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Somatic Cell Nuclear Transfer in Rodents, the Little Big Animals
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ABSTRACT

Transgenic rats and mice are useful experimental animal models for medical research including human disease

model studies. Somatic cell nuclear transfer (SCNT) technology is successfully applied in most mammalian species

including cattle, sheep, pig and mouse. SCNT is also considered to increase the efficacy of transgenic/knockout mouse

and rat production. However, in the area of reproductive biotechnology, the rodent model is inadequate because of

technical obstacles in manipulating the oocytes including intracytoplasmic sperm injection and SCNT. In particular,

success of rat SCNT is very limited so far. In this review, the history of rodent cloning is described.
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PIEZO—DRIVEN NUCLEAR INJECTION FOR
MURINE NUCLEAR TRANSFER

Although success of cloned sheep following somatic cell
nuclear transfer (SCNT) was reported in 1997 by British scien-
tists (Wilmut ez al., 1997), at that time the scientists of repro-
ductive biotechnology research thought that only two-cell blas-
tomeres could be used as recipient cytoplasm for the produc-
tion of nuclear transfer (NT)-derived mice (Ogura et al., 2001),
and it had been limited to blastomeric cell NT technology. In
addition, the karyoplast of the two-cell blastomere was the
only donor nucleus which can be reprogrammed in enucleated
matured oocytes after one-step simple NT (Kono et al., 1991).
Although Two Japanese groups achieved full-term develop-
ment of blastomeric cell NT murine embryos independently
using enucleated matured oocytes as recipient cytoplasts (Kwon
and Kono, 1996; Tsunoda and Kato, 1997, 1998), both research
groups used these cytoplasts for the first round of NT. Accor-
ding to their protocols, blastomeres of four-cells or later-stage
embryos must be transferred twice: first into enucleated oocytes
and then into enucleated embryos (Ogura et al., 2001). The
breakthrough for murine SCNT was achieved by another Ja-
panese research group (Wakayama et al., 1998) and the novel
method for murine SCNT developed by Dr. Wakayama and

his colleagues is also widely known as ‘Honolulu technique’.

This SCNT protocol has a unique process for the transfer of
donor cells. Instead of electrofusion of a donor cell and an
enucleated oocyte, the donor nucleus is directly inserted into
the cytoplasm of an enucleated oocyte following the puncture
of the plasma membrane of the oocyte by nano-scale move-
ment of the donor nucleus containing microinjection pipette
attached to piezo-actuated micromanipulator. Although oocyte
activation method (strontium treatment) in Honolulu protocol
is also different from conventional protocols for ungulate and
pig SCNT, such as electric stimulus and addition of Ca-iono-
phore/iomomycin (Wilmut et al., 1997; Wells et al., 1999; Roh
and Hwang, 2002), other reports clearly demonstrated that
strontium activation is not essential for a success of murine
SCNT (Kishikawa et al., 1999; Wakayama et al., 1999).

ALTERNATE METHODS FOR MURINE SCNT

After the first report of mouse cloning by Wakayama et al.
(1998), many research groups have attempted to reproduce
their results with original Honolulu technique. However, repro-
ducing microinjection technique using Piezo-actuated micro-
manipulator is not easy to learn for unskilled technicians. In
addition, the fragility of the recipient oocytes after enucleation
compounds the technical problems (Ogura et al., 2001). Diffe-

rent from Japanese groups’ preference of Honolulu SCNT

" This work was supported by the National Research Foundation of Korea (NRF) grant funded by the Korea government (MEST; Grant number

2012-0006145) and Technology Development Program for Agriculture and Forestry, Ministry for Agriculture, Forestry and Fisheries (MAFF;

Grant number 111160-04), Korea.
* Correspondence : E-mail : sangho@snu.ac kr



206 Sangho Roh

method, many other scientists claim that conventional method
of nuclear injection using beveled pipette (Rybouchkin and
Dhont, 2000; Zhou et al., 2000) or electrofusion of donor cell
and enucleated oocytes (Gao er al., 2003; Ribas et al., 2005)
can be applied to murine SCNT. According to their reports,
adding serum to the medium during injection (Rybouchkin and
Dhont, 2000) or careful micromanipulation of the nuclear
injection pipette (Zhou et al., 2000) enable complete murine
SCNT without Piezo-actuated micromanipulator. To avoid use
of expensive equipment and requirement of great micromani-
pulation skills, zona-free NT method was attempted to perform
murine SCNT (Ribas et al., 2005), which is also known as
‘hand-made cloning’, had been applied for pig and cattle clo-
ning (Booth et al., 2001; Vajta et al., 2001; Oback et al.,
2003). The zona-free SCNT showed similar efficiency in the
process of mouse cloning when compared with Honolulu me-
thod in their research articles. However, up to date, Honolulu
technique is still considered as the standard and most efficient
murine SCNT protocol, and commonly used in this research
field worldwide.

It is known that reprogramming related maternal chromatin
associated factors are located around the oocyte nuclei (Szo-
llosi et al., 1986; Latham 1999). With the hypothesis that the
exposure of donor nucleus to intact oocyte may support repro-
gramming by increased opportunities for recruitment of soma-
tic cell and chromatin associated reprogramming factors, donor
nucleus injection prior to enucleation method was suggested
(Kang et al., 2011), which is similar to Honolulu technique
except the order of enucleation and nuclear injection was
reversed. According to their report, the developmental rate to
the blastocyst was not significantly improved but less time-
costing protocol because ruptured oocytes by nuclear injection

could be excluded prior to enucleation.

TYPES OF DONOR NUCLEI AND
RECIPIENT CYTOPLASM

In general, cumulus cells are the choice of donor cells for
SCNT in mice when Honolulu method is applied because of
their small cell size and soft cytoplasm. The donor cell source
of world’s first cloned mice was also cumulus cells (Waka-
yama et al., 1998). In addition, those cells are naturally arrested
at GO/G1 stage in the cell cycle. However, another factor of
donor cell choice is the strain of the mouse. When cumulus

cells from F1-hybrid mice (B6D2F1; most recommended strain

for both donor cells and recipient oocytes) are used, more than
50% of reconstructed oocytes developed to blastocysts, while
almost none of the SCNT embryos developed to term when
cumulus cells are collected from inbred mice (B6, DBA/2,
129/ SvJ; Wakayama and Yanagimachi, 2001). Immature Ser-
toli cells which are the male counterpart of cumulus cells are
also used in the murine SCNT program (Ogura et al., 2000).
According to their report, full-term success rate is slightly higher
than those obtained from cumulus cells.

When applying Honolulu technique in murine SCNT pro-
gram, injecting larger cells such as fibroblasts is more difficult
because larger diameter microinjection pipette is required.
Rigid cytoplasm of fibroblast often leave plasma membrane of
injected cell intact within oocytes, and thus their nuclei failed
to intermingle with the ooplasm (Ogura et al., 2001). Although
Honolulu method is considered as the standard protocol of
murine SCNT, electrofusion is recommended if the large size
donor cell is used for SCNT in mice such as fibroblasts or
myoblasts (Ogura et al., 2000; Gao et al., 2003). It is claimed
that calcium ion should be removed from fusion medium to
allow exposure of the donor chromosomes to the metaphase II
ooplasm containing reprogramming factors (Ogura et al., 2000)
whereas the other group added calcium ion in electrofusion
medium and obtained comparable rate of blastocysts (Gao et
al., 2003).

Embryonic stem cells (ESC) are also used in murine SCNT
program. The primary aim of using ESC is generating cloned
mice with targeted genetic modification (Rideout ez al., 2000;
Eggan et al., 2001). Interestingly, the embryos cloned from
ESC show poorer initial embryonic development during the pre-
implantation stages and higher post-implantation development,
an opposite pattern that seen in SCNT embryos from cumulus
cells (Wakayama and Yanagimachi, 1999). The poor initial
embryonic development is, in part, from cell cycle asynchrony
of the donor and recipient cells because, unlike other cell types,
actively cycling ESC cannot be induced to enter the GO0/Gl
phase, not by confluency nor by serum-deprivation (Ogura et
al., 2001). The unstable character of the epigenetic status in
ESC also resulted in inconsistency of imprinting gene ex-
pression even the cells are derived from the same ESC line or
subclones (Humpherys et al., 2001).

The cloned mouse embryos produced using myoblast nuclei
fail to develop in standard embryo culture medium while thrive
in myoblast culture medium favored by the donor cells them-

selves, forming blastocysts at a significant rate, with high total
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cell number, and a normal allocation of cells to the inner cell
mass in the embryos (Gao et al., 2003), and the results imply
that providing an in vitro culture condition optimized for do-
nor cell type may be critical for maintaining homeostasis and
supporting the reprogramming events in cloned embryos.

In general, mouse cloning by SCNT relies on introducing a
nucleus into a meiotic oocyte at metaphase II stage. In the
experiments using fertilized or artificially activated oocytes as
recipients, developmental potential after SCNT decreased ra-
pidly after fertilization or parthenogenetic activation (Wakaya-
ma et al., 2000). Unlike interphase zygotes, however, when the
metaphase-arrested donor chromosome was introduced into the
chromosome-extracted mitotic zygote which was also arrested
at metaphase, developmental reprogramming of the donor nu-
cleus was successful (Egli et al., 2007). This SCNT model
suggests that the oocyte-free SCNT program may enable to
generate autologous human ESC although recent novel induced
pluripotent stem cell (iPSC) technology (Takahashi and Ya-

manaka, 2006) make this model less interesting.

INHIBITION OF ABNORMAL EPIGENETIC
CHANGES

The low success rate of mammalian cloning by SCNT is
largely associated with epigenetic errors such as abnormal DNA
hypermethylation (Kang et al., 2001). In mice, molecular ana-
lyses of cloned embryos have shown irregular gene expression
in the placenta, kidney and liver caused by abnormal epige-
netic modification (Ohgane et al., 2004). These epigenetic
irregularities in cloned mice result in low success rates of full-
tem development. Therefore, inhibition of abnormal epigenetic
changes including DNA hypermethylation and hypo-acetylation
can improve SCNT efficiency. It is reported that 5-aza-20-de-
oxycytidine, an inhibitor of DNA methylation, resulted in an
improvement of cloning efficiency in mice (Enlight et al.,
2003; Rybouchkin et al., 2006). Other research groups have
suggested that treatment with trichostatin A (TSA), which en-
hances the pool of acetylated histones and DNA demethy-
lation, leads to 4~5 times higher blastocyst rates after SCNT
in mice (Kishigami et al., 2006), and the higher developmental
rate is caused by upregulation of genes for pluripotency and
embryonic growth/trophectoderm formation as well as downre-
gulation of DNA methylation and histone deacetylation (Kang
and Roh, 2011). Currently, TSA treatment during the peri- and

post-activation period of reconstructed murine oocytes is

widely used in many laboratories of this field.

NUCLEAR TRANSFER IN THE RAT

Transgenic rat is useful experimental animal model for me-
dical research along with transgenic mice. However, most trans-
genic rats have been produced by DNA microinjection with
fewer than 20 transgenic rat lines generated (Charreau et al.,
1996) and application of SCNT technology in this species is
poorly successful so far. There is only one report on the pro-
duction of SCNT rats (Zhou et al., 2003), however the pro-
tocol they used has not been reproduced by other scientists yet
and other attempts to produce cloned rat show very limited
success without cloned rat production (Hayes et al., 2001;
lannaccone et al., 2001; Du et al., 2002; Jiang et al., 2002;
Roh, 2005, 2007) although a couple of scientists claimed the
post-implantation evidence of SCNT rat embryos (Du et al.,
2002; Roh, 2007). In particular, different from the mouse and
other species, even nuclear exchange at the same embryonic
stage is rarely reported (Kono et al., 1988; Roh et al., 2003a).

In rats, a high rate of spontaneous activation occurs in ovu-
lated oocytes during in vitro culture. Auto activated oocytes
extrude the second polar body within 60 to 90 min of culture
and show scattered chromosomes, a state termed metaphase
III. After reaching this MIII state, oocytes exhibit very low
rates of normal cleavage following induced activation (Keefer
and Schuetz, 1982). This represents a major obstacle for
SCNT in the rat, as control of activation is a crucial step for
successful SCNT. To overcome this incomplete and abortive
activation, Zhou et al. (2003) used a protease inhibitor that
reversibly stabilizes most oocyte metaphases Il for up to 3 h
and obtained two cloned pups after SCNT. The other group
suggested that oocytes must be activated within 2 h after
collection from donor animals (Roh et al., 2003b), and the
reconstructed embryos should be activated immediately after
nuclear injection in the rat SCNT program (Roh, 2005).

As described above, very limited research groups have in-
volved in rat SCNT field. However, recent success of rat ESC
(Kawamata and Ochiya, 2010) and iPSC (Liskovykh et. al.,
2011) can support improving the SCNT technology in this

valuable experimental animal species for biomedical research.
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