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ABSTRACT
Inhibition of both MEK1/2 and glycogen synthase kinase-3 (GSK3; 2i system) facilitates
the maintenance of naïve stemness for embryonic stem cells in various mammalian
species. However, the effect of the inhibition of the 2i system on porcine early
embryogenesis is unknown. We investigated the effect of the 2i system on early embryo
development, expression of pluripotency-related genes, and epigenetic modifications.
Inhibition of MEK1/2 (by PD0325901) and/or GSK3 (by CHIR99021) did not alter the
developmental potential of porcine parthenogenetic embryos, but improved blastocyst
quality, as judged by the blastocyst cell number, diameter, and reduction in the
number of apoptotic cells. The expression levels of octamer-binding transcription factor
4 and SOX2, the primary transcription factors that maintain embryonic pluripotency,
were significantly increased by 2i treatments. Epigenetic modification-related gene
expression was altered upon 2i treatment. The collective results indicate that the
2i system in porcine embryos improved embryo developmental potential and blastocyst
quality by regulating epigenetic modifications and pluripotency-related gene expression.
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INTRODUCTION
Preimplantation development of mammalian embryos features several embryonic
differentiation events that yield the fetus and placenta. The initial steps of cell lineage
determination occur in the morula stage and cells differentiate as the inner cell mass (ICM)
or trophectoderm (TE). At this stage, ICM cells expressing OCT3/4 in the blastocyst
stimulates the development of primitive ectoderm or endoderm, whereas the
CDX2-expressing TE cells become the embryonic portion of the placenta (Niwa,
Miyazaki & Smith, 2000; Niwa et al., 2005). Embryonic stem cells (ESCs) can be isolated
from the ICM in blastocysts prior to differentiation into the three embryonic germ cell
layers (ectoderm, endoderm, and mesoderm). Therefore, maintenance of the
undifferentiated status of the ICM is crucial for the establishment of ESCs.
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Several signaling pathways are involved in the differentiation of naïve stem cells.
Exogenous fibroblast growth factor (FGF-2) activates FGF receptors (FGFR) and
stimulates the mitogen-activated protein kinase (MAPK) pathway (Dvorak et al., 2005),
whereas Wnt/b-catenin signaling pathways stimulate differentiation toward a
lineage-committed cell type (Merrill, 2012). Therefore, chemical inhibition of these
signaling pathways may modulate stem cell differentiation. For example, combination
treatments involving the inhibition of FGFR kinases by SU5402, inhibition of the
MAPK/extracellular signal-regulated kinase pathway by the MAPK kinase (MEK)
inhibitor PD0325901, and stimulation of Wnt/b-catenin signaling by the glycogen
synthase kinase-3 (GSK3) inhibitor CHIR99021 in the presence of leukemia inhibitory
factor can suppress Embryonic stem cell (ESC) differentiation (Ying et al., 2008).
Indeed, the dual inhibition of GSK3 and MEK (the 2i system) effectively promotes
pluripotent cell types, and facilitates the establishment of naïve rat stem cells, which are
otherwise difficult to establish (Leitch et al., 2010; Silva et al., 2008). The direct effects of
these inhibitors on the signaling pathways have been characterized. Inhibition of FGF
signaling is arrested in naïve epiblast cells (Kunath et al., 2007; Lanner & Rossant, 2010;
Stavridis et al., 2007). Blocking of MAPK pathways, which affects downstream signaling
for FGF pathways, block epiblast differentiation (Nichols et al., 2009). In addition,
stabilization of b-catenin by GSK3 inhibition activates stem cell factors, such as c-MYC,
ESRRB, and OCT4, which act independently or interact with other transcription factors
to enhance pluripotency (Nichols et al., 1996). The mechanism underlying the effects
of these inhibitors on the maintenance and differentiation of epiblasts is unknown.

The zygotic genome is epigenetically regulated by DNA demethylation and histone
modifications. For example, DNA methylation at CpG dinucleotides (Howlett & Reik,
1991; Kafri et al., 1992; Monk, Boubelik & Lehnert, 1987) and histone 3 lysine 9
trimethylation (H3K9me3), have been associated with repressive heterochromatin.
H3K9 methylation may be important in suppressing pluripotent-specific genes
within the TE (Alder et al., 2010; Rugg-Gunn et al., 2010). In addition, histone 3 lysine
9 acetylation (H3K9ac3) has been associated with euchromatin and gene activation
(Ringrose & Paro, 2004). These epigenetic changes are mediated by different
proteins, including DNA methyltransferases (DNMT) (Fuks et al., 2003)
and ten-eleven translocation methylcytosine dioxygenase (TET) family of proteins
(Wossidlo et al., 2010, 2011). Blocking both signaling pathways involved in ESC
differentiation causes DNA demethylation by activation of Tet methylcytosine
dioxygenase 1 (TET1) in a JMJD2C-dependent manner and passive DNA demethylation
through DNMT3A/B degradation, which is promoted by PRDM14/G9a
(Sim et al., 2017).

2i treated mammalian preimplantation embryos showed increase in ICM formation and
pluripotent marker overexpression. 2i-treated rat blastocysts maintain the ICM in a naïve
state by blocking differentiation (Buehr et al., 2008; Li et al., 2008). Furthermore,
2i treatment of bovine embryo increases the expression levels of epiblast marker genes in
ICM cells, but not in TE cell lineages (Harris, Huang & Oback, 2013). However, the
inhibitory effects of the 2i system on porcine early embryogenesis is unknown. In this
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study, we investigated the effect of the dual inhibition of MEK and GSK3 on porcine
early embryo development and ICM formation.

MATERIALS AND METHODS
Reagents
All reagents were purchased from Sigma-Aldrich (St. Louis, MO, USA) unless stated
otherwise.

Porcine oocyte collection and in vitro maturation
Pre-estrogenic porcine ovaries were delivered in saline at temperature >30 �C from a local
slaughterhouse (Farm Story Hannang, Chungwon, Chungbuk, Republic of Korea)
within 1 h of collection. Aspiration of follicle fluid was performed using an 18-gauge
needle with a 10 mL syringe. Cumulus-oocyte complexes (COCs) were washed
with TALP-HEPES (HEPES medium supplemented with 0.1% of polyvinyl alcohol
(PVA)) and were collected the COCS which densely-covered with cumulus cells.
COCs were cultured in a four-well cell culture dish with in vitro maturation medium
(M-199; Invitrogen, Carlsbad, CA, USA) by adding 20 ng/mL epidermal growth factor,
one g/mL insulin, 75 g/mL kanamycin, 0.91 mM Na pyruvate, 0.57 mM L-cysteine,
10% (v/v) porcine follicular fluid, 0.5 mg/mL follicle stimulating hormone, and
0.5 mg/mL luteinizing hormone at 38.5 �C in an atmosphere containing 5% CO2 at 100%
humidity.

2i treatment during in vitro culture and measurement of blastocyst
diameter
To activate mature oocytes in vitro, MII oocytes were collected and denuded by pipetting
the expanding cumulus cells surrounding the oocyte in one mg/mL hyaluronidase.
The denuded oocytes were washed thrice in PBS–BSA (Dulbecco’s phosphate-buffered
saline containing 0.1% bovine serum albumin) and activated using an Electro Cell
Manipulator 2001 (BTX, Inc., San Diego, CA, USA) and 280 mM mannitol medium
supplemented with 0.01 mM CaCl2 and 0.05 mMMgCl2. The activating electric pulse was
delivered twice at 1.1 kV/cm for 60 ms each time. After activation, the embryos were
cultured in PZM-5 medium, which consisted of 108 mM NaCl, 10 mM KCl, 0.40 mM
MgSO4·7H2O, 0.35 mM KH2PO4, 25.07 mM NaHCO3, 0.2 mM sodium pyruvate,
2.00 mM Ca-(lactate)2·5H2O, five mg/mL gentamicin sulfate and 0.1 mg/mL BSA.
Activated oocytes were placed on PZM-5 medium with 7.5 mg/mL cytochalasin B for 3 h.
The embryos were washed thrice and cultured in PZM-5 medium containing
dimethylsulfoxide (0.2%; control group), MEK1/2 inhibitor (PD0325901, four mM), GSK3
inhibitor (CHIR99021, 0.3 mM), or 2i inhibitor (PD0325901 four mM + CHIR99021
0.3 mM) for 144 h at 38.5 �C in an atmosphere containing 5% CO2. Blastocysts were
collected at 144 h post-activation and images of blastocysts were taken using a Nikon TE
2000 inverted microscope in x100 (Tokyo, Japan). Mean blastocyst diameters were
calculated from these data and measured using ImageJ by pixel.

Kwon et al. (2019), PeerJ, DOI 10.7717/peerj.5840 3/15

http://dx.doi.org/10.7717/peerj.5840
https://peerj.com/


Terminal deoxynucleotidyl transferase dUTP nick end labeling assay
of blastocyst quality and cell number counting
2i-treated blastocysts were washed thrice with PVA–PBS and fixed in 4% formaldehyde in
PBS. After fixation, permeabilization was performed using PBS with 0.2% Triton
X-100. Cell death of permeabilized blastocysts were detected using fluorescein
isothiocyanate-conjugated in situ cell death detection kit transferase dUTP nick end
labeling (TUNEL; Promega, Madison, WI, USA). Negative control did not add terminal
deoxynucleotidyl transferase enzyme during apoptosis labeling. Positive control
blastocysts were treated with an additional step for 10 min at room temperature after
permeabilization with Dnase I (30,000 U/mL) in 1X Dnase buffer (10 mM CaCl2, six mM
MgCl2 and 10 mM NaCl in 40 mM Tris-HCl, pH 7.9). For nuclear staining, blastocysts
were incubated with 10 mg/mL bisbenzimide (Hoechst 33342; Sigma-Aldrich,
St. Louis, MO, USA) for 10 min at room temperature, followed by three washes with
PVA–PBS. The washed blastocysts were immediately mounted on a glass slide.
Enumeration of total and apoptosis positive cells was performed using fluorescence
microscopy. Cell number of blastocysts were counted by DAPI positive cells.

Reverse transcription-polymerase chain reaction levels
Blastocysts treated for 7 days were used for extraction of mRNA using the Dynabeads
mRNA Direct kit (Life Technologies AS, Oslo, Norway). Each group of blastocysts
was resuspended in lysis/binding buffer and vortexed for 5 min. The extracted mRNA was
washed several times and eluted using 10 mM Tris-HCl. cDNA was synthesized using the
first strand cDNA synthesis kit (Legene, San Diego, CA, USA) and amplified using
the WizPure qPCR Master Super Green kit (Wizbio Solutions, Seongnam, South Korea)
with specific gene primers. The Primer sequences for quantitative reverse
transcription-polymerase chain reaction (qRT-PCR) is shown in Table S1. The gene
encoding glyceraldehyde-3-phosphate dehydrogenase was used as an internal control
for normalization in all analyses.

Immunofluorescence and confocal microscopy
Inhibitor-treated embryos were fixed with 4% paraformaldehyde in PBS containing
polyvinyl alcohol (PBS–PVA) for 30 min. PBS–PVA containing 0.5% Triton X-100 was
applied for 1 h to permeabilize the embryos, which were subsequently placed in a blocking
solution of PBS containing 3% BSA and 0.05% Tween 20. After blocking, the embryos
were incubated overnight at 4 �C with primary antibodies diluted in 1% blocking solution
(PBS with 1% BSA) against octamer-binding transcription factor 4 (OCT4, sc-9081,
1:100; Santa Cruz Biotechnology, Santa Cruz, CA, USA), SRY (sex determining region Y)-
box 2 (SOX2, sc-365823, 1:100; Santa Cruz Biotechnology, Santa Cruz, CA, USA).
Each sample was washed thrice in washing solution (PBS with 0.05% Tween 20) for
10 min, followed by addition of the fluorophore-labeled secondary antibody (Alexa Fluor
488 or 568; 1:200; Thermo Scientific, Waltham, MA, USA) diluted in the blocking solution.
The embryos were then stained with Hoechst 33342 (10 mg/mL in PVA–PBS) for
10 min. After washing thrice, the embryos were mounted on glass slides with Vectashield
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(94010; Vector Laboratories, Burlingame, CA, USA) and examined using a model LSM 710
META confocal laser scanning microscope (Carl Zeiss, Jena, Germany).

Statistical analyses
For each experiment, at least three replicates were performed using >20 embryos.
Statistical analyses were performed using GraphPad Prism (GraphPad Software V6.01,
La Jolla, CA, USA). One-way analysis of variance, followed by Tukey’s single or multiple
comparison tests were performed. Descriptive statistics are presented as mean or
standard error of the mean.

RESULTS
Effect of MEK/GSK3 inhibition on porcine early embryo development
We examined the effect of 2i treatments during porcine embryonic development.
Porcine parthenogenetic embryos were treated separately or together with MEK and GSK3
inhibitors and the effect on the rate of blastocyst formation was assessed. No differences
were evident between the control and 2i treatment groups (Figs. 1A and 1B;
Control: 50.72% ± 2.54 vs PD0325901: 49.97% ± 5.54 vs CHIR99021: 52.52% ± 2.08 vs 2i:
53.18% ± 3.26). However, 2i treatments were associated with a significantly larger
blastocyst mean diameter than the control (Fig. 1C; Control: 6,541 ± 334.3 vs PD0325901:
6,061 ± 443.6 vs CHIR99021: 7,082 ± 291.7 vs 2i: 8,463 ± 394.8). Blastocyst diameter can be
used to evaluate the quality of blastocysts produced in vitro (Lagalla et al., 2015).
Grading of the stages of grown blastocysts revealed that 2i-treated embryos increased the
expanded blastocyst ratio (Fig. 1D), and these results revealed that 2i treatment improved
blastocyst quality compared to the control.

To further investigate blastocyst quality following 2i treatment, cell numbers and the
prevalence of apoptosis were determined using the TUNEL assay (Figs. 2A–2C).
Total cell numbers of blastocysts in the 2i treatment groups were significantly higher than
in control group (Control: 57.32 ± 4.79 vs PD0325901: 59.70 ± 7.44 vs CHIR99021: 60.20 ±
5.20 vs 2i: 71.59 ± 7.90). However, GSK3 or 2i inhibition decreased the number of
TUNEL-positive cells in blastocyst preparations (Control: 4.54 ± 0.41 vs PD0325901:
4.54 ± 0.62 vs CHIR99021: 2.83 ± 0.41 vs 2i: 2.04 ± 0.32). To confirm the regulation of
apoptotic gene expression on 2i treatment, we carried out the qRT-PCR using control and
2i-treated blastocysts. Interestingly, anti-apoptotic gene Bcl-2 mRNA levels was
increased with 2i treatment. These results demonstrated that 2i treatment improve the
blastocyst quality by affecting apoptosis and total cell number.

Increasing of inner cell mass in MEK/GSK3 inhibition
To determine the effect of 2i treatment on the ICM formation and expression levels of
ICMmarker proteins, we compared OCT4 and SOX2 expression in GSK3/MEK-inhibited,
GSK3-inhibited, MEK-inhibited, and control blastocysts (Figs. 3A–3D). Inhibition
of GSK3 or both MEK and GSK3 significantly increased the ratio of OCT4-positive
cells (Control: 20.48 ± 2.55 vs PD0325901: 22.64 ± 2.80 vs CHIR99021: 38.33 ± 2.11 vs
2i: 47.37 ± 3.91). In addition, the SOX2-positive cell ratio in 2i-treated blastocysts
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were higher than in other groups (Control: 14.12 ± 0.90 vs PD0325901: 15.85 ± 1.23 vs
CHIR99021: 15.27 ± 1.30 vs 2i: 21.46 ± 1.57). These results indicated that MEK/GSK3
inhibition 2i-treated blastocyst increase ICM cells in porcine early embryo development.

Effect of MEK/GSK inhibition on the expression of on fate-related
transcription factors and genes related to epigenetic modification
Based on the phenotypic characterization of the 2i-treated porcine blastocysts, we
speculated that MEK/GSK3 inhibition affects the expression of pluripotency-associated

Figure 1 Effect of treatment with MEK/GSK3 inhibitor alone or combination on activated porcine
embryos. (A) Representative microphotographs showing blastocyst formation after treatment with
inhibitor PD0325901 (0.4 mM), CHIR99021 (three mM) and 2i (PD0325901 0.4 mM + CHIR99021
three mM. (B) Blastocyst rate counts in early to expanded blastocyst. (C) Mean size of blastocyst (pixels)
in the surface area was analyzed using ImageJ. (D) Grade 1–4 blastocysts were categorized as early (E),
mid (M), expanded (X), and hatched (H) stages on day 7. Scale bars: 200 mm. �P < 0.01.

Full-size DOI: 10.7717/peerj.5840/fig-1
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genes in blastocysts. Hence, we assessed the expression of various transcription factors
involved in epiblast or trophoblast differentiation using qRT-PCR (Fig. 4). Compared to
the control, OCT4 expression was increased in the 2i-treated groups, whereas the
expression of other pluripotent-related genes (NANOG, SOX2, and CDX2) showed no
difference in expression. However, GATA4, a hypoblast differentiation-related gene, was
significantly reduced in 2i treatment groups.

Figure 2 Improvement of blastocyst quality after treatment with MEK/GSK-3 inhibitor. (A) Inhibitor-
treated blastocysts (Day 7) were stained for TUNEL assay for enumerating apoptosis-positive cells.
Negative: Without TdT enzyme, Positive: Dnase I treated blastocyst, Control: 0.2% DMSO, PD0325901
0.4 mM, CHIR99021: three mM, 2i: PD0325901 0.4 mM + CHIR99021 three mM. (B and C) Total cell
number and apoptosis positive cells were counted on day 7 after Hoechst 33342 and TUNEL staining.
(D) Apoptosis-related genes expression were assessed by quantitative RT-PCR in the control and 2i-treated
blastocysts. Each group consisted of >20 blastocysts. Data was normalized to GAPDH levels. Scale bars:
50 mm. �P < 0.01. Full-size DOI: 10.7717/peerj.5840/fig-2
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Next, we assessed the levels of genes related to epigenetic modifications. DNMT1A and
DNMT3A mRNA levels were significantly reduced in 2i-treated blastocysts, whereas
the expression of the DNA demethylase TET1 did not differ between the control and
treated samples. Expression of the histone H3-K9 methyltransferase (such as SUV39H2)
was reduced by 2i treatment, whereas the expression of other H3-K9 methyltransferases
(such as SUV29H1) did not change. Furthermore, the expression levels of histone
demethylases of the Jumanji domain 2 (JMJD2) family and KDM4C did not change with
2i treatment. Interestingly, the mRNA level of PR-domain-containing 14 (PRDM 14) gene,

Figure 3 ICM marker protein expression after 2i treatment. (A) Immunofluorescence analysis for
OCT4 (red) and Hoechst 33342 nuclear staining (blue) in inhibitor-treated blastocyst. (B) OCT4-positive
cell ratio (%) in the nucleus. (C) Immunofluorescence analysis for SOX2 (red) and Hoechst 33342 nuclear
staining (blue) in inhibitor-treated blastocyst, and (D) SOX2-positive ratio in the nucleus. Scale bars:
50 mm. �P < 0.01. Full-size DOI: 10.7717/peerj.5840/fig-3
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which is involved in the maintenance of pluripotency in mouse ESCs (Ma et al., 2011),
was significantly higher in the 2i-treated groups.

DISCUSSION
In this study, we examined the effects of 2i treatment during porcine parthenogenetic
embryogenesis, with a focus on blastocyst quality and expression of pluripotency markers.
Previous studies on MEK/GSK3 inhibitor treatments focused on the establishment of

Figure 4 Changes in global gene expression patterns in 2i-treated blastocysts. Relative mRNA
expression levels of ICM & TE differentiation (A–G), Histone modification & DNA methylation (H–N),
and maternal imprinting genes (O and P). cDNA was isolated from day 7 blastocysts and used for
qRT-PCR. Three experimental replicates were used for >20 embryos in each group. �P < 0.01.

Full-size DOI: 10.7717/peerj.5840/fig-4
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ESCs or induced pluripotent stem cells (Li et al., 2009; Shi et al., 2008; Silva et al., 2008).
In addition, the effect of 2i on embryogenesis of various mammalian species, including
mouse (Nichols et al., 2009), rat (Buehr et al., 2008), and cattle (Harris, Huang &
Oback, 2013), have been reported. Although the effects and the mechanism via which the
2i system regulates establishment of naïve stemness in rodent ESCs have been studied
extensively, whether these mechanisms are conserved in the porcine embryo remains
unclear. Germline transmission through ESCs has not been reported beyond the production
of chimeras using porcine embryonic germ cells (Mueller et al., 1999; Piedrahita et al., 1998;
Rui et al., 2004) or placental chimeras using an ESC-like cell line (Xue et al., 2016).
Investigating signaling pathways involved in the differentiation and maintenance of
stemness in the porcine embryo would be useful for the establishment of a porcine ESC line.

We observed that the 2i system improved blastocyst quality by reducing apoptosis
and facilitating the expression of pluripotency marker genes in porcine embryos, similar to
that observed in rodent embryos. We evaluated the effect of the 2i system on blastocyst
quality during early porcine embryo development. Since inhibition of the MEK1/2
pathway induces apoptosis in epithelial cells (Ciuffreda et al., 2009), we assessed the extent
of apoptosis and the expression patterns of related genes. Interestingly, MEK inhibition by
PD0325901 did not change the level of apoptosis, whereas GSK3 inhibition or the
concurrent inhibition of MEK and GSK3 effectively reduced apoptosis in treated embryos.
These results indicate that MEK/GSK3 inhibition directly affects apoptosis in porcine
embryos. Considering that the apoptotic pathway is generally induced by p53 after
DNA damage (Williams & Schumacher, 2016) and that GSK3 is involved in caspase
activation and apoptotic pathway induction (Watcharasit et al., 2002), we suggest that
GSK3-mediated apoptosis and modulation of this pathway during porcine embryogenesis
is important for the development and generation of porcine embryos. Although, we did
not confirm p53 expression between control and 2i treatment group, because of
absence of DNA damage induced condition. In previous work in radiation, p53-dependent
apoptosis was reduced by CHIR99021 (Wang et al., 2015). Therefore, the relationship
between 2i and p53-dependent apoptosis under DNA damage conditions during early
embryo development requires further investigation.

Previous studies showed that the 2i system affects histone marker status in ESCs
(Habibi et al., 2013;Marks et al., 2012). Since silencing of ICM-specific gene expression in
TE cells (Rugg-Gunn et al., 2010) or TE marker gene expression in ICM (Yuan et al., 2009;
Yeap, Hayashi & Surani, 2009) is important for the establishment of cell fate and
embryo developments, the MEK/GSK3 inhibitor treatments can be expected to change the
epigenetic modification levels and expression levels of relevant genes. H3K9me3 and
H3K9ac levels changed in CHIR99021-treated and 2i (Habibi et al., 2013). In mammalian
cells, JmjC domain-containing histone demethylase JMJD2C histone methyltransferase
Suv39h2 regulated H3K9me3 (Garcia-Cao et al., 2004; Cloos et al., 2006). As expected, the
mRNA level of the H3K9me3 methyltransferase SUV39H2 was reduced in 2i-treated
embryos although no difference was observed in JMJD2C mRNA level (Fig. 4).
These results demonstrated that MEK/GSK3 inhibition may regulate histone modification
by regulating the levels of histone methyltransferases. The underlying mechanisms
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regulating histone methyltransferase expression via the MEK/GSK3 pathway are still
unknown and require further investigation.

In addition to histone modification, remodeling of DNAmethylation status is one of the
major epigenetic modifications occurring during early mammalian embryogenesis
(Rougier et al., 1998). Previous studies show that 2i reduced the expression of DNMT
family proteins by increasing of PRDM 14 expression (Sim et al., 2017). Indeed, PRDM 14
regulates expression of the naive pluripotency-related genes via repress the expression
of de novo DNA methyltransferases (such as DNMT3A, 3B, and 3L) (Yamaji et al., 2013).
We didn’t confirm DNA methylation levels in 2i treated-embryos, but observed that
DNMT1A and DNMT3A mRNA levels were reduced, whereas PRDM 14 mRNA level was
increased by MEK/GSK3 treatments. These results indicating that passive DNA
methylation status may change by DNA methyltransferase activity through MEK/GSK3
inhibition, and regulate pluripotency-related gene expression.

Our results demonstrate that MEK and GSK3 inhibition improved porcine blastocyst
quality and affected expression of epigenetic modification and pluripotency-associated
genes. We suggest that conservation of the MAPK and Wnt signaling pathways
during differentiation and maintenance of porcine ICM and their inhibition can be
useful for establishing naïve porcine ESCs.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
This work was supported by a grant from the Next-Generation BioGreen 21 Program
(No. PJ01322101), Rural Development Administration, Republic of Korea and by
Basic Science Research Program through the National Research Foundation of Korea
(NRF) funded by the Ministry of Science, ICT & Future Planning (2018R1A2B2005880).
The funders had no role in study design, data collection and analysis, decision to publish,
or preparation of the manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:
Next-Generation BioGreen 21 Program: PJ01322101.
Rural Development Administration, Republic of Korea and by Basic Science Research
Program through the National Research Foundation of Korea (NRF).
Ministry of Science, ICT & Future Planning: 2018R1A2B2005880.

Competing Interests
The authors declare that they have no competing interests.

Author Contributions
� Jeongwoo Kwon conceived and designed the experiments, performed the experiments,
analyzed the data, contributed reagents/materials/analysis tools, prepared figures and/or
tables, authored or reviewed drafts of the paper, approved the final draft.

Kwon et al. (2019), PeerJ, DOI 10.7717/peerj.5840 11/15

http://dx.doi.org/10.7717/peerj.5840
https://peerj.com/


� Ying-Hua Li conceived and designed the experiments, performed the experiments,
analyzed the data, contributed reagents/materials/analysis tools, prepared figures and/or
tables, authored or reviewed drafts of the paper, approved the final draft.

� Yu-Jin Jo performed the experiments, analyzed the data, prepared figures and/or tables.
� YoungJin Oh performed the experiments, analyzed the data.
� Suk Namgoong contributed reagents/materials/analysis tools, prepared figures and/or
tables, authored or reviewed drafts of the paper.

� Nam-Hyung Kim contributed reagents/materials/analysis tools, authored or reviewed
drafts of the paper, approved the final draft.

Data Availability
The following information was supplied regarding data availability:

The raw data are provided in a Supplemental File.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.5840#supplemental-information.

REFERENCES
Alder O, Lavial F, Helness A, Brookes E, Pinho S, Chandrashekran A, Arnaud P, Pombo A,

O’Neill L, Azuara V. 2010. Ring1B and Suv39h1 delineate distinct chromatin states at bivalent
genes during early mouse lineage commitment. Development 137(15):2483–2492
DOI 10.1242/dev.048363.

Buehr M, Meek S, Blair K, Yang J, Ure J, Silva J, McLay R, Hall J, Ying QL, Smith A. 2008.
Capture of authentic embryonic stem cells from rat blastocysts. Cell 135(7):1287–1298
DOI 10.1016/j.cell.2008.12.007.

Ciuffreda L, Del Bufalo D, Desideri M, Di Sanza C, Stoppacciaro A, Ricciardi MR, Chiaretti S,
Tavolaro S, Benassi B, Bellacosa A, Foa R, Tafuri A, Cognetti F, Anichini A, Zupi G,
Milella M. 2009. Growth-inhibitory and antiangiogenic activity of the MEK inhibitor
PD0325901 in malignant melanoma with or without BRAF mutations. Neoplasia 11(8):720–731
DOI 10.1593/neo.09398.

Cloos PA, Christensen J, Agger K, Maiolica A, Rappsilber J, Antal T, Hansen KH, Helin K.
2006. The putative oncogene GASC1 demethylates tri- and dimethylated lysine 9 on histone H3.
Nature 442(7100):307–311 DOI 10.1038/nature04837.

Dvorak P, Dvorakova D, Koskova S, Vodinska M, Najvirtova M, Krekac D, Hampl A. 2005.
Expression and potential role of fibroblast growth factor 2 and its receptors in human embryonic
stem cells. Stem Cells 23(8):1200–1211 DOI 10.1634/stemcells.2004-0303.

Fuks F, Hurd PJ, Deplus R, Kouzarides T. 2003. The DNAmethyltransferases associate with HP1
and the SUV39H1 histone methyltransferase. Nucleic Acids Research 31(9):2305–2312
DOI 10.1093/nar/gkg332.

Garcia-Cao M, O’Sullivan R, Peters AH, Jenuwein T, Blasco MA. 2004. Epigenetic regulation of
telomere length in mammalian cells by the Suv39h1 and Suv39h2 histone methyltransferases.
Nature Genetics 36(1):94–99 DOI 10.1038/ng1278.

Habibi E, Brinkman AB, Arand J, Kroeze LI, Kerstens HH, Matarese F, Lepikhov K, Gut M,
Brun-Heath I, Hubner NC, Benedetti R, Altucci L, Jansen JH, Walter J, Gut IG, Marks H,
Stunnenberg HG. 2013. Whole-genome bisulfite sequencing of two distinct interconvertible

Kwon et al. (2019), PeerJ, DOI 10.7717/peerj.5840 12/15

http://dx.doi.org/10.7717/peerj.5840#supplemental-information
http://dx.doi.org/10.7717/peerj.5840#supplemental-information
http://dx.doi.org/10.7717/peerj.5840#supplemental-information
http://dx.doi.org/10.1242/dev.048363
http://dx.doi.org/10.1016/j.cell.2008.12.007
http://dx.doi.org/10.1593/neo.09398
http://dx.doi.org/10.1038/nature04837
http://dx.doi.org/10.1634/stemcells.2004-0303
http://dx.doi.org/10.1093/nar/gkg332
http://dx.doi.org/10.1038/ng1278
http://dx.doi.org/10.7717/peerj.5840
https://peerj.com/


DNA methylomes of mouse embryonic stem cells. Cell Stem Cell 13(3):360–369
DOI 10.1016/j.stem.2013.06.002.

Harris D, Huang B, Oback B. 2013. Inhibition of MAP2K and GSK3 signaling promotes
bovine blastocyst development and epiblast-associated expression of pluripotency factors.
Biology of Reproduction 88(3):74 DOI 10.1095/biolreprod.112.103390.

Howlett SK, Reik W. 1991. Methylation levels of maternal and paternal genomes during
preimplantation development. Development 113:119–127.

Kafri T, Ariel M, Brandeis M, Shemer R, Urven L, McCarrey J, Cedar H, Razin A. 1992.
Developmental pattern of gene-specific DNA methylation in the mouse embryo and germ line.
Genes & Development 6(5):705–714 DOI 10.1101/gad.6.5.705.

Kunath T, Saba-El-Leil MK, Almousailleakh M, Wray J, Meloche S, Smith A. 2007.
FGF stimulation of the ERK1/2 signalling cascade triggers transition of pluripotent embryonic
stem cells from self-renewal to lineage commitment. Development 134(16):2895–2902
DOI 10.1242/dev.02880.

Lagalla C, Barberi M, Orlando G, Sciajno R, Bonu MA, Borini A. 2015. A quantitative
approach to blastocyst quality evaluation: morphometric analysis and related IVF
outcomes. Journal of Assisted Reproduction and Genetics 32(5):705–712
DOI 10.1007/s10815-015-0469-3.

Lanner F, Rossant J. 2010. The role of FGF/ERK signaling in pluripotent cells. Development
137(20):3351–3360 DOI 10.1242/dev.050146.

Leitch HG, Blair K, Mansfield W, Ayetey H, Humphreys P, Nichols J, Surani MA, Smith A.
2010. Embryonic germ cells from mice and rats exhibit properties consistent with a generic
pluripotent ground state. Development 137(14):2279–2287 DOI 10.1242/dev.050427.

Li P, Tong C, Mehrian-Shai R, Jia L, Wu N, Yan Y, Maxson RE, Schulze EN, Song H, Hsieh CL,
Pera MF, Ying QL. 2008. Germline competent embryonic stem cells derived from rat
blastocysts. Cell 135(7):1299–1310 DOI 10.1016/j.cell.2008.12.006.

Li W, Wei W, Zhu S, Zhu J, Shi Y, Lin T, Hao E, Hayek A, Deng H, Ding S. 2009. Generation of
rat and human induced pluripotent stem cells by combining genetic reprogramming and
chemical inhibitors. Cell Stem Cell 4(1):16–19 DOI 10.1016/j.stem.2008.11.014.

Ma Z, Swigut T, Valouev A, Rada-Iglesias A, Wysocka J. 2011. Sequence-specific regulator
Prdm14 safeguards mouse ESCs from entering extraembryonic endoderm fates.
Nature Structural & Molecular Biology 18(2):120–127 DOI 10.1038/nsmb.2000.

Marks H, Kalkan T, Menafra R, Denissov S, Jones K, Hofemeister H, Nichols J, Kranz A,
Stewart AF, Smith A, Stunnenberg HG. 2012. The transcriptional and epigenomic foundations
of ground state pluripotency. Cell 149(3):590–604 DOI 10.1016/j.cell.2012.03.026.

Merrill BJ. 2012.Wnt pathway regulation of embryonic stem cell self-renewal. Cold Spring Harbor
Perspectives Biology 4(9):a007971 DOI 10.1101/cshperspect.a007971.

Monk M, Boubelik M, Lehnert S. 1987. Temporal and regional changes in DNA methylation in
the embryonic, extraembryonic and germ cell lineages during mouse embryo development.
Development 99:371–382.

Mueller S, Prelle K, Rieger N, Petznek H, Lassnig C, Luksch U, Aigner B, Baetscher M, Wolf E,
Mueller M, Brem G. 1999. Chimeric pigs following blastocyst injection of transgenic
porcine primordial germ cells. Molecular Reproduction and Development 54(3):244–254
DOI 10.1002/(SICI)1098-2795(199911)54:3<244::AID-MRD5>3.0.CO;2-5.

Nichols J, Davidson D, Taga T, Yoshida K, Chambers I, Smith A. 1996. Complementary
tissue-specific expression of LIF and LIF-receptor mRNAs in early mouse embryogenesis.
Mechanisms of Development 57(2):123–131 DOI 10.1016/0925-4773(96)00531-x.

Kwon et al. (2019), PeerJ, DOI 10.7717/peerj.5840 13/15

http://dx.doi.org/10.1016/j.stem.2013.06.002
http://dx.doi.org/10.1095/biolreprod.112.103390
http://dx.doi.org/10.1101/gad.6.5.705
http://dx.doi.org/10.1242/dev.02880
http://dx.doi.org/10.1007/s10815-015-0469-3
http://dx.doi.org/10.1242/dev.050146
http://dx.doi.org/10.1242/dev.050427
http://dx.doi.org/10.1016/j.cell.2008.12.006
http://dx.doi.org/10.1016/j.stem.2008.11.014
http://dx.doi.org/10.1038/nsmb.2000
http://dx.doi.org/10.1016/j.cell.2012.03.026
http://dx.doi.org/10.1101/cshperspect.a007971
http://dx.doi.org/10.1002/(SICI)1098-2795(199911)54:3%3C244::AID-MRD5%3E3.0.CO;2-5
http://dx.doi.org/10.1016/0925-4773(96)00531-x
http://dx.doi.org/10.7717/peerj.5840
https://peerj.com/


Nichols J, Silva J, Roode M, Smith A. 2009. Suppression of ERK signalling promotes
ground state pluripotency in the mouse embryo. Development 136(19):3215–3222
DOI 10.1242/dev.038893.

Niwa H, Miyazaki J-I, Smith AG. 2000. Quantitative expression of Oct-3/4 defines differentiation,
dedifferentiation or self-renewal of ES cells. Nature Genetics 24(4):372–376 DOI 10.1038/74199.

Niwa H, Toyooka Y, Shimosato D, Strumpf D, Takahashi K, Yagi R, Rossant J. 2005.
Interaction between Oct3/4 and Cdx2 determines trophectoderm differentiation.
Cell 123(5):917–929 DOI 10.1016/j.cell.2005.08.040.

Piedrahita JA, Moore K, Oetama B, Lee CK, Scales N, Ramsoondar J, Bazer FW, Ott T. 1998.
Generation of transgenic porcine chimeras using primordial germ cell-derived colonies.
Biology of Reproduction 58(5):1321–1329 DOI 10.1095/biolreprod58.5.1321.

Ringrose L, Paro R. 2004. Epigenetic regulation of cellular memory by the Polycomb
and Trithorax group proteins. Annual Review of Genetics 38(1):413–443
DOI 10.1146/annurev.genet.38.072902.091907.

Rougier N, Bourc’his D, Gomes DM, Niveleau A, Plachot M, Paldi A, Viegas-Pequignot E.
1998. Chromosome methylation patterns during mammalian preimplantation development.
Genes & Development 12(14):2108–2113 DOI 10.1101/gad.12.14.2108.

Rugg-Gunn PJ, Cox BJ, Ralston A, Rossant J. 2010. Distinct histone modifications in stem
cell lines and tissue lineages from the early mouse embryo. Proceedings of the National
Academy of Sciences of the United States of America 107(24):10783–10790
DOI 10.1073/pnas.0914507107.

Rui R, Shim H, Moyer AL, Anderson DL, Penedo CT, Rowe JD, BonDurant RH, Anderson GB.
2004. Attempts to enhance production of porcine chimeras from embryonic germ
cells and preimplantation embryos. Theriogenology 61(7–8):1225–1235
DOI 10.1016/j.theriogenology.2003.06.007.

Shi Y, Do JT, Desponts C, Hahm HS, Scholer HR, Ding S. 2008. A combined chemical
and genetic approach for the generation of induced pluripotent stem cells. Cell Stem Cell
2(6):525–528 DOI 10.1016/j.stem.2008.05.011.

Silva J, Barrandon O, Nichols J, Kawaguchi J, Theunissen TW, Smith A. 2008. Promotion of
reprogramming to ground state pluripotency by signal inhibition. PLOS Biology 6(10):e253
DOI 10.1371/journal.pbio.0060253.

Sim YJ, Kim MS, Nayfeh A, Yun YJ, Kim SJ, Park KT, Kim CH, Kim KS. 2017. 2i maintains a
naive ground state in ESCs through two distinct epigenetic mechanisms. Stem Cell Reports
8(5):1312–1328 DOI 10.1016/j.stemcr.2017.04.001.

Stavridis MP, Lunn JS, Collins BJ, Storey KG. 2007. A discrete period of FGF-induced ERK1/2
signalling is required for vertebrate neural specification. Development 134(16):2889–2894
DOI 10.1242/dev.02858.

Wang X, Wei L, Cramer JM, Leibowitz BJ, Judge C, Epperly M, Greenberger J, Wang F, Li L,
Stelzner MG, Dunn JC, Martin MG, Lagasse E, Zhang L, Yu J. 2015. Pharmacologically
blocking p53-dependent apoptosis protects intestinal stem cells and mice from radiation.
Scientific Reports 5(1):8566 DOI 10.1038/srep08566.

Watcharasit P, Bijur GN, Zmijewski JW, Song L, Zmijewska A, Chen X, Johnson GV, Jope RS.
2002. Direct, activating interaction between glycogen synthase kinase-3beta and p53 after DNA
damage. Proceedings of the National Academy of Sciences of the United States of America
99(12):7951–7955 DOI 10.1073/pnas.122062299.

Williams AB, Schumacher B. 2016. p53 in the DNA-damage-repair process. Cold Spring Harbor
Perspectives in Medicine 6(5):a026070 DOI 10.1101/cshperspect.a026070.

Kwon et al. (2019), PeerJ, DOI 10.7717/peerj.5840 14/15

http://dx.doi.org/10.1242/dev.038893
http://dx.doi.org/10.1038/74199
http://dx.doi.org/10.1016/j.cell.2005.08.040
http://dx.doi.org/10.1095/biolreprod58.5.1321
http://dx.doi.org/10.1146/annurev.genet.38.072902.091907
http://dx.doi.org/10.1101/gad.12.14.2108
http://dx.doi.org/10.1073/pnas.0914507107
http://dx.doi.org/10.1016/j.theriogenology.2003.06.007
http://dx.doi.org/10.1016/j.stem.2008.05.011
http://dx.doi.org/10.1371/journal.pbio.0060253
http://dx.doi.org/10.1016/j.stemcr.2017.04.001
http://dx.doi.org/10.1242/dev.02858
http://dx.doi.org/10.1038/srep08566
http://dx.doi.org/10.1073/pnas.122062299
http://dx.doi.org/10.1101/cshperspect.a026070
http://dx.doi.org/10.7717/peerj.5840
https://peerj.com/


Wossidlo M, Arand J, Sebastiano V, Lepikhov K, Boiani M, Reinhardt R, Scholer H, Walter J.
2010. Dynamic link of DNA demethylation, DNA strand breaks and repair in mouse zygotes.
EMBO Journal 29(11):1877–1888 DOI 10.1038/emboj.2010.80.

Wossidlo M, Nakamura T, Lepikhov K, Marques CJ, Zakhartchenko V, Boiani M, Arand J,
Nakano T, Reik W, Walter J. 2011. 5-Hydroxymethylcytosine in the mammalian zygote is
linked with epigenetic reprogramming. Nature Communications 2(1):241
DOI 10.1038/ncomms1240.

Xue B, Li Y, He Y, Wei R, Sun R, Yin Z, Bou G, Liu Z. 2016. Porcine pluripotent stem cells
derived from IVF embryos contribute to chimeric development in vivo. PLOS ONE
11(3):e0151737 DOI 10.1371/journal.pone.0151737.

Yamaji M, Ueda J, Hayashi K, Ohta H, Yabuta Y, Kurimoto K, Nakato R, Yamada Y,
Shirahige K, Saitou M. 2013. PRDM14 ensures naive pluripotency through dual regulation
of signaling and epigenetic pathways in mouse embryonic stem cells. Cell Stem Cell
12(3):368–382 DOI 10.1016/j.stem.2012.12.012.

Yeap LS, Hayashi K, Surani MA. 2009. ERG-associated protein with SET domain (ESET)-Oct4
interaction regulates pluripotency and represses the trophectoderm lineage. Epigenetics &
Chromatin 2(1):12 DOI 10.1186/1756-8935-2-12.

Ying QL, Wray J, Nichols J, Batlle-Morera L, Doble B, Woodgett J, Cohen P, Smith A. 2008.
The ground state of embryonic stem cell self-renewal. Nature 453(7194):519–523
DOI 10.1038/nature06968.

Yuan P, Han J, Guo G, Orlov YL, Huss M, Loh YH, Yaw LP, Robson P, Lim B, Ng HH. 2009.
Eset partners with Oct4 to restrict extraembryonic trophoblast lineage potential in embryonic
stem cells. Genes & Development 23(21):2507–2520 DOI 10.1101/gad.1831909.

Kwon et al. (2019), PeerJ, DOI 10.7717/peerj.5840 15/15

http://dx.doi.org/10.1038/emboj.2010.80
http://dx.doi.org/10.1038/ncomms1240
http://dx.doi.org/10.1371/journal.pone.0151737
http://dx.doi.org/10.1016/j.stem.2012.12.012
http://dx.doi.org/10.1186/1756-8935-2-12
http://dx.doi.org/10.1038/nature06968
http://dx.doi.org/10.1101/gad.1831909
http://dx.doi.org/10.7717/peerj.5840
https://peerj.com/

	Inhibition of MEK1/2 and GSK3 (2i system) affects blastocyst quality and early differentiation of porcine parthenotes
	Introduction
	Materials and Methods
	Results
	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


