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Experiment I was purposed to find the appropriate treatment of donor cell modification that gave the highest percentage of 
G0/G1 phase cells. Skin fibroblast cells from domestic cat were cultured and treated with either serum starvation for 1-5 days, cell 
confluency-contact inhibition for 5 days or roscovitine at various concentrations (7.5-30 µM) for 24 h. Results show that cells were 
successfully synchronized to G0/G1 stage using the serum starvation for 3 d, confluency-contact inhibition and roscovitine treatment at 
concentration 15 µM. However, the serum starvation method also increased the number of apoptotic cells. Therefore, the confluency-
contact inhibition or roscovitine treatment at concentration 15 µM may be valuable for preparing cat donor cells for SCNT. 

Experiment II was conducted to evaluate the effect of modification of donor cell by cell cycle synchronization and 
modification of cultured procedure modification by treatment of histone deacetylase inhibitor TSA on the developmental ability of cat 
iSCNT embryos using bovine oocytes matured in vitro. First study was aimed to observe the development of interspecies embryos 
reconstructed from enucleated bovine oocytes and modified cat donor cells by cell cycle synchronization (confluency-contact inhibition 
or 15 µM roscovitine) in comparison with intraspecies cat and bovine NT. Results show that the fusion rate of interspecies couplets was 
significantly greater in the roscovitine group than in the contact inhibition group. In both of treatment groups, most embryos stopped the 
development at the 2- or 4-cell stage, and none of the iSCNT cat embryos developed to the morula or blastocyst stage. Second study 
was conducted to compare the effect of TSA at different concentrations on the in vitro development of iSCNT cat embryos. Reconstructed 
cat�bovine embryos were treated with 0, 25, 50, and 100 nM concentrations of TSA for 24 h following fusion. The results showed that 50 
nM TSA treatment contributed significantly higher rates of cleavage and blastocyst formation in iSCNT cat embryos compared with 
untreated embryos  and embryos treated with 100 nM TSA.  

Experiment III was aimed to determine the differential acetylation on histone H3 lysine 9 (K9), 18 (K18), 23 (K23) and di-
methylation on histone H3 lysine 9 (K9) in the cat donor cell and iSCNT cat embryos at the early stage between with and without 50 nM 
TSA treatment compared to bovine IVF embryos. Results show that the acetylation levels on H3K9, H3K18 and H3K23 of TSA-treated cat 
cells were significant higher than those of non-TSA treated cells. The acetylation levels of AcH3K9, AcH3K18 and AcH3K23 in TSA-
treated embryos and bovine IVF embryos were higher than that of control embryos at all examined stages (2 h PF, PN, 2-cell, 4-cell and 
8-cell). Exceptionally, in 6 h PN stage, the levels of AcH3K9 and AcH3K23 in embryos treated with 50 nM of TSA and bovine IVF embryos 
were significant lower than that of control embryos. At PN stage, the significantly higher intensity levels of Me2H3K9 were found in 
embryos treated with TSA and bovine IVF than that of control embryos. This suggest that the treatment of 50 nM TSA for 24 h after fusion 
in iSCNT cat embryos contribute the beneficial effects on the modification of acetylation levels of lysine residues (K9, K18 and K23) on 
histone H3 and di-methylation levels on histone H3K9 during the early embryogenesis.  

Experiment IV, The total of 224 TSA-treated iSCNT cat embryos at 2- to 4-cell stages was successfully transferred into five 
recipients. The pregnancy was assessed at day 30 after the embryo transfer by using real-time, B-mode ultrasonography. However, none 
of the recipients receiving TSA-treated iSCNT cat became pregnant.  

In conclusion, cat cells can be reprogrammed in bovine oocytes, which the reconstructed iSCNT embryos could successfully 
developed to the blastocyst stages when TSA was supplemented. However, the production of offspring has not been achieved. 
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CHAPTER I 

 

INTRODUCTION AND LITERATURE REVIEW 
 

1.1 Introduction  

Nine species of wild cats in Thailand are classified as three genera (1) Felis, (2) 
Neofelis and (3) Panthera. The genus Felis is composed of Asian golden cat (Pardofelis 

temminckii), marbled cat (Pardofelis marmorata), leopard cat (Felis bengalensis), 
fishing cat (Felis viverrina), jungle cat (Felis chaus) and flat-headed cat (Prionailurus 

planiceps). The only one wild cat classified in genus Neofelis is clouded leopard 
(Neofelis nebulosa), while the genus Panthera is composed of tiger (Panthera tigris) and 
leopard (Panthera pardus).  Most of them are specified in the International Union for 
Conservation of Nature and Natural Resources red lists (IUCN, 2009) of threatened 
animals as endangered, vulnerable or near threatened. Throughout its range it is 
thought to be rare, although it has also been suggested that the perception of the wild 
bovid�s rarity may be caused by its secretive nature and its preference for remote forest 
areas. Because of its depending on forest habitat, the major threat is habitat destruction 
caused by felling of trees and shifting cultivation. Moreover, they are also thought to be 
intolerant of human disturbance, abandoning a forest that is even moderately disturbed. 
Poaching for skins, bones and meat may also be a threat.  

One of alternative ways for their rescue from extinction is the use of somatic cell 
nuclear transfer (SCNT), which is a technique for assessing the developmental potential 
of a nucleus and for analyzing the interactions between the donor nucleus and the 
recipient cytoplasm. Moreover, it is possible to produce their offspring. This technique 
has been extensively investigated in many species either amphibian or mammalian 
since 1952. The pioneer report was released by Briggs and King (1952) in the topic of 
the production of adult frog clones using embryonic nuclei, which lighted up the 
researchers working with mammalian eggs to be interested until now (Keefer, 2008). The 
SCNT has progressed from being a novel technology to (1) a widely used for generating 
identical individuals in case of endangered species conservation, (2) a model for 
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understanding the cellular and molecular aspects of nuclear reprogramming and (3) a 
means to produce embryonic stem cells for their potential use in cell-based therapies 
(Gómez et al., 2006). To date, SCNT is not only a valuable tool for producing animals 
with the same genetic traits, but also an alternative technique to help for preserving 
endangered animals such as African wild cat (Felis silvestris libica) (Gómez et al., 2003), 
giant panda (Ailuropoda melanoleuca) (Han et al., 2003), banteng (Bos javanicus) 
(Sansinena et al., 2005), leopard cat (Prionailurus bengalensis) (Yin et al., 2006), goral 
(Naemorhedus caudatus) (Hashem et al., 2006) and Cantabric brown bear (Ursus 

arctos pyrenaicus) (Caamano et al., 2008). Attempts through SCNT in wild animals 
provides the opportunity to developing �inter-species/generic SCNT�, which involves the 
transfer of donor cell nuclei from one species/genus to enucleated oocytes of another 
related species/genus (Yin et al., 2006). 

The bovine ooplasm has shown the abilities for supporting the in vitro 
development of embryos to blastocyst stage produced by iSCNT of somatic cells from 
various unrelated mammalian species, including sheep, pig, monkey, dog and yak. 
However, no pregnancy was carried to full-term after the embryo transfer to recipients 
(Dominko et al., 1999; Murakami et al., 2005). According to our knowledge, there are 
very few reports concerning the ability of bovine oocytes to reprogram the nucleus of 
felid species. Owing to the similarities between the domestic cat and wild cats, the 
domestic cat (Felis catus) is widely used as a model organism for development of 
assisted reproductive technologies (ARTs) in all felids (Waurich et al., 2010), such as 
intracytoplasmic sperm injections (ICSI) (Pope et al., 1998) and SCNT (Yin et al., 2008). 
The iSCNT cloned cat embryo reconstructed from cat somatic cell and bovine ooplasm 
has been created by Thongphakdee et al. (2008), however, no any iSCNT cloned cat 
embryos developed beyond the 8-cell stage. Developmental block of iSCNT cloned cat 
embryos in this previous study was suggested to be associated with a developmental 
cell block and mitochondrial incompatibility between the recipient oocytes and donor 
cells (Thongphakdee et al., 2008). 
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The SCNT technologies have been significantly improved so far. Morulae and 
blastocysts can be produced with reasonable efficiency, but the in vivo situation still 
cannot be mimicked sufficiently well. The underlying mechanisms are largely unknown 
at present, but changes in epigenetic modifications occurring during preimplantation 
development resulting in perturbed embryonic and fetal gene expression patterns are 
thought to be involved (Wrenzycki et al., 2004). Although differentiated cells contain 
complete genetic information, they are modified epigenetically by methylation of DNA 
and modification of histones. Any faults in a donor cell will be amplified in subsequent 
development, as failure to alter its epigenetic marks will lead to an embryo not fully 
totipotent and after further development and differentiation (Enright et al., 2003).  

The transfer of somatic cells to enucleated oocytes requires a process termed 
nuclear reprogramming to transform the differentiated cell nuclei to dedifferentiated in 
the ooplasm before convert to a totipotent state and induce somatic gene expression 
(Wu et al., 2010). Incomplete donor nuclei reprogramming and abnormal epigenetic 
reprogramming (DNA methylation or histone modifications) are thought to be related to 
the low efficiencies in SCNT- and iSCNT cloned embryos (Arat et al., 2003; Chen et al., 
2006; Lee et al., 2010). Histone acetylation provides the greatest potential for unfolding 
chromatin to recruit different transcriptional factors, and thus acetylation is related to the 
active genes, and removal of acetylated groups by histone deacetylases (HDACs) is 
generally associated with gene silencing (Shi et al., 2008). Therefore, abnormal patterns 
of histone acetylation could seriously affect the development of cloned embryos (Shi et 
al., 2008). Previous studies has suggested that the in vitro embryo development and full-
term development of cloned embryos have been improved by epigenetic modification of 
donor cells or early cloned embryos with trichostatin A (TSA), a HDACs inhibitor that 
increases histone acetylation (Ding et al., 2008; Kishigami et al., 2006). Moreover, the 
histone acetylation patterns of TSA treated cloned embryos also appeared to be similar 
to those of normal embryos (Lee et al., 2010). 

This study is proposed to improve the quality of the inter-species cloned cat 
embryos by modified condition of donor cells and recipient cytoplasts. The lack of 
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species-specificity between oocytes and donor cells is one of the major problems for 
endangered species conservation, so the inter-species nuclear transfer was developed 
so far. However, the possibility to get the live offspring is still quite low due to many 
unknown factors. Then, improvement of the SCNT procedures should be performed 
either modification of donor cells or epigenetical modulation of both donor cells and 
recipient cytoplasts. The subsequent development after nuclear transfer is controlled by 
many factors including epigenetic program, which lead to an embryo not fully totipotent 
and after further development and differentiation in case of abnormal regulation. This 
demonstrated that the epigenetic modulation might be necessary as same as the 
modification of donor cells.  

The inter-species cloned cat (Felis catus) embryos using the bovine (Bos taurus) 
oocytes as recipient cytoplasts will be produced and used in this study. This model 
could be applied for endangered animal conservation in the future.        

 
1.2 Literature review 

 

1.2.1 Somatic cell nuclear transfer (SCNT) 

Somatic cell nuclear transfer (SCNT), the one of assisted reproductive 
technologies (ART�s), is an efficient technique for assessing the developmental potential 
of a nucleus and for analyzing the interactions between the donor nucleus and the 
recipient cytoplasm (Fig. 1). SCNT in mammals was not achieved until over four 
decades after the initial reports from Briggs and King of the production of adult frog 
clones using embryonic nuclei (Briggs and King, 1952), which lighted up the 
researchers working with mammalian eggs to be interested until now. This technique 
has been accomplished in an ever-growing list of species. In each case, an enucleated 
oocyte has successfully reset the nucleus of a somatic cell such that the embryonic 
program could progress to the production of a live offspring (Keefer, 2008). The first live 
cloned offspring produced from the differentiated cell populations were two lambs born 
in 1995 using cultured embryonic cells as nuclear donors and enucleated unfertilized 
eggs (metaphase II oocytes, MII) as recipient cytoplasts (Campbell et al., 1996). In the 
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following year, offspring were produced using the cultured cell populations derived from 
fetal and adult tissues (Wilmut et al., 1997).  

Since this time, SCNT has been successfully applied to many species including 
cattle (Cibelli et al., 1998), mouse (Wakayama et al., 1998), goat (Baguisi et al., 1999), 
pig (Polejaeva et al., 2000), cat (Shin et al., 2002), rabbit (Chesne et al., 2002), horse 
(Galli et al., 2003), rat (Zhou et al., 2003), dog (Lee et al., 2005), and ferret (Li et al., 
2006) using a range of cell types. To date the frequency of development has not 
dramatically increased, although, the modification and improvements in techniques still 
ongoing investigation including: (1) simplifying the methodology, (2) reducing costs and 
(3) improving survival following birth. The production of cloned embryos involves many 
steps and each of these may influence the successful outcome (Campbell et al., 2007). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The SCNT animal is produced by transferring the nucleus from a diploid to an 
unfertilized oocyte from which the chromosomes have been removed. The 
chromosomes are remodeled and developed to a certain stage before being transferred 
to a surrogate mother. The cloned offspring is born with the exact DNA of the donor cell 
used (www.biotechnologyonline.gov.au/.../img_scnt.cfm). 
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1.2.2 Factors improving the SCNT efficiency 

To improving the efficiency of SCNT prospects for the future, modification of 
donor oocytes, modification of the donor cells prior to use and modification of culture 
procedures following embryo reconstruction should be considered. 

 
1.2.2.1 Modification of oocyte recipient  

The quality and source of oocytes is a key factor in determining the proportion of 
oocytes developing to the blastocyst stage and the efficiency at which live offspring are 
produced (Gómez et al., 2006). In the domestic animal, both in vivo-and in vitro-
matured oocytes have been used as recipient cytoplasts for production of cloned 
embryos. In domestic cat, when in vivo matured oocytes were used as recipient 
cytoplasts, a higher percentage of fusion was observed (97%) as compared to in vitro 
matured oocytes (90%). In contrast, cleavage frequency after reconstruction using in 

vitro matured oocytes (85%) was higher than that after reconstruction with in vivo 
matured oocytes (79%). Nonetheless, no significant differences were observed in 
frequency of blastocyst development between embryos reconstructed with in vivo or in 

vitro matured cytoplasts (27% versus 23%, respectively) (Gómez et al., 2003). In case of 
domestic cattle, since their ovaries are easily accessible from slaughterhouse and are 
available throughout the year, the use of in vitro matured bovine oocytes as donor 
cytoplasts is a reliable alternative.   

Mammalian oocytes become matured and are in general fertilized at metaphase 
of the second meiotic division (MII), controlled by the cytoplasmic protein kinases 
maturation promotion factor (MPF) and mitogen activated protein kinase (MAPK). The 
use of MII oocytes may improve the development and increase nuclear reprogramming 
(Campbell, 1999; Campbell and Alberio, 2003). Transfer of a donor nucleus into an 
ooplasm containing high levels of MPF and MAPK theoretically causes nuclear envelope 
breakdown and premature chromosome condensation as the donor nucleus undergoes 
a pseudomeiotic/mitotic event. However, the occurrence of this phenomenon is variable 
in each recipient oocytes (Campbell et al., 1993). Some studies suggested that the 
treatment of oocytes with the non-specific phosphatase inhibitor caffeine could increase 
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the levels of MPF and MAPK. Moreover, they found that SCNT embryos could be 
produced using caffeine treated oocytes as recipient cytoplast, an increase in cell 
number at the blastocyst stage was observed. When transferred to the synchronized 
recipient, an increase in maintenance of pregnancy was also observed (Lee et al., 2006). 

 
1.2.2.2 Modification of the donor cells  

Cell cycle synchronization plays a crucial role affecting the success of the 
somatic cell nuclear transfer. Most of the experimental findings suggested that the 
G0/G1 stages of the cell cycle provided better results in term of development of 
reconstructed embryo (Boquest et al., 1999; Gómez et al., 2003; Hashem et al., 2006; 
Liu et al., 2004). When a metaphase II (MII) oocyte with a high level of MPF is used as 
recipient ooplasm, a G0/G1 or pre-S phase donor nucleus is preferred (Campbell et al., 
1996). Furthermore, (Wilmut et al., 1997), the first who reported the production of cloned 
sheep from mammary cells, which were synchronized into the presumptive G0 phase 
(quiescent phase). This result suggested that the chromatin at this phase is amenable to 
nuclear reprogramming.  These are the reasons why synchronization of the cell cycle 
stages in the G0/G1 phase is one of the key factors determining the success of the 
SCNT technique (Hashem et al., 2006) 
 There are several methods to synchronize cell cycles using serum starvation, 
cell confluency-contact inhibition and chemical inhibition. Serum starvation is performed 
by replacing tissue culture medium containing low level of serum. It provides 81.3-96% 
of cells arresting at G0/G1 after treatment for 3 days in giant pandas (Han et al., 2003), 4 
days in sheep (Wilmut et al., 1997), 5 days in cattle (Han et al., 2003), brown bears 
(Caamano et al., 2008), African wild cats and domestic cats (Gómez et al., 2003) and 5-
10 days in rabbits (Mitalipov et al., 1999). However, it could reduce cell survival with 
subsequent low development of embryos caused by DNA fragmentation (Gómez et al., 
2003; Khammanit et al., 2008). Using the contact inhibition by an additional 5 days in 
culture after confluency reached to 100%, a high percentage of G0/G1 cells were 
obtained in porcine fetal fibroblasts (Boquest et al., 1999). This method has been 
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successfully used for producing cloned dogs (Kim et al., 2007) as well as transgenic 
dairy goats (Melican et al., 2005). Synchronizing cell cycle by culturing donor cells in 
culture medium contained chemical inhibitor such as roscovitine, also provides a high 
potency for arresting bovine granulosa cells at G0/G1, resulting in an increase in cloning 
efficiency (Gibbons et al., 2002). However, with high concentration of roscovitine, a 
decrease in the proportion of G0/G1 cells and an increase in the percentage of cells 
underwent apoptosis were observed in dogs (Khammanit et al., 2008).  

 

1.2.2.3 Modification of cultured procedure 

In SCNT embryos, it has been suggested that the use of culture medium suited 
for the donor cell may improve development (Gao et al., 2003) and also the culture 
environment can influence gene expression (Moreira et al., 2006). It has been 
suggested that supplementation of the culture medium with the factors which may aid 
this process may be beneficial. In a number of studies the addition of trichostatin A, an 
inhibitor of histone deacetylase, to the culture medium of murine or bovine SCNT 
embryos until the blastocyst stage has been shown to increase the frequency of 
blastocyst formation (Kishigami et al., 2007) and to increase the efficiency of production 
of live offspring from murine cumulus cells but not murine ES cells (Iwamoto et al., 2007).  

 
1.2.3 Interspecies/generic SCNT 

The SCNT is not only a valuable tool for producing animals with the same 
genetic traits, it is also an alternative technique to help for preserving endangered 
animals such as gaur (Bos frontalis gaurus) (Lanza et al., 2000), mouflon (Ovis orientalis 

musimom) (Loi et al., 2001), African wild cat (Felis silvestris libica) (Gómez et al., 2003), 
argali (Ovis ammon) (Janssen et al., 2004), giant panda (Ailuropoda melanoleuca) (Han 
et al., 2003), marbled cats (Pardofelis marmorata) (Thongphakdee et al., 2007), leopard 
cat (Prionailurus bengalensis) (Yin et al., 2006), goral (Naemorhedus caudatus) 
(Hashem et al., 2006), flat-headed cats (Prionailurus planiceps) (Thongphakdee et al., 
2010), and Cantabric brown bear (Ursus arctos pyrenaicus) (Caamano et al., 2008). 
Attempts through SCNT in wild animals provide the opportunity to developing �inter-
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species/generic SCNT�, which involves the transfer of donor cell nuclei from one 
species/genus to enucleated oocytes of another species/genus (Yin et al., 2006). 

 
1.2.3.1 Interspecies SCNT (iSCNT) 

Live offspring from a few endangered mammalian species have been produced 
by using inter-species SCNT. Mouflon (Ovis orientalis musimom) and Argali (Ovis 

ammon) cloned embryos have been derived by transferring somatic cells into 
enucleated domestic sheep oocytes (Ovis aries), and gaur cloned embryos (Bos 

frontalis gaurus) were obtained after transfer of cells into enucleated domestic cow 
oocytes (Bos taurus). Cloned embryos of these three species were transferred into 
domestic recipient animals (sheep or cow) and could be able to maintain pregnancies 
to term (Janssen et al., 2004; Lanza et al., 2000; Loi et al., 2001). Moreover, the 
domestic cow oocytes were also used as recipients to supported the development of 
reconstructed banteng (Bos javanicus) (Sansinena et al., 2005) and yak (Bos gruniens) 
(Li et al., 2007) embryos after transferred their cells into perivitelline space (Table 1). 
Similarly, the cloned felid embryos developed after transfer African wild cat (Felis 

silvestris lybica) or black-footed cat (Felis nigripes) somatic cells into enucleated 
domestic cat oocytes (Table 2). Moreover, pregnancies were established after transfer 
black-footed cloned embryos and live offspring were born after the transfer of African 
wild cloned embryos into domestic cat recipients (Gómez et al., 2006). These 
experiments were performed by using the donor nuclei and recipient oocytes, which 
came from the animals in the same genus but difference species. Although the 
pregnancies or the live offspring were obtained from the inter-species SCNT but the 
abortions or respiratory failure are frequently observed in the few days. It appears that 
placental atrophy may be the principal cause of losses, which resulted in premature 
separation before delivery and, secondarily, respiratory failure due to lung immaturity 
(Gómez et al., 2006). 
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Table 1. In vitro development of inter-species and inter-generic cloned embryos 
reconstructed by fusion of somatic cells of non-domestic bovids with enucleated 
domestic bovine oocytes 

N/A: numbers not available.  
 

1.2.3.2 Intergeneric SCNT 

The only vertebrate offspring that have been obtained by inter-generic SCNT is 
carp fish (Cyprinus carpio) which was reconstructed by transferring embryonic carp 
cells into enucleated goldfish oocytes (Carassius auratus) (Sun et al., 2005). Even 
though no live mammals have been produced by inter-generic SCNT, successful in vitro 
embryo development to the blastocyst stage has been achieved after inter-generic 
SCNT of somatic cells from different non-domestic felids into domestic cat (Felis catus) 
oocytes such as leopard cat (Prionailurus bengalensis) (Lorthongpanich et al., 2004), 
rusty spotted cat (Prionailurus rubiginosus) (Gómez et al., 2004) and Korean tiger 

Species No. of 
fused (%) 

No. of 
cleaved 
(%) 

No. of 
blastocysts 
(%) 

References 

Buffalo  
(Bubalus bubalis) 

Camel  
(Camelus bactrianus) 
Gaur  
(Bos gaurus) 
Takin  
(Budorcas taxicolor) 
Yak  
(Bos gruniens) 
Banteng  
(Bos javanicus) 

- 
 
N/A (53) 
 
- 
 
- 
 
N/A (72) 
 
91/143 (68) 

100/151 
(66.2) 
N/A (34) 
 
- 
 
- 
 
N/A (84) 
 
60/91 (67) 

20/151 (13.3) 
 
- 
 
N/A (12) 
 
N/A (5) 
 
N/A (34) 
 
25/91 (28) 

(Lu et al., 2005) 
 
(Zhou and Guo, 
2006) 
(Lanza et al., 
2000) 
(Li et al., 2006) 
 
(Li et al., 2007) 
 
(Sansinena et al., 
2005) 
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(Panthera tigris altaica) (Hwang et al., 2001) (Table 2). Similarly to bovine species, the 
inter-generic SCNT embryos have been obtained after transferred the mountain bongo 
antelope (Lee et al., 2003), swamp buffalo (Bubalus bubalis) (Lu et al., 2005), camel 
(Camelus bactrianus) (Zhou and Guo, 2006) and takin (Budorcus taxicolor) (Li et al., 
2006) cells into enucleated bovine oocytes (Table 1). 

 

Table 2. In vitro development of inter-species and inter-generic cloned embryos 
reconstructed by fusion of somatic cells of non-domestic felids with enucleated 
domestic cat oocytes 

N/A: numbers not available.  
 

 

Species No. of 
fused/injected 
(%) 

No. of 
cleaved 
(%) 

No. of 
blastocysts 
(%) 

References 

Korean tiger  
(Panthera tigris 

altaica)  
African wild cat  
(Felis silvestris 

lybica) 
Leopard cat  
(Prionailurus 

bengalensis) 
Rusty spotted cat  
(Prionailurus 

rubiginosus) 
Black-footed cat  
(Felis nigripes) 

N/Aa (54) 
 
 
425/484 (88) 
 
 
55/80 (69) 
 
 
52/52 (100) 
 
 
170/170 (100) 

N/A (65) 
 
 
357/425 
(84) 
 
45/54 (83) 
 
 
42/52 
(80.8) 
 
144/170 
(84.7) 

N/A (9) 
 
 
101/357 (28) 
 
 
3/45 (7) 
 
 
1/42 (2.4) 
 
 
3/144 (2.1) 
 

(Hwang et al., 2001) 
 
 
(Gómez et al., 
2006) 
 
(Lorthongpanich et 
al., 2004) 
 
(Gómez et al., 
2004) 
 
Gómez  
(unpublished data) 
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The technique inter-generic SCNT was also conducted for producing the cloned 
leopard cat in Korean. The results demonstrated that transferring of the leopard cat 
fibroblast cells into enucleated oocytes of the domestic cat were able to develop to the 
blastocyst stage in vitro as well as the six fetuses, but no viable offspring were obtained 
after embryo transfer (Yin et al., 2006). Similarly, in Thailand, the inter-generic SCNT 
were reported in the endanger animals which are the marbled cat (Pardofelis mamorata) 
and flat-headed cat (Prionailurus planiceps). They founded that the marbled cat and 
flat-headed cat cloned embryos have potentially developed in vitro; however, a lower 
rate of blastocyst development of inter-generic SCNT embryos than that observed in in 

vitro fertilization (IVF) embryos was observed. Furthermore, no pregnancy of recipients 
receiving flat-headed cat and domestic cat SCNT embryo was observed in their study 
(Thongphakdee et al., 2007).  

It has been demonstrated that some factors present in the oocyte cytoplasm are 
responsible for distinguishing the duration of cell division. The first three cycles of cat-
rabbit embryo development is the same as those for rabbit-rabbit, as is the duration to 
form the cat-rabbit blastocysts which is similar to cat-cat embryos (Wen et al., 2003). 
The good model for inter-generic SCNT was established by the implantation of panda-
rabbit cloned embryo in domestic cat oviduct (Chen et al., 2002). 

The major problems that effect to development of inter-generic SCNT embryos 
are chromosomal abnormalities derived from karyotypically abnormal somatic cells, 
inadequate nuclear reprogramming and inter-generic difference. Furthermore, other 
external factors such methylation and co-existing mitochondrial DNA (mtDNA) may have 
been involved. Chromosomal abnormalities, i.e. hypoploidy, are major defects of donor 
fibroblasts, which increase progressively during culture in vitro. Moreover, the use of 
fibroblast cells at the late of passage as donor cell results an increased incidence of 
chromosomal abnormalities in reconstructed cloned embryos (Gómez et al., 2006). 
However, the recipient oocytes from unrelated genetic animals are feasible for in vitro 
studies in both cellular and molecular aspects in addition to oocytes from closely related 
animals. Nowadays, lived endangered cloned animals produced from closely genetic 
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oocytes, different in species, have been achieved. This shows that more attempts are 
necessary to find the proper conditions for the production of other endangered animals 
where their closely genetic host oocytes are not available. Furthermore, in-depth 
examination of the mechanism of reprogramming of the cloned embryo reconstructed 
from species-unspecific oocytes is needed (Thongphakdee et al., 2007). 

In summary, the low frequency of development to the blastocyst stage of inter-
species and/or inter-generic SCNT embryos may be a result of disparity in cell lines, 
abnormal nuclear remodeling and reprogramming, mitochondrial heteroplasmy, as well 
as incompatibilities between the nucleus and cytoplasm. Further studies are required to 
understand other aspects of chromatin modification which, in turn, should provide 
significant insight into the mechanisms involved in nuclear reprogramming and the 
causes of embryo developmental arrest. The developmental significance of having a 
cloned embryo derived from the nucleus and oocyte of different genera remains to be 
determined. Lastly, for preserving endangered species, it is appropriate to consider the 
possibility of genetic incompatibility between the donor nucleus and the cytoplasmic 
mitochondria in reconstructed cloned embryos and it potential effect on successful 
generation of live offspring (Gómez et al., 2006). 
 
1.2.4 Gene expression patterns in in vitro-produced (IVP) and SCNT-derived embryos 

In vitro-produced (IVP) and SCNT technologies have been significantly 
improved so far. Morulae and blastocysts can be produced with reasonable efficiency, 
but the in vivo situation still cannot be mimicked sufficiently well. The quality of the 
embryos produced is impaired in comparison with their in vivo counterparts (Niemann et 
al., 2002). Pregnancy rates after transfer of IVP and SCNT-derived embryos can be 
markedly reduced and a considerable proportion of the offspring is affected by the 
�large offspring syndrome (LOS)�. This syndrome is characterized by a great variety of 
abnormal phenotypes, including significant increases in birth weight, polyhydramnios, 
hydrops fetalis, altered organ growth, various placental and skeletal defects, 
immunological defects and increased perinatal death. The underlying mechanisms are 
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largely unknown at present, but changes in epigenetic modifications occurring during 
preimplantation development resulting in perturbed embryonic and fetal gene 
expression patterns are thought to be involved in the syndrome (Wrenzycki et al., 2004). 

The ultimate test of the quality of an embryo is its ability to produce live and 
healthy offspring after transfer to a recipient. Morphology and the proportion developing 
to the blastocyst stage are used as criteria to assess developmental competence. In 
most mammalian species, evaluation of embryo morphology remains the method of 
choice for selection of viable embryos prior to transfer. However, with the advent of IVP 
and SCNT, it has become clear that embryo competence can be severely compromised 
without obvious changes in morphology. Thus, embryo morphology is not accurate 
enough to act as the sole criterion for the prediction of embryo developmental potential 
in vivo. Therefore, non-invasive techniques are required, such as cryoresistance, which 
can provide valuable information on embryo viability (Massip and Leibo, 2002). Other 
approaches are analysis of embryonic metabolism, ultrastructure, chromosomal 
abnormalities, and gene expression patterns (Wrenzycki et al., 2004). The products of 
the analyze genes play important roles during pre- and post-implantation development 
and, hence, have the potential to be used as genetic markers for embryo viability 
(Niemann and Wrenzycki, 2000).  
 
1.2.5 Epigenetics 

Over 15,000 genes are marked for expression throughout murine development. 
Many of these genes are expressed only during the pre-implantation period and are 
then shut down in somatic cells by epigenetic regulations of specific genes expression 
patterns. This implicates the crucial role that epigenetics plays during embryonic 
development. During pre-implantation, the fidelity of the expression levels and the timing 
of these genes expression critically influence normal embryonic development and 
differentiation (Suteevun, 2005). The vast majority of factors that switch on and off gene 
activity are epigenetic (Li, 2002). Epigenetics influence gene activity without affecting 
the DNA sequence and can also be modified by the environment and transmitted to 
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progeny. Two major mechanisms of epigenetic activity are DNA methylation and histone 
modifications. The structure of DNA and histones are shown in Fig. 2.  

In bovine SCNT, although the efficiency of development to blastocyst can be 
comparable or even higher than that by IVF but fetal loss during gestation remains 
unclear. Even if the cloned fetuses are carried to term, incidence of developmental 
anomalies and neonatal deaths are common. These failures may be explained by 
incomplete reprogramming of the donor cell genome. Although differentiated cells 
contain complete genetic information, they are modified epigenetically by methylation of 
DNA and modification of histones. Any faults in a donor cell will be amplified in 
subsequent development, as failure to alter its epigenetic marks will lead to an embryo 
not fully totipotent and after further development and differentiation (Enright et al., 2003). 

  
1.2.5.1 DNA methylation 

 DNA methylation is the major epigenetic mechanism, which can interact with 
and modulate the other regulatory mechanisms (Li, 2002). Methylation plays a role in 
MEPC), which results in the blocking of the binding of transcription factors on the DNA. 
Another mechanism of transcriptional regulation by methylation is the association of 
methylated DNA with the deacetylation of histones which leads to the condensation of 
the DNA into a chromatin conformation. This interrupts the binding of transcription 
factors on the DNA, resulting in gene repression. DNA methylation also interacts with 
other histone modifications to modulate gene repression and heterochromatic regions 
(Reik et al., 2003). DNA methylation takes place mainly on the 5�-cytosine residues at 
CpG dinucleotides. This mechanism is essential for normal development and is 
associated with a number of key process including genomic imprinting, X-chromosome 
inactivation, suppression of repetitive elements and carcinogenesis (Bestor, 2000). The 
demethylation/remethylation waves generally appear to coincide with the activation and 
transcription of the embryonic genome. In mammals, it is well known that the onset of 
genomic activation differs between species, occurring at the 2-cell stage in mice, 4-cell 
stage in pigs, and the 8- to 16-cell stage in cows (Campbell, 1999). It has been 
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proposed that the delayed or aberrant demethylation/remethylation wave observed in 
pre-implantation cloned embryos may impair the normal progression towards the 
activation of the genome (Shi et al., 2003).     
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 2. Structure of DNA and histones; histones are the major structural proteins of 
chromosomes that composed of two copies of each of histones H2A, H2B, H3 and H4. 
The DNA molecule is tightly wrapped twice around a histone octamer to make a 
nucleosome. (http://drugline.org/img/term/histone-7192_2.jpg)   

In natural reproduction, relatively low levels of DNA methylation exist in male and 
female gametes, which are further demethylated during early development. However, 
somatic cells have been shown to have much higher levels of DNA methylation than 
either gametes or early embryos. In SCNT, highly methylated somatic donor cells are 
used to generate clone embryos, which in turn, have been shown to be abnormally 
hypermethylated (Enright et al., 2005). Therefore, the possibility of the cloned embryo 
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development and differentiation to term could be predicted by detection the epigenetic 
patterns in the blastocyst stage. 

  
1.2.5.2 Histone modifications 

Histone proteins play essential structural and functional roles in the transition 
between active and inactive chromatin states. Although histones have a high degree of 
conservation due to constraints to maintain the overall structure of the nucleosomal 
octameric core, variants have evolved to assume diverse roles in gene regulation and 
epigenetic silencing. Histone variants, post-translational modifications and interactions 
with chromatin remodeling complexes influence DNA replication, transcription, repair 
and recombination.  

Histones are subject to a wide variety of posttranslational modifications including 
but not limited to, lysine acetylation, lysine and arginine methylation, serine and 
threonine phosphorylation, and lysine ubiquitination and sumoylation (Fig. 3). These 
modifications occur primarily within the histone amino-terminal tails protruding from the 
surface of the nucleosome as well as on the globular core region (Bannister and 
Kouzarides, 2005). Histone modifications are proposed to affect chromosome function 
through at least two distinct mechanisms.  The first mechanism suggests modifications 
may alter the electrostatic charge of the histone resulting in a structural change in 
histones or their binding to DNA. The second mechanism proposes that these 
modifications are binding sites for protein recognition modules, such as the 
bromodomains or chromodomains, which recognize acetylated lysines or methylated 
lysine, respectively (Sarma and Reinberg, 2005).  
 

Histone acetylation  

Histone acetylation is an important epigenetic modification. Modifications of 
lysine residues of core histones have the greatest potential for unfolding chromatin to 
recruit different transcriptional factors and it is almost invariably associated with 
activation of gene transcription (Wu et al., 2010). Presently, known site for acetylation 
include at least four highly conserved lysines (K) in histone H4 (K5, K8, K12, K16) and in 
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histone H3 (K9, K14, K18, K23) (Bjerling et al., 2002). Histone acetylation is reported to 
be regulated by histone acetyltransferase (HATs) and deacetylase (HDAC) (Bertos et al., 
2001) which are classified into many subfamilies that are mostly conversed from yeast to 
human. Comprehension of the structure, function, and regulation of class II 
deacetylases including HDAC4, HDAC5, HDAC6, HDAC7, and HDAC9 is important for 
elucidating how acetylation regulates functions of histones and other proteins in vivo 
(Bertos et al., 2001). 

Dynamic changes of deacetylation and re-acetylation during germ cell 
maturation and embryo development have been reported in mice (van der Heijden et al., 
2006) and cattle (Wu et al., 2010). The high levels of acetylation on H3K9 and H3K18 
were observed in1- and 2-cell bovine embryos; however, the satining intensity were 
significant decreased at the 8-cell stage and then partially resumed during subsequent 
developmental stages (Santos et al., 2003; Wu et al., 2010). Intersestingly, the 
fluorescence signals were stronger in cloned embryos than IVF embryos from 
pronuclear to 8-cell stages (Wu et al., 2010), which might be indicated that aberrant 
histone acetylation occurred before donor genome activation (Wu et al., 2010)         

 

Histone methylation 

Histone methylation is another important histone modification in the regulation of 
chromatin remodeling and gene expression. Histone methylation can signal either gene 
activation or repression, depending on the sites of methylation.      H3K4me3 is an 
indicator of gene transcription activation, while H3K9me2 is associated with 
heterochromatin where non-gene expression occurs (Wu et al., 2010). 
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Figure 3. The core proteins of nucleosomes are designated H2A (histone 2A), H2B 
(histone 2B), H3 (histone 3) and H4 (histone 4). Each histone is present in two copies, so 
the DNA (black) wraps around an octamer of histones (the core nucleosome). The 
amino-terminal tails of core histones. Lysines (K) in the amino-terminal tails of histones 
H2A, H2B, H3 and H4 are potential acetylation/deacetylation sites for histone 
acetyltransferases (HATs) and histone deacetylases (HDACs) (B). Acetylation 
neutralizes the charge on lysines. A, acetyl; C, carboxyl terminus; E, glutamic acid; M, 
methyl; N, amino terminus; P, phosphate; S, serine; Ub, ubiquitin. 
(www.nature.com/nrc/journal/v1/n3/images/.../.gif) 
 

1.2.4.3 Epigenetic modulations  

Several studies revealed that using the epigenetic modulation such as the DNA 
methyl-transferase inhibitor (5-aza-2´-deoxycytidine; 5-aza-dC) or histone-deacetylase 
inhibitor (Trichostatin A; TSA) may improve cloning efficiency of NT embryos (Lee et al., 
2010). The beneficial effects of TSA treatment on improving the development of bovine 
cloned embryo were shown by Enright et al. (2003) and Lee et al. (2010). While 
treatment of the donor cell with 5-azadC was able to reduce histone acetylation and 
DNA methylation in cloned embryos to levels that are similar to those found in IVF-
derived embryos (Enright et al., 2005). Ding et al. (2008) also founded that the 

(A) 

(B) 



 

 

20 

development of cloned bovine embryos could be enhanced by the 5-azadC and TSA; 
furthermore, the combination was more effective than either one alone.  

According to the above reviews, the development of iSCNT will play an 
important role for conservation in endangered species. However, the incomplete nuclear 
reprogramming, the low blastocyst rate, and the abnormal epigenetic reprogramming 
are still the major problems for this technique. The bovine ooplasm have shown the 
abilities for supporting the in vitro development of embryos to blastocyst stage 
produced by iSCNT of somatic cells from various unrelated mammalian species, 
including the sheep, pig, monkey, dog and yak, however, no pregnancy had carried to 
full-term after the embryo transfer to recipients (Dominko et al., 1999; Murakami et al., 
2005). To our knowledge, there are very few reports concerning the ability of bovine 
oocytes to reprogram the nucleus of felid species. Owing to the similarities between the 
domestic cat and wild cats, the domestic cat (Felis catus) is widely used as a model 
organism for development of assisted reproductive technologies (ARTs) in all felids 
(Waurich et al., 2010), such as intracytoplasmic sperm injections (ICSI) (Pope et al., 
1998) and SCNT (Yin et al., 2008).  

Histone acetylation provides important roles for cell growth, cell cycle control, 
development, differentiation and survival during the embryo development. Therefore, 
abnormal patterns of histone acetylation could seriously affect the development of 
cloned embryos. To alter the patterns of histone acetylation in cloned embryos to be 
similar to those of normal embryos, the treatment of early stage embryos with 
Trichostatin A (TSA), histone deacetylase (HDAC) inhibitor, has been suggested. 
Therefore, it could be possible to improve the in vitro development of iSCNT cloned cat 
embryos reconstructed from cat somatic cell and bovine cytoplast by the modification of 
histone acetylation level with the treatment of TSA. The data acquired from this study will 
be advantages for improving the iSCNT embryos efficiency in the future.   
 

1.3 Objectives of the thesis 

1. To establish an appropriate iSCNT protocol including donor cell cycle 
synchronization (modification of donor cell) and in vitro embryo culture (modification of 
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cultured procedure) for iSCNT cat embryos reconstructed from cat donor nuclei and 
bovine cytoplasm   

2.  To assess the effect of modified donor cell by cell cycle synchronization on in 

vitro development of iSCNT cat embryos  
3. To investigate the effect of modified cultured procedure by supplementation of 

histone deacetyalse inhibitor TSA on in vitro development of iSCNT cat embryos  
4. To compare the differential acetylation on histone H3 lysine 9 (K9), 18 (K18), 23 

(K23), and di-methylation pattern on histone H3 lysine9 in the early stage of iSCNT cat 
embryos between with and without the treatment of TSA in comparison with bovine IVF 
embryos. 

5. To investigate the pregnancy establishment of recipients receiving TSA-treated 
iSCNT cat embryos. 
 
1.4 Hypothesis 

       1. The iSCNT cat embryos can be reconstructed from domestic cat nuclei and 
bovine recipient oocytes. 
      2. The modification of donor cell by cell cycle synchronization affects the efficiency 
of iSCNT cat embryo production 
       2. The in vitro embryo culture with TSA affects the efficiency of iSCNT cat embryo 
production. 
       3. The differential acetylation on histone H3K9, H3K18, H3K23 and Me2H3K9 in the 
early stage of iSCNT cat embryos can be modified by the treatment of TSA.  
       4. Recipients receiving the TSA-treated iSCNT cat embryos can become pregnant.  
 
1.5 Key words: cell cycle synchronization, histone acetyaltion, histone methylation, 
interspecies somatic cell nuclear transfer, embryo development, trichostatin A, cat, 
bovine  
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1.6 Research merits: 

1. Appropriate procedures of iSCNT including donor cell cycle synchronization and in 

vitro embryo culture for iSCNT cat embryos 
2. Information of the TSA effect on in vitro development and diferretial acetylation and 
di-methylation on histone H3 of iSCNT cat embryos  
3. Techniques of embryo transfer in domestic cat. 
4. The possibility of producing domestic cat offspring by iSCNT 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

CHAPTER II 

 

ESTABLISHMENT OF CULTURE PROTOCOL FOR  

DOMESTIC CAT FIBROBLAST PREPARED AS DONOR CELL 

IN SOMATIC CELL NUCLEAR TRANSFER 

 

2.1 Abstract  

 This study was purposed to find the appropriate treatment of donor cell 
modification that gave the highest percentage of G0/G1 phase cells in the domestic cat 
(Felis catus). Skin tissues of two female domestic cats were obtained from the 
abdominal region at the time of ovariohysterectomy. Two cell lines from the domestic 
cats were generated. Skin fibroblast cells were cultured and treated with either serum 
starvation for 1-5 days (experiment I), cell confluency-contact inhibition for 5 days 
(experiment II) or roscovitine at various concentrations (7.5-30 µM) (experiment III). Flow 
cytometric analysis revealed that serum starvation for 3 days provided the highest cell 
population arrested at the G0/G1 stage when compared with cycling cells (86% vs. 
66.9%, respectively). However, prolonging the serum starvation period for more than 
three days increased the rates of apoptosis. Induction of 100% confluency also gave a 
significantly higher percentage of cells arrested at the G0/G1 stage compared with the 
non-treated control cells (P<0.05) (78% vs. 66.9%, respectively). The treatment of 
fibroblast cells with different concentrations of roscovitine diluted with 30 µM DMSO 
gave the significant higher percentage of G0/G1 cells (P<0.05) than that of cycling cells. 
In conclusions, cat fibroblast cells were successfully synchronized to G0/G1 stage using 
the serum starvation, confluency-contact inhibition and roscovitine treatment. These 
findings may be valuable for preparing cat donor cells for somatic cell nuclear transfer.  
 

2.2 Introduction  

 Somatic cell nuclear transfer (SCNT), one of the assisted reproductive 
technologies (ARTs), has been successfully used to produce cloned offspring in many 
mammalian species (Gómez et al., 2003; Jang et al., 2007; Melican et al., 2005; Wilmut 
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et al., 1997). This technique has been proposed to support the preservation of 
endangered felids such as the African wild cat (Felis silvestris libica) (Gómez et al., 
2003), the leopard cat (Prionailurus bengalensis) (Yin et al., 2006), the marbled cat 
(Pardofelis marmorata) (Thongphakdee et al., 2006), and the flat-headed cat 
(Prionailurus planiceps) (Thongphakdee et al., 2010). However, the production of cloned 
embryos involves many steps and each of these has been suggested to influence the 
successful outcome (Campbell et al., 1996). The efficiency of cloning depends on four 
key parameters that influence the development of the reconstructed embryo: (1) the 
state and nature of the recipient cytoplast, (2) the genetics of the donor cell, (3) the type, 
differentiation stage and developmental potency of the donor cell, and (4) the cell cycle 
stage of the donor cell (Eggan and Jaenisch, 2002).  
 Cell cycle synchronization plays a crucial role in that it affects the success of the 
development of cloned embryos (Hashem et al., 2006).  Previous studies have reported 
that the G0/G1 stage of the cell cycle provide better results in term of the development 
of the cloned embryo when a metaphase II (MII) oocyte with a high level of maturation 
promoting factor (MPF) is used as the recipient ooplasm (Boquest et al., 1999; Campbell 
et al., 1996; Gómez et al., 2003; Liu et al., 2004). Furthermore, a live cloned sheep has 
been successfully produced from mammary cells which were synchronized into the 
presumptive G0 phase (quiescent phase) (Wilmut et al., 1997). These results suggested 
that the chromatin at the G0/G1 phase is amenable to nuclear reprogramming for the 
cloned embryo (Hashem et al., 2006). 
 The synchronization of the cell cycle into the G0/G1 phase has been 
investigated in many species (Gómez et al., 2003; Han et al., 2003; Yin et al., 2006). 
Previous studies have suggested that the percentage of synchronization into the G0/G1 
phase varies in the cell-cycle synchronization method and depends on the cell type and 
the mammalian species; therefore the suitable G0/G1 phase cell synchronization 
method should be examined before the use of donor cells for SCNT in all species. The 
present study was conducted to determine synchronization accuracy at the G0/G1 
stage of the cell cycle through the confluent, serum starvation and roscovitine treatment 
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in domestic cat fibroblast cells. Moreover, the comparison between the effects of 
confluent treatment, the duration of serum starvation, and roscovitine concentration on 
cell-cycle synchronization for the use of donors in SCNT procedure was also 
investigated. 
2.3 Materials and Methods 

All chemicals were purchased from Sigma�Aldrich Chemical Company (Sigma, 
St. Louis, MO, USA), unless stated otherwise.  
 

2.3.1 Establishment and culture of fibroblast cells  

 The skin tissues of two female domestic cats were obtained from the abdominal 
region at the time of ovariohysterectomy in the Small Animal Teaching Hospital at the 
Faculty of Veterinary Sciences, Chulalongkorn University. Two cell lines from the 
domestic cats were generated. The skin tissues were removed from the connective 
tissue using a scalpel blade and were then cut into 2x2x2 mm2 pieces. They were 
washed three times in Phosphate buffered saline (PBS; Invitrogen, Grand Island, NY, 
USA) contaning antibiotics and re-washed three times with Dulbecco�s modified Eagle�s 
medium (DMEM; Invitrogen) supplemented with 10% fetal bovine serum (FBS; 
Invitrogen) and antibiotics. After washing, the skins were placed in 60 mm culture dishes 
(Falcon 3001, BD, Franklin Lakes, NJ, USA) containing DMEM supplemented with 20% 
FBS and antibiotics, and were then cultured at 37°C in a humidified atmosphere 
containing 5% CO2. The culture medium was changed every two days. After the cell 
confluency reached 70-80%, fibroblast cells were trypsinized by 0.5% trypsin for culture 
in the next passage. The 3-6 cells culture passages were used in this study. 
 

2.3.2 Cell treatments and experimental designs  

 In a series of three cell cycle synchronization methods, we examined the effects 
of serum starvation, cell confluency-contact inhibition and chemical inhibitor 
(roscovitine) treatment on the cell cycle stages of fibroblast cells from domestic cat. In 
each treatment group, cells without any treatment were used as a control. 
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Expeiment I: Effect of serum starvation  

 Serum starvation was performed by replacing the tissue culture medium with 
DMEM supplemented with 0.5% FBS after the cell confluency reached 60-70% (Fig. 4A) 
in DMEM supplemented with 10% FBS. After the start of the serum starvation treatment 
(Day = 0), the stage of fibroblast cells from each animal was analyzed on Day 0, 1, 2, 3, 
4, and 5. 
  
Experiment II:  Effect of cell confluency-contact inhibition 

 The effect of cell confluency-contact inhibition was investigated by an additional 5 
days in culture after confluency had reached 100% (Fig. 4B). During the treatment of 
cell confluency-contact inhibition, the culture medium (DMEM + 10% FBS) was changed 
every two days. 
 
Experiment III: Effect of concentration of roscovitine treatment  

 Roscovitine treatment was performed by 24 h of cell culture after the cell 
confluency reached 60-70% (Fig. 4A). The cells were cultured for 24 h in DMEM 
supplemented with 10% FBS and roscovitine with different concentrations (7.5, 15, and 
30 µM), in which the roscovitine was diluted in 30 µM dimethylsulphoxide (DMSO). Cell 
toxicity was tested by using 30 µM DMSO treatment.  
 
 
 

 

 

 

 

 

 

Figure 4. The monolayer of domestic cat fibroblast cells after the cell confluency 
reached 60-70% (A) and 100% (B) (×100).    
 

(A) 
(B) 
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2.3.3 Flow cytometric analysis 

 To analyze the cell cycle stages of the fibroblast cells, the cells were 
disaggregated with 0.5% trypsin prior to fixation. The disaggregated cells were re-
suspended in DMEM supplemented with 5% FBS in centrifuge tubes, washed by 
centrifugation at 1500 × g for 5 min. After centrifugation, the cells were re-suspended in 
0.2 mL PBS before fixation by drop-wise containing 0.8 mL cold methanol. The fixed 
cells were stored at -20°C for later analysis. After storage for 2-3 months, the fixed cells 
were centrifuged at 1500 × g for 5 min and then were re-centrifuged with PBS. The cells 
were re-suspended in 0.25 mL PBS supplemented with 0.6 mg/mL RNase and 
incubated at 37°C for 30 min. After incubation, the cells were stained with 0.25 mL of 
propidium iodide solution (PBS containing 50 µg/mL propidium iodide and 0.1% TritonX-
100) and incubated at 37°C for 30 min. The cells were filtered through 41 µM nylon 
mesh (Spectrum, Los Angeles, CA, USA) for flow cytometric analysis, using a FACS 
Calibur flow cytometer (Becton Dickinson, San Jose, CA, USA). The cells were analyzed 
at a rate of 100-500 cells/sec as the sheath fluid and 5,000-10,000 events were 
recorded in each sample. The flow cytometer was standardized for each analytical 
session using Calibrite beads (Becton Dickinson). The percentage of cells within the 
various phases of the cell cycle was calculated using WinMDI version 2.8 software (J. 
Trotter, http://facs.scripps.edu/software.html) by gating G0/G1, S, and G2/M cell 
populations. Moreover, the numbers of apoptotic cells in samples were also detected by 
being represented in a sub-G0/G1 peak in the fluorescence histogram. 
 
2.3.4 Statistical analysis 

 The experiments were repeated four times for each species. Data were presented 
as mean ± SEM. Generalized linear model (GLM) procedure (SAS version 9.0) was used 
to compare differences of percentages of G0/G1 cells and the percentages of apoptotic 
cells among treatment groups and among felid species. Differences among the means 
were analyzed using one-way analysis of variance (ANOVA). Results were considered 
statistically significant when P<0.05. 
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2.4 Results  

 

2.4.1 Experiment I: Effect of serum starvation  

 The serum starvation treatment for one day resulted in a higher percentage 
(74.6%) of cells being arrested at the G0/G1 stage when compared with the 
percentages (66.9%) of the control cells (P<0.05). The proportion of G0/G1-phase cells 
increased further by prolonging serum starvation treatment to three days in the domestic 
cat (P<0.05) (Fig. 5A). However, the proportion of apoptotic cells also did increase after 
serum starvation treatment up to more than three days (Fig. 5B).  
 
2.4.2 Experiment II: Effect of cell confluency-contact inhibition  

 The cell confluency treatment significantly increased the proportions of cells 
arrested at the G0/G1 stage (78%) (P<0.05) when compared to the control cells (66.9%) 
(Fig. 6A). There was no significant difference in the proportion of apoptotic cells 
between the treatment and control cycling cells (Fig. 6B). 
   
2.4.3 Experiment III: Effect of roscovitine treatment  

 The roscovitine treatment with more than 7.5 µM significantly increased the 
proportion of G0/G1-phase cells compared with the control group (P<0.05). Cell toxicity 
was tested by 30 µM DMSO. Results indicated that the percentages of apoptotic cells 
were not affected by DMSO at this concentration compared to control cycling cells (Fig. 
7B).  
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Figure 5. Mean ± SEM percentages of cells arrested at the G0/G1 phase of the cell cycle (A) and apoptotic cells (B) after the treatment of 
serum starvation for 0 (control), 1, 2, 3, 4, and 5 days. Fibroblast cells from the skin of the domestic cat were cultured in DMEM 
supplemented with 0.5% FBS. Bars with different letters differ significantly (P<0.05). 
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Figure 6. Mean ± SEM percentages of cells arrested at the G0/G1 phase of the cell cycle (A) and apoptotic cells (B) after the treatment of 
cell confluency-contact inhibition. Fibroblast cells from the skin of the domestic cat were investigated by an additional 5 days in culture after 
cell confluency reached 100%. Bars with different letters differ significantly (P<0.05). 
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Figure 7. Mean ± SEM percentages of cells arrested at the G0/G1 phase of the cell cycle (A) and apoptotic cells (B) after the treatment of 
chemical inhibitor with different concentration (0 µM (control), 7.5 µM, 15 µM, and 30 µM). Cell toxicity was tested by using 30 µM DMSO. 
Fibroblast cells from the skin of the domestic cat were cultured in various concentrations of roscovitine for 24 h. Bars with different letters 
differ significantly (P<0.05). 
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2.5 Discussion 

Dolly, the first cloned sheep was successfully produced in 1997 by transferring 
the adult somatic cell at the resting phase or G0 phase, which was synchronized by 
serum starvation for 4-5 days, into an enucleated oocyte (Wilmut et al., 1997). Since then 
cell-cycle synchronization has had a crucial role that affects the success of nuclear 
transfer.  When a G0/G1 cell was transferred into metaphase (MII) oocyte, which 
contained of high level of maturation promoting factor (MPF) and mitogen activated 
protein kinases (MAPK), the breakdown of nuclear membrane (NEBD), early 
chromosome condensation (PCC), and the diploid nucleus still can conduct the normal 
DNA synthesis and cell division resulting to the normal development of reconstructed 
embryo. In case of the G2 or S phase-cell, it causes the damage or loss of DNA, which 
lead to chromosomal anomalies and precluding the subsequent embryo development. 
(Campbell et al., 1993; Campbell, 1999; Collas et al., 1992; Song et al., 2007; Stumpf et 
al., 1992; Wang et al., 2002) 
 In the present study, we compared the ability of the different methods (serum 
starvation, cell confluency-contact inhibition, and roscovitine) to synchronize the skin 
fibroblast cells of the domestic cat into the G0/G1 phase of the cell cycle. Flow 
cytometric analysis revealed that fibroblast cells from domestic cat could be 
synchronized at the G0/G1 phase by cell cycle inhibitor treatment. Serum starvation for 
more than three days provided the highest percentage of cells arrested at the G0/G1 
stage rather than control cycling cells. Serum starvation is a successful method used to 
produce of the embryos of the Dolly (Wilmut et al., 1997). Gómez et al. (2003) also 
successfully generated a live cloned African wild kitten from fibroblast cells that had 
been synchronized by the serum starvation for five days. This method can induce the 
cell to be arrested at the G0/G1 stage of the cell cycle by dramatically reducing 
proliferating stimuli such as growth hormone, and the cell will be induced into a 
quiescent phase in a reversible fashion (G0 phase), when cultured for several days 
(Coller, 2007). However, we found that extended serum starvation periods more than 
three days did not increase the proportion of G0/G1 cells in this study and the apoptotic 
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cells increased. Our results are in agreement with Barros et al. (2010), which revealed 

that a lower percentage of G0⁄G1 cells were noticed after three days of serum starvation 
in domestic cat fetal fibroblasts.  This method induced DNA fragmentation with some 
characteristics of apoptosis and necrosis and resulted in the reduction of cell survival 
(Khammanit et al., 2008; Kues et al., 2000; Stice et al., 2000). In cell confluency-contact 
inhibition for five days, a high percentage of G0/G1 cells have been obtained in porcine 
fetal fibroblast cells (Boquest et al., 1999). This method has been successfully used for 
producing cloned endangered wolves (Kim et al., 2007) as well as transgenic dairy 
goats (Melican et al., 2005). In the present study, the treatment of cell confluency-
contact inhibition provided a significantly higher percentage of cells arrested at the 
G0/G1 phase without causing damage to the cells, compared to control cycling cells. 
Therefore, this method may be optional in felid cloning.  
 Alternatively, cells can be arrested at the G0/G1 phase of the cell cycle by the 
addition of chemical inhibitors such as roscovitine (a potent inhibitor of cyclin-
dependent kinases). This method also provides a high potency for arresting bovine 
granulosa cells at the G0/G1 phase, resulting in an increase in cloning efficiency 
(Gibbons et al., 2002). Similarly, the success of G0/G1 cells induction in goldfish caudal 
fin-derived fibroblast cells has been obtained after treatment with the roscovitine 
(Choresca et al., 2009). The previous study suggested that treatment of donor cells with 
roscovitine resulted in a better blastocyst yield than serum starvation, and the blastocyst 
yields were equivalent to that of the confluent donor cells (Akshey et al., 2010). In the 
present study, roscovitine treatment with more than 7.5 µM significantly increased the 
proportion of G0/G1-phase cells in the domestic cat. Moreover, our findings support the 
report by Gómez et al. (2003) and Khammanit et al. (2008), who demonstrated that 
roscovitine treatment in fibroblast cells from African wild cats and dogs, respectively, 
significantly increased the percentage of cells that underwent apoptosis. In the present 
study, the roscovitine treatment with 30 µM did not damage the cultured domestic cat 
cells. Cell toxicity was tested by using 30 µM DMSO. Results indicated that domestic cat 
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cells were not affected by DMSO at this concentration and also gave a high percentage 
of G0/G1 cells.  

Apart from flow cytometric analysis of the chromosomal number might be 
performed to ascertain the G0/G1-phase cells identification. In bovine foetal fibroblasts, 
a slightly higher incidence of chromosomal abnormalities was found in serum starvation 
compared with those in confluent and roscovitine (Cho et al., 2005). To ensure that our 
results are appropriate synchronization methods for domestic cat fibroblast cells, further 
investigation of chromosomal analysis should be performed as well as the ability of the 
synchronized cells to reprogramming after SCNT.       
 In conclusion, domestic cat fibroblast cells were successfully synchronized to 
G0/G1 stage using confluency-contact inhibition and roscovitine treatment, in which the 
apoptotic cells were in the acceptable level. These findings may be valuable for 
preparing cat donor cells for somatic cell nuclear transfer in this study.  
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CHAPTER III 

 

EFFECTS OF DONOR CELL OR CULTURED PROCEDURE MODIFICATION  

ON IN VITRO DEVELOPMENT OF INTERSPECIES NUCLEAR TRANSFER EMBRYO 

RECONSTRUCTED FROM CAT DONOR CELL AND BOVINE CYTOPLASM 

 

3.1 Abstract  

Interspecies somatic cell nuclear transfer (iSCNT) is an invaluable tool for 
studying nucleus�cytoplasm interactions and may provide an alternative for cloning 
endangered animals whose oocytes are difficult to obtain. The developmental ability of 
iSCNT embryos decreases with increases in taxonomic distance between the donor and 
recipient species. The development of cat�bovine iSCNT embryos is reportedly blocked 
at the 8-cell stage. The present study was conducted to evaluate the effect of 
modification of donor cell by cell cycle synchronization and modification of cultured 
procedure modification by treatment of histone deacetylase inhibitor trichostatin A (TSA), 
previously used to enhance nuclear reprogramming following SCNT, on the 
developmental ability of cat iSCNT embryos using bovine oocytes matured in vitro. 
Experiment I was conducted to observe the development of interspecies embryos 
reconstructed from enucleated bovine oocytes and modified cat donor cells by cell 
cycle synchronization (confluency-contact inhibition or 15 µM roscovitine) in comparison 
with intraspecies cat and bovine NT. Results show that the fusion rate of interspecies 
couplets was significantly greater in the roscovitine group than in the contact inhibition 
group. In both of treatment groups, most embryos stopped the development at the 2- or 
4-cell stage, and none of the iSCNT cat embryos developed to the morula or blastocyst 
stage. The significant higher percentages of total cleavage (the ≥ 2-cell stage) and 
development to the ≥ 8-cell stage were observed in the cat NT rather than bovine NT 
and iSCNT cat embryos. Experiment II was conducted to compare the effect of TSA at 
different concentrations on the in vitro development of iSCNT cat embryos. 
Reconstructed cat�bovine embryos were treated with 0, 25, 50, and 100 nM 
concentrations of TSA for 24 h following fusion. The results showed that 50 nM TSA 
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treatment contributed significantly higher rates of cleavage and blastocyst formation in 
iSCNT cat embryos (84.3% and 4.6%, respectively) compared with untreated embryos 
(63.8% and 0%, respectively) and embryos treated with 100 nM TSA (71.4%, and 0%, 
respectively). Development to the morula stage of iSCNT embryos was observed in the 
TSA treatment groups, whereas no embryos developed beyond the 16-cell stage in the 
untreated group. The parthenogenetic bovine embryos was served as control for iSCNT 
cat embryos development. The results demeonstrated that TSA treatment at 
concentration 50 nM of bovine parthenogenetic embryos also yielded the significant 
higher rate of cleavage and embryos developed to the blastocyst stage (94.8% and 
18.6%, P<0.05) than those of untreated embryos (90.6% and 14.4%, P<0.05). In 
conclusion, our results indicate that the modification of donor cell by cell cycle 
synchronization did not overcome developmental arrest in interspecies cloned embryos. 
On the other hands, that modification of cultured procedure by TSA treatment for 24 h 
following fusion can improve the development of iSCNT embryos. Specifically, 50 nM 
TSA treatment provides a beneficial effect on cleavage and development to the 
blastocyst stage of cat iSCNT embryos using bovine cytoplasm as recipients.  
 
3.2 Introduction  

Somatic cell nuclear transfer (SCNT) is an efficient technique for assessing the 
developmental potential of a nucleus and for analyzing the interactions between the 
donor nucleus and the recipient cytoplasm (Gómez et al., 2006). The SCNT provides not 
only a valuable tool for producing animals with the same genetic traits and also the 
opportunity to develop �interspecies SCNT (iSCNT)�, which involves the transfer of 
donor cell nuclei from one species to enucleated oocytes of another species (Yin et al., 
2006). In future, the iSCNT seems to be more valuable tool for many reasons including 
the production of embryos from species with limited availability of oocytes either their 
oocytes are difficult to obtain or where their collection is under restricted control 
(Thongphakdee et al., 2008; Yin et al., 2006).  
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Cell cycle synchronization plays a crucial role in that it affects the success of the 
development of cloned embryos (Hashem et al., 2006).  Previous studies have reported 
that the G0/G1 stage of the cell cycle provide better results in term of the development 
of the cloned embryo when a metaphase II (MII) oocyte with a high level of maturation 
promoting factor (MPF) is used as the recipient ooplasm (Boquest et al., 1999; Campbell 
et al., 1996; Gómez et al., 2003; Liu et al., 2004). Furthermore, a live cloned sheep has 
been successfully produced from mammary cells which were synchronized into the 
presumptive G0 phase (quiescent phase) (Wilmut et al., 1997). These results suggested 
that the chromatin at the G0/G1 phase is amenable to nuclear reprogramming for the 
cloned embryo (Hashem et al., 2006). 

The bovine ooplasm have shown the abilities for supporting the in vitro 
development of embryos to the blastocyst stage produced by iSCNT of somatic cells 
from various unrelated mammalian species, including the sheep, pig, monkey, dog, and 
yak. However, no pregnancy had reached full-term after the embryo transfer to 
recipients (Dominko et al., 1999; Murakami et al., 2005). According to our knowledge, 
there are very few reports concerning the ability of bovine oocytes to reprogram the 
nucleus of felid species. The iSCNT embryos reconstructed from cat somatic cell and 
bovine ooplasm has been created by Thongphakdee et al. (2008). However, they 
reported that no any iSCNT cat embryos had developed beyond the 8-cell stage. The 
developmental block of iSCNT cat embryos may be associated with a developmental 
cell block and mitochondrial incompatibility between the recipient oocytes and donor 
cells (Thongphakdee et al., 2008). 

The transfer of somatic cells to enucleated oocytes requires a process termed 
nuclear reprogramming to transform the differentiated cell nuclei to dedifferentiated in 
the ooplasm before convert to a totipotent state and induce somatic gene expression 
(Wu et al., 2010). Incomplete donor nuclei reprogramming and abnormal epigenetic 
reprogramming (DNA methylation or histone modifications) are thought to be related to 
the low efficiencies in SCNT- and iSCNT cloned embryos (Arat et al., 2003; Chen et al., 
2006; Lee et al., 2010). Histone acetylation provides the greatest potential for unfolding 
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chromatin to recruit different transcriptional factors, and thus acetylation is related to the 
active genes, and removal of acetylated groups by histone deacetylases (HDACs) is 
generally associated with gene silencing (Shi et al., 2008). Therefore, abnormal patterns 
of histone acetylation could seriously affect the development of cloned embryos (Shi et 
al., 2008). Previous studies have suggested that the in vitro embryo development and 
full-term development of cloned embryos have been improved by epigenetic 
modification of donor cells or early cloned embryos with trichostatin A (TSA), a HDACs 
inhibitor, that increases histone acetylation (Ding et al., 2008; Kishigami et al., 2006). 
Moreover, the histone acetylation patterns of SCNT embryos treated with TSA also 
appeared to be similar to those of normal embryos (Lee et al., 2010).  

Therefore, it could be possible to improve the in vitro development of iSCNT 
embryos reconstructed from cat somatic cell and bovine cytoplast by the modification of 
donor cells by cell cycle synchronization or modification of cultured procedure by the 
treatment of TSA. The objectives of this study was 1) to bserve the development of 
interspecies embryos reconstructed from enucleated bovine oocytes and modified cat 
donor cells by cell cycle synchronization (confluency-contact inhibition or 15 µM 
roscovitine), 2) to determine the effect of TSA at different concentrations on the in vitro 
developmental competence of iSCNT cat embryos in comparison with the 
parthenogenetic bovine embryos. 
 

3.3 Materials and methods 

All chemicals were purchased from Sigma�Aldrich Chemical Company (Sigma, 
St. Louis, MO, USA), unless stated otherwise. Media were prepared weekly, filtered (0.2 
µm, # 16534 Sartorius, Minisart) and kept in sterile tubes weekly. The bicarbonate-
buffered cultured media were incubated at 38.5°C under 5% CO2 in air for overnight 
before use. 
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3.3.1 Recovery of recipient oocytes  

3.3.1.1 Recovery of bovine oocytes   

Bovine ovaries were obtained from a slaughter house and transported to the 
laboratory in 0.9% (w/v) physiological saline within 3 h after slaughter. Cumulus-oocyte 
complexes (COCs) were aspirated from follicles (≤ 5 mm in diameter) using a 5-mL 
syringe fitted with an 18-gauge needle. COCs were collected in modified phosphate 
buffer saline (m-PBS; Nihonzenyaku, Japan) supplemented with 100 IU/mL of penicillin 
G potassium (Meiji, Japan) and 0.1 mg/mL of streptomycin sulfate (Meiji).  
 

3.3.1.2 Recovery of cat oocytes 

Cat ovaries were obtained from local veterinary clinics following routine 
ovariohysterectomy and kept in physiological saline at room temperature (RT) before 
oocyte recovery. Each ovary were sliced repeatedly with a scalpel blade to release 
COCs into a 90-mm culture dish containing m-PBS with 100 IU/mL of penicillin G 
potassium and 0.1 mg/mL of streptomycin sulfate. 
 
3.3.2 Oocytes preparation   
 3.3.2.1 Preparation of bovine recipient cytoplasm  

Bovine oocytes were matured according to procedures previously described by 
Mori et al. (2002). COCs were cultured in maturation medium that consisted of TCM 199 
with Earle�s salts (Invitrogen) supplemented with 0.05 g taurine, 0.02 IU/mL of follicle 
stimulating hormone (FSH; KawasakiMitaka K.K., Kawasaki, Japan), 5% FBS, 40 µg/mL 
of epidermal growth hormone (EGF) and 50 µg/mL of gentamicin. About 10 COCs were 
incubated for 22 h in the drop of maturation medium (100 µl) covered with mineral oil in 
a polystyrene culture dish at 38.5°C in a humidified atmosphere containing 5% CO2 (Fig. 
8A).  
 

3.3.2.2 Preparation of domestic cat recipient cytoplasm  

Cat oocytes were matured according to procedures previously described by 
Kaedei et al. (2010). Briefly, cat COCs were cultured in a maturation medium consisting 
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of TCM 199 with Earle�s salts supplemented with 4 mg/mL of bovine serum albumin 
(BSA), 0.1 mg/mL of human menopausal gonadotropin (hMG, TeikokuZoki, Japan), 10 
IU/mL of human chorionic gonadotropin (hCG, KawasakiMitaka K.K., Japan), 1 µg/mL of 
17ß-oestradiol, and 50 µg/mL of gentamicin. The maturation cultures for cat oocytes 
were maintained at 38.0 ºC for 24 h in an atmosphere of 5% CO2 and 95 % air with high 
humidity (Fig. 8C). 
 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Bovine (A) and cat (C) oocytes with compact cumulus cells of more than 2 
layers and homogenous dark ooplasm were selected and cultured for 22 h and 36 h, 
respectively. (X80). Mature oocytes presenting the 1st polar body (arrows) were 
selected for NT (B, D) (X100). 
\ 
 3.3.2.3 Enucleation of recipient oocytes          
 After maturation culture, bovine (experiments I, II and III) and cat COCs 
(experiments I) were mechanically denuded in a TCM199 medium supplemented with 
0.1% (w/v) hyaluronidase. Oocytes with the first polar body extrusion were collected (Fig. 

(A) (B) 

(C) (D) 
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8B,D) and then incubated for 10 min in 3 µg/mL of Hoechst 33342 diluted in 
manipulation medium (PBS supplemented with 5% FBS and 5 µg/mL of cytochalasin B). 
Oocytes were then washed, transferred to a drop of manipulation medium, and 
enucleated after minimal exposure to low-light filtered fluorescence. Oocytes were 
secured with a holding pipette and rotated as needed into a position suitable for 
enucleation (Fig. 9A). The zona pellucida above the first polar body was cut with a glass 
needle (Fig. 9B), and a small volume (approximately 5%-10%) of cytoplasm underneath 
the first polar body was squeezed out (Fig. 9C). Complete enucleation was confirmed by 
staining the squeezed-out cytoplasm (Fig. 9D). 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Enucleation of bovine oocyte; oocyte was secured with a holding pipette and 
rotated as needed into a position suitable for enucleation (A). The zona pellucida above 
the first polar body (black arrows) was cut with a glass needle (B) and a small volume of 
cytoplasm underneath the first polar body was squeezed out (C). The first polar body 
and MII chromosomes (white arrow) were confirmed by staining the squeezed-out 
cytoplasm (D). 

(A) (B) 

(C) (D) 
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3.3.3 Donor cell preparation  

3.3.3.1 Preparation of domestic cat somatic cells 

Domestic cat fibroblast cells were cultured in a plastic 35-mm Petri dishes 
(Falcon 3001) containing DMEM supplemented with 10% (v/v) FBS and 50 µg/ml 
gentamicin at 37°C in a humidified atmosphere containing 5% CO2. Cells were then 
synchronized with 15 µM roscovitine in culture medium for 24 h (experiment I) or with 
cell confluency-contact inhibition methods (experiments I, II, III). The monolayer 
fibroblast cells were washed twice with DMEM and then incubated in 0.25% trypsin-
EDTA for 3 min at 37ºC. After trypsinisation, washing medium (DMEM supplemented 
with 10% FBS) was added to neutralize trypsin activity. The cells were pelleted by 
centrifugation at 500× g for 5 min, resuspended in the washing medium, and then 
maintained in this medium until SCNT manipulation. Fibroblast cells in passages 2-5 of 
culture were used as donor cells. 
 

3.3.3.2 Preparation of bovine somatic cells 

Cumulus cells, the source of donor nuclei, were removed from bovine oocytes 
by vortexing, and cultured in DMEM supplemented with 10% FBS, 1% MEM non-
essential amino acid solution (Invitrogen), and 50 µg/mL of gentamicin for 7 d at 37°C in 
a humidified atmosphere containing 5% CO2. Once the cumulus cells reached complete 
confluence, a 3-day serum starved cell monolayer was washed twice with DMEM and 
then incubated in 0.25% trypsin-EDTA for 3 min at 37ºC. After trypsinisation, washing 
medium (DMEM supplemented with 10% FBS) was added to neutralize trypsin activity. 
The cells were pelleted by centrifugation at 500× g for 5 min, resuspended in the 
washing medium, and then maintained in this medium until SCNT manipulation.  
  

3.3.4 Nuclear transfer, fusion, activation and TSA treatment   

 After enucleation of each individual oocyte, the cat (experiments I and II) or 
bovine (experiment I) donor cell was then placed into the perivitelline space adjacent to 
the plasma membrane of the oocyte (Fig. 10A, B). Couplets were equilibrated for 3 min 
in Zimmerman cell fusion medium (Wolfe and Kraemer, 1992), transferred into a drop of 
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Zimmerman cell fusion medium, and then manually aligned between two electrode 
needles connected to a micromanipulator (MO-202D; Narishige, Tokyo, Japan). 
Couplets with bovine (experiment I and II) (Fig. 11A) and cat (experiment I) (Fig. 11B) 
ooplasm were fused and activated simultaneously with a single DC pulse of 2.3 kV/cm 
and 3.0 kV/cm for 30 µsec, respectively, using an electro cell fusion generator (LF101; 
Nepagene, Chiba, Japan). To determine the effect of different concentrations of TSA on 
in vitro developmental competence of iSCNT cat embryos (experiment II), the 
successfully fused couplets were cultured for 5 h in a modified synthetic oviduct fluid 
(mSOF) medium (Kwun et al., 2003) supplemented with 10 µg/mL of cycloheximide and 
TSA (Wako, Tokyo, Japan) with various concentrations [0 (experiments I, II) 25, 50 or 
100 (experiment II) nM].  
 
 
 
 
 
 
 
Figure 10. Nuclear transfer method; a single round-shape donor cell (arrows) was 
selected (A) and transferred into the perivitelline space of an enucleated oocyte (B) 
(X200). 
 
3.3.5 In vitro embryo culture  

The fused couplets were then transferred to mSOF medium with TSA at the same 
concentration and cultured for an additional 19 h. After 24 h of TSA treatment, embryos 
were washed twice with mSOF, and cultured in drops of 100 µL mSOF medium 
supplemented with 4 mg/mL BSA for 2 days at 38.5°C in a humidified atmosphere of 5% 
CO2 and 5% O2. Only cleaved embryos were further co-cultured with bovine cumulus 
cells in mSOF supplemented with 5% FBS at 38.5°C in a humidified 5% CO2 atmosphere 

(A) (B) 
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for an additional 5 days to evaluate their ability to develop to the blastocyst stage (Fig. 
12). Embryos were stained with Hoechst 33342 for counting the total cell number 
according to procedures previously described by Naoi et al. (2007). Embryos with more 
than 32 cells and with a clear blastocoele were defined as morula and blastocyst, 
respectively. The numbers of cleaved embryos and blastocysts were recorded. 
 

 

 

 

 

 

 

 

 

Figure 11. Fusion of NT couplets by electrical pulses; the couplet with bovine (A) and 
cat (B) ooplasm were manually aligned between two electrode needles connected to a 
micromanipulator before fused and activated simultaneously with a single DC pulse of 
2.3 kV/cm and 3.0 kV/cm, respectively, for 30 µsec using an electro cell fusion generator.  
 

3.3.6 Parthenogenesis 

Parthenogenetic embryos served as embryo developmental controls. In vitro 

matured bovine oocytes were activated by a single DC pulse of 2.3 kV/cm for 30 µsec 
using electrode needles in a Zimmerman cell fusion medium (same methods as iSCNT 
embryos). Embryos were then activated in 10 µg/mL cycloheximide combined with 5 
µg/mL cytochalasin B for 5 h. The activated oocytes were cultured and monitored as 
noted for iSCNT embryos. For TSA treatment, the parthenogenetic embryos were 
exposed to TSA (either 0, 25, 50, or 100 nM) for 24 h after the the onset of oocyte 
activation as same as iSCNT embryos.   
 

 

+ - + - 

(A) (B) 
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Figure 12. The scheme of experiments; to determine the effect of different 
concentrations of TSA on in vitro developmental competence of iSCNT cat embryos 
(experiment II), the successfully fused couplets were cultured for 5 h in mSOF medium 
supplemented with 10 µg/mL of cycloheximide and TSA with various concentrations (0, 
25, 50 or 100 nM). The fused couplets were then transferred to mSOF medium with TSA 
at the same concentration and cultured for an additional 19 h. The blastocyst 
developmental rates were observed at d 8 of culture.   
 
 3.3.7 Statistical analysis  

Data concerning the embryo developmental rates are expressed as mean ± 
standard error of the mean (SEM). Four to seven replications were carried out to 
investigate the development of cat, bovine intraspecies embryos, iSCNT cloned cat 
embryos and bovine parthenogenesis. The fused embryos, embryos cleaved and 
embryos developed to the blastocyst stage were subjected to arc sin transformation 
before analysis of variance (ANOVA). The transformed data were tested by ANOVA 
followed by Fisher�s protected least significant difference (PLSD) test using the StatView 
program (Abacus Concepts, Inc., Berkeley, CA, USA). Differences with a probability 
value (p) of 0.05 or less were considered statistically significant. 
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3.3.8 Experimental design (Table 3) 

 

Experiment I: Effects of donor cell modification on in vitro development of iSCNT cat 

embryos reconstructed from cat donor nuclei and bovine ooplasm in comparison with 

intraspeies cloned cat, bovine embryos 

 The bovine oocytes were used as a recipient cytoplasm for producing the 
intraspecies cloned bovine and iSCNT cat embryos. The cat oocytes were used as a 
recipient cytoplasm for producing the intraspecies cloned cat embryos (7 replicates).   
   

Experiment II: The effect of TSA on in vitro embryo development of iSCNT cat embryos 

reconstructed from cat donor nuclei and bovine ooplasm 

  The treatment of iSCNT cat embryos with four concentrations of TSA; 0, 25, 50 
and 100 nM were performed to investigate the in vitro embryo development. The 
treatment of parthenogenetic bovine embryos with four concentrations of TSA; 0, 25, 50 
and 100 nM were served as control for iSCNT cat embryos development (4 replicates). 
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Table 3. Procedures and conditions in each experiment  
 

Exp. Recipient oocyte Donor 
cell 

Cell 
treatment 

Fusion 
Protocol 

Activation protocol Culture condition 

I Cat 
 

Bovine 
 

Cat 
 
Bovine 

Cat  
Cat 

CT 
 

CT 
CT 

Roscovitine 
 

3.0 kV/cm for 
30 µsec 

2.3 kV/cm for 
30 µsec 

 

- 

D 1-3: mSOF + 0.4% BSA 
D 4-8: mSOF + 5.0% FBS 
D 1-3: mSOF + 0.4% BSA 
D 4-8: mSOF + 5.0% FBS co-cultured with 
bovine cumulus cells 

II 
 

Bovine 
 
 
 

Bovine 
(parthenogenesis) 

Cat 
 
 
 
- 

CT 
 
 
 
- 

2.3 kV/cm for 
30 µsec 

 
 

2.3 kV/cm for 
30 µsec 

mSOF + 0.4% BSA + TSA (either 
0, 25, 50, 100 nM) for 5 h at the 
onset of activation 
 
mSOF + 0.4% BSA + TSA (either 
0, 25, 50, 100 nM) for 5 h at the 
onset of activation 

D 1: mSOF + 0.4% BSA + TSA (either 0, 25, 
50, 100 nM) for another 19 h after activation 
D 2-3: mSOF + 0.4% BSA 
D 4-8: mSOF + 5.0% FBS 
D 1: mSOF + 0.4% BSA + TSA (either 0, 25, 
50, 100 nM) for another 19 h after activation 
D 2-3: mSOF + 0.4% BSA 
D 4-8: mSOF + 5.0% FBS 
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3.4 Results  

 

3.4.1 Experiment I: Effects of donor cell modification on in vitro development of iSCNT 

cat embryos reconstructed from cat donor nuclei and bovine ooplasm in comparison 

with intraspeies cloned cat, bovine embryos 
As shown in Table 4. The percentage of fusion of the couplets was significantly 

higher (P<0.05) in the roscovitine group than in contact inhibition group. Moreover, the 
percentage of fusion in the roscovitine group was similar to that in the homogeneous 
control (bovine NT) group. There were no differences in the percentages of total 
cleavage (the ≥ 2-cell stage) and development to the ≥ 8-cell stage among the iSCNT 
groups. The significant higher percentages of total cleavage (the ≥ 2-cell stage) and 
development to the ≥ 8-cell stage were observed in the cat NT rather than bovine NT 
and iSCNT cat embryos (P<0.05). There were no differences in the development to the ≥ 
32-cell stage between iSCNT cat and bovine NT embryos (P>0.05). None of the iSCNT 
cat embryos developed to the morula or blastocyst stage. A significantly higher number 
of developed to the blastocyst stage was observed in the bovine NT embryos as 
compared to that of cat NT embryos (P<0.05) (Fig. 13).  
 
3.4.2 Effect of TSA on in vitro embryo development of iSCNT cat embryos 

reconstructed from cat donor nuclei and bovine ooplasm 

The effects of different concentrations of TSA on the in vitro developmental 
competence of iSCNT cat embryos are shown in Table 5. Treatment of early iSCNT 
cloned cat embryos with TSA at concentration 50 nM contributed the significant higher 
rate of fusion and embryo cleavage (74.1% and 84.3%, n=139; P<0.05) than those of 
untreated embryos (60.3% and 63.8%, n=187) and other TSA concentration treated 
groups (Table 1). The embryos developed to morula stage have been derived from TSA 
treatment at any concentration. Five from 130 fused embryos of 50 nM TSA treated 
group had developed to blastocyst stage (4.6%, n=103, P<0.05) (Fig. 13, 14); whereas 
no untreated embryos developed beyond the 16-cell stage. The 25 nM TSA treatment 
also had ability to create an iSCNT cloned cat blastocyst (0.7%, n=105), however, an 
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increasing of TSA concentration to 100 nM did not enhance the embryo development to 
blastocyst stage (0%, n=104). 

The effects of different concentrations of TSA on the in vitro developmental 
competence of bovine parthenogenetic embryso are shown in Table 6. The TSA 
treatment at concentration 50 nM of bovine parthenogenetic embryos also yielded the 
significant higher rate of cleavage and embryos developed to the blastocyst stage 
(94.8% and 18.6%, n=150; P<0.05) than those of untreated embryos (90.6% and 14.4%, 
n=158; P<0.05) (Fig. 13). On the other hands, an increasing of TSA concentration to 100 
nM provided the negative effects on embryo cleavage and blastocyst formation rate 
(81.3% and 5.8%, n=152) compared to those of non-treatment embryos and other TSA 
concentration treatment groups.  
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Table 4. Development in vitro of intraspecies cloned cat, bovine embryos and interspecies nuclear transfer embryos reconstructed from  
bovine ooplasm and cat somatic cells (iSCNT cat-bovine)*   

 

*Data are expressed as the mean ± SEM. Seven replicated trials were carried out. 
**Fused oocyte (%), fused oocytes/couples 
***Development rate of embryos, number of embryos/number of fused oocytes. 
****Total cell number, blastocysts were stained with Hoechst 33342 for counting of total cell number 
a-c Mean values in the same columns with different superscripts are significantly different (P<0.05).      
 
 
 
 

Treatment  Cell 
treatment 

No. of oocytes 
examined  

No. (%) of fused 
oocytes** 

No. (%) of cleaved 
embryos 

No. (%) of embryos developed*** Total cell 
number****  ≥ 8-cell ≥ 32-cell Blastocyst 

iSCNT cat  
iSCNT cat 
Cat NT 
Bovine NT 

CT 
Roscovitine  
CT 
CT 

165 
137 
151 
150 

   98  (57.9 ± 7.3)a  
105 (77.3 ± 5.1)c 
102 (66.8 ± 1.5)b 
129 (83.9 ± 2.7)c   

   66 (66.8 ± 3.4)a  
  68 (66.4 ± 5.0) a 

  91 (92.1 ± 3.5)c 
101 (80.0 ± 3.6)b 

14 (12.3 ± 3.9)a  
  8 (7.9  ± 2.1)a 
73 (74.2 ± 3.3)c 
78 (63.6 ± 3.8)b   

0  (0)a  
0  (0)a  

36 (36.5 ± 3.6)b 
51 (39.3 ± 5.4)b 

   0 (0)a  
 0  (0)a  

20 (20.2 ± 3.3)b 
44 (34.5 ± 3.2)c 

0 
0 
102.5 ± 6.4a 
126.5 ± 8.0b 
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Table 5. Effects of TSA at different concentrations on the in vitro development of iSCNT embryos reconstructed from bovine cytoplast  
and cat somatic cells* 

 

*Data are expressed as the mean ± SEM. Four replicated trials were carried out. 
**The reconstructed embryos from cat somatic cells and bovine ooplasm were treated with TSA at a specific concentration after fusion  
for 24 h or without any treatment (control). 
*** Fused oocyte (%), fused oocytes/couples 
****Development rate of embryos, number of embryos/number of fused oocytes. 
a-d Mean values in the same columns with different superscripts are significantly different (P<0.05).      
 
 

 
 

Concentrations 
of TSA (nM)** 

No. of oocytes 
Examined  

No. (%) of fused 
oocytes*** 

No. (%) of cleaved 
embryos 

No. (%) of embryos developed**** Total cell 
number***** ≥ 8-cell ≥ 32-cell Blastocyst 

0 
25 
50  
100 

187 
154 
139 
172 

114 (60.3 ± 1.4)a 
105 (68.0 ± 0.9)b 
103 (74.1 ± 0.3)c 
104 (60.3 ± 2.1)a 

 73 (63.8 ± 0.8)a 
 81 (77.3 ± 0.6)b 
 87 (84.3 ± 4.5)c 
 75 (71.4 ± 2.3)ab 

20 (17.5 ± 1.0)a 
36 (33.8 ± 2.8)c 
46 (45.4 ± 3.9)d 
26 (24.4 ± 2.2)b 

  0 (0)a 
  5 (  4.7 ± 0.2)a 
12 (11.9 ± 2.9)b 

4 (  3.2 ± 1.9)a 

0 (0)a 
1 (0.7 ± 0.7)ab  
5 (4.6 ± 2.7)b 
0 (0)a 

0 
53.0 ± 0 
72.8 ± 7.4 
0 
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Table 6. Effects of TSA at different concentrations on the in vitro development of bovine parthenogenetic embryos* 
 
 
 
 

 

 
 

*Data are expressed as the mean ± SEM. Four replicated trials were carried out. 
**The parthenogenesis embryos were treated with TSA at a specific concentration after fusion for 24 h or without  
any treatment (control). 
***Development rate of embryos, number of embryos/number of fused oocytes. 
a-c Mean values in the same columns with different superscripts are significantly different (P<0.05).    
 

Concentrations 
of TSA (nM)** 

No. of oocytes 
examined  

No. (%) of cleaved 
embryos 

No. (%) of embryos developed*** 

≥ 8-cell ≥ 32-cell Blastocyst 

0 
25 
50 
100 

158 
151 
150 
152 

144 (90.6 ± 2.0)bc 
133 (88.1 ± 0.4)b 
143 (94.8 ± 0.9)c 
127 (81.3 ± 1.5)a 

74 (46.7 ± 1.1)a 
70 (48.4 ± 0.3)a 
84 (56.1 ± 1.7)b 
72 (47.1 ± 0.7)a 

29 (18.1 ± 0.9)ab 
34 (22.4 ± 1.5)bc 
35 (23.4 ± 1.1)c 
24 (14.1 ± 2.5)a 

23 (14.4 ± 0.8)b 

23 (15.3 ± 1.0)bc 
28 (18.6 ± 1.0)c 

11 (  5.8 ± 2.2)a 
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Figure 13. The development of intraspecies cloned cat, bovine embryos, iSCNT cat 
embryos and parthenogenetic bovine embryos; intraspecies cloned cat embryos at 2-
cell (A1), 4-cell (A2), blastocyst (A3), hatching blastocyst stages (A4); intraspecies 
bovine cloned embryos at 2-cell (B1), 4-cell (B2), 16-cell (B3), hatching blastocyst 
stages (B4); 50 nM TSA treated iSCNT cat embryos at 2-cell (C1), 8-cell (C2), blastocyts 
(C3), hatching blastocyst stages (C4); parthenogenetic bovine embryos at 2-cell (D1), 4-
cell (D2), morula (D3), and blastocyst stages (D4).  
 

(A1) (A3) 
(A4) 

(B1) (B2) (B3) (B4) 

(C1) (C2) (C3) (C4) 

(D1) (D2) (D3) (D4) 

(A2) 
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Figure 14. Development of iSCNT cloned cat to blastocyst stage after treatment with 50 
nM TSA for 24 following the fusion. (A) Phase contrast and (B) Hoechst 33342 staining 
images of hatching iSCNT cloned cat blastocyst. (Scale bar = 100 µm) 
 

3.5 Discussion  

Effects of donor cell modification on in vitro development of iSCNT cat embryos 

reconstructed from cat donor cell and bovine ooplasm  
Factors affecting the fusion efficiency in nuclear transfer include the cell cycle 

phase of donor cell, the donor cell type and the age of the recipient oocyte (Li et al., 
2005). Gómez et al. (2003) reported that the method used for cell-cycle synchronization, 
such as roscovitine treatment, serum starvation, and contact inhibition, did not affect the 
fusion and cleavage rate of the couplets reconstructed from domestic cat oocytes and 
African wild cat donor cells. However, in this present study, the higher fusion rate of 
couplets reconstructed with bovine enucleated oocytes was observed in the roscovitine 
treatment group than that of the contact inhibition group. The mechanism of roscovitine 
to improving the fusion rate remains unclear. Perhaps, it might be associated with the 
electrosensitivity. The optimal parameters of electric pulses should be performed to 
achieve optimal electrofusion and remain cell viability (Trontelj et al., 2010). The Laplace 
equation has assumed that the voltage at the cell surface is directly proportional to the 
cell diameter where the smaller cells should have a greater threshold value for 
electropermeabilization (Neumann et al., 1989). In the present study, the slightly larger 
size in diameters of rocovitine treated cells were observed in comparison with contact 

(A) (B) 
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inhibited cells (data not shown), which might be due to the confluency of cell used. 
According to the Laplace equation, to reach the optimal electrofusion, a higher 
threshold value is required for contact inhibited cells than that of roscovitine treated cells.        

The early stages of embryogenesis are normally controlled by maternally 
inherited products stored in the ooplasm. There are species-specific differences in the 
developmental period of transition from maternal to embryonic control. In the domestic 
cat, embryonic transcription and the timing of the transition from maternal to zygotic 
control of development occur by the 5- to 8-cell stage (Hoffert et al., 1997). It has been 
suggested that the rabbit oocytes served as a valuable recipient cytoplasm for nuclear 
transfer by supporting the interspecies cat-rabbit embryos develop to the blastocyst 
stage (Thongphakdee et al., 2006). Moreover, cat cells can also be reprogrammed in 
bovine and porcine cytoplasm; however, the interspecies cat embryos could not 
develop to the late embryonic stage (Kaedei et al., 2010). Similar to the present study, 
some of iSCNT cat embryos them could develop to the >8-cell stage, but none of the 
embryos from both treatments developed up to the morula or blastocyst stage. This 
indicates that the modification of donor cell by cell cycle synchronization did not 
overcome developmental arrest in interspecies cloned embryos. It is possible that this 
embryo developmental block might be related to the lack of transition from the maternal 
to embryonic control or mitochondrial incompatibility between the recipient oocytes and 
donor cells, which has been reported by (Thongphakdee et al., 2008) that the genotype 
of mitochondrial DNA (mtDNA) in the interspecies cloned cat-bovine embryos has 
shown the heteroplasmy with a reduction in copy number of mtDNA resulting to the 
embryo developmental block at the 8-cell stage. 

In the next experiments, however, the cell confluency-contact inhibition method 
was used for donor cell preparation for nuclear transfer due to the ease and economical 
in preparation.     
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Effect of TSA on in vitro embryo development of iSCNT cat embryos reconstructed 

from cat donor nuclei and bovine ooplasm 

The iSCNT technique gives great promise for conservation of wild or 
endangered animal species. However, the incomplete nuclear reprogramming, the low 
blastocyst rate and the abnormal epigenetic reprogramming are still the major problems 
(Shi et al., 2008; Wu et al., 2010). Since the epigenetic modification of early intra-species 
SCNT cloned embryos with histone deacetylase (HDAC) inhibitor TSA improved their in 

vitro embryo development, e.g. pigs (Li et al., 2008; Zhang et al., 2007), mice (Kishigami 
et al., 2006), and cattle (Sawai et al., 2012), several studies on iSCNT, e.g. the guar-
bovine (Srirattana et al., 2012), the black-footed cat-domestic cat (Gómez et al., 2011), 
the human-rabbit (Shi et al., 2008) and the whale-bovine (Bhuiyan et al., 2010) have 
speculated to improve the success rate by using TSA. As well as our present study, to 
determine the effects of the epigenetic modifier on the in vitro developmental 
competence of the iSCNT cloned cat embryos, the embryos were exposed to TSA at a 
specific concentration (0, 25, 50 or 100 nM) after fusion of the enucleated bovine 
oocytes and cat donor cells for a total 24 h. Results revealed that the treatment of 50 nM 
TSA contributed the significant higher rates of fusion, cleavage, the development to 
eight-cell or morula stages, and also blastocyst formation compared to non-TSA treated 
group. Although, we founded that TSA has an efficiency to improve the development in 

vitro of iSCNT cat embryos, other studies on iSCNT did not observe the positive effects 
of TSA on embryo development. Srirattana et al. (2012) has reported that treatment with 
50 nM TSA for 10 h after fusion had no effects on the rates of fusion, cleavage, or the in 

vitro development of iSCNT cloned gaur-bovine embryos. Moreover, one iSCNT guar 
calf was born from a recipient receiving blastocysts from the non-TSA treated group. 
Similar to the study by Shi et al. (2008), which suggested that TSA treatment at 
concentration 100 nM for 6 h during activation does not improve the blastocyst 
developmental rate of iSCNT cloned human-rabbit embryos.  

Bovine oocytes have the ability to support development of sei whale nuclei up to 
the compacted morula stage in case of non-TSA treatment, but the embryos could not 
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develop beyond 8-cell stage if treated with 50 nM TSA for 14 h starting from post-
activation treatment (Bhuiyan et al., 2010). The difference of results between our- and 
other studies is likely to be associated with the TSA application (concentration, timing 
and the onset of treatment), species-specific effect as well as phylogenetically distant 
between oocyte and somatic cell donor. The selection of optimized TSA application in 
different species might be an important key to improve the success rate in animal 
cloning (Wang et al., 2011) , especially for the iSCNT, which the genetic distance 
between donor cell and recipient cytoplast is involved. Nevertheless, an increasing the 
TSA concentration to 100 nM in the present study exhibited the negative effects on the 
development of iSCNT cloned cat embryos. This is possibly due to a long-time exposure 
of high TSA concentration used. Treatment of TSA has been reported to significantly 
reduce the success rates of animal cloning when the concentration is too high or 
exposure is too long and the developmental defects after implantation might also be 
caused by an overdose of TSA (Zhao et al., 2009).   

In conclusion, treatment of 50 nM TSA for 24 h after fusion of the couplets 
between bovine recipient cytoplasts and cat donor cells improves the embryos 
developmental competence to the blastocyst stage. To determine the effect of TSA 
treatment whether it could modify the acetylation levels on lysine residues in the early 
development of iSCNT cloned cat embryos to be similar to normal IVF embryos is 
needed.      

 
 
 
 
 
 
 
 

 



 58

CHAPTER IV 
 

DIFFERENTIAL ACETYLATION AND DI-METHYLATION OF HISTONE H3 LYSINE 

DURING EARRLY DEVELOPMENT OF INTERSPECIES CLONED CAT EMBRYOS 
 
4.1 Abstract  

The present study was aimed to determine the differential acetylation on histone 
H3 lysine 9 (K9), 18 (K18), 23 (K23) and di-methylation on histone H3 lysine 9 (K9) in the 
cat donor cells and iSCNT cat embryos at the early stage between with and without 50 
nM TSA treatment compared to bovine IVF embryos. Experiment I was conducted to 
assess the acetylation levels on histone H3K9, H3K18, and H3K23 in 50 nM TSA-treated 
and non-treated cat donor cell. The results show that the acetylation levels on H3K9, 
H3K18 and H3K23 of TSA-treated cat cells were significant higher than those of non-
TSA treated cells (P<0.05). Experiment II and III were conducted to determine the 
acetylation patterns on histone H3K9, H3K18, H3K23 (experiment II) and di-methylation 
on H3K9 (experiment III) of early-stage iSCNT cat embryos treated with 50 nM TSA and 
un-treated embryos (control) in comparison with bovine IVF embryos. The results 
revealed that the acetylation levels of AcH3K9, AcH3K18 and AcH3K23 in TSA-treated 
embryos and bovine IVF embryos were higher than that of control embryos at all 
examined stages (2 h PF, PN, 2-cell, 4-cell and 8-cell). Exceptionally, in 6 h PN stage, 
the levels of AcH3K9 and AcH3K23 in embryos treated with 50 nM of TSA and bovine 
IVF embryos were significant lower than that of control embryos. At PN stage, the 
significantly higher intensity levels of Me2H3K9 were found in embryos treated with TSA 
and bovine IVF than that of control embryos. This suggest that the treatment of 50 nM 
TSA for 24 h after fusion in iSCNT cat embryos contribute the beneficial effects on the 
modification of acetylation levels of lysine residues (K9, K18 and K23) on histone H3 and 
di-methylation levels on histone H3K9 during the early embryogenesis.  
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4.2 Introduction  

Interspecies somatic cell nuclear transfer (iSCNT) has been continuously 
developed for the purpose of endangered animal conservation as well as for analyzing 
the interactions between the donor nucleus and the recipient cytoplasm (Yamochi et al., 
2012). However, the incomplete nuclear reprogramming, the low blastocyst rate, and the 
abnormal epigenetic reprogramming are still the major problems for this technique (Shi 
et al., 2008; Wu et al., 2010).  Several researches is being investigated into 
understanding the mechanism caused an aberrant epigenetic formation (DNA 
methylation or histone modifications), which can leads to de-regulation of a number of 
vital genes in cloned embryos (Maalouf et al., 2008). Therefore, abnormal patterns of 
histone acetylation could seriously affect the development of cloned embryos (Shi et al., 
2008). To alter the patterns of histone acetylation in cloned embryos to be similar to 
those of normal embryos, the treatment of early stage embryos with Trichostatin A (TSA), 
histone deacetylase (HDAC) inhibitor, has been suggested (Lee et al., 2010). 

Histone acetylation and de-acetylation, the regulators of gene activity in 
eukaryotic cells, have important roles for cell growth, cell cycle control, development, 
differentiation and survival during the embryo development  (Gray and Dangond, 
2006). It is known that the de-acetylation of core histones by HDAC leads to 
transcriptional repression (Pazin and Kadonaga, 1997) by catalyzing the removal of 
acetyl groups for the epsilon-amino groups of distinct lysine residues in the amino-
terminal tail of core histones (Finnin et al., 1999; Tribus et al., 2005). The HDAC inhibitors, 
TSA, trapoxin, and n-butyrate, accumulate highly acetylated histone species in cells and 
cause a variety of phenotypic changes (Nakajima et al., 1998). Acetylation on H3K9 
plays an important role on gene transcripts activation (Sawai et al., 2012), whereas the 
H3K18 acetylation appears to be general mark of active transcription (Pham et al., 2007). 
H3K23 is located within the epitope of histone H3, where the acetylation on this residue 
could regulate the recognition of the chromodomain of Polycomb proteins (Robin et al., 
2007). Histone lysine methylation has different effects depending on the residue that is 
methylated, for example, the methylation on H3K9 is generally correlated with 
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transcriptional repression (Robin et al., 2007). Histone lysine methyaltion is mediated by 
histone methyltransferase (HMTs), in which G9a (EuHMTase-2) is the major methylase 
responsible for di-methylation of H3K9 in euchromatic regions (Tachibana et al., 2001). It 
is noteworthy that the certain combinations of acetyl and methyl modifications of lysines 
in histone tails might have antagonistic or synergistic biological effects (Rice and Allis, 
2001).     

Domestic cat nuclei could be reprogrammed when transferred to bovine oocyte; 
however, the embryos were not able to develop beyond 8-cell stage (Thongphakdee et 
al., 2008). This developmental block might be caused by an aberrant of epigenetic 
patterns before embryonic genome activation (EGA), the most important event at the 
early development for embryo viability (Meirelles et al., 2004). The EGA occurs at 5-cell 
to 8- cell in domestic cat (Hoffert et al., 1997) and 8-cell to 16-cell stage in cow (Camous 
et al., 1986). The results in part II shown that the treatment of iSCNT cat-cow embryos 
with TSA at concentration 50 nM for 24 h after fusion could support the embryo 
development until the blastocyst stage, whereas none of the un-treated iSCNT cat 
embryos developed beyond 8-16 cell stage. Therefore, the assessment of the covalent 
patterns of acetylation and methylation on histone H3 might be valuable to learn about 
its role on early iSCNT cloned cat embryos development. In the present study, we 
demonstrate the covalent patterns of acetylation on histone H3 lysine 9, 18 and 23 
(AcH3K9, AcH3K18 and AcH3K23) and di-methylation on H3K9 in iSCNT cat embryos 
treated with 50 nM TSA compared to un-treated embryos (control). 
 
4.3 Materials and methods  

 All chemicals were purchased from Sigma�Aldrich Chemical Company (Sigma, 
St. Louis, MO, USA), unless stated otherwise. Media were prepared weekly, filtered (0.2 
µm, # 16534 Sartorius, Minisart) and kept in sterile tubes weekly. The bicarbonate-
buffered cultured media were incubated at 38.5°C under 5% CO2 in air for overnight 
before use. 
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4.3.1 The iSCNT cloned cat production  

The production of iSCNT cloned cat embryos was processed according to the 
methods in Chapter III. The procedures are described in brief as follows; 

 

Oocyte preparation 

Bovine COCs were matured in maturation medium that consisted of TCM 199 
with Earle�s salts supplemented with 0.05 g taurine, 0.02 IU/mL of follicle stimulating 
hormone, 5% FBS, 40 µg/mL of EGF and 50 µg/mL of gentamicin. About 10 COCs were 
incubated for 22 h in the drop of maturation medium (100 µl) covered with mineral oil in 
a polystyrene culture dish at 38.5°C in a humidified atmosphere containing 5% CO2. 
 

Preparation of domestic cat somatic cells 

Domestic cat fibroblast cells were cultured in plastic 35-mm Petri dishes 
containing DMEM supplemented with 10% (v/v) FBS and 50 µg/ml gentamicin at 37°C in 
a humidified atmosphere containing 5% CO2. A confluency fibroblast cells was 
trypsinized with 0.25% trypsin for culture in the next passage and storage in liquid 
nitrogen. Fibroblast cells in passages 2�5 of culture were used as donor cells.  

      
The SCNT, activation, in vitro culture of embryos, and TSA treatment 

After maturation culture, bovine COCs were denuded mechanically in a TCM199 
medium supplemented with 0.1% (w/v) hyaluronidase. Oocytes with the first polar body 
extrusion were collected and then incubated for 10 min in 3 µg/mL of Hoechst 33342 
diluted in manipulation medium supplemented with 5% FBS and 5 µg/mL of cytochalasin 
B. Oocytes were then washed, transferred to a drop of manipulation medium. The zona 
pellucida above the first polar body was cut with a glass needle. Then a small volume of 
cytoplasm underneath the first polar body was squeezed out. Complete enucleation was 
confirmed by staining the squeezed-out cytoplasm. After enucleation of each oocyte, the 
donor cell was then placed into the perivitelline space adjacent to the plasma membrane 
of the oocyte. Couplets with bovine ooplasm were fused and activated simultaneously 
with a single DC pulse of 2.3 kV/cm for 30 µs using an electro cell fusion generator. 
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Fused couplets were cultured for 5 h in mSOF medium supplemented with 10 µg/mL of 
cycloheximide and 50 nM of TSA and then transferred to mSOF medium with 50 nM TSA 
and cultured for an additional 19 h. After 24 h of TSA treatment, embryos were cultured 
in drops of 100 µL mSOF medium supplemented with 4 mg/mL BSA for 2 days at 38.5°C 
in a humidified atmosphere of 5% CO2 and 5% O2. The embryos cultured without TSA 
treatment were served as control. To determine the covalent patterns of acetylation on 
H3K9, H3K18, H3K23 and Me2H3K9, the embryos were collected at a2 h, 6 h post-
fusion, pronuclear, 2-cell, 4-cell and 8-cell stages. 

 
4.3.2 Fluorescent immunodetection of acetylation on H3K9, H3K18 and H3K23 in TSA-

treated and non-treated domestic cat fibroblast cells 

All following steps were carried out at room temperature (RT) and all solutions 
were prepared in 1% BSA/PBS, unless otherwise stated. The sterile coverglasses with 
TSA-treated and non-treated domestic cat cells were fixed with 1% paraformaldehyde 
for 5 min and then permeabilized with PBS containing 0.1% Triton-x 100 for 5 min prior 
to the fluorescence immunodetection. The following procedure of fluorescence 
immunodetection was performed in 96-well plates (MS-0096s; Sumitomo Bakelite Co., 
Ltd., Tokyo, Japan). After washing the cells twice with PBS containing 0.3% polyvinyl 
alcohol (PVA; sigma) (PBS/PVA), cells were incubated with 10% goat serum (Nichirei, 
Tokyo, Japan) in PBS for 1 h to block non-specific binding. Cells were incubated with 
primary antibody (rabbit polyclonal acetyl-histone H3K9 antibody (AcH3K9); rabbit 
polyclonal acetyl-histone H3K18 antibody (AcH3K18); rabbit polyclonal acetyl-histone 
H3K23 antibody (AcH3K23); 5 µg/ml or rabbit polyclonal Histone H3 antibody; 5 µg/mL; 
Cell Signaling, Danvers, MA, USA) in a moisture chamber for 1 h. For the negative 
control, normal rabbit IgG (Dako, Kyoto, Japan) was used after adjusting to the working 
concentration as same as primary antibody. Cells were then washed twice in PBS/PVA 
and subsequently incubated in 4 µg/mL Alexa 594-conjugated goat anti-rabbit IgG 
secondary antibody (Invitrogen) for 1 h in a moisture chamber under dark condition, 
followed by washed twice with PBS/PVA. Cells were counterstained with 5 µg/mL 4�, 6-
Diamidino-2-phenylindole dihydrochloride (DAPI; Invitrogen) in distilled water for 10 min 
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in a moisture chamber under dark condition and washed twice with PBS/PVA before 
mounted with anti-fading reagent in glycerol/PBS (Invitrogen) on the glass slides and 
sealed. Images were visualized and obtained with a fluorescence microscope (Nikon 
Eclipse 80i; Nikon, Tokyo, Japan) equipped with a Nikon DS-Ri1 digital camera (Nikon), 
and images in jpeg format were acquired using NIS-Element D 3.1 (Nikon) imaging 
software package in Dell Optilex 960 PC (Dell, Inc., Austin, TX, USA) work station.  
 

4.3.3 Fluorescent immunodetection of acetylation on H3K9, H3K18, H3K23 and di-

methylation on H3K9 in iSCNT cloned cat embryos 

The iSCNT cloned cat embryos at 2 h-, 6 h post-fusion (PF), pronuclear (PN), 2-
cell, 4-cell and 8-cell stages from 50 nM TSA treatment and control groups were 
subjected to perform the AcH3K9, AcH3K18 and AcH3K23 fluorescent 
immunodetection. In case of the Me2H3K9 assessment, the iSCNT cloned cat embryos 
at 2 h-, 6 h PF and PN stages were used. The PN stage embryos were collected after 20 
h PF, the 2-cell stage embryos were collected after 24 h PF (end-point of TSA treatment), 
whereas the 4-cell and 8-cell stage embryos were collected at day 3 of the culture. To 
compare with naturally fertilized embryos, in vitro fertilized (IVF) bovine embryos were 
used. IVF was carried out according to the method described by (Taniguchi et al., 2007). 
The PN and 2-cell stage embryos were collected at 20 h and 24 h post-insemination (PI), 
respectively, and the 4- and 8-cell stage embryos were collected at 48 h PI for 
fluorescent immunodetection.  

All following steps were carried out at room temperature (RT) and all solutions 
were prepared in 1%BSA/PBS, unless otherwise stated. Embryos were fixed in 3.7% 
paraformaldehyde overnight at 4ºC, permeabilized with 0.1% TritonX-100 (Sigma-
Aldrich)/PBS for 40 min and then stored in 1% (w/v) BSA/PBS overnight at 4°C. 
Permeabilized embryos were incubated with 10% goat serum (Nichirei, Tokyo, 
Japan)/PBS for 1 h to block non-specific binding before incubated with primary antibody 
(5 µg/ml of rabbit polyclonal acetyl-histone H3K9, H3K18, H3K23 antibody, 5 µg/ml of 
rabbit polyclonal di-methyl-histone H3K9 or 5 µg/ml of rabbit polyclonal histone H3 
antibody; Cell Signaling Technology Inc., Danvers, MA, USA) in a moisture chamber 
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overnight. Normal rabbit IgG (Dako, Kyoto, Japan) was used as the negative control. 
Embryos were subsequently incubated in 4 µg/ml of Alexa 594-conjugated goat anti-
rabbit IgG secondary antibody (Invitrogen) for 1 h in a moisture chamber before 
counterstained with 5 µg/ml of DAPI (Invitrogen). Images were obtained with a 
fluorescence microscope (Nikon Eclipse 80i; Nikon, Tokyo, Japan) equipped with a 
Nikon DS-Ri1 digital camera (Nikon). Then images in jpeg format were acquired using 
the NIS-Element D 3.1 (Nikon) imaging software package running on a work station (Dell 
Optiplex 960 PC; Dell Inc., Austin, TX, USA). 

 
 

 

 

 

 

 

 

 

Figure 15. The 50 nM TSA-treated iSCNT cat embryos at 2-cell, 4-cell (A) and 8-cell 
stage (B) were collected for fluorescent immunodetection of acetylation on H3K9, H3K18 
and H3K23. 
 

4.3.4 Semi-quantification of fluorescence intensities in the embryos 

The fluorescence images of each nucleus within an embryo were taken under the 
following conditions: Alexa Fluor 594 dye, DAPI, and in bright fields. The signal 
intensities of fluorescence from AcH3 histone H3 and DAPI-nucleic acid staining were 
measured automatically using imaging software under the area of nucleus by manually 
outlining a limited area of each nucleus within an embryo, except overlapping or folded 
nuclei. Fluorescence intensities of embryonic cytoplasm and background were 
quantified using the same method. The mean intensity in each examined nucleus was 

(A) (B) 
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recorded. The relative intensity levels of acetyl-histone H3 (AcH3) and di-methyl-histone 
H3 (Me2H3) in each nucleus were calculated using the following formula. 

 

 
 
Relative intensity levels of histone H3 in each nucleus were also calculated using the 
same formula. Subsequently, average values of relative intensity levels of AcH3, Me2H3 
and histone H3 in each embryo were calculated. These average values of each embryo 
were used for additional calculations to ascertain the average value of relative intensity 
levels of AcH3, Me2H3 and histone H3 in each treatment. The data compensation, in 
each treatment, during the experiments was performed using the average value of 
relative intensity levels of AcH3, Me2H3 and histone H3 in control samples without TSA 
treatment.  
 

4.3.5 Statistical analysis 

 The relative intensity levels of acetylation on histone H3K9, H3K18 and H3K23 in 
donor cell between TSA treatment and non-treatment were compared by Student�s t-test 
using the StatView program. The relative intensity levels of acetylation on histone H3K9, 
H3K18, H3K23 and di-methylation on H3K9 in embryos between TSA treatment, non-
treatment and bovine IVF were analyzed by one-way ANOVA. Differences with a 
probability value (p) of 0.05 or less were considered statistically significant. 
 
4.3.6 Experimental designs  

Experiment I: Characterization of acetylation on H3K9, H3K18 and H3K23 in cat donor 

cells with or without treatment of 50 nM TSA for 24 h 
To determine the effect of TSA on AcH3K9, AcH3K18 and AcH3K23 of donor 

cells, the domestic cat fibroblast cells were seeded on the sterile coverglasses in plastic 
35-mm Petri dishes containing culture medium with or without TSA (final concentration, 0 
or 50 nM) for 24 h at 37°C in a humidified atmosphere containing 5% CO2 prior to 
fluorescence immunodetection (6 replicates). 

    AcH3/Me2H3 (Mean intensity of nucleus- mean intensity of cytoplasm) 
               DAPI (Mean intensity of nucleus- mean intensity of cytoplasm) 

 

Relative intensity in 
one nucleus 

= 
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Experiment II: Characterization of acetylation on histone H3K9, H3K18 and H3K23 in 

iSCNT cat embryos with or without treatment of 50 nM TSA incomparison with bovine 

IVF embryos 

To determine the pattern of acetylation on histone H3K9, H3K18 and H3K23 in 
iSCNT cat embryos between with and without treatment of 50 nM TSA in comparison with 
bovine IVF embryos, The iSCNT cloned cat embryos at 2 h-, 6 h post-fusion (PF), 
pronuclear (PN), 2-cell, 4-cell and 8-cell stages from 50 nM TSA treatment and control 
groups were subjected to perform the AcH3K9, AcH3K18 and AcH3K23 fluorescent 
immunodetection. The PN stage embryos were collected after 20 h PF, the 2-cell stage 
embryos were collected after 24 h PF (end-point of TSA treatment), whereas the 4-cell 
and 8-cell stage embryos were collected at day 3 of the culture. The pattern of 
acetylation on histone H3K9, H3K18 and H3K23 in bovine IVF embryos was served as 
naturally fertilized embryos (4 replicated). 

 
Experiment III: Characterization of di-methylation on histone H3K9 in iSCNT cat 

embryos with or without treatment of 50 nM TSA incomparison with bovine IVF 

embryos 

To determine the pattern of di-methylation on histone H3K9 in iSCNT cat 
embryos between with and without treatment of 50 nM TSA in comparison to bovine IVF 
embryos, the iSCNT cloned cat embryos at 2 h PF, 6 h PF and PN stages were used. 
The pattern of di-methylation on histone H3K9 in bovine IVF embryos was served as 
naturally fertilized embryos (4 replicated). 
 
4.4 Results 

 

4.4.1 Experiment I: Characterization of acetylation on histone H3K9, H3K18 and H3K23 

in cat donor cells with or without treatment of 50 nM TSA for 24 h  

The levels of acetylation on histone H3K9, H3K18 and H3K23 were evaluated 
after treatment with or without 50 nM TSA on cat donor cells for 24 h (Fig. 16, 17). All of 
cat cell nucleus showed positive immuno-reactivity in AcH3K9, AcH3K18, AcH3K23 and 
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histone H3 independent on the treatment (Fig. 17). There were no any differences of the 
acetylation levels on histone H3K9, H3K18 and H3K23 between nucleuses within the 
treatment. The acetylation levels on histone H3K9, H3K18 and H3K23 of TSA-treated cat 
cells were significant higher than those of non-TSA treated cells (P<0.05) (Fig. 16). 
However, the levels of histone H3 were not significant differences between TSA treated- 
and non-TSA treated cells as well as negative control (P>0.05). No significant 
differences on the background intensity were found between those experimental groups 
(P>0.05). 
 

 

 

 

 

 

 

 

 

 

 

Figure 16. Relative intensity levels of acetylation on histone H3K9, H3 K18 and H3K23 of 
cat donor cells treated with or without 50 nM TSA for 24 h. Each bar represents the 
mean ± SEM. Different superscripts within same stage differ significantly (P<0.05). 
 

4.4.2 Characterization of acetylation on H3K9, H3K18 and H3K23 in iSCNT cat embryos 

with or without treatment of 50 nM TSA for 24 h post-fusion in comparison with bovine 

IVF embryos 

All nuclei of the iSCNT cloned cat embryos and bovine IVF at any examined 
stages showed positive immuno-reactivity in acetyl-histone H3 and di-methyl-histone H3, 
irrespective of the TSA treatment (Fig. 18, 19, 20, 21). The levels of histone H3 in the 
embryos were similar in all embryonic stages between the three groups (Fig. 22E). 
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There were no differences of histone H3 levels in the embryos was found among the 
embryonic stages, irrespective of the TSA treatment (Fig. 22E). 

The levels of AcH3K9, AcH3K18 and AcH3K23 in the iSCNT cat embryos with or 
without (control) the treatments of 50 nM TSA and bovine IVF embryos were evaluated 
(Fig. 18, 19, 20, 21, 22). The fluorescence intensities in AcH3K9 of control embryos were 
significant lower than those of embryos treated with 50 nM of TSA at all stages of 
examined embryos (P<0.05) (Fig. 18, 22A). Exceptionally, in 6 h post-fusion stage, the 
levels of AcH3K9 in embryos treated with 50 nM of TSA (0.99 ± 0.05) were significant 
lower than those of control embryos (2.82 ± 0.17). Nuclear intensities of AcH3K9 in TSA-
treated embryos at the PN, 4-cell and 8-cell stages were similar to those in bovine IVF 
embryos at the same stage, whereas the intensity of TSA-treated embryos at 2 h and 6 h 
PF were significantly lower (P<0.05) than that of 2 h and 6 h PI IVF embryos, 
respectively. 

In embryos treated with 50 nM of TSA and bovine IVF, the signal intensities of 
AcH3K18 were significantly stronger than control embryos at all examined stages 
(P<0.05) (Fig. 19, 22B). Exceptionally, in all groups, their AcH3K18 signal levels were 
similar at 6 PF/PI stages. In contrast to the AcH3K9 levels, the embryos treated with 50 
nM of TSA and bovine IVF showed the increasing of AcH3K18 levels from 6 h PF/PI to 
PN stages. 
 At 6 h PF/PI stages, control iSCNT embryos expressed the stronger AcH3K23 
levels than that of bovine IVF and iSCNT embryos treated with 50 nM TSA (P<0.05) (Fig. 
20, 22C). On the other hands, the significantly higher signal levels of AcH3K23 were 
represented in the embryos treated with 50 nM of TSA and bovine IVF rather than those 
of control embryos at PN and 8-cell stages (P<0.05). There were no significant 
differences on AcH3K23 signal intensity between those three groups at 2 h PF/PI, 2-cell 
and 4-cell stages (P>0.05).  
 

4.4.3 Experiment III: Characterization of di-methylation on H3K9 in iSCNT cat embryos 

with or without treatment of 50 nM TSA for 24 h post-fusion in comparison with bovine 

IVF embryos  
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 The levels of Me2H3K9 in the iSCNT cat embryos with or without (control) the 
treatments of 50 nM TSA and bovine IVF embryos were demonstrated (Fig. 21, 22D). 
Embryos treated with 50 nM TSA showed the significantly higher intensity levels of 
Me2H3K9 than that of control embryos at 2 h PF and PN stages (P<0.05). At PN stage, 
the signal intensity of Me2H3K9 of embryos treated with 50 nM TSA were resembled to 
bovine IVF embryos. However, no significant differences of Me2H3K9 levels were 
observed between those three groups (P>0.05).       
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Figure 17. Immunolocalization of acetylation on histone H3K9, H3K18, H3K23 and histone H3 of cat donor cells treated without (left, control) 
or with (right) 50 nM TSA for 24 h. Each sample was counterstained with DAPI to visualize DNA. 
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Figure 18. Immunolocalization of acetylation on histone H3K9 of iSCNT cat embryos treated without (left, control) or with (middle) 50 nM TSA 
in comparison with bovine IVF embryos (right) at 2 h post-fusion/post-insemination (PF/PI), 6 h PF/PI, pronuclear (PN), 2-cell, 4-cell and 8-cell 
stage. Each sample was counterstained with DAPI to visualize DNA. Scale bar = 50 µm.   
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Figure 19. Immunolocalization of acetylation on histone H3K18 of iSCNT cat embryos treated without (left, control) or with (middle) 50 nM 
TSA in comparison with bovine IVF embryos (right) at 2 h post-fusion/post-insemination (PF/PI), 6 h PF/PI, pronuclear (PN), 2-cell, 4-cell and 
8-cell stage. Each sample was counterstained with DAPI to visualize DNA. Scale bar = 50 µm.   
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Figure 20. Immunolocalization of acetylation on histone H3K23 of iSCNT cat embryos treated without (left, control) or with (middle) 50 nM 
TSA in comparison with bovine IVF embryos (right) at 2 h post-fusion/post-insemination (PF/PI), 6 h PF/PI, pronuclear (PN), 2-cell, 4-cell and 
8-cell stage. Each sample was counterstained with DAPI to visualize DNA. Scale bar = 50 µm.   
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Figure 21. Immunolocalization of di-methylation on histone H3K9 of iSCNT cat embryos treated without (left, control) or with (middle) 50 nM 
TSA in comparison with bovine IVF embryos (right) at 2 h post-fusion/post-insemination (PF/PI), 6 h PF/PI, and pronuclear (PN) stages. Each 
sample was counterstained with DAPI to visualize DNA. Scale bar = 50 µm.   
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Figure 22. Relative intensity levels of acetylation on H3K9 (AcH3K9) (A), H3K18 
(AcH3K18) (B), H3K23 (AcH3K23) (C) and di-methylation on H3K9 (Me2H3K9) (D) and 
histone H3 (E) in the 2 h PF/PI, 6 h PF/PI, PN, 2-cell, 4-cell, and 8-cell stages of iSCNT 
cat embryos treated without or with 50 nM TSA in comparison to in vitro fertilized bovine 
embryos. Seven to ten iSCNT cat embryos in each staining were used to estimate the 
levels of AcH3K9, AcH3K18, AcH3K23, Me2H3K9 and histone H3. Each bar represents 
the mean ± SEM. a-c show significant differences (P<0.05). 
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4.5 Discussion  

Trichostatin A (TSA) has been suggested to modify the covalent patterns of 
histone acetylation in cloned embryos. In the previous study (chapter II), we found that 
the treatment of iSCNT cat-cow embryos with TSA at concentration 50 nM for 24 h after 
fusion could support the embryo development until the blastocyst stage, whereas none 
of the un-treated iSCNT cat embryos developed beyond 8-16 cell stage. Histone 
acetylation and de-acetylation, the regulators of gene activity in eukaryotic cells, have 
important roles for cell growth, cell cycle control, development, differentiation and 
survival during the embryo development. However, it is noteworthy that the certain 
combinations of acetyl and methyl modifications of lysines in histone tails might have 
antagonistic or synergistic biological effects. Therefore, the assessment of the 
differential patterns of acetylation and methylation on histone H3 might be valuable to 
learn about its role on early iSCNT cloned cat embryos development. 

It has been generally known that the deacetylation of core histones by HDAC 
leads to transcriptional repression (Pazin and Kadonaga, 1997) by catalyzing the 
removal of acetyl groups for the epsilon-amino groups of distinct lysine residues in the 
amino-terminal tail of core histones (Finnin et al., 1999; Tribus et al., 2005). The HDAC 
inhibitors, TSA, trapoxin, and n-butyrate, accumulate highly acetylated histone species 
in cells and cause a variety of phenotypic changes (Nakajima et al., 1998). The 
acetylation on histone H3 initially occurs at lysine 14, 23, 18 and 9, respectively (Turner, 
1991; Wu et al., 2010). Therefore, H3K9 is thought to be a corresponds to a 
hyperacetylation state (Wu et al., 2010), and highly acetylated core histones are 
associated with transcriptionally active genes (Eriksson et al., 2012). However, it is 
noteworthy that more active gene transcription resulted from the abnormal high levels of 
histone acetylation often occur in cloned embryos than in vitro fertilization (IVF) embryos 
(Wu et al., 2010).  

In the nuclear reprogramming process of cloned embryos, the somatic cell 
memory is erased by histone deacetylation at some specific chromatin locations to 
create a relative naive set of chromatin onto which the zygotic program would be built 
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(Rybouchkin et al., 2006). The occurred deacetylation allowed the transferred somatic 
genome to exhibit an acetylation levels in a similar pattern to the oocyte chromosomes, 
which mimic the situation of normal MII oocytes and fertilized embryos (Wang et al., 
2007). This process is thought to be occurred during oocyte activation (Rybouchkin et 
al., 2006). To re-establish embryonic epigenetic characteristics and gene expression in 
NT embryos, re-acetylation of histone is needed at the pronuclear formation to 2-cell 
stage (Shi et al., 2008). The patterns of histone deacetylation-reacetylation were 
evidently differences between the intra- and inter-species SCNT embryos. It has been 
reported by Shi et al. (2008), which demonstrated that histone deacetylation of iSCNT 
cloned human-rabbit embryos did not undergo until activation, though the acetylated 
core histones were highly accumulated. They suggested that HDACs in the rabbit 
oocytes could not deacetylate the human fibroblast cell chromatin in a limited time 
resulted to the incomplete of nuclear reprogramming and genomes remodeling, which 
are the important processes to achieve full-term development of embryos (Solter, 2000). 
As well as iSCNT cloned black-footed cat-domestic cat embryos, the embryo-treated 
with 100 nM TSA for 20 h resembled the acetylation patterns on H3K9 in IVF counterpart 
embryos, however, the embryo developmental competence was not enhanced and 
genomic reprogramming of blastocysts also showed the differences of reprogramming 
pattern observed in cat IVF embryos (Gómez et al., 2011). Nevertheless, it should be 
noted that the investigation of acetylation patterns of this previous study was ended at 
20 h PF; therefore it remains questionable whether an aberrant histone acetylation took 
place before EGA in iSCNT cloned black-footed cat embryos.  

Hyperacetylation of histone H3 is considered as the active mark associating with 
ongoing transcription. For example, histone H3 acetylation at position K9 is related to 
accessible chromatin structure for transcription. In the present study, we investigated the 
effect of 50 nM TSA on differential patterns of AcH3K9, AcH3K18, AcH3K23 and 
Me2H3K9 in early stages of iSCNT cat embryos. The results show that the acetylation 
levels on H3K9 and H3K23 of TSA-treated embryos and bovine IVF embryos were 
significant higher than that of control embryos at all examined stages except for the 6 h 
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PF, which the AcH3K9 and AcH3K23 levels of treated embryos was de-acetylated. This 
transient de-acetylation is possibly to associated with a rapidly lost of the maturation-
promoting factor (MPF) and the mitogen-activated protein kinase (MAPK)  activities in 
recipient cytoplast (Maalouf et al., 2008) as well as to allow the transferred somatic 
genome to exhibit an acetylation levels in a similar pattern to the oocyte chromosomes, 
which mimic the situation of normal MII oocytes and fertilized embryos (Wang et al., 
2007). Our results are in agreement with (Gómez et al., 2011), who reported that the 
acetylation level on H3K9 of cat IVF embryos was observed to be low at 6 h PI before 
sharply increased at 20 h PI. Nonetheless, the de-acetylation phenomenon at 6 h PF/PI 
was not found in AcH3K18 of the TSA-treated group as same as control and bovine IVF 
embryos.   

To re-establish embryonic epigenetic characteristics and gene expression in 
cloned embryos, re-acetylation of histone is needed at the stage of pronuclear formation 
to 2-cell stage (Shi et al., 2008). It has been reported by Shi et al. (2008) which 
demonstrated that histone de-acetylation of iSCNT cloned human-rabbit embryos did 
not undergo until activation, though the acetylated core histones were highly 
accumulated. They suggested that HDACs in the rabbit oocytes could not deacetylate 
the human fibroblast cell chromatin in a limited time resulted to the incomplete of 
nuclear reprogramming and genomes remodeling, which are important for achieve full-
term development of embryos (Solter, 2000). Our results show that the high levels of 
acetylation on H3K9 and H3K18 were observed from PN to 2-cell stages in TSA-treated 
embryos, which resemble to IVF embryos. Moreover, in the chapter III, we observed that 
4.6% of 50 nM TSA treated embryos could reach to the blastocyst stages. Therefore, we 
believe that the cat chromatin was possibly de-acetylated by HDACs in the bovine 
oocytes before the re-acetylation of histone lysine residues (e.g. H3K9, H3K18) 
occurred during the PN to 2-cell stages of TSA-treated embryos within a limited time of 
nuclear reprogramming, leads to the embryo could develop to blastocyst stage.  

It has been reported that de-acetylation events occurring during oocyte activation 
are independent from reactivation of the genes responsible for the ability of donor cells 
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to develop to blastocysts after SCNT (Rybouchkin et al., 2006). Moreover, we observed 
that the treatment of 50 nM TSA increased the rates of cleavage and blastocyst 
formation compared to the TSA non-treatment group. These observations indicate that 
the effect of TSA is most likely to be associated with the events of re-acetylation in the 
stages of pronuclear formation to 2-cell. In these stages, high acetylation of H3K9 is 
necessary to establish embryonic epigenetic characteristics and gene expression in 
cloned embryos (Stein et al., 1997; Worrad et al., 1995). However, the underlying 
mechanism of TSA to increase the acetylation level of histone lysine residue in the early 
stage of iSCNT cat embryos has remained unclear. Reportedly, TSA strongly induces 
acetylation of the genome by blocking the HDAC enzyme (Lee et al., 2010), which 
changes the chromatin structure, enhances DNA demethylation, and increases the 
transcriptional activity of the donor cell genome (D'Alessio et al., 2007). Maalouf et al. 
(2009) also suggested that the induction of histone acetylation by TSA improves 
opening of the chromatin, sustaining mobility and relocalizing of constitutive 
heterochromatin as well as other genomic sequences.  Consequently, we suppose that 
TSA treatment improves nuclear remodeling of iSCNT cat embryos via modified histone 
acetylation, which is important for early embryo development and subsequent stages.  

In the chapter III, we observed that the iSCNT embryos without TSA treatment 
were unable to develop beyond the 16-cell stage. The embryonic genome activation 
(EGA) at the early embryonic stage is the most important event for early embryo 
development (Meirelles et al., 2004). The developmental failure to the blastocyst stage in 
iSCNT rhesus monkey-cow embryos probably resulted from the down-regulation of EGA, 
in which the impaired nucleologenesis and aberrant nucleolar formation were involved 
(Song et al., 2009). The EGA occurs at the 5-cell to 8-cell stages in domestic cat (Hoffert 
et al., 1997) and the 8-cell to 16-cell stages in cow (Camous et al., 1986). Therefore, the 
developmental arrest at 8-cell to 16-cell stages of iSCNT cat embryos without TSA 
treatment might be related to insufficient reprogramming of donor nuclei and/or 
epigenetic status before EGA. However, the homologous intensity patterns of histone 
acetylation from the morula to blastocyst stages between IVF and SCNT embryos have 
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been reported (Wu et al., 2010). In this study, we observed that the acetylation levels on 
histone H3K9, H3K18 and H3K23 in TSA-treated 4-cell and 8-cell iSCNT cat embryos 
more closely resemble bovine IVF embryos. In contrast, intensities of AcH3K9 in non-
TSA treated iSCNT cat embryos at 4-cell and 8-cell stages were apparently lower than 
those of IVF embryos, indicating that an aberrant histone acetylation before embryonic 
genomic activation induced the developmental arrest at 8-cell to 16-cell stages (Wu et 
al., 2010). Moreover, the treatment of TSA has been suggested to support a more 
accurate regulation of developmental genes at the early development (Maalouf et al., 
2009). These results indicate that the normal reprogramming of epigenetic markers 
including histone acetylation before EGA is the key to the success of iSCNT embryonic 
development.   
 The gradually depletion of AcH3K9 levels in bovine IVF embryos from 2-cell to 8-
cell stage might have resulted from the dynamic change of GCN5, an ubiquitous histone 
acetyltransferase (HAT) (Schiltz et al., 1999; Wu et al., 2010). The high levels of GCN5 
transcripts occur in bovine germinal vesicle (GV), metaphase II (MII) oocytes and 2-cell 
stage embryos before markedly decrease at the 8-cell stage (McGraw et al., 2003). 
Likewise, our results revealed that histone H3K9 in TSA-treated embryos and bovine IVF 
embryos were gradually deacetylated from 2-cell to 8-cell stage. It is possible that the 
treatment of 50 nM TSA for 24 h after fusion in the iSCNT cat embryos was imitate to the 
normal embryo development, which the hyperacetylation is acquired during the PN (20 h 
post-fusion) to 2-cell stage (24 h post-fusion). Consequently, the end point of TSA 
treatment at 24 h may inhibit the hyperacetylation that might be occurred after the 
embryos developed beyond 2-cell leads to the consistent with the dynamic change of 
GCN5. On the other hands, the significant hyperacetylation of H3K18 was observed at 4-
cell and 8-cell stages of swamp buffalo IVF embryos (Suteevun et al., 2006). Similarly, in 
this study, we found that the hyperacetylation on H3K18 occurred in 8-cell stage bovine 
IVF embryos and iSCNT embryos treated with TSA.   

The methylation on H3K9 generally correlates with transcriptional repression 
(Robin et al., 2007). It has been suggested that factors present in the recipient cytoplast 
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are responsible for inducing de-methylation of the transferred nucleus and the process is 
not species-specific (Gómez et al., 2011). Surprisingly, we observed that the Me2H3K9 
levels through the early embryo development (2h PF to PN stages) of control embryos 
apparently lower than that of TSA-treated iSCNT embryos and bovine IVF embryos. 
Perhaps, this phenomenon might be associated with acetylated histone on lysine 9 and 
23 that the de-acetylation at 6 h PF/PI must be required. This suggest that, under TSA 
treatment, bovine cytoplasm was enable to alter the de-methylation in chromatin of cat 
donor cell in a sufficient level that the de-acetylation could be occurred at 6 h PF.         

In conclusion, the treatment of 50 nM TSA for 24 h after fusion in iSCNT cat 
embryos provide the beneficial effects on the modification of acetylation levels of lysine 
residues (K9, K18 and K23) and di-methylation level of lysine 9 on histone H3 in the early 
embryogenesis, although the acetylation patterns may different among the residues. We 
suggest that the acetylation patterns of H3K9, H3K18, H3K23 and Me2H3K9 induced by 
TSA in the present study were sufficient to resemble the naturally fertilized embryos 
leads to the improvement of the in vitro development of iSCNT cat embryos. However, it 
should be noted that these beneficial effects may not be derived from different 
concentrations and durations of TSA treatment.  
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CHAPTER V 

 

IN VIVO DEVELOPMENT OF TSA-TREATED INTERSPECIES  

CAT EMBRYOS RECONSTRUCTED FROM CAT DONOR NUCLEI  

AND BOVINE RECIPIENT CYTOPLASM 

 

5.1 Abstract 

To achieve the ultimate goal of the use of iSCNT, the in vivo developmental 
capacity of TSA-treated iSCNT cat embryos was investigated in this study. Five 
recipients were administered with 150 IU of PMSG (s/c). At 72 and 120 h later, ovulation 
was induced by administering 100 and 400 IU of hCG (s/c), respectively. The estrous 
induced-cats were mated with vasectomized male cat for 4-5 days prior to ET. Forty 
eight hours after second hCG administration, laparotomy was performed and the ovarian 
response was evaluated by the number of CH. The TSA-treated iSCNT cat embryos at 
the 2- to 4 cell stage were transferred into the oviducts with the fimbria. A tom cat 
catheter containing embryos attached with a tuberculin syringe was performed in four 
recipients by inserting into the oviducts until the tip reached the ampulla, whereas, a 
glass pipette was used in one recipients due to the narrowing of the oviducts. The total 
of 224 embryos at 2- to 4-cell stages was successfully transferred into five recipients.  
The pregnancy was assessed at day 30 and day 45 after the embryo transfer by using 
real-time, B-mode ultrasonography. However, none of the recipients receiving TSA-
treated iSCNT cat became pregnant. 

 
5.2 Introduction  

To achieve the ultimate goal of the use of SCNT, the in vivo developmental 
capacity of cloned embryos is investigated and the number of live offspring becomes 
the index of SCNT efficiency. Since in vitro production of cloned cat embryos is 
obstructed by the low success rate caused by embryo developmental block at the 
morula stage and fragmentation, the transfer of cloned cat embryos is usually performed 
at an early stage (1 to 2 cell stages) (Thongphakdee, 2007). The acceptance of 
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pregnancy involving a number of placenta and fetuses that can produce sufficient 
progesterone to maintain pregnancy requires many reconstructed embryos (more than 
30) to be transferred (Gómez et al., 2004). Yin et al. (2005) has successfully produced 
the cloned kitten by transferring 65 cloned embryos at 2-4 cell stage into the recipient. 
The kitten was vigorous and at birth and appeared to be completely normal, but died 
three days pots-parturition from starvation as it refused to suck colostrums (Yin et al., 
2005).  

Due to the birth of Indian desert cat (Pope et al., 1993) and an early pregnancy 
of interspecies panda-rabbit cloned embryos (Chen et al., 2002), it is demonstrated that 
the domestic cat is not only a model for development of in vitro assisted reproductive 
technologies, but it cal also serve as a successful recipient of embryos from closely 
related small non-domestic cats (Gómez et al., 2003). The previous report has been 
shown that the 1.4% of inter-generic cloned leopard cat fetus could develop in the 
domestic cat uterus for up to 45 d after embryo transfer; however, all of the 
reconstructed embryos failed to develop to term (65 days) (Yin et al., 2006). Similarly to 
the study of Gómez et al. (2003), the interspecies cloned African wild cat embryos were 
transferred to the uteri of 11 synchronized domestic cat recipients on day 6 or 7 after 
oocyte aspiration. Unfortunately, no pregnancies were observed by ultrasonography 
assessment on day 21 postovulation.  

Since the epigenetic modification of early intra-species cloned embryos with 
histone deacetylase (HDAC) inhibitor TSA has been reported to improve their in vitro 
embryo development, e.g. pigs (Li et al., 2008; Zhang et al., 2007), mice (Kishigami et 
al., 2006), and cattle (Sawai et al., 2012), several studies on iSCNT, e.g. the guar-bovine 
(Srirattana et al., 2012), the black-footed cat-domestic cat (Gómez et al., 2011), the 
human-rabbit (Shi et al., 2008) and the Sei whale-bovine (Bhuiyan et al., 2010) have 
speculated to improve the success rate by using TSA. Although, in the present study, 
we could successfully produced the TSA-treated iSCNT cat blastocyst (chapter III) with 
modification of acetylation and di-methylation levels of lysine residues (K9, K18,K23) on  
histone H3 in the early embryogenesis (chapter IV). However, the ultimate goal of the in 
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vitro procedure is to transfer produced embryos with subsequent pregnancies. 
Therefore, full-term development capacity of TSA-treated cloned cat embryos was 
assessed by transferring them into a domestic cat oviduct.    
 
5.3 Materials and methods 

All chemicals were purchased from Sigma�Aldrich Chemical Company (Sigma, 
St. Louis, MO, USA), unless stated otherwise. Media were prepared weekly, filtered (0.2 
µm, # 16534 Sartorius, Minisart) and kept in sterile tubes weekly. The bicarbonate-
buffered cultured media were incubated at 38.5°C under 5% CO2 in air for overnight 
before use. 
  

5.3.1 The iSCNT cloned cat production  

The production of iSCNT cloned cat embryos was processed according to the 
methods in Chapter III and IV. The procedures are described in brief as follows; 

 

Oocyte preparation 

Bovine COCs were matured in maturation medium that consisted of TCM 199 
with Earle�s salts supplemented with 0.05 g taurine, 0.02 IU/mL of follicle stimulating 
hormone, 5% FBS, 40 µg/mL of EGF and 50 µg/mL of gentamicin. About 10 COCs were 
incubated for 22 h in the drop of maturation medium (100 µL) covered with mineral oil in 
a polystyrene culture dish at 38.5°C in a humidified atmosphere containing 5% CO2. 
 

Preparation of domestic cat somatic cells 

Domestic cat fibroblast cells were cultured in plastic 35-mm Petri dishes 
containing DMEM supplemented with 10% (v/v) FBS and 50 µg/ml gentamicin at 37°C in 
a humidified atmosphere containing 5% CO2. A confluency fibroblast cells was 
trypsinized with 0.25% trypsin for culture in the next passage and storage in liquid 
nitrogen. Fibroblast cells in passages 2�5 of culture were used as donor cells.  
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The SCNT, activation, in vitro culture of embryos, and TSA treatment 

After maturation culture, bovine COCs were denuded mechanically in a TCM199 
medium supplemented with 0.1% (w/v) hyaluronidase. Oocytes with the first polar body 
extrusion were collected and then incubated for 10 min in 3 µg/mL of Hoechst 33342 
diluted in manipulation medium supplemented with 5% FBS and 5 µg/mL of cytochalasin 
B. Oocytes were then washed, transferred to a drop of manipulation medium. The zona 
pellucida above the first polar body was cut with a glass needle. Then a small volume of 
cytoplasm underneath the first polar body was squeezed out. Complete enucleation was 
confirmed by staining the squeezed-out cytoplasm. After enucleation of each oocyte, the 
donor cell was then placed into the perivitelline space adjacent to the plasma membrane 
of the oocyte. Couplets with bovine ooplasm were fused and activated simultaneously 
with a single DC pulse of 2.3 kV/cm for 30 µs using an electro cell fusion generator.  

 
In vitro embryo culture  

The successfully fused couplets were cultured for 5 h in mSOF supplemented 
with 10 µg/mL of cycloheximide and 50 nM of TSA and then transferred to mSOF 
medium with 50 nM TSA and cultured for an additional 19 h. Thereafter, embryos were 
washed twice with mSOF, and cultured in drops of 100 µL mSOF medium supplemented 
with 4 mg/mL BSA at 38.5°C in a humidified atmosphere of 5% CO2 and 5% O2 prior to 
ET. 
 

5.3.2 Estrus induction, embryo transfer and pregnancy assessment 
 

Animal care and use 

The mixed breed domestic cats aged 1-7 years, weighing 3-6 kg were used as 
embryo recipients. The cats were individual-housed in environmental conditions. The 
domestic tom cat was housed in an individual cage under the same conditions as the 
females. The cats were fed once daily (Science Diet, Hill Pet Nutrition, USA). Fresh water 
was given ad libitum. All animal procedures were approved by the Ethical Committee for 
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experimental animals of the Joint Faculty of Veterinary Medicine, Yamaguchi University, 
Japan. 
 

Estrus and ovulation inductions 

The estrus and ovulation inductions were performed according to Yin et al. 
(2006). Cats were administered with 150 IU of pregnant mare's serum gonadotropin 
(PMSG; Kyoritsu Seiyaku, Tokyo, Japan) subcutaneously (s/c). The response to PMSG 
treatment was checked by observing changes in estrus behavior, characterized by the 
continuous rubbing of the head and neck against convenient objects, constant 
vocalizing, lordosis posturing and rolling. PMSG-unresponsive cats were to be excluded. 
At 72 and 120 h later, ovulation was induced by administering 100 and 400 IU of human 
chrorionic gonadotrophin (hCG; Kyoritsu Seiyaku) (s/c), respectively. Serum estradiol 
concentrations were assessed for 3 times in one recipient. The estrous induced-cats 
were mated with vasectomized male cat for 4-5 days prior to ET. 

 

Embryo transfer technique 

The PMSG-hCG treated cats were deprived of food and water for 9-12 h before 
the operation. Forty eight hours after second hCG administration, the recipients were 
anaesthetized with a combination of 3 mg/kg xylazine (Seton®, Laboratorios Calier, S.A., 
Spain) and 10 mg/kg ketamine (Calypsol®, Gdeon Richther Ltd, Budapest, 68 Hungry), 
intramuscularly. Laparotomy was performed and the ovarian response was evaluated by 
the number of corpus hemorragicum (CH). The TSA-treated iSCNT cat embryos (Fig. 24) 
at the 2 to 4 cell stage were transferred into the oviducts with the fimbria being held 
using tissue forceps. A tom cat catheter (Sovereign Tomcat 8890-703013; Sherwood 
Medical, St, Louis, MO, USA) containing embryos attached with a tuberculin syringe was 
inserted into the oviducts until the tip reached the ampulla. A volume of 0.2 ml air was 
flushed to deposit the embryos into the ampulla (Fig.25). In cases where transfer by 
catheter was not possible due to the narrow oviduct, a glass pipette was used. The 
oviduct was punctured in the ampulla region using a 26 g needle. The tip of a glass 
pipette was heated and pulled over. A pipette containing embryos was then inserted 
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through the hole made by the needle and the embryos were introduced into the ampulla. 
Then oviducts and ovaries were gently placed back inside the abdominal cavity. After 
embryo deposition, the caudal midline incision was sutured.     
 

Pregnancy assessment 

The pregnancy was assessed at day 30 and day 45 after the embryo transfer by 
using real-time, B-mode ultrasonography.  
 
5.3.3 Statistical analysis 

The number of CH and transferred embryos was presented as mean ± SD 
 

5.4 Results  

 The response to PMSG-hCG treatment 

 Serum estradiol concentrations in all recipients were gradually higher from the 
onset to the end of PMSG-hCG treatment (Table 3). Three recipients (D8054, D5073S, 
D7041) were well response to the PMSG-hCG treatment, demonstrated by the 4-6 CH 
on the ovaries (Fig. 23); although, some follicles were not ovulated. The cat S40IFC 
slightly responded to PMSG-hCG, showing only 2 CH. The S38KFC showed a hyper-
ovulated response to PMSG-hCG administration, having 33 CHs.  
 

 

Table 7. The profile of recipients used in this study  

* Serum was collected at the time of PMSG injection (1), first (2) and second (3) hCG 
injection.   

Cat ID 
 

Age at ET Serum estradiol concentration*(pg) 

1 2 3 

D8054 
S38KFC 
D5073S 
S40IFC 
D7041 

3 years 7 months 
1 years 3 months  
6 years 9 months 
3 years 2 months  
5 years 7 months  

44.6 
88.8 
44.4 
46.4 
36.0  

139.0 
191.0 
54.9 
62.3 

- 

169.0 
233.0 
62.6 
95.8 
61.2 
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Figure 23. Evaluation of the ovarian responses of PMSG-hCG treated recipients; after 
laparotomy, the uterus (u) and ovaries (o) were observed in terms of ovarian response 
regarding the number of fresh CH (arrows) 
 

The TSA-treated iSCNT cat embryo transfer  

The glass pipette transfer was used in one recipient (D8054) due to the small 
oviducts. Meanwhile, the urinary catheters were easily inserted into the oviduct for 
transferring the embryos in another four recipients (Fig. 25). Total of 224 embryos at 2- 
to 4-cell stages (Fig. 24) was successfully transferred into five recipients. However, none 
of the recipients receiving iSCNT cat embryos became pregnant.   
 

 

 

 

 
 

 

 

Figure 24. Transferred 2- to 4- cell stage TSA treated-iSCNT cat embryos at 48 h post-
fusion  

O 
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Figure 25. Embryo transfer by tom cat catheter (white arrow); embryos were loaded in a 
urinary catheter with approximately 3 µl culture medium (mSOF supplemented with BSA). 
The catheter was inserted into the oviduct via the fimbria until the tip reached the 
ampulla (red arrow). 
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Table 8. The ability to establish pregnancy in PMSG-hCG treated recipients receiving iSCNT cat embryos 

Cat ID Ovulation*  
R/L (n) 

Follicle**  
R/L (n) 

Transferred embryos***  
R/L (n) 

Pregnancy/Implantation Note 

D8054 
S38KFC 
D5073S 
 
S40IFC 
 
D7041 

3/3 (6) 
15/18 (33) 
2/3 (5) 
 
0/2 (2) 
 
2/2 (4) 

0/1 (1) 
0/0 (0) 
4/1 (5) 
 
2/0 (2) 
 
0/0 (0) 

15/15 (30) 
53/25 (78) 
0/25 (25) 
 
0/45 (45) 
 
0/46 (46) 

-/- 
-/- 
-/- 
 
-/- 
 
-/- 

L, R: glass pipette transfer 
 
P4 injection weekly until pregnancy 
assessment**** 
P4 injection weekly until pregnancy 
assessment**** 
P4 injection weekly until pregnancy 
assessment**** 

 

* Number of corpus heamorragica (CH) on the right (R) and left (L) ovaries 
** Number of non-ovulated follicles on the right (R) and left (L) ovaries; which were then aspirated by needle    
*** Number of transferred embryos in right (R) and left (L) oviducts 

**** Progesterone injection was performed in the recipients due to the few number of observed CH 
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5.5 Discussion    

Although, the TSA-treated iSCNT cloned cat embryos developed to the 
blastocyst stage in vitro in a previous study (chapter III), we were not able to produce a 
pregnancy after embryo transfer. This might be due to many factors relating to both the 
embryo and the recipient. In chapter III, we demonstrated that the successfully 
production of iSCNT cat embryos were obtained by treating the reconstructed embryos 
with TSA at concentration 50 nM fro 24 h after fusion; however, the blastocyst 
developmental rate was still very low (4.6%) compared to cat NT (20.2%). The first IVF 
kittens in Thailand were born in year 2007 by Thongphakdee et al. (2007) with the 
observed in vitro blastocyst rate at 61.4%. It is suggested that the developmental 
competence and quality of embryos are one of the crucial factor affecting pregnancy 
establishment (Thongphakdee, 2007). Nevetheless, the normal cloned kitten have been 
produced using fetal donor cells with the 4% of in vitro developmental rate to the 
blastocyst stage (Yin et al., 2005).  

The induction of ovulation and embryo transfer also plays the important role on 
the successful embryo transfer. In this study, the recipients responded to 150 IU PMSG 
and 100-400 IU hCG administration by presenting the corpora haemorrhagica (mean 
10.0 ± 5.8). However, some follicles (mean 1.6 ± 0.9) in three recipients were not 
ovulated at the time of ET. It might be due to the failure of copulation between male cat 
and recipients. One recipient slightly responded to PMSG-hCG, whereas another one 
showed a hyper-ovulated response to PMSG-hCG administration. It has been reported 
that most of PMSG-hCG treated cats ovulated in average numbers, hyper- and non-
response cats could be found (Thongphakdee, 2007). This indicated that administration 
of 150 IU eCG and 100-400 IU hCG was effective for the induction of estrus and 
ovulation for ET. The glass pipette transfer was used in one recipient due to the 
narrowing of oviducts. The obstacle of this method was the trauma and hemorrhagic of 
the oviductal tissues, which could impair the transferred embryo quality.        

The intricate mechanism required to sustain pregnancy still largely unknown, 
particularly, for interspecies embryos. During the nuclear transfer procedure, small 
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numbers of donor cell mitochondria that have not undergone ubiquitination are 
introduced into reconstructed embryos, led to the heterogenous mitochondrial 
population (Lee et al., 2010; Sutovsky et al., 2004). The increasing of mitochondrial 
heteroplasmy, an incompatibility of the mitochondrial and nuclear genomes could 
negatively affect the mitochondria functioning, was found when iSCNT was performed 
(St John et al., 2004). The mitochondrial incompatibility between the recipient bovine 
oocytes and cat donor cells has been reported by Thongphakdee et al. (2008) that the 
genotype of mitochondrial DNA (mtDNA) in the interspecies cloned cat-bovine embryos 
has shown the heteroplasmy with a reduction in copy number of mtDNA resulting to the 
embryo developmental block at the 8-cell stage. Unfortunately, heteroplasmy of the 
TSA-treated iSCNT cat embryos in this present study were not evaluated. Although, the 
mitochondrial heteroplasmy were detected in pre-implantation iSCNT panda-rabbit 
embryos, only panda donor cell mitochondria were found at the early stage of 
pregnancy (Chen et al., 2002). It is possible that the incompatibility between the donor 
cell and recipient cytoplasm were associated with the developmental failures in 
interspecies cloned embryos (Lee et al., 2010). Furthermore, the development of cloned 
embryos after implantation might be suppressed by an altered mitochondrial respiration. 
 In addition, the pregnancy maintenance requires reciprocal signaling between 
the fetus, including the extraembryonic membranes, and the endometrium (Lee et al., 
2010). Lymphocytic invasion of the placenta was considered as a factor caused the 
failure of pregnancy. This phenomenon was reported in several cross-species 
pregnancy, such as horse to donkey (Anderson, 1988) and Mus caroli to Mus musculus 
(Lee et al., 2010). 
 In conclusion, we demonstrated that pregnancy in recipients receiving iSCNT 
cat embryos could not be established in this study. Several factors are thought to be 
involved in this failure including the developmental competence and quality of embryos, 
the induction of ovulation in recipients and the embryo transfer procedure, and the 
physiology incompatibility between fetus and uterus. Further research is required to 
evaluate the mitochondrial heteroplasmy pattern of TSA-treated iSCNT cat embryos.          



 

CHAPTER VI 

 

GENERAL DISCUSSION AND CONCLUSION 

 

Interspecies somatic cell nuclear transfer (iSCNT): potentiality, reality and prospective 

direction  

Interspecies somatic cell nuclear transfer (iSCNT) involves transfer of donor cell 
nuclei from one species to the enucleated oocytes of another species. This technology 
was established for many reasons including production of embryos from species which 
oocytes are difficult to obtain or where their collection is under restricted control 
(Thongphakdee et al., 2008) as well as endangered species conservation. Live offspring 
from a few endangered mammalian species have been produced by iSCNT. Mouflon 
and Argali cloned embryos have been derived by transferring somatic cells into 
enucleated domestic sheep oocytes (Janssen et al., 2004; Lanza et al., 2000). The 
reconstructed gaur, banteng and yak embryos were obtained after transfer of cells into 
enucleated domestic cow oocytes (Li et al., 2007; Loi et al., 2001; Sansinena et al., 
2005). For the endangered felids, the domestic cat oocytes were widely used as 
recipients to supported the development of cloned embryos such as black-footed cat 
and African wild cat, which could successfully establish the pregnancy and  live 
offspring were born (Gómez et al., 2006) 
   As mentioned above, it seems that iSCNT can be well established for wildlife 
conservation. However, in fact, this technique still has many obstacles that cause the 
failure of iSCNT embryo production. It has been known that the ability of iSCNT embryos 
developed to the blastocyst stage decreases as the taxonomic distance between the 
donor and recipient species increases. In many areas, the conservation of endangered 
animal is required; but the oocytes from closely related species are difficult to obtain. 
Therefore, it is impossible to avoid the use of recipient oocytes from the animal with far 
genetic distances. This is why the �universal recipient cytoplasm� including bovine and 
rabbit oocytes has been used for iSCNT in several studies. Bovine oocytes support 
replication of transferred nuclei in various species with significantly greater evolutionary 
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divergence, including rats (Dominko et al., 1999), pigs (Dominko et al., 1999), monkeys 
(Dominko et al., 1999; Simerly et al., 2004), chickens (Kim et al., 2004), whales (Ikumi et 
al., 2004) and humans (Chang et al., 2003); however, no pregnancy had carried to full-
term in the recipients receiving iSCNT pig and monkey embryos. 

According to our knowledge, there are very few reports concerning the ability of 
bovine oocytes to reprogram the nucleus of felid species. Owing to the similarities 
between the domestic cat and wild cats, the domestic cat is widely used as a model 
organism for development of assisted reproductive technologies (ARTs) in all felids The 
iSCNT cat embryo reconstructed from cat somatic cell and bovine ooplasm has been 
created by Thongphakdee et al. (2008), however, no any iSCNT cloned cat embryos 
had developed beyond the 8-cell stage. Similarly, our present study (chapter III) 
demonstrated that the developmental block of iSCNT cat embryos occurred at 8- to 16-
cell stages. We suggested that this developmental failure is highly related to the 
insufficiency reprogramming of the donor cell nuclei after transplantation into enucleated 
oocytes from different species. 

To improving the efficiency of iSCNT cat embryo production, the modification of 
donor cells prior to use and modification of culture procedures following embryo 
reconstruction were considered in this present study.  

Cell cycle synchronization plays a crucial role on the success of the cloned 
embryo development. The G0/G1 stage of the cell cycle is considered as a suitable 
stage contributing the high development rate of reconstructed embryo when MII oocyte 
is used as the recipient cytoplasm (Boquest et al., 1999; Campbell et al., 1996; Gómez 
et al., 2003; Liu et al., 2004). Moreover, a first live cloned sheep has been produced 
from presumptive G0 phase mammary cells (Wilmut et al., 1997). These results 
suggested that the chromatin at the G0/G1 phase is amenable to nuclear 
reprogramming for the cloned embryo. In chapter II of this study, we successfully 
synchronizeed the cat donor cells to G0/G1 stage using the serum starvation, 
confluency-contact inhibition and roscovitine treatment. Due to the ease and economical 
in preparation, the confluency-contact inhibition method was selected for synchronizing 
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the cat cell in the production of iSCNT cat embryos. In addition, the apoptotic cells were 
in an acceptable level in comparison with the serum starvation method.        

  When the confluency-contact inhibited cat cells or roscovitine treated-cells 
were transferred into the enucleated bovine oocytes, the development of iSCNT cat 
embryos was stopped at the 8- to 16-cell stage. This demonstrated that the modification 
of donor cell alone could not improve the developmental competence of iSCNT cat 
embryos. Therefore, modification of culture procedures following embryo reconstruction 
is subsequently required.  
 Since the epigenetic modification of early intraspecies SCNT cloned embryos 
with HDAC inhibitor TSA improved their in vitro embryo development, e.g. pigs (Li et al., 
2008; Zhang et al., 2007), mice (Kishigami et al., 2006), and cattle (Sawai et al., 2012), 
several studies on iSCNT, e.g. the guar-bovine (Srirattana et al., 2012), the black-footed 
cat-domestic cat (Gómez et al., 2011), the human-rabbit (Shi et al., 2008) and the sei 
whale-bovine (Bhuiyan et al., 2010) have speculated to improve the success rate by 
using TSA. As well as our present study in chapter III, results revealed that the treatment 
of 50 nM TSA for 24 h after fusion contributed the significant higher rates of fusion, 
cleavage, the development to 8-cell or morula stages, and also blastocyst formation 
compared to non-TSA treated group. Although, we founded that TSA has an efficiency 
to improve the development in vitro of iSCNT cat embryos. We have further confirmed in 
chapter IV whether the effects of TSA treatment at concentration 50 nM on iSCNT cat 
embryo development associated with the modification of acetylation levels on histone 
H3K9, H3K18 and H3K23 and di-methylation level on histone H3K9.      

Histone acetylation and deacetylation, the regulators of gene activity in 
eukaryotic cells, have important roles for cell growth, cell cycle control, development, 
differentiation and survival during the embryo development. It has been generally known 
that the deacetylation of core histones by HDAC leads to transcriptional repression 
(Pazin and Kadonaga, 1997) by catalyzing the removal of acetyl groups for the epsilon-
amino groups of distinct lysine residues in the amino-terminal tail of core histones (Finnin 
et al., 1999; Tribus et al., 2005). The HDAC inhibitors, TSA, accumulate highly acetylated 
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histone species in cells and cause a variety of phenotypic changes In chapter IV, the 
treatment of 50 nM TSA for 24 h after fusion in iSCNT cat embryos have been proved to 
provide the beneficial effects on the modification of acetylation levels of lysine residues 
(K9, K18 and K23) on histone H3 and di-methylation on H3K9 in the early 
embryogenesis to be resembled to those of bovine IVF embryos. The acetylation levels 
on H3K9, H3K18 and H3K23 and di-methylation H3K9 of TSA-treated embryos were 
significant higher than those of control embryos at all examined stages, exceptionally for 
some certain stages. We have suggested that the acetylation patterns of H3K9, H3K18 
and H3K23 induced by TSA in this study were sufficient to improve the in vitro 
development of iSCNT cat embryos to blastocyst stage. 

To achieve the ultimate goal of the use of iSCNT, the in vivo developmental 
capacity of 50 nM TSA-treated iSCNT cat embryos was investigated in chapter V. The 
total of 224 embryos at 2- to 4-cell stages was transferred into five recipients. However, 
none of the recipients receiving TSA-treated iSCNT cat became pregnant. Several 
factors are thought to be involved in this pregnancy failure including the developmental 
competence and quality of embryos, the induction of ovulation in recipients and the 
embryo transfer procedure, and the physiology incompatibility between fetus and uterus.  

The implantation rate has been found to be associated with the cleavage rate 
and degree of fragmentation. Moreover, in case of IVF, the embryos transferred at the 4-
cell stage showed the twice implantation rate than 2-cell embryos. In year 2005, the 
cloned kitten was obtained from the transferred 2- to 4-cell stage reconstructed cat 
embryos  (Yin et al., 2005). In spite of these ealier studies, the iSCNT cat embryos at 2- 
to 4-cell stage were used for ET in this study (chapter V). Unfortunately, we were not 
able to produce a pregnancy in 5 recipients. The failure of pregnancy in iSCNT cat was 
possibly related to the number of transferred embryos and passage of the donor cell line. 
The cloned kitten produced by Yin et al., (2005) was born from a recipient receiving a 
total 65 embryos, which reconstructed from the first passage of skin fibroblast cell line. 
However, the iSCNT cat embryos were derived from the donor cells at 2nd to 5th 
passages. The passage of cell lines has shown the importance on chromosomal stability 
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in cloned embryos. The chromosomal abnormalities were observed to increases when 
the passage of the donor cell increases. In African wild cat, the cell line at passage 9th 
showed the chromosomal abnormalities 59%, whereas 43% was obsrerved in 1st 
passage. When the 4th passaged-cells were transferred in to the enucleated cat oocytes, 
50% of chromosomal abnormalities were presented in African wild cat cloned embryos 
(Gómez et al., 2006).  

Since up to now there is no report of success in the production of non-bovid 
specie offspring derived by iSCNT reconstructed from bovine ooplasm, the genetic 
distance between the host oocyte and the donor nucleus is believed to be one of the 
factors deciding the developmental ability of the embryo/offspring (Ikumi et al., 2004; 
Thongphakdee, 2007). Although, the addition of TSA in the cultured medium of iSCNT 
cat embryos improved the in vitro developmental competence to the blastocyst stage 
(chapter III) by modifying the acetylation on histone H3 (chapterIV), but the pregnancy 
of iSCNT cat could not be established after embryo transfer (chapter V). This indicated 
that TSA treatment provides the beneficial effect on in vitro iSCNT cat development at 
the early embryogenesis, which the epigenetic reprogramming have played an 
important role on embryo survival. On the other hands, TSA could not overcome the 
obstacle of mitochondria heteroplasmy influencing suvivability in utero of iSCNT 
embryos.  

 
Conclusion and further investigation  

In conclusion, our study has shown that the domestic cat donor cells was 
possibly to reprogrammed in bovine oocytes, which the reconstructed iSCNT cat 
embryos could successfully developed to the blastocyst stages when TSA was 
supplemented in the culture medium. Although the production of TSA-treated iSCNT cat 
offspring has not been achieved, many factors affected the in utero developmental 
block from this study have been discussed. Further studies on iSCNT could be required 
in an attempt to overcome the in utero developmental block and the mitochondrial 
incompatibilities in iSCNT embryos.                 
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