
INTRODUCTION

The growth of germ cells is regulated by many mol-

ecules, and the acquisition of meiotic ability and meiotic 

maturation guarantees the pluripotency of an oocyte. 

Transgenic animal production takes advantage of accu-

mulating research evidence regarding the growth and de-

velopment of the oocyte. The development of blastocysts 

is largely divided into early embryonic development and 

late embryonic development. Early embryonic develop-

ment, which spans from the 1-cell stage to the early blas-

tocyst stage, can be observed following parthenogenetic 

activation (PA). Numerous studies have focused on early 

development in mice, and many involved transcription 

factors have been identified. However, far less is known 

about the transcription factors associated with pig devel-

opment. Here, we tested whether some of the key tran-

scription factors associated with early development in 
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ABSTRACT    Many transcription factors are involved in directing the growth of porcine 
oocytes. The localization and expression level of a given transcription factor often 
differ at each stage of early embryonic growth, which spans from fertilization to the 
formation of the blastocyst. A hallmark of the blastocyst stage is the separation of the 
endodermal and mesodermal ectoderm. The embryo's medium and its effects are 
known to be crucial during early development compared to the other developmental 
stages, and thus require a lot of caution. Therefore, in many experiments, early 
development is divided into the quality of oocyte and cumulus cells and used in 
experiments. We thought that we were also heavily influenced by genetic reasons. 
Here, we examined the expression patterns of five key transcription factors (CDX2, 
OCT4, SOX2, NANOG, and E-CADHERIN) during porcine oocyte development whose 
expression patterns are controversial in the pig to the literature. Antibodies against 
these transcription factors were used to determine the expression and localization 
of them during the early development of pig embryos. These results indicate that the 
expressions of key transcription factors are generally similar in mouse and pig early 
developing embryos, but NANOG and SOX2 expression appears to show species-
specific differences between pig and mouse developing embryos. This work helps 
us better understand how the expression patterns of transcription factors translate 
into developmental effects and processes, and how the expression and localization 
of different transcription factors can crucially impact oocyte growth and downstream 
developmental processes.
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mice (CDX2, OCT4, SOX2, NANOG, and E-CADHERIN) 

could be involved in early development of oocyte and em-

bryo to confirm the previous work in pig system.

CDX2 is reportedly expressed in primate blastocysts 

and the late-dividing 2-cell embryos in mice (Deb et al., 

2006). OCT4 has been shown to influence embryonic 

versatility in mice. It is reportedly expressed in mouse 

oocytes (Scholer et al., 1989; Rosner et al., 1990; Yeom 

YI et al., 1991; Palmieri et al., 1994) and has been shown 

to be essential for forming the inner cell mass (ICM) and 

to affect the retention of pluripotency of blastomeres 

(Nichols et al., 1998). The localization patterns of OCT4 

were found to be consistent in human and cow embryos 

(Degrelle et al., 2005); in mice, it is expressed throughout 

the early embryo up to the blastocyst stage, whereupon 

it becomes localized to the ICM (Palmieri et al., 1994). 

NANOG is involved in the self-renewal of undifferentiated 

embryonic stem cells. NANOG transcripts were report-

edly found in early embryos of several stages, including 

the 4-cell, 8-cell, morula, and blastocyst stages (Brevin et al., 

2007; Kumar et al., 2007; Blomberg et al., 2008; Hall et al., 

2009). In mouse blastocysts, NANOG expression is report-

edly restricted to the ICM (Chazaud et al., 2006; Silver et al., 

2009.) The localizations of OCT4 and NANOG have been 

shown to differ significantly between mammalian species 

during embryonic development (Kirchhof et al., 2000; 

Kuijk et al., 2008). Bovine blastocysts OCT4 and NANOG 

showed up at the same time in the ICM (Degrelle et al., 

2005). 

SOX2 is known to form a complex with OCT4 to aid in 

the regeneration of ICM pluripotency. In mouse embryos, 

SOX2 is expressed during the early developmental stages, 

such as during the development of oocytes, and in the 

primitive ectoderm and embryonic lobe (Avilion et al., 

2003). SOX2 plays crucial roles in maintaining pluripo-

tency of mouse embryonic stem cells (Masui et al., 2007). 

It is essential for embryonic development, is the earliest 

known marker for embryonic cells prior to the formation 

of the ICM (Guo et al., 2010), and contributes to proper 

formation of the ICM (Avilion et al., 2003). SOX2 modu-

lates the expression of NANOG, which mediates vari-

ous pluripotency factors, including OCT4 (Rodda et al., 

2005). During mouse embryonic development, SOX2 was 

partially detected in some blastomeres of 4-cell embryos 

(Keramari et al., 2010). However, it was observed that ICM 

of blastocysts was expressed in most blastomeres (Avilion 

et al., 2003). SOX2 is also known to affect the development 

of bovine embryos (Khan et al., 2012). In bovine embryos, 

SOX2 is first expressed at the early morula stage; in blas-

tocysts, it is expressed in the ICM but excluded from the 

trophectoderm (TE). 

E-CADHERIN was known to be first observed at the 

2-cell stage in various mammalian species, and undergo 

phosphorylation around the 8-cell stage, then and cause 

densification of morula. In many mammals, E- CADHERIN 

is known to critically contribute to blastocyst formation 

by mediating cell-cell interactions. In mouse embryos, E-

cadherin has been shown to play an important role in the 

establishment of blastocysts (Larue et al., 1994; Ohsugi 

et al., 1997). During gastrulation, E-CADHERIN is expressed 

in the ectoderm and endoderm, but not in the mesoderm 

(Damjanov et al., 1986; Burdsal et al., 1993; Ciruna et al., 

2001). In sheep embryos, E-CADHERIN is confined to the 

cytoplasm in early embryo and appears at the junctions 

of 8- to 16-cell embryo (Modina et al., 2010). 

Here, we used antibodies to determine the expression 

and localization of CDX2 and OCT4 during the early de-

velopment of pig embryos, and compared the obtained 

data to the results previously obtained in mouse embryos. 

Also, we examined whether NANOG and SOX2 are ex-

pressed in early developing pig embryo by imaging and 

localization studies. The expression and localization of 

CDX2, OCT4, NANOG and SOX2 in pig embryo were ana-

lyzed to examine how their expression patterns might dif-

fer from previous results obtained using mouse embryos. 

We also examined the expression and localization of E-

CADHERIN during the early development of porcine em-

bryos. 

MATERIALS AND METHODS

Materials
All chemicals used in this study were purchased from 

Sigma-Aldrich (St Louis, MO, USA) unless otherwise speci-

fied.

Oocyte collection and maturity
Porcine ovaries were obtained from a local slaughter-

house. Within 1 hr of collection, the ovaries were trans-

ported to the laboratory in saline solution at 37oC. Follcle 

size of 3-6 mm in diameter were collected along with 

at least three layers of cumulus cells, and the cumulus-
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oocyte complexes were cultured in TCM 199 medium 

containing 1% PFF (porcine follicular fluid), 0.01% PMSG 

(pregnant mare serum gonadotropin), 0.01% HCG (human 

chorionic gonadotropin), 0.001% EGF (epidermal growth 

factor), and 0.005% vitamins. The cells were cultured for 

24 hr at 37.5oC in a 5% CO2 containing incubator.

Parthenogenetic (PA)
PZM3 (500 mL/well) topped with 300 mL/well of mineral 

oil was distributed to a 4-well dish. In vitro-matured oo-

cytes were washed three times with PZM3, washed three 

times with mannitol, and then subjected to electric shock 

(1100 vol/sec, ELECTRO CELL MANIPULATOR ECM2001, 

BMS, Seoul, Republic of Korea). The oocytes were washed 

three times in PZM3 and incubated in a 4-well dish at 

37.5oC in 5% CO2. Each PA-derived embryo was checked 

daily for ~7 days. PA-derived embryos at various devel-

opmental stages (1-cell, 2-cell, 4-cell, 8-cell, morula and 

blastocyst; n=10 per stage) were subjected to immunohis-

tochemical staining.

Fixation and immunostaining 
In vitro-matured oocytes were washed three times in 

PBG (PVA/PBS) at 27oC, fixed for 30 min in 2% parafor-

maldehyde in PBS using a Danching shake DS400 (BMS, 

Seoul, Republic of Korea), and then permeabilized for 30 

min in PBS containing 0.5% Triton X-100 and 100 mM 

glycine The oocytes or embryos were then incubated for 

10 min in 3% BSA, and finally washed with PBG for 5 min. 

Immunostaining was performed with primary antibodies 

against the following: CDX2 (1:1000, rabbit monoclonal 

EPR2764Y; Abcam, Seoul, Republic of Korea), OCT-3/4 

(C-10) (1:1000, sc5279), NANOG (1:1000, mouse mono-

clonal), SOX2 (1:1000, mouse monoclonal), and E-CAD-

HERIN (1:1000, mouse monoclonal) (all from Santa Cruz 

Biotechnology, Santa Cruz, CA). The utilized second anti-

bodies included: goat anti-mouse SC-2092 (red; used for 

OCT4, SOX2, NANOG, and E-CADHERIN) and mouse an-

ti-rabbit sc-2359 (green; used for CDX2) (both from Santa 

Cruz Biotechnology). The oocytes were incubated over-

night with the primary antibody, washed with PBG for 20 

min, and then incubated with the appropriate secondary 

antibody in the dark at 26oC for 1 hr. The chromatin was 

stained with DAPI (4,6-diamidino-2-phenylindole), and 

the samples were stored at 4oC in a slide box until imag-

ing was performed using conforcal microscopy (ZEISS, 

Germany).

RESULTS

Expression of OCT4 and CDX2 in porcine oocytes and 

embryos 
We used immunohistochemical staining to observe the 

expression and localization patterns of OCT4 and CDX2 

in pig oocyte and embryo ranging from the germinal 

vesicle (GV) stage (immature oocytes) to the blastocyst 

stage. DAPI was used to show the entire chromatin. At the 

GV stage, OCT4 was strongly expressed in the surround 

nucleus (SN) chromatin and weakly expressed through-

out the cytoplasm, while CDX2 was weakly expressed 

throughout the cytoplasm (Fig. 1). 1-cell stage was stained 

after 20 hours of PA. At the 1-cell stage, CDX2 and OCT4 

were expressed in the cytoplasm. One day later, at the 

2-cell stage, CDX2 was expressed in the cytoplasm and 

OCT4 was strongly expressed in the nuclei. At the 3-cell 

stage, CDX2 was weakly expressed in the cytoplasm and 

nuclei, while OCT4 was more prominently expressed in 

both regions. OCT4 and CDX2 were weakly expressed in 

the cytoplasm and nuclei at the later stage. In blastocysts, 

OCT4 was found to be expressed in nuclei of cells around 

ICM, whereas CDX2 was more ubiquitously expressed 

throughout the embryo.

Expression of NANOG in porcine oocytes and embryos
In GV-stage oocytes, NANOG was weakly expressed 

in the cytoplasm and strongly expressed in the chro-

matin area (Fig. 2). At the early development stage (1-

cell, 2-cell, 3-cell, 5-cell and morula) embryos, NANOG 

was expressed weakly in the cytoplasm. At the blastocyst 

stage, NANOG was expressed throughout the cytoplasm. 

In contrast to other mammalian species, nuclear NANOG 

expression was not detected in developing porcine em-

bryos, and its expression was not confined to the cells of 

the ICM at the blastocyst stage. Staining was performed 

for each step.

Expression of SOX2 in porcine oocytes and embryos 
At the GV stage, SOX2 was weakly expressed in the cy-

toplasm (Fig. 3). At the 1-cell and 2-cell stages, SOX2 was 

expressed throughout the cytoplasm but absent from the 

nucleus. At the 4-cell stage, SOX2 was expressed in the 

nucleus of blastomeres. SOX2 was expressed weakly in the 
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cytoplasm at the later stage. At the morula and blastocyst 

stages, SOX2 was expressed weakly in the cytoplasm and 

nuclei. 

Expression of E-CADHERIN in porcine oocytes and 

embryos 
At the GV stage oocyte and 1-cell stage embryo, E-CAD-

HERIN was barely expressed in the cytoplasm (Fig. 4). At 

the later stages, E-CADHERIN was expressed in the cyto-

plasm but not in the nucleus. E- CADHERIN is well known 

to be expressed in the cell contact area, but at the 2-cell 

or 4-cell stages, E-CADHERIN was not observed at the 

cell wall or cell contact area. At the morula stage, E-CAD-

HERIN was more expressed unevenly in the cytoplasm, 

whereas at the blastocyst stage, E-CADHERIN was de-

tected at the cell to cell contact area and in the junctions 

between cells, as observed in other mammalian species. 

DISCUSSION

We selected four transcription factors known to be 

involved in the early development of various mammals 

(CDX2, OCT4, NANOG, and SOX2), and examined their 

expression patterns during the early developing embryos 

of pig. In mice, OCT4 and SOX2 affect pluripotency in 

developing embryos and contribute to forming and main-

taining the ICM and CDX2 is expressed from the 2-cell 

stage, but confined in the TE (Palmieri et al., 1994). OCT4, 

SOX2, and NANOG have been found to play important 

roles in early lineage segregation when expressed dur-

ing early embryonic development (Palmieri et al., 1994; 

Rodda et al., 2005; Masui et al., 2007; Kuijk et al., 2008). 

Fig. 1. The expression patterns of CDX2 (green) and OCT4 (red) 
in porcine embryos were examined by immunostaining. DAPI 
(blue) was used to stain DNA. Scale bar = 50 μm.

Fig. 2. The expression pattern of NANOG (red) in porcine em-
bryos was examined by immunostaining. DAPI (blue) was used 
to stain DNA. Scale bar = 50 μm.
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NANOG critically contributes to the formation of epi-

blasts and hypoblasts during early mouse embryonic 

development. Given that CDX2, OCT4, SOX2, NANOG, 

and E-CADHERIN appear to play major roles in the early 

embryonic development of mice, we herein used immu-

nochemistry to examine the expression patterns of these 

factors in porcine oocytes and embryos. 

We found that CDX2 was not expressed in GV stage, 

1-cell, 2-cell, and morula, but was expressed in blasto-

cyst. Specifically, it was not expressed in the ICM region 

in blastocyst but was expressed only in TE. OCT4 was 

stained in the background in GV stage and 1-cell but were 

strongly expressed in nucleus strongly in 2-cell, and 3-cell 

and 6-cell. It was strongly expressed in all nuclei in blas-

tocyst. Previous studies have shown that OCT4 is mostly 

restricted to cells of the ICM in blastocysts (Emura et al., 

2016), whereas it is expressed in cells of the ICM and TE 

in mouse blastocysts (Palmieri et al., 1994). In the next 

experiment, it is necessary to check the exact area by 

observing the latter blastocyst additionally. Our present 

results indicate that porcine oocytes and embryos show 

patterns of CDX2 and OCT4 expression that are similar 

to those seen in the mouse. These findings, together with 

the previous reports, suggest that CDX2 and OCT4 are 

likely to play important roles in the early embryonic de-

velopment of the pig. 

Our analysis of NANOG revealed that it was expressed 

at all of the studied stages, and was strictly localized in 

the cytoplasm. It was concentrated in the ICM region 

during most of the blastocyst stage, and appeared to be 

expressed in the embryonic disc region during the late 

hatching stage of the blastocyst. In the mouse, NANOG 

Fig. 3. The expression pattern of SOX2 (red) in porcine embryos 
was examined by immunostaining. DAPI (blue) was used to stain 
DNA. Scale bar = 50 μm.

Fig. 4. The expression pattern of E-CADHERIN (red) in porcine em-
bryos was examined by immunostaining. DAPI (blue) was used to 
stain DNA. Scale bar = 50 μm.
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was reportedly expressed at the 4-cell, 8-cell, morula, 

and blastocyst stages (Rodda et al., 2005). Thus, NANOG 

expression appears to show species-specific differences 

between pig and mouse developing embryos.

SOX2 is a well-known early embryonic marker that is 

expressed in the cell nuclei of mouse oocytes and em-

bryos during various developmental stages. However, our 

analysis revealed that SOX2 was expressed exclusively in 

the cytoplasm of embryonic pig cells at all tested stages, 

with the exception of the 4-cell stage, when one of the 

four nuclei showed detectable expression of SOX2. In 

particular, SOX2 staining was intense in the ICM area of 

morula- and blastocyst-stage embryos. SOX2 and NANOG 

are found in the cytoplasm of early-stage blastocysts, and 

their expression patterns will appear in later stages.

In the mouse embryo, E-CADHERIN is expressed mainly 

in the cell wall and cell junction area, suggesting that it 

plays an important role in early embryonic development 

(Ohsugi et al., 1997). In porcine blastocysts, we found 

that E-CADHERIN was expressed specifically near the 

cell wall area and at the junctions. This indicates that E-

CADHERIN plays an important role in nuclear division 

during the early embryonic development of the pig. In 

other mammals, E-CADHERIN is reportedly expressed 

at the overlapping part of the cell wall beginning at the 

2-cell stage, which contrasts with our current findings in 

pig blastocysts. It can be assumed that species-specific 

differences in the expression of transcription factors dur-

ing the blastocyst stage can affect the post-blastocyst de-

velopment. 

In sum, we herein show that the expressions of key 

transcription factors are generally similar in mouse and 

pig early developing embryos. However, we also identify 

some species-specific differences. Future work is needed 

to clarify these differences and their implications, as well 

as to assess the expression levels of key transcription fac-

tors during the later stages of blastocyst development.
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