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INTERSPECIES SOMATIC CELL NUCLEAR TRANSFER/

TRICHOSTATIN A/GAUR/BOVINE/FULL-TERM DEVELOPMENT

The International Union for Conservation of Nathes classified a gauBds
gaurus) as an endangered species and listed as vulnersttifecial reproduction as
somatic cell nuclear transfer (SCNT) in endangesgecies has been limited due to
the lack or shortage of oocytes and recipientserépiecies somatic cell nuclear
transfer (ISCNT) is an alternative technique fmnohg endangered species using an
oocyte and a recipient from related domestic sgeditowever, the success rate of
live offspring produced by this technique is dollv because there was an incomplete
reprogramming of donor cells. From previous studieshostatin A (TSA), a histone
deacetylase inhibitor, can improve cloning efficgnn several species. Therefore,
the objective of this study was to investigate #féects of TSA on full-term
development of bovine SCNT and gaur iISCNT embryos.

Male and female fibroblasts from bovine and gaarevused as the donor
cells. The bovine SCNT and gaur iISCNT embryos vpeoeluced by the fusion of an
individual donor cell with enucleated bovine ooesytéfter that, the embryos were
divided into two groups: TSA-treated and non TSdated. For TSA-treated group,

the embryos were chemically activated and cultumeculture medium supplemented



with 50 nM TSA. After 10 h of TSA treatment, embsyaere continuously cultured
in culture medium without TSA supplementation forddys. For non TSA-treated
group, the embryos were activated and culturediituie medium without TSA for 7
days. The results indicated that TSA treatmentr@gositive effects on the rates of
fusion, cleavage, development to 8-cell and mostdges of bovine SCNT and gaur
ISCNT embryos. However, TSA could enhance the btyst rate of bovine SCNT
embryos but not in the gaur iISCNT embryos. Simgaalities of blastocysts were
found in all treatment groups. Moreover, there wem@ differences on pre-
implantation development of embryos derived fromawa female fibroblasts.

The effect of TSA on post-implantation developmaett vitrified/thawed
bovine SCNT embryos was also examined. The vitlifftewed embryos were
produced by the vitrification of bovine SCNT emlsyasing microdrop method and
thawed by a stepwise dilution method. The bovin&8Gritrified/thawed bovine and
gaur iISCNT embryos of TSA-treated and non TSA-a@@agroups were non-
surgically transferred into synchronized bovineipmnts. The results showed that
TSA treatment could increase the pregnancy ratdayn45 after embryo transfer of
bovine SCNT embryos. However, no beneficial effeetse found in gaur iISCNT or
vitrified/thawed bovine SCNT embryos. TSA could nenhance the fetal
development after day 45 until term of all embrypets. No differences were found in
the post-implantation development of gaur iISCNT b derived from male or
female fibroblasts. Moreover, vitrified/thawed ewyds have similar post-
implantation developmental potential as fresh emdfnAlthough abortions at the first
and/or third trimester of gestation were found, sonecipients could maintain

pregnancy status until term. Finally, three clomatves from TSA-treated bovine



embryos were delivered. However, one calf of thdieel during veterinary-assisted
delivery. Furthermore, twin cloned calves from ifitdd/thawed embryos of TSA-
treated group were born. One cloned gaur from male ISCNT embryos in the non
TSA-treated group was born. The cloned gaur diedh H2ter birth with pulmonary
disorder. DNA microsatellite analysis confirmed ttlaél cloned bovine calves and
gaur aborted fetus, mummified fetus and newborrevgemetically identical to the
donor cells. Up to now, the four cloned bovine eahhave normal growth and are
still alive.

In conclusion, TSA could enhance the pre-implamtatdevelopment and
pregnancy rate in bovine SCNT embryos. But no beia¢kffects were found in full-

term development of gaur iISCNT embryos.
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CHAPTER |

INTRODUCTION

1.1 Background

Gaur Bos gaurus), a member of the Bovidae family, is one of thetgected
animals in Thailand and listed as vulnerable anilbhathe International Union for
Conservation of Nature (Duckworth et al., 2008)eTHumber of gaur in Southeast
Asia has been dramatically decreased because d@fmekat hunting and hunting for
horns trading.

Somatic cell nuclear transfer (SCNT) involves thensferring of the donor
nucleus into an enucleated oocyte. This techniqueviges a unique tool for
preservation of valuable individuals, livestock pagation, genetically modified
animal production and research of biomedicine. SGd$ been applied to several
mammalian species including sheep (Wilmut et &97), rhesus monkey (Mitalipov
et al.,, 2002), mouse (Wakayama et al., 1998), lo\iKato et al., 1998), goat
(Baguisi et al., 1999), pig (Onishi et al., 200@}, (Hayes et al., 2001), cat (Shin et
al., 2002), rabbit (Chesné et al., 2002), horsdli(&aal., 2003), mule (Woods et al.,
2003), dog (Lee et al., 2005), water buffalo (Luakt 2005) and ferret (Li et al.,
2006). However, SCNT technique is almost impossfblethe endangered species
production because of the lack of oocytes and iemip. Interspecies somatic cell
nuclear transfer (ISCNT) which the donor cells andytes are derived from different

species, would be an alternative tool for the preg®sn of endangered species



(reviewed by Beyhan et al., 2007). Previous stumlynél that bovine Bos taurus)
oocyte could supporin vitro development of embryos derived from sheep, pig,
monkey and rat (Dominko et al., 1999). Moreovenibe oocytes have been used as
recipient oocytes in many non-domestic bovids sashgaur (Lanza et al., 2000),
buffalo (Kitiyanant et al., 2001), bongo (Lee et &003), banteng (Sansinena et al,
2005) and takin (Li et al., 2006). The advantagesovine oocyte are the availability
of ovaries from slaughterhouse and the well undadihg ofin vivo andin vitro
embryo culture (reviewed by Mastromonaco and Ki2gQ7). To date, successful
gaur iISCNT blastocyst production using bovine eeateld oocytes have been
reported (Lanza et al., 2000; Sang-ngam et al.528astromonaco et al., 2007).
Lanza and colleagues (2000) successfully produegdral pregnant recipients after
transferring gaur iISCNT embryos to bovine recigertiowever, only one cloned
gaur was obtained but it died within 2 days aftethbwith diarrhea (Vogel, 2001).
Although the offspring productions from iISCNT habeen reported in several
endangered species such as mouflon (Loi et al.1)2@faur (Lanza et al., 2000;
Vogel, 2001), Afican wild cat (Gomez et al., 2008)y wolf (Kim et al., 2007) and
bucardo (Folch et al., 2009), however, the birtk ra still low.

Several factors influence the success rate of iBGNch as the ISCNT
procedure, donor nucleus-recipient cytoplasm anil-featernal compatibilities
(reviewed by Beyhan et al., 2007). The low preggyarate after transferring gaur
embryos into bovine recipients cause by severaynamecy associated problems
including abnormal placental development, fetal moatishment and hypoxia
(Hammer et al., 2001). The low overall successsrabé SCNT and iSCNT

productions consist of the incidents of poor emladgeelopment, low pregnancy rate,



high frequency of early and late gestation lospesi; and post-natal losses (Hill et
al., 2000; Heyman et al., 2002). The live offspripgpduction depends on the
successful reprogramming of donor nuclear resultmgroper embryonic initiation
and fetal gene expression (reviewed by MastromomacbKing, 2007). Therefore,
the developmental failure of cloned embryos andskes$ involve with incomplete
reprogramming during nuclear transfer process, inaine to errors at the epigenetic
level (Jeanisch et al., 2002; Shi et al., 2003)arlye50% of cloned bovine and sheep
blastocysts show epigenetic errors in both DNA iylation and histone acetylation
(Santos et al., 2003; Shiota and Yanagimachi, 28@2; et al., 2003).

In theory, assisted reprogramming of the donorleusc via SCNT might
improve embryo development (Wilmut et al., 2002any studies have attempted to
explore the alterations in methylation and acetyhaif donor nucleus before and
after the SCNT process. Previous study indicated time treatment of donor cells
with histone deacetylase inhibitor, TSA, could ewse the developmental rate to
blastocyst of cloned bovine embryos (Enright et 2003). TSA could enhance the
combination of acetylated histones (Yoshida et H390) and DNA demethylation
(Hattori et al., 2004) which also act as an effextnducer of phosphorylation (Zhong
et al., 2003). Hyperacetylation of histone increafee access of some transcription
factors to nucleosomes resulting in overexpressibimprinted genes (Lee et al.,
1993). TSA treatment of cloned embryos has improvteed in vitro embryo
development of many species such as mouse (Kishigiaah, 2006), bovine (Ding et
al., 2008), rabbit (Shi et al., 2008) and pig (Zha&t al., 2007). However, no positive
effect on pre-implantation development was seertlimed rat (Mizumoto et al.,

2008) after TSA treatment. TSA could enhance the hirth rate in cloned mouses



and the cloned pups had no obvious abnormalityhig&mi et al., 2006). In contrast,
TSA had no positive effect on pregnancy and bidtes of cloned rabbit embryos
(Meng et al., 2009). For iISCNT, TSA could not imyean vitro development of
human-rabbit embryos (Shi et al., 2008). On thewoltiand, TSA treatment of dog-pig
ISCNT embryos could increase blastocyst rate whdrtip cell was used as donor
cell but no positive effect was found when dew clzell was used (Sugimura et al.,
2009). These results were in consistent with tleeipus report that indicated that the
beneficial effects of TSA treatment on cloned moes®ryos depends on the donor
cell type (Kishigami et al., 2006). The effectsT&A treatment on cloning efficiency
have been debatable in several species. The effécCISA treatment on full-term
development have not yet been examined in any ep@ther than that of mouse and
rabbit. This research is the first report on fellrh development of bovine SCNT and

gaur iISCNT embryos after TSA treatment.

1.2 Research objectives

1.2.1 To examine the effects of TSA treatment @iipmplantation development
of bovine SCNT and gaur iISCNT embryos.

1.2.2 To examine the effects of TSA treatment ost4ooplantation
development of bovine SCNT, gaur iISCNT and vitdfteawed bovine SCNT
embryos after transferring to bovine recipients.

1.2.3 To examine the effects of sex of donor celfudl-term development of

bovine SCNT and gaur iISCNT embryos.



1.3 Research hypotheses

1.3.1 TSA treatment could enhance pre-implantadevelopment of bovine
SCNT and gaur iISCNT.

1.3.2 TSA treatment might have beneficial effetpost-implantation
development of bovine SCNT, gaur iISCNT and vitdfttawed bovine SCNT
embryos and healthy cloned offspring can be obthine

1.3.3 Sex of donor cell has no effect on full-tetevelopment of bovine SCNT

and gaur iISCNT embryos.

1.4 Scope of the study

1.4.1 The effects of TSA treatment on pre-implaotatievelopment of bovine
SCNT and gaur iISCNT embryos were examined. The @téusion, cleavage and
vitro development to blastocyst stage of TSA-treated rgosb were observed
compared with non TSA-treated embryos. The preamigition development of
bovine SCNT and gaur iISCNT derived from male anchdle fibroblasts were
observed. The total numbers of trophectoderm (Tig) ianer cell mass (ICM) and
also the TE: ICM ratios in each blastocyst weredrined as an indicator of embryo
quality.

1.4.2 The effects of TSA treatment on post-im@#oh development of bovine
SCNT and gaur iSCNT embryos were examined. Thenaregy rate on day 45 after
embryo transfer and pregnancy status on day 60, ZM,150, 180, 210, 240 and 270
of gestation were observed. The post-implantatiemetbpment of gaur iSCNT
embryos derived from male and female fibroblastsensompared. The effect of

vitrified/thawed bovine SCNT embryos of TSA-treataad non TSA-treated group



were also examined.
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CHAPTER |1

LITERATURE REVIEW

2.1 Somatic cell nuclear transfer (SCNT) and inter species somatic

cell nuclear transfer (ISCNT)

Assisted reproductive techniques (ART) such asficgat insemination,
embryos transferjn vitro fertilization (IVF), gamete/embryo micromaniputati
embryo sexing, semen sexing and SCNT have beeropexketo obtain offspring
from genetically individuals or infertile animalefriewed by Andrabi and Maxwell,
2007). SCNT is the transplantation of a nucleusnfidonor cell individual into an
enucleated oocyte of another individual. After Ppthe first cloned sheep produced
by SCNT was born in July, 1996 (Wilmut et al., 1398CNT has been successfully
applied to many mammalian species for the prodnatiooffspring of many species
for example, rhesus monkey (Mitalipov et al., 2008puse (Wakayama et al., 1998),
bovine (Kato et al., 1998), goat (Baguisi et aR99), pig (Onishi et al., 2000;
Polejaeva et al., 2000), rat (Hayes et al., 20€4i)(Shin et al., 2002), rabbit (Chesné
et al., 2002), horse (Galli et al., 2003), mule @ife et al., 2003), dog (Lee et al.,
2005), water buffalo (Lu et al., 2005) and fertgt4. et al., 2006).

SCNT is inefficient for the production of endanggranimals because of the
limitation of oocytes and recipient. Therefore, NCis an alternative technique to
solve this problem by transferring a donor celinfrone species into an enucleated

oocyte of another species (reviewed by Beyhan.ef@07). This technique is useful
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for studying nucleus-cytoplasm interaction and eowvation of the endangered
species. The cytoplasm of oocytes from bovine, [shaed rabbit have been shown to
be capable of reprogramming somatic cell from os#cies and also support the
growth of such iISCNT embryos to blastocyst stagei¢wed by Beyhan et al., 2007).
Bovine oocyte has been used to support embryo olewveint of various species
(Table 2.1), because of the availability of ovariesm local slaughterhouse and a
great understanding af vivo andin vitro development of bovine embryos (Reviewed
by Mastromonaco and King, 2007). The majority dNSI experiments published to
date report the production of at least blastocyages embryos, however, iISCNT
embryos of llama (Sansinena et al., 2003), whalangl et al., 2004), cat
(Thongphakdee et al., 2008), Crab-eating monkeytliomgpanich et al., 2008) and
chimpanzee (Wang et al., 2009) were not capablelevelopment past through
blastocyst stage. But iSCNT of sheep (Dominko et ¥899), gaur (Lanza et al.,
2000), banteng (Sansinena et al., 2005) and yak (let al., 2006) were established
and pregnancies of surrogate mother were obtaledever, only gaur and banteng
resulted in live birth. But the one gaur and twateags died within a few days after
birth (Vogel, 2001; Holden, 2003). As with the atleedangered species, mouflon has
been successfully produced by mouflon-sheep iSAMNT €t al., 2001). Surprisingly,
successful production of African wild cat iISCNT ngidomestic cat oocytes as
recipient cytoplasts resulted in total of seventelmed kittens born, seven were
stillborn, eight died within hours of delivery opuo 6 weeks of age, and two were
alive and healthy (Gémez et al., 2004). Two clogealy wolves were obtained by
iISCNT of wolf cell and domestic dog oocyte (Kimadt 2007). Moreover, an extinct

mountain goat, bucarddCépra pyrenaica pyrenaica), were produced by fusing of
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bucardo fibroblasts with enucleated domestic gdait® cloned bucardo was obtained
but died few minutes after birth due to physicafedts in the lungs (Folch et al.,
2009).

Although successful production of cloned animatsrf SCNT and iISCNT has
been achieved, the efficiency of development te bifspring has remained very low
due to developmental abnormalities occurring thhmug embryo and fetal
development and following birth. The success depend the ability of the
differentiated donor nucleus to be completely rgpmonmed to initiate proper
embryonic and fetal gene expression (reviewed bgtMeonaco and King, 2007).
The completed reprogramming is affected by sevixetiors including suitable of
donor cells and recipient cytoplasm, compatibildgtween the karyoplast and
cytoplast, technical efficiency (enucleation, fusiemocyte activation) and optimal
culture condition (Campbell, 1999; Smith et al.0@D Moreover, individual and
species-specific differences in chromosome numbenome-related events and
maternal-embryonic transition all influenced the toomme (reviewed by
Mastromonaco and King, 2007). Previous report iatdid that some genes essential
for early embryonic development were abnormally regsped in cloned bovine
embryos, suggesting that aberrant transcriptiotepet detected in cloned embryos
may lead to abnormalities at various embryonicegg@ourc’his et al., 2001; Daniels
et al., 2001; Bureau et al., 2003). Following enolsryransfer, gestational losses have
been associated with placental abnormalities @litl., 1999 Chavatte-Palmer et al.,
2002) and aberrant gene expression patterns haare re@orted in the placenta of
cloned mice (Humpherys et al., 2002). Followingthirthe offspring have been

reported with a range of abnormalities includingré@ased size (large offspring
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syndrome, LOS), specific adult phenotypes and shdife-span (Wells et al., 2004).
Previous studies demonstrated that gene expressibie embryo, fetus and placenta
are abnormal and suggested that inefficient ormmaete nuclear reprogramming is
the cause of the abnormalities observed (Humphetyd., 2002). For iISCNT, live
offspring have been obtained by combining of donocleus and recipient oocyte
from closely related species (reviewed by Beyhanlet2007). However, very low
numbers of live ISCNT have been produced to ddte.failure of iISCNT production
may be due to the incompatibility between oocyt#gins and the donor nucleus, the
mitochondrial DNA incompatibility and the lack ofethl-maternal interactions
between the embryo and the surrogate mother uieewgewed by Beyhan et al.,

2007).



Table 2.1 List of interspecies somatic cell nuclear transfgng bovine oocyte as recipient cytoplasts.

Donor cell Blastocyst Pregnancy Offspring References
Pig (Sus sucrofa) Yes No - Dominko et al., 1999
Rat (Rattus rattus) Yes - - Dominko et al., 1999
Rhesus monkeyMacaca mulatta) Yes - - Dominko et al ., 1999
SheepQvisaries) Yes Yes No Dominko et al., 1999
Gaur Bos gaurus) Yes Yes Yes Lanza et al., 2000; Vogel, 2001
Korean tiger Pantherartigiris altaica) Yes - - Hwang et al., 2001
Water buffalo Bubalus bubalis) Yes - - Kitiyanant et al., 2001
Horse Equus caballus) Yes - - Li et al., 2002
Saola Pseudoryx nghetinhensis) Yes - - Bui et al., 2002
Black bear (rsus thibetanus) Yes - - Ty et al., 2003
Giant eland Taurotragus derbianus) Yes No - Damiani et al., 2003
Human Homo sapiens) Yes - - Chang et al., 2003
Llama (ama glama) No - - Sansinena et al., 2003
Mouse Mus musculus) Yes - - Arat et al., 2003
Bongo (Tragelaphus eurycuerus isaaci) Yes - - Lee et al., 2004
Chicken Gallus gallus) Yes - - Kim et al., 2004
Whale Balaenoputera bohaerensis) No - - Ikumi et al., 2004
Banteng Bos javanicus) Yes Yes Yes Sansinena et al., 2005
Dog (Canis familiaris) Yes - - Murakami et al., 2005
Takin (Budorcas taxicolor) Yes - - Li, Y., et al., 2006
Yak (Bos grunniens) Yes Yes No Li, Y., et al., 2006
Cat Feliscatus) No - - Thongphakdee et al., 2008
Crab-eating monkeyMaccaca fascicularis) No - - Lorthongpanich et al., 2008
ChimpanzeeHRan troglodytes) No - - Wang et al., 2009

-, hot attempted

8T
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2.2 Improving somatic cell nuclear transfer techniques

As discussed above, the success rates of SCNEtilréow. Many studies
have attempted to improve the original techniqu&semicals such TSA, 5-aza-2'-
deoxycytidine or cellular extracts were used to nowp embryo development to
blastocyst and implantation rates (reviewed by Ke&f008)

TSA (Figure 2.1) was first isolated froBireptomyces hygroscopicus as an
antifungal antibiotics active againdtrrichophyton (Tsuji et al., 1976; Tsuji and
Kobayashi, 1978) but a wider potential was sooreaid. TSA could arrest the
mammalian cell cycle and induces differentiationtofmor cells (Yoshida et al.,
1987). Moreover, TSA treatment of cells was foundhave hyperacetylation of their
histones due to the decrease of deacetylationitgc{iWoshida et al., 1990). TSA is

known as a histone deacetylase (HDAC) inhibitorqida et al., 1995).
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Figure 2.1 Chemical structure of TSA.

In eukaryotes, genomic DNA is package with histpraeins into chromatin,
compacting DNA some 10,000-fold (reviewed by Gramd Berger, 2001). The basic
repeating unit of chromatin is the nucleosome,dsity composed of an octamer of
the four core histone H2A, H2B, H3 and H4 and 146dpairs of DNA wrapped
around the histones (Luger et al., 1997). Each dostone is composed of a

structured domain and an unstructured amino-tedntaibof 25-40 residues. The
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acetylation and deacetylation of tlReamino groups of conserved lysine residues
present in histone tails has long been linked aadcriptional activity (Allfrey et al.,
1964). When histones are acetylated by a protelledcdnistone acetyltransferase
(HAT), the histones will be neutralized of the png charges on the tail regions,
reducing their ability to bind to DNA and thus leméng the structure of chromatin
which allows gene expression. After a short tintee histones will be commonly
deacetylated by HDAC which causes the gene expredsi stop. The balance of
these activities contributes to transcriptionaltoon(reviewed by Grant, 2001). TSA
binds to HDAC to inhibit the HDAC action and theyahhibits histone deacetylation,
leading to hyperacetylation of chromatin (Figur2)2Highly acetylated regions are
more accessible to the transcription factors amdaatively transcribed (Lee et al.,

1993).

Deacetylation Acetylation

Activation of gene expression )

Figure 2.2 Inhibition of histone deacetylation by TSA (Yosaj®008).
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Previous studies have reported that increasindnigtene acetylation level in
donor cells improves developmental potential of S@&xhbryos (Enright et al., 2008).
Kishigami and colleagues (2006) found that treatnm@n5-50 nM TSA for 10 h
following oocyte activation resulted in more eféint of in vitro development of
mouse SCNT embryos to the blastocyst stage fromtdvitve fold depending on the
donor cell types. They used tail tip cells, spleelis, neural stem cells and cumulus
cells as donor cells. Moreover, adult male and fernatbred mice were successfully
cloned only when TSA was applied (Kishigami et 2007). The beneficial effect of
TSA treatment in mouse SCNT was also found in otleports. Rybouchkin and
colleagues (2006) found that extension of the T&atment (100 uM) beyond the
activation point up to 9 h increased the blastocs# and quality of mouse SCNT
embryos. Tsuji and colleagues (2009) reportedrtimise SCNT oocytes treated with
TSA for 8 to 12 h had higher rate of developmenblastocyst and full-term fetuses
were obtained. In contrast from previous report@aMuf and colleagues (2009)
reported that the cleavage and blastocyst ratésSéftreated mouse embryos were
similar compared with non TSA-treated embryos. Hesve blastocysts from the
TSA-treated embryos had a greater number of inakmeass cells than those from
the non TSA-treated embryos. The number of livespaptained with TSA-treated
embryos was higher than the non TSA-treated embjiMeslouf et al., 2009). Li and
colleagues (2008) demonstrated that treatment afsmm&CNT embryos with TSA
influences the expression of chromatin structurel RNA methylation-related genes
at the blastocyst stage and selectively incredmeexpression level &x2 andcMyc,
which are responsible for embryonic developmenb)agtocyst stage.

In bovine, treating bovine donor cells with a lalese of TSA (0.08 uM)
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increased development of cloned embryos to thedagst stage (Enright et al., 2003).
lwamoto and colleagues (2007) reported that treatimiebovine SCNT embryos with
50 nM TSA for 48 h post-activation increased thashicyst rate. Relative levels of
DNA methylation of TSA-treated cloned and IVF emisydid not differ but were
lower than those of non TSA-treated cloned embrJ&A treatment decreased the
DNA methylation levels of cloned bovine embryos tte similar levels of IVF
embryos, resulting in improved blastocyst developimef the cloned embryos
(wamoto et al., 2008). Ding and colleagues (20@®prted that treatment of donor
cells, cloned embryos and continuous treatment ath onor cells and cloned
embryos with 0.05 uM TSA in bovine SCNT increaskd blastocyst rate. TSA
treatment induced a higher level of histone actbpaand lower level of DNA
methylation at the 2-cell stage in bovine SCNT grabr which facilitates epigenetic
reprogramming of the transferred somatic cell nugleOh and colleagues (2009)
reported that the short-term treatment of bovindmws after activation with high
concentration of TSA (100 nM for 4 h) improved thlastocyst formation. However,
there is no beneficial effect on total cell numbéblastocysts. Oliver and colleagues
(2009) shown that treated with 5 nM TSA for 18 ternfactivation of bovine SCNT
embryos, The blastocyst rate showed higher thanralogroup but there was no
difference in the pregnancy rate on day 150 of ajiest. In contrast, Akagi and
colleagues (2007) reported that treating with 50 i8A for 15 h after activation did
not affect then vitro developmental competence, but increased totalncefiber in
bovine SCNT embryos. lager and colleagues (2008hdothat the treatment of
bovine SCNT embryos with 50 nM TSA for 13 h coulwguce eight-cell embryos

with levels of acetylation of histone H4 at lysisimilar to IVF embryos and greater
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than in non TSA-treated SCNT embryos. However, tleavage rate, blastocyst
formation and total cell numbers of blastocyst 8AFreated embryos were similar to
IVF embryos and non TSA-treated SCNT embryos. MegeoT SA treatment during

bovine IVF does not affect blastocyst developmentditered the cell number of ICM

(Ikeda et al., 2009).

In other species, beneficial effects of TSA werand in pig SCNT. Zhang
and colleagues (2007) showed that treatment ofip@ISCNT embryos with 50 nM
TSA for up to 24 h post-activation could improvedibcyst yield compared to the
non TSA-treated embryos, where as similar cleavage and total cell number per
blastocyst were observed. Li and colleagues (2G068nd that the treatment of
porcine embryos produced by handmade cloning tgaeniith 37.5 nM TSA for 22-
24 h post-activation increased the blastocyst mmpared to non TSA-treated
embryos. However, the cell number per blastocy$tndit differ between groups. The
one hundred thirty of TSA-treated blastocysts weamsferred into two recipients
resulting one pregnancy and birth of one live and tlead piglets. Yamanaka and
colleagues (2009) reported that TSA treatment of\Vb for 15-20 h was optimal
conditions for miniature pig SCNT embryos, increhiee blastocyst rate and mean
cell number as compared with the non TSA-treatedgr

In rabbit, Shi and colleagues (2008a) found thHe histone acetylation
patterns of TSA-treated rabbit SCNT embryos appktrde more similar to that of
IVF embryos than non TSA-treated SCNT embryos. Mang colleagues (2009)
reported that no differences in the cleavage amdtttyst rates, cell number of
blastocyst, pregnancy rate and term developmeset wnare found between TSA-

treated and non TSA-treated rabbit embryos. Siigjlawo beneficial effect of TSA
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treatment on the developmental potential was faorrdt SCNT embryos (Mizumoto
et al., 2008).

For ISCNT embryos, Shi and colleagues (2008b)rteddhat TSA treatment
could not improve blastocyst rate of human-raf®E@MNT embryos. On the other hand,
TSA treatment could increase the blastocyst rafesalitbit SCNT more than two
times when compare with non TSA-treated embryosgirBura and colleagues (2009)
found that TSA treatment did not improve the blagsb rates of dog-pig iISCNT
embryos from dewclaw cells but did so in the embrgerived from tail-tip cells.
They suggested that the beneficial effects of T@atment on dog ISCNT embryos
depends on the donor cell type. This finding wasiscient with a report by
Kishigami and colleagues (2006). Furthermore, T&f%atiment did not improve the
embryo development of sei whale-bovine iISCNT embr@huiyan et al., 2009 he
effects of TSA treatment on SCNT and iSCNT embmyese summarized in Table

2.2.



Table2.2 The improvement of SCNT and iISCNT embryos after T&@atment

I mprovement
Experiment TSA treatment References
% Blastocyst” Cell Number®  Pregnancy rate

mouse SCNT 5-50 nM 10 h Yes - Yes Kishigami et24lQ6
100uM 9 h Yes No Yes Rybouchkin et al., 2006
5nM 10 h No Yes Yes Maalouf et al., 2009
100 nM 8-12 h Yes - Yes Tsuji et al., 2009

bovine SCNT 50nM 15h No Yes - Akagi et al., 2007
50nM 48 h Yes - - lwamoto et al., 2007
0.05uM 12 h Yes - - Ding et al., 2008
50nM 13 h No No - lager et al., 2008
100 nM 4 h Yes No - Oh et al., 2009
5nM 18 h Yes -

- Oliver et al., 2009

A, percentage of embryo development to blastodgsies B, total cell numbers of blastocyst; -, riterapted.

G¢



Table 2.2 (Continued).

| mprovement
Experiment TSA treatment References
% Blastocyst” Cell Number®  Pregnancy rate

pig SCNT 50 nM 24 h Yes No - Zhang et al., 2007

37.5nM 22-24 h Yes No - Li et al., 2008

5nM 15-20 h Yes Yes - Yamanaka et al., 2009
rabbit SCNT 5nM 10 h No No No Meng et al., 2008

100 nM 6 h Yes - - Shi et al., 2008b
rat SCNT 5nM2h No - - Mizumoto et al., 2008
human-rabbit 100nM 3,6 h No - - Shi et al., 2008
ISCNT
dog-pig ISCNT 5nM 10 h Yes* No - Sugimura et 2DP9

A, percentage of embryo development to blastodgsies B, total cell numbers of blastocyst; -, riterapted.

*, Blastocyst rate was increased when tail tipscelére used as donor cell

9
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2.3 Gaur

Gaur is the largest species of wild bovine. ltoignd in Bangladesh, Bhutan,
Cambodia, China, India, Laos, Malaysia, Myanmarp@eThailand, Viet Nam and
Sri Lanka (Duckworth et al., 2008). The number atigis dramaticallglecreasing
cause by the illegal hunting for horns and lossuitfable habitatin thailand, gaur has
been declared as the protected animal by Thai gowent and currently listed as
vulnerable by the IUCN Red List of Threatened Spe¢Duckworth et al., 2008).

ARTs have been used to increase the number of §aowver and colleagues
(1981) has successfully produced gaur offspringtrapsferred gaur embryos into
Holstein bovine recipients. The knowledge of aci#i insemination (Al) technique in
bovine has been applied for gaur production. Thetiaa gaurs were synchronized by
prostaglandin and Al was performed using frozemfthgaur spermatozoa and live
gaur offspring were produced (Junior et al.,, 199@hnston and colleagues (1994)
reported that immature gaur oocytes are capabie wfro maturation and IVF with
frozen/thawed sperm. Gaur embryos could developlastocyst stage aften vitro
cultured for 7 days. The blastocysts were indivigumsansferred into naturally estrus
Holstein bovine recipient. A live-birth gaur wadidered by caesarian section on day
308 after embryos transfer. More recently, twelaeirgembryos derived from IVF
were transferred into nine synchronized Holsteapients and five pregnancies were
obtained. Only three recipients carried fetus tantewith one recipient diagnosed as
carrying twins. Two gaur offsprings died within 26 after birth and two gaur
offsprings were stillborn. Furthermore, abnormalgeintas were found in interspecies
gaur fetuses after transferred embryos to bovinpients (Hammer et al., 2001). In

2000, Lanza and colleagues have performed iSCNTr@sbusing gaur skin
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fibroblasts fused with enucleated bovine oocytesx 8undred ninety two
reconstructed embryos developed to blastocyteayal dafterin vitro culture (12%).
Forty four blastocysts were transferred into thittyo bovine recipients. Eight
recipients were pregnant (25%). Three fetuses ftemm recipients were removed
early for tissue examination. Four recipients hadnsaneous abortions and one
recipient had late-term abortion at day 202 of st (Lanza et al., 2000). Only one
recipient was developed to term. Noah, cloned gas born with 36 kg birth weight.
The cloned gaur was healthy at birth but died Zdster birth (Vogel, 2001). Sang-
ngam and colleagues (2005) had studied developimpatantial of ISCNT gaur
embryos derived from male and female cloned gawolilasts reconstructed with
enucleated bovine ooocytes. They found that thesratf fusion, cleavage and
development to blastocyst stage at day 6 wereigoifisant difference between male
and female fibroblasts-derived embryos. Howeverbrgws derived from male
fibroblasts had higher percentage of blastocysiagt7 than those female fibroblasts.
Mastromonaco and colleagues (2007) reported thgdua nucleus within a bovine
cytoplasmic environment may not be properly capabfe directing embryo
development in the later pre-implantation stageBoor blastocyst development
(18.1%) accompanied by developmental delayed, dsetk cell numbers, aberrant
apoptotic and related gene expression profiles wiserved.

As described herein, TSA treatment could enhanoe development
competence of SCNT embryos in mouse, pig, bovidkerahbit. However, the effects
of TSA treatment on cloning efficiency are contn®ial in several species and some
groups have reported that TSA treatment had varidesimental effects on

development of SCNT embryos. Moreover, no bendfefiect of TSA was found in
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ISCNT embryos. The conflicting results may be daethte difference of species,
exposure time and concentration of TSA. There isapmrt about effect of TSA on
gaur iISCNT embryos. Therefore, the beneficial ¢ffecf TSA on gaur iISCNT

embryos are needed to be examined.
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CHAPTER Il

EFFECT OF TRICHOSTATIN A ON PRE-

IMPLANTATION DEVELOPMENT OF CLONED

BOVINE AND GAUR EMBRYOS

3.1 Abstract

The success rate of gaur production by iISCNT Iklet. Incomplete nuclear
reprogramming leads to abnormal cloned embryo deweént. TSA, histone
deacetylase inhibitdras been used for improving cloning efficiency iany species.
This study was carried out to investigate the ¢ffeic TSA on pre-implantation
development of bovine SCNT and gaur iISCNT embryidse bovine enucleated
oocytes were used as recipient cytoplasm for mabkk famale bovine and gaur
fibroblasts. Donor cell-cytoplast was fused by &leal pulses. After fusion, oocytes
were divided into two groups, TSA-treated and n@Afireated. For the TSA-treated
group, oocytes were activated and cultured in calltaedium supplemented with 50
nM TSA. After 10 h of TSA treatment, the reconsteacembryos were transferred to
embryo culture medium without TSA. For non TSA-tesh group, oocytes were
activated and cultured with the same culture sysroept no TSA supplementation.
The results showed that, there was no signific#ferdnce in fusion rate, cleavage
rate, development to 8-cell and morular stage amoegtment groups (P>0.05).

Blastocyst formation of bovine SCNT embryos fromAHBeated group is significant
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higher than other groups (P<0.05). The cell nunab&rE, ICM and the proportion of
TE:ICM from bovine SCNT and gaur iSCNT blastocystere not significant
difference in either TSA-treated or non TSA-treateshle or female fibroblasts.
Therefore, TSA treatment can improve developmenbafine SCNT embryos but

cannot improve the development of gaur ISCNT emdaryo

3.2 Introduction

Gaur is the largest species of wild bovine (mal@-Z000 kg, female 550-700
kg) found in South East Asia. Gaur becomes an egetad species because of it is
low infertile and illegal hunting (Johnston et &994). Due to the limitation of
oocytes and surrogate mothers in endangered speM&NT can facilitates rescue of
endangered species. iISCNT is a method involvedfeaing a donor cell from one
species into a recipient oocyte of another spe@esine, sheep and rabbit oocytes
have been used for iISCNT (Dominko et al., 1999; t&/lett al., 1999; Chen et al.,
2002). The advantage of bovine oocyte is easy taimband well manipulated.
Previous reports confirmed that the bovine cytapldasas the ability to support
embryo development of several mammalian speciels asaat, sheep, pig, monkey
(Dominko et al., 1999), gaur (Lanza et al., 200f))ffalo (Kitiyanant et al., 2001),
human (Chang et al., 2003), mountain bango antdlope et al., 2003), whale (Ikumi
et al., 2004), banteng (Sansinena et al., 200%), dag (Murakami et al., 2005), and
takin (Li et al., 2006). However, the successfifsmring of iISCNT have been
observed in only closely related species such asfloro (Ovis orientalis musimon)-
sheep Qvis aries) (Loi et al., 2001), gaur-bovine (Lanza et al.0@0Vogel 2001),

african wild cat Felis silvestris libica)-domestic catRelis silvestris catus) (Gomez et



45

al., 2003), gray wolfCanis lupus)-domestic dogCanis familiaris) (Kim et al., 2007)
and mountain goat, bucardo-domestic gdzdp(a aegagrus hircus) (Folch et al.,
2009) . Lanza and colleagues (2000) transferred ONT blastocysts to bovine
surrogate recipients. Eight recipients were pregn@5%). Only one recipient
developed to term. The cloned gaur was healthyriht Ibut died 2 days after birth due
to fatal bacterial infection (Vogel, 2001). Sangang and colleagues (2005) found
that gaur iISCNT embryos derived from male fibrotdashowed higher percentage of
blastocysts at day 7 when compared to iISCNT embid@sved from female
fibroblasts. Mastromonaco and colleagues (2007prted that the developmental
delay, decreased cell numbers, aberrant apoptati@berrant related gene expression
were found in gaur iISCNT blastocysts. Although g&@NT embryo production
using bovine oocyte has been accomplished and anegs were established, the
blastocyst rate and the offspring were still loweRous reports showed that TSA, a
histone deacetylase inhibitor, has been used toowepcloning efficiency in many
species such as mouse (Kishigami et al.,, 2006; &fdon et al., 2006), bovine
(Enright et al., 2003; Shi et al., 2003), porcizgng et al., 2007). Moreover, no
occurrence of LOS and an abnormal phenotype wasnodd in cloned mice after
TSA treatment (Kishigami et al., 2006). Therefonwestigation of the effect of TSA
treatment on pre-implantation development of bovBBENT and gaur iISCNT

embryos was the aim of this study.

3.3 Materials and methods

3.3.1 Donor cell preparation

Bovine fibroblasts: Ear skin tissues were biopsien male and female
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bovines (Figure 3.1A) and transported to the lalooyaon ice in 0.9% NacCl (Carlo
Erba, France, 479687). Skin tissues were remowad frartilage and cut into small
pieces (about 1 mm Figure 3.1B) before being placed in a 60-mm caltdish
(Nunc, Denmark, 150288) and covered with a glasde s(Figure 3.1C). Five
milliliters of aMEM (Minimum Essential Medium Eagle, Alpha modificm, Sigma,
USA, M-0644) plus 10% fetal bovine serum (FBS, GibtJSA, 10270-098)as
added to the dish and themltured under a humidified atmosphere of 5%, @Cair at
37°C for 8-10 days. The medium was replaced evagetdays. At sub-confluence,
the fibroblasts outgrowth (Figure 3.1D) were hatedausing0.25% trypsin (Sigma,
T-4799) / EDTA (Sigma, E-4884) in €aand Mg free phosphate buffered saline
(PBS) and seeded in 5 mMEM plus 10% FBS of 75-cculture flask (Nunc,
156499). The fibroblasts were frozen at the fogdlssage of cell culture WMEM
supplemented with 20% FBS and 10% dimethyl sulfeXidMSO, Merck, Germany,
116743)and kept in liquid nitrogen.

Gaur fibroblasts: Skin tissues were biopsied froralenand female gaurs
(Figure 3.2A) by biopsied gun (Figure 3.2B) andh$ported to the laboratory on ice
in 0.9% NaCl. Skin tissues (Figure 3.2C) were reetbfrom adipose tissue and cut
into small pieces (about 1 nfjn Skin tissues were cultured and frozen as bovine
fibroblasts.

Frozen-thawed donor cells were cultured in 35-mnituoel dish (Nunc,
153066) for 2-3 days before used as donor c@lidy the fourth passage of cell
culture of all cell types was used as donor call S&€NT. A few minutes before
injection the proliferating donor cells were hameesby standard trypsinization and

resuspened in Emcé&té@olding medium (ICP bio, New Zealand, ECHM-500).
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Figure 3.1 Bovine fibroblasts preparation. Ear skin was bieggdrom bovine (A).
Skin tissue was cut into small pieces (B) beforimdp@laced in culture
dish and covered with a glass slide (C). Fibroklagtre outgrown from

ear tissue after 8-10 days of cultured (D, magaifan 40x).
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[ .

Figure 3.2 Gaur fibroblasts preparation. Skin tissue was $iexpfrom gaur (A) by
biopsied gun (B). Skin tissue was removed from siepp gun (C).
Fibroblasts were outgrown from skin tissue aftet08eays of cultured

(D, magnification 40x).

3.3.2 Oocyte preparation
Bovine ovaries from local abattoir were collectead aransported to the
laboratory in 0.9% NaCl at room temperature. Cursigdacyte complexes (COCSs)
were collected by aspiration from follicles 2—-8 ndiameter using an 18-gauge
needle attached to a 10 ml syringe (Figure 3.3A)leCted COCs (Figure 3.3B) were
washed five times with modified Dulbecco’s phosghbuffered saline (mDPBS)
supplemented with 0.1% polyvinyl pyrolidorf@VP, Sigma, P-0930hen washed

three times inin vitro maturation (IVM) medium. The IVM medium consistefl o
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TCM199 (Sigma, M-5017) supplemented 10% FBS, 50mIUhCG (Intervet,
Netherlands, CDN781851), 0.02 AU/ml FSH (An®in Denka Pharmaceutical,
Japan) and pg/ml 1B-estradiol (Sigma, E-8875). Each of 20 COCs weftuiad in
100 pl droplets of IVM medium overlaid with mineral qifigma, M-8410) under a
humidified atmosphere of 5% G0n air at 38.5°C for 21 h (Parnpai et al., 1999).
After IVM (Figure 3.3C), the cumulus cells were rhanically removed by repeat
pipetting using a fine-tip pipette in 0.2%yaluronidase (Sigma, S-3506) and were
subsequently washed five times Bmcar€ holding medium. Metaphase-Il oocytes
(Figure 3.3D) with first polar body were selected énucleation.
3.3.3 Somaitic cell nuclear transfer

In vitro matured bovine oocytes were placedBmcar€ holding medium
containing 5ug/ml cytochalasin B (CB, Sigma, C-6762) for 5 mifhe zona
pellucida above the first polar body was cut withlass needle (Figure 3.4A-C). The
small volume (about 5-10%) of the cytoplasm bendath first polar body was
squeezed out (Figure 3.4D).All processes were done by micromanipulator
(Narishige, Japan, model MO188NE) under invertedrosicope (Olympus, Japan,
model IX71) at 200x magnification. Completed enatten was confirmed by
staining the squeezed out cytoplasm with 5 pg/médHet 33342 (Sigma, C-2261)
(Figure 3.5). Individual donor cell (diameter 14416) of male and female bovine or
gaur was inserted into the perivitelline space miickeated bovine oocytes (Figure
3.6). Donor cell-cytoplast couplet (DCCC) was fugedimmermann fusion medium
(Zimmermann and Vienken, 1982) between the tipghef fusion electrodes and
electrostimulated by two direct current pulses Y2415 psec) generated by a fusion

machine (SUT F-1, Suranaree University of Techngld&igure 3.7) The DCCC
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were subsequently washed six time&€imcar€ holding medium. The success fusion
was examined at 45 min after electrostimulated. Téwnstructed embryos were
activated by 7% ethanol (Carlo Erba, 4146@7Emcar& holding mediurfor 5 min

at room temperature and culturedmodified oviduct synthetic fluid with amino acids
medium (mSOFaa, Gardner et al., 1994pplemented with 1.25 pg/ml cytochalasin
D (CD, Sigma, C-8273) and 10 pg/ml cycloheximideH¥C Sigma, C-6798) at
38.5°C under a humidified atmosphere of 5%, @Cair for 5 h (Muenthaisonet al.,

2007).

Figure 3.3  Oocyte preparation. Bovine ovaries (A) were caédcfrom local
abattoir. Cumulus-oocyte complexes (COC) were asgir from
ovaries (B). COC after 21 h of vitro maturation (C). Metaphase-I|

oocytes with first polar body (arrow) (D, magnifiicen 200x).
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Figure 3.4

Enucleation procedures. Arrow indicated the fistar body (A). The
glass needle was used to cut the zona pellucideeathe first polar
body (B-C). The first polar body and small volunfecgtoplasm were
squeezed out by placing the glass needle above teoo(,

magnification 200x).
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O

Hoechst 33342 staining. The squeezed out cytoplaamstained by
Hoechst 33342. Bright filed (A) and fluoresces ima@) of the
squeezed out cytoplasm. Arrow indicated the firslap body. The
completed enucleation was confirmed by fluorescesigeal in the

squeezed out cytoplasm (magnification 200x).
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Figure 3.6  Injection procedures. The donor cell was aspirat@d injection
pipette (A). The donor cell was inserted into theziyilline space of

oocyte (B-D). Arrow indicated the donor cell (mdggation 200x).

Figure 3.7  Fusion procedures. Donor cell-cytoplast couplet place between the
tips of fusion electrodes (A). Ten minutes aftersidm (B,

magnification 200x).
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3.3.4In vitro embryo culture
The reconstructed embryos were cultured mmSOFaa medium (20
embryos/100 pl) at 38.5°C under a humidified atrhesp of 5% CQ 5% QG and
90% N, for 2 days. Eight-cell stage embryos were seleeted co-cultured with
bovine oviductal epithelial cells iImSOFaa medium at 38.5°C under a humidified
atmosphere of 5% GOn air for 5 days. Half volume of mSOFaa medium was
replaced daily and the development of embryos Jssracorded.
3.3.5 TSA treatment
After fusion, oocytes were separated into two gso(ipSA-treated and non
TSA-treated). For TSA-treated group, oocytes welacqr in Emcar® holding
medium supplemented with 50 nM TS&igma, T-8552for 45 minand after that,
oocytes were activated and cultured in medium smpphted with 50 nM TSA up to
10 h (Kishigami et al., 2006). For the non TSA-teglagroup, oocytes were activated
and cultured with the same condition except withisiA supplementation.
3.3.6 Differential staining of blastocysts
Blastocysts at 7 days after cultured were courteenad to distinguish cells of
trophectoderm (TE) and inner cell mass (ICM) as ifietl from previous report
(Suteevun et al., 2006). Briefly, zona pelluciddlastocysts were removed by 0.5%
protease (Sigma, P-8811) and washed in mDPBS supplted with 0.1% PVP. The
zona-free blastocysts were incubated in 10% rabtiitbovine spleenocyte antibodies
for bovine embryos or 100% rabbit anti-gaur fibedil antibodies for gaur embryos
for 30 min. Both antibodies were generated in abofatory followed the protocol of
lwasaki and colleagues (1990). After incubatiorgsbicysts were transferred into a

mixture of 10% guinea pig complement (Sigma, S-1630 pg/ml propidium iodide
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(Sigma, P-4170) and 10 pg/ml Hoechst 33258 (Sigad883) for 30 min. The

blastocysts were mounted with glycerol (Merck, 4084 glass slide and covered
with cover slide. The ICM cells (blue) and TE ce(l®d) were counted under
ultraviolet light provide by a 100W high-pressuremury burner (Olympus, model

BH2-RFL-T3) for fluorescence microscopy (Figure)3.8

Figure 3.8  Fluorescence image of a blastocyst. Red represaoEdium iodide
stain of trophectoderm cells and blue represeneschist stained inner

cell mass cells (magnification 200x).

3.3.7 Experimental design

The effect of TSA treatment on pre-implantatiorvelepment of bovine
SCNT and gaur iISCNT embryos derived from male asmhale fibroblasts was
examined. Reconstructed embryos from each treatngeotip were randomly
activated and cultured in medium with 50 nM TSA AF®eated) or without TSA
(non TSA-treated) supplementation. After 10 h, grabwere transferred to mSOFaa
medium without TSA supplementation. Four replicatesre performed for each
treatment group. Cleavage and developmental rategyht cell stage were evaluated

at 2 days after embryo culture. Percentages of laoand blastocyst were evaluated
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at 5 and 7 days after embryo culture, respectiady.assessment of the TE and ICM
cells, ten blastocysts at 7 days after embryo multtom each group were examined.
The rates of fusion, cleavage, eight cell, moruld hlastocyst as well as the TE and
ICM cell number of blastocyst from each donor ¢glle after TSA-treated and non
TSA-treated were compared.
3.3.8 Statistical analysis
Statistical analysis of data was evaluated by Cetafyl Randomized Design
(CRD) with Statistical Analysis System (SAS In§Q., Cary, N.C., USA). Analysis
of Variance (ANOVA) and comparison of means by Damis Multiple Range Test

(DMRT) were analyzed.

3.4 Results

3.4.1 Fusion rates of reconstructed bovine and gadibroblasts with bovine
enucleated oocytes

The male and female bovine and gaur fibroblaste iessed with enucleated
bovine oocytes with the same parameter. After fusieconstructed oocytes were
washed and incubated in Emdcaréolding medium with or without TSA
supplementation for 45 min. There was no signifiaifierence in fusion rate among
treatment groups (P>0.05, Table 3.1). The fusata was ranging between 85-90%.
The results in table 3.1 indicated that gaur andrgofibroblasts had similar ability to
fuse with enucleated bovine oocyte. TSA treatmsen, and species of donor cell did

not affect the fusion rate.
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3.4.2 Effects of TSA treatment on pre-implantationdevelopment of bovine
SCNT and gaur iSCNT embryos

The rates of cleavage, development to 8 cell aodila stage of bovine SCNT

and gaur iISCNT cloned embryos were similar in eith8A-treated or non TSA-
treated, male or female fibroblasts. The blastocst® of bovine SCNT embryos
treated with 50 nM TSA for 10 h was higher than tlen TSA-treated embryos
(P<0.05, Table 3.1). TSA treatment did not enhaheeblastocyst rate of gaur ISCNT
embryos compared with the non TSA-treated gaur iB@rhbryos. There was no
significant difference in developmental potenti@tween male and female cloned

embryos.

3.4.3 Effects of TSA treatment on TE and ICM celbof bovine SCNT and
gaur iISCNT blastocysts

The cell numbers of TE and ICM of bovine SCNT anaurgiSCNT
blastocysts from male and female fibroblasts of fi&ated or non TSA-treated
group were examined. There was no significant dkfiee in the cell number of TE

and ICM cells among treatment groups (P>0.05, T&hB. Moreover, similar
proportion of TE: ICM were found in all treatmenbgps. Gaur iISCNT blastocysts
had the same quality as of bovine SCNT. TSA treatimgex and species of donor

cell did not affect the quality of cloned blastacys



Table 3.1Effects of TSA treatment on pre-implantation depahent of bovine SCNT and gaur iISCNT embryos.

Fused Cleaved No. (%) embryo developed to

Donor cell type TSA treatment Cultured
(%) (%) 8-Cell Morula Blastocyst
Male bovine - 206/231 (89.2) 198 193 (97.5) 143 (72.2) 84 M2.4 63 (31.8§
+ 240/272 (88.2) 237 222 (93.7) 176 (74.3) 121Xp1. 103 (43.5)
Female bovine - 187/216 (86.6) 187 175 (93.6) 132 (70.6) 82 3.9 63(33.7Y
+ 216/241 (89.6) 210 201 (95.7) 169 (80.5) 1084p1. 92 (43.8)
Male gaur - 197/225 (87.6) 196 187 (95.4) 162 (82.7) 92 16.9 65 (33.2Y
+ 213/245 (86.9) 210 200 (95.2) 162 (77.1) 89 (M2.4 70 (33.3)
Female gaur - 187/220 (85.0) 184 180 (97.8) 142 (77.2) 84 M5.7 69 (37.5)
+ 210/232 (90.5) 210 200 (95.2) 165 (78.6) 1006%7. 78 (37.1)

Different superscripts within column indicate sigrant differences (P < 0.05).
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Table 3.2Effects of TSA treatment on bovine SCNT and g&@NT blastocyst quality.

Mean (= S.E.M.) number of cells in blastocyst

Donor cell type TSA treatment
TE ICM TE: ICM
Male bovine - 93+3.5 31+1.3 3.01 +0.08
+ 94 +3.0 31+1.1 3.04 £ 0.06
Female bovine - 94 + 3.3 30+1.0 3.09 +0.03
+ 92+3.5 29+1.0 3.14 +0.03
Male gaur - 93+3.7 30+1.7 3.08 £ 0.08
+ 85+2.3 28+ 0.6 3.03 +£0.07
Female gaur - 91 +3.7 29+1.2 3.11+0.06
+ 91+3.6 30+1.1 3.05 +0.09

The data was not statistically difference (P>0.05).

Ten blastocysts were examined for each treatment.

6S
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3.5 Discussions

This study demonstrated that the developmentsagidrysts of bovine SCNT
embryos increased when treated with 50 nM TSA farhlafter fusion whereas no
differences were observed in gaur iISCNT embryos.refdeer, there was not
significant difference on blastocyst quality amadngvine SCNT and gaur iSCNT
embryos either TSA-treated or non TSA -treated.

Histone plays an important role in chromatin dimee and transcriptional
regulation through modifications of the histone @oaierminus tail including
acetylation, methylation, phosphorylation and uliigylation (Wee et al., 2006).
Histone acetylation is involved in gene expressioallular function and DNA
replication. Histone acetylation and deacetylat@wa catalyzed by specific enzyme
HAT and HDAC. TSA is a histone deacetylase inhiitbinds directly to the
catalytic site of HDAC, resulting in the inhibitioof HDAC to remove the acetyl
groups of lysine residues clustered near the ar@mainus of core histone and the
transcriptional process remains activated. Thecefbf TSA treatment had been
studied in mouse (Kishigami et al., 2006; Rybouadiiral., 2006), bovine (Enright et
al., 2003; Shi et al., 2003), pig (Zhang et alQ20 rabbit (Meng et al., 2009) and rat
(Mizumoto et al., 2008) SCNT embryos. Treatmenba¥ine donor cells with TSA
before SCNT increased the development of clonedrngmlto the blastocyst stage
(Enright et al., 2003). Similarly, Wee et al. (20@@und that cloned embryos with
TSA-treated donor cell showed a higher developmedmpetence than those with
normal cells and IVF embryos. In contrast, Shile(Z003) examined the treatment of
fetal fibroblasts with sodium butyrate (NaBu), drest HDAC inhibitor. They found

that NaBu can increase the rate of blastocyst yfolM, however, TSA had no
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positive effect on the development of cloned embryafter that, Kishigami and
colleagues (2006) reported that cloned mouse emlirgated with 5-50 nM TSA for
10 h after oocyte activation had two to five-fohdtieases in blastocyst rate depend on
donor cell type. They used tail tip cells, spleetfis; neural stem cells and cumulus
cells as donor cells. But no beneficial effect whtained when embryonic stem cells
were used as donor cell. In addition, they fourat ISA treatment can increase the
success rates of outbred strain mouse cloning idgash et al., 2006; Kishigami et
al., 2007). Thus, 50 nM TSA for 10 h, an effectipmtocol in mouse cloning
(Kishigami et al., 2006) were applied in this stuthowever, the TSA treatment
began immediately after fusion because the nuctgapgramming in cloned embryo
started soon after donor nuclei fused into recipigtoplasm (Gao et al., 2007).

This study indicated that TSA treatment can ineeedhe percentage of
blastocyst in bovine SCNT embryos. Similarly, 50 ABA treatment increased the
blastocyst of cloned bovine embryos (Ding et &0& Iwamoto et al., 2007). On the
other hand, Akagi and colleagues (2007) and lagercalleagues (2008) showed that
50 nM TSA treatment did not affect the developnmenblastocyst of bovine cloned
embryos. The conflicting result may be due to thféeinces in timing of TSA
treatment, the cloning protocol and the conditiberabryo culture.

The cell numbers of TE, ICM and the proportion d&:[CM from bovine
SCNT and gaur iISCNT blastocysts were not signifiadifference in either TSA-
treated or non TSA-treated embryos. TSA treatmahindt change the cell number
and cell allocation of TE and ICM in cloned blagtstc Another report in mice
cloning, cloned embryos treated with TSA for 8 ®hLhad higher blastocyst rate and

full term fetuses were obtained (Tsuji et al., 2009SA treatment improved
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blastocyst rate and quality of the blastocysts did not increase full-term
development of cloned mouse embryos (Rybouchkal.e2006). The blastocyst rate
of pig cloned embryos increased with TSA but thelteell numbers of blastocyst
were not difference compared with the control. Hogve piglets were obtained after
embryo transfer (Zhang et al., 2007; Li et al., @00Moreover, Yamanaka and
colleagues (2009) reported that TSA treatment cealtance blastocyst rate and total
cell number of pig cloned embryos. Shi and collesg2008) found that the
blastocyst rate of rabbit cloned embryo from TSéated group was higher than that
of non TSA-treated embryos. On the other hand, Ti®Atment did not increase the
blastocyst rate, cell number of blastocyst, pregpand birth rates when compared
with non TSA-treated rabbit SCNT embryos (Meng let 2009). From this study,
male and female fibroblasts had the same abilitgujpport embryo development of
bovine SCNT and gaur iSCNT in either TSA-treatedhon TSA-treated embryos.
However, Sansinena and colleagues (2005) reportet bovine cytoplasts
reconstructed with male banteng fibroblasts hadhdrigleavage and blastocyst rate
than those of female fibroblasts.

Interestingly, TSA had no positive effect on depshent of gaur iISCNT
embryos, however, the blastocys rate of gaur iISGWFe higher than previously
reported (Lanza et al., 2000; Mastromonaco et280,7). Shi and colleagues (2008)
found that there was no significant difference mbeyo development of human-
rabbit iISCNT embryos after TSA treatment when comgavith non TSA-treated
embryos. TSA treatment could not improved the blastt rate of dog-pig iISCNT
embryos when using dewclaw cells but the benefiefidct was found when using

tail tip cells as donor cells (Sugimura et al., 200The mechanism of nuclear
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reprogramming on iSCNT is still unclear. Only irese histone acetylation was not
enough for active transcription of silence gene&S@GNT embryos.

TSA can improve pre-implantation development ofibe\GCNT embryos but
no positive effect on gaur iISCNT embryos. The tatin development of TSA treated
embryos and epigenetic reprogramming of iISCNT ewosryneeds further

investigation.

3.6 Conclusion

This experiment indicated that TSA treatment caprove development of

bovine SCNT embryos but not gaur iISCNT embryos.
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CHAPTER IV

EFFECT OF TRICHOSTATIN A ON POST-

IMPLANTATION DEVELOPMENT OF CLONED

BOVINE AND GAUR EMRBYQOS

4.1 Abstract

The efficiency of cloning animal by SCNT has beienited due to high fetal
loss and neonatal mortality. From previous studi#§A treatment showed
improvement of the cloning efficiency. In this spudhe effect of TSA treatment on
post-implantation development of bovine SCNT, figd/thawed bovine SCNT and
gaur iISCNT embryos were examined. The gaur iISCNBrgns were reconstructed
by fusing male or female gaur fibroblasts with m@venucleated oocytes. The bovine
SCNT embryos were derived from male bovine fibretdausing the same procedure
as gaur iISCNT. After fusion, the reconstructed gmmdmwere divided into two groups,
TSA-treated and non TSA-treated group. For vittifieawed bovine SCNT group,
the bovine SCNT blastocysts at day 7 of culturenffdSA-treated and non TSA-
treated groups were vitrified by microdrop techmigand warmed by stepwise
dilution. The bovine SCNT, vitrified/thawed bovis&CNT and gaur iISCNT embryos
from TSA-treated and non TSA-treated groups wene-swgically transferred into
seventy three synchronized bovine recipients. Tiegrmancy diagnosis was done on

day 45 after embryo transfer by trans-rectal uttwasl scanning. The pregnancy
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statuses were checked monthly until delivery. Tdsults indicated that the pregnancy
rates of male and female gaur iISCNT embryos wetesigmificant different in the
TSA-treated or the non-TSA treated group (P>0.0%)e pregnancy rate of gaur
ISCNT and vitrified/thawed bovine SCNT embryos wera significant different
between TSA-treated and non TSA-treated groups.(B®»0However, the pregnancy
rate of TSA-treated bovine SCNT embryos was sigaiftly higher than that of non
TSA-treated embryos (P<0.05). The fetal developmehil SA-treated and non TSA-
treated embryos were no significant different withhe same type of embryos
(P>0.05). However, the fetal development of norAEfeated embryos from male
gaur iISCNT was significantly higher than that of AFBeated embryos (P<0.05).
Three cloned bovine calves derived from TSA-trediedine SCNT embryos were
delivered. However, one bovine calf died duringthbirOne cloned gaur newborn
derived from non TSA-treated group of male gaur N§Cembryo was born by
cesarean section but died 12 h after birth dueutmpnary disorder. One out of two
recipients carrying TSA-treated female gaur iISCNibe/os had late-term abortion
on day 242 and another one recipient had mummiigds which was cesarean
section at day 311 of gestation. Therefore, no gauborn was obtained from female
gaur iSCNT group. Moreover, twin cloned bovine ealv derived from
vitrified/thawed embryos of TSA-treated bovine SCNfoup were born healthy.
DNA microsatellite analysis confirmed that four ménl bovine calves, aborted and
mummified gaur fetuses and one cloned gaur newh@ne genetically identical to
their donor cells. In conclusion, TSA treatment |doucrease the pregnancy rate of
bovine SCNT embryos. No positive effect was found gaur iISCNT and

vitrified/thawed bovine embryos. Besides, TSA tneat cannot improve fetal
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development of all types of embryos. Nevertheléss; cloned bovine calves from

TSA-treated embryos were born.

4.2 Introduction

Although SCNT has successfully produced offspringmany mammalian
species (reviewed by Campbell et al., 2007), closedbryos have lower pregnancy
rate than those fronm vivo andin vitro derived embryos (Booth et al., 2003, Cibelli
et al., 2002, Li et al., 2006, Pederson et al.,.520The viable birth rate of cloned
embryos (1-5%) was lower than those fromvitro derived embryos (30-60%,
Wilmut et al., 2002). Most of the remaining (95-99%ied at various stages of
development due to developmental abnormalities I@Ved al., 2004). Moreover,
cloned fetuses often have abnormalities correlateith placental problems
(placentome malformation and hydroallantois), pmgled gestation, parturition
difficulties (high placental and birth weight), higeri- and post-natal death, specific
adult phenotypes and short lifespan (Wells et281Q4). Previous reports found that
improper development of placenta may play importaté in the fetal abnormalities
and low pregnancy rates in bovine SCNT (Stice gt1#196; Dindot et al., 2004).
These failures attributed to the existing epigenetrors in the donor genome and/or
incomplete reprogramming via SCNT (Shimozawa et2802; Wells, 2003). Since
the first ISCNT experiments have been reported 9891 (Dominko et al., 1999),
ISCNT has been applied to preserve or rescue erdahgpecies. However, the poor
embryo development, low pregnancy and live birthegahave been observed
(reviewed by Mastromonaco and King, 2007). Previstuslies on gaur iSCNT using

bovine oocyte as recipient found the blastocysinédgion ranging from 12 to 18%
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(Lanza et al., 2000; Mastromonaco et al., 200@viBus studies on transferring gaur
embryos to bovine recipients have resulted in bffspring (Johnston et al., 1994).
Although, the cloned gaur was successfully prodypeeignancy rate 25%, birth rate
12.5%, Lanza et al., 2000), the gaur died withim tays of birth (Vogel, 2001).
Many researchers have tried to improve the effrenof SCNT by correct the
epigenetic reprogramming. Some chemicals have bgset to alter the methylation or
acetylation patterns of donor chromatin before aftelr the SCNT procedure such as
TSA (Enright et al., 2003; Shi et al., 2003; Rybkinhet al., 2006; Kishigami et al.,
2006), NaBu (Shi et al., 2003), 5-aza-2 deoxycyed{Enright et al., 2003; Tsuji et
al., 2009) and scriptaid (Zhao et al., 2009). Iittoh of histone deacetylase using
TSA has been shown to enhance pre-implantationlo@vent of SCNT embryos in
mouse (Kishigami et al., 2006), bovine (lwamotalet 2007; Ding et al., 2008), pig
(Zhang et al., 2007) and rabbit (Shi et al., 2008)date, the effects of TSA treatment
on full-term development have been examined onipnause (Kishigami et al., 2006;
2007; Tsuji et al., 2009, Maalouf et al.,, 2009) amdbbit (Meng et al., 2009).
Therefore, the effects of TSA treatment on postlamiation development of bovine
SCNT, vitrified/thawed bovine SCNT and gaur iISCNWbeyos have been evaluated

in this study.

4.3 Materials and methods

4.3.1 Embryo production
All blastocysts in this experiment were producethgishe method described
in Chapter Ill. Briefly, the male bovine or male famale gaur fibroblasts were

transferred to enucleated bovine oocytes. Aftectetal fusion, the reconstructed
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embryos were randomly divided into two groups, Tisated and non TSA-treated
groups. For TSA-treated group, the embryos werevatetl by a combination of
cytochalasin D and cycloheximide and then cultuneculture medium supplemented
with 50 nM TSA. After 10 h of TSA treatment, embsywere cultured in culture
medium without TSA supplementation for 7 days. Ron TSA-treated group, the
embryos were activated and cultured in culture omadvithout TSA supplementation
for 7 days.
4.3.2 Vitrification and warming

The TSA-treated and non TSA-treated of male bo@@NT embryos were
vitrified using microdrop technique. Briefly, theatching blastocysts (day 7) were
washed in TCM199-Hepes (Sigma, H-4034) supplemeni#d20% FBS, 7.5% (v/v)
ethylene glycol (EG, Sigma, E-9129) and 7.5% (whnethylsulfoxide (DMSO,
Sigma, D-1435) for 3 min and then transferred twifidation medium, TCM199-
Hepes supplemented with 20% FBS, 0.5 M sucrosen&i&-1888), 16.5 % (v/v) EG
and 16.5% (v/v) DMSO, for 30 sec. Small drops & titrification solution (1-2 pl)
containing 5 embryos were directly dropped intouiliy nitrogen. After that, the
vitrified drops were transferred into cryotube (Mur875418) and kept in liquid
nitrogen.

When ready to use, the embryos were thawed by msiareof vitrified drops
into 0.6 M sucrose in TCM199-Hepes supplemented 2% FBS for 5 min at 39°C
following stepwise dilution with 0.4 M, 0.2 M andNd sucrose for 5 min each. After
that, the embryos were washed three times in mS@fembum and co-cultured with
bovine oviductal epithelial cells under a humidifiatmosphere of 5% GOn air at

38.5°C for 12 h before embryo transfer.



76

4.3.3 Synchronization of recipients

The synchronization program for bovine recipier®s3 (years old) was set up
as shown in Figure 4.Briefly, an intravaginal progesterone-releasingice{CIDR,
Pharmacia & Upjohn Company, Hamilton, New Zealand} inserted into vagina of
recipient for 7 days. Two days before CIDR removhk recipients received an
intramuscular injection of 500 IU equine chloriorserum gonadotrophin (eCG,
Folligon®, Intervet International B.V., Boxmeer, The Netheds). At the time of
CIDR removal, the recipients received an intramlasanjection of 0.75 mg synthetic
prostaglandin (PGE, lliren®, Intervet International GmbH, UnterschleiRheim,
Germany). Forty eight hours after CIDR removal, tkeipients were checked for
standing estrus. The estrus cycle were confirmedeéeayal palpation. Then each
recipient received an intramuscular injection 0250.mg gonadotrophin releasing
hormone (GnRH, Fertad¥l Intervet International B.V.) at 15 h after stargliestrus.

The embryos were transferred on day 8 post estrus.

CIDR insertion 500 IU eCG (i.m.) Estrus detection
10.00 am 8.00 am 05.00 pm Embryo transfer
-ttt  t  t 4 Days
0 5 7 9 10 18
CIDR Removal Rectal palpation

+0.75 mg PGF2(i.m.) 0.25 mg GnRH (i.m.)
05.00 pm 08.00 am

Figure 4.1 Bovine recipients synchronization program.

4.3.4 Embryo transfer (ET)
The bovine SCNT, vitrified/thawed bovine SCNT aralgiSCNT embryos

from TSA-treated and non TSA-treated groups wene-swgically transferred into
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synchronized bovine recipients. Briefly, aftarvitro cultured for 7-8 days, hatching
blastocysts were washed three times in Enfcdrelding medium. Two or three
embryos were loaded into a 0.25-ml ET straw. Afeedy the straw was placed into
an ET gun (IMV, France), covered with ET sheath\(INFrance) and sanitary sheath
(IMV, France). Then, an ET device was introduced wagina of the recipient. The
embryos were deposited in the ipsilateral uterimmh

Pregnancy diagnosis was performed at day 45 aftdaryo transfer by trans-
rectal ultrasound scanning. The pregnancy statssr@échecked by rectal palpation on
day 60, 90, 120, 150, 180, 210, 240 and 270 ofgest

4.3.5 Sample collection and DNA extraction

Blood samples were collected from cloned bovinevesyl cloned gaur
newborn and bovine recipients. Tissue samples woaypsied from aborted and
mummified gaur fetuses.

Genomic DNA were extracted from blood, tissue dasjand fibroblasts of
donor cell (as positive control) using Genomic DMtraction Mini kit (RBC
Bioscience, Taiwan, RPC), according to manufacsirecommendation.

4.3.6 DNA microsatellite analysis

The genotyping of clones and donor cells weregoeréd by polymerase
chain reaction (PCR) using bovine DNA microsatelltarkers (Table 4.1). Twenty
microliters of reaction mixture consisted of 100 afgDNA sample, 1x PCR buffer
(Promega, Madison, WI, USA, M8911), 2 mM Mg@Promega, A3511), 0.2 mM of
dNTPs mix (Fermentas, Canada, R0181), 0.5 uM ol gaitners (Table 4.1) and
0.625 units of Taq polymerase (Promega, M8295). drhelification was carried out

as follows: 95°C for 2 min following by 45 cycle$ 85°C for 20 sec, annealing
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temperature (Table 4.1) for 20 sec, 72°C for 30 $&e final elongation was at 72°C
for 5 min. PCR products were run on a 5% polyaonyde gel in 1x TBE buffer at
100 V for 50 min. Polyacrylamide gel was stainecefly with 1 mg/ml ethidium
bromide (Sigma, E-7637). Then rinse in water fdin3es. The PCR products were
visualized under ultraviolet light (ChemiDoc XRSsE&m, Biorad, 170-8070).
4.3.7 Experimental design
The effect of TSA treatment on the post-implaotatdevelopment of male
bovine SCNT, vitrified/thawed male bovine SCNT, e@nd female gaur iISCNT
embryos were examined. Two or three blastocystsn feach group were non-
surgically transferred to bovine recipients. Thegmancy rate was evaluated on day
45 after embryo transfer by trans-rectal ultrasosndnning. Rectal palpation was
done to confirm the pregnancy status on day 60120, 150, 180, 210, 240 and 270
of gestation.
4.3.8 Statistical analysis
Statistical analysis of data was evaluated bynthre parametric statistics with

Statistical Analysis System. Pearsogfsest was analyzed.



Table 4.1Bovine DNA microsatellite markers.

Markers Sequences Annealing temp. (°C) References

CSSM66 F: ACACAAATCCTTTCTGCCAGCTGA 52 Barendse et al., 1994
R: AATTTAATGCACTGAGGAGCTTGG

ETH3 F: GAACCTGCCTCTCCTGCATTGG 52 Toldo et al., 1993
R: ACTCTGCCTGTGGCCAAGTAGG

ETH225 F: GATCACCTTGCCACTATTTCCT 47.5 Steffen et al., 1993
R: ACATGACAGCCAGCTGCTACT

HEL9 F: CCCATTCAGTCTTCAGAGGT 55 Kaukinen and Varvio, 1993
R: CACATCCATGTTCTCACCAC

INRAOOS F: CAATCTGCATGAAGTATAAATAT 40 Vaiman et al., 1992
R: CTTCAGGCATACCCTACACC

INRAO37 F: GATCCTGCTTATATTTAACCAC 40 Vaiman et al., 1994

R: AAAATTCCATGGAGAGAGAAAC

6.



Table 4.1(Continued).

Primer sequences

Annealing temp. (°C)

References

Markers
INRAO63 F:
MGTG4B F:
TGLAS3 F:
TGLAS57 F:
TGLA126 F:
TGLA263 F:

ATTTGCACAAGCTAAATCTAACC

: AAACCACAGAAATGCTTGGAAG

GAGCAGCTTCTTTCTTTCTCATCTT

: GCTCTTGGAAGCTTATTGTATAAAG

GCTTTCAGAAATAGTTTGCATTCA

: ATCTTCACATGATATTACAGCAGA

GCTTTTTAATCCTCAGCTTGCTG

: GCTTCCAAAACTTTACAATATGTAT

CTAATTTAGAATGAGAGAGGCTTCT

: TTGGTCTCTATTCTCTGAATATTCC

CAAGTGCTGGATACTATCTGAGCA

: TTAAAGCATCCTCACCTATATATGC

48

46

43

44

44

46

Vaiman et al., 1994

Fries et al., 1993

Barendse et al., 1994

Barendse et al., 1994

Barendse et al., 1994

Georges et al., 1995

08
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4.4 Results

4.4.1Effects of TSA treatment on post-implantation devepment of bovine
SCNT embryos

Only male embryos from bovine SCNT were examinedhis experiment.
From Table 4.2, no pregnancy was obtained afterstearing eighteen non TSA-
treated embryos into seven recipients. On the dthed, six recipients (46.2%) were
found pregnant by trans-rectal ultrasound scanairday 45 after transfer of thirty six
TSA-treated embryos into thirteen recipients. Thegpancy rate of TSA-treated
embryos was significantly higher than that of noBAfreated embryos (P<0.05).
However, three recipients of TSA-treated embryasrtalol before day 60, 90 and 120
of gestation. Other three pregnancies (3/13, 23 dd&nj)inued to develope until term.
The first cloned bovine calf was naturally born Bebruary %, 2008 (day 275 of
gestation; birth weight 35 kg) being healthy witbrmal appearance (Figure 4.2A).
The second cloned bovine calf (Figure 4.2B) was/dedd by a caesarean section on
February 8, 2008 (day 274 of gestation; birth weight 42 Rdifortunately, perinatal
death of the third cloned bovine calf took pladéeracaesarean section on Marcf'31
2008 (day 274 of gestation, birth weight 47 kg)e ferinatal dead cloned bovine calf

had normal appearance.



Table 4.2Effects of TSA treatment on post-implantation depenent of bovine SCNT and gaur iISCNT embryos.

Donor TSA No. No. No. (%) recipients pregnant at days calving
cell embryos recipients 45 60 90 120 150 180 210 240 270
Male + 36 13 & 5 4 3 3 3 3 3 3 3

bovine (46b.2) (38.5) (30.8) (23.1) (23.1) (23.1) (23.1) (23.1) (23.1)
- 18 7 0 0 0 0 0 0 0 0 0 0
+ 44 18 3 1 0’ 0’ 0’ 0’ 0’ 0’ 0’ 0’
Male gaur (16.7) (5.6)
- 9 3 1 1 18 12 18 1# 18 12 18 12
(33.3) (33.3) (33.3) (33.3) (33.3) (33.3) (33.3) (33.3) (33.3)
Female + 50 16 6 2 2 2 2 2 2 2 1 0
gaur (37.5) (12.5) (12.5) (12.5) (125 (12.5) (12.5) (12.5) (6.3)
- 3 1 0 0 0 0 0 0 0 0 0 0

Values with different superscripts in same colunarensignificant difference (P<0.05).

Table 4.3Effects of TSA treatment on post-implantation depenent of vitrified/thawed bovine SCNT embryos.

Donor TSA No. No. No. (%) recipients pregnant at days calving
cells embryos recipients 45 60 90 120 150 180 210 240 270
Male + 22 8 3 2 2 2 2 2 2 1 1 2
bovine (37.5) (25) (25) (25) (25) (25) (25 (12.5) (12.5)
- 14 7 2 2 1 1 1 0 0 0 0 0

(28.6) (28.6) (14.3) (14.3) (14.3)

Values were not significant difference (P>0.05).

Z8
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B ™2

Figure 4.2  Cloned calves derived from TSA-treated bovine SGMibryos at 30
minutes after birth. The first cloned calf wegurally born on day 275
of gestation (A); the second cloned calf was doritaesarean section

on day 274 of gestation (B).

4.4.2 Effect of TSA on post-implantation developmerof gaur iISCNT
embryos
The post-implantation development of gaur iISCNTbgms are shown in
Table 4.2. For the male gaur iISCNT embryos, fooiyr fTSA-treated embryos were
transferred into eighteen bovine recipients. Nifen@an TSA-treated embryos were
transferred into three bovine recipients. The atireography at day 45 after embryo
transfer showed those three out of eighteen ratpi€l6.7%) of the TSA-treated
group and one out of three recipients (33.3%) ef tlon TSA-treated group were
pregnant. The abortions of all pregnant recipi¢rdam the TSA-treated group were
found before day 90 of gestation. One recipienthef non TSA-treated group could
maintain the pregnancy to term. Although the preggaate and post-implantation
development on day 60 were not significant diffeeesbetween TSA-treated and non

TSA-treated embryos, the post-implantation develemis on day 90 to term of non
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TSA-treated embryos shows significant higher thaosé of TSA-treated embryos
(P<0.05). Cloned male gaur newborn was delivered¢d®sarean section on March
4™ 2008 (day 283 of gestation) with 20 kg birth wei¢Figure 4.3A). Although the
cloned gaur newborn appeared healthy with normai@a rhyme but the tactile hair
along the body was not well developed. Three haiftsr birth, the cloned gaur
newborn showed sign of dypsnea and finally diedzth after birth. Post-mortem
examination revealed no evidences of abnormalkgept an accumulation of muco-
exudative fluids in the lung and along the respmatract. Pulmonary disorder was

thought to be the cause of death.

Figure 4.3  Cloned gaur newborn derived from male gaur iSCNibryo (A).

Male gaur donor (B).

For female gaur iISCNT, fifty TSA-treated embryosrevtransferred to sixteen
bovine recipients and three non TSA-treated embwa® transferred to one bovine
recipient. The ultrasonography at day 45 after emblransfer, six out of sixteen
recipients (37.5%) of TSA-treated group were foyrdgnant. No pregnancy was
observed in non TSA-treated group. However, thess no significant difference in

the pregnancy rate and development to term amoegethwo groups studied
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(P>0.05). Four out of six recipients in TSA-treatgoup aborted before day 60 of
gestation and one recipient aborted on day 242 edtagjon (Figure 4.4A).
Furthermore, mummified fetus was obtained by caasarsection on day 311 of

gestation (Figure 4.4B). As a result, no calf wasamed from female gaur iISCNT

group.

Figure 4.4  Gaur fetuses derived from female gaur iISCNT emdbryjidne aborted
fetus at day 242 of gestation (A); the mummiffetus at day 311 of

gestation (B). Female gaur donor (C).

4.4.3 Effects of TSA treatment on post-implantationdevelopment of
vitrified/thawed male bovine SET embryos
Only male bovine embryos were examined in thiseexpent. From Table 4.3,

twenty two vitrified/thawed embryos of TSA-treatgtbup were transferred to eight
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recipients and fourteen vitrified/thawed embryos nain TSA-treated group were
transferred to seven recipients. The pregnancy wete not significantly different
between TSA-treated (3/8, 37.5%) and non TSA-tckat®/7, 28.6%) groups
(P>0.05). In TSA-treated group, two recipients #bdrbefore day 60 and 210 of
gestation. Only one recipient could maintain pregyao term. Twin cloned bovine
calves were born by caesarean section on Febrd&ry2008 (day 277 of gestation).
Both cloned bovine calves were healthy with birteight of 25 kg (Figure 4.5). In
non TSA-treated group, two pregnant recipients taldobefore day 90 and 180 of

gestation, respectively. Therefore, no offspringswaorn from non TSA-treated

group.

Figure 4.5 Twin cloned calves derived from vitrified/thawedleryos of TSA-
treated bovine SCNT group at 30 minutes aftehl{#), one and half

hours after birth (B).

4.4.4 DNA microsatellite analysis of cloned bovinealves, cloned gaur
newborn, aborted and mummifiedayr fetuses
To confirm the genetic identity of the four clonkdvine calves (two bovine

calves from fresh embryo group and twin bovine eslfrom vitrified/thawed embryo
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group), twelve bovine DNA microsatellite markersGWIG4B, TGLA263, TGLA57,
ETH225, INRAO037, HEL9, TGLA53, CSSM66, ETH3, TGLAG2 INRAOGS,
INRAOOS; Table 4.1) were used for amplification ggnomic DNA from the donor
cells, the four cloned bovine calves and the thi@ene recipients. All markers could
distinguish PCR products of the bovine donor frdrase of three bovine recipients
except INRAO63 and INRAQOO5 (Figure 4.6). Only th€RP product of the second
recipient could be distinguished from the bovinenao by INRA063 whereas
INRAOOS could not distinguish the PCR product cf@®l recipient from the bovine
donor. However, other microsatellite analyses cordd that all cloned calves were
genetically identical to the donor cells and difiem the recipients (Figure 4.6).

To confirm the genetic identity of the cloned gawewborn, aborted and
mummified gaur fetuses, seven bovine DNA microstgeimarkers (MGTG4B,
TGLA263, TGLA57, ETH225, INRAO37, HEL9, TGLAS3; Thb4.1) were used for
PCR amplification of genomic DNA from the donor Ise{male and female gaur
fibroblasts), the cloned gaur newborn, aborted emenmified gaur fetuses (Figure
4.7). Amplification failures of mummified gaur fetuemplate DNA were observed
when MGTG4B and TGLA53 primers were used. Howetleg, other primers were
able to successfully amplify the gaur and bovirepient genomic DNA. Analysis of
bovine DNA microsatellite markers confirmed thag #iloned gaur newborn, aborted
and mummified gaur fetuses were genetically idahtiz their donor cells.

At this point, all cloned bovine calves from freghd vitrified embryos are

growing up normally with good health (Figure 4.8 ah9).
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Figure 4.6 DNA microsatellite analysis of the cloned calves.

MBF, male bovine fibroblasts;Byvine recipient; CB, cloned bovine calf
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MGTG4B

TGLA263

TGLAS7

| ETH225

INRAO37

HEL9

TGLAS53

Figure 4.7  DNA microsatellite analysis of cloned gaur. R, im@vrecipient; MCG,
male cloned gaur; MGF, male gaur fibroblasts; Fléfmale gaur
fibroblasts; FCGa, female cloned gaur abortediGRFC female cloned

gaur mummified.



Figure 4.8

Figure 4.9
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Cloned calves from fresh (left) and vitrified/thedv(right) bovine

SCNT embryos at 1 month after birth.

: -y

Cloned calves derived from fresh (A, B) and vikafithawed (C, D)

bovine SCNT embryos at sixteen months after birth
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4.5 Discussion

From this study, TSA treatment could increase ttegmancy rate of bovine
SCNT embryos, however, no positive effect was oleskron gaur iISCNT and
vitrified/thawed bovine SCNT embryos. Moreover, T88atment could not improve
fetal development to term in all embryo types.

This is the first report that examined the effettTSA treatment on post-
implantation development of bovine SCNT, gaur iISCAHl vitrified/thawed bovine
SCNT embryos. In this study, the calving rate aftansferring TSA-treated bovine
SCNT embryos to the recipients (23.1%) was highantthat of previous report
(6.8%, Heyman et al., 2002). However, high succats was reported by Kato and
colleagues (1998) who produced eight cloned catieg/ed from somatic cell of a
single adult bovine (80%). The incidence of abartoluring the first four months of
gestation was found in this study. The fetal lossdke first trimester of pregnancy of
bovine SCNT are often associated with aberrantepiat development of bovine
cloning (Hill et al., 2000; Lonergan et al., 20@uczinski et al., 2009). Only the
recipients carrying TSA-treated bovine embryos we@megnant. These results
indicated that TSA could improve the pregnancy ratebovine SCNT embryos.
However, the effect of TSA treatment on bovine Ifelavelopment is still unclear.
Previous reports found that TSA treatment could rowp post-implantation
development of cloned mouse (Kishigami et al., 2Q087; Maalouf et al., 2009).
After TSA treatment, five-fold increase in the sess rate of cloned mouse from
cumulus cells has been shown. The cloned pups Wweadthy without obvious
abnormality (Kishigami et al., 2006). Moreover, TS$#®atment could improve the

success rate of cloning from unclonable strains ahgups appeared normal and
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lived for more than 6 months (Kishigami et al., 2ZPDMaalouf and colleagues (2009)
confirmed that TSA treatment had positive effectfuliiterm development of mouse
embryo leading to high rate of live pups. On theeothand, TSA treatment of mouse
SCNT embryos for 8 to 12 h increased the blastoagst and full-term fetuses were
obtained. However, longer TSA exposure (14 and RBetluced the blastocyst rate
and no fetus was obtained (Tsuji et al., 2009)cdmtrast, Meng and colleagues
(2009) reported that no differences in the cleayégstocyst, and pregnancy rates
were found between TSA-treated and non TSA-treebbbit SCNT embryos. The
embryos from both groups can develop to term. Hamnethe TSA treated pups died
within an hour to 19 days after birth. Only pupsnfrnon TSA-treated embryos grew
to adulthood. Therefore, the effects of TSA treattmen cloning efficiency vary
depend on species.

In this study, TSA treatment had no positive dff@t pregnancy rate of male
and female gaur ISCNT embryos. Although, the pogilantation development rate
of non TSA-treated male gaur ISCNT embryos was drighan that TSA-treated
group, no differences were found in those of feneaoryos. The fetal losses on the
first trimester of gestation were also found simitabovine SCNT embryos. It might
be due to the incompatibility of fetal-maternaleirsctions between the gaur embryo
and the bovine recipient’'s uterus or abnormal pitadledevelopment (reviewed by
Beyhan et al., 2007). Moreover, the fetal lossesevadso found in the third trimester
of gestation. Similarly, Lanza and colleagues (3G060nd that one recipient had late-
term abortion on day 202 of gestation. Late-gestalibsses in bovine involve in the
incomplete reprogramming via SCNT (Heyman et aD0Z and/or excessive

accumulation of allantoic fluid (Wells et al., 1999he low pregnancy rate and high
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abortion incidence could be due to several factush as ISCNT procedure,
abnormal placental development, fetal malnourishinaeid hypoxia (Hammer et al.,
2001). In this study, cloned gaur newborn from A®@A-treated embryos showed
respiratory defect and eventually died within 12fter birth. Previous report found
that the live gaur calves were successfully produaéer transferred to bovine
recipients (Johnston et al.,, 1994). However, thgh hmortality rate of calves was
found in the first week after birth due to intersigs incompatibilities (Johnston et al.,
1994). There was no difference between the selxeoflonor cell on post-implantation
development in cloned gaur iISCNT embryos. Similakly Bourhis and colleagues
(1998) reported that no effect of sex on the pragpaate and the calving rate of
cloned bovine embryos was observAdiew studies produced live iISCNT offspring
successfully after transferring ISCNT embryos sashmouflon (Loi et al., 2001),

gaur (Lanza et al., 2000; Vogel, 2001), Africandmilat (Gémez et al., 2004), gray
wolf (Kim et al., 2007), sand cat (Gomez et alQ&0and bucardo (Folch et al., 2009)
into domestic animal. Unfortunately, only clonedriéén wild cats and gray wolves
are alive today. The cloned gaur survived for dhlgtlays after birth (Vogel, 2001),

the cloned mouflon survived for about 7 months\@di, 2001) and cloned bucardo
newborn died a few minutes after birth (Folch et2009).

TSA treatment had no positive effect on post-imfddon development of
vitrified/thawed bovine SCNT embryos. No differeac@ pregnancy rate between
fresh and vitrified/thawed groups were observed.e Thregnancy rate of
vitrified/thawed embryos in this study (33.1%) wawer than that of previous report
(67.7%, Lonergan et al., 2007). The fetal losseghenfirst and third trimester of

gestation were also found in vitrified/thawed enastyHowever, healthy twin cloned
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calves were obtained from TSA-treated group. Tloeegfthis vitrification technique
had no detrimental effect on post-implantation dgwaent after embryo transfer.

DNA microsatellite analysis confirmed that four éal bovine calves, aborted
and mummified gaur fetuses and one cloned gaur aewlere genetically identical
to their own donor cell.

The low pregnancy rate and mortality of fetus orstpmplantation stage
might be caused by the incomplete reprogrammingnmgfortant early embryonic
genes or/and maternal-fetal incompatibility (rewveeMby Beyhan et al., 2007). Thus,
better understanding of the molecular and biochemevents during nuclear

reprogramming are needed to improve these SCNTSONT procedures.

4.6 Conclusion

TSA treatment could increase the pregnancy rateosine SCNT embryos,
however, no positive effect was found on fetal diggwement after day 45 of gestation
to term but TSA treatment could not enhance poglantation development of gaur

iISCNT nor the vitrified/thawed bovine SCNT embryos.
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CHAPTER V

OVERALL CONCLUSIONS

SCNT has successfully produced offspring of doioestd laboratory animal
species. This technique has been applied and abaptendangered species using
oocyte and recipient from domestic animal. Thispael technique is called iISCNT.
However, the overall efficiencies of these techegjuemain low due to incomplete
reprogramming and several other factors. Previdudies found that TSA could
enhance cloning efficiency in several species (i§emi et al., 2006; Iwamoto et al.,
2007; Zhang et al., 2007; Ding et al., 2008; Shilgt2008). However, this is the first
report on the effects of TSA treatment on full-testevelopment of bovine SCNT and
gaur iSCNT embryos.

No difference was found in the rates of fusioeaghge, development to 8-cell
and morula stages of bovine SCNT and gaur iSCNTrgmsbeither in the TSA-
treated or non TSA-treated group. TSA treatmenticcincrease blastocyst rate of
bovine SCNT embryos but did not increase thoseaaf SCNT embryos. Moreover,
similar blastocyst qualities were found in all gosu There was no difference on
developmental potential of embryos derived fromeral female gaur donor cells.

TSA treatment increased the pregnancy rate of neoVBCNT embryos.
However, no difference was observed in gaur iSCNibrgos. TSA treatment could
not enhance fetal development to term in neitheringo SCNT nor gaur iISCNT

embryos. The male and female gaur iISCNT embryossiradar post-implantation
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developmental potential. Moreover, TSA had no berafeffect on vitrified/thawed
bovine SCNT embryos in term of post-implantationelepment. Nevertheless, three
cloned bovine calves were obtained from TSA-treddedine SCNT group but one
bovine calf died during birth. The cloned gaur newbfrom non TSA-treated group
of male gaur ISCNT embryos was delivered by cesamsection at day 283 of
gestation. However, the gaur died at 12 h aftethbwith pulmonary disorder.
Furthermore, twin cloned bovine calves from vigdithawed group of TSA-treated
bovine SCNT embryos were born with good health. DhMcrosatellite analysis
confirmed that four cloned bovine calves, one agbrand one mummified gaur
fetuses, and one cloned gaur newborn were gergtidaintical to the donor cells.
Moreover, four cloned bovine calves grew up andsélealive today.

TSA could improve the pre-implantation developmantl pregnancy rate of
bovine SCNT embryos but had no beneficial effectwiaterm development of gaur

ISCNT embryos.
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