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CHAPTER 11

LITERATURE REVIEW

Somatic cell nuclear transfer in mammals

Somatic nuclear transfer (N as been performed with frogs since the early

nuclear donor (reviewed™h Imar 19@). In 1966, fertile adult frogs

1' ﬁ« on -of "dif

were obtained by ferentiated somatic cell nuclei

'

(intestinal cells), p ofth F;’ -..'_;_ differe ion, inactive genes were not
permanently inactivéted don apd ’ \\ K The first report of live births
jﬂ

zygotes (Illmensee and Hope, 4981} HeWwever, even in mice and sheep where donor
s 2

in mammals (mice) dppe#re m ,;.‘ on of inner cell mass nuclei into

nuclei from embryos at early. s.have been successfully used (Willadsen,

put e

1986; Tsunoda gt-al., 1987), live | j ............... only Hbtained from embryonic cell
1V — |
donor.  Until in il‘ En‘l y”, was born by transferring
4

nuclei from adult celhs gto enucleated Q9cytes (Wilmut et al., 1997). Since then,

there have @ u&' ’Jl mﬂm)ﬁlws %}’] ﬂdﬁe other cloned mammals

such as cattle igs nd rabbi 8; Vignon et al.,
1993‘3&51 qgf] iﬂﬁ ﬁﬁ?ﬁge eﬁoz). It has been
suggested that somatic cells can be subjected to genetic manipulation in vitro and can
produce viable offspring (Schnieke et al., 1997). Wells et al. (1998) stated that
somatic cell NT is a powerful technique for multiplication of unique animal genotypes

and preservation of endangered animals, and its application being further expanded to

the areas of transgenic livestock (Schnieke et al., 1997).



Table 1. Live clones produced by somatic nuclear transfer

Species References
Sheep Wilmut et al., 1997
Cattle Cibelli et al., 1998; Kato et al., 1998; Vignon et al., 1998;

Mice
Goat
Pig
Cat
Rabbit
Deer
Mule

Horse

- nuﬁhmque omg;ﬁu? am-js’ ’] fﬁlg described by Willadsen
(191@ wr}eﬂ ﬁxﬁwﬂm? tﬁlmlﬁ Elsenes of complex

proceaures including culture of donor cells, in vitro maturation of recipient oocytes,
enucleation, cell or nucleus injection, fusion, activation, in vitro culture of
reconstructed embryos and embryo transfer (Han et al., 2003). The somatic NT
procedure is shown schematically in Figures 1A and 1B in its current two main
variations (Colman, 1999/2000). In each case, a diploid nucleus is introduced into an

enucleated metaphase II (MII) oocyte. In both cases, enucleation is performed by



effectively removing a region of the oocyte containing the maternal chromosomes. As
reported in cloning of mice from adult donors (Wakayama et al., 1998), the donor cell
was disrupted by suction into a grass microneedle that was then inserted, and the
nucleus delivered, into the oocyte using a piezo-electrically controlled pipette holder.

This technique is called “Honolulu Technique”. Another technique called “Roslin
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Figure 1. Diagram of somatic nuclear transfer technique

A. For livestock, the donor cell is inserted into the zona pellucida alongside the
oocyte membrane. Fusion is induced by short high voltage pulses at right angles

to the juxtaposition of the two cells.
B. In mice, the donor cell is disrupted by suction before deposition into the oocyte.

Reconstructed embryos are activated and cultured either in vitro or in vivo before
return to a foster mother. (Colman, 1999/2000)



Sources of somatic nuclei

The first step in cloning and a major source of experimental variation is
choosing a donor cell (Oback and Wells, 2003). A variety of somatic cells, such as
embryonic cells, fibroblasts, mammary gland cells, cumulus cells, oviductal cells,

leukocytes, granulosa cells, germ cells, and liver cells, have been used as donor nuclei

for production of cloned aninials (CamhsEilfet al., 1996; Wells et al., 1997, 1999;

Wilmut et al., 1997; Sclifiieke-e @et al., 1998; Kato et al., 1998;

Wakayama et al., 1 ayama and Yanagimachi, 1999;

Zakhartchenko et al.. tially, all female cloned animals
derived from adult sgfat€ g e produced ag, cells of reproductive system.
Male mice were also gfodiics V' ig 1 ted sertoli cells with the desired foreign
DNA as donor (Ogura § é _ 2@?@1{ } yever | as demonstrated that no cell types
was more efficient than the o *-'*‘ %3 I cloning (Kato et al., 2000). Presently,
the most commo Ly\us somatic cell§ a hoto gically defined “fibroblast-
X

like” phenotype V . ts derived from adult skins

are the most populary because it is an easy-to-obtain sﬂrce of donor DNA without the

fimitations oﬁnﬁﬂ?}e%ﬂn&f%lﬁqms et al., 2001),

Stages of dona'l cell cycle

kbl b SRLUBAT NYANY o e

commonly used to produce cloned animals (Campbell et al., 1996; Wilmut et al.,

1997; Kato et al., 1998; Baguisi et al.,, 1999; Wells et al., 1999; Polejaeva et al.,
2000). Serum starvation and growth arrest when cultured cells reach confluence are
two methods generally used to synchronize cells in the GO/G1 cell stage. Another

method of arresting in these phases of the cell cycle has been explored using the
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specific cyclin-independent kinase (CDK) 2 inhibitor, that is a reversible inhibitor,
roscovitine (Gibbons et al., 2002). A higher proportion of cells were synchronized in
GO0/G1 phases of the cell cycle with the roscovitine treatment compare to the controls
or serum-starved cells.

Donor somatic cells not in GO/G1 phases can also be used to produce cloned

offspring. Clone mice have beer rocnéafl for embryonic stem cells synchronized

in M phase by nocodaz le treair i t al., 1999). This method was

applied to produce a( ) RIS lls. (Tani et al., 2001) and cloned
mice from fetal fibro X )] cently, a cloned piglet has been

S.donor cells, most of which are

Sources of recipient cytoplasts

As mentioned above, the clofin involves transfer of a donor cell
nucleus into an e wdle ' tre u ent of the donor cell and
: Tl
y factors in the successful out ,,.I. me of this process (Keefer et

al., 2001). ﬂvﬁ ﬁ%ﬁﬁ% waﬂ ﬁfﬂﬁhe recipient oocytes for

blastomeres foqlembryo cloning incattle (Prathe etal., 1987) wever, according to

e igh SR B @nﬁmummwmam vitro matured

oocytes (Barnes et al., 1993; Keefer et al., 1993). Cloning in cattle now used a totally

recipient oocyte arege

in vitro approach: recipient oocytes are derived from slaughterhouse ovaries and
reconstructed NT embryos are cultured in vitro to the blastocyst stage prior to transfer
(Cibelli et al., 1998; Wells et al., 1999). In other species, including sheep, goats and

mice, in vivo matured oocytes are used predominantly (Wakayama et al., 1998;
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Baguisi et al., 1999: Wells et al., 1998). The use of in vitro matured oocytes in small
ruminants can provide similar advantages as those seen in the bovine system. It has
shown that even cloned goats can be generated using oocytes derived from abattoir
ovaries (Reggio et al., 2001) and from laparoscopic ovum pick up (Keefer et al., 2001;

2002), with 2.7 to 7.7% efficiencies.

Ty "'-.
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Stages of recipient cytoplstsused fomnucleartrans er
Maturation o sins| when 00 !are released from the ovary and

”\

put into culture. re _arrested and synchronized at

metaphase of meiosig f {hiese, oogytes ‘are further activated, they will enter

interphase. When VIII, MPF (maturation promoting

factor) activity remaingthigh. ﬁ sibgen ic ‘t led as a complex of two proteins,
- cdc2 , ‘r a P . .
cyclin and p34™™°, a proteii] ase activity of which is regulated by

changes in its phospha atign with cyclins (Nurse, 1990).
= 5

Upon fertilizatio¥ 10 Tihes rapidly (Campbell et al.,
1996a). Therefory 1t is immediately apparent thﬂme cytoplasmic environments

following rﬁﬁt&x’ﬂ ﬁ W ﬂﬁoﬁﬁm activated oocytes are

used as reci ent cytoplasts. The reduction f MPF actlvn&’can be induced by
pripolel GNEE or b b @na&a 1, 1993; Campbet
etal., 1993, Kurosaka et al., 2002; Du et al., 2002).

Non-activated oocytes (metaphase II; MII) have been used as recipient
cytoplasts in most somatic cell NT studies (Stice et al., 1998b Keefer et al., 2001;
2002; Vignon et al., 1998), although activated oocytes were used in some studies

(Campbell et al., 1996; Baguisi et al., 1999: Tani et al., 2001). However, it has been
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shown that preactivated or activated cytoplasts are suitable for production of
blastomere-derived cloned embryos (Barnes et al., 1993; Stice et al., 1994a;
Bordignon and Smith, 1998; Du et al., 2002) and G1/S phase cell-derived embryos
(Kurosaka et al., 2002). In contrast, there is only one reported of cloned offspring

being produced from embryos reconstructed by transferring differentiated cells into

One major aspectfof Aug sfer procedures is that of oocyte
activation. Without oocyte a n th sferred nucleus would never progress to

the first interphasex It refore of atr ace j the oocyte be activated in

a fashion that isa&. y l‘ d Prather, 1998). During
1 i

fertilization, sperm duced oocyte activation is ; ggered by intracellular Ca®*

—— ﬂsﬂe&j. Eﬁf W91 %:Wﬂ'qﬂzﬁﬁon, —————

been deﬁned% “the Vprorducrztiop of an embryo, l&ith or withoutiyentual development
intoa m&aﬂfﬂaﬁ m%welgm&ﬂﬁnﬂm from a male
gamet:” (Beatty, 1957, cited-in Machéty and Prather, 1998). Parthenogenesis can be
induced artificially, as well as activation of oocytes can be induced artificially by a
variety of physical (Kure-bayashi et al., 2000) or chemical stimuli (Alberio et al.,

2000; Liu, et al., 1998).
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An electrical pulse was shown to induce a single transient peak of Ca® in
mouse (Rickords and White, 1992), rabbit (Fissore and Robl, 1992) and cattle (Collas
et al., 1993). Electrical stimulation induced a rise in intracellular Ca** by inducing
temporary pores in the plasma membrane, allowing an exchange of extracellular and

intracellular ions and macromolecules (Zimmermann and Vienken, 1982). Therefore,

it enables Ca’* influx fro }um (extracellular Ca**). The electric

l@es that are in direct contact.

pulse also induces

3 ‘ s reported 10, stimulate activation of bovine
(Presicce and Yang, 1 ‘A 7_ ",“. al., 1999; Comizzoli et al., 2000;
Alberio et al., 2001) and goat i S , 1999) oocytes. Ethanol can induce a

single Ca®" rise, hich : i ux and from mobilization of

intracellular sto w- [

Or f MII oocytes in medium
containing 7-8% effanol for 5-7 min was general@a sufficient trigger to induce

- L
pronuclear ﬁ'xﬂi&] ﬁgiqﬂ W ﬁ%ﬁfﬂ)ﬂﬁm the blastocyst stage

(Comizzoli e’lal 2000; Alberlo‘et al., 2001) Ionomycm a@her activating agent
Wasas mqta&ra;m uiﬂ ']b'gzmqﬁ ‘EJZ stores (Jones et
al., 1995). Incubation of bovine oocytes with ionomycin in the presence of
cytochalasin induced completion of the second meiotic division (Navara et al., 1994).
Another agent, the protein kinase inhibitor 6-dimethylaminopurine (6-DMAP) blocks
protein phosphorylation thus inhibiting MPF activity. At the same time it_ also inhibits

extrusion of the second polar body due to the inhibition of phosphorylation necessary
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for the spindle apparatus (Machaty and Prather, 1998). Combination with ionomycin
6-DMAP stimulated development of a high percentage of bovine oocytes to the
blastocyst stage (Susko-Parrish et al., 1994). Another protein synthesis inhibitor,
cycloheximide or puromycin, can induce oocytes to enter the first interphase in mouse
(Moos et al., 1996). Activati subsequent development has been more
successful when cycloheximid % treatment is in addition to a Ca’’

transient (Presicce and Yang, 19

DNA replication u/_

replication and preve

NA must be replicated once and
anisms byswhich a cell co-ordinates DNA
p' sly replicated DNA are unclear

(Campbell et al., 1996). bovine embryos reconstructed by NT

into an MII cytoplag efive lope breakdown, regardless

of their cell cyc~ Stag af ‘ reformation of the nuclear
]

t al 1993). However if nucle are transferred after the decline

of MPF actﬂ%ﬂ%ﬂwquﬂ %n replication depends on

the cell cycle%!tage of the transferged nucleus. ucle1 that are ig &1 or S phase initiate

or c«g m r:l:l tﬂlﬂ imlnmrl] g rm %J ‘.]Capae are not induced

to re-repllcate previously replicated DNA (Campbell et al., 1993). It was suggested

envelope (Campbel

that besides chromosomal damage induced by premature chromosome condensation,
factor influencing the development of reconstructed embryos may be DNA content
(Campbell et al., 1996). They also hypothesized that when using oocytes at MII as

cytoplasts, only nuclei that are in the G1 phase of the cell cycle should be transferred.
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In contrast, when nuclei are transferred after the decline of MPF activity,
chromosomal damage induced by premature chromosome condensation is avoided
and all nuclei, regardless of their cell cycle stage, undergo co-ordinated DNA
replication. From this hypothesis, if the transferred nucleus can re-direct development,
an increase in the development rate of reconstructed embryos should be observed.

However, it has shown that t e pmatic cells synchronized in the G1/S

phase and activated c {Bplasts-of regi @ are well coordinated after NT,
resulting in high de\( »f NT- embr ls to the blastocyst stage in vitro

Besides the c-replice fficient time must be allowed for
DNA replication of t e e\both initiated and completed before
ation during the first cell cycle of
embryos typically occurs ove ‘ than in amphibians (7 h in mice: Smith

and Johnson, 19 in ’ incik et al., 1994; in vitro

)

dowever, completion of DNA
I

jﬂe embryos that develop to the

s NN TNEINT
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Cloning of mammals by transfer of a somatic donor nucleus into an enucleated

produced o'v'_'- '

replication can be Edenced by the high percentage

oocyte has shown in principle that this differentiation process is reversible, or that
some somatic nuclei maintain the plasticity to adopt a totipotent state (Oback and
Wells, 2002). Despite the fact that cloned animals derived from somatic cells have

been successfully generated in a variety of mammalian species, there are still
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unsolved problems with current cloning technology (Han et al., 2003). The efficiency
of the NT procedure is extremely low in that only less than 3% (excepted in goats in
some reports) of the reconstructed embryos gave rise to live-born offspring (Table 2),
with almost clones failing soon after implantation. SNT has shown several
a high rate of abortion during early gestation

and increased perinatal death (} fal ,A997; Heyman et al., 2002). In addition,
clones surviving to te nm“fre phenotypes such as enlarged or

developmental aberrancies, including

abnormal placenta ( ; Ogura et al., 2002) as well as

abnormally large birth ~. o syndrome (LOS) (Wakayama

et al., 1998; Young c#fal. ~ atory problems (Cibelli et al.,

2002).

Nuclear reprogramming o

As mentioned e, somatic ragsfer technique consists of a
series of comple “pfo : S i not optimal, the production
fl
of cloned embryos ammals can be mﬂuenced (Ha . et al., 2003). Although many

research gﬂpu\ﬂléziﬂ Efan;ﬁ;w ?ﬂ? cloned animals, the

information aﬂ)ut nuclear reprog?mmmg of cloned embryos 1sd‘m1ted It is known

o RO BADILLIRL) of n enctcte

oocyte needs to become reprogrammed to restore normal embryonic development.
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Table 2. Efficiency of somatic nuclear transfer

Species Fused Transferred Live clones/ Efficiency References
recipients (%)*
Sheep 277 29 1/13 0.4 Wilmut et al., 1997

Cattle 68,932 3,435 0.2 Forsberg et al., 2001

Mouse 263 274, Wakayama and

Yanagimachi, 1999

Goats 138 Baguisi et al., 1999
140 Keefer et al., 2002
Pigs 188 Onishi et al., 2000;
Cats ND" Shin et al., 2002
Rabbits 612 Chesne et al., 2002

“Efficiency (%

®ND: not -‘:Ti“ .

[

AY |
4l 2003)

1
‘o ‘ . ,
AUBINYNINEINT
In theqcl!ontext of mammalian somatic gell cloning, thegterm reprogramming
refer:% mgﬁsﬁgjmunuaaumﬂlﬁ tEJ role of a zygotic
nucleus (Eckardt and McLaughlin, 2004).
Viability of in vitro-derived embryos is known to be inferior to in vivo-
derived embryos, which is possibly due to poor embryo quality caused by imperfect
in vitro conditions (Farin and Farin, 1995). The reduced viability may result in

increasing the incidence of fetal mortality after transfer of the embryos. The current
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cloning system demonstrates high rates of early and late abortion, neonatal and
postqatal deaths (Weiis et al., 1998; Cibelli et al., 1998; Zakhartchenko et al., 1999.
Abortion frequency may relate to a specific deficiency or combined deficiencies in
either in vitro culture system or cloning procedure (Wells et al.,, 1999). It is,
_however, unclear if the developmental failures of cloned embryos are due to the

M procedure itself. The structural

integrity of the preimpl ' important role in the normal

development during e( : \;mon which is associated with

" \ gested to be a factor causing the

Ny

2 OO) Blastocyst formation is

incomplete nuclear reprogr

the first differentiatio 85 duf 18 ear yomic development in mammals,
yielding to the inner cellfmz f dérm (TE) cells (Han et al., 2003).
The ICM cells mainly contri6: ,,._\ L yonic tissues as well as part of extra-

embryonic membranes (Han et al., 2003’ ellsglater in pregnancy, combine

with the ICM-derivee ,J:‘" fetal placenta (cited by
Han et al., 2003). It’mas been proposed that the majoﬂanse of fetal loss is placental
(4

abnormality ﬁlu Elﬁmn Wéfwﬁﬁ‘ ﬂﬁmd TE to total cells is

thought to be %spon&ble for devglopmental fa ures of cloned bryos (Koo et al.,

2002ﬂllﬁ1rl] ae}aam gmutm ta @n&r’aﬁalﬂ directly related
to early abortion of cloned fetus. It has demonstrated that development rates of cloned
embryos to the blastocyst stage were similar to those of IVF (in vitro fertilization)-
derived embryos (Koo et al.,, 2002). Surprisingly, however, cloned blastocysts
showed a significantly higher proportion of ICM cells than IVF- and in vivo-derived

embryos (Koo et al., 2002). It is unclear whether the increase of ICM cells or the
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decrease of TE cells is due to either NT procedure or in vitro culture. However, Koo
et al. (2002) demonstrated that the aberraiwy ratio of ICM or TE to total cells is due to
somatic cell nuclear transfer procedure itself, not in vitro culture. Therefore, from
these findings, it is suggested that cloned embryos with fewer TE cells at the

preimplantation stage is probably responsible for insufficient formation of placenta,

%

the epigenetic reprogramuun®.of somatic donor.genome. Epigenetic reprogramming

processes after SNT firomatin structure, global changes in

DNA methylation, exftessio '- mprinted| genes, restoration of telomere length, X

chromosome inactivai \k‘\ \ ryonic development (Han et al.,

2003). Successful clo \o, aires epigenetic reprogramming of

the differentiated state © a totipotent, embryonic ground state
(Gurdon and Colmg ).” Poor epig oray 5 ing in early cleavage stage

embryos may cansb : 1" at multiple loci, and then

: |
accumulated actionyof many abnormally expressed genes in cloned embryos or

fetuses, caﬂeﬁﬁ%a%ﬁ;ﬂlﬁl&uwg Wﬁent (Han et al., 2003).

Naturally, theq'process of epigenefic reprogramging in early eraBryos erases gamete-

spect Pl @ akitmd i o he gk LHoViY 4nd Reik, 1991 Hi
9

et al., 2000; Oswald et al., 2000). The most dramatic changes in the methylation level

occur during gametogenesis and early embryonic development (Monk et al., 1987).
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