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ABSTRACT

Abnormal development and fetal loss during the post-implantation period are key concerns in the production
of cloned animals by somatic cell nuclear transfer (SCNT). We hypothesized that the problems in cloned porcine
offspring derived from SCNT are related to interactions between the conceptus and the endometrial environment.
In the present study, we investigated expression patterns in the formation of placenta-related genes (Cdx2 and
GATA®6) in whole in vivo normal porcine embryos (from single cell to blastocyst) and each tissue of a normal
fetus at Days 25, 35 and 55 by quantitative mRNA expression analysis using real-time PCR. The expression of
Cdx2 and GATA6 mRNA increased to around the blastocyst stage. These genes were gradually decreased from the
peri-implantation to post-implantation stage. Moreover, we examined the expression patterns of Cdx2 and GATA6
in Day 35 normal and SCNT cloned fetuses by the same methods. And, the level of Cdx2 and GATA6 gene
expression in the extraembryonic tissue of SCNT was significantly higher than that of control tissues. From the
present results, it can be postulated that the aberrant expression of Cdx2 and GATA6 genes in the endometrial
and extraembryonic tissues at pre- and peri-implantation stages may be closely related to the lower efficiency of

animal cloning.
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INTRODUCTION

The cloning of mammals from an adult donor cell
has sparked a flurry of research activities to improve
cloning technology and to understand the fundamental
mechanism of epigenetic reprogramming of a transfe-
rred somatic cell nucleus. As a result, many animals
successfully cloned by somatic cell nuclear transfer (SC-
NT) have been conceived using ungulates, such as ca-
ttle (Kato et al., 1998), pigs (Polejaeva et al.,, 2000; Bo-
quest et al., 2002), and goats (Baguisi et al., 1999).

The success rate of mammalian SCNT is low and
usually only less than 2% of embryos transferred result
in live births. But Kues and Niemann (2004) reported
that cattle seem to be an exception to this viewpoint as
levels of 15~20% can be reached. In any case, abnor-
malities in pre- and post-natal development such as
embryonic, fetal and postnatal death and other deve-
lopmental defects have been reported in SCNT animals
(Chavatte-Palmer et al., 2000; Yang et al., 2002). These
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abnormalities include a wide range of symptoms, such
as extended gestation length, oversized offspring, abe-
rrant placental development, cardiovasculatory and res-
piratory problems, immunological deficiencies, problems
with tendons, adult obesity, kidney and hepatic mal-
functions, behavioral changes, and a higher susceptibi-
lity to neonatal diseases (Heiner Niemann et al., 2008).
When it comes to these various defects, Sawai et al. (2005)
reported that the low efficiency of animal production
by SCNT is considered to result from an incomplete re-
programming of the donor cell nucleus, which leads to
abnormal expression of developmentally important ge-
nes.

Stroband et al. (1986) reported that development in
the peri-attachment interval depends upon a concep-
tus-derived growth factor which was in porcine by his-
totrophic nutrition derived from the maternal uterine
gland during early trophoblast elongation. Histotrophic
factors appear to regulate the placental surface area avai-
lable to each conceptus. Post-attachment conceptus gr-
owth and development subsequently come to depend
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upon endometrial-placental interactions (Stroband et al.,
1986). By late pregnancy, a major increase in maternal
blood supply to the uterus provides a boost to fetal
nutrition. Indeed, porcine endometrial tissue is estima-
ted to increase 15-fold during pregnancy and the ute-
rus 100-fold when conceptus weights are included (Dy-
ce et al., 2002). For many years, various experiments ha-
ve been conducted to improve litter sizes in pigs th-
rough identification of and selective breeding for genes
responsible for uterine capacity and placental efficiency
(i.e., the ratio of fetal weight to placental weight). How-
ever, there has been no marked improvement in that
regard (Wilson ME et al., 1999 Christenson and Ley-
master, 2000) and nutritional studies have also failed to
show consistent beneficial effects (Foxcroft, 1997). Thus
the critical steps controlling successful interactions bet-
ween porcine conceptuses and their endometrial envir-
onment have remained elusive.

We considered the possibility that these causes for
problems in cloned offspring derived from SCNT may
also be related to interactions between porcine concep-
tuses and their endometrial environment. Accordingly,
the present study sought to examine the expression pa-
ttern of placental formation-related genes (Cdx2 and
GATA6) in whole in vivo normal porcine embryos
(from 1 cell to hatched blastocyst) and each tissue of a
normal fetus at Days 25, 35 and 55 by quantitative m-
RNA expression analysis using real-time PCR. In other
words, Expression of interferon-tau (IFNT) is limited to
the peri-attachment period, during which the blastocyst
starts to elongate, and to attach to the uterine epithe-
lium (Xie et al., 1996; Klish et al., 2006). So other stu-
dies reported that the numerous transcription factors
thus far found as the potential regulators of IFNT gene
are Cdx2 (Imakawa et al., 2006) and GATA family (Ya-
maguchi et al., 1999). Furthermore, we examined the
expression patterns of Cdx2 and GATA6 in Day 35
normal and SCNT cloned fetuses using the same me-
thods.

MATERIALS AND METHODS

Collection of Embryos and Conceptuses

Yorkshire gilts were monitored for estrus once a day
by exposure to a healthy mature Yorkshire boar and
mated 12 and 24 h after estrus detection (one boar was
used for all natural mating). Pregnant gilts (3 to 5
animals/status per day) were hysterectomized through
midventral laparotomy as previously described (Gries
et al, 1989). The day of the first mating was desi-
gnated as Day 0. As shown in Fig. 1, each stage of the
embryos from single ell to blastocyst at Day 6 and
each day's conceptus (Days 12, 15 and 18 of gestation)

were flushed from the uterine horn with 30 ml of PBS
supplemented with 1% FBS. Each conceptus collected
in vivo was washed three times in PBS. For RNA pre-
paration, only the conceptuses of identical morpholo-
gies were pooled and stored in 5 ul of diethyl pyro-
carbonate-treated phosphate-buffered saline at —80T
until use.

Recovery of In Vivo (Control) and SCNT Fetuses

The cloned fetuses (on Day 35 only) were generated
from fetal fibroblasts isolated from the F1 fetus
produced by the crossing of inbred Duroc male and
Landrace female pigs. And pig fetuses produced by na-
tural mating (Control) or cloning (SCNT) were reco-
vered from the uterus on Days 25, 35 and 55 (Day 0
indicates the day of natural mating or cloned embryo
transfer). Samples of endometrium from each dam and
liver from each fetus and extraembryonic tissue were
isolated, frozen in liquid nitrogen, and stored at -80C
until use. Samples of endometrium from each dam and
liver from each fetus and extraembryonic tissue were
isolated, frozen in liquid nitrogen, and stored at —80C
until use.

©) D)

Fig. 1. Morphology of conceptuses during peri-implantation de-
veplopment. Conceptuses were obtained from bred gilts on Day 6,
8, 15, and 18 of gestation. (A) Blastocyst stage conceptus at Day 6
after insemination. (B) Blastodermic vesicles (blastocysts) of the pig
at the beginning of elongation (8 days old). (C), (D) Conceptus
attached by interloking mirovilli to form the epitheliochorial pla-
centa (15 and 18 days old).
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Table 1. Primer sequences and cycling conditions used in Real-time RT-PCR
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Gene Primer sequence (5'-3') Length (bp) PCR condition
P- B -actin F-ACGTGGACATCAGGAAGGAC 210 60C, 12s
R-ACATCTGCTGGAAGGTGGAC 45 cycles
o F-GCTTCTCTGGGCTGAATGTA 011 56C, 4s
P R-CCACTTCCCTTCACCATATC 45 cycles
F-GGCCTCTACAGCAAGATGAA 56C, 155
p-GATAG R-TCATAGCAAGCGGTCGAG 208 45 cydles

Total RNA Extraction from Tissues

Porcine liver, endometrial and extraembryonic tiss-
ues, etc, were homogenized with Trizol (Invitrogen, Car-
Isbad, CA, USA) and the phase was separated by add-
ing chloroform (Sigma, St. Louis, MO, USA). RNA was
then precipitated with isopropyl alcohol (Sigma), wa-
shed with 75% ethanol, and dissolved in DEPC water.
The RNA was treated with RNas-free DNase I to
remove possible contaminating DNA and stored at —80
C. Finally, a concentration of total RNA was quan-
tified with a Nano Drop Spectrometer (ND-1000, MET,
USA).

First Strand cDNA Synthesis by Reverse Transcrip-
tase

Extracted total RNA was employed for the synthesis
of first-strand cDNA by reverse transcriptase using a
cDNA synthesis kit (Invitrogen, Carlsbad, CA, USA).
Briefly, RNA/primer mixtures were prepared in sterile
200 ul tubes (RNA/primer mixtures 10 ul RNA 2 ul, 50
uM oligo (dT) 1 ul, 10mM dNTP 1 ul, and DEPC-
treated water 6 ul mixed and briefly centrifuged each
component before use. Each sample was incubated at
65T for 5 min, and then placed on ice for at least 1
min. The reaction mixture was prepared by adding
each component in the sample (9 ul mixture compo-
nent; 10xRT buffer 2 ul, 25 mM MgCl, 4 ul, 0.1 M
DTT 2 ul, and RNaseOUT™ Recombinant RNase Inhi-
bitor 1 ul). The reaction mixture of 9 ul was added to
each 10 ul RNA/primer mixture, mixed gently, and co-
llected by brief centrifugation. Afterwards, the sample
was incubated at 42°C for 2 min, supplemented by 1 ul
of SuperScript ™1l reverse transcriptase (50 Uful) add-
ed to each tube except the no RT control, mixed and
incubated at 42°C for 50 min (total reaction mixture 20
ul). The reactions were terminated at 70C for 50 min
and chilled on ice. They were collected by brief cen-
trifugation. All ¢cDNA samples were stored at —20T
until amplification.

Quantitative Real-Time PCR

Real-time PCR reactions were performed using Light-
Cycler (Roche, Mannheim, Germany) and the PCR reac-
tions were employed according to the real-time PCR

machine manufacturer's instructions (Roche, Germany).
The ¢cDNA of the target genes and [-actin were then
detected by real-time PCR using the specific primer
pairs shown in Table 1. B-actin mRNA was used as an
internal standard. The FastStart DNA SYBR Green I
(Roche, Germany) contains a Taq DNA polymerase en-
zyme, reaction mix 10X conc. (with reaction buffer, SY-
BR Green, optimized PCR buffer, 5mM MgCl2, and a
dNTP mix that includes dUTP. The PCR involved a
preliminary denaturation program (95C for 10 min),
followed by 45 cycles of amplification and quantifi-
cation (95C for 10 sec, 56~64C for 30 sec, 72C for 30
sec with a single fluorescence measurement), after whi-
ch a melting curve program was employed (65~95T,
with a heating rate of 0.2°C per second and continuous
fluorescence measurement). The fluorescence data were
acquired after the extension step during PCR reactions
containing SYBR Green 1. Thereafter, PCR products we-
re analyzed by generating a melting curve.

Since the melting curve of a product is sequence-
specific, it can be used to distinguish between nonspe-
cific and specific PCR products. For the mathematical
model, it is necessary to determine the crossing points
(CP) for each transcript here, CP is defined as the
point at which the fluorescence rises appreciably above
the background fluorescence. The relative quantification
of gene expression was analyzed by the 2-ddCt method
(Livak and Schmittgen, 2001). The sizes of the PCR
products were confirmed by gel electrophoresis on a
standard 2% agarose gel stained with ethidium bro-
mide and visualized by exposure to ultraviolet light.

Statistical Analysis

Data were analyzed by Duncan's multiple range test
for mRNA expression assayed by quantitative real-time
PCR. P values of less than 0.05 were considered to be
statistically significant.

RESULTS

The Placenta-Related Gene (Cdx2 and GATAG6) Ex-
pression in Porcine Pre-Implantation Development
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Fig. 2. Relative expression level of Cdx2 in porcine pre-implan-
tation development. Standard errors of means are indicated by bar.
Conceptuses were obtained from bred gilts on Days 6, 8, 15, and
18 of gestation. Embryos from single cell to hatched blastocyst were
collected from the uterine horn.
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Fig. 3. Relative expression level of GATA6 in porcine pre-im-
plantation development. Standard errors of means are indicated by
bar. Embryos from single cell to hatched blastocyst were collected
from the uterine horn.

The expression level of Cdx2 mRNA in the in vivo
1-cell embryos was significantly higher than the level
in the embryos of 2- and 4-cell stages. The express-
ion of the gene for 2-cell to morula stage embryos was
lower. However, Cdx2 expression at the blastocyst
and hatched blastocyst stage was slightly increased
(Fig. 2).

The expression of GATA6 mRNA decreased gra-
dually from 1 cell to 4 cells, and increased gradually
from the 4-cell to the morula stage. Interestingly, at the
morula stage, the expression level of GATA6 was re-
markably higher than that of many other stages. How-
ever, GATA6 mRNA expression was significantly de-
creased at the blastocyst and hatched blastocyst stages

(Fig. 3).
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Fig. 4. Relative expression level of Cdx2 in (A) peri- and (B) post-
implantation developments. Standard errors of means are indica-
ted by bars. Endo, Endometrium; EX-, Extra-embryonic tissue. Bar
colors are to divide the part of each day.
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Fig. 5. Relative expression level of GATA6 in (A) peri- and (B)
post-implantation developments. Standard errors of means are in-
dicated by bars. Endo, Endometrium; EX-, Extra-embryonic tissue.
Bar colors are to divide the part of each day.

The Formation of Placenta-Related Gene (Cdx2 and
GATAG6) Expression in Porcine Peri- and Post-Implan-
tation Developments
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Fig. 6. Relative expression level of Cdx2 in liver, endometrium
and extra-embryonic tissue of porcine fetus produced in vivo (Con-
trol) or by SCNT at Day 35. Standard errors of means are indicated
by bar. Asterisks denotes significant difference from the control and
SCNT (p<0.05).
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Fig. 7. Relative expression level of GATA6 in liver, endometrium
and extra-embryonic tissue of porcine fetus produced in vivo (Con-
trol) or by SCNT at Day 35. Standard errors of means are indicated
by bar. Asterisks denotes significant difference from the control and
SCNT (p<0.05).

In the present study, Cdx2 expression levels were
higher at the early peri-implantation development, whi-
le the expression of Cdx2 was gradually decreased fr-
om the peri-implantation to post-implantation stage (Fig.
4A, B).

The pattern of expression of GATA6 mRNA in-
creased gradually from the blastocyst stage up to the
tubular stage on Day 18, and tended to decrease gra-
dually from the tubular stage on Day 18 to the Day
25, 35 and 55 stages. However, the GATA6 mRNA ex-
pression levels of each heart tissue on Days 35 and 55
were remarkably higher than for the other tissues (Fig.
5A, B).

Relative Expression Levels of Cdx2 and GATAG6 in
Liver, Endometrium and Extra-Embryonic Tissue of
Porcine Fetus Produced In Vivo or by SCNT at Day 35

The expression of the Cdx2 gene in normal liver and

endometrial tissue was significantly higher than that of
the cloned groups (p<0.05) in the fetus liver and endo-
metrium.

The level of Cdx2 gene expression in the extra-em-
bryonic tissue of SCNT was significantly higher than
that of the control (p<0.05) (Fig. 6).

The level of GATA®6 in the control was significantly
higher than that of SCNT (P<0.05) in the fetus liver.
The relative abundance of GATA6 mRNA in the endo-
metrium did not differ between the control and the
SCNT. In the extra-embryonic tissue, the mRNA expre-
ssion of the GATA6 gene in SCNT was significantly
higher than that of the control (p<0.05) (Fig. 7).

DISCUSSION

As a result of somatic cell nuclear transfer (SCNT),
placental abnormalities and failed implantation are
characterized phenotypes that occur in many species.
The primary cause of these developmental abnormali-
ties is thought to be due to the incomplete reprogra-
mming of the donor cell, as a cause of epigenetic and
genetic modifications throughout embryonic develop-
ment (Latham, 2004; Piedrahita et al, 2004). Further-
more, in mouse clones, abnormally large placentas re-
sulting from placental hyperplasia of the spongiotro-
phoblast or basal layer are often observed at term (Ono
et al.,, 2001; Humphreys et al., 2002; Ogura et al., 2002).
Similarly, many cloned ovine and bovine placentas at
Day 35 post transfer display vascularization and hypo-
vascularization of the placenta (Hill et al., 2000; De
Sousa et al., 2001).

Here, we have examined the mRNA expression of
Cdx2 and GATA6 during early development from 1-
cell to each tissue at Day 55.

First, our primary focus of this work was to examine
the aspect of Cdx2 and GATA6 mRNA expression in
whole implantation development. Ralston and Rossant
(2008) reported that Cdx2 is initially ubiquitously ex-
pressed, and becomes progressively upregulated in out-
side, future trophectoderm cells prior to blastocyst for-
mation in mice. Besides, Cdx2 is necessary for deve-
lopment of murine trophoblast and in Cdx2 knockout
mice, the trophectoderm epithelium fails to be main-
tained (Strumpf et al.,, 2005). Also, the findings of ano-
ther paper that GATA6 is required for the develop-
ment of extraembryonic tissue are supported by the
generation of chimeric embryo in mice (Beddington and
Robertson, 1989). In addition, GATAG6 is expressed in
the inner cell mass (ICM) of mouse blastocysts and is man-
datory for survival past the blastocyst stage (Kou-
tsourakis ef al., 1999). And other studiesin murine ES
cells suggest that GATA6 is an essential factor forma-
tion of the extraembryonic endoderm (Li et al., 2004).
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Anyway, our Cdx2 data show that mRNA expression
at the single-cell stage is sharply higher than those of
other stage embryos in pre-implantation. But Ralston
and Rossant (2008) reported that early stage embryos
should have lower expression levels. That report exa-
mined only mRNA expression of Cdx2 in the 2-cell
stage. In any case, our data clearly contradicted the pre-
vious report (Ralston and Rossant, 2008). We have no
clear explanation for this difference. But, it is worth
noting that other cell stages showed normal mRNA
expression levels as compared with the previous report
(Ralston and Rossant, 2008). Our data showed that
Cdx2 levels increased to around the blastocyst stage,
suggesting that Cdx2 mRNA expression is related to
blastocyst formation. In GATA6 mRNA expression le-
vels, we also supposed that this result is very similar
to our Cdx2 data. As might be expected of these re-
sults, they are similar to the trends for Cdx2 mRNA ex-
pression with the exception of the morula stage. How-
ever, in whole expression levels, GATA6 mRNA expre-
ssion was lower than Cdx2 mRNA expression.

With regard to Cdx2 and GATA6 mRNA expression
levels in peri- and post-implantation, our evidence su-
ggests a difference in expression pattern between Cdx2
and GATAG6. Interestingly, mRNA expression levels of
both genes were significantly opposed at Day 18. Acc-
ordingly, it would seem that these genes make up for
each other. In addition, before and after this period (at
Day 18), both genes may be relate with placental for-
mation and then play an important role in placental
formation or development between Day 15 and Day 18.
Our data also indicate that overexpression of GATA6
occurred in heart tissues of the fetus at Days 35 and
55. Because GATA6 has been reported to be related to
heart development in mice, Moreover, transcription le-
vels were highly expressed and implantation was al-
most complete at Day 21 (Gove et al., 1997).

Second, our work aimed to examine the aspect of
Cdx2 and GATA6 mRNA expression in the liver and
extraembryonic tissue of porcine fetuses and in endo-
metria produced in vivo or by SCNT at Day 35. In this
study, our data suggest that Cdx2 and GATA6 mRNA
expression is significantly different between in wvivo
(control) and by SCNT. Especially, both the liver of the
fetus and the endometrium show a similar trend in
Cdx2 and GATAG6 expression levels, but extraembryonic
tissue has a different level. This data indicated that m-
RNA level is expressed abundantly in SCNT extraem-
bryonic tissue. In light of this result, overexpression of
Cdx2 in SCNT might regulate some crucial processes
associated with placentation. (Humpherys et al., 2002;
Inoue et al., 2002; Ogawa et al., 2003; Yamazaki et al.,
2003). More than 50 imprinted genes have been iden-
tified in mice and/or humans (Dean et al., 2003), and
many of them are involved in regulation of fetal grow-
th. However, we could not completely rule out the

function of the other genes except for imprinting genes.

Results from this study will improve the under-
standing of placental abnormalities, which is one of
many problems to clone production by SCNT. In other
words, it can be postulated that expression of Cdx2
and GATAG6 genes in the endometrium and extraembr-
yonic tissue of pre- and peri-implantation may be clo-
sely related with the formation of placentas. But, it is
difficult to explain only mRNA results. Furthermore,
functional studies such as siRNA-mediated knockdown
are needed to further elucidate the roles of factor such
as Cdx2 and GATAG6 in porcine.
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