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ABSTRACT Partheno Embryo's research is known to play a very important role in
identifying the development of embryonic cells or analyzing the genetic mechanisms
of embryonic development, but the information on apoptosis formed during the early
stage of development on Partheno Embryo is very little. Therefore, this study analyzed
whether the embryonic cell death of unit embryos can be inhibited by adding Scriptaid,
one of HDACI, which plays a role in demethylation of histone proteins as a method
of regulating the cell cycle in the early embryo development of Partheno Embryo.
As a result, the differentiation rate was higher in the group that added Scriptaid
and FBS, but the cellular development was higher in the group that added pregnant
serum to Scriptaid. As a result of analyzing the expression of the gene through IF and
PCR, the group with the addition of gestational serum increased the expression of
BCL2 and PCNA, which affects the anti-Casp3 action in cell survival. In addition, it is
interpreted that treatment of Scriptaid for 16 hours, rather than 24 h treatment lowers
the expression of Casp-3, a representative factor of apoptosis, and also increases
embryonic development, thus affecting early embryo development. Therefore, it
is concluded that the 16-hour treatment of Scriptaid and the use of gestational
serum will inhibit cell death in the early embryonic development and increase the
development rate of the embryo.
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INTRODUCTION

The study of the development of partheno embryos was
studied for the purpose of identifying the stages of de-
velopment of early embryonic cells and stimulating the
induction of implantation (Bos-Mikich et al., 2016), and
the current study is known to focus on the production of
stem cells by autogenous replication (Brevini and Gan-
dolfi, 2008). However, the early development of partheno
embryos results in the disruption of metabolism in cell

division due to the lack of specific genes in the ancestry
(Kim and Lee, 2019), and it is difficult to predict the exact
differentiation compared to the development of a normal
fertilized embryo (Surani et al., 1984). In the production
process of partheno embryo, it consists of a mechanism
that controls the activity of mitochondria by forcibly con-
densing the cytoplasm. Among these mechanisms, it is
known to be composed of a diploid by condensation of a
second polar body and a combination of the main nucle-
us. Physical stimulation induces activity in the cytoplasm
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through the gene activation of PKA and PKC through
the expansion of Ca + Channel into the cytoplasm, and
this phenomenon is mistaken for the normal nuclear fu-
sion process of sperm and starts cell division (Russo et
al., 1996). However, due to the lack of the male gene,
the early development of partheno embryos is inhibited
in metabolism compared to normal in vitro fertilization,
and anomalies due to starvation and external shock of
cells are formed, which develop into apoptosis (Cha et al.,
1997). The apoptosis mechanism can largely explain two
mechanisms of apoptosis and autophagy. Among them,
the apoptotic phenomenon, which is an internal necrosis
action, is representative, and it can be regarded as a basic
apoptosis process due to the starvation state and external
impact of the cells (Lee et al., 2011). Particularly, due to
the nature of partheno embryo, physical stimulation is
known to induce cell death by controlling the metabolic
action of mitochondria in the cell cycle. And the action
of IGF2 is inhibited in the HDACi conjugate composition,
causing starvation of the cell (Elahi et al., 2018; Lee et al.,
2018).

In addition, it is thought that the activity of Caspase-3
plays a direct role in apoptosis due to the formation of
an apoptotic complex (Ryu and Yoon, 2018). In other
words, the inhibition of the development of partheno
embryos can be judged to be accelerated by apoptosis, as
the occurrence of metabolic stimulating factors that are
formed in the early or middle of cell division is inhibited
by external apoptosis stimulating factors. According to a
recent study as a control method for such a phenomenon,
the use of scriptaid is suggested as a way to increase
the metabolic process by facilitating the generation of
embryonic cells in the cell division process (Diao et al.,
2013; Jungmin et al., 2013). Scriptaid is a HDACi (Histone
Deacetylase inhibitor) that affects various processes such
as growth retardation, differentiation, cytotoxicity, and
apoptosis, and modifies the expression of abnormally
expressed genes (Yang et al., 2014). It is also known to
increase the action of IGF signal necessary for cell growth
by acetylating Histone protein, which maximizes embryo
development (Duncan et al., 2017). This study is to deter-
mine whether the action of scriptaid may inhibit the cell
death process in the early development of unit embryos,
and in the in vitro culture process, using normal serum
and serum of the early gestation period, maximizing the
mechanism of metabolism.
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MATERIALS AND METHODS

Chemicals and animal ethics statement

All chemicals used in this study were purchased from
the Sigma-Aldrich Chemical Company (St. Louis, MO,
USA), unless otherwise stated. This study was carried out
in strict accordance with the recommendations in the
Guide for the Care and Use of Laboratory Animals of the
National Institutes of Health. The protocol was approved
by the Committee on the Ethics of Animal Experiments
of Hankyong National University (Permit Number: 2018,
2018-002).

In vitro maturation

Porcine ovaries were collected at local abattoirs
(DODRAM, Ansoung, Korea) and transported to the labo-
ratory in 0.9% physiological saline (with Penicillin G 100
IU/mL, Streptomycin 100 pg/mL) at 37°C within 2 hr of
slaughter. Cumulus-oocyte complexes (COC) were aspi-
rated from surface ovarian follicles 3-6 mm in diameter
using an 18-gauge needle attached to a 10-mL disposable
syringe. The supernatant was removed and the precipitate
washed three times in a wash medium containing Hepes-
buffered tissue culture medium 199 (TCM-199), 10 uL/mL
antibiotic and 0.3% (w/v) bovine serum albumin (BSA).
Selected COCs were transferred to 500 uL of IVM medium,
which was supplemented with 10% (v/v) FBS, 15 ng/mL
epidermal growth factor (EGF), 10 IU/mL pregnant mare
serum gonadotropin 199 (PMSG) and human chorionic
gonadotropin (hCG), and 30 pg/mL kanamycin for 20-22
hours. After maturation with hormones, COCs were incu-
bated in hormone-free IVM medium at 39°C. for an addi-
tional 21-22 hours in humidified air containing 5% CO,.

Parthenogenetic activation

After a 44 hours IVM period, oocytes were released from
follicle cells by treatment with 0.1% hyaluronidase. The
removed oocytes were washed several times in an activa-
tion solution (0.28 M D-mannitol, 0.1 mM MgSO,, 0.05
mM CaCl, and 0.01% BSA) and then activated with a di-
rect current chemical stimulus at 7 min using 7% ethanol.
After oocytes activation was induced for 2 hours in 2 mM
6-DMAP (6-dimethylaminopurine), and then stabilized by
incubating for 4 hours in 2 Mm H-DSOF (HEPES-buffered
synthetic oviduct fluid) to promote cell development.
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In vitro culture

For experiments using in-vitro culture, we prepared
three types of in-vitro culture media: FBS group medium
is the NCSU-23 medium (North Carolina State University
23 medium) contained 10% FBS (Petters and Wells, 1993),
PS group medium is the NCSU-23 medium contained
10% Pregnancy serum (Cow blood serum after 30 days of
pregnancy), scriptaid was added to 1 mM and incubated
for 16 hours or 24 hours, respectively, and then replaced
with a scriptaid free medium. Ten zygotes were added to
30 pL drop of each type of prepared medium and cov-
ered with mineral oil, incubated at 39°C for 4 days in 5%
CO,, humid atmosphere. The zygotes were incubated for
3 days, then transferred to freshly prepared culture me-
dium. Subsequently, cell division rates were evaluated on
culture days 2, 3 and 4, respectively (Visual analysis was
performed according to the methods of Alikani et al.,
1999 and Mateusen et al., 2005).

Enzyme linked immunosorbent assay

For ELISA, total protein was extracted from partheno-
genesis embryo using Pro-Prep solution (Intron) accord-
ing to the manufacturer’s instructions. Total protein was
quantified using the Bradford Protein Assay Kit (Bio-Rad).
For quantification of specific proteins from culture me-
dium and cellular proteins, samples diluted in assay buf-
fer were used to coat a 96-well ELISA plate overnight at
4°C. MT1-MM (sc-30074, Santa Cruz Biotechnology Inc.,
Texas, USA), MMP-2 (ab78796-100, Abcam, Cambridge,
UK) and MMP-9 (sc-13520, Santa Cruz Biotechnology
Inc., Texas, USA) primary antibodies were added to 96-
well ELISA plates to analyze the expression levels these
proteins in protein sample and culture media; incubation
was conducted at 4°C for 24 hours. After washing twice
with wash buffer (1 x PBS containing 2.5% Triton X-100),
well contents were blocked for 24 hours at 4°C. with 1%
skim milk blocking solution. After washing with wash
buffer, anti-rabbit (sc-2054, Santa Cruz Biotechnology,
Texas, USA) and anti-mouse (sc-2054 and sc-2031, Santa
Cruz Biotechnology, Texas, USA) were added second-
ary antibodies. Each well, and plate were incubated for 2
hours with detection or substrate solution (R & D Systems,
USA). The reaction was stopped with 1 M NH,SO,, and
absorbency was measured at 450 nM.

Zymography

In vitro culture medium is added to Foz loading buffer
(0.06% bromophenol, 10% SDS, 2% glycerol), left on ice for
5 minutes, and then electrophoresed at 150 V for 1 hour
30 minutes; A 12% SDS-PAGE gel containing 100 mg/mL
gelatin A/B was used. The gel was washed twice with re-
construction buffer (2.5% Triton X-100) for 20 minutes,
then placed in a zymography reaction buffer and incubat-
ed at 37°C for 18 hours. Then, the gels were stained (0.5%
Coomassie Blue R250 (Bio-rad, USA)) for measurement of
white band to MMP-2 and MMP-9 activity. Average fold
values for all hormones were measured and are expressed
as mean * standard deviation. Data were analyzed using
t-test and generalized linear model method using SPSS
Statistics 20 (SPSS, Korea).

Semi-quantitative polymerase chain reaction

RNA from parthenogenetic embryos was isolated by
adding TRIzol reagent directly. Following cell lysis, total
cellular RNA was isolated according to the manufacturer’s
instructions. The final RNA precipitate was resuspended
in double-distilled water containing 0.1% diethyl pyrocar-
bonate (DEPC), and the RNA samples were stored at -80°C
until use. First-strand cDNA was synthesized by reverse
transcription of mRNA using Oligo(dT) primer and Super-
Script 1I Reverse Transcriptase (Invitrogen, Grand Island,
NY). SQ PCR amplification was performed with target
gene primers (Table 1) and 18Sr (housekeeping gene)
primer with an annealing temperature of 51-65°C and 30
cycles.

Immunofluorescence

Each samples were fixed in 4% paraformaldehyde over-
night at 4°C, after, washed for 20 min in 1xPBS, and per-
meabilized with 0.2% Triton X-100 for 30 min at room
temperature (RT). And blocking with 3% BSA in PBS, the
samples were incubated with an antibody against the ac-
tive forms of Casp-3 (ab4051, abcam, Combridge, UK)
and PCNA (sc-7907, Santa Cruz Biotechnology Inc., Texas,
USA) at 1:200 dilutions. The samples were then washed
and incubated with anti-rabbit (35560) and anti-mouse
IgG (A11001) conjugated to Alexa Fluor 488 or Alexa Fluor
594 (Molecular Probes: Invitrogen, Ontario, Canada). Nu-
clei were counterstained with 1 g/mL Hoechst 33258, and
cover slips were mounted using fluorescent mounting me-
dium (Dako, Carpinteria, CA). Images were acquired using
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Table 1. Primers for SQ-PCR analysis of cell survival and apoptosis
associated genes

No. Name Sequence

5'-CCC GTT CGA CAG ACA GCC GTG-3’

1 GAPDH Forward

Reverse  5'-CCG CCT TGA CTG TGC CGT GG-3’

2 E2-r Forward 5'-ACA AGC GCC AGA GAG AGA TGAT-3’
Reverse  5'-AGG ATC TCT AGC CAG GCA CA-3’

3 EGF Left 5-CCA GGG GTC TCT TCT CCA AG-3’
Right 5'-GGT GGG AAT GTA AAC TGG TA-3’

4 IGF Left 5'-CTC TTC GCA TCT CTT CTA C-3’
Right 5'-CAA ATG TAC TTC CTT CTG AG-3’

5 AKT1 Forward  5'-GGT CAT GTA CGA GAT GAT GTG CGG C-3’
Reverse  5'-CTT GAA CGG TGG GCT GAG CTT CTT C-3’

6 mTOR  Forward 5'-CTT TGT CCA GAC CAT GCA GCA GC-3’
Reverse  5'-TCG TTG ATG CCC TGT AGG TTC AGC-3’

7 PCNA  Forward 5'-GCA CTG AGG TAC CTG AAC TT-3’
Reverse  5'-TCT TCA TCC TCG ATC TTG GG-3’

8 BCL-2 Forward 5'-CCA GGC CGG CGA TGA CTT CTC T-3’
Reverse  5'-ATC TCC CGG TTG ACG CTC TCC ACA-3’

9 BAX Forward 5'-ATG GAC GGG TCC GGG GAG CAA-3’
Reverse  5'-TCA GCC CAT CTT CTT CCA GAT-3’

10 20a-HSD Forward 5'-ACC ACA GTC CAT GCC ATC AC-3’
Reverse 5'-TCC ACC ACC CTG TTTG CTG TA-3’
11 Casp-3 Forward 5'-CAT GGT CAG GCC TTG TGA AGC TGA-3’

Reverse  b'-TCT TCT TCA TGA CCT GAC CGT CGG-3’

an Olympus AX70 fluorescence microscope fitted with a
CCD color camera.

Statistical analyses

The real-time RT-PCR results were analyzed for sta-
tistical significance using the SAS package (version 9.4;
Statistical Analysis System Institute, Cary, NC, USA). Data
were subjected to Welch’s t-test, fold change, and GLM in
SAS. Data are the mean * SD, and differences between
groups were considered significant when p values were
less than 0.05.

RESULTS

Changes in embryonic cells during in vitro culture

The FBS group showed higher development rate than
the pregnancy serum group, and the Scriptaid treated
for 16 hr group had a higher development rate than the
Scriptaid treated for 24 hr group (Table 2).

In addition, in the treatment of Scriptaid was higher
cytoplasm degradation in the 24 hr treatment group com-
pared to the 16 hr treatment group.
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Table 2. Cleavage rate of partheno embryos

Group  No. of oocyte 2>2-cell (%) 2=4-cell (%) =8-cell (%)

FBS 183 15(8.19) 15(8.19) 15 (8.19)
PS 174 6 (3.45) 6 (3.45) -
FBS-16 166 64 (38.55°  53(31.93)" 42 (25.30)
PS-16 165 48(29.09°  36(21.827  21(12.73)
FBS-24 181 51(28.18)°  46(25.14)° 33 (18.23)
PS-24 140 28(20.00¢  20(14.29) 16 (11.43)

FBS: Follicular stimulation hormone treat, PS: Bovine pregnancy serum.
*PeDifferent letters within same column represent a significant difference
(p < 0.05).

On the other hand, when Scriptaid was treated with
pregnancy serum, it was confirmed that the increase in
the degradation were suppressed than when using FBS.
In particular, the group treated with Scriptaid 16 hr and
pregnancy serum showed a decrease in degradation com-
pared to the group treated only with pregnancy serum (Fig.

1.

MMPs expression in embryonic cells

When the scriptaid treatment time was 24 hr, the ex-
pression of MT1-MMP increased slightly, while in the case
of MMP-2, it tended to decrease, but it did not show a
significant difference and showed similar overall expres-
sion level. The activity of MMPs was different depending
on the exposure time of the scriptaid and the type of se-
rum. In particular, in the group using FBS with scriptaid
treatment, the activity of active MMP-9 was low, and the
activity of MMP-2 was high.

On the other hand, in the group supplemented with
scriptaid and pregnancy serum, the activity of MMP-9
dimer was shown, and the activity of MMP-2 was slightly
lower than that of the FBS added group (Fig. 2).

Analysis of gene expression patterns related to cell
survival and apoptosis

In the case of PCNA and E2-r, factors related to cell
survival, high expression was observed in the pregnancy
serum group treated with 16 hr scriptaid. In addition,
the anti-apoptosis factor BCL-2 was the highest in the
16 hr scriptaid treated pregnancy serum group, and the
expression of BAX was lower than from the other groups
(Fig. 3). As a result of analyzing the expression of Casp-
3 and PCNA through IF, the expression of Casp-3 in the
cytoplasm was high in the group treated with scriptaid.
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Fig. 1. Development and cytoplasm quality of parthenogenetic embryo. In this figure, applied different filter. (A) FBS group. (B) Preg-
nancy serum group. (C) FBS and 16 hr scriptaid. (D) Pregnancy serum and 16 hr scriptaid. (E) FBS and 24 hr scriptaid. (F) Pregnancy
serum and 24 hr scriptaid. ZP: Zona pellucida, Red round: degradation of cytoplasm (x 200).

On the other hand, the group using pregnancy serum
increased the expression in the cytoplasm while main-
taining the PCNA expression in the zona pellucida when
the scriptaid was processed together. In particular, when
used together with the 16 hr scriptaid treatment, the ex-
pression of strong PCNA and the expression of low casp-

3 (Fig. 4).

DISCUSSION

Research on the development of partheno embryos has
been conducted for the purpose of identifying the stages
of development of early embryonic cells and stimula-
tion of implantation induction (Bos-Mikich et al., 2016),
and it is known to be focusing on stem cell production
by autogenous replication recently (Brevini and Gandolfi,
2008). However, it is a common phenomenon that a par-
theno embryo does not induce implantation due to the
absence of specific genetic action of the paternal line
(Surani et al., 1984). Particularly, in the early embryonic

development, the development of the partheno embryo is
lower than that of the normal fertilized embryo, thereby
increasing the mechanism of cell death due to starvation
(Cha, 1997). In this study, we observed the abnormality
of cells in the early embryonic development period of the
partheno embryo, also, analyzed whether serum changes
and Scriptaid, which plays a role in the demethylation of
histone proteins in the cell cycle, can control the starva-
tion and apoptosis. As a result of analyzing the normality
of partheno embryo cells, this study confirmed that the
difference in serum affects the differentiation process of
partheno embryo differently. In the case of partheno em-
bryos induced differentiation using FBS, the development
rate of blastomere was relatively low, and particularly, it
was confirmed that degradation were highly formed be-
tween the cytoplasm and the cell membrane. However, in
the case of partheno embryos cultured using pregnency
serum, it was confirmed that differentiation and fidelity
of the cytoplasm increased (Jung et al., 2020).

The results of this study suggest that the addition of
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Fig. 2. Analysis of matrix metalloproteinase (MMP) expression and activity in culture medium. (A) ELISA analysis, FBS: FBS group, PS:
pregnancy serum group, FBS-16: FBS and 16 hr scriptaid, PS-16: pregnancy serum and 16 hr scriptaid, FBS-24: FBS and 24 hr scrip-
taid, PS-24: pregnancy serum and 24 hr scriptaid. (B) Gelatin Zymography analysis, 1: FBS-16 48 hr media, 2: FBS-16 96 hr media,
3: PS-16 48 hr media, 4: PS-16 96 hr media, 5: FBS-24 48 hr media, 6: FBS-24 96 hr media, 7: FBS-24 48 hr media, 8: FBS-24 96 hr

media.

GAPDH PCNA

Casp3 AKT1
200HSD EGF
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BCL-2 [ : f E2-r

mTOR

pregnency serum is thought to increase the development
of the cytoplasm, and it is confirmed that it can induce
the activity of the cytoplasm during early embryo differ-
entiation (Jungmin et al., 2013). In the case of pregnancy
serum, it can be seen that the action of unknown growth
factors or hormones is increased compared to normal se-
rum (Hafez and Hafez, 2006), and that metabolic effects
on embryonic development may be different from. As
in the study that the development and differentiation of
the cytoplasm is promoted by the action of MMPs during
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Fig. 3. Expression of cell survival and
apoptosis associated gene in parthe-
nogenetic embryo. 1: FBS group, 2:
pregnancy serum group, 3: FBS and
16 hr scriptaid, 4: pregnancy serum
and 16 hr scriptaid, 5: FBS and 24 hr
scriptaid, 6: pregnancy serum and 24
hr scriptaid.

embryonic development (Kim and Yoon, 2018), the addi-
tion of scriptaid increases the action of MMPs as a result
of increasing the activity of Histone protein. It has been
shown to promote the development of cytoplasm, and can
be seen to minimize the basic death process due to the
starvation and external impact of the cells. In addition,
the disruption of cell survival factors according to the
embryonic cell differentiation process in the process of
generating embryos (Park et al., 2017) can be reduced by
the use of pregnency serum and scriptaid. In particular,
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it is thought that the PCNA acting upon cell differentia-
tion increases in the cytoplasm, and the activity of Casp-
3 can be suppressed. Therefore, as a way to induce stable
division of embryonic cells in the early development of
partheno embryos, it is thought that the use of pregnancy
serum promotes cell development and the addition of
scriptaid suppresses starvation by increasing metabolic
processes of cells. The results of this study suggest new
methods for the generation of partheno embryos, and
this is thought to be a very important research result in

embryonic cell construction for embryo transfer or au-

tologous stem cell production.

Bright

Fig. 4. Expression site and surface
analysis of Casp-3 and PCNA in par-
thenogenetic embryo. (A) FBS group.
(B) Pregnancy serum group. (C) FBS
and 16 hr scriptaid. (D) Pregnancy
serum and 16 hr scriptaid. (E) FBS and
24 hr scriptaid. (F) Pregnancy serum
and 24 hr scriptaid (bar = 50 um).
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