gl to GIV based on cumulus cells and homogeneous
cytoplasm as described by Almeida et al. (2010). Thus, GI COCs were multilayered compact
cumulus cells and finely granulated oocyte cytoplasm, Gl structures has one to three layers of
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cumulus cells and finely granulated oocyte cytoplasm and GIlII COCs has incomplete or no
cellular vestment or heterogeneous oocyte cytoplasm. GIV COCs with abnormal shape and
heterogeneous oocyte cytoplasm or apoptotic oocytes in jelk-like cumulus-corona cells vestment.

For IVM, GI and GII COCs of each stimulation protocol were washed four times and
incubated in 500 pL maturation medium in four-well dishes. The maturation medium was
TCM199 (Nutricell, Campinas, Brazil) buffered with 10 mM HEPES containing 10 ng/mL EGF,
100 pM cysteamine and 40 pg/mL gentamicin sulfate (Sigma-Aldrich, St. Louis, MO,USA). The
IVM conditions were 5.0% CO, in humidified air at 38.5°C for 24 h. To evaluate the maturation,
cumulus cells were removed from all oocytes by repeated pipetting. Mature oocytes (MII) were
evaluated by visualizing the first polar body and no apparent sign of degeneration, whereas

oocytes with no visible polar bodies were classified as non-competent (NC).

Collection of experimental sampling

Samples of pooled immature Gl, Gll and GIlII COCs (Pre-1IVM) and MII and NC oocytes
(Post-1VM) were collected separately for further RT-gPCR analyses, according to Almeida et al.
(2010). Briefly, pool of 10 denuded oocytes and cumulus cells from 10 denuded COCs were
pooled separately in individual tubes, quickly spun and snap-frozen to be stored -80°C until
RNA extraction. Denuded GlII and GIV COCs were discarded. In the case MIl and NC COCs,
cumulus cells from 10 denuded COCs (from both MII and NC COCs, as cumulus cells removal
was prior to oocyte screening) were pooled in individual tubes. In all the cases, COCs were

obtained of three sessions per protocol of ovarian stimulation.

RNA extraction, reverse transcription and quantitative real-time PCR amplification

Total RNA extraction was prepared from pooled oocytes or cumulus cells obtained from
GI/GII and GIII immature CCOs and MII and NC COCs using RNeasy micro kit (Qiagen Inc.,
Valencia, USA) according to the manufacturer’s instructions. In brief, each frozen sample were
incubated in 75 pL of RLT Plus buffer and mixed with an equal volume of 70% ethanol. The
mixture was then transferred to an RNeasy MinElute spin column from the RNeasy Micro kit for
RNA to bind to the column. RNA purification included an RNAse-free DNase treatment for 15
min at room temperature. After three washes, the RNA was eluted with 12 yL RNAse-free
water.

Reverse transcription was achieved by adding the following to each RNA sample: 20 uM
oligo-dT primer (Promega, Madison, USA); 1 puL of Improm Il (Promega, Madison, USA); 0.5
mM of each dNTP (Promega, Madison, USA); 2 U/uL of RNaseOUT (Invitrogen, Carlsbad,
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USA), and RNase-free water to make a final reaction volume of 20 uL. Reactions were heated to
70°C for 5 min and then placed in to ice. Then, reverse transcription was performed at 42°C for
60 min, followed by 70°C for 15 min. The first strand cDNA products were then stored at -20°C
for later use as template for gRT-PCR. Negative controls or RT blanks were prepared under the
same conditions, but without inclusion of reverse transcriptase.

Relative quantification was performed in triplicates for EGF, EGFR and GAPDH genes
using a MasterCycler ep Realplex (Eppendorf Realplex 4s, Hamburg, Germany) and reactions
using a mixture of 20 L total volume containing 10 pL 2x FastStart Universal SYBR Green
PCR Master (Roche, Mannheim, Germany), 0.2 uM of each primer (Table 1) and 1 pL cDNA.
Template cDNA was denatured at 95 °C for 10 min, followed by 40 cycles of an amplification
program of 95 °C for 15 s, 55°C for 15 s and 60 °C for 30 s. Fluorescence data was acquired
during the 72 °C extension steps. Specificity of each reaction was ascertained after completion of
the amplification protocol. After each PCR run from each cell type (oocytes or cumulus cells), a
melting curve analysis was performed for each sample to confirm if a single specific product was
generated. Negative controls, comprised of the PCR reaction mix without nucleic acid, were also
run with each group of samples.

Data and statistical analysis

Mean number of COCs recovered per animal of the two hormonal treatments were
compared using the t test for non-paired samples. A value of P<0.05 was set as the limit of
statistical significance. The percentage of graded COCs and maturation rates were analyzed
using the Fisher's exact test. The program used for the statistical analysis was GraphPad InStat
3.06 software (GraphPad Software, Inc., La Jolla, USA). The relative quantification of the
expression of gene was performed using the 27t method (Livak and Schimittgen 2001). Target
gene expression was normalized against GAPDH transcript levels (Goossens et al. 2005).
Threshold and Ct (threshold cycle) values were automatically determined by Realplex 2.2
software (Eppendorf, Hamburg, Germany), using default parameters. The Tm (melting
temperature) data was expressed as mean = SD of three or more measurements and was
compared using one-way ANOVA followed by Tukey-Kramer multiple comparison test, and

were determined to be significant when p < 0.05.

RESULTS
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The total number of LOR-derived COCs produced in goat after one-shot (70 mg of FSH
plus 200 Ul of eCG, each administered in single doses) gonadotrophic protocol for ovarian
stimulation was not different (P>0.05) from that obtained by standard treatment (120 mg of FSH,
administered in multi-doses), as shown in Table 2. Additionally, the percentages structures
morphologically classified as GI, GIlI and GllI were also equivalent (P>0.05). GI and GII COCs
were selected for in vitro maturation and after removal of cumulus cells the percentages of
metaphase 11 oocytes (IVM rate) were calculated. No differences between 1VM rates (P>0.05)
were observed among the treatments.

Concerning to quantitative RT-PCR analysis (RT-gPCR), both EGF and EGFR
transcripts, as well as GAPDH, were detected in goat oocytes (Fig. 1A and 1B) and cumulus
cells (Fig. 1C and 1D). The melting temperature (mean + SD) of the amplicons produced in
oocytes did not differ (P>0.05) from that in cumulus cells, for EGF (76.58° C + 0.26 vs. 76.62° C
+ 0.27), for EGFR (77.95° C £ 0.20 vs. 78.12° C £ 0.21) and for GAPDH (81.07° C £+ 0.21 vs.
80.67° C = 0.49). No amplification was observed for the samples without reverse transcriptase
enzyme (negative controls).

In spite of the very low EGF expression levels, transcripts were detected in goat oocytes
and cumulus cells, obtained from all experimental conditions (Fig. 2 and Fig. 3). Additionally,
the receptor (EGFR) mRNA was also extensively detected and was more abundant than the
ligand (Fig. 2 and Fig. 3). Furthermore, the EGF transcript levels were equal (P>0.05) in GI/GlI
and GIII structures independently of the gonadotropic protocol used (Fig. 2A). While EGFR
expression differed (P<0.05) among cumulus cells from COCs produced from the two hormonal
treatments (Fig. 2B), no quantitative differences (P>0.05) were measured in oocytes (Fig. 2A).
Thus, cumulus cells have higher EGFR mRNA levels in standard protocol-derived COCs than in
one-shot and in GI/GII structures compared to GlII.

Concerning IVM, EGFR transcripts have strikingly risen (P>0.05) in metaphase Il
oocytes and their cumulus cells in both gonadotrophic treatments (Fig. 3A and Fig. 3B). The
receptor expression levels were similar between immature and non-competent oocytes, for the
two hormonal protocols (Fig. 3A). In cumulus cells, the EGFR transcripts increased during 1IVM,
but the level remained lower in one-shot-derived structures in comparison to standard protocol
(Fig. 3B). Finally, the EGF mRNA quantity was identical in cumulus cells prior to and following
IVM process (Fig. 3B). Only for standard hormonal treatment, the expression of this growth
factor significantly improved (P<0.05) in MII oocytes relative to immature or non-competent
oocytes, which were equivalent between one another (Fig. 3A). Intriguingly, this increase during

IVM was not observed in one-shot-derived oocytes (P>0.05).
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DISCUSSION

The success of embryo IVVP technologies depends of multiple steps and each of these may
influence the successful outcome. Studies have shown that the initial events, such as in vivo
follicular development and in vitro oocyte maturation, are important for embryonic development,
embryo survival, pregnancy and kidding rates obtained with IVP embryos (Dieleman et al.
2002). In this sense, hormonal treatment for ovarian stimulation can affect the success of in vitro
embryo production by mRNA transcripts regulation in recovered COCs. In the present work,
parallel to the morphological classification and IVM rate analysis, we investigated the expression
of EGF and its receptor (EGFR) in oocytes and cumulus cells from goats COCs recovered by
LOR after standard (multi-dose FSH) or one-shot (single dose FSH plus eCG) treatments for
ovarian stimulation. No differences were observed among the number of recovered and
morphologically graded COCs and IVM rates for both gonadotrophic treatments. Originally, the
one-shot protocol was applied in sheep by Baldassarre et al. (1996) and these authors reported
oocyte and embryo production equivalent to the standard procedure. Since then, this group has
used the simplest protocol in several sheep and goat breeds, under various physiological
conditions (Baldassarre et al. 2002). Even preliminary, the present work indicates that one-shot
gonadotrophic regimen can be used as efficiently as the standard treatment for production of
LOR-derived oocytes from Canindé goats raised in the Northeast Brazil.

On the other hand, the COCs obtained from the two treatments were somewhat different
at the molecular level. While the EGF transcript levels were equal in both oocytes and cumulus
cells, the EGFR expression differed among the cumulus cells, but not in oocytes. Thus, cumulus
cells have higher EGFR mRNA levels in standard protocol-derived COCs than in one-shot
treatment. Previously, our group found that the use of a protocol with higher number of FSH
injections at a shorter interval resulted in COCs with a higher level of EGFR expression in
cumulus cells (Almeida et al. 2010). Through the use of real-time PCR, transcript levels of
selected target genes in COCs have been compared in growing follicles (Mourot et al. 2006;
Racedo et al. 2008). Choi et al. (2005) demonstrated that the EGFR expression increases with
progression of folliculogenesis due to gonadotrophic stimulation, reaching its maximum at the
preovulatory stage.

Traditionally, the morphological criteria have been used to select good quality COCs for
in vitro production of embryos and related technologies, such as somatic cell nuclear transfer.
Oocytes with a compact cumulus composed of several layers of cells and a homogeneous

cytoplasm are considered healthy (Baldassarre et al. 2003). In the present investigation, we
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found that goat cumulus cells have higher EGFR mRNA levels in GI/GII than in GIlI COCs,
independently of the hormonal treatment. Before, our group found no differences in the EGFR
expression in cumulus cells of GI/GIl when compared to GIlII COCs from goats submitted to
hormonal ovarian stimulation with three doses of FSH (Almeida et al. 2010). In that work, we
could not correlate the goat COC morphological grade to the receptor mRNA level.

Despite of the dissimilarities in mMRNA levels among the goat COCs from the two ovarian
stimulation protocols, we could not detected phenotypic differences in the in vitro maturation
step. Thus, the EGFR transcript level in cumulus cells of GI/GII COCs (selected for VM)
originated from the standard gonadotrophic treatment was not associated with oocyte meiotic
competence, once nuclear maturation rate of this group did not differed from that of one-shot
derived GI/GII structures. Additionally, molecular dissimilarities verified in goat COCs before
IVM were also observed after this process. Thus, when comparing the two treatments, the
differences among the EGFR expression in cumulus cells were maintained after IVM.
Particularly, the standard protocol-derived cumulus cells had higher levels of EGFR than one-
shot, before (Pre-1VM) and after (Post-IVM) maturation. Furthermore, the EGF transcripts were
significantly higher in goat MII oocytes derived from standard than one-shot protocol. Also,
when comparing the two treatments, no differences were observed in the expression of EGF in
cumulus cells or EGFR in oocytes. Taking together, these results point out to some differences in
the in vivo pre-maturation storage of transcripts of the goat COCs, which were to some extent
reflected in the gene expression patterns during VM process.

Terminal follicular growth and oocyte maturation are critical phases to generate
developmentally competent oocytes (Hsieh et al. 2009). Many of the maternally derived
products needed for development are stored in the oocyte during its growth (Hay-Schmidt et al.
2001). Even the underlying molecular events remain largely unknown (Bonnet et al. 2008;
Ferreira et al. 2009). The suboptimal store of maternal RNA is believed to negatively impact
subsequent embryo development. In fact, gene expression in early stage embryos relies mostly
on post-transcriptional control of maternal transcripts accumulated during follicular development
and oocyte maturation (Dieleman et al. 2002; Romar et al. 2009). In the cow, mRNA transcripts
and proteins from the oocyte govern initial embryonic development after fertilization until the
4th cell cycle when embryonic control of development becomes evident (Hay-Schmidt et al.
2001). In the present work, the transcript level differences in LOR-derived COCs of hormonally
treated goats could contribute to the oocyte stores RNA necessary to sustain early embryonic
development, or to the processes of final follicular development. It is possible that this issue

could be accessed by the performance of the goat COCs in the subsequent steps of the in vitro
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embryo production. However, it is speculative, since embryo production was not evaluated in the
present work.

Concerning the IVM process, we also evaluate the gene expression pattern of goat COCs
before and after maturation. In general, the EGFR expression was much higher than its ligand
EGF in both goat oocytes and cumulus cells. Interestingly the receptor mRNA was detected in
goat oocytes and its level grew up during the IVM process, irrespective of the hormonal
treatment for ovarian stimulation. This was the most significant result of this study and was in
accordance with our previous report (Almeida et al. 2010). As showed here, the IVM process of
goat COCs increases the EGFR expression in oocytes and cumulus cells and seems to be strongly
correlated with the resumption of the meiosis. In general, EGF and EGF-like ligands enhance
expansion of the COC and improve IVM of oocytes in a variety of species (Lonergan et al. 1996;
Guler et al. 2000; Hatoya et al. 2009). It has been reported that the major site of action of EGFs
that regulates oocyte maturation is the cumulus cells (Dows et al. 1988) acting through gap
junctions (Conti et al. 2006). Nevertheless, the receptor was already described in oocytes of
some species, such as pig (Uhm et al. 1999), macaque (Nyholt de Prada et al. 2009), mouse (Das
et al. 1991) and goat (Gall et al. 2004). It is possible that these apparent disagreements were only
originated from species specificities.

Besides having a mitosis-stimulating action on somatic cells, EGF is also known to
induce resumption of meiosis in oocytes of various mammals, including rat (Hsu et al. 1987),
mouse (Das et al. 1991; 1992), human (Westergaard and Andersen 1989), dog (Hatoya et al.
2009), sheep (Guler et al. 2000), cattle (Lonergan et al. 1996), pig (Uhm et al. 2010) and goat
(Cognié et al. 2002). Nevertheless, the detailed downstream events in EGF-induced meiotic
resumption are not well characterized and a direct action of EGF or EGF-like ligands in oocytes
was already proposed to occur during IVM (Das et al. 1991; Lonergan et al. 1996). Thus, in
bovine and in mouse, it was reported a maturation-promoting effect of EGF in naked oocytes,
equivalent to (Lonergan et al. 1996) or lower than in cumulus-enclosed ones (Das et al. 1991).
The EGF acted on germinal vesicle breakdown and polar body formation on oocytes, associated
with minimal changes in cytoplasmic cAMP and independence of cumulus expansion (Downs et
al. 1989). On the other hand, in some species as swine, regardless the occurrence of EGFR
MRNA in immature oocytes (Uhm et al. 1999), the presence of cumulus cells seems to be
essential for the EGF action, since nuclear maturation significantly decreased in denuded oocytes
(Uhm et al. 2010).

Similar to our results, Gall et al. (2004), using immunofluorescence, western blot and

RT-PCR assays, had already shown the presence of EGFR in meiotic competent and
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incompetent goat oocytes, as well as in cumulus cells. Surprisingly, the researchers never
observed goat oocyte EGFR phosphorylation during the in vitro maturation process (Gall et al.
2005). It was suggested that EGFR in oocytes were not mature and were unable of becoming
phosphorylated with the presence of EGF in the culture medium. However, as proposed for
rhesus monkey by Nyholt de Prada et al. (2010), it is possible that exogenous EGF fail to act
through EGFR, which could be activated by endogenous EGF-like ligands. Furthermore, we
hypothesized that the goat oocyte receptor probably has a physiologic role, once both mRNA and
protein were already detected in this cell. Additionally, the significantly higher EGFR transcript
level of MII oocytes, relative to immature or non-competent structures, found in the current
study also support this proposition. Taking these findings together, we speculate a direct
function, even partial, of EGFR in oocyte maturation, not mediated by cumulus cells.

Finally, besides high levels of EGFR mRNA, we found a very low EGF ligand levels in
goat oocytes and cumulus cells. These findings indicate that the expression of this growth factor
from goat cells, other than cumulus or oocyte, most likely accounts for the ongoing beneficial
effects of the EGFR pathway on goat IVM. The highest expression of EGF was observed in MlI
oocytes derived from standard hormonal treatment. In these structures, a role for EGF-like
ligands acting directly on oocyte and cumulus cells through an autocrine/paracrine pathway is
possible. However, additional investigations are necessary to clarify these findings.

In conclusion, the COCs produced by standard and one-shot FSH treatments for goat
ovarian stimulation were somewhat different concerning EGF and EGFR gene expressions.
However, such differences could not be associated with developmental competence, at least until
the maturation step for in vitro embryo production. Interestingly, the in vitro maturation
strikingly increased the EGFR expression in both oocytes and cumulus cells. These found seems
to be strongly correlated with the resumption of the meiosis, and point to an action through the
cumulus cells or directly on the oocyte receptor. This research allows us to obtain a molecular
sketch of which factors may be available to the oocyte after in vivo pre-maturation and in vitro

maturation, and that could to influence the in vitro embryo production and related technologies.
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1 Table 1. Primers employed to obtain quantitative real-time polymerase chain reaction analysis of gene expression in goat oocytes and cumulus cells.

Gene Nucleotide sequence Product size (bp) GenBank accession number
EGF 5-CAATTGATCCAGTAGCACGGTA-3 56 U36428
5-GCCTGCCACCTCTGAAGAGC-3’
EGER 5-AACTGTGAGGTGGTCCTTGG-3 120 AY 486452
5-CACTGTGTTGAGGGCAATGA-3
GAPDH 5-TTCAACGGCACAGTCAAGG-3 119 XM_618013

5-ACATACTCAGCACCAGCATCAC-3




71

Table 2. Production cumulus-oocyte complexes (COCs) by laparoscopic recovery in hormonally treated goats for ovarian stimulation and in vitro
maturation (IVM).

Gonadotrophic treatment Collected COCs Grading of COCs (%)
] IVM rate (%)
(number of goats) (mean per animal + SD) Gl/GlI GHI
Standard
211 (11.7 £ 4.9) 73.9 14.2 49.1
(n=18)
One-shot
184 (10.8 £4.3) 70.1 16.8 46.1
(n=17)

P>0.05.
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Fig. 1. Specificy of EGF, EGFR and GAPDH RT-gPCR amplifications in oocytes and cumulus cells. Derivative melting curves of EGF, EGFR and

GAPDH amplicons in oocytes (A and B) and cumulus cells (C and D). Negative controls (arrows) were constituted of mRNA templates without
reverse transcriptase.
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Fig. 2. Real-time RT-gPCR analysis of EGF and EGFR expression in goat (A) immature oocytes and (B) cumulus cells obtained from the standard

or one-shot treatments for ovarian stimulation. The fold differences in MRNA expression after normalization to the internal standard (GAPDH).

Within a figure, values without a common superscript differed (P<0.05).
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ABSTRACT

Background: The phosphorylated H2A.X, named as yH2A.X, forms clusters at each DNA
damage site and enables to visualize as nuclear foci with the anti-yH2A.X antibody. yH2A.X foci
may play an essential role in the efficient recruitment of proteins involved in the DNA repair.
Therefore, H2A.X function is essential for DNA repair and genomic stability. Embryos produced
from in vitro manipulation present DNA damages derived from exposure to artificial conditions.
Here, we analyzed the DNA damage during bovine in vitro preimplantation development. In
vitro fertilized (IVF), parthenogenetically activated (PA) and cloned by somatic cell nuclear
transfer (SCNT) bovine embryos were evaluated for yH2A.X quantification at different
developmental stages (1-cell, 2-cell and blastocyst).

Results: By using the confocal immunofluorescence staining approach, we showed DNA
damage in bovine preimplantation embryos according to two quantitative parameters: number of
yH2A.X focus/nucleus and chromatin area with damage/nucleus. In early developmental stages,
pronucleus 1 (large size pronuclei) of in vitro fertilized embryos showed a number of yH2A. X

focus/nucleus four times greater than nucleus of SCNT 1-cell embryos (309.5+70.2 versus
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73.7£17.6, respectively, P<0.05). However, this pattern did not happen for the chromatin area
with damage (P>0.05). On the other hand, both parameters were greater in PA-derived
blastocysts when compared to IVF and SCNT embryos (P<0.05). In relation to yH2A.X
dynamics during the development of embryos produced by different process, both parameters did
not differ between fertilized (1-cell and 2-cell) embryos. Interestingly, blastocysts produced by
IVF show a reduction in relation to two parameters when compared to 1-cell embryos
(134.7+30.6 versus 493.0£111.1 to number of yH2A.X focus/nucleus and 1511.8+365.0 versus
11491.7£3046.8 pixels to chromatin area with damage/nucleus, respectively, P<0.05). In
comparison to development of SCNT embryos, the chromatin area with damage in TNCS
embryos was reduced in blasctocyts when compared to early embryos (1622.1+ 641.4 versus
3074.3+654.8 versus 12578.9+6014.5 for blastocyst, 1-cell and 2-cell, respectively, P<0.05).

Conclusions: In bovine preimplantation embryos, blastocysts derived of PA presented a greater
DNA damage response when compared to IVF and SCNT blastocysts. Such occurrence reflected
in a high blastocyst rate in parthenotes when compared with other groups (IVF and SCNT). This
knowledge may help in the understanding of the processes involved during bovine
preimplantation development of fertilized, parthenogenetically activated and cloned embryos,

besides being also important for other technologies such as transgenesis.

BACKGROUND

Reproductive biotechnologies are tools widely used in cattle for different purposes, as
basic research on developmental biology, production of transgenic animals and commercial
applications [1]. In vitro embryo production by in vitro fertilization (IVF), parthenogenetic
activation (PA) and somatic cell nuclear transfer (SCNT) is employed to these applications [2-4].

Various studies have investigated the in vitro culture conditions and systems correlated
with DNA damage [5, 6]. The increase in DNA damage caused by oxygen concentration, for
example, was positively correlated with a reduced developmental potential of the embryos and
was probably a contributory factor for this restriction in development [5]. During the
preimplantation period, embryos need an efficient DNA repair machinery, so that the DNA
damage occurring during this period is not amplified by the subsequent cell cycles, which can
eventually result in further cell death by apoptosis. Cellular response to double strand breaks
(DSBs) involves key proteins that function by delaying cell cycle thereby allowing repair of
DNA damage [7]. Cell cycle checkpoints become activated upon DNA damage and are essential

to allow proper progression through the cell cycle and safeguard the integrity of the genetic
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information [8, 9]. Damage response is composed of three components: damage sensors, signal
transducers, and effectors to transmit signals from damaged DNA to the machineries executing
any of the three functions of damage response, cell cycle arrest, apoptosis and DNA repair
networks [10].

Histone H2A.X is one of the H2A variants with a conserved Ser-GIn-Glu motif at the
carboxyl-terminal of the protein, and the serine 139 of this motif is rapidly phosphorylated by
ataxia-telangiectasia mutated (ATM) within minutes after irradiation [11-13]. The
phosphorylated form of H2A.X is designated as yH2A.X, and forms foci at the site of DNA
damage which then serve as a platform to recruit various repair and cell cycle checkpoint
proteins [14]. yYH2A.X is most likely to play important roles in DNA repair and chromatin
remodeling during DNA damage response. It has been suggested that yH2A.X promotes
recombination and conformational changes of chromatins [8,15]; hence chromatin reorganization
by YH2A.X could prevent the premature separation of broken ends, a function that would
safeguard against harmful chromosome rearrangements.

Irradiated mouse embryos showed delayed phosphorylation of H2A.X when they
progressed to the morula stage. In contrast, YH2A.X foci were immediately induced after
irradiation of post-compaction stage embryos. These results demonstrate that one of the ATM
pathways operates in a stage specific manner during preimplantation stage development of
mouse embryos [16].

DNA damage that occurs during the preimplantation period could be attributed to several
factors. However, in vitro produced embryos, among these factors highlight the environment of
in vitro and technique used for activation of development (in vitro fertilization and
parthenogenetic cloning). Therefore, the aim of this study was to evaluate the DNA damage
mediated by histone yH2A.X during the period of pre-implantation bovine embryos produced by
IVF, SCNT and PA.

METHODS
Reagents
Except where otherwise indicated, all chemicals were obtained from Sigma Chemical

Company (St. Louis, MO, USA).

Oocyte collection and in vitro maturation
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Bovine ovaries were collected from local slaughterhouse and transported to the
laboratory. Cumulus-oocyte complexes (COCs) were recovered by aspiration of 2 to 8 mm
follicles using 18-gauge needle and collected in TCM-HEPES (31100-035; Gibco, Grand Island,
NY, USA; H4034) containing 10% v/v fetal bovine serum (FBS, 013/07; Internegocios, Buenos
Aires, Capital Federal, Argentina), and 2% v/v antibiotic-antimycotic (ATB, 15240-096; Gibco).
Prior to in vitro maturation (IVM), oocytes surrounded by at least three layers of granulosa cells
and with a compact and evenly granulated cytoplasm were selected. Then, 35-40 COCs were
transferred into 100 pL droplets of maturation medium overlaid with mineral oil (M8410), in 35
mm Petri-dishes. The maturation medium was bicarbonate-buffered TCM-199 (31100-035;
Gibco), containing 10% v/v FBS, 10 pug/mL follicle stimulating hormone (Folltropin®, Bioniche,
Belleville, ON, Canada), 0.3 mmol/L sodium pyruvate (P2256), 100 pmol/L cysteamine
(M9768) and 2% v/v ATB. The IVM conditions were 6.5% CO, in humidified air at 39°C for 21
h, 22 h and 27 h for SCNT, IVF and PA groups, respectively. After maturation, and only used
oocytes for SCNT and PA, cumulus cells were completely removed by vortexing COCs in 0.1%
hyaluronidase (H4272) in Dulbecco’s phosphate buffer saline (DPBS, 14287-072; Gibco, Grand
Island, NY, USA) during 2 min and washed three times in HEPES-buffered Tyrode’s medium
albumin, lactate and pyruvate (TALPH). Matured oocytes, evaluated by visualizing the first

polar body, were immediately used for SCNT and PA, whereas intact COCs were used for IVF.

In vitro Fertilization (IVF)

The IVF procedure was previously described by Brackett and Oliphant (1975) [17].
Briefly, bovine frozen semen was thawed in a 37°C water bath for 30 s. Spermatozoa were
washed twice by centrifugation at 400 g x 5 min with Brackett’s defined medium. Sperm
concentration was adjusted to 15 x 10%mL and sperm then co-incubated for 5 h with COCs in
100 pL droplets Brackett’s fertilization medium. The IVF conditions were 6.5% CO; in
humidified air at 39°C. Afterward, the presumptive zygotes were washed three times in TALPH

and in vitro cultured as follows.

Parthenogenetic activation (PA)

Matured oocytes were activated by a combined ionomycin (124222; Invitrogen, Carlsbad,
CA, USA) and 6-dimethylaminopurine (6-DMAP; D2629) treatment. Briefly, oocytes were
activated in TALPH with 5 uM ionomycin for 4 min, followed by washing in TALPH. These
oocytes were then incubated in Synthetic Oviductal Fluid (SOF) containing 1.9 mM 6DMAP for
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3 h. After this incubated, 6-DMAP was removed by washing oocytes three times in TALP-H,

followed the in vitro culture.

Somatic Cell Nuclear Transfer (SCNT)
Preparation of recipient cytoplasts and nuclear transfer procedures were derived as

described previously [18].

Preparation of recipient cytoplasts

To remove zona pellucida, matured oocytes were brief treated with 1.5 mg/mL pronase
(P8811) in TALPH, using a warm plate. When the zona was dissolved, oocytes were washed in
TALPH to inactivate the enzyme. Zona-free oocytes were incubated with 1pg/mL Hoechst
33342 (B2261) and 10 pg/mL cytochalasin B in TCM199/FBS for 5 min before transfer into a
TALPH/FBS/cytochalasin B droplet on the microscope stage. They were enucleated under
constant UV-light exposure. Enucleation was performed using 25 um outer diameter pipettes, by
which the cytoplast was moved out of the ultraviolet (UV) light (<10s). Cytoplast and karyoplast
were separated with a simple separation needle. The integrity of the cytoplast was assessed by
evaluation of stained metaphase Il chromosomes inside the pipette, confirming successful

enucleation.

Preparation of donor karyoplasts and attachment of donor cells

Fetal fibroblasts were used for SCNT. Fibroblasts were isolated, frozen and cultured by
standard procedures. Prior to cloning, cell synchronization was performed by serum starvation
(0.5% FBS) for 72 h before being used as donor nuclei. Trypsinized somatic donor cells were
resuspended in TALPH and aliquoted into 100 pL drops covered under mineral oil. About 10
individual cells were picked up with a mouth pipette and added to a drop of 10 mg/mL
phytohemagglutinin (PHA-P; L8754) in TALPH, already containing 10 cytoplasts. Cytoplasts
and donor cells were pushed together with the mouth pipette, incubated for at least 5 min, and
then groups of 10 couplets were transferred into TALPH without PHA-P.

Zona free SCNT-embryos fusion and artificial activation
Following cell adhesion, fusion of somatic cells was carried out by manually aligning
cells in a fusion chamber (BTX Instrument Division; Harvard Apparatus, Holliston, MA, USA)
so that the membranes were parallel to the electrodes. Reconstructed embryos were electrofused
by two 1.2 kV/cm DC pulses for 30 ps (Electroporator ECM830; BTX Instrument Division;
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Harvard Apparatus). Fusion was performed at room temperature. Couplets were removed from
the fusion chamber and put back into TCM199/FBS to score fusion success and detect detached
or lysed donor cells. Fusion outcome was assessed within 60 to 90 min. Reconstructs were
activated 2-3 h post-fusion, using a combination of ionomycin and 6-DMAP as described for PA.

Activation was initiated 27.5 h after the onset of maturation.

In vitro embryo culture conditions and evaluation of embryo development

All structures were cultured in vitro in 50 pL droplets of SOF supplemented with 2.5%
v/v FBS and 0.4% BSA under mineral oil. Cloned embryos were put individually in microwells
using the well-of-the-well (WOW) system based on Vajta et al. [19]. Culture conditions were
6.5% CO; in humidified air at 39°C. Presumptive zygotes (IVF or PA) were transferred to new
droplets at Days 2 and 5, whereas SCNT embryos had replaced 50% of the medium with fresh
medium supplemented with 5% FSB at Day 5. One-cell (1-cell) embryos were collected at 16 h
after initial of the co-incubation spermatozoa-oocyte, oocyte activation, and reconstructed
zygotes in IVF, PA and SCNT, respectively. Two-cell (2-cell) embryos and blastocysts (BI) were
recovered at 24 h and 7 days after initial of the in vitro culture. Moreover, cleavage was

evaluated on Day 1-2, and the number of blastocysts on Days 7-8 post in vitro culture.

Indirect Imunofluorescence analyses

Whole-mount immunofluorescence for yH2A.X quantitative detection was performed on
bovine embryos obtained by the three methods (IVF, PA and SCNT) and in three developmental
stages (1-cell, 2-cell and blastocyst). Briefly, embryos were fixed immediately after collection.
After removal of the zona pellucida (IVF and PA embryos) by digestion with pronase for 3 min,
embryos were washed three times in PBS and fixed with 4% paraformaldehyde in PBS for 30
min and then permeabilized for 30 min at room temperature with PBS containing 0.1% v/v
Triton X-100 and 3% FBS. They were washed three times in 0.1% Tween PBS (PBS-T, H5152,
Promega), blocked and incubated with anti-phospho-Histone H2A.X antibody (1:100 dilution,
05-636, Upstate Biotechnology, Upstate, NY, USA) in 3% FBS 0.1% Tween in PBS for 2 h at
37°C. All embryos were then washed twice in PBS-T, blocked for 30 min and incubated for 45
min at 37°C with second antibody conjugated with fluorescein isothiocyanate (FITC) (F6257,
antirabbit 1gG, 1:200 dilution, Santa Cruz Biotechnology, Santa Cruz, CA, USA) in PBS-T in the
dark. The immunostained embryos were washed with PBS containing 0.1% Triton-X, counter-

stained with propidium iodide (1:100 dilution) in the dark for 10 min to visualize the DNA.
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Stained embryos were mounted on slides, in 70% glycerol. Negative controls for yH2A.X

detection were produced only with the secondary antibody.

Confocal laser scanning microscopy

All embryos were analyzed on a Nikon Confocal C.1 scanning laser microscope. An
excitation of 488 nm wavelength was selected from an argon-ion laser to excite the secondary
antibody and a 544 nm wavelength to excite the propidium iodide. When necessary, images of
serial optical sections were recorded every 1.5-2 um vertical step along the Z-axis of each

embryo. Three-dimensional images were constructed using software EZ-C1 2.20.

Images analyses and yH2A.X quantification

At least ten (1-cell and 2-cell) and five blastocyst images of independent replications
were randomly collected from each embryo in vitro production systems. Integrated fluorescence
intensities of nuclei were measured using ImageQuantiTL software (GE Healthcare, Amersham
Biosciences Corp., Piscataway New Jersey, USA). At 1-cell, IVF-derived embryos showing two
pronuclei were graded as pronucleus 1 (larger size pronuclei) and pronucleus 2 (small size
pronuclei). Both pronuclei were evaluated separately in each structure.

After subtracting the background, each nucleus was manually outlined and exposed for
quantifying the number of yH2A.X foci and chromatin area with damage. Number of yH2A.X
foci in each image was analyzed as being all spot measured by software. The area of the nucleus
was considered as the area of the spot displaying the number of pixels quantified in the image in
order to produce the measurements. This area in each image was also used to adjust the count
with respect to the average nucleus area, because nucleus size varied considerably within the cell

population.

Statistical analyses

All data were expressed as mean of individual values obtained from at least ten
replications by embryo in vitro production system. For all statistical analyzes, the Graphpad
software was used. Cleavage rate was based on number of cleavage embryos at Dayl-2 divided
by embryos in culture. Blastocyst rate was calculated as the percentage of blastocyst at Day 7-8
divided by cleavage embryos. Cleavage and blastocyst rates were compared using ANOVA
following Tukey-Kramer test.

Differences in number of yH2A.X foci/nucleus and chromatin area with damage/nucleus

were analyzed using Dunn’s multiple comparisons test. Comparisons were performed among
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embryonic developmental stage and embryo in vitro production systems. To compare between
embryonic developmental stages, pronuclei of IVF 1-cell embryos were analyzed individually.
Moreover, the nuclear ploidy of the IVF and SCNT derived embryos were reduced to the half for
analyses with PA derived embryos. To compare betwwen embryo in vitro production systems,
pronuclei of IVF 1-cell embryos were analyzed as a cluster of values of pronucleus (1 and 2).

Differences were considered significant at P<0.05.

RESULTS

Developmental competence

To carry out this study, a total of 1889 oocytes cultured in vitro in maturation medium
were allocated to three groups: IVF (n = 350), PA (n = 500) and SCNT (n = 1049). Analysis of
the maturation rate of oocytes used in the PA and SCNT groups evaluated by the extrusion of
polar body, assessed after removal of cumulus cells, was 76.6% (1183/1549). For SCNT, a total
of 691 matured oocytes had their zona pellucid removed with an efficiency of 88.3% (614/691).
The enucleation and fusion rates for zona-free oocytes was 90.4% (556/614) and 86.1%
(480/551), respectively.

The developmental rates of preimplantation embryos obtained by: IVF, PA and SCNT are
shown in Table 1. Cleavage rates were similar (P>0.05) in all experimental groups, 77.0%
(142/184), 75.1% (264/350) and 83.5% (218/270) from IVF, PA and SCNT, respectively.
However, blastocysts rate was consistently higher in PA compared with SCNT (P<0.05). The
competence of cleaved embryos in developing to blastocysts was 19.9% (28/142), 31.0%
(82/264) and 8.0% (18/218) from IVF, PA and SCNT, respectively.

yH2A. X quantification in IVF-, PA- and SCNT-derived embryos during preimplantation
development

In Figure 1 is shown representative images of embryos (1-cell, 2-cell and blastocysts)
stained with the anti-yH2A.X antibody and exposed to fluorescent light. The presence of
yH2A.X levels was detected in all stages of preimplantation development analyzed in embryos
from all experimental groups. Mean number of yH2A.X focus/nucleus and chromatin area with
damage/nucleus were used to perform a quantitative evaluation of DNA damage response with
yH2A.X in all groups. Initially, a correlation between these two parameters was shown to be

positive for all nuclei with an R = 0.79 (Figure. 2).
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At the 1-cell stage, the quantification average of number of yH2A.X focus/nucleus was
similar in IVF and PA zygotes (309.5+70.2 versus 183.5+45.0 versus 164.6+38.2 for IVF-
pronucleus 1 (large size pronucleus), IVF-pronucleus 2 (small size pronucleus) and PA-
pronucleus, respectively, P>0.05). Nevertheless, in early developmental stages, pronucleus 1 of
fertilized embryos showed a number of yH2A.X focus/nucleus greater than pronucleus-like
nucleus of SCNT 1-cell embryos (309.5+70.2 versus 73.7+17.6, respectively, P<0.05, Figure.
3A). This pattern was not seen for the damaged chromatin area (7007.1+2133.0 versus
1537.1+327.4, P>0.05) (Figure. 4A). Also, no differences were observed for both studied
parameters in 2-cell embryos from different embryo types produced in vitro (Figures. 3B and
4B).

For blastocyst stage, both parameters, number of yH2A.X focus/nucleus (122.0+16.9
versus 67.4+15.3 versus 59.6+10.9, P<0.05) and chromatin area with damage/nucleus
(2183.0+£651.9 versus 755.9+182.5 versus 811.0£320.7, P<0.05), were greater in PA-derived
blastocysts when compared to IVF and SNCT embryos, respectively (Figures 3C and 4C).

Regarding to embryo kinetics of development in embryos produced by different in vitro
embryo production systems, both parameters did not differ between fertilized (1-cell and 2-cell)
embryos. Interestingly, blastocysts produced by IVF showed a reduction in relation to two
parameters when compared to 1-cell embryos (134.7+30.6 versus 493.0+111.1 for number of
yH2A.X focus/nucleus and 1511.8+365.0 versus 11491.7+3046.8 pixels for damaged chromatin
area/nucleus, respectively, P<0.05). (Figures 3D and 4D).

The mean number of yH2A.X focus/nucleus (164.6+38.2 versus 320.5+110.2 versus
122.0+£16.9) and chromatin area with damage/nucleus (2837.2+720.0 versus 6550.5+2329.4
versus 2183.0£651.9) did not differ among PA 1-cell, 2-cell and blastocysts, respectively
(P>0.05) (Figures 3E and 4E).

In relation to SCNT embryos, no difference was observed in number of yH2A.X
focus/nucleus (147.4+35.1 versus 553.3+216.0 versus 119.1+20.7) in cloned embryos of 1-cell,
2-cell and blastocysts, respectively (P>0.05) (Figures 3F). However, the chromatin area with
damage in TNCS embryos was reduced in blasctocyts when compared to early embryos
(1622.1+ 641.4 versus 3074.3£654.8 versus 12578.9+6014.5 for blastocyst, 1-cell and 2-cell,
respectively, P<0.05, Figure 4F).

DISCUSSION
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The present study demonstrates the peculiarity of DNA damage response in bovine
preimplantation stage embryos derived by different process: IVF, PA and SCNT. In particular,
the pattern of H2A.X phosphorylation underwent dynamics changes during preimplantation
stage development. Phosphorylation of H2A.X is one of the first steps of damage response and
yH2A.X is a platform for many damage response proteins/complexes to assemble [16].

In mammals, fertilization occurs in the oviduct, where sperm encounters and fuses with
the oocyte. As a result the oocyte nucleus, which had been arrested in metaphase I, completes
meiosis and the two parental pronuclei fuse to form the diploid zygotic nucleus. Progressive
epigenetic modification of DNA of both paternal and maternal genomes begins after fertilization
leading later to epigenetic reprogramming, extending until the stage of 8-16 cells occurs when
the embryonic genome activation in bovine (REF).

The bovine male pronucleus is morphologically distinct from the female version and is
identified as follows: (1) usually slightly larger than the female counterpart [20] and distal from
the polar body; (2) relatively decondensed [21]. In the present study, no statistically significant
differences were observed between the male pronucleus (PN1) and female pronucleus in 1-cell
obtained from IVF (PN2) and PA (PN) in relation to the number of yH2A.X focus. However, the
number of yH2A.X focus in the embryos of 1-cell obtained by SCNT 16 h after activation of
development differed significantly. Prior to gamete fusion, during spermiogenesis, the
postmeiotic spermatid nucleus undergoes a rigorous alteration of its chromatin, stepwise
removing most of the nucleosomes from the DNA and replacing them with protamines which
enable the high degree of compaction found in the sperm nucleus [22]. After entry in the oocyte,
reversal of nucleosome based chromatin is a necessity to enable progression into a pronucleus
that can enter S-phase in conjunction with the maternal pronucleus [23]. The spermatid nucleus
is devoid of DNA repair upon the start of protamine-induced compaction at stage 12 of
spermatogenesis [24-25], some two weeks before ejaculation. Hence, DNA lesions present in the
paternal nucleus at this period will have to be repaired after entry into the oocyte, by stored
factors. Bearing in mind the above, the largest number of yH2A.X focus observed in the paternal
chromosome can be attributed to damage occurring in DNA during the compaction process.

Epigenetic modification of DNA (methylation of cytosine in the dinucleotide CpG)
and/or associated (phosphorylation, acethylation and methylation of histones) are responsible for
regulation of gene expression without changing the DNA sequence [26]. Methylation of the
DNA is recognized as a principal contributor to the stability of gene expression state [27]. The
genomic methylation pattern is generally stable and heritable in differentiated somatic cells;

however, genome-wide reprogramming has been reported to occur in germ cells and
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preimplantation embryos [28]. The reprogramming process includes erasing the existing
epigenetic marks and re-establishing new cell-specific marks to generate cells with nuclear
totipotency and broad developmental potential [28-29]. However, this reprogramming process
leads to DNA damage. Based on this, we hipothesized that a greater number of yH2A.X focus in
zygotes obtained by SCNT is due to increased need for nuclear reprogramming. However this
was not confirmed in this study, when comparing this parameter between the three groups (IVF,
PA and SCNT). Additionally the size of damaged area (proportion of damaged area and the area
of the nucleus) did not differ between embryos obtained from three groups. These data are
consistent with the results of cleavage rates which were not different among embryos obtained
by different in vitro embryo production systems.

The comparison of the number of yH2A.X focus between embryos at different stages of
development (1-cell, 2-cell and blastocyst) obtained by IVF significant difference between
embryos at the stage of 1-cell and blastocyst. However, these two stages of development did not
differ from the zygote to 2-cell stage. This result demonstrates that the period that there was
more DNA damage increased during the pre-implantation is pronuclear stage and that this
damage is mainly the legacy of the compaction process of sperm DNA [30]. Corroborating this
hypothesis, no difference at any stage of development in embryos produced by SCNT and PA
was detected.

CONCLUSION

There is difference in DNA damage level mediated by histone yH2A.X, during the
preimplantation period of bovine embryos produced by parthenogenetic activation compared to
embryos produced by IVF and SCNT at stage of blastocyst. This greater DNA damage reflected
in higher blastocyst rate observed in this group (PA) than other groups (IVF and SCNT). This
knowledge will help to understand the processes involved in bovine preimplantation
development of fertilized, parthenogenetically activated and cloned embryos, besides it is also

important for other technologies such as transgenesis.
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Table 1: In vitro development of bovine embryos produced by in vitro fertilization (IVF), parthenogenetic activation (PA) and somatic cell

nuclear transfer (SCNT).

Embryo Cultured Cleavage Blastocyst
type Embryos, n n % n %
IVF 184 142/184 77.0° 28/142 19.9%°
PA 350 264/350 75.1°% 82/264 31.0°%
SNCT 270 218/270 83.5°% 18/218 8.0°

Within a column, values without a common superscript differed (P<0.05).
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1-cell 2-cell

. .-.

Figure 1. Representative confocal laser scanning micrographs of the yH2A.X in bovine preimplantation zygotes and embryos. Data are presented
for in vitro fertilization (IVF), parthenogenetically activated (PA) and somatic cell nuclear transfer (SCNT) embryos. The presented developmental
stages include one-cell (1-cell) collected at 16 h after initial of the co-incubation spermatozoa-oocyte, oocyte activation and reconstructed zygotes,
two-cell (2-cell) and blastocysts (Bl) recovered at 24 h and 7 days after initial of the in vitro culture in IVF, PA and SCNT embryos (original
magnification X 200). Arrows indicate pronuclei in IVF and pronuclei-like nuclei in PA and SCNT 1-cell stages. Arrowheads indicate nuclei in

IVF, PA and SCNT 2-cell stages.
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Figure 2. Linear regression between number of yH2A.X focus/nucleus and chromatin area with damage/nucleus of all nucleus derived of bovine in

vitro fertilized (IVF), parthenogenetically activated (PA) and somatic cell nuclear transfer (SCNT) embryos.
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Figure 3. Number of yH2A.X focus per nucleus in bovine embryos produced by in vitro fertilization (IVF), parthenogenetic activation (PA) and
somatic cell nuclear transfer (SCNT). PN1 and PN2: pronuclear embryos; 2-cell: two cell embryos; Bl: blastocysts; (n) and (2n): nuclear ploidy.

Within a figure, values without a common superscript differed (P<0.05).
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Figure 4. Chromatin with area damage per nucleus in bovine embryos produced by in vitro fertilization (IVF), parthenogenetic activation (PA) and

somatic cell nuclear transfer (SCNT). PN1 and PN2: pronuclear embryos; 2-cell: two cell embryos; Bl: blastocysts; (n) and (2n): nuclear ploidy.

Within a figure, values without a common superscript differed (P<0.05).
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ABSTRACT

Animal cloning represents a valuable tool for production of transgenic animals for proteins of
pharmaceutical interest. Nevertheless, cloning by Somatic Cell Nuclear Transfer (SCNT)
procedures remain inefficient. Traditionally, SCNT is dependent of sophisticated equipment and
a high level of technical skill. Recently, the handmade cloning (HMC) technique has simplified
the cloning process. The aim of this study was to evaluate the in vitro and in vivo developmental
potential of HMC-produced embryos using hG-CSF transgenic goat skin-derived donor cells.
Cumulus-oocyte complexes from slaughterhouse ovaries were in vitro-matured for 20 h. Zona-
free SCNT goat embryos were reconstructed by HMC, based on modified procedures from
cattle. Cloned embryos were transferred to synchronous recipients on Day 1 (1-cell embryos) or
on Day 7 (morulae/blastocysts) of in vitro culture. After all replications, the maturation rate was
83.2% (1,046/1,257), with a fusion rate of 81.0% (282/348) following embryo reconstruction.
Cleavage rate was 87.3% (131/150), with 18.0% (27/150) and 12.7% (19/150) of reconstructed
embryos developing to morulae and Dblastocysts, respectively. No recipient receiving
reconstructed embryos were pregnant on Day 35. HMC appears to be an effective alternative for
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the production of cloned transgenic goat embryos. Further studies are underway for the

production of live born offspring.

Keywords: animal cloning, handmade cloning, transgenesis, goat.

RESUMO

A clonagem animal representa uma valiosa ferramenta para a produgdo de animais transgénicos
para proteinas de interesse farmacéutico. Contudo, a clonagem por Transferéncia Nuclear de
Células Somaticas (TNCS) continua sendo ineficiente. Tradicionalmente, a TNCS necessita de
equipamentos sofisticados e habilidade técnica. Recentemente, a técnica de handmade cloning
(HMC) simplificou o processo. O objetivo desse estudo foi avaliar o potencial de
desenvolvimento in vitro e in vivo de embrides produzidos por HMC utilizando células derivadas
da pele de um caprino transgénico para 0 hG-CSF. Complexos cumulus-oécito de ovarios de
abatedouros foram maturados in vitro por 20 h. EmbriGes caprinos TNCS sem zona pelucida
foram reconstruidos por HMC, baseado nos procedimentos para bovinos. Embrides foram
transferidos para receptoras no Dia 1 (embrides 1-célula) ou Dia 7 (morulas/blastocistos). Apés
as repeticdes, a taxa de maturacdo foi de 83,2% (1046/1257) com uma taxa de fusdo de 81,0%
(282/348). A taxa de clivagem foi de 87,3% (131/150) com 18,0% (27/150) e 12,7% (19/150) de
embrides desenvolvendo-se a morulas e blastocistos, respectivamente. Nenhuma receptora
recebendo embrides foi diagnosticada prenhe no 35° dia. A clonagem por HMC parece ser uma
alternativa eficiente para a producdo de embriBes caprinos clones transgénicos. Estudos

encontram-se em andamento visando o nascimento de crias.
Palavras-chave: clonagem animal, handmade cloning, transgénese, caprino.
INTRODUCTION

After the birth of the first cloned mammal using adult somatic cells as donor nucleus
(Wilmut et al., 1997), Somatic Cell Nuclear Transfer (SCNT) becomes a technique that has been
successfully applied to a range of species as cattle (Cibelli et al., 1998), mice (Wakayama et al.,

1998), goats (Baguisi et al., 1999) and pigs (Polajaeva et al., 2000). Animal production by
cloning has been mainly exploited to study interactions between the nucleus and the cytoplasm
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during differentiation, epigenetics and reprogramming, to produce large-scale numbers of
genetically identical animals, and also for genetic conservation (Campbell et al., 2007).

Perhaps one of the most exciting and promising applications of the SCNT is the
production and multiplication of transgenic animals for pharmaceutical purposes. Since 2006
(Freitas et al., 2007), our group has seen producing mammary gland-directed hG-CSF (human
Granulocyte Colony Stimulating Factor) expressing transgenic goats, having the current goal to
expand the herd by means of cloning procedures. Although SCNT is being performed in many
laboratories, successful application of the cloning technology is still difficult and demanding task
due to many factors (Campbell et al., 2005).

Traditional SCNT procedures employ sophisticated pieces of equipment, ready-made
expensive micropipettes, and require a high level of technical skill. On the other hand, the
handmade cloning (HMC) technique has been developed exactly to circumvent the need of
micromanipulators by using zona-free oocytes (Peura et al., 1998; Vajta et al., 2001). Although,
the conventional micromanipulator-based embryo production has been a rather successful
methodology (Lagutina et al., 2007), HMC procedures are considered a technology with
equivalent efficiency to traditional SCNT, showing that it can be used as an alternative method
for the generation of cloned offspring (Tecirlioglu et al., 2005). In goats, several attempts have
been made to produce cloned (Lan et al., 2006) and transgenic offspring (Baguisi et al., 1999;
Keefer et al., 2001) using the micromanipulator system, with only a group thus far having
reported the production of goat blastocysts by the HMC method (Akshey et al., 2008; 2010).
However, no detailed information is available to date on the application of a HMC technique to
produce cloned transgenic goat embryos.

The aim of this study was to evaluate the in vitro and in vivo embryo developmental
capacity of cloned transgenic goat embryos obtained by HMC procedures using skin somatic

cells from an hG-CSF transgenic doe.

MATERIAL AND METHODS

All protocols used in the present study were approved by the Animal Ethics Committee
of Ceara State University (CEUA/UECE, n°® 09144595-7/50), in compliance with the Biosafety
Technical National Committee (CTNBio, n° 0288/06). Initially, we evaluated the in vitro
development of cloned transgenic embryos to hG-CSF by HMC method (four replications).

Then, cloned transgenic 1-cell or morula/blastocyst stage embryos were transferred to
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synchronous recipients (three replications). Except where otherwise indicated, all chemicals
were from Sigma Chemical Company (St. Louis, USA).

Goat ovaries were collected from a local slaughterhouse and transported to the laboratory
in saline at 30°C. Cumulus-oocyte complexes (COCs) were recovered by aspiration of >2 mm
follicles using a 22-gauge needle (Watanabe, Brazil), which was connected to a flushing system
(Biosystem Biocom, Brazil), with a vacuum pressure of 30 mmHg. Prior to in vitro maturation
(IVM), oocytes were morphologically graded in GI to GIV based on cellular vestments and
cytoplasmic uniformity (Almeida et al., 2010). Only GI to GlII COCs were in vitro-matured in
TCM199 supplemented with 0.022 pg/mL sodium pyruvate, 10,000 IU penicillin, 10,000 pg/mL
streptomycin sulfate, 25 pg/mL amphotericin B, 10% fetal calf serum-FCS, 10 ng/mL EGF, 5
pg/mL FSH, 10 pg/mL LH, 1 ug/mL 17p-estradiol and 100 uM cysteamine for 20 h at 38.5°C,
5% CO; and high humidity. Following IVM, cumulus cells were removed by successive
pipetting and oocytes with a visible polar body (PB) were briefly exposed to 0.25% protease for
zona pellucida removal, followed by a rinse in pure FCS and multiple washes in holding medium
(HM: TCM199 with 0.022 pg/mL sodium pyruvate, 10,000 1U penicillin, 10,000 pg/mL
streptomycin sulfate, 25 pg/mL amphotericin B, 10% fetal calf serum-FCS). Zona-free oocytes
were immediately used for SCNT.

The preparation of recipient cytoplasts, donor cell cultures and nuclear transfer
procedures by HMC were adapted from our procedures in cattle (Ribeiro et al., 2009; Gerger et
al., 2010). Briefly, zona-free oocytes were hand-bisected in 2.5 pg/mL cytochalasin B with a
disposable blade under a stereomicroscope. Then, hemi-oocytes were screened under UV light in
10 pg/mL bisbenzimide (Hoechst 33342) in HM for selection of enucleated hemi-cytoplasts.
Donor nucleus cell were derived from primary skin cell cultures established from ear biopsies
aseptically collected from an adult Canindé hG-CSF transgenic female goat donor obtained in
2008 in our laboratory (Freitas et al., 2010). Upon biopsy collection, the ear tissue was diced into
2 mm pieces and placed in 35-mm tissue culture dishes containing Dulbecco’s modified Eagle’s
medium supplemented with 0.22 mM sodium pyruvate, 26.2 mM sodium bicarbonate, 100
IU/mL penicillin G, 100 pg/mL streptomycin sulfate, 0.25 pg amphotericin B/mL and 10% FCS.
Dermal fibroblast-like cell cultures were established, expanded and maintained at 38.5°C, 5%
CO,, until needed for cloning.

After a brief exposure to phytohemoagglutinin, cloned embryos were reconstructed by
the adhesion of either one cytoplast (~85% cytoplasmic volume) or two hemi-cytoplasts (2 x
50% cytoplasmic volume), to a single fibroblast cell from culture dishes with cells between the

2" and 4" passage and at high confluence (>95%). Reconstructed structures were electrofused
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by two 1.1-kV/cm DC pulses for 5 pus (~26 h post-IVM), after a brief exposure to a 7.0-V pre-
fusion AC pulse in electrofusion medium (300 mM mannitol, 0.1 mM MgS0O,4.7H,0, 0.05 mM
CaCl,.2H,0, 0.5 mM HEPES, 0.01% PVA) in a micro fusion chamber 0.22 mm (Micro
chamber, Eppendorf, Germany) coupled to an electrofusion apparatus (Multiporator, Eppendorf,
Germany). Fusion was assessed within 60 to 90 min. Fused embryos were activated 2-3 h post-
fusion in 5 UM ionomycin in HM for 5 min, followed by an in incubation in 2 mM 6-DMAP in
modified SOFaa supplemented with 0.4% BSA + 2% FCS for 4 h. Activation initiated 27.5 h
after the onset of IVM. All structures were in vitro-cultured in 300 pL of modified SOFaa
medium supplemented with 0.4% BSA + 2% FCS, under mineral oil. Cloned embryos were in
vitro-cultured individually in microwells using the well-of-the-well (WOW) system, based on
Vajta et al. (2000) and modified by Feltrin et al. (2006), at 38.5°C, in humidified air and 5%
CO,, 5% O, and 90% N, for seven days.

Crossbreed goat recipients were estrus-synchronized using intravaginal sponges for 10
days associated with an injection of 400 Ul of eCG and 75 ug of d-cloprostenol at 8" day. Estrus
was observed 24-48 h after the sponge removal. Successfully cloned transgenic 1-cell embryos
and morulae/blastocyts were transferred one and seven days post-estrus, respectively. Prior to the
embryo transfer (ET), the recipient goats were fasted and anesthetized as described by Freitas et
al. (2007). A laparoscopic exploration was performed in order to confirm the presence of at least
one recent ovulation. Cloned embryos were transferred using a TomCat catheter which was
threaded into the oviduct or uteri according with embryo stage. All females were monitored after
the procedures, and antibiotics and analgesics were administered according to approved
procedures. Pregnancy diagnosis was performed by ultrasonography 28-35 days following
transfer, using a Falco 100 scanner (Pie Medical, The Netherlands) equipped with a transrectal 6-
8 MHz linear array transducer.

All data were expressed as mean + SEM of individual values obtained from replications.
Cleavage and blastocyst rates were designed as percentage of cleavage embryos and blastocyst at

Day 2 and 7 divided by reconstructed embryos in culture, respectively.
RESULTS

The mean COC recovery rate from slaughterhouse goat ovaries (Fig. 1A) was 82.5% after
all replications (Tab. 1). The maturation rate, based on PB selection (Fig. 1B and 1C), was
83.2% (1,046/1,257). A total of 793 matured oocytes were submitted to zona removal by
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protease (Fig. 1D), with 85.1% (793/945) survival rate. In all replications, fibroblast cells in
culture presented a confluence of >95% (Fig. 1E).

A total of 61 (43.9%) and 79 (56.1%), and 21 (10.0%) and 152 (90.0%) embryos were
reconstructed using ~85% or 2 x 50% final cytoplasmic volume schemes out of 139 and 209
reconstructed embryos in 1-cell stage (Day 1) and morulae/blastocysts (Day 7) to ET,
respectively. Embryo types were mixed for activation.

Results for in vitro and in vivo embryo developmental potential are summarized in Tab.
2. Cleavage rate on Day 2 (Fig. 1G) and morula and blastocyst rates on Day 7 were 87.3%,
18.0% and 12.7%, respectively, with 27 compact morulae and 19 blastocysts produced (Fig. 1H).
For in vivo embryo development, a total of 88 and 13 cloned transgenic 1-cell stage embryos and
morulae/blastocysts were transferred into six recipients, respectively. No recipients receiving
cloned embryos (Fig. 1F) were pregnant upon ultrasound examination.

DISCUSSION

Since the live birth of the first cloned mammal using adult mammal cells (Wilmut et al.,
1997), SCNT has been used as a research tool for many groups around the world. Animal
production by cloning represents an important application for the production of transgenic
animals for pharmaceutical proteins, usually named biopharming. Despite many efforts, cloning
continues to be inefficient, becoming even less effective when applied to other species rather
than cattle. The variable results of reconstructed embryo production has exploited modifications
and improvements in techniques used for cloning, which have brought about a number of effects
depending upon the species, including the simplification of the procedures that seek ultimately
the improving of survival after birth (Campbell et al., 2007). Recently, alternative cloning
methods, such as the HMC, have simplified the cloning process, also decreasing the time and
cost for training of personnel and for embryo production per se.

In general, the cloning efficiency in many species, such as goats, is directly dependent on
multiple steps, with each of them potentially influencing the successful outcome. For the time
being, pre- and postnatal deviations in development will continue as unpredictable consequences
of SCNT, limiting the transfer of such technology to commercial applications (Bertolini et al.,
2007). The present study reports the production of goat cloned transgenic embryos using the
HMC technique. Thus, we evaluated the developmental competence of these embryos, initially

evaluating the in vitro embryonic development for 7 days in the WOW system, based on
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procedures in cattle, to later investigate the ability of embryos to develop in vivo after the
transfer to synchronized goat female recipients.

In the present study, oocytes used to clone by HMC were matured for 20 h before being
processed for enucleation. In general, the IVM process requires a period of around 24 h for its
completion, although in caprine, a slightly longer period of 27 h has been observed (Cognie et
al., 2004). Nevertheless, in cloning, as well as in HMC procedures, the beginning of embryonic
reconstruction starts usually 20-21 h after IVM so that embryonic activation can occur 27h post-
IVM. Thus, we verified a mean IVM rate similar to other research groups (Cognie et al., 2004).

For removal of zona pellucida, the enzymatic digestion is considered the preferred
method for use in domestic livestock species. Interestingly, we observed that caprine oocytes
appeared to be more sensitive to protease digestion, based on our previous experience in cattle
(Ribeiro et al., 2009; Gerger et al., 2010). Consequently, in the present study, we used enzymatic
digestion with protease at a concentration of 0.25%, differently of the 0.5% concentration used
for bovine oocytes (Vajta et al., 2004; Gerger et al., 2010). Rates of survival following zona
digestion and rates of development to the morula and blastocyst stages reflected well the
effectiveness of the lower concentration of protease used in this study.

The use of demecolcine to promote protrusion cone-guided bisection resulted in a high
rate of lysis after bisection (unpublished data). In addition, zona-free oocytes were bisected using
2.5 pg/mL cytochalasin B, which provided a higher survival after splitting than the standard 5.0
pg/mL concentration (unpublished data). Using procedures as described by Ribeiro et al. (2009)
in cattle, the bisection of goat oocytes resulted in 82 cytoplasts and 231 hemi-cytoplasts (with
~85% and ~50% of the cytoplasmic volume) out of 648 matured oocytes. Thus, the PB-oriented
bisection that results in ~85% cytoplasts improves the embryo yield after cloning by HMC,
rendering it advantageous for species such as the goat, for which oocyte supply and numbers are
usually limiting factors. Furthermore, fusion rates higher than 80% in this study were similar to
other groups of investigators working with goats (Akshey et al., 2008; 2010).

In vitro culture is supposed to have a crucial impact on the development not only of in
vitro-fertilized but also of SNCT embryos. The embryo culture system plays a significant role in
determining the proportion of cloned embryo development to morula and blastocyst. Blastocyst
rates observed in this study were equivalent to results obtained by Akshey et al. (2010) in goats
(12.7% vs. 15.8%, respectively). In cattle, a blastocyst yield of about 50% was observed using
the WOW system (Vajta, 2007). The WOW system provides a constant in vitro
microenvironment for zona-free embryos due to its suitable size for holding the embryo, also

avoiding the formation of chimeras when direct contact between individual zona-free embryos
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occurs (Du et al., 2007). Moreover, the lack of zona pellucida as a result of HMC procedures
does not affect neither the development to blastocysts (Rodriguez et al., 2008) nor the birth of
cloned bovine, swine and mice (Vajta et al., 2004; Du et al., 2007; Ribas et al., 2005).

Pregnancies and liveborn have been reported in goat cloned embryos produced by
conventional SNCT technique (Keefer et al., 2001; 2002). In this study, we also analyzed in vivo
developmental competence of cloned embryos. Thus, 1-cell stage embryos and
morulae/blastocyts were transferred to synchronous female recipients. The transfer at such an
early stage usually requires the presence of zona pellucida or agar embedding to protect embryos
from the recipient’s immune system (Loi et al., 1999). A disadvantage of zona-free systems is
that embryos have to reach at least the compact morula or early blastocyst stages in vitro to avoid
disintegration in the oviduct without the protective layer of the zona pellucida (Du et al., 2005;
Vajta et al., 2005). One of the functions of zona pellucida is to keep the interaction between cells
during the first embryonic divisions. A study to evaluate the in vivo developmental viability of 1-
cell stage porcine handmade cloned embryos showed that the transfer of theses embryos directly
to the oviduct of a synchronous sow without zona pellucida or agar embedding can result in
pregnancy (Ohlweiler et al., 2010). However, here, no recipients receiving reconstructed cloned
1-cell stage embryos became pregnant. Morever, few replications with blastocyst transfers were
performed. In other works, zona-free blastocysts were transferred successfully, as in cattle (Peura
etal., 1998; Vajta et al., 2004) and swine (Du et al., 2007), which have been born.

CONCLUSION

In summary, the use of HMC procedures was proven a simple and promising alternative
for the production of cloned transgenic goat embryos. However, further studies are underway for

the production of live born offspring.
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Table 1. Number of aspirated follicles and recovery and maturation rates for goat cumulus-oocyte complexes (COCs) obtained from slaughterhouse

ovaries.
Punctured Recovered Oocyte quality IVM rate
Ovaries . Immature
Follicles COCs 1 and Il i MII
IVC+ET oocytes

n n n % n % n % n % n n %

Day 1 +ET 50 374 349 93.3 168 48.1 111 31.8 24 6.9 321 268 835
Day 7+ ET 111 981 914 93.2 355 38.8 421 46.1 138 15.1 907 710 78.3
Total 161 1355 1263 93.2 523 414 532 42.1 162 12.8 1257 1046 83.2
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Table 2. In vitro e in vivo development of hG-CSF (human Granulocyte Colony Stimulating

handmade cloning (HMC).

Factor) transgenic goat embryos produced by

Reconstructed Fusion rate’ Cleavage Morulae Blastocyst ET
IVC+ET
embryos, n n % n % n % n % n/recipient Pregnancy
Day 1+ET 139 109 78.4 -- -- -- -- -- -- 88/5 0
Day 7+ET 209 171 81.8 131/150 87.3 27/150  18.0 19/150 127 1317 0
Total 348 282 81.0 131/150 87.3 27/150 18.0 19/150 12.7 101/6 0

" Fusion of one hemi-cytoplast (85%) + donor cell or two hemi-cytoplasts (2 x 50%) + donor cell.

" Transfer of seven compact morulae and six blastocysts.
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I

Figure 1. Cloned hG-CSF transgenic goat embryos produced by the HMC method. (A). Immature COCs from slaughterhouse ovaries prior to IVM
(original magnification X 200). (B). COCs in modified HM after 20 h IVM (original magnification X 200). (C). Matured oocytes based on PB
selection. (D). Zona-free oocyte obtained by enzymatic removal (original magnification X 600). (E). Fibroblast cells in high confluence originally
cultured from a Canindé transgenic female (original magnification X 200). (F). One cell embryo before the transfer to synchronized recipients
(original magnification X 400). (G). Cloned transgenic embryos on Day 2 in the WOW system (original magnification X 400). (H). Blastocyst on

the seventh day of development (original magnification X 600).
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9. CONCLUSOES

9.1. CAPITULO |

Em caprinos, CCOs produzidos pelos tratamentos padrdo e dose Unica foram diferentes

quanto a expressdo de EGF e EGFR;

Apds a maturacdo in vitro, obsevou-se um aumento da expressao de EGFR em odcitos e

células do cumulus;

Tais resultados permitiram obter um cenario molecular de como os fatores podem ser
avaliados no o0cito apds pré-maturacdo in vivo e maturacdo in vitro, e que podem

influenciar o sucesso das biotecnologias;

9.2. CAPITULO II

Em embribes bovinos pré-implatancionais, blastocistos produzidos por FIV, AP e TNCS
difereriram quanto a presenca de yH2A.X. O nUmero maior de focus de yH2A.X
detectado em blastocistos partenos refletiu na alta taxa de desenvolvimento embrionario
verificada neste grupo, quando comparada aos demais (FIV e TNCS);

Os nucleos de embrides clones no estadio de 1-célula apresentaram maior nimero de
focus de yH2A.X quando comparados ao pro-nucleo 1 (tamanho maior) de embrides de
FIV 1-célula;

9.3. CAPITULO III

O uso da técnica de HMC monstrou ser uma alternativa simples e promissora para a

producdo de embrides transgénicos utilizando células de um caprino transgénico adulto.
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10. PERSPECTIVAS

As investigacOes realizadas neste trabalho permitiram conhecer e contribuir para o estudo
da TNCS em ruminantes. A TNCS é uma biotécnica multifatorial e os progressos em todas as
suas etapas contribuem para simplificar e aumentar sua eficiéncia. Contudo, estudos ainda
tornam-se necessarios, quanto:

(i) Investigar os niveis de expressdo de EGF e EGFR em odcitos e células do cumulus
ap0s maturacao in vitro em meio suplementado com hormonios e fatores de crescimento;

(ii) Avaliar a competéncia de desenvolvimento in vitro de odcitos caprinos recuperados
por laparoscopia dos distintos tratamentos hormonais;

(if) Elucidar os mecanimos de reparo aos danos ao DNA em embriGes bovinos pre-
implantacionais oriundos de manipulag&o in vitro, permitindo conhecer e corrigir falhas durante
a reprogramacao nuclear;

(iii) Estabelecer taxas de prenhezes e obter caprinos transgénicos clones viaveis

produzidos por HMC utilizando células de um caprino transgénico.
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12. APENDICES

12.1. APENDICE A

RESUMO PUBLICADO: Acta Scientiae Veterinariae, 38 (Supl. 2): 675, 2010.

AVALIAGAO DE DANOS DE DNA POR DETECGAO DA yH2AX EM EMBRIOES BOVINOS
PRECOCES PRODUZIDOS POR FERTILIZAGAO IN VITRO (FIV), PARTENOGENESE E
TRANSFERENCIA NUCLEAR DE CELULAS SOMATICAS (TNCS) f

Pereira, A.F.": Melo, L.M.%: Freitas, V.J.F.%; Salamone, D.2

'Laboratério de Fisiologia e Controle da Reproducéo, Universidade Estadual do Ceara (UECE), Brasil.
“Laborat6rio de Biotecnologia Animal, Universidade de Buenos Aires (UBA), Argentina.
*Bolsista CAPES/PDEE E-mail: salamone@agro.uba.ar

Embrides produzidos por manipulacéo in vitro apresentam danos no DNA ocasionados pela exposic¢éo as
condigOes artificiais. A formacdo de foci de H2A.X fosforilada (yH2A.X) é utilizada como marcador
desses danos. O objetivo do estudo foi detectar quantitativamente a yH2A.X em embrides precoces
bovinos produzidos por manipulagdo in vitro. Complexos cumulus-odcito recuperados de ovarios de
abatedouros foram maturados em TCM199 modificado por 22-24 h a 39 °C e 5% de CO,. Os embrides
foram obtidos por FIV, partenogénese ou TNCS. Para a FIV, o6citos maturados foram incubados com
15x10° espermatozoides/mL. Partenos foram produzidos pela ativacdo de odcitos maturados utilizando 5
MM de ionomicina (4 min) e 2 mM de 6-DMAP (3 h). Os embrides TNCS livres de zona foram obtidos
pelo método descrito por Oback et al. (2003, Cloning Stem Cells 5, 3-12). Embrides reconstruidos foram
ativados conforme descrito para os partenos. Todos os tipos de embrides foram incubados em SOF a
39 °C e 5% de CO,. Embrides livres de zona foram cultivados em sistema WOW. A detecgdo da yH2A.X
foi realizada por imunofluorescéncia indireta em embrides pro-nucleares (PN) e 2 células (2C). As
amostras foram avaliadas em microscdpio confocal e as imagens analisadas pelos softwares EZ-C12.20 e
ImageQuantiTL. Para cada tipo de embrido e estadio de desenvolvimento foram obtidos, no minimo, 10
estruturas. Numero de foci de yH2A.X e area de cromatina danificada por nucleo foram analisados
utilizando ANOVA seguida de teste Tukey (P < 0,05). Para os embrides PN, as médias do nimero de foci
de yH2A.X/nlcleo (309,5 + 70,2; 164,6 + 38,2; 147,4 + 35,1) e &rea de cromatina danificada/nucleo
(7007,1 + 3547,7; 2837,2 £ 728,0; 3074,3 £ 659,6 pixels) ndo diferiram entre embribes oriundos de FIV,
partenogénese e TNCS, respectivamente. Ja os embrides 2C oriundos de TNCS apresentaram uma area de
cromatina danificada/ntcleo duas vezes maior que em partenos (P < 0,05). Além disso, embrides clones
apresentaram um aumento no ndmero de foci de yH2A.X/nucleo durante o desenvolvimento de PN para
2C (147,4 + 35,1 vs. 553,3 + 216,0; P < 0,05). Este mesmo padrdo foi observado para a area de cromatina
danificada (3074,3 + 659,6 vs.12780,8 + 742,6 pixels). Isso sugere que embora os danos no DNA
ocorram, 0s mecanismos de reparo nessa transicdo nao sdo capazes de promover a recuperacdo desses
embriBes. Investigacdes futuras sdo necessarias para elucidar as deficiéncias desses mecanismos. Esses
conhecimentos ajudardo a compreender 0s processos envolvidos nas etapas iniciais do desenvolvimento
de embrides produzidos por FIV, partenogénese e TNCS, além de serem igualmente importantes em
outras tecnologias, como, por exemplo, a transgénese.

 Primeiro lugar da Competicdo de Estudantes durante a XXIV Reunido Anual da Sociedade
Brasileira de Tecnologia de Embrido (SBTE), Porto de Galinha—PE-Brasil.
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12.2. APENDICE B

RESUMO PUBLICADO: Animal Reproduction, 7 (3): 303, 2010.
CLONING IN GOATS: COMPARISON OF TWO TECHNIQUES FOR OOCYTE RECOVERY

A.F. Pereiral; A.S. Alcantara Neto®; I.S. Carneiro?; F.C. Sousa'; C.H.S. Melo®; T.M. Almeida’; D.I.A.
Teixeiral; L.M. Melo*; M. Bertolini% V.J.F. Freitas
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Introduction
Animal cloning represents a valuable tool for the production of bioreactor animals (1). However, cloning
efficiency in many animal species, such as goats, is directly dependent on the source and availability of
good quality oocytes. The aim of this study was to compare the recovery efficiency of goat oocytes using
laparoscopic or aspiration of slaughterhouse ovaries.

Material and Methods

For laparoscopic oocyte recovery (LOR), the estrous cycle of 36 goats was synchronized using sponges
impregnated with 60 mg medroxyprogesterone acetate (Progespon, Syntex, Buenos Aires, Argentina)
inserted intravaginally for 11 days. On day 8, a 50 ug d-cloprostenol (Ciosin, Ford Dodge Satde Animal,
Campinas, Brazil) injection was given intramuscularly (IM), along with the onset of the ovarian
stimulation, which was carried out using 120 mg pFSH (Folltropin-V, Vetrepharm, Ontario, Canada)
distributed in five IM injections (30/30, 20/20 and 20 mg), 12 h apart. Animals were fasted for 24 h prior
to the LOR, which was performed at the time of sponge removal. Conversely, ovaries from 63 well fed
goats were collected at a local slaughterhouse and transported to the laboratory in saline at 30°C. All >2-
mm follicles were counted, followed by follicular aspiration for both groups using a system for small
ruminants (WTA, Cravinhos, Brazil). Retrieved cumulus-oocyte complexes (COCs) were classified based
on morphological criteria (2). Data regarding the mean number of follicles, total COCs, and viable COCs,
on a per female basis, and the recovery efficiency (COCs per number of follicles) were analyzed using
the Student’s t-test or the ¥ test, for p < 0.05.

Results and Discussion

After three sections of LOR and five replications with slaughterhouse ovaries, the mean number per goat
of aspirated follicles (588/36 vs. 1.029/63; 16.3. vs. 16.3), total COCs (429/36 vs. 885/63; 11.9 vs. 14.0)
and the number of viable COCs (385/36 and 720/63; 10.7 vs. 11.4) did not differ between the oocyte
retrieval groups. However, the COC recovery efficiency for slaughterhouse ovaries was higher than for
the laparoscopic procedure (86.0% vs. 73.0%, respectively). The higher recovery efficiency from
slaughterhouse ovaries was likely due to a stricter control over the follicular aspiration process than the
remote laparoscopic approach. Visually undetected follicles may also be aspirated when controlled by
hand, improving the recovery efficiency. In conclusion, despite the lower COC recovery efficiency, our
preliminary results indicate that the in vivo laparoscopic procedure was as efficient as the use of
slaughterhouse ovaries for the obtention of goat COCs, with both retrieving methods rendering a similar
number of good quality oocytes, on a per goat basis.

References
(1) Keefer CL. 2004. Animal Reproduction Science, 82-83: 5-12; (2) Baldassarre H, Wang B, Kafidi N,
Gauthier M, Neveu N, Lapointe J, Sneek L, Leduc M, Duguay F, Zhou JF, Lazaris A, Karatzas CN.
2003. Theriogenology. 59: 831-839.
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12.3. APENDICE C
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HANDMADE CLONING IN GOATS
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A tecnologia da clonagem animal tem sido o foco de interesse de muitos grupos de pesquisa em todo
mundo. Apesar dos esforcos, a clonagem continua ineficiente, especialmente quando aplicada a outras
espécies, que ndo a bovina. Recentemente, métodos alternativos de clonagem, como o handmade cloning
(HMC), tém simplificado o processo, diminuindo também o tempo e o custo para a formacdo de pessoal e
para a producdo de embrides. O objetivo deste estudo foi adaptar o procedimento de handmade cloning
para caprinos, baseado em nossos procedimentos em bovinos (Ribeiro et al. 2009, Cloning Stem Cells,
11:377-386), visando a producdo de embrides clones transgénicos. Complexos cumulus-odcito caprinos
(CCOs) oriundos de ovérios de abatedouro foram maturados in vitro em meio composto de meio de
manipulacdo (MM: TCM199, 0,022 pg/mL de piruvato de sédio, 10.000 Ul de penicilina, 10.000 pg/mL
de sulfato de estreptomicina, 25 pg/mL de anfotericina B) suplementado com 10 pg/mL de EGF, 5
pug/mL de FSH, 10 pg/mL de LH, 1 pg/mL de E;, 100 uM de cisteamina e 10% de soro de cabra em estro
(SCE), por 20 h a 38,5°C, 5% de CO, e umidade saturada. Apds a remocdo de células do cumulus e
selecdo do corpusculo polar (CP), o6citos maturados foram expostos a 0,25% de protease para a remogao
da zona peldcida, seguido da lavagem em soro fetal bovino puro (SFB) e varias lavagens em MM + 10%
de SFB. Odcitos sem zona foram bisseccionados manualmente em 2,5 pg/mL de citocalasina B, com 0s
hemi-citoplastos enucleados sendo selecionados sob luz ultravioleta. Em seguida, dois hemi-citoplastos
expostos a fitohemoaglutinina foram aderidos a um Unico fibroblasto proveniente de cultivo celular
primario entre a 22 e 42 passagem, em elevada confluéncia (>95%), obtido a partir de uma bidpsia cutanea
de uma cabra transgénica para 0 hG-CSF. As estruturas reconstruidas foram eletrofusionadas por dois
pulsos de corrente continua de 1,1 kV/cm por 5 ps (~26 h p6s-MIV), ap6s uma breve exposicdo a um
pulso de pré-fusdo de corrente alternada de 7,0 V. As estruturas fusionadas foram ativadas em
ionomicina/6-DMAP para serem individualmente cultivadas in vitro no sistema WOW em meio SOFaa +
2% de SFB + 0,3% de BSA, a 38,5°C, 5% de CO,, 5% de O, e 90% de N, por sete dias. Em trés
repeticdes, a taxa de maturagdo, com base na selecdo dos CP, foi de 84,6% (549/649), com uma taxa de
fuséo atingindo 83,2% (139/167). A taxa de clivagem foi de 85,4% (105/123), com 17,1% dos embrides
atingindo estadios transferiveis (8 morulas compactas e 13 blastocistos/105) no Dia 7 de
desenvolvimento. Esses resultados preliminares sdo semelhantes aos relatados por outros autores
utilizando o procedimento classico de clonagem. Em conclusdo, a clonagem manual (HMC) parece ser
uma alternativa eficaz para a producdo de embrifes clones transgénicos caprinos. Estudos adicionais
encontram-se em andamento visando o nascimento de clones viaveis.

Projeto de pesquisa da RECODISA financiado pela FINEP/MCT.
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EFEITO DE DIFERENTES TRATAMENTOS HORMONAIS DE ESTIMULACAO
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A raca Canindé foi naturalizada no Nordeste brasileiro e caracteriza-se por alta rusticidade. Devido ao
risco de ser extinta, o uso de biotecnologias reprodutivas pode aumentar consideravelmente o nimero de
individuos dessa raca. O objetivo deste estudo foi analisar o efeito de diferentes tratamentos hormonais de
estimulacéo ovariana sobre a quantidade e qualidade dos complexos cumulus-o6citos (CCOs) recuperados
por laparoscopia e sua posterior taxa de maturacdo in vitro (MIV). Dezoito cabras Canindé receberam
esponja intravaginal impregnada com 60 mg de acetato de medroxiprogesterona (Progespon, Syntex,
Buenos Aires, Argentina) por 11 dias e 50 pg de d-cloprostenol (Ciosin, Schering Plough, S&o Paulo,
Brasil) por via i.m. no oitavo dia do tratamento. As cabras foram divididas em trés grupos e receberam: i)
cinco doses (CD) de pFSH (120 mg, Folltropin-V, Vetrepharm, Ontario, Canada) por via i.m. em
intervalos de 12 h a partir do oitavo dia do tratamento progestageno; ii) trés doses (TD) de pFSH
(120 mg) também a partir do oitavo dia, em intervalos de 24 h e iii) Unica dose (UD) de pFSH (70 mg)
associada a eCG (200 Ul; Novormon, Syntex, Buenos Aires, Argentina) por via i.m., administrada 36 h
antes da remocdo da esponja. Foram realizadas trés sessfes de tratamento hormonal e colheita de o6citos
e para cada sessdo, seis cabras foram alocadas em um tratamento distinto. Os odcitos foram colhidos por
laparoscopia no mesmo momento da retirada das esponjas e submetidos & MIV em 5% de CO, e 38,5°C
por 24 h. Os dados foram submetidos a ANOVA seguida do teste de Tukey ou através do teste do qui-
guadrado, conforme o caso. Os testes foram realizados no programa STATSOFT 7.0 e os resultados estdo
apresentados como média £ epm. Para foliculos puncionados e CCOs recuperados verificou-se uma
média de 15,1 + 0,7 e 11,3 £ 0,8, respectivamente; resultando em uma taxa de recuperacdo total de
74,5%. N&o foram observadas diferencas (P>0,05) entre os tratamentos para o nimero médio de foliculos
visualizados e puncionados. A média do numero de CCOs obtidos por cabra foi similar (P>0,05) para CD
(12,4+1,0), TD (10,7+1,0) e UD (10,8+1,0). No entanto, menores taxas de recuperacdo e de
maturacdo (P<0,05) foram verificadas no tratamento TD (67,9%; 32,1%) quando comparado ao CD
(84,1%; 49,1%) ou UD (72,4%; 46,2%). Portanto, o tratamento TD foi menos eficiente na producgéo de
odcitos e posterior MIV, quando comparado aos demais. Embora o tratamento UD tenha produzido uma
resposta similar ao CD, o primeiro tem a vantagem de ser mais pratico, sendo o recomendado para
estimulacdo ovariana, podendo inclusive ser utilizado em programas de conservagdo da raga Canindé.

Projeto financiado pelo CNPg e FUNCAP.
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IN VITRO MATURATION OF OOCYTES FROM CANINDE GOATS SUBMITTED TO DIFFERENT
HORMONAL TREATMENTS FOR OVARIAN STIMULATION
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Oocyte in vitro maturation (IVM) is a long process during which oocytes acquire their ability to support
the stages of development in a stepwise manner, ultimately reaching activation of the embryonic genome.
The overall success of this process can be affected by factors such as hormonal treatment for ovarian
stimulation. Thus, current study aims to evaluate the possible effects of the ovarian stimulatory protocols
on the goat oocyte quality and IVM rate. Adult and cyclic Canindé goats were heat synchronized by
means of intravaginal sponges impregnated with 60 mg medroxyprogesterone acetate (MAP, Progespon,
Syntex, Argentina) inserted for 11 days coupled with a luteolytic injection of 50 ug cloprostenol (Ciosin,
Coopers, Brazil) in the 8th day of treatment. The ovarian stimulation was carried out using one of the
following protocols: a) standard multi-doses (MD) with 120 mg pFSH (Folltropin-V, Vetrepharm,
Canada) distributed in five injections (30/30; 20/20; 20 mg) at 12 h intervals (n=18); b) three-doses (TD)
with 120 mg pFSH administered in three injections (60; 40; 20 mg) at 24 h intervals (n=17); c) oneshot
(OD) of 70 mg pFSH plus 200 iu of eCG (Novormon, Syntex, Argentina) administered 36 h before
sponge removal (n=17). In MD and TD groups, the pFSH injections started in 8th day of progestagen
treatment. The follicles were aspirated just after the sponge removal using the laparoscopic oocyte
recovery (LOR). This procedure was performed with a 22-gauge needle and a vacuum pump to 30
mmHg. The collection medium was TCM199 supplemented with HEPES (10 mM), heparin (20 iu/mL)
and gentamicin sulfate (40 pg/mL). Cumulus-oocyte complexes (COCs) were classified as grade I, 1I, 111
or IV based on visual criteria (Baldassarre H et al., 2003 Theriogenology 56, 831-839). Good quality
oocytes (grade | and I1) were incubated in TCM199 supplemented with cysteamine (100 uM), EGF (10
ng/mL) and gentamicin sulfate (40 pg/mL) at 38.5°C in a humidified atmosphere with 5% CO2 in air for
24 h. Oocyte maturation was assessed by the visualization of first polar body under inverted microscope.
Data were expressed in percentage and analyzed using the Fischer’s exact test. No statistical differences
among hormonal treatments (P > 0.05) were observed for the percentage of the good quality oocytes, with
70.4 + 3.0% of COCs graded in I and Il. The IVM rate in TD (31.4%) was statistically lower than MD
(31.4% vs 46.5%, P = 0.04) group. However, no significant differences (P = 0.89) were observed between
OD (45.2%) and MD groups. Thus, current results indicate that oocyte production for IVM can be
facilitated using ovarian stimulation with oneshot FSH/eCG regime, without affect meiotic competence.
In summary, OD and MD treatments can be used for oocyte IVM in an embryo production programme in
Canindé goats.
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EFFECT OF SUCESSIVE LAPAROSCOPIC OOCYTE RECOVERY AFTER HORMONAL
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Laparoscopic oocyte recovery (LOR) is a valuable tool for obtaining oocytes for in vitro embryo
production. When preceded by treatment of ovarian stimulation, this technique produces an increase in
the amount of oocytes recovered. However, a little information has been found to respect the effect of
successive hormonal treatments on both oocyte quantity and quality. Therefore, the objectives of this
study were to evaluate the ovarian response and quanti-qualitative cumulus-oocyte complexes (COCs)
production. Five adult crossbred goats were hormonally treated with intravaginal sponges containing 60
mg of medroxyprogesterone acetate (MAP, Progespon, Syntex, Argentina) for 11 days. In the 8" day of
progestagen treatment, was administered 50 ug of prostaglandin F,, analogue (Ciosin, Coopers, Brazil),
by i.m. injection. At this time, ovarian stimulation was initiated by the administration of 120 mg pFSH
(Folltropin-V, Vetrepharm, Canada) distributed in five decreasing doses (30/30, 20/20, 20 mg), at 12
hours intervals. The animals were fasted for 24 h before laparoscopic procedure, which was performed
just after the sponge removal. It was used a laparoscopic system connected to a 22 gauge needle (WTA,
Watanabe, Brazil) and a vacuum pump (Biovacuum, Biocom, Brazil) providing 30 mmHg. All follicles
with a size higher than 2 mm present in both ovaries were counted and aspirated. The collection medium
was TCM199 supplemented with HEPES (10 mM), heparin (20 IU/mL) and gentamicin (40 pg/mL). The
COCs were graded based on presence of cumulus cells and cytoplasm homogeneity (I to 1V). The
hormonal treatment and LOR procedures were repeated three times at 14 days intervals. Data were
expressed in percentage or mean £ SEM. The differences were analyzed using ANOVA and Tukey’s or
Fischer’s exact test when appropriate, with p < 0.05. No statistical differences were found (p > 0.05) for
the follicle number obtained in each LOR session: 17.0 + 3.91, 18.75 + 2.59 and 18.0 + 4.73, respectively.
Repeated LOR procedures also did not affected (p > 0.05) the aspirated follicle number (15.0 £ 3.92, 15.5
+ 2.33 and 16.0 + 4.36), resulting of the three sessions, respectively. Average recovery rate were not
statistically different (p > 0.05), resulting in 74.7%, 62.9% and 64.6% between sessions. With respect to
the percentage of viable COCs (Gl and GII) were not observed statistical differences (p > 0.05), as
verified the follow values at 1% to 3" sessions: 76.79%, 84.62% and 74.19%. In conclusion, three
successive hormonal stimulation LOR procedures no cause detrimental effects on the quanti-qualitative
oocyte production, suggesting that this protocol can be used for programs of in vitro goat embryos
production developed in northeastern of Brazil.
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COLHEITA OOCITARIA POR LAPAROSCOPIA (COL) EM CABRAS NAO ESTIMULADAS
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Introducéo

A produgdo in vitro de embrides em caprinos pode ser uma valiosa ferramenta para o rapido
melhoramento genético do rebanho. A colheita oocitéria por laparoscopia (COL) apresenta-se como uma
fonte de odcitos em quantidade e qualidade; no entanto, este processo é normalmente realizado ap6s
estimulagcdo hormonal nas fémeas doadoras (Gibbons et al. 2007). O objetivo deste trabalho foi avaliar
pardmetros quanti-qualitativos de od6citos recuperados por COL, em fémeas caprinas ndo estimuladas
hormonalmente, e submetidos & maturacdo in vitro (MIV).

Material e Métodos

Foram utilizadas oito cabras adultas ciclicas as quais foram submetidas a jejum hidrico-alimentar e
anestesia. O sistema de colheita consistiu de uma agulha 22G e uma bomba de vacuo a 30 mmHg. Os
foliculos (> 2 mm) foram contados e aspirados. Os complexos cumulus-o6cito (CCOs) foram recuperados
em TCM199 acrescido de HEPES, heparina e gentamicina. Os CCOs foram classificados em graus (I a
IV) quanto a presenca de células do cumulus e homogeneidade do citoplasma. Para a MIV, CCOs de grau
I e Il foram incubados em TCM199 suplementado com cisteamina, EGF e gentamicina a 5% de CO,, 38,5
°C por 24 h. A verificacdo da maturacéo foi realizada pela marcacdo dos o6citos com Hoechst 33342 em
microscopio de epifluorescéncia. Os dados foram expressos como média + e.p.m.

Resultados e Discussao
Foram verificados 4,7 + 2,6 e 1,9 + 0,4 foliculos visualizados e o0citos recuperados por cabra,
respectivamente, resultando numa taxa de recuperacdo de 39,5%. Dos odcitos colhidos, 6,6, 53,3 e 40,1%
foram classificados como grau I, 1l e Ill, respectivamente. Estes resultados mostram-se similares aos
citados na literatura (Aguillar et al. 2002). Ap6s MIV, observou-se 77,7% de taxa de maturagdo. Assim, a
COL a partir de cabras ndo estimuladas pode se apresentar como uma op¢do para a obtencdo de obcitos
competentes a MIV.
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In Brazil, the majority of naturalized goats are endangered (Canindé, Moxoto, Marota and
Repartida). These goats are well adapted to semi-arid conditions and need to be preserved to
favor biodiversity. One of the ways to develop interest in this breed would be to utilize it in
transgenesis program. Thus, the aim of this study was generate naturalized goats producing hG-
CSF in milk. For this, Canindé goats were used as donors and undefined breed goats as
recipients. All females were submitted to standard estrus synchronization treatment. Donors were
superovulated with 120 mg pFSH and also received 100 ug GnRH at 36 h after the end of estrus
synchronization treatment. Donors were hand mated by Canindé males and embryo recovery was
performed by oviductal flushing at 72 h after the end of hormonal treatment. The pronuclear
embryos were centrifuged before the microinjection with a DNA construction (6435 bp)
containing the hG-CSF fused to the 5’-flanking sequence of goat asl-casein and 3’-flanking
sequence of bovine asl-casein. Two transgenic kids (1 male and 1 female) were identifying by
PCR amplifications of two distinct DNA regions. The hormonally induced lactation was
performed in transgenic female at 10 month-of-age and milk samples were recovered at lactation
peak. The hG-CSF concentration was determined by the ELISA method and achieved 70 ug per
milliliter of milk. Our system showed to be efficient in order to generate transgenic goats
producing high levels of hG-CSF. The use of Canindé goats in transgenesis programs can
increase the interest in their breeding and contribute to save them from extinction.
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Human granulocyte colony-stimulating factor (hG-CSF) has been the most widely used as a
hematopoietic growth factor due to its efficacy against different forms of neutropenia,
chemotherapy-induced leucopenia, and in the mobilization of progenitor cells for transplantation.
Our group obtained a male (TM) and a female (TF) Canindé goat harboring goat asl-casein
promoter/hG-CSF. Transgenic and non-transgenic goats were submitted to hematological and
blood chemical examinations up to 9.4 month-of-age. On 1.5 month and biweekly thereafter
blood samples were collected for both hematological evaluation and serum biochemistry
analysis. Total (WBC) and differential white blood cell counts were determined by Cell-Dyn
3700 analyzer. Urea, creatinine, glucose and enzymes (AST, ALT and LDH) were measured by
BT 3000 plus analyzer. The data were presented as mean + SEM and were qualitatively
compared with normal reference values for goats. Non-transgenic goats presented a WBC count
(8.45 % 0.56 k/uL) within the normal range for the species, while for transgenic goats the value
was almost 3-fold increased (24.57 = 1.88 k/uL). This leukocytosis was produced by the
elevated number of neutrophils (18.35 + 1.85 k/uL), without changes in others cell granulocytic
and non-granulocytic counts. Strikingly, increased neutrophil counts were seen in transgenic
goats before they reached 5.2-month-old and the highest values occurred at 1.5 month-of-age
(53.0 k/uL and 43.2 k/uL for TM and TF, respectively). Although the average values have
decreased to 14.94 + 1.56 k/uL (TM) and 11.18 + 1.04 k/uL (TF) the neutrophilia persisted until
9.4 month-of-age. The serum biochemistry profiles of transgenic and non-transgenic goats were
within the normal range for the species. These findings indicated normal liver and renal
functions and the absence of general health disorders. In conclusion, young transgenic goats
presented neutrophilia, especially before five month-of-age, and remained clinically healthful.
Factors other than extensive neutrophilia could be required for the development of health
disorders in hG-CSF transgenic goats.
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