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Abstract

The objective of the studies was to develop somatic cell nuclear transfer by using the
rabbit as a model inbiomedical and agricultural research. The experiments are described
in nine chapters:

Chapter 1: _+“Introduction

Chapter 2:  Supgrovulation and oocyte reeipient production in rabbits

Chapter 3: A _technique for adult and foetal fibroblast cell culture, for
donor cell preparation in somatic nuclear transfer

Chapter 4: _~Preliminary studies on somatic cell nuclear transfer in rabbits

Chapter 5: I vitro development of rabbit cloned embryos using adull
fibrablast . “cells,  afier post-activation treatment with
cyelohexamide and 6-dimethlylaminopurine

Chapter 6:  Develapment of rabbit cloned embryos using cumulus cells,
serum-starved and nonsstarved [ibroblast cells, as the d onor

nucleus

Chapter 7: = Development of cloned embryos frum adult and foetal rabbit
fibroblast cells 2 :

Chapter 8: — A comparison of a cell fusion technique and intracytoplasmic

donor cell injection for producing cloned rabbit embryos
Chapter 9:  Conclusion

In ‘eoneclusion,the whole ‘processes of ‘somatic nuclear transfer using cell fusion
technique was developed. This included—recipient oocyte preparation, donor cell
preparation, enucleation of recipient oocyles, fusian and aclivation, nuclear transfer and
in vitro culture of clonéd oocytés to the morula and blastocyst stage. A failure of in vitro
development was observed when using intracytoplasmic donor cell injection in both
mice or rabbits. Further studies will focus on the type of donor cells and interspecies
cloning, embryonic stem cell development and the application of nuclear transfer in
endangered species.
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Chapter 1

Introduction

Muclear transfer techniques (NT) arc one of the most advanced reproductive
technologies of the past decade. NT was originally developed in amphibians more than
60 yr ago by Speman (1938) and later introduced to mammals in 1983 by McGrath
and Solter. In 1997, Willadsen and his eollaborators demonstrated that sheep oocytes,
at a matured stage, were an appropriate cyleplast for reprogramming the donor nucleus
after transplanting which supported the further development of cloned embryos. Their
work also advanced the applieation of NT in farm animals. In the beginning, donor
cells could only be collected from blastomeres or the inner cell mass of the
preimplantation embryo, the breakthrough event of cloning was announced by Dr.
Willmut and his cellabopators in 1997 with the birth of Dally, the first cloned sheep,
using somatic differgntiated cclls. Since then, a large number of advanced researches
on nuclear transfer have been made.

Many offspring from Somatic nuclear transfer have been born involving many
species, including cattle, shecp, goats and swine (review by Niemann and Kues,
2003a). A variety of gell types of embryonic, fetal and somatic origin have been
successfully used as donor ceélls for nuelear transfer. However, the overall efficiency is
still quite low and the average percentage of live offspring does not exceed 1 to 3% of
transferred cloned embryos.. It.is now accepted that the objective of nuclear transfer,
or cloning of animals, does not only allow the production of a number of genetically
identical animals but can ‘also aid the preservation of endangered wild animals.
Furthermore pet cloning for emotional reasons and horse cloning for genetic
preservation have also been a goal of cloning: Cloning technology could also find a
major application_in the production of transgenic animals for biomedical purposes
because any desired genctic modifications can be produced in cultured cells and the
value of such transgenic animals can be substantial (Galli et al., 2003).

Technigue of nuclear transfer

The nuclear transfer procedure was developed using the basic techniques
proposed by McGrath and Solter (1983) and utilizing either in vivo,or in vitro matured
ooeyles as the cytoplasm recipient (eytoplast)- The genetic. material-metaphase II and
the first polar hody ofl the cytoplast, is removed using a micropipette, in a technique
called “enucleation”. Following enucleation of the oocyte, a donor nucleus
(karyoplast) is transferred into the perivitelline space and attached to the surface of the
enucleated oocyte called, or donor cell, which can be injected directly into the
cytoplasm (Wakayama et al., 1998). The enucleated oocyte and donor cell are fused by
electrofusion. Electrofusion is highly species-dependent in terms of its duration,
amplitude of the pulse fusion medium and equilibration to the fusion medium. Afler
fusion, the oocyle is activated either by chemical or by mechanical stimulation.
Successful activation initiates further d evelopment into ¢ leaved embryos, morulaor
blastocysts, which can be followed by transfer to a suitable recipient.



Before 1997, nuclear transfer was limited only to karyoplasts of embryonic
origin. The karyoplast came from blastomeres or the inner cell mass of
preimplantation stage embryos. This technique was called “embrye cloning”
Nowadays, “somatic cell cloning or nuclear transfer (SNT)” is practiced. Various
cell types from many tissues (cumulus, oviduet, uterus, liver, skin, from adults,
newborn and embryos) have been investigated for the production of cloned animals. In
mice other cell types, foetal ovary and testis, immature Sertoli cells, spleen, thymus,
macrophages from three strains of mice has been reviewed by Thibault, 2003.
Cultured embryonic stem cells (ES e¢ells) or ES-like cells have also been used as
karyoplasts for nuclear transfer. The potential for nuclear transfer to be used in the
production of transgenic animals depends greatly on the transfection of somatic, ES
and/or embryonic germ cells (EG cells).

Applications of nuclear wransfer

There are several applications for NT in the field of animal production and
human medicine:

For animal production; 1t can increase the production of milk and meat as
well as help better growth performance and discase resistance. NT will also assist in
the p roduction o f genetically i dentical t wing and more rapid genetic i mprovement,
especially in males used for adificial insemination. NT can be used for the
preservation and propagation of companion animals such as dogs, cats and horses and
as a tool for the conservation of genetic material from endangered or unique animals.
It also has a role in the production of biomedical models for human disease research
(Long et al., 2003).

For human medicine, NT technology provides an alternative method for cell-
based transgenesis using domestic species by offering genetic modifications. The
genetically modified hivestock can produce human therapeutic proteins in their milk
and organs for xenolransplantation.

Application in animal production

Produétion of identical twins

The production of genetically identical animals using NT has been steadily
developed, the classical technique can be performed by embryo bisection, as
developed by Dr. Willadsen in 1979, It was-a imost reliable technique for the
production of identical twins. H owever, a disadvantage was the low number of
identical twins. It was found that the maximum vield per embryo was limited to 2-4
offspring at best (>4, results in the complete loss of developmental competence, as the
excessive reduction of cell numbers produces small blastocyst vesicles with no
inner cell masses). Repeated embryo splitting does not result in greater numbers of
progeny. However, the timing of subsequent cleavage divisions and blastocyst
formation is unaffected by a reduction in cell numbers, as it does not change the
original development program of the embryo. Furthermore, embryo splitting and
blastomere separation is not highly compatible with embryo cryopreservation and as a
result, most commercial transfer of half-embryos has been limited to fresh embryos.
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NT technology is more advantageous than embryo bisection as il increases the
number of identical twins and so development programs have been reprogrammed. It
is hoped that cloning cows by nuclear transfer can be used to create ideal milk and
meat animals which will be economically beneficial to the beef and dairy industries.
Commercial interest in cloning technology was originally centered around the
production of large numbers of genetically superior animals for agricultural purposes.
Around 10 years ago there were several American companies setting up and putling in
place, extensive research and development cloning programs, however, these could
not overcome embryo cloning inefficiencies and the difficulty of producing multiple
generation calves via recloning (Stice et al., 1998). In addition, we have seen a high
rate of late abortions and early postnalal deaths, an abnormally high birth weight
called “large calf syndrome™ (LOS), neonatal anomalies, particularly when somatic
cells are used as the donors of nuclei; Rates as high as 40-74% have been reported
(Renard et al, 1999)..This may relale to one deficiency or a combination of
deficiencics, in either the nuclear transfer procedure itself, leading to incomplete
nuclear reprogramming of the culiured donor cells, or in the in vitre maturation and
embryo culture systems. These deficiencies, either collectively or singularly, may lead
to inappropriate patiernsiof gene expression ai specific key stages during embryo, fetal
or placental development, all contributing to pregnancy loss (Wells et al., 1999). These
are the reason why €loning is still not performed commercially on a large scale, and
will not be until betler pregnancy raic and normal development pre and postpartum are
available.

From the past 10 the picsent, genetic selection has been an important tool for
adapting animal production to-various environmental and market demands. In cattle,
rapid genetic improvements are limited by the low reproductive efficiency of cows and
the large generation interval. Heyman and Renard (1992) suggested that NT could
provide a great contribution to the genetic improvemenl of cattle. The rapid diffusion
of genetic progress can be expected with a greater number of clones. A clone by 5
females, evaluated on their own production, is equivalent to the genetic value of a bull
of the same merit, evaluating 25 of his daughters. In beef breeds, the utilization of a
few clones would allowsmuch better evaluation.of maternal influence.

Conservation of genetic materials from endangered or unique animals

Advances in cloning offer a way to preserve and propagate endangered species
that- reproduce-poorly-in-zoos, When, their habitats can_be_ restored they can be
reintroduced to.the wild. Saving a species from extinction is ene of the more recent
aims of embryo cloning. In January 2001, the world’s first cloned endangered species,
a baby Asian ox, Gaur, and going by the name of “Noah”, was bomn on January 8" in
lowa state, USA. Other endangered species to be cloned will be those whose
reproduction has already been well studied. The African wild cat, an Indian desert cal,
an eland, a red deer, a cheetah and a giant panda will be primary candidates.
Nowadays, it is possible to preserve the somatic cells of captive and non-captive wild
animals by biopsy material which can be cultured and preserved in liquid nitrogen,
and used to maintain wildlife conservation. The frozen zoo or zoo bank has been
developed in many countries, including Thailand. From our preliminary results
(unpublished data), we have preserved at least 7 species of wild cats from Dusit and
Kao Kiew Zoos, Recently, pieces of skin and muscle from a dead gibbon, a giraffe and



a stillbom Asian elephant (Elephas maximus) have been cultivated and successfully
stored in liquid nitrogen. In collaboration with ZPO (Zoological Park Organization of
Thailand), various endangered species will be preserved and research on cytological
analysis will be performed.

Application in human medicine

The Merger of nuclear transfer and transgenesis
The ability to produce live offspring by NT from somatic cells provides a route
for the precise genetic manipulation of animal species (Polejaeva and Campbell,
2000). Transgenesis is a word defined as the-alieration of genomic information with
the intent to modifv a specific physical trait of an animal (Brink et al., 2000). Niemann
and Kues (2000) suggesied that gene fransfer is defined as the mrroducnan of a
protein coding DNA fragmenr into the host genaome with the goal that the foreign DNA
contribute to the proteiw synthesis of the host organism e.g. the transgenic animal.
Denning and Priddle(2003) suggested that nuclear transfer technology now provides
an alternative route for cell-based transgenesis in domestic species, offering new
opportunities for gemetic modification, Farm amimals, such as cattle and pigs, can
provide human  therapeutic pmtﬂns i their milk and or organs for
xenotransplantation. They can provide the means to resist diseases such as spongiform
encephalopathies by using NT from engineered, cultured somatic cells.
There are at least fivé techniques for transgenics that can be developed:

- Pronuglear microinjection of recombinant DNA

- Sperm-mediated DNA

- Retroveclors

- Embryenic stem cell transfeetion by injecting them into the

blastocyst cavity
-| ~Somatic-nuclear transfer
{Wheeler and Walters, 2001)

Among the techniques of transgenesis, NT has an advantage by accelerating
the time scale, by prescreening the donor cells for the optimal expression of the
desired trait#u vitro;allowing 100% L ransgenic-offspring to b e produced ( Niemann
and Kues, 2000). DNA_transfection was performed in cultivated foetal fibroblasts,
screened for transgene integration and later transferred into enucleated cytoplasts
(Niemannoand Kues, 2003). The blastacysts, obtained after the NT process were
transferred to a synchronized recipient who produced transgenic offspring. It has been
reported that NT in pigs, using genetically modified somatic cells as donor cells,
improved the efficiency of the transgenesis compared to techniques such as pronuclear
injection ( Nagashima et al., 2003). The merger of nuclear transfer and t ransgenesis
technology was presented in Fig. 1.1.

Transgenic animals are useful in the study of many areas:

1) Biological, biomedical and genetic research, such as gene regulation and
developmental biology, oncogenic research, mechanisms of regulation and
cell interaction in the immune system, models of human genetic diseases,
mechanisms for controling growth and basic mechanisms of biology and
genetics



2) Livestock production
3) Maodification of milk
4) Modification of growth and carcass composition
5) Modification of disease resistance
6) Modification of reproductive performance and proliferacy
7) Modification of cell and tissue characteristics
{Wheeler and Walters, 2001)
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Figure 1.1 The merger of nuclear transfer and transgeénesis technology to
praduce the lransgenic animal (Niemann ‘and Kue, 2000)

Aenotransplantion

In the world today, there is an acute shortage o f appropriate organs such as
heart, kidney, liver and pancreas for transplantation. Many patients are waiting for an
organ donation and some of them have no chance of availability. The transplantation
of organs between species, e.g from animals (o humans is called
“xenotransplantation”. It is the solution of choice and has been studied for more than a
decade. A bhaboon heart can be transplanted in a human body and the patient can
survive for a normal life time. The pig seems to be the optimal donor animal because
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its physiology 15 similar to human, with short reproductive cycles, large litter sizes
and its organs a similar size to human organs, they can be produced in good condition
(Piedrahita, 2000; Niemann and Kues, 2003). The production of transgenic pigs
carrying human genes, by the technique of gene targeting and gene knockout
technology will be a challenging issue for the future. At the moment, hyperacute
reactions (HAR) are a major obstacle hampering xenotransplantation from pigs to
humans. The 1-3 galactosyl transferase (1-3Gal) gene needs 1o be eliminated in order
to prevent HAR. Furthermore, some viruses, such as the retroviruses need be
eradicated, to prevent transmission o rman.

Apart from xenotransplantation, using knockout technology, low fat, fat-free
milk and hypoallergic milk, by using a knockeut-lactoglobulin gene, can modify milk
composition. This biomedical area is expected to be practical before the year 2010
(Table 1.1).

Table 1.1: Projections for'in<field applications of transgenic livestock (Niemann and
Kues, 2003)

L R BRNN NN Year -

Biomedical traits

Recombinant pharmaceutical proteins <2004

Xenogenic cells/tissue >2005

Xenotransplantation of salid organs =>2008
Agricultural traits =2010

Dairy products =2008

Meat and meat produets =2005

Wool products

Transspecres nuelear transfer

Transpecies nuclear transfer allows the generation of human embryonic stem
cells from a somatic cell of a patient by fusion with an enucleated animal cocyte. Not
only a somatic cell, but the blastomere from excess human IVF embryos can become
donor cells that produce:human cells lines through NT. It has been demonstrated that a
bovine cytoplast can reprogram the chromatinjof human-denor cells, These stem cells
could be used to replace damaged neuronal cells or assist in the treatment of immune
disorders. However, this kind of research may not be supported-by research agencies
in Thailand.

ES cell lines establishment

Therapeutic cloning is one of the applications making use of NT. Normal cells,
from a patient suffering from diseases, such as Parkinson d isease, d iabetes mellitus
(dB), spinal cord injury, Alzheimer’s disease etc. will be used as donor cells that are
transferred 1o an enucleated oocyte, which can produce an embryo of the blastocyst
stage. T he i nner c ell mass will be isolated as embryonic stem cells (ES cells). The
cells can be controlled and differentiated as neuronal cells, islet of Langerhan cells or
cardiovascular cells etc by supplying specific growth factors.

It is clearly that nuclear transfer is one of the advanced technologics that can
serve either animal production in terms of breeding improvements and endangered



species conservation or for humans, in terms of therapeutic cloning. It can also be used
for studving basic knowledge in cell biology. Furthermore, nuclear transfer in
cooporation with genetic modification, will served transgenic technology in the future.
Since the success of somatic cell cloning in sheep, a report of SNT in rabbits was
presented by French researchers (Chesne et al,, 2001). In Thailand, SNT has been
developed in many species including cattle, buffalo, pig, goat, cat and rabbils (review
by Parnpai, 2003). The rabbit provides a good model for other species and will help to
clucidate the fundamental mechanisms involved in the nuclear transfer process
(Dinnyes et al., 2001)

The objectives of the first phase of the studies were as followed:

1. Superovulation and oocyle regipient production

2. Somatic cell, nucleartransfer development using fibroblast and cumulus cells
from adults and foetuses

3. Somatic cell: nuelear transfer by cell fusion techniques and whole cell
intracytoplasmi€ injection

[n this project, the rabbit was used as the model for cloning development, in
order to apply this spegial science for both mankind and other animal species. The
outcome of this project will help medical therapy of humans and breeding
improvement in farm animals.
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Chapter 2

Superovulation and Oocyte Recipient Production in Rabbit

Abstract

The objective of the experiment was 10 study the oocyle recovery rate and their
quality after superovulanion, in order to use these oocytes as recipient cytoplast in a
nuclear transfer program.

Experiment I: To study the appropmate dose of gonadotropin hormone for
superovulation in rabbil. A total of 38 New Zealand White, mature does were divided
into 3 groups according 16 the dose of Follicle Stimulating Hormone (FSH) that was
given; 21 mg (group A), 28 mg (group B) and 40 mg (group C). Five IM injections of
FSH were given at 120 intervals in increasing d oses for groups A and B and as a
constant dose for group C. Qvulation was induced using 100 iu human chrorionic
gonadotropin (hCG) and mating with a vasectomized buck. The oocyles were
collected following ovariectomy and direct flushing. The number of corpora lutea
(CL), non hemorrhagic and hemorrhagic follicles were counted. The numbers CL was
24.5+8.8, 21.3+11.6 and 20.4+8.6 (P=0.05) respectively. The recovery rate of group
A, 77.7%, was h15,h=.frthan thase ofgmupB 557% and C, 50.9% (P<0.001). A higher
number of recovered oacytes was found in group A, 19.1+8.0 than those of group B,
11.8+7.0 (P<0.01) and group €, 10.4+8.3 (P<0.001). More than 90% of the recovered
oocytes in every group were morphologically normal. This study showed that the dose
of FSH influenced the oocyle recovery rate and the number of oocytes collected from
each female.

Experiment II: To study the effect of the season on oocyle recovery in
superovulated rabbit does. A total of 46 New Zealand, mature doe rabbits, with an
average weight of 3.0 kg, were superovulated with 21 mg FSH. All procedures were
followed as in Exp. L. The studies were performed from August 2002 to March 2003.
It was found- that the ovulation number was 27.8+12.0 (n=1277) while the mean
number of pocytes collected was 21.0+10.5 (n=965), representing a recovery rate of
76.9+20.6%. The season scemed to influence the ovulation and recovery of cocytes.
However, it was found that most of recovered oocytes could be used as recipient
cytoplasm in the somatic cell nuelear transfer program.

Key words: oocyte production, rabbit, superovulation
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Introduction

In order to develop somatic cell nuclear transfer, good qualily recipient oocytes
are required. The oocyte at metaphase 11 was suitable as a recipient cytoplast and was
capable of reprograming the nuclear donor with a high degree of success (Willadsen,
1986). In farm animals, immature oocytes were collected from a slaughterhouse or by
surgical oocyte aspiration and later matured in vitre, while in laboratory animals,
mature oocytes were collected by oviduct flushing, after in vive maturation. The
rabbit is one of the more interesting animal models as it provides a high number of
recipient oocyles per donor. Rabbil oocyles gan be produced using the technique of
superovulation with exogenous gonadotropin and collected by direct tubal flushing
(Kauffman et al., 1998; Yang, 1991). Superovulation treatment can increase, by a
factor of two- or three, the number of embryos as compared to natural ovulation. There
are two types of gonadetropins; Pregnant Mare Serum Gonadotropin (PMSG) and
Follicle Stimulating Hormone (FSH) that can be used for superovulation in rabbits.
Treatment with PMSG can often induce an unsatisfactory result and Techakumphu
(1987) found thar'Folliele Stimulating Hormone (FSH) was effective in providing a
high number of embryos per animal. FSH can be given twice a day, at 12 h intervals
over a period of 3 days and an injection of Luteinizing Hormone (LH) is injected on
the following day, at the same time as natural or artificial mating for ovulation
induction (Tsunoda et al., 1980). The objcctive of these experiments was to study the
oocyte recovery rate and their quality, after superovulation, in order to use these
oocytes as cytoplasm regipienis in our nuglear transfer program. The effect of season
on the superovulation tréatnient was also investigated.

Materials and Methods

The studies were designed in the form of two experiments:
Experiment I: :

A total of 38 six-month-old, New Zealand White, doc rabbits, weighing >3.0 kg
were used (Fig. 2.1). These rabbits when 1.5 kg, were bought from a colony kept at the
Department of Animal Husbandry, Faculty of Veterinary Science, Chulalongkom
University and raised in Nakorn Pathom province for 4 wks,, before the experiment
started. Then; they were housed-in individual cagesat 25°C with 12h of artificial light
daily, in animal housing ai the Department of Physiology, Faculty of Medicine,
Chulalongkorn University. A concentrated diet, containing 14%. protein and fresh
waler, was given. ad Jibitum.. Two. vasectomized bucks were prepared, for mating and
raiséd under the same condition as the doe rabbits.



Figure 2.1: A New Zealand White, mature female used in the experiment

Superovulation progran:

The animals were injected with Follicle Stimulating Hormone (FSH,
Vetapharm®, Australia) inframuscularly using five injections at 12 h intervals in
increasing doses for groups A and B and as a constant dose for group C, starting in the
evening and continuing ever 3 days. The three experimental groups were treated as
follows: Group A: 21 mg FSH (n=15) (3,3+3,6+6), Group B: 28 mg FSH (n=12)
(4,4+4 8+8) and Group C: 40 mg FSH (n=11) (8, 8+8, 8+8) (Fig. 2.2). Ovulation was
induced by mating with a vasectomized buck and by injecting a 100 IU of intravenous
Human Chorioni¢ Gonadotropin (hCG, Chorulon®; Intervet, The Netherlands)
(Schmidt et al, 1992). The dose of FSH was madified according to previous
observations (Techakumphu, 1987). The rabbits were laparotomized, under general
anesthesia 16 h post coitus and their genital tracts, kept in Phosphate Buffer Saline
(PBS), were brought to the laboratory for oocyte flushing.

OVH+ oocyte flushing

IaY T

aTARE: At

)

16h
-+
D-1 D-2 D-3 DO
J:L FSH "' mating with vasectomized buck and 100 IU hCG

D0 = day of operation

Figure 2.2: A schematic of the timing of FSH-HCG treatments in the rabbit



COacyte collection

Direct flushing of the oviduct as described previously by Techakumphu (1987)
was used o collect the oocytes, A blunt-end 18 g needle was inserted through the
uterine end to the fimbria and flushed using 10 ml of Phosphate Buffer Saline
(PBS)+2% Fetal Calf Serum (FCS). Flushing was performed twice and the media were
received a 35-mm petri dish. The oocytes were searched immediately under a 10X
slereomicroscope and recovered oocyles were maintained in TCM 199 Hepest10%
FCS. They were then washed twice in fresh media and incubated in 0.5%
Hyarulonidase (Sigma, USA) for 30 min. After the end of incubation, the cumulus
cells around the oocyte were removed by pipetting. The oocytes were investigated
under a microscope to ensure the presénce.of a 17 polar body, so they could be
classified as a mature oocyte. The aumber of corpora lutea. non hemorrhagic and
hemorrhagic follicles was eounied. The ooeyle recovery rate was compared with the
number of corpora lutea in both avaries.

The processes of oocyte gollection are presented in Fig. 2.3.

Experiment I1:

A total of 46, six=month-old, New Zealand White, doe rabbits, weighing >3.0 kg
were used in the experiment. The animals were treated with 21 mg FSH using the
same protocol as in Experiment L The experiment was conducted between August
2002 and March 2003.

Figure 2.3. Processes of oocyte collection by ovariotubectomy
a) the oviduct (arrow) was exposed at the incision site

b) the oviduct (arrow) was removed

¢) the number of ovulations (arrow) in both ovaries were counted

d) the oocyles were flushed directly from oviduct
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Statistical analysis
The number of ovulations, follicles and recovered oocyles per donor were
compared according to the month of treatment, using a one-way analysis of variance
and by the Chi-square test.

Result

Table 1.2 shows t he mean number o f o vulations, and the mean number o fnon
hemorrhagic and hemorrhagic follicles, per donor in each program which were
significantly different (P=0.05). The number of recovered oocytes per donor were
higher in group A than in B and C (P<0.01). Ahi'gh variation in the ovulation rate and
in the number of recovered vocyles was observed in all treatments. The recovery rate
was highest in group A (P<0.001). More than 90% of oocytes in all the treated groups
were morphologically normal with homogenous cyloplasm and a first polar body (Fig.
2.4).

Table 2.1: Mean (+SD) of u?vulan{m "fulhcles and recovered oocytes per female and
recovery rate after ﬂhpgmvﬂ'lahon

Program No. of = No.of - No.of No. of Yo
rabbit ovulations  follicles recovered Recovery
does ' Ll ~ oocyles  rate

A 15 24.548.6 .8.9+7.4 19.1+8.0° T
(10-46) ~(0-30) (7-33)

B 12 2131116 75156 11.8+7.0° 55.7°
(4-31) (0-16) (2-23)

C 11 20.4+8.6 10.5+7.7 10.4+8.3° 50.9°
(14-39) (1-25) (4-23)

~*Fsignificant difference, P<(.05 (chi’ test)
> significant difference, P<0.0/ (chi’ test)
%< no significant difference, P>0.05 (chi” test)
* significant difference, P<0.00/ (analysis of variance)
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Figure 2.4: Matured-oocytes with 17 polar body after removing surrounding cumulus
cells (x200)

Table 2.2 shows the mean number of ovulations, oocytes per donor and the
recovery rate over the period of August 2002 to March 2003. No experiments were
performend in November and December. A high variation in ovulation rate and the
number of recovered vocyles were observed in the treatments.

Table 2.2: Ovulations and eocyte produclion from superovulated doe rabbits

Month No Ovulations Qocyles Recovery rate
B rabbits {mean+5D) (mean+SD) )
Aug-02 10 21.7+7.9° 12.9+4,22° 65428%
(217) (129)
Sep-02 8 25.3+8.14° 17.3847.53 70.4+19.4%
(202) {139)
Oct-02 10 28.7+8.64° 24+8.43 83t11%
(287) (240)
Jan-03 6 32 Vit 123 27841147 87415.2%
(193) (167)
Feb-03 6 44.7+14.7° 31.17+13.5" 69+16.7%
(268) (187)
Mar-03 6 18.3+6.2" 17.247.5 90.28+15.2%
(110) (103)
46 27.8+12.0 21.0+10.5 76.7+20.4%
(1277) (965)

¥ cignificant difference, P<0.03 (chi’ test)
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Discussion

In rabbits, it is usual for the embryos to be collected post-mortem, b ut there is
only one paper where collection 18 done by repeated surgery (Forcada and Lopez,
2000). In our experiment, we used laparotomy and oviduct removal with in virre
flushing, leaving the rabbit alive after surgery for use in other experiments, After the
first experiment, it was seen that treatment with 21, 28 or 40 mg FSH and 100 [U hCG
provided an average response of 20 ovulations per female. This number was twice as
much as the non-superovulated rabbits (8 to 10 ovulations). Our observations were
similar to Kauffman et al. (1998) who showed the mean (+5D) number of ovulations
per female to be 25.6+15.6 for a 3 d regimen.and 23.5+8.4 for 4 d. It was howeever
lower than that scen in our previous obsérvations (Techakumphu, 1987). The
difference was believed to come from wvarious factors such as the environment,
management system, typeof gonadotropin, number of injections, methods of ovulation
induction, the mating system, age of donor ete. (Kenelly and Foote, 1965;
Techakumphu, 1987; Schmidt el al., 1992; Kauffman et al., 1998). It was noted that
the higher concentration of FSH in programs B and C did not improve the number of
ovulations but to the eontrary resulted in an increased number of non hemorrhagic and
hemorthagic follicles and a lower oocyte recovery rate. Our preliminary study which
increased FSH to 4 8 m g, in fourdoe rabbits, gave a significantly lower number o f
oocyles per Femalew ith a recovery rate o fonly 3 7.7%. O verstimulation tended to
reduce the rate of oogyte recovery which was attributed, partially, to the effect of
endogenous estrogen production on the ooeyte transport and partially to oocytes being
trapped in follicles (Kenelly and Foote, 1965). The failure of ova to leave the ruptured
follicles was due to being trapped in the follicular lumen or embedded in the granulosa
cell of a ruptured follicle, Furthermore, oocyte loss may come from rapid transport
through the oviduet after FSH overstimulation, as mentioned by Greenwald (1961).
This may explain the low recovery raies in rabbiis thai received a high dose of FSH. A
high variation in evulation rates was also evident in every group and for both a low or
a high dose of FSH. However, most recovered oocyles were maltured as seen by the
presence of the first polar body, on the surface of oocyte and morphologically suitable
for using as a recipient eocyle in our somatic nuclear transfer program (Techakumphu
et al., 2001),

The overall recovery rate in Experiment II was 77%, which. corresponded to the
first experiment, From our observations during enucleation in somatic nuclear transfer,
it was noted that the metaphase chromatin location, as related to the polar body,
depended on the age of the ovulated oocytes. Using aged oocytes, micromanipulated
about 20 hpe (hours post coitus) had a MII less close to polar body, than young
oocytes, 15 hpe. For facilitating enucleation, the time of the last FSH injection was
adjusted from 16.00 to 19.00 and ovariotubectomy was changed from 10.00 to 8.00, in
order to reduce the age of the micromanipulated oocytes. Since then, more than 80%
of ovulated oocytes, possessing MII chromatin adjacent to the polar body were found
and enucleation was done more effectively.

QOur study showed that the ovulations and number of oocytes were higher in
January and February, when there is less effect from heat stress and temperature
variations in Thailand. During the summer, the outdoor temperature is more than 37°C
and leads to rising indoor temperatures, due to the release of latent heat from the
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cement wall. We observed a reduction in both ovulations and oocytes during the
summer from March to early April. Wolfenson and Blum (1988) observed a reduction
of conception rate of about 15% and the development of the remaining live embryos
was retard in heat treated rabbits afler fertilization. This indicated that rabbit embryos
arc susceptible to heat stress during blastocyst formation and during implantation and
ovarian function impairment is more pronounced during the rapid linear growth stage
of the corpus lutcum. Heat stress, different environments and management are
involved in such responses.

In conclusion, the present program of ireatmenis showed, the oocytes at an
average of 20 per donor, could be obtumedy high variations were noted and the
season affected the ouicome af superavulaiion.
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Chapter 3

A Technique for Adult and Foetal Fibroblast Cell Culture
for Donor Cell Preparation in Somatic Nuclear Transfer

Absrract

This paper describes the technique of somatic cell culture from adult and foetal
lissue in order lo use them as nuclear donors in a somatic nuclear program. Biopsies
from ear skin and abdeminal muscle from adult dee rabbits were used for cell culture
and muscle from whele, decapitated foetuses aged 21 days were prepared. Our
technique, modified from Vignon et al. (1998), showed that fibroblast cells from skin
and muscle of either adults or foetuses could be cultivated and passaged successfully
as donor nuclei in nu¢leartransfer program.

Key words: fibroblast cell, adult, foetus, rabbit

Introduction

In mammals, successful somatic cell cloning has been achieved by using various
type of cells collected from: prenatal (foetus) and postnatal tissues. Mammary gland
cells were first used as donor cells in the first sheep born by SNT (Wilmut et al.,
1997). Since then, sertoli cells, oviduclal cells, granulosa cells, cumulus cells, ulerine
cells, white blood eells, liver cells, kidney cells, lung cells, heart cells and fibroblast
cells either from adulls or foetuses have been studied (Kato et al., 2000). Fibroblast
cells are most commonly used as donor cells, becausc they are easy lo obtain, have a
high proliferation rate in culture and can be stored frozen. Fibroblast cells can be
preserved without any limitations of animal age, sex or physiological state (Dinnyes et
al., 2000). They can be picpared-from the skin or muscle of adult animals or from the
muscle of a faetus. This paper deseribed a technique for the @stablishment of adult and
foetal fibroblast cell lines in rabbits, using nuelear transfer.

Materials and Methods

Adulr fibroblast preparation

1. Fibroblast cells were collected from biopsied ear-skin or the muscle (rectus
abdominis) of an adult female rabbit.

2. The biopsy area was shaved and the surface was cleaned with 70% alcohol.

3. A small piece (0.5 cm in length) of tissue was cut from the ear and washed 3 times
in PBS-penicillin+streptomycin solution before being cut into 2-3-mm cubes and
placed, fresh side down on the surface of a 35 ml petri dish, to culture as explants.
The petri dish was filled with a medium (1 ml DMEM+10% FCS) to cover the
explants before they were incubated, without being moved, at 38°C in a 5% CO,
humidified atmosphere, for 2 days.



18

Afier 14 days, the fibroblast cells, growing oul of these explants, were washed
twice with Ca*+ and Mg+ free PBS and then trypsinized with 0.25% trypsin and
0.02% EDTA (Sigma, USA).

These primary cells were then washed by centrifugation, resuspended in
DMEM+10% FCS in a dilution of 1:3, and cultured with as many as 10 passages,
in DMEM, with 10% FCS. The cell passage was performed every 3-4 days when
the cells had reached more than 90% confluence. The cells from passage 2 were
used as donor cells for nuclear transfer.

The remaining of primary cells were stored at —80°C in DMEM+10%FCS+10%
DMSO (Dimethyl] sulfoxide, Sigma)

Nuclear-donor cells were isolated from starved or non starved cultures drops,
supporting a fully confluent cell monolayer, for 5 days before the experiment.
Trypsinization: The denor cells from passage=3 were selected, from a confluent
cell and later, after adding 0.5, 1.0 and 2.0 ml trypsin-EDTA, incubated in a CO;
incubator for 5<10 min, until the cells floated. The cell was washed by
centrifugation at 1200 g for 5 min before the precipitate was recovered. The cells
were then ready to use as donor cells (Fig. 3.1a 1o 3.1d)

Figure 3.1: Fibroblast cell culture from ear-skin biopsy

a) fibroblast prowing from primary tissue (x100)

b) a small population of fibroblasts, 7 days after culture (x100)

¢) a full population (confluence) of fibroblasts afler passaging (x100)
d) fibroblast donor cells for somatic cell cloning (x400)
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Foetal fibroblast preparation

Foetuses were recovered by caesarian section from 21 day-pregnant does under
anesthesia. The foetuses were rinsed in PBS, the head and internal organs were
removed and the remaining tissues were prepared by 3 techniques:

a) by chopping in pieces with a scalpel blade and s eeded into a petri dish
(Fig. 3.2a or 3.2h)

b) by culting into 1-mm cubes (Fig 3.2b)

c) by placing whole tissue on the petri dish. The tissue was cultured in
DMEM+10% FCS. The culture medium was changed every 2 days and
after 14 days, the cells were barvested and recultured by passaging. The
process of fetal fibroblast preparation was followed from step 4 to 8 as for
adult fibroblasts.

Figure 3.2: The tssue préparation technique
{a) Tissue chopping technigue
(b} tissue cutling - inlo-T-mnicubes from the rabbit foctus

Result and Discussion

Using the technigue of cell culture and prescrvation, modified from Vignon et al
(1998), rabbit fibroblasts cell lines have been established from adult and foetal tissues.
It was considered that fibroblasts from adult animals arc the cell type, most suitable as
nuclear donors, in somatic cloning technologies either for biodivesity conservation or
animal breeding (Pennisi and Vogel, 2000): It was remarked that\at the beginning of
primary cell culture, fat tissue should be removed from the muscle samples, the
cartilage and the hair from skin biopies before being put on to the petn dish. Later,
after full growth, the passaging of cells is necessary to maintain the population.
Adequate cautions such as the correct culture medium, temperature and proper aseplic
techniques should always be used to avoid any contamination. The pH of the medium
may indicate the time to refill with fresh medium. A fall of pH from 7.0 to 6.5, tuming
the colour from pink to orange, will a ffect cell viability. 1f the medium ¢ hanges to
yellow, it means that the medium should be immediately removed and replaced. The
morphology and the attachment of the cells also indicates cell viability. Healthy
fibroblasts should be in spindle form with an extension at both ends (Fig 3.1b, 3.1¢).
In contrast, when the cells become round, vacuolate or become detached from the



bottom plate, it shows that the cells have degenerated. This may also arise from
medium contamination or cell senescence.

It has been suggested that primary cell cultures exhibite a limited number of cell
doubling before they reach, a so-called crisis (i.e., senescences), when they cease to
divide further, or undergo spontaneous transformation and become “immortal™ cell
lines (Dinnyes et al., 2001). Cell passage can prevent cell senescence if nutrients are
added to them. The cells afler passage will divide more rapidly because there is more
space and fresh nutrient from the new culture medium, In this study, the cells were
passaged every 3 to 4 days until full confluence. It was demonstrated that primary
cells from foetuses are capable of undergomg a finite number of population doublings
(PDs) in culture before becoming senescence, approximately 30 PDs compared with
20 PDs for fibroblasts oblamed from adult ammals, Cell lines derived from foetuses
differed from those denved from calves and adulis in respect of their growth kinetics.
At the beginning afier plating, foetal fibroblasts grew much faster than calf and adult
fibroblasts but later the ratg declined more rapidly than that of call and adult
fibroblasts (Kasinathan et al, 2001). Furthermore, the mean cell cycle length, in
isolated cells, varied from 96 to 15.5 b and was similar to that of embryonic cells,
while in population or gonfluenge cultures where the cell cycle length was extended.
This means that the cell cycle length is primarily determined by the degree of contact
inhibition that takes place between cells. The passaging of cells from confluent
cultures results in the immediate resumption of more rapid cell cycles and no
differences are observed in cell evele length between adull and foetal cells. In  this
experiment, fresh skin samples were used, however tissue preservation can be
performed, in the case of valuable specimens, which have died before live skin
samples have been obtained. Silvestre et al. (2003) showed that lower in storage
temperatures allowed an extension of the time interval between an animal death and
success{ul epithelial tissue collection. Al a temperature of 4°C, rabbit and pig skin
specimen can be conserved for at least 14 days.

Using this somatic cell culture and preservation tlechnique and from our
collaboration project with’ the Zoological Park. Organization of Thailand (ZPO),
biopsies from 5 species of endangered feline~speties were cullivated, fibroblast
populations was produced and have been Kept in Liquid Nitrogen in the form of
primary cells. Furthermore, for agriculture, it would be advantageous to use cells from
progeny-tested.animals for the multiplication of superior genotypes. Praven sires well
adapted to tropical conditions should be kept and preserved. In addifion to animals,
the endometrium cells from a human patient, submitted by the IVF unit of the Faculty
of Medicine; Chulalongkom University were cultivated, in order to reproduce an
endometrial cell population, with the aim of future use in the infertility ¢linic. Future
studies should be focussed on cell cycle manipulation, in order to find the appropriate
stage in the cells cycle for cloned embryos lo develop properly.
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Chapter 4

Preliminary Study on Somatic Cell Nuclear Transfer
in Rabbits

Abstract

The objective of the study was to develop a somatic nuclear transfer technigue
using rabbits as a model. The oocytes recipients, aged 16 h post coitus, were collected
surgically from 20 doe rabbils superovulated with 28 and 40 mg Follicle Stimulating
Hormone (FSH) after being mated with a vasectomized male. The metaphase 11 plate
and 1% polar body of the cecyte was later aspirated using an enucleated micropipette
under an inverted micrescope. A single donor cell; eumulus cell, cultured or frozen
fibroblast cell, from passage | to 9. were transferred to the enucleated oocyte and
fused with triple DC/pulses, 3.2 kv, 20 ps. The fused embryos were cultivated in
TCM 199NaHCO; #10% fetal call serum for 4 days. The cleavage rate (2 cell stage)
was 37.2%(32/86) from eight experiments, and 18.8%(6/32) developed to the early
morula stage (>16 cell smg@f, This study indicated that the enucleation pipette and the
somatic cell type influenced the success.

Key words: rabbit, fibroblast¢ells, cumulus cells, nuclear transfer

Introduction

Cloning by somatic nuclear transfer is an updaled technique for producing
multiple numbers of identically genetic animals for breeding purposes and currently it
has been recommended for human medical purposes. The production of human
therapeutic proteins and xenotransplantation, especially using pig organs for humans.
were the objgetives Tor the cloning application in man (Vigoon et al., 2000). In this
study, the rabhit was selected to be the model for'somatic cell cloning, due to its many
advantages, such as a high number of cocytes produced per superovulation, a short
gestatian ‘period,, an: embryothat «deyelopes, well, in ‘the-culture; medium and a
predictable time of oyulation afier mating induction. (induced ovulator) (Yang, 1991).
Futhérmore, the size of the oocyte 1s quite similar to the human and other kinds of
farm animals. The objective of this study was to develop the technique of somatic cell
nuclear transfer.
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Materials and Methods

Somatic cell donor preparation:

The technique of somatic cell donor preparation is presented in Chapter 3. Briefly,
skin biopsies from the ear were obtained from a mature New Zealand White doe. The
fibroblast cell population was prepared by a technique described by Vignon et al.
(1998) and were produced by the subculture of pnimary cells in DMEM+10% foetal
calf serum. After 14 days of culture, the fibroblast cells were trypsinized and later
subcultivated, The c ultured fibroblast cells at passage 1 to 9 and the fresh cumulus
cells recovered after decoronizaton from matured oocytes. The cells were washed
twice by centrifugation in DMEM+10% FCS (Gibco BRL, USA) at 1000g for 10min.
The donor cells were kept in DMEM +10% FCS until being transferred to an
enucleated oocyte or frozen io ~196°C.

Recipient oocyte preparation
Qocytes were obtained from superovulated rabbit does, as mentioned in Chapter

Qocyte enucleation
The metaphase 11 and the 1" polar body were removed in a microdrop of
TCM199 NaHCO:+ 7pgaml’ cytochalasin B(Sigma, USA), using an inverted
microscope, as described by Ieyman et al. (1990) and Chesne et al. (2000). The
success o ' metaphase Il removal was identified by showing it under fluorescencing
after using SpM Hoechst #33342 (Sigma, USA).

Somatic cell transfer

Nuclear transfer was performed by a technique described by Heyman et al.
(1990) and Chesne et al. (2001). Each isolated cell (cumulus or fibroblast cell) was
inserted under the zona p ellucida of the oocyte recipient (fig. 3) and later fused by
electrostimulation (Grass stimulator, Astro-Med, INC. USA), 3.2 kV/ecm 20 psec 3
pulses in 0.3 M mannitol solution containing 0.1 mM Ca™ and Mg"'. Each fused
embryo was placed in asmall drop of TCM 129 NaHCO; +10% FCS under mineral
oil, for 4 days at 37 °C and 5% CO; in air. ‘Cledvage was assessed every 24 h using a
binocular mieroscope.

The process of somatic cell nuelear transfer is deseribed in Fig. 4.1,
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Figure 4.1: The process of somatic cell cloning in rabbits (x300)

a: A matured pocyte with a 1* polar body ofi the surface of the eytoplasm (arrow). The oocyte was
maintainéd by a holding pipette, with an internal diameter (1D) of 20um, and the palar body was placed
between 4 to 5 o'clock Facing the beveled pipette (BP) of 20 um ID

b: The BP was penetrated, through the zona pellucida into the cytoplasm of the oocyte, above the polar
body. The swrounding cytoplasm, around 15-20%, was aspirated by delicate, slow aspiration.

¢: The BP was later pulled back after enucleation had occured

d: A group of fibroblast cells as donor cells.

e: The single fibroblast cell (arrow) was aspirated into the BP and its ip penetrated through the same
enucleation opening

f: The donor cell (arrow) was expelled into the cocyte under the zona pellucida and attached to the
cytoplasm



Resulr

The results in Table 4.1 showed that 32 from 86 (37.2%) reconstructed embryos
cleaved with 43.8% (14/32) reaching the 2 cell stage, 37.5% (12/32) the 4-8 cell stage
and 18.8% (6/32) the =16 cell stage (Fig. 4.2). Cumulus cells can be used as donor cell
providing 69.2% of cleavage while frozen and cultivated fibroblast cells can give
a cleavage ranging from 9% to 90%.

Table 4.1. [n vitro development of reconstructed rabbit embryos after fusion with
cumulus and fibroblast eells

EXP Donor No.  Cleaved Stage of embryo
cell type oocytes embryos
- v//1i (%) 2 cell 4-8cell =16 cell
1 Frozen 5 4 (80%) 4 .
fibroblast .
2 Frozen 19 3(29.2%) 1 2 .
fibrohlast
3 Cumulus cell 13 9 (69.2%) 5 4 2
4 Fibroblast cell 6 1 (16.7%) 1 - -
(P1) ; F/N
5 Fibrablast H 3 (27.2%) 2 1 -
cell(P3) =
6 Fibroblast 10 9(90%) 4 1 4
cell(P4)
i Fibroblast cell 11 1(20%) I
(P6)
8 Fibroblast 11 2 (18.2%) 1 1
cell(P9) ol
Total B6 32 14(43.8 12 6

(37.2%) %) (37.5%)  (18.8%)

(P)= passage
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Figure 4.2: A cloned rabbit embryo after somatic cell nucledr transfer
a: A reconstructed embryo with 4 fibroblastic cell on the surface
(X400)
b: A two-cell stage embryo (X400)
c: An eight-cell stage embryo (X400)
d: A early morula stage (>16 cell) (X400)
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Discussion

This paper describes the technique of somatic cell nuclear transfer using rabbit
oocyles and fibroblasts as a model. Every processes influenced the success of embryo
reconstruction and i vitro development.  The essential steps and factors for somatic
cell nuclear transfer are discussed. Firstly, the microtool preparation; the sharpness,
cleanliness, angle and diameter (about 20 um ID) of enucleating pipette, including the
spike at the end of pipette, facilitated the enucleation. Delicate control during somatic
cell aspiration and transfer into the 0ocyte was also required. Donor cell aspiration by
the pipette should be done before enucleation. The holding pipette was also important,
especially its diameter, which should not bé wader than 20 pm. Secondly, the quality of
the cytoplasm of the oocyte recipient. Thirdly, the location of the 1¥ polar body,
should be between 4 to 5 o'clock, which helps to simplify enucleation. It was
suggested that the tip of the beveled pipetie should be pinched through the zona
pellucida at the same level as the polar body before enucleation. Penetration through
the zona pellucida_should be at the 3 o’clock position and after removing the
surrounding cytoplasm (Fig. 4.1B), the pipetie should be pressed downward towards
the polar body, before aspiration. In some oocytes, a loose polar body, on the surface
of an oocyte can occur and make polar body removal fail. The amount of enucleated
cytoplasm should not be exeessive, in order to have better contact between the oocyle
and the donor cell. F. “ourthly, the selection of doner cells was a prerequisite to success,
a medium size with a elear, shiny c:,rtnplasm should be selected. In this study,
fibroblasts, both frozen and cultivated, were used as donor cells, as well cumulus cells.
It was demonstrated that fihrobiast t:eﬂs in the form of cultivated or frozen, as well as
curnulus cells, can be used as nuclear donors which accords with Chesne et af (2001).

Furthermore,, incubation in cytochalasin B, the depolymerizing product, was
beneficial for enucteation; by preventing cytoplast Iysis. The incubation time in
cytochalasin B was 30 mins before enucleation. The success of the study was
determined by cleavage to the 2 cell and 8-16 c ell stage d uring in vitro culture. In
conclusion, this study demonstrated that f ibroblast cells, cultured or frozencanbe
used in a somatic cell nuclear transfer program,
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Chapter 5

In vitro Development of Cloned Rabbit Embryos from Adult
Fibroblast Cells after Post-activation Treatment with
Cyclohexamide and 6-Dimethlylaminopurine

Abstract

The objective of the study was fo improve the technique of somatic cell nuclear
transfer by using double eglecirical activation and post-activation with two drugs;
cyclohexamide (CHX; @ protein synthesis inbibiter) and 6-Dimethlylaminopurine (6-
DMAP, a kinase inhibiter) after eocyte reconstruction. The metaphase Il and 1*' polar
body of the oocyte avas aspirated using an enucleating micropipete under an inverted
microscope. Cultivated fibroblast cells from passage 9 to 15 were transferred to the
enucleated ococyte. Reconstructed eocytes were later activated by two sets of electrical
stimulation, 1 h apart, (3 DC pulses of 1.2 Kv.em™ for 20 psec each in Mannitol 0.3
M). After the second set of electrostimulation they were incubated in Cyclohexamide
5 ug.ml" and 6-DMAP 2 mM in M199 for 1 h then washed and cultured in M199,
supplemented with 10% FCS. The cleavage, morula and blastocyst rates were
recorded every 24 h for 7 days. The study showed that the cleavage rate was
68.6%(109/159) and the morula/blastocyst rate was 28.9% (46/159). It can be
concluded that cloned morula and blastocysts can be obtained using this protocol.

Key words: rabbit, nuclear transfer, fibroblast cell

Introduction

QOocyte activation is ong the key factors that determines the success of somatic
nuclear transfer. Optimized activation of the recipient cytoplast enhances better
reprogramming of the reconstructed embryo, which leads to successful rabbit cloning.
Electrostimulation or incubation with a single activation chemical, such as ionophore
or ethanol, has been used (o activale reconstructed oocyles (Ozil, 1990; Lui et al.,
2002). Recently a report on rabbits by Chesne and collaborators (2001), showed that
the combination of two sets of electrostimulation, together with the protein synthetic
inhibitor cyclohexzmide and the protein kinase inhibitor, 6-Dimethlylaminopurine (6-
DMAP), provided a high number of blastocysts after somatic nuclear transfer. The
same observation was made by Dinnyes et al. (2000) and Lui et al. (2002). Our
preliminary researches in chapters 2 and 4, showed that cocyte recipients could be
produced with satisfactory results and cloned rabbit embryos, using frozen-thawed,
cultivated fibroblast and cumulus cells, as donor cells, cleaved and developed beyond
16 cells. However, low cleavage rates with a high variation of cloned embryo
development were observed. The objective of the study was to improve the
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development of cloned embryos by using double electrical activation and post-
activation, by using two drugs; cyclohexamide and 6-DMAP, after oocyte
reconstruction.

Materials and Methods
Preparation of donor cells and Preparation of recipient oocytes
The fibroblast cells from passage 9 to 15 and the cocytes used in this experiment
were prepared as described in previous chapters.

Reconstruction by Somatic Nuelear Transfer

The genetic m alerlal removal, “ cnueleation™, w as p erformed under an inverted
microscope. The 1*' polar body and about 20% of the surrounding cytoplasm was
removed in a small drup of TCM199+Hepes+ Tpg. ml™” cytochalasin-B . Single donor
cells were introduced into the perivitelline space of the enucleated oocytes by the
technique described in previeus chapters. Later, the oocyte-donor cell complexes
(ODC) were manually placed ina 5.5-mm gap chamber of Grass stimulator (USA), in
0.3 M mannitol solution, €ontaining 0.1 mM calcium choride and 0.1 mM magnesium
chloride, then e xposed with 3 short. 2-to 3-sec AC pulsesof 3.2 k V/em 20us, to
enable fusion. The ODQ were cultivated for 1 h in TCM 199+10% FCS, at 37°C, in
5% CO; . The fused embiyos were activated by electric current as above and were
then incubated in Cyclohexamide S pgm I and 6-DMAP 2 mM (Sigma, USA), in
M199+10% FCS for 1h (Chesne et al.,2001, then washed and cultured in a small drop
of TCM199+10% FCS, under mineral oil, at 37°C, in 5% CO,. The in vitro
development was assessed every 24h under @ microscope. The cleavage, morula and
blastocyst formation rates were calculated, based on the number of reconstructed

embryos.

Resulrs

Table 5.1 shows the results of in vitro development of rabbit cloned embryos by
using donor cells, from'passage.9 to 15. Theceleavage rate varied from 58.7% to
83.3% and the morulaMlastocyst Tofiation faté was 15.2%0 51.7% with an average
of 28.9% (46/159) (Fig. 5.1).

Table 5.1: In vitre development of cloned rabbitl embryos

No. passages No. reconstructed = No. cleaved embryos No.
embryos (%) morula/blastocysts
e et (%)
9 12 10 (83.3%) 0

10 29 18(62.1%) 15(51.7%)
11 27 22(80.9%) 6(22.2%)
12 40 27(58.7%) 7(15.2%)
13-15 45 32(71.1%) 12 (28.9%)
total 159 109(68.6%) 46(28.9%)

% morula and blastocysts calculted from the number of reconstructed embryos
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Figure 5.1: Cloned morula (a) and blastocyst (b) after using an adult rabbit fibroblast
cell as the donor cell. (X400)

Discussion

Before April 2002 there were no offspring from cloned rabbits using somatic
nuclear transfer. The first successful report was by Chesne et al. (2002). This
permitted its use in biopharmaceutical, @s a method for large-scale production of
foreign proteins (Chesne et al., 2002). Qur previous study in Chapter 4, using the
techniques of Chiesne et al. (2000) and Vignon et al,/(2000), found it possible to
successfully perforni s vitro-development of cloned rabbit embryos, after fibroblast
and cumulus cell transfer, although with limited success. The cleavage rate (2-cell
stage) was 37.2%(32/86) out of which 18.8%(6/32) developed to an early morula stage
(=16 cell). The application o f d ouble e lectrical activation and p ost-activation, u sing
the two drugs cyclohexamide (CHX) and 6-DMAP facilitating the exit of the
artificially activated MII stage, seemed to provide a higher in vitro development rate,
than in our previous results. The cleavage rate was 70% and development to the
morula-blastocysl s lage rate w as 3 0%, with some hatched b lastocysts found a fier 7
days of culture. Cyclohexamide was used to maintain a low level of Maturation
Promoting Factor (MPF) activity, which /was normally -at a high level in mature
oocytes. It was suggested however that 6-DMAP treatment might affect the
reprogramming process of the donor nuclear material in nuclear transfer. The
combination of electrical and 6-DMAP treatment for the activation of recipient
cytoplasts has been used in cattle nuclear transfer (Cibelli et al., 1998). In rabbits,
Dinnyes et al. (2000) found that activation of cloned rabbit embryos, by one or two
electrical pulses resulted in significant lower blastocyst development (0% and 8%
respectively) than one electrical pulse, followed by 1- or 2-h exposure to DMAP. The
blastocyst rate can be increased from to 23 to 29% by the later treatment, A similar
DMAP effect was observed by Liu et al. (2002) who showed that the blastocyst
formation and cleavage rates were greater in parthenote cocytes, when submitted to a
combination of single activation agents, either calcium inophore A23187, thimerosal
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or ¢tharnol with DMAP. It means that the DMAP treatment can be an efficient
component in activation procedures in rabbits, as is found in cattle (Dinnyes et al.,
2000). However, long term exposure to DMAP will lead to chromosomal
abnormalities in cloned embryos.
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Chapter 6

Development of Cloned Rabbit Embryos Using Cumulus Cells,
Serum-Starved and Non-Starved Fibroblast Cells as
The Donor Nucleus

Abstract

This research w as designed 1o study Lhe tn vitro d evelopment o { ¢ loned rabbit
embryos using c umulus cells (EXP1) and muscular fibroblast cells (EXP 11) as the
differentiated donor nueleus, The effect of serum starvation on donor fibroblast cells
on ¢ loning success w asexamined. C ell starvation w as p erformed b y c ultivation in
DMEM culture medium,supplemented with 0.5% foetal calf serum for 5 days. A total
of 311 ovulated oocyles, obtained from FSH-superovulated doc rabbils were
enucleated under a migroscope and later fused-activated after donor nuclear insertion.
The technique of eaucleation, fusion and activation the same as in  our previous
studies. After fusion-activation, the reconstructed embryos were cultivated in B2
medium for 7 days, under 5% CO;, in air, at 38.5°C. The in vitro development was
observed and recorded every 24 h. In EXP I, the cleavage of cloned embryos was
71.8% (74/103) and the blastocyst rate was 15.5% (16/103). In EXP II, there was no
difference (P>0.05) in the development rates between starved and non starved groups.
The blastocyst rates of each group were 25.0% (21/84) in starved group and
28.6%(20/70) in non starved groups, respectively. It can be concluded that cumulus
cells and muscular fibroblast cells can be used as donor nuclear cells in rabbit cloning
and there was no effect from serum starvation on the'donor nucleus for the in vitro
development of cloned embryos.

Keywords: rabbit, fibroblast cells, cumulus cells, nuclear transfer

Introduction

Nowadays, there has been much progress in nuclear transfer by using either
totipotent differentiated donor cells, since the discoveries of Wilmut and collaborators
(1997). In our previous work, we reported on the in vitre development of cloned rabbit
embryos using frozen-thawed or fresh fibroblast cells from skin biopsy and fresh
cumulus cells, however the results showed limited success (Techakumphu er al,
2001). Since modifying fusion and activation protocol has been applied, as described
previously (Chesne et al., 2001), the in vitro development of cloned embryos has
improved as described in Chapter 5. It was found that the type and stage of cell cycle
of d onor cells, i nfluenced the e fficiency o f nuclear t ransfer ( Stice et al., 1993) and
serum starvation can induce the presumed GO stage (Wilmut et al. 1997). The result
from GO stage donor nuclei provided a higher result in somatic cell cloning than other
stage. From this knowledge, this experimental work was designed to study the in vitro
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development of cloned rabbit embryos, by using cumulus cells (EXP 1) and cultured
muscular fibroblast cells, in serum-starved and non-starved conditions (EXP II).

Materials and Methods
Preparation of donor cells
The donor cells came from cumulus cells and fibroblast cells. The cell
preparation followed the procedures described below:

a) Cumulus cell isolation (EXP 1)

Fresh cumulus cells from the mature oocyle were recovered at the same time as
the oocyte recovery. The cells were dissociated mechanically by pipetting in TCM 199
for several times and preserved until used.

h) Primary cell culture of fibroblast cells (EXP 1)

The fibroblast cells were obtained from biopsy of muscle and prepared as
described in Chapter 3. The fibroblast cells from passage 2-5 were used as donor
nuclear cells. The cell'starvation was performed by culture in TCM 199+0.5% foetal
calf serum for 5 days before usage.

Preparation of recipient aocyfes

The ovulated imature ooeytes recoverad from mature New Zealand White doe
rabbits after superovulation were used as recipient oocytes as described in Chapter 2.
The oocytes were incubated in TCM-199 (Sigma, USA) supplemented with 0.1%
Hyalurodinase for 15 min. in 5% CO, at 38.5°C. The cumulus cells were removed and
oocyles were later incubated in TCM-1994 2.5 M Hepes, with 7 pg /ml cytochalasin-B
for 30 min. Each oocyte was then enucleated by micromanipulation under an inverted
microscope. The technique of enucleation was as previously described in Chapter 4.

Reconstruction by somatic nuclear transfer

An isolated -cumulus cell or a_fibroblast cell was inserted inside the zona
pellucida (Fig. 6.1), next to the surface of the ooplasm of the recipient oocyle and
subsequently fused by clectrostimulation (Grass stimulator, USA), with 3.2 kV/em
20us 3 pulses in 0.3 M mannitol solution and 0. mM Ca'" and Mg'". After 1 h
activation, fused embryas were activated by an electric current using the same pulse.
The oocytes-were immediately-incubated .in. 5 pg/ml. cyclohexamide and 2mM
6-DMAP (Sigma USA), dissolved in TCM199+10% FCS for 1 h (Chesne ef al.,2001),
then washed and cultured in a small drop of B2 medium (Menezo, France), covered
with mineral oil, at 38.5°C, in 5% CO, in air. The in vitro development was assessed
every, 24 h under.a microscope. The cleavage, morula and blastocyst formation rates
were calculated based on the number of reconstructed embryos. The starved and non-
starved groups were compared by using Chi-square analysis.

Result

Fused and cultivated embryos were seen from 73.5% cumulus cells, 91.3% for
starved fibroblast cells and 88.6% non-starved fibroblast cells, For cumulus cells, the
cleavage rate was 71.8% and the rate of 4 cells, 8-16 cells, morula and blastocyst
formation were 11.7%, 7.8%, 35.0% and 15.5% respectively. The development of
cloned embryos when compared between starved and non-starved groups, was not
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significantly different for either the cleavage and the development rate of each
category The blastocyst rates were 25.%(21/84) and 28.6%(20/70) in starved and non

starved groups respectively (Table 6.1, Fig. 6.2).

Table 6.1: The in vitro development of cloned rabbit embryos using cumulus cells,
serum-starved and non-starved fibroblast cells, as the donor nucleus _
EXP  Typeof Replicates Recons- Fused- Cleavag 4cell 8-16cell Morula Blastocyst

cell tructed  Cultivated c (%) (%) (%) (Ye)
oocytes  Embryos (%)
(%)
| CUMU 12 140 103 74 12 8 36 16
LUS (73:5y(71.8) (11.7) (?g) {_31;._!‘.}) JESJ _
I SFB 10 92 84 74 14 8 31 21
(91.3) (88.1) (16.6) (9.5) (36.9) (25.0)
NSFB 9 79 70 58 8 7 22 20

(88.6) (829) (11.4) (10.0) (31.4) (28.6)
SFB = scrum-starved fibroblust, NSEB = nion-starved fibroblast

Figure 6.1: A fibroblast cell (arrow) being transfered to an enucleated oocyte (x300)
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Figure 6.2: Cloned embryos at different stages
a) 2 4 cell stage (x300)
b) morula stage (x300)
c) Blastocyst (x 300)
d) Hatched blastocyst from SNT (x200)

Discussion

The results obtained in_this study were 10-15% better than the cleavage and
morula rates, seen in Chapters 4 and 5. It svas remarkable that the hatched blastocyst
rate could be increased from 3% in Chapter 5 1o approximately 15% in EXP 1 and 30%
in EXP II. Hatched blastocysts were obtained in almost every replication. The result
was comparable to other reports (Dinnyes et al., 2001; Li et al., 2002) but lower than
that from Chesne ef al. (2001). Improvement came from two factors, the first was the
duration of enucleation and donor nuclei transfer, which was around 3-5 min. for each
oocyte. It has been recommended that a faster process could provide a higher cloned
embryonic development (Chesne, 2002; personal communication). The second factor
was the culture condition; culture medium and culture temperature. In this experiment,
a B2 complex medium was used instead of TCM 199+10% foetal calf serum, and the
termperature, being changed from 37°C to 38.5°C which have been used effectively
for embryo culture in manipulated rabbit embryos (Techakumphu et al., 1987)
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In our study, it was demonstrated that cumulus cells and cultivated fibroblast
were lolipotent and could be used as donor cells. This finding was in agreement with
reports in the literature (Dinnyes er al., 2001; Chesne et al., 2000, 2001; Kithholzer et
al., 2001). It was remarked that the size of the cumulus cells was small, around 50% ol
the size of fibroblast cells and this may cause a poorer fusion rate, compared to that
from fibroblast cells. The fibroblast cells were easily obtained by the primary culture
of biopsied muscle. From our experience, muscle biopsy provided a better fibroblast
cell outgrowth from the explant, approximately 2 weeks afler sceding and higher
multiplication, than skin biopsy. It has been suggested that serum starvation can assist
the cell into entering GO stage of the cycle and these cells provide a higher success rate
for somatic cell cloning when correct and complete reprogramming is done, after
transfer to the oocyle cytoplast (Wilmut et al.; 1997). From our results, the i vitre
development of cloned embiyos showed no significance difference between non-
starved versus serum-slaryed fibroblast cells. Dinnyes er al. (2001) found that the
cleavage rate of embryos produced from starved cells, was significantly higher than
that from non-starved cells, however, the blastocyst rate showed no difference
between the two weatments. Kithholzer er al. (2001) found that the use of serum-
starved cells (G0) showed ne positive effect on the development of cloned embryos
in vitro, when compared to cyeling célls. It can be concluded that cumulus cells and
muscular fibroblast cells €an be used as donor nuclear cells for rabbit cloning and
there is no effect of serum starvation on the donor nucleus on the in vitro development
of cloned embryos.
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Chapter 7

Development of Cloned Embryos from Adult and
Foetal Rabbit Fibroblast Cells

Abstract

The objective of the study was to investigate the in vitro development of cloned
rabbit embryos using adull and foetal fibrohlasts as donor cells. A total of 473 matured
oocytes obtained by superovulation were used as the recipient cytoplast. The oocytes
were subjected to epiflnorescent staining, with SpuM Hoechst 33342 for 15 min, to
visualize the metaphase ehromatin. All processes followed our previous studies. It was
found that a higher development rate was found in cloned rabbit embryos using adult
fibroblast cells as denors (11.8%, 16/104) than those using foetal fibroblast cells,
either starved cells (4.7%, 3/64) or non starved cells (4.3%, 1/11). The major obstacle
was oocyte lysis afterenueleation.

Key words: in vitro dévelopment, adult and foetal fibroblast cells

Introduction

There are many factors affeciing the efficiency of somatic nuclear transfer.
One of them is the source of the donor nucleus. Before the birth of the sheep Dolly in
1997 (Wilmut et al., 1997), rabbit embryos at stages, between 8-cell to blastocyst, had
been used to study nuelear transfer (reviewed by Heyiman and Renard, 1996; Wolf et
al., 1998). Nowadays differentiated cells are used, such asfresh cumulus cells (Chesne
el al., 2002), cultivated cumulus cells (Yin et al., 2000} and adult fibroblasts (Dinnyes
et al., 2001). The fibroblast cells can be obtained not only from adults but also from
foetuses and be used as donor cells in a nuclear transfer program, In this paper, we
report on the.in vitro-development of cloned rabbit embryos, using adult and foetal
fibroblast cells; as donars.

Preparation of Donor Cells:

Adult fibroblasts and foetal fibroblasts were obtained according te the techniques
reported in Chapter 3. The cells were starved by cultuning in DMEM+0.5% FCS for 5
days, before using. The study was made on 3 groups; AF, adult fibroblasts, SFF,
starved foetal fibroblasts and NSFF, non-starved foetal fibroblasts.

Micromanipulation

Oocytes were obtained after superovulation according to our report in Chapter 2
and later stained with 5 uM Hoechst 33342 (Sigma, USA) for 15 min when the
fluorescent metaphase and the first polar body were removed under an ultraviolet
microscopy, with a 20 pm (inside diameter) glass pipette, in TCM 199 Hepes (Gibco,
USA), together with 0.3% BSA (Gibco, USA) and 7.5 pg/ml cytochalasin B. Medium
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sized-fibroblasts, with a clear cytoplasm, w ere transferred t o the enucleated o ocyte.
The enucleation, donor nuclear transfer, fusion, activation and culture were followed,
as In our previous reports.

Result and Discussion

In this study, it was found that a high percentage of oocyte lysis occurred in all
three groups about 40-60%. Almost all of them were lysed before fusion and
activation. This made the number of cultured embryos to be lower than expected. The
exposure to Hoechst staining and the trauma from cyloplasmic penetration during
enucleation were the causes of lysis. The results in bovines previously showed that the
cytoplast efficiency was reduced after the ultraviolet stain exposure (Smith, 1993) or
from the removal of a significant amount of cytoplasm (Westhusin et al., 1996).

Table 7.1: In vitro dcvﬂapm&nl of cloned rabbit embryos using adult fibroblasts and
starved and non starved foetal fibroblasts

Group Oocytes Regons Cultured Cleavage Development (%)
tructed gocytes (%) deell  B-16¢cell CM B 1o HB
oocytes
AF 259 251 136 104 43 26 19 16
(10)* (76.5%)" (31.6%) (19.1%) (14.0%)" (11.8%)
SFF 182 160 64 37 18 5 0" 3
(8)* (37.8%). (280%) (7.8%) (4.7%)
NSFF 40 40 23 - 5 4 0° |
()* o (AT8%)° . (21.7%) (17.4%) (43%)

{ J* replications, % of cleavage calcolated by no. of culfiured cocytes

AF=adult fibroblasts, SFF=starved fibrahlasts, NSFF=non starved fibrohlasts

CM=compact morula, B=blastocysi; HB=haiched blasiocysi

Values with different létters (a, b) in the same column differ significantly (chi-square analysis,
P<0.05).

In nuclear transfer, enucleation of metaphase II (MII) oocytes is commonly
used as the recipient cytoplast for donor differentiated cells. Metaphase Il oocytes can
be enucleated blindly by aspirating the first polar body and 10-20% of the adjacent
cytoplasm material. 1t is-impossible to visualize metaphase chromatin with standard
light microscopy (Mohamed and Takashashi, 1999). In thus study,” the oocytes were
incubateéd in Hoéchst dye béefore enucleation and it was found that a MII chromatin in
a >20hpe oocyle was scaltered ‘inal least 3 positions, as shown in Fig 7.2, while for
young oocytes (15 hpc), more than 90% was located near the first polar body (Table
7.2, Fig 7.1a). In rabbits, Dinnyes et al. (2001) reported that the metaphase plate was
adjacent to the polar body in 55% of the observed oocytes, aged 15 hpc. They
suggested that in most cases, the coloration and texture of the cytoplasm allowed
visualization of the melaphase plate when using Normarnki optics. The metaphase
plates in some oocytes were not clearly visible and these oocytes needed
epifluorescent staining to verify the success of enucleation.
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Figure 7.1: Schematic figure of the metaphase IT location as related to the 1 polar
body. The MII (metaphase) is commonly adjacent tothe 1 ¥ polarbodyina young
oocyte (15 hpe, a), bur'in aged oocytes (20 hpe), at least 3 positions; a, b, ¢ of MII
can be found (b)

Table 7.2: The ratio of oogytes with the MII close to the polar body (PB) and far from
the polar body, when using young oocytes in each experiment of nuclear transfer

Exp. No. closed to PB far from PB hCG time
oocyles
NT14-03 20 16 4 1930 pm
NT16-03 19 19 . 20.30 pm
NT17-03 21 21 = 19.00 pm
NT18-03 10 7 3 19.00 pm
NT19-03 9 9 - 19.00 pm
total 79 72(91.1%) 7(8.8%)

'NT= Experimental number in nuclear transfer

The effectiveness of'enucleation depended on the location of the MII chromatin,
with only thosg located peripherally to/ the ¢yloplasm cnucleated at the best rate, with
less traumatizing “of the ooecyte.. Mohamed and Takahashi (1999) reviewed the
literature which only showed a 60% success rate. when using @ blind enucleation
technique; | The differences in-MII chramatin location was expected to affect migration
of the meiotic spindle after postovulatory aging (Webb et al,, 1986).



Figure 7.2: A rabbit cocyte before enucleation, stained with Hoecsht 33342, in
order to visualize the metaphase 1l (arrow) (x200)

The percentage of suceessful i vitre development was lower for the foetal
fibroblast group than for the adult fibroblasts. Only 2.3% of cultured oocytes in the
former group reached the blastocyst stage comparé to 11.8% in the latter group, which
was comparable to that of Dinnyes et al (16-18%]}. This result seemed to be lower than
reported in our previous chaplers when using cumulus cells as donor cells, with
enucleation performed by a blind technigque. It 1s Likély that some of the embryos
produced were the result of parthenogenetic development. The cell cycle phase of the
donor cells, at the time of nuclear transfer, is one of the factors affecting the efficiency
of nuclear transfer (Fulka ¢t al.,"1998; Thibault, 2003). The GO-stage foetal fibroblast
may not be suitable for cloning and further experiments comparing GO0 and Interphase
stage foetal fibroblasts need to be conducted to look Tor the effect of the cell cycle
phase on development.

In ‘conclusion, this 'study makes” progress “in'" terms of the “effectiveness of
enucleation, using fluorescent staining, although a high percentage of cytoplasm lysis
and low in vitro development was recorded. Overcoming these limitations will enable
us to produce increased numbers of recipient cytoplasts for the production of cloned
embiryos.
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Chapter 8

A Comparison of A Cell Fusion Technique and An
Intracytoplasmic Donor Cell Injection for The Production of
Cloned Mouse and Rabbit Embryos

Abstract

The aim of this study was 10 examine the possibility of using an intracytoplasmic
donor cell injection technique to produce ¢loned mouse and rabbit embryos and
compare it to the cell fusion technique, developed previously. The study was divided
in two experiments; Exp l,an mice and Exp II, in rabbits. From the study, it was found
that lysis of oocyles during micromanipulation was the main obstacle when cloning
both mice and rabbit embryos. It was found that the injection technique, caused less
development in vitro especially in mice, than the fusion technique. However, cumulus
cells or fibroblasts ean be used as doner cells for intracytoplasmic donor cell
injection, which is an advantage.

Key words : cell fusion techmique, inlra;yippiasmic donor cell injection, mice, rabbit

Introduction

At present, there are t wo p rocedures used to produce c loned animals. T he cell
fusion method, places a donor cell m the penvatelline space of an enucleated recipient
vocyte, fusing the donor and recipient cell with electrical pulses and has been used to
generate cloned sheep (Wilmul et al., 1997), cattle (Cibelli et al.,, 1998), goats
(Baguisi el al., 1999), pigs (Polejaeva et al., 2000) and rabbits (Chesne et al., 2002).
Subsequently, a distinctive nonfusion method, in which donor nuclei were isolated
and injected into-the cytoplasm-of enucleated ooeytes was-developed, using piezo-
driven or a non piezo, mechanical injection -method to generate cloned mice
(Wakayama et al., 1998). However, this technique requires ,expensive piezo
generators, technical - skills -and. additional, equipment. Zhou et al. (2000, 2001)
produced cloned mice by the injection. technique without using the piezo instrument.
In rabbits, cell fusion technique, was developed to produced cloned embryos as
described in previous Chapters, however, only Chesne and colleagues (2002) have
generated cloned rabbit offspring. The aim of this study was to examine the possibility
of using the intracytoplasmic, donor cell, injection technique to produce cloned mouse
and rabbit embryos.
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Materials and Methods

Experiment I : Producing cloned mice embryos by a whole cell intracytoplasmic
injection technique

Preparation of oocytes and cumulus cells

Four to six week-old ICR and C57BL/6] female mice (Fig. 8.1) were
superovulated with pregnant mare serum gonadotropin (PMSG, 10 TU) and human
chorionic gonadotropin (hCG, 5 IU) by intraperitoneal injections given 48 hours apart.
Matured oocytes (M II oocytes, Fig. 8.2) were collecled from the oviducts 13 h afler
hCG injection. Cumulus cells were removed by gentle pipetting in 0.1%
hyaluronidase, cocytes and cumulus cells were washed in M2 medium several times.
The oocytes were then cultured in M16 medium at 37°C, under 5%CO,, In a
humidified atmosphere and the cumulus cells w ere cultured in polyvinylpyrolidone
(PVP) and kep! at room temperature until used.

Figure 8.1: Four to six week-old C57BL/6] (a) and ICR (b) female mice
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Figure 8.2: Mattred mouse eocytes collected after superovulation (x200)

Enucleation of MIl oacytes

MII oocytes were incubated for 5 minutes at 37 °C, in M2 medium containing 5
pg/ml cytochalasin B, then placed in a microdrop of the same medium. For
enucleation, the metaphase II plate and a minimal volume of cytoplasm surrounding
the metaphase II plate was removed, as described by Zhou et al (2000). The oocyte
was rotated by a micropipette to allow visualization o f t he m etaphase 11 ¢ hromatin
seen as a bright area in the 4 o’clock region (Kono, 1993). The enucleation pipette,
with an outer diameter between 8-10 pm was then gently pushed, first through the
zona pellucida, then the perivitelline space with the tip of the enucleation pipette kept
in close contact with the plasma membrane above the chromatin area. When drawing
out the cytoplasm and chromatin, the pipette will be blocked by the tough chromatin
before slowly pulling the pipette out of the perivitelline. The enucleated oocytes were
subsequently washed and cultured in M16 medium for 1 h, until they were injected
with a cumulus ecll.

Injection of cumulus cells

The cell membrane of cach cumulus cell was broken by gentle aspiration, in and
out, of the injection pipette which was 5-8 um of diameter. The cumulus cell was then
placed close to the tip of the injection pipette and the pipette inserted into the
perivitelline of the recipient oocyte, through the hole made for enucleation. The
pipette was advanced gently into the ooplasm until its tip almost reached the opposite
side of the oocyte cortex. Gently aspiration of a small amount of cytoplasm into the
injection pipette bringing it into performed, bringing into close contact with the donor
nucleus. Immediately, the donor nucleus was expelled with the surrounding cytoplasm
into the oocyte and the pipette was carefully withdrawn.
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Activation and embryo culture
Reconstruclted embryos were activated about 1 hour after the injection and then
placed in Ca"" free M16 containing 10 mmol/L Sr’" and 5§ pg/ml cytochalasin B, for
6 h. Activated embryos were cultured in M16 medium and incubated at 37°C, under
5% CO;, in a humidified atmosphere. The rates of cleavage and the development to
the blastocyst stage were recorded. All the processes of intracytoplasmic nuclear

injection are presented in Fig. 8.3,

Statistical analyses

Differences in the percentage of oogyles developing to a particular stage were
compared by chi-square analysis.

Figure 8.3: The procedure for intracytoplasmic nuclear injection in mice (x200)
a) The mature cocyte with a visible polar body
b) The mature oocyte stained with vital dye, Hoechst 33342
c) A bevelled sharp pipette with a donor nucleus, facing to oocyte, before introducing inta
cytoplasm
d) The introduction of micrapipette into cytoplasm, stained with vital dye, Hoechst 33342
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Experiment 11 : C omparing the production of cloned rabbit embryos using a cell
fusion technique and an intracytoplasmic donor cell injection

Recipient oocyte preparation
Ovulated mature oocytes were recovered from mature New Zealand White doe
rabbits after superovulation, as described in Chapter 2. The oocvtes were incubated in
0.1% hyaluronidase, 5% CO,, at 38.5°C, for 15 min before the cumulus cells were
removed by gentle pipetting.

Preparation of donor cells
I : Fresh cumulus cells
Fresh cumulus cells from the matured oeeyles were recovered at the time of
oocyte recovery. The cumulus cells were washed several times, dissociated
mechanically by pipetting in TCM199 and prescrved in polyvinylpyrolidone (PVP),
at room temperature, until used.
Il : Fibroblast cells
Fibroblast cell lines were established from skin samples taken from rabbit ear
biopsies. The frozen fibroblast cells were thawed and cultured to confluences, which
normally took 3-4 davs. The confluent culture was then extended for 2-3 days with
serum starvation. The technique is described in Chapter 3.

Enucleation of MII gocytes
For enucleation, a group of oocytes w ere transfered into a droplet o f TCM199
containing 5 pg/ml cylochalasin B and 5 pg/ml Hoechst 33342 and incubated at
38.5°C, 5% CO3, in a humidified atmosphere for 15 min. Enucleation was done by
aspirating the first polar body and the metaphase 11 plate with a small amount of
cytoplasm. Successful enucleation was confirmed under UV light.

Nuclear transfer
I : Cell fusion techmique
To transfer the donor nucleus into the perivétilline space of the recipient
oocyte by the technique as described in Chapter 4.
1T : Whole cell intracytoplasmic injection (Fig. 8,4)
The intracytoplasmic donor ecll -injection was conducted using a similar
procedure to the cumulus cell injection, described in Experiment 1.

Fusion and activation of reconstructed eacytes
The reconstructed oocyles produced by the cell fusion technique were fused and
activated as described in Chapter 4. The reconstructed oocytes produced by the
intracytoplasmic donor cell (Fig. 8.4) injection technique were washed several times
and preincubated for 1 h, in an activation medium, in 38.5°C, 5% CO3, in a humidified
atmosphere. Activation of this group of oocytes used the same procedure as the one
used by the cell fusion technique.
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In vitro culture of reconstructed embryos and parthenotes
After activation, the reconstructed and control embryos (parthenotes) were
thoroughly washed and cultured in a 50 pl drop of B2 medium, for 7 days a 38.5°C,
5% CO;, in a humidified atmosphere, without any medium changes. The rates of
cleavage and development to the blastocyst stage were recorded.

Statistical analyses
Differences in the percentages of oocytes developing to a particular stage were

determined by chi-square analysis.

—
- \.‘)

Fig. 8.4: Anfquacydup]amicpﬁﬂ injeufim i'ﬂlu:hfi_i;j rabbit oocyte (x250)
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Results

From Table 8.1, it can be seen that enucleation succeeded in 36% (41/114) and
42.9% (21/49) in the two strains of mice. The survival rate of intact oocytes was
61.0% (25/41) and 66.7% (14/21) respectively, No injected oocytes cleaved in
comparison to that seen in the parthenote group, which was 18.2%(10/55).

Table 8.1: The production of cloned mice embryos by an intracytoplasmic donor cell
injection technique

Breed Treatment Total Enucleated Intact gocytes Culture In vitro development
oocyles oocytes  afler injection oocytes 2-4 8-16 CM B
B ) (%) (%) (%) (%) (o) (%) (%)
ICR nuclear 114 4] 2 4 n* 0 0 0
transfer (36.0) (61.0) (16.0) (0.0) (0.0) (0.0) (0.0)
C57BL/6)  nuclear 49 21 14 3 0* 0 0 0
transfer (42.9) (66.7) (21.4) (0.0) (0.0) (0.0) (0.0
parthenotes .~ 55 - - 55 10" 0 0 0

(100) (18.2) (0.0) (0.0) (0.0)

CM=compact morula

The percentage of injected rabbit oocytes cultured was 74%(37/50) and
25.3%(22/87) in cumulus and fibroblast cells respectively, in comparison to fused
oocytes, 77.5%(55/71) for cumulus and 75%(24/32) for fibroblast cells (Table 8.2).
Higher cleavage rates were found in the cell fusion group in both cumulus and
fibroblast cells than the intracyloplasmice injection group (P<0.05). The cloned
embryos can develop to 8-16-cell, morula and blastocyst stages in the cell fusion
group while almost all of the cloned, injected embryos did not develop beyound 4-cell
stage

Table 8.2. A comparison of the cloned rabbit embryos that were produced using
intracytoplasmic donor cell injection (INJ) and acell fusion technique (CF)
Techniques ~ Donor ¢ell  Total Cultured

oocytes ' ‘oocyles In vitro development

(%) 2-4 8-16 CM  blastocyst
IbN NI | @) | (%) (%a) ()
1

INJ cumulus 50 37 0 0 0
(74.0) (27"  (0.0) (0.0) (0.0)
CF cumulus 71 55 24 2 1 3
(77.5) (43.6)° (3.6) (1.8) (5.5)
INJ fibroblast 87 22 ] 1 0 0
(25.3)" (45" (4.5  (0.0) (0.0)
CF fibroblast 32 24 7 1 0 0

(75.00" (292" (42) (0.0 (0.0)

CM = compact morula
*® significant difference (P<0.05) in the same column
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Discussion

In this study, a technique for intracytoplasmic nuclear injection was developed
in mice and rabbits. Al the beginning of the development of nuclear transfer
techniques i n mice, microinjection w as used but no mice o ffspring w ere born. The
first fusion technique was performed successfully by the birth of Dolly (Wilmut et al.,
1997). Al the present time, new breakthrough techniques to reduce the problems of
oocyte lysis and the successful cloning of mice, have done using the piezo-driven
mechanical injection method (Wakayama et al., 1998). However, piezo-driven
mechanical injection requires a number of technical skills and much additional
equipment. In the study, an intracytoplasmic doner cell injection, without piezo, was
developed to produced cloned mice and rabbit embryos.

In the first experiment, it was shown that less than 50 % of oocytes survived afler
methaphase 11 plate removal The main cause was oocyte lysis during zona penetration
or during withdrawal of the enugcleation pipette. It was found that the cytoplasmic
membrane of mice is Very sensitive and fragile during enucleation. Attempts to reduce
the lysis, 2 minimize trauma at the time of enucleation is required (Zhou et al., 2000).
An altermnative technique, which can inerease the success of enucleation, is a partial
zona free or total zona free technique, before enucleation. It was noted that the in vitro
development of reconstructed mouse embryos was not good and this included the
parthenotes group of oogytes. Development blocking at the 2-cell stage was observed.
Haydar et al.. (2001) has suggested that several strains of mice exhibited a block at the
2-cell stage which may also be caused by adverse culture conditions, such as
imbalance in the concentration gf certain constituents (Biggers, 1971).

In experiment 11, the number of surviving rabbit oecytes, after enucleation was
higher than that in-mice, because the cyloplasmic membrane of rabbit oocytes is less
sensitive to enucleation than the mouse oocytes This was so even though a larger
diameter of enuclealion pipette was used, 15-20 pmé compared to 8-10 pm¢ in mice.
The cloned embryos produced by cumulus cell or fibroblast cell injection can develop
the 2-4 cell stage but this is lower than that seen in the cell fusion technique. This
result may indicate that donor rabbit cells were not well reprogrammed, so that DNA
transcription did not occur (Lee et al.; 2003). However, it ¢an be seen from the results
that both cumulus cells and fibroblast cells can be a source of donor cells for
injection.

In_concluston, intracytoplasmic, donor cell injection procedures were not suitable
to produce mouse and rabbit cloned embryos. A lower rate of success was seen in
both species when compared to the cell fusion technique which has been developed
and described in previous chapters.
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Chapter 9

Conclusion

Nuclear transfer is one of the advanced technologies that can serve either animal
production in terms reproductive cloning or humans, in the role of therapeutic cloning.
It can also be used for studying basic cell biology. Furthermore, nuclear transfer in
cooporation with genetic modification, will serve transgenic technology in the future.
In this study every step of the technique of somatic cell nuclear transfer using rabbit
oocytes as a model, were developed. Each siep influences the success of embryo
reconstruction and the i vitre development, so that it can be concluded that:

L

Oocytes production by a superovulation program with rabbit does produced a
moderate number of ©ocyles, at an average of 20 per donor, although high
variations of responsé were noted and the season affected the outcome. These
oocytes can serve as recipient oocyles in somatic cell nuclear transfer.

Somatic cell culwre and preservation can be developed by using fibroblast
cells from skin and muscle of either adults or foetuses and it was found that
these tissues could be cultivated and passaged successfully as donor nuclei in
the nuclear transfer program. This technique is already used in other species
such as wild endangered, felidae species.

The success o [ the study was d etermined by cleavagetoa 2 cell, 8-16 cell,
morula and blastocyst stage during in vifro culture. It was demonstrated that
fibroblast cells cultured or frozen ean be used in a somatic cell nuclear transfer
program. _

The success of somatic cell nuclear transfer can be improved by using a double
clectrical activation and post-activation with two drugs; cyclohexamide (CHX;
a protein synthesis inbibitor) and 6-Dimethlylaminopurine (6-DMAP, a kinase
inhibitor) afler oocyte reconstruction. A higher in' vitro development rate and
later embryo stages; morula and blastocyst, can be produced by this technique.
Cumulus celis and muscular fibroblast cells can be used as donor nuclear cells
for rabbit c loning and there is no e ffect from se rum s tarvation o { the d onor
nuclei on the in vifro development of cloned embryos.

The application of epifluorescent staining helps the effectiveness of
enucleation, however a high percentage of cyloplasm lysis and low in vitro
development was recorded. Overcoming these limitations will enable us to
produce incréased numbers of recipient cytoplasts for the production of cloned
embryos.

Finally, the study in mice and rabbits showed clearly that intracytoplasmic,
donor cell injection procedures were not suitable to produce either mouse or
rabbil cloned embryos. A lower rate of success was seen in both species when
it was compared to the cell fusion technique which had been previously
developed.
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