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ABSTRACT

Interspecies somatic cell nuclear transfer (iISCNT) is a valuable tool for studying the interactions between an oocyte
and somatic nucleus. The object of this study was to investigate the developmental competence of in vitro-matured
porcine oocytes after transfer of the somatic cell nuclei of 2 different species {goat and rabbit). Porcine cumulus oocytes
were obtained from the follicles of ovaries and matured in TCM-199. The reconstructed embryos were electrically
fused with 2 DC pulses of 1.1 kV/em for 30 ps in 0.3 M mannitol medium. The activated cloned embryos were cul-
tured in porcine zygote medium-3 (PZM-3), mSOF or RDH medium for 7 days. The blastocyst formation rate of the
embryos reconstructed from goat or rabbit fetal fibroblasts was significantly lower than that of the embryos recon-
structed from porcine fetal fibroblast cells. However, a significantly higher number of embryos reconstructed from goat
or rabbit fetal fibroblasts cultured in mSOF or RDH, respectively, developed to the morular stage than those cultured
in PZM-3. These results suggest that goat and bovine fetal fibroblasts were less efficacious than porcine-porcine cloned
embryos and that culture condition could be an important factor in iSCNT. The lower developmental potential of
goat-porcine and porcine-bovine cloned embryos may be due to incompatibility between the porcine oocyte cytoplasm
and goat and bovine somatic nudlei.
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INTRODUCTION vine oocytes as the recipients and donor cells from
other species such as guar (Lanza et al, 2000), pig
(Yoon ef al., 2001), buffalo (Kitiyanant et al., 2001), and

Somatic cell nuclear transfer (SCNT) is a valuable mouse (Arat ef al, 2003). There have been several re-

tool for producing genetically identical cloned animals
and unveiling fundamental biological features such as
the reversibility of cell differentiation.

As SCNT techniques have improved, there have be-
en some efforts to preserve endangered species (Loi ef
al, 2001), investigate the interactions between recipi-
ent oocytes and donor cells (Dominko et 4l, 1999), and
overcome the shortage of recipient cocytes (Kitiyanant
et al., 2001) by using interspecies nuclear transfer.

One of the first attempts at interspecies nuclear tr-
ansfer was by Dominko et al (1999) who used enu-
cleated bovine oocytes as the recipient cytoplast. They
used monkey, sheep, pig and rat fibroblasts as donor
cells, and their experiments achieved various degrees
of early in vitro development. Other attempts at inter-
species nuclear transfer have been conducted with bo-

ports of interspecies nuclear transfer using rabbit oo-
cytes as the recipient and donor somatic cells from
giant panda (Chen et al., 2002), bovine (Techakumphu
et al, 2005), elephant (Numchaisrika ef al, 2004), and
cat (Wen ef al., 2003) cloned embryos. Further, porcine
oocytes have been used for interspecies nuclear trans-
fer with somatic cells from rabbit (Chen et al, 2006)
and tiger (Hashem et gl., 2007) embryos. Gocyte cyto-
plasm could dedifferentiate somatic cells from different
species and supported the early development of these
interspecies nuclear transferred embryos to the blasto-
cyst stage. In addition, offspring of 4 endangered spe-
cies were successfully produced by interspecies soma-
tic cell nuclear transfer: gaur (Lanza et al, 2000), mou-
flon (Loi et al, 2001), banteng (Janssen ef al, 2004),
and African wild cat (Gomez et al., 2004). However, at
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present, the interspecies-nuclear transfer technique is
not as efficient as interspecies-nuclear transfer. Univer-
sal oocytes using swine oocytes as laboratory animal's
oocytes may contribute to further applications of nu-
clear fransfer.

The present study aimed to understand if porcine oo-
cytes used for iSCNT could reprogram the nuclei from
goat and rabbit fetal fibroblasts.

MATERIALS AND METHODS

Culture of Denor Cells from Various Species

A porcine fetus was obtained from a pregnant sow
on day 35 after insemination, and the tissue was cut
into small pieces with fine scissors. A goat fetus was
obtained from a pregnant sow on day 50 after insemi-
nation. A rabbit fetus was obtained from a pregnant
sow on day 17 after insemination. The tissues were
washed 3 times and incubated for 10 min at 37C in
phosphate-buffered saline (PBS) (Sigma, P-3288) conta-
ining 0.05% trypsin and 0.5 mM ethylenediaminetet-
raacetic acid (EDTA). This suspension was centrifuged
at 500 g for 10 min. The cell pellet was resuspended
in Dulbecco’s modified Eagle medium (DMEM) (Gibco,
16000-044) supplemented with 75 ug/ml penicillin G, 50
ug/ml streptomycin, 5% (v/v) fetal bovine serum (FBS),
and 5% (v/v) fetal calf serum (FCS, Gibco, 26010-074)
and cultured at 38.57C. Before nuclear transfer, the
cells were washed twice in PBS and treated with
0.25% trypsin and 0.5 mM EDTA for single cell iso-
lation at 2 min in a 3857 incubator.

Qocyte Collection and In Vitro Maturation

Porcine ovaries were collected from prepubertal gilts
at a local abattoir. The ovaries were excised within 30
min of slaughter and transported to the laboratory
within 3 h in a thermos containing PBS at 35~37T
and transported to a laboratory at 25°C. The ovaries
were warmed in PBS containing 100 IU/ml penicillin
and 50 ug/ml streptomycin. Cumulus-oocyte comple-
xes (COCs} were aspirated from ovarian follicles that
were 2~6 mm in diameter by using a 10 ml syringe
fixed with an 18 gauge needle. Only oocytes possess-
ing a compact complete cumulus oophorus and evenly
granulated cytoplasm were selected for in vitro matu-
ration (IVM). Next, the COCs were washed twice in
TL-Hepes containing 0.1% (w/v) polyvinyl alcohol (PVA,
Sigma, P-8136). The oocytes were transferred into 500
ml of maturation medium, which had been covered
with mineral oil, in a 4-well multidish (Nunc, Roskide,
Denmark) and incubated for 42~44 h at 385C in an
atmosphere of 5% CO; with maximum humidity. The
medium used for the IVM of oocytes was TCM-199
(Sigma, M-4530) supplemented with 0.57 mM I-cystei-

ne, 0.5 pg/ml LH (L-5269, Sigma Chemical Co, St. Lo-
uis, MO), 05 npg/ml FSH (Sigma, F-2292), 10 ng/ml
epidermal growth factor (Sigma, E-4127), 100 U/ml pe-
nicillin, and 50 pg/ml streptomycin. After 22 h of ma-
turation culture, the oocytes were washed 3 times and
transferred into 500 1l of basic medium without hor-
mones for an additional 22 h of culture.

Enucleation of Recipient Oocytes Nuclear Transfer

Following in vitro maturation, cumulus cells were
removed by repeated pipetting in TL-Hepes supple-
mented with 0.1% PVA and 0.3% hyaluronidase (Sig-
ma, H-3506), Cumulus-free oocytes were enucleated by
aspirating the first polar body and adjacent cytoplasm
with a fine glass pipette in TCM 199 supplemented
with Hepes, 0.3% BSA (Sigma, A-8022), and 7.5 pg/ml
cytochalasin B (Sigma, C-6762). A single donor cell was
placed in the perivitelline space of the oocyte so that
it could be in contact with the oocyte membrane. In-
jected oocytes were placed between two 0.2 mm dia-
meter platinum electrodes (1 mm apart) of a fusion cham-
ber slide in fusion and activation medium. The medi-
um comprised 0.3 mM mannitol (Sigma, M-9647), 1.0
mM CaCl;-H,O, 01 mM MgCly-6H;O, and 05 mM
HEPES. For fusion and activation, 2 DC pulses of 1.1
kV/am for 30 ps were used from a BTX Elector-Cell
Manipulator 2001 (BTX, San Diego, CA).

Experimental Design and Embryo Culture

Two experiments were conducted.

In experiment 1, embryos reconstructed by the nu-
clear transfer of porcine cells into enucleated porcine
oocytes were electrically activated and cultured as con-
trols. Reconstructed embryos that were formed by the
nuclear transfer of goat cells into enucleated porcine
oocytes were electrically activated and cultured as the
experimental group. The in vitro culture (IVC) medium
was prepared using porcine zygote medium-3 (PZM-3)
or mSOF. :

In experiment 2, embryos reconstructed by the nu-
clear transfer of porcine cells into enucleated porcine 00-
cytes were electrically activated and cultured as con-
trols. Reconstructed embryos that were formed by the
nuclear transfer of rabbit cells into enucleated porcine
oocytes were electrically activated and cultured as the
experimental group. The IVC medium for the control
was contained PZM-3. The IVC medium of the expe-
rimental group contained PZM-3 and RDH. The RDH
medium was prepared by mixing RPMI1640 (Gibco,
22400-089), DMEM (Gibco, 11995-065), and Ham’s F10
(Gibco, 11550-043) in a 1:1:1 concentration (Jin et al,
2000).

Assessment of the Developmental Potential of the Ac-
tivated Oocytes
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After activation treatment, the nuclear transferred em-
bryos were examined at 48 h or 72 h to check if clea-
vage had occurred. They were examined under a ste-
reomicroscope. Blastocyst formation was examined on
day 7. The nuclear transferred embryos were washed
twice and stained with Hoechst 33342 (2 mg/ml in 2.3
% sodium citrate) at 37°C. The cells were counted un-
der a fluorescent microscope (Olympus, Japan).

Statistical Analysis

Each experiment was repeated at least 4 times. Di-
fferences among the treatment groups were determi-
ned as significant or not by using analysis of variance
(ANOVA). Duncan’s multiple range test was used to
determine the significance between treatments. A P

value less than 0.05 denoted a statistically significant
difference.

RESULTS

In Vitro Development of Reconstructed Embryos Pre-
pared by the Nuclear Transfer of Porcine and Goat Fetal
Fibroblasts into Enucleated Porcine Oocytes

Embryos reconstructed by the nuclear transfer of por-
cine fetal fibroblast celis and goat fetal fibroblast cells
into enucleated porcine oocytes {porcine-porcine cloned
embryos and goat-porcine cloned embryos. respective-
ly) were cultured in PZM-3 or mSOF medium. The -
eavage rates of the goat-porcine cloned embryos were
similar to those of the porcine-porcine cloned embryos.
However, the morular formation rates of the goat-por-
cine cloned embryos cultured in mSOF (14.0%) were
significantly higher than that of those cultured in
PZM-3 (6.11%). the blastocyst formation rate of the go-
at-porcine cloned embryos was significantly lower than
that of the porcine-porcine cloned embryos (0.74 and
1.4%, vs. 11.5%, respectively) (Table 1, Fig. 1).

In Vitro Development of Reconstructed Embryos with
Porcine and Rabbit Fetal Fibroblasts into Porcine Oocytes

Embryos reconstructed by the nuclear transfer of por-
cine fetal fibroblast cells into porcine oocytes were
allocated and cultured in PZM-3 medium. Embryos
reconstructed by the nuclear transfer of rabbit fetal fi-
broblast cells into porcine oocytes (rabbit-porcine dlo-
ned embryos) were cultured in PZM-3 and RDH me-
dia. The RDH medium was prepared by mixing RP-
MI 1640, DMEM and Ham's Fi0 in a 1:1:1 concen-

Table 1. In vitro development of the embryos prepared by interspecies nuclear transfer of porcine and goat somatic cells into porcine oocytes

Donor cell No. of Cleavage rates Morula rates Blastocyst rates Cell No.

(medium) oocytes (mean + SE) (mean + SE) (mean + SE) (mean + SE)
Porcine FF* (PZM-3) 148 743 + 2.31 116 + 2.90° 115 + 0.76" 28 + 1.59
Goat FF? (PZM-3) 150 674 + 3.37 6.11 + 1.28° 074 + 0.66° 16 + 550
Goat FF° (mSOF) 143 684 + 6.14 140 + 1.66 ° 140 = 1.79 17 + 3.11

** Within a column, values with different superscripts are significantly different (p<0.05).

! Porcine-porcine cloned embryos were cultured in PZM-3 medium.

? Goat-porcine cloned embryos were cultured in PZM-3 medium.
® Goat-porcine cloned embryos were cultured in mSOF medium.

Table 2. In vitro development of embryos prepared by interspecies nuclear transfer of porcine and rabbit somatic cells into porcine oocytes

Donor cell

No. of Cleavage rates Morula rates Blastocyst rates Cell No.

(medium) oocytes (mean + SE) (mean + SE) (mean + SE) (mean + SE)
Porcine FF (PZM-3) 116 71.6 + 1.25% 129 + 3.62° 11.2 + 0.75° 25 + 3.50
Rabbit FF (PZM-3) 112 67.1 + 1.41° 6.84 + 3.10° 442 + 0.70° 20 + 636
Rabbit FF (RDH)' 116 80.4 + 2.94° 387 + 2.92° 526 + 1.13° 22 + 265

* Within a column, values with different superscripts are significantly different (p<0.05).
! RDH medium was prepared by mixing RPMI1640, DMEM, and Ham’s F10 in a 1:1:1 concentration.
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Fig. 1. Interspecies nuclear transferred embryos. (A) Goat-porcine
cloned embryos at day 7 of culture. (B) Rabbit-porcine cloned
embryos at day 7 of culture (blastocyst stage).

tration. The percentage cleavage rate of the rabbit-

porcine cloned embryos did not differ significantly-

from that of the porcine-porcine cloned embryos. How-
ever, the morular formation rates of the rabbit-porcine
cloned embryos cultured in RDH (38.7%) were signi-
ficantly higher than that of those cultured in PZM-3
(6.84%) and the controls (12.9%). The blastocyst for-
mation rate of the rabbit-porcine cloned embryos was
significantly lower than that of the porcine-porcine cl-
oned embryos (442 and 5.26% vs. 11.2%, respectively)
(Table 2, Fig. 1).

DISCUSSION

Many factors affect the development of cloned em-
bryos, such as oocyte culture periods (Skrzyszowska et
al., 2002), cell type, the stages of the donor cell cycle
(Miyoshi et al., 2002), and the gender of the donor cell
lines (Sansinena et al, 2005). An advantage of using

porcine oocytes as the recipient cytoplasm in inter-
species cloning is that these oocytes can be easily ob-
tained. In this study, we demonstrated the develop-
ment of preimplantation goat-porcine, rabbit-porcine em-
bryos prepared by the interspecies nuclear transfer of
fetal fibroblast cells (goat and rabbit, respectively) into
enucleated porcine oocytes.

In this experiment the goat and rabbit fetal fibro-
blast cells were less efficacious than the porcine fetal
fibroblast cells in supporting the development of em-
bryos reconstructed by their (fibroblasts) nuclear trans-
fer into porcine oocytes. The lower developmental po-
tential of the goat-porcine cloned embryos may be due
to their poor quality. This poor quality of the recon-
structed embryos could be because the porcine oocyte
cytoplasm and goat somatic nucleus are incompatible.
However, the development of the reconstructed em-
bryos into morular stage when grown in the culture
medium of the donor cell species was higher than if
the reconstructed embryos were grown in the culture
medium of the recipient species. Further, the percen-
tage of rabbit-porcine cloned embryos grown in RDH
medium that developed to the morular stage was hi-
gher than that of porcine-porcine and rabbit-porcine
cloned embryos grown in PZM-3 medium. This is un-
like the results previously reported with iSCNT em-
bryos; iSCNT embryos mostly depend on their recipi-
ent cytoplasm during in vitro culture (Roh, 2004). Ra-
bbit-porcine cultured embryos cultured in RDH medi-
um may be favorable to development into morular sta-
ge and blocked from progressing to the morular stage
from the blastocyst stage (Zhao et al., 2006).

Another explanation may be that chromosome num-
ber similarity and interactions between the donor and
recipient play important roles in determining the tim-
ing of maternal-zygotic transition (MZT). The M & Bl
(sum of morula and blastocyst) formation rates of ra-
bbit-porcine cloned embryos were higher than those of
goat-porcine cloned embryos. It is speculated that ch-
romosome number similarity and interactions between
the donor cells and recipient cytoplasm can explain
the higher developmental potential of rabbit-porcine clo-
ned embryos. Compared to other species, pig (2n=38)
and rabbit (2n=44) have similar chromosome numbers.
However, it was not clear whether this chromosome
similarity could contribute to the developmental poten-
tial of interspecies cloned embryos.

In conclusion, the developmental potentials of inter-
species cloned embryos were lower than those of co-
rresponding SCNT embryos. Our data demonstrated that
goat-porcine and rabbit-porcine iSCNT embryos can be
produced. Further, a higher number of rabbit-porcine
cloned embryos developed into morular stage when gr-
own in the culture medium of the donor cell species
than when grown in the culture medium of the reci-
pient species. Therefore, it can be speculated that the
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developmental potential of reconstructed embryos is
affected more by donor cell type than by the enucl- 10.
eated recipient oocyte cytoplasm.
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