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Abstract

Mammalian embryos produced in vitro show a high rate of early developmental failure. Numerous somatic cell nuclear transfer
(SCNT) embryos undergo arrest and show abnormal gene expression in the early developmental stages. The purpose of this study
was to analyze porcine SCNT embryo development and investigate the cause of porcine SCNT embryo arrest. The temporal
cleavage pattern of porcine SCNT embryos was analyzed first, and the blastocyst origin at early developmental stage was
identified. To investigate markers of arrest in the cleavage patterns of preimplantation SCNT embryos, the expression of
survivin—the smallest member of the inhibitor of apoptosis (IAP) gene family, which suppresses apoptosis and regulates cell
division—was compared between embryos showing normal cleavage and arrested embryos.

A total of 511 SCNT embryos were used for cleavage pattern analysis. Twenty-four hours post activation (hpa), embryos were
classified into five groups based on the cleavage stage as follows; 1-cell, 2-cell, 4-cell, 8-cell and fragmentation (frag). In addition,
48 hpa embryos were more strictly classified into 15 groups based on the cleavage stage of 24 hpa; 1–1 cell (24 hpa–48 hpa), 1–2
cell, 1–4 cell, 1–8 cell, 1 cell-frag, 2–2 cell, 2–4 cell, 2–8 cell, 2 cell-frag, 4–4 cell, 4–8 cell, 4 cell-frag, 8–8 cell, 8 cell-frag,
and frag-frag. These groups were cultured until 7 d post activation, and were evaluated for blastocyst formation. At 24 hpa, the
proportion of 2-cell stage was significantly higher (44.5%) than those in the other cleavage stages (1-cell: 13.4%; 4-cell: 17.9%;
8-cell: 10.3%; and frag: 13.9%). At 48 hpa, the proportion of embryos in the 2–4 cell stage was significantly higher (32.4%) than
those in the other cleavage stages (2–8 cell: 8.2%; 4–8 cell: 12.1%; and frag-frag: 13.9%). Some embryos arrested at 48 hpa (1–1
cell: 5.8%; 2–2 cell: 2.8%; 4–4 cell: 3.8%; 8–8 cell: 6.5%; and total arrested embryos: 18.9%). Blastocyst formation rates were
higher in 2-4 cell cleavage group (20.2%) than in other groups. SCNT embryos in 2–4 cell stage showed stable developmental
competence. In addition, we investigated survivin expression in porcine SCNT embryos during the early developmental stages.
The levels of survivin mRNA in 2-cell, 4-cell stage SCNT embryos were significantly higher than those of arrested embryos.
Survivin protein expression showed a similar pattern to that of survivin mRNA. Normally cleaving embryos showed higher
survivin protein expression levels than arrested embryos. These observations suggested that 2–4 cell cleaving embryos at 48 hpa
have high developmental competence, and that embryonic arrest, which may be influenced by survivin expression in porcine
SCNT embryos.
© 2011 Elsevier Inc. All rights reserved.
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1. Introduction

The somatic cell nuclear transfer (SCNT) technique
is a useful tool for biomedical studies. Specifically, pig
cloning by SCNT can be used for xenotransplantaion
and the development of animal models for human dis-
eases [1,2]. Indeed, pigs share many characteristics
with humans, such as anatomy, physiology and body
size [3]. However, unsolved problems exist with the
current cloning technology. For example, animal clon-
ing has low efficiency and cloned animal can display
abnormal development [4–7]. One critical factor of
cloned embryo developmental failures is aberrant epi-
genetic reprogramming [8]. For a donor nucleus to
support development into a clone, the nucleus must be
reprogrammed into a state compatible with normal em-
bryonic development [9]. However, aberrant epigenetic
reprogramming often occurs due to abnormal gene ex-
pression or silencing. Numerous aberrations have been
observed, ranging from suppression of gene expression
to de novo overexpression or more frequently to sig-
nificant up- or down-regulation of a specific gene [10–
15]. Therefore, cloning efficiency after embryo transfer
(ET) is still very low.

The ability to reliably and noninvasively predict
which early embryos have the ability to develop to
full-term would constitute a major breakthrough in em-
bryo-based biotechnologies [16]. This could lead to the
successful production of cloned animals by ET embryo
selection. Embryos that exhibit continuing develop-
mental competence could be selected by cleavage pat-
tern analysis. In vitro-produced mammalian embryos
have a high frequency of early developmental failure.
Approximately 10–15% of IVF embryos permanently
arrest in mitosis at the 2- to 4-cell cleavage stage [17].
SCNT embryos are similar. The reasons for this em-
bryo demise remain unclear. Arrested embryos derived
from IVF do not display apoptotic characteristics [18–
23], while SCNT arrested embryos do so, [24], proba-
bly because nuclear reprogramming of the differenti-
ated somatic cell genome occurs gradually over two or
three cell cycles or aberrant nuclear reprogramming
[25]. Aberrant nuclear reprogramming causes abnormal
gene expression, including anti-apoptic and cell prolif-
eration genes.

Survivin, an apoptotic protein inhibitor containing a
single baculovirus, inhibits apoptotic protein repeat do-
mains [26]. It is a member of the chromosomal passen-
ger complex (CPC), which is implicated in kineto-
chore attachment, bipolar spindle formation, and
cytokinesis [27]. Survivin is a bifunctional protein

that suppresses apoptosis and regulates cell division
[28]. It is not expressed in most normal adult tissues,
but is highly expressed in solid and hematological
malignancies, where it has been linked to increased
angiogenesis and tumorigenesis [29,30]. During human,
bovine, and murine embryonic development, survivin is
ubiquitously expressed [31]. Survivin dsRNA-targeted
embryos have decreased developmental rates as blasto-
cysts and an increased in the apoptosis index [28]. This
study demonstrated that survivin is critical for normal
embryonic development.

The aim of this study was to analyze the temporal
developmental pattern of porcine SCNT embryos and
to investigate survivin expression-related embryonic
arrest in porcine SCNT embryos. First, the temporal
SCNT embryo developmental pattern was analyzed and
the origin of successfully developed blastocysts was
identified. Then, to determine whether survivin expres-
sion was related to embryonic arrest, survivin mRNA
and protein expression was compared between normal
embryos and arrested embryos.

2. Materials and methods

2.1. Chemicals

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

2.2. Ovary collection, recovery, and in vitro oocyte
maturation

Ovaries of prepubertal gilts were collected from a com-
mercial abattoir and transported to the laboratory within 2 h
in 0.9% (w/v) NaCl solution supplemented with penicillin-G
(100 IU/ml) and streptomycin sulfate (100 mg/mL) at 30 to
35 °C. The follicular fluid with oocytes was aspirated from 3
to 6 mm antral follicles with a 10 ml disposable syringe and
18 gauge needle and collected in a 15 ml centrifuge tube.
Cumulus-oocyte complexes (COC) were recovered under a
stereomicroscope; those with at least three layers of compact
cumulus cells and with homogenous cytoplasm were se-
lected for in vitro maturation. The selected COCs were
washed three times in a HEPES-buffered Tyrode’s medium
containing 0.05% (w/v) polyvinyl alcohol (TLH-PVA). And
transferred in 500 �l of tissue culture medium 199 (Life

echnologies, Rockville, MD, USA) supplemented with 26
M sodium bicarbonate, 0.91 mM sodium pyruvate, 0.57
M cysteine, 10 ng/ml epidermal growth factor, 0.5 IU/ml

orcine luteinizing hormone, 0.5 IU/ml porcine follicle stim-
lating hormone, 10% (v/v) pFF, 75 �g/ml penicillin-G, and
50 �g/ml streptomycin. The pFF was aspirated from 3–7
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mm follicles of prepubertal gilt ovaries. After centrifugation
at 1600 � g for 30 min, the supernatants were collected and
filtered sequentially through 1.2 and 0.45 �M syringe filters
Gelman Sciences, Ann Arbor, MI, USA). The prepared pFF
as then stored at –20 °C until use. For maturation, the

elected COCs were washed three times in oocyte maturation
edium containing hormone supplements, and approxi-
ately 50–60 oocytes were transferred into each well of a

-well Nunc dish (Nunc, Roskilde, Denmark) containing 500
�l of culture medium and equilibrated at least 2 h with 5%
CO2 at 39 °C in a humidified atmosphere. After 20–22 h of
maturation with hormones, the oocytes were washed two
times in a maturation medium without hormone supplements
and then cultured for 20–22 h without hormone supplements
at 39 °C under 5% CO2 in air.

.3. Donor cell preparation

Fibroblasts were isolated from adult pig’s ear. The hair
nd other soft tissues were removed using iris scissors and
atchmaker’s forceps and discarded. After washing twice
ith dPBS (Invitrogen, Carlsbad, CA, USA), the tissue was
inced with a surgical blade on a 100 mm culture dish. The
inced ear tissues were dissociated in DMEM (Invitrogen)

upplemented with 0.1% (w/v) trypsin and 1 mM EDTA
Invitrogen) for 1–2 h. Trypsinzed cells were washed once by
entrifugation at 300 � g for 10 min and subsequently

seeded into 100 mm plastic culture dishes. Seeded cells were
then cultured for 6–8 d in DMEM supplemented with 10%
(v/v) fetal bovine serum (FBS; Invitrogen), 1 mM sodium
pyruvate, 1% (v/v) non-essential amino acids (Invitrogen),
and 10 mg/ml penicillin-streptomycin solution at 39 °C in a
humidified atmosphere of 5% CO2 and 95% air. After re-

oving the unattached clumps of cells or explants, the at-
ached cells were further cultured until confluent. Subcultur-
ng was done at intervals of 5–7 d by trypsinization for 2 min
sing 0.1% trypsin and 0.02% EDTA. The cells were then
tored in freezing medium in liquid nitrogen after two pas-
ages. The freezing medium consisted of 70% (v/v) DMEM,
0% (v/v) DMSO, and 20% (v/v) FBS. Prior to SCNT, the
ells were thawed and subsequently cultured in 10% FBS
ith DMEM for 3–4 d until 80% confluence. The individual

ells were retrieved from the monolayer by trypsinization for
1 min and subsequently used for SCNT.

.4. Micromanipulation for somatic cell nuclear
ransfer, fusion, and activation

The After 40 h of IVM, a denuded oocytes were
ncubated for 5 min in a manipulation medium (calci-
m-free TLH-BSA) containing 5 mg/mL Hoechst
3342 and then washed twice with fresh manipulation

edium, The washed oocytes were transferred into a t
rop of manipulation medium containing 5 mg/mL
ytochalasin B and were overlaid with mineral oil.
ocytes were enucleated by aspirating the PB and MII

hromosomes using a 16 �m glass pipette (Humagen,
harlottesville, VA). After enucleation, using a fine

njecting pipette, a 12–15 �m trypsinized fetal fibro-
last with a smooth cell surface was transferred into the
erivitelline space of an enucleated oocyte. The cou-
lets were equilibrated with 0.28 M mannitol solution
ontaining 0.5 mM HEPES, 0.1 mM CaCl2, and
gSO4 for 2–3 min and transferred to a fusion cham-

er containing two electrodes overlaid with mannitol
olution. Membrane fusion was induced by applying an
lternating current (AC) field of 2V cycling at 1 MHz
or 2 sec, followed by two pulses of 160V/mm direct
urrent (DC) for 60 �sec using a cell fusion generator
LF101; NepaGene, Chiba, Japan). Activated oocytes
ere washed 3–4 times with TLH-BSA. After 1 h, the

usion was checked, and fused, properly shaped oocytes
ere washed 3–4 times and further cultured with
ZM3 media covered with prewarmed mineral oil and

hen incubated under 5% O2, 5% CO2, and 90% N2 at
9 °C. Cleavage and blastocyst formation were evalu-
ted under a stereomicroscope at 24, 48 and 168 h post
ctivation (hpa), respectively.

.5. Classification of cleavage pattern

The embryos were assessed for cleavage on day 1
24 hpa), day 2 (48 hpa) and for blastocyst development
n day 7. The day of SCNT was day 0. At 24 hpa,
mbryos were classified into five groups based on the
leavage state as follows; 1 cell, 2 cell, 4 cell, 8 cell and
ragmentation (frag). At 48 hpa, embryos were more
trictly classified into fifteen groups based on the cleav-
ge state of 24 hpa; 1–1 cell (24hpa–48hpa), 1–2 cell,
–4 cell, 1–8 cell, 1 cell-frag, 2–2 cell, 2–4 cell, 2–8
ell, 2 cell-frag, 4–4 cell, 4–8 cell, 4 cell-frag, 8–8
ell, 8 cell-frag, and frag-frag (see Fig. 1). These groups
ere cultured until 7 d post activation, and were eval-
ated for blastocyst formation.

.6. Semiquantitative PCR

At one time, 120 matured oocytes, 120 one-cell
mbryo, 60 two-cell embryos, 30 four-cell embryos, 15
ight-cell embryos, 2 or 3 blastocyst, 60 arrested two-
ell embryos or 30 arrested four-cell embryos and ap-
ropriate number of fragmented embryos were used for
T-PCR (see Fig. 2). Total RNA was extracted using

he Trizol reagent (Invitrogen Co., Carlsbad, CA, USA)
ccording to the methods outlined in the protocol, and

he concentration of total RNA was determined by
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measuring the absorbance at 260 nm. First strand com-
plementary DNA (cDNA) was prepared by subjecting
total RNA (1 �g) to reverse transcription using mMLV
reverse transcriptase (Invitrogen Co.) and random
primers (9-mers; TaKaRa Bio Inc., Otsu, Shiga, Japan).
To determine the conditions for logarithmic phase PCR
amplification for target mRNA, aliquots (1 �g) were
mplified using different numbers of cycles. The 1A

Fig 1. Cleavage pattern of porcine SCNT embryos classified by time
flow.

Fig 2. Sampling scheme for survivin expression by PCR and immu
developmental stage. After IVM: matured oocytes; at 24 hpa: normal

48hpa and 72 hpa: normal 8-cell embryos; at 72 hpa: arrested 2 or 4 cell st
ene was PCR-amplified to rule out the possibility of
NA degradation and was used to control for variation

n mRNA concentrations in the RT reaction. A linear
elationship between PCR product band visibility and
umber of amplification cycles was observed for target
RNAs. The 1A and survivin genes were quantified

sing 28 and 30 cycles, respectively. The cDNA was
mplified in a 20 �l PCR reaction containing 1 U Taq
olymerase (iNtRON Bio Inc.), 2 mM dNTP, and 0.1 �M

specific primers. PCR reactions were denatured at 95 °C
for 30 sec, annealed at 58 °C for 30 sec, and extended at
72 °C for 30 sec. PCR products (8 �l) were fractionated
on a 2.3% agarose gel, stained with ethidium bromide, and
photographed under UV illumination. The photograph
was scanned and analyzed using a Gel Doc EQ system
(Bio-rad Laboratories, Inc.). The oligo primers for all PCR
reactions are indicated in Table 1.

2.7. Immunofluorescence

Oocytes and embryos at different stages [metaphase
II (MII), normal cleaved embryo (1-cell, 2-cell, 4-cell
and 8-cell), abnormal developmental embryo (arrested
embryo and fragmented embryo) and blastocyst] (see
Fig. 2) were fixed with 4% formaldehyde for 20 min
and permeabilized with 0.2% Triton X-100 for 10 min.
Embryos were then incubated first with porcine sur-
vivin antibodies (1ug/ml) (Abcam, Cambridge, UK) for
1 h and then with FITC-labeled secondary antibodies
(diluted 1:1000) (Abcam, Cambridge, UK). Hoechst

escence analysis of porcine SCNT embryos. Embryos collected by
2-cell embryos; at 48 hpa: normal cleaving 4-cell embryos; between
nefluor
cleaving
age embryos and fragmented embryos; and at 168 hpa: blastocyst.
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33342 (0.5 mg/L) (Sigma) was used to stain nuclei.
Stained oocytes and embryo were mounted under a
cover slip. Slides were examined using fluorescence
microscope.

2.8. Statistical analysis

The statistical analysis was conducted using SPSS
Inc. software (PASW Statistics 17). A one-way analysis
of variance with Duncan multiple-range test was used
to assess day1 and day2 embryo cleavage patterns, and
developmental rate of blastocysts. All data are pre-
sented as mean � SEM. Differences at P � 0.05 were
considered significant.

3. Results

A total of 617 oocytes were used and SCNT was 6
times replicated for the analysis of embryo cleavage pat-
tern. From among used oocytes, 511 (82.4%) oocytes
were fused. 376 of 511 fused embryos developed to cleav-
age stage (72.3%). And 62 of 511 fused embryos devel-
oped to blastocyst stage (12.1%) (Table 2).

3.1. Cleavage assessment at 24 hour post activation
and blastocyst development at day 7

At 24 hpa, the 2-cell stage proportion was signifi-
cantly higher (44.5%) than other cleavage stages (1-

Table 1
Sequences of the oligonucleotide primers and probe used in
RT-PCR.

Primer for Sequence Accession
No.

urvivin
Forward 5=-GAC GAC GAC CCC ATA

GAA GA-3=
AF195781.1

Reverse 3=-TTT GAC GTT TCT TTC
AGG CG-5=

-A
Forward 5=-CAC CGT AGG AGG TCT

AAC G-3=
AP003428.1

Reverse 3=-GTA TCG TCG AGG TAT
TCC G-5=

able 2
n vitro development of reconstructed oocytes followed by SCNT in

Rep. No. of examined oocytes No. (mean% �
6 617 511 (82.4 � 3
cell: 13.4%, 4-cell: 17.9%, 8-cell: 10.3% and frag:
13.9%) (Table 3). Each blastomere of the 2-cell stage
embryo showed most clear. At day 7, the blastocyst
formation rate from the 2-cell stage (18.0%) was sig-
nificantly higher than other groups (P � 0.05).

3.2. Cleavage assessment at 48 hour post activation
and blastocyst development at day 7

At 48 hpa, 2– 4 cell stage proportion was signifi-
cantly higher (32.4%) than other cleavage stages
(2– 8 cell: 8.2%, 4 – 8 cell: 12.1% and frag-frag:
13.9%).(Table 4) Some embryos arrested at 48 hpa
(1–1 cell: 5.8%, 2–2 cell: 2.8%, 4 – 4 cell: 3.8%, 8 – 8
cell: 6.5% and total arrested embryos: 18.9%). Blas-
tocyst formation rates were higher in the 2– 4 cell
stage group (20.2%) than in other groups, but not
significantly.

3.3. Expression of survivin mRNA in different
porcine SCNT embryo developmental stage

Survivin mRNA was detected in all stage of em-
bryos. Expression of survivin mRNA in normal cleaved
(2, 4-cell) stage of SCNT embryos were significantly
higher than arrested embryos (Fig. 3). Survivin mRNA
in arrested embryos expressed not significantly differ-
ent with that of fragmented embryos.

used oocytes No. (mean% � SEM) of embryo
developed to

� 2-cell Blastocyst

Table 3
Cleavage pattern and blastocyst formation of at 24 hour post
activation (hpa).

Classified group
at 24 hpa

Rate of
cleavage assessment

at 24 hpa
(Mean � SEM)

Rate of
BL from classified

group at 24 hpa
(Mean � SEM)

1-cell 13.4 � 1.5a 7.4 � 1.8a,b

2-cell 44.5 � 5.0b 18.0 � 2.9c

4-cell 17.9 � 1.6a 12.6 � 4.4b,c

8-cell 10.3 � 1.8a 13.3 � 2.4b,c

Frag. 13.9 � 3.0a 2.2 � 2.2a

Six replicates.
Within the same column, values with different superscripts letters
(a–c) were different (P � 0.05).
pigs.

SEM) f
.0) 376 (72.3 � 4.9) 62 (12.1 � 0.4)
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3.4. Expression of survivin protein in different
porcine SCNT embryo developmental stage

The observed immunoreactivity of oocytes and
embryos in all stages was predominantly localized to
the cytoplasm. At the 2- to 8-cell stage, embryos
were more stained than at other stages (Fig. 4).
Survivin protein expression patterns were similar to
mRNA expression patterns. Arrested embryos had
lower survivin protein expression than 2- and 4-cell
stage embryos (Fig. 4).

4. Discussion

Animal cloning by nuclear transfer is very ineffi-
cient [32]. Particularly in pigs, a large number of SCNT
embryos arrest or fragment during the preimplantation
stage. However, the causes of this phenomenon are
unclear. This study was performed to identify the ori-
gins of successfully developed blastocysts by analyzing
SCNT embryo cleavage patterns and investigating the
cause of abnormal development.

At 24 hpa, about 73% of SCNT embryos were
cleaved (2-cell: 44.5%, 4-cell: 17.9%, 8-cell: 10.3%).
Among these cleaved embryos, 4-cell and 8-cell stage
embryos had a cleavage velocity that was too fast.
According to Booth’s report after 1 day of culture, the
2-cell stage is the optimal cleavage stage [16]. Our

Table 4
Cleavage pattern and blastocyst formation of at 48 hour post
activation (hpa).

Classified Group at
48 hpa (Day 2)
[day1–day2]

Rate of cleavage
assessment at

48 hpa
(Mean � SEM )

Rate of BL from
classified group

at 48 hpa
(mean � SEM)

1–1 5.8 � 1.4a,b,c 0a

1–2 2.4 � 0.6a,b 12.5 � 8.5a,b,c

1–4 2.4 � 0.7a,b 13.9 � 6.3a,b,c

1–8 0.6 � 0.4a 0a

1–f 2.3 � 0.9a,b 0a

2–2 2.8 � 1.1a,b,c 0a

2–4 32.4 � 5.0f 20.2 � 1.8c

2–8 8.2 � 0.9c,d 11.7 � 5.1a,b,c

2–f 1.2 � 0.6a,b 0a

4–4 3.8 � 0.6a,b,c 5.6 � 5.6a,b,c

4–8 12.1 � 1.4d,e 14.7 � 6.0a,b,c

4–f 2.0 � 1.0a,b 0a

8–8 6.5 � 1.5b,c 17.4 � 7.6b,c

8–f 3.8 � 0.6a,b,c 12.5 � 8.5a,b,c

f–f 13.9 � 3.0e 2.2 � 2.2a,b

Six replicates.
Within the same column, values with different superscripts letters
(a–f) were different (P � 0.05).
study also showed a similar cleavage pattern. Blasto-
cysts derived from 2-cell stage embryos were signifi-
cantly higher than those from other cleavage stages. At
48 hpa, the 2–4 cell stage proportion was significantly
higher than other cleavage stages. Blastocyst formation
rates were higher in the 2–4-cell stage group (20.2%)
than other groups. These data suggest that the 2–4-cell
stage group embryos at 48 hpa had high developmental
competence. Porcine IVF embryos, however, are a little
different. In a previous report [33], at 48 h post-insem-
ination, 4-cell and 8-cell embryos had high develop-
mental competence. IVF embryo developmental veloc-
ity is faster than in SCNT embryos. Indeed, SCNT
embryos had more exposure to external stress and spent
more time in the nuclear remodeling stage as compare
to IVF embryos. Some SCNT embryos had the same
cleavage pattern at 24 hpa and 48 hpa. These embryo’s
cleavage pattern was the same at 72 hpa. Their devel-
opment was arrested. At 48 hpa, 18.9% of embryos
were arrested. This percentage in SCNT arrested em-
bryos was similar to that of IVF arrested embryos. This
is not a desirable phenomenon; the reason for this
embryo demise is unclear, but abnormal nuclear repro-
gramming and reactive oxygen species (ROS) are likely
involved in embryo arrest [25,34]. Aberrant nuclear
reprogramming causes abnormal gene expression in-
cluding anti-apoptic and cell proliferation genes. Apop-
tosis, a mechanism to rid the early embryo of unwanted
or damaged cells, if extensive, can also lead to embryo
arrest and developmental failure [18,21]. Thus, proper
anti-apototic gene expression must be successful during
development. Cell proliferation is also an important
factor in embryo development. High cell number pre-
implatation embryos have a high developmental com-
petence. Furthermore, if proliferative ability is lost, the
embryo will arrest. ROS are implicated in the induction
of apoptosis [35] and cellular senescence [36]. In vitro
culture conditions and exogenous factors contribute to
elevated ROS production in embryos [37], which leads
to increased oxidative stress [37]. Intracellular ROS
levels are significantly more abundant in 2- to 4-cell
arrested embryos [17].

This study was aimed to determine whether abnor-
mal nuclear reprogramming could induce embryo ar-
rest. Abnormally expressed anti-apoptic or cell prolif-
eration gene and were chosen that could be induced by
aberrant nuclear reprogramming. One candidate gene
was survivin. Survivin has two functions: apoptosis
inhibition and cellular division regulation [38]. In a
recent study using a murine model, survivin was re-
ported to be an essential anti-apoptic gene and ex-

pressed in preimplantation mouse embryos at all stages
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of development [39]. In this study, survivin mRNA
expression was detected at all embryonic developmen-
tal stages. Survivin mRNA was expressed in mature
oocytes, and gradually increased after activation. Ex-
pression of survivin mRNA in SCNT embryo 2-cell
stage at 24 hpa and 4-cell stage at 48 hpa was signifi-
cantly higher than that of arrested oocytes. Further-
more, survivin mRNA expression in arrested and frag-
mented embryos was similar, suggesting that arrested
embryos had abnormal survivin expression similar to
abnormally fragmented embryos. When survivin
mRNA expression levels were compared in normally
cleaved embryos and abnormally developed embryos
(i.e., fragmented and arrested), significant differences
existed between them. Survivin protein expression pat-
terns were similar. Arrested embryos had weak survivin
protein expression. In other words, abnormally devel-
oped embryos had a low survivin expression level.
These results demonstrate that analysis of survivin ex-
pression level may assist in determining embryo qual-
ity. Similarly, several studies have been reported in
other species. In bovines, survivin dsRNA-targeted em-
bryos had decreased developmental rates as blastocysts
and an increase in the apoptosis index [28]. In mice,
over 80% of embryos injected with a survivin siRNA
exhibited abnormalities in development and cell divi-

Fig 3. Comparison expression of survivin mRNA between cleavin
normalized to that internal control (1A). a) P � 0.05 versus mature
sion [40]. Knockout of mouse survivin results in em-
bryonic lethality and survivin null embryos exhibit
gross preimplantation stage abnormalities, such as
giant nuclei, micronuclei formation, and irregular
nuclear morphology [41]. Finally, development of
mouse embryos treated with antisense survivin oli-
gonucleotides was arrested at the morula or blasto-
cyst stage with disruption of tubulin formation and
abnormal nuclei [39].

Survivin is a member of the chromosomal passenger
complex (CPC) [41–43]. The kinase aurora B, together
with INCENP, dasra (also known as borealin) and sur-
vivin, form the CPC, which plays multiple roles during
mitosis and meiosis by changing its localization [27].
At the beginning of M phase, the CPC is localized to
chromosomes, where it controls chromatin-dependent
spindle assembly [44,45] and processes at the centro-
mere [27]. During anaphase, the complex dissociates
from chromosomes and relocates to the spindle mid-
zone to stimulate cytokinesis [27]. M phase specific
phosphorylation of histone H3 at Thr3 recruits the CPC
to chromatin to activate aurora B and that this interac-
tion is mediated by survivin [46]. Histone phosphory-
lation is a kind of histone modification [47]. Histone
modification and DNA methylation are major events in
nuclear reprogramming [48]. Aberrant nuclear repro-
gramming could be involved in abnormal survivin ex-

arrests of porcine SCNT embryos. Survivin gene expression was
0.05 versus 2 cells c) P � 0.05 versus 4 cells.
g and
pression in arrested embryos. Thus, that aberrant nuclear
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reprogramming caused abnormal survivin expression and
abnormal survivin expression caused embryo arrest were
suspected.

In this study, 511 SCNT embryos were analyzed to
trace normal SCNT development. Results suggest that
the origins of successful development occur at an early
developmental stage. The origin at 24 hpa and 48 hpa
each are 2-cell, 4-cell stage. After 48 hpa, cleavage
pattern assessment was difficult because embryos were
compacted and could not divide any further. Survivin
expression was significantly different between nor-
mally cleaved embryos and arrested embryos. These
results indicate that survivin expression is important to
porcine SCNT embryo development. Thus, survivin
may be a good candidate marker for embryo quality.
Survivin is one factor involved in embryo development.
However, survivin function and mechanism during em-
bryo development remains unclear. In further studies,
survivin function must be determined and more inves-

Fig 4. Expression survivin protein in the developmental stage of por
mbryo, (C) 4-cell embryo, (C=) arrested 4-cell embryo, (D) 8-cell, (
00 �, Scale bar. 50 �m
tigation into other developmental factors is necessary.
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