PISSN 1598-298X / eISSN  2384-0749
J Vet Clin 36(5) : 253-258 (2019)
http://dx.doi.org/10.17555/jv¢.2019.10.36.5.253

Journal of

www.ksvc.or.kr

Improved Preimplantation Development of Cloned Porcine Embryos
through Supplementation of Histone Deacetylase Inhibitor MS-275

Xun Fang, Ahmad Yar Qamar, Sang Tae Shin and Jongki Cho'

College of Veterinary Medicine, Chungnam National University, Daejeon 34134, Korea

(Received: September 18, 2019 / Accepted: October 11, 2019)

Abstract : The objective of this study was to analyse the effects of MS-275 (Class I and II histone deacetylase inhibitor)
supplementation on the development of porcine in-vitro somatic nuclear transfer embryo production. During in-vitro
development, early embryos were exposed to different concentrations of MS-275 (0, 5 uM, 10 uM, and 20 uM). In
in-vitro culture supplemented group, the blastocyst development rate was significantly enhanced by 10 uM concentration
than other groups (24.0% vs. 19.3%, 21.8%, 11.5%; P <0.05). Additionally, the 6 h supplementation group, significantly
improved the blastocysts production than 24 h, 48 h and control groups (26.1% vs. 17.0%, 15.2%, 2.8%; P <0.05).
Following supplementation with optimal concentrations and time (10 uM-6 h group), the blastocyst production was
significantly higher than control (25.7% vs 15.8%; P <0.05). The optimal concentrations of MS-275 significantly
enhanced the percentages of ICM:TE than control (43.6% vs. 38.4%; P <0.05) accompanied with significantly higher
expression levels of reprogramming related genes (POUSFI, Naong, and SOX2). In conclusion, the optimal
concentrations of 10 uM MS-275 and 6 h supplementation during in-vitro culture can significantly improve the quality
of porcine in-vitro somatic nuclear transfer embryos through histone acetylation and epigenetic modification. Increasing
the efficiency of clonal animal production will greatly promote the development of animal disease models and

xenotransplantation.
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Introduction

Somatic cell nuclear transfer (SCNT) is a widely-used
technique in the diverse fields of life science, such as ani-
mal production and biotechnology (15), xenotransplanta-
tion (12), and animal disease models (10,23). In addition,
SCNT technology is also being applied in embryonic stem
cell research and genetic engineering (9,19,21,35). Extra-
cellular environment damages decrease the cloning effi-
ciency through negative influence on oocyte maturation
and culture (22,25,37). However, many internal problems
lead to a decrease in the development rate of SCNT embryos
and the quality of embryos, such as histone hypo-acetyla-
tion, DNA methylation, and abnormal reprogramming gene
expression (2,4,6,28). Thus, nuclear reprogramming serves
as a key to improved cloning efficiency.

Histone deacetylases (HDACs) catalyze the removal of
acetyl group from lysine residues in histone amino termini
(33) and play an important role in epigenetics. It is well
known that the nuclear reprogramming process mainly
involves various epigenetic modifications. Research evi-
dences have revealed that HDACs-mediated histone acetyl-
ation/deacetylation is crucial for the development of mam-
malian oocytes (5,11,20,31,34). In terms of cloning and epi-
genetics relationship, there is still a need to search out the
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mechanisms associated with HDACs and HDACs inhibitor.

Entinostat SNDX-275 (MS-275), is a novel specific inhib-
itor belonging to the class I and Il HDACs. Several studies
related to cell biology involving the use of MS-275 resulted
in significant inhibition of tumors in in-vivo conditions (18).
However, the role of MS-275 in nuclear reprogramming for
SCNT embryo production has not yet been reported and its
mechanisms of action remained unclear.

The objective of this experiment was to investigate the
improvement in the developmental competence of porcine
SCNT embryos as a result of MS-275 supplementation and
explore its relationship with DNA reprogramming and apop-
tosis. For this purpose, the different parameters including
the developmental rates of embryos, and expression levels
of genes related to apoptosis & reprogramming (BAX, Bcl-
2, POUSF1, SOX2, and NANOG) were investigated.

Materials and Methods

Chemicals and reagents

The chemicals and reagents utilized were purchased from
Sigma-Aldrich Company (St. Louis, MO, USA) unless oth-
erwise indicated.

Production of embryos

All the experiments were conducted according to our lab-
oratory protocols as previously explained (27). Transporta-
tion of ovaries from the slaughterhouse to the laboratory
was done in a temperature-controlled thermos containing
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0.9% saline. The follicular fluid was aspirated from folli-
cles within a diameter range of (3-8 mm) using 10 mL
syringes with the aid of 18 gauges’ needle. The cellular part
was allowed to settle down and washed utilizing HEPES-
buffered Tyrode’s (TLH) media, having 0.05% (w/v) poly-
vinyl alcohol (TLH-PVA) (1). Cumulus-oocyte complexes
(COCs) with at least three compact cumulus cell layers
were selected for the experimental trails. Selected COCs
were washed three times with TLH-PVA, and once in in-
vitro meturation (IVM) media drop. The base medium for
IVM of oocytes was Medium-199 (Gibco, USA). Medium-
199 was supplemented with 10% (vol/vol) porcine follicu-
lar fluid, 0.6 mM cysteine, 0.91 mM pyruvate, 10 ng/mL
epidermal growth factor, 75 mg/mL kanamycin. Selected
COCs (50-80) were placed per well of 4-well multi dishes
(Nunc, Denmark) containing 500 mL of IVM media includ-
ing 10 IU/mL PMSG/hCG (Intervet International BV, Hol-
land). Then, COCs were incubated at 39°C temperature for
22 h with hormones in 5% CO, humidified atmosphere.
Finally, change the COCs to IVM media without the hor-
mones.

Donor cells were isolated from the porcine tissues. The
primary fibroblast cell were cultured until 3/4 passages in
CO, incubator at 38.7°C and 5% CO,. Fibroblasts were cul-
tured until the formation of complete monolayer cells in
60 mm culture dish using Dulbecco’s Modified Eagle Medium
(DMEM) (Corning, USA) containing 10% (v/v) fetal bovine
serum (FBS) (36). The donor cell cycle was synchronized
at Go/G1 stage for 48-72 h by serum starvation and a sim-
ilar number of passages were used in each replicate (3-8
passages). Prior to nuclear transfer, trypsinization of donor
cells was performed and cellular suspension was prepared
in 0.4% (w/v) BSA with TLH. Denuded the oocytes by
hyaluronidase (Sigma, USA) and oocytes were washed three
times in hormone-free IVM medium and incubated for
15 min in 5 pg/mL Hoechst 33342 medium (Sigma, USA)
overlaid by mineral oil. Enucleation of metaphase II and
first polar body (PB) was performed with the help of 17 um
beveled glass pipette (Humagen, Charlottesville, VA, USA)
and enucleation was confirmed by using epifluorescence
microscope. Enucleation was followed by the injection of a
single donor cell into the perivitelline space. Electric cell
fusion of reconstructed oocytes was done in 280 mM man-
nitol solution with low Ca** concentration (0.001 mM),
using 2 DC pulses of 160 V/em for 40 psec, alternative cur-
rent of 2 V/em, 2 sec using a BTX 2001 Electro-cell Manip-
ulator (BTX, San Diego, CA, USA). Activation of recon-
structed oocytes was performed in 280 mM mannitol solu-
tion, using 120 V/em of direct current, two pulses for
60 pusec. Post activation and incubation of reconstructed
oocytes were carried out at same condition and environ-
ment as explained SCNT embryos.

For in-vitro culture, a 25-pLL droplet of PZM-5 (porcine
zygote medium) was used and 10-12 embryos per drops.
Prior to culture, embryos were washed three times in PZM-
5 medium. Incubation was performed for a period of 6-7
days at 39°C temperature and in humidified atmosphere of
5% CO,, 5% 0O,, and 90% N,. Designating nuclear transfer
day as day 0, cleavage and blastocyst rates were evaluated

on day 2 and day 6, respectively.

Experimental design

In experiment 1, the optimal concentration of MS-275
during IVC of porcine oocytes or embryo was determined.
The developmental rates of the SCNT embryo were com-
pared among the different concentration groups (0, 5 uM,
10 uM, 20 uM, respectively). The experiment was repeated
8 times. In experiment 2, the optimal exposure time of MS-
275 suitable for the enhancement of development rates of
porcine SCNT embryos supplemented with optimal con-
centration of MS-275 (0, 6 h, 24 h, and 48 h, respectively).
In experiment 3, the developmental competence of porcine
SCNT embryos was compared in terms of cleavage rate,
blastocysts rate between the most effective concentration
and exposure time of MS-275 with control group. In exper-
iment 4, developmental competence of SCNT embryos com-
pare with the MS-275 group and control group through
different staining. In experiment 5, analyzed the extent of
nuclear reprogramming of porcine SCNT embryos induced
by the superior performance group of MS-275. The expres-
sion levels of different reprogramming and apoptosis-related
genes including BAX, Bcl-2, POUSF1, SOX2, NANOG,
and control gene B-Actin were compared between optimal
concentration & exposure time of MS-275 and control

group.

Differential staining

Triton X-100 (Sigma, USA) was diluted in PBS (T solu-
tion) to make final concentration of 0.1% (v/v). Blasto-
cysts were incubated in Hoechst 33342 solution for 40 min.
Blastocysts were incubated in 500 uL of the T solution at
room temperature for 1 min. Then blastocysts were placed
in 500 pL of Propidium iodide (Sigma, USA) for 35-40 sec
followed by PBS washing. Ultimately, the blastocysts were
transferred onto microscope slides, covered with a drop of
glycerol solution and mounted by a coverslip. Blastocysts
were observed immediately under UV light (200-400 nm)

).

Gene expression analysis by quantitative polymerase
chain reaction (qPCR)

Embryos sample were used day 6 blastocyst. Total RNAs
were extracted to analyze gene expression, using TRIZOL
reagent (Invitrogen, USA) was used. according to the
manufacturer’s protocol, and the total RNA concentration
was quantified using a NanoDrop 2000 Spectrophotometer
(Thermo Fisher Scientific, USA). Following the manufac-
turer’s instructions cDNA was synthesized from RNA.
(cDNA synthesis kit, iNtRON Bio Inc., Korea).

The analysis to evaluate the gene expression levels was
carried out for reprogramming and apoptosis-related genes
(BAX, Bcl-2, POUSF1, SOX2, and NANOG). Quantita-
tive real-time PCR (CFX connect; BIO-RAD, USA) was
performed using 2X Real-Time PCR Pre-Mix (BioFACT,
Korea) containing specific primers using 1 pL of the cDNA
template. Reactions were conducted till 40 cycles and the
cycling parameters were as follows: denaturation at 95°C
for 15 minutes 20 seconds, annealing and extension at 60°C
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for 40 seconds. The expression of each target gene was
quantified relative to that of the internal control gene (p-
Actin). Melting curve analysis was used to check PCR spec-
ificity. The relative quantification was based on the compar-
ison of threshold cycle (Ct) at constant fluorescence intensity.
The relative mRNA expression was calculated using the
equation, mRNA expression = 2 (ACt simple =ACt control) "y deter.
mine a normalized arbitrary value for each gene, every value
was normalized to B-actin.

Statistical analysis

Each experiment was repeated at least eight times and
data was analyzed by SPSS 21.0 software (SPSS Inc.,
Chicago, USA) with a general linear model by one-way
ANOVA. A probability of a p-value at < 0.05 was used. All
experimental data percentages were presented as the mean +
SEM (standard error of the mean).

Results

In- vitro development of SCNT embryos after MS-275
supplementation (experiment 1-3)

In-vitro developmental rates of porcine SCNT embryos
following MS-275 supplementation were shown in Table 1
and 2. MS-275 supplementation of IVC media did not
resulted in any improvement in cleavage rate between the
groups. However, the blastocyst development rate was sig-
nificantly higher (p <0.05) in the 10 uM group than 20 uM
and control group but no significantly different with 5 pM
group (16.8 £ 1.6% vs. 21.8 £2.2%, 11.5+0.9%, 19.3 £ 1.1%,

respectively). In IVC supplemented time groups, the cleav-
age percentages were not significantly different (p > 0.05)
among 6 h, 24 h and 48 h groups (89.8 +0.7% vs. 854 +
1.6%, 88.1 £ 0.4%, respectively). Whereas, the percentage
of blastocysts production rate was significantly higher (p <
0.05) in the 6 h group than other groups (26.1+1.1% vs.
17.0 £ 1.2%, 15.2 £ 1.9%, 2.8 + 1.4%, respectively). In Table
3, the percentage of MS-275 treatment group blastocysts
rate was significantly higher (p <0.05) than control group
(25.7+£1.0% vs. 15.8 + 0.8%).

Differential staining of SCNT blastocysts (experiment 4)

The total cell number and percentages of inner cell mass
(ICM) and trophectoderm (TE) cells in cloned porcine
embryos following MS-275 supplementation were shown
in Table 4. The total cell number of MS-275 supplemented
group was significantly higher (p < 0.05) than control (37.0 £
1.0% vs. 43.4 + 1.2%). Similarly, the percentages of ICM
and TE cells were significantly higher (p <0.05) in the
optimal concentration and exposure time of MS-275 than
the control group (38.4 £2.1% vs. 43.6 £ 1.9%) (Fig 1).

Gene expression of MS-275 treatment embryo (exper-
iment 5)

The supplementation with optimal levels and exposure
time of MS-275 significantly reduced (p < 0.05) the expres-
sion level of BAX, but Bcl2 gene expression was signifi-
cantly enhanced (p <0.05). On the other hand, the expression
levels of reprogramming related genes POUSF 1, SOX2 and
NANOG were significantly improved (p < 0.05) by MS-275

Table 1. Effect of MS-275 supplementation into [VM media with 4 different concentrations on development of porcine SCNT embryos

Treatment No. of embryos
(uM) Cultured Cleaved (% + SEM) Develop to Bl. (% + SEM)
171 150 (87.7 + 0.8)" 33 (19.3 + L.1)*
5 174 157 (90.2 £ 1.2)* 38 (21.8+22)®
10 175 152 (86.9 £ 1.0)" 42 24.0£2.1)
20 174 136 (782 + 1.6)° 20 (11.5 + 0.9)°

Means in the same column with different superscripts were significantly different (P < 0.05).

Values are listed as Mean = S.E.M.

Control

MS-275

Fig 1. Different staining to compare with the control group (A) the MS-275 treatment group (B). Staining the ICM and TE by Hoechst
33342 and Propidium iodide. The experiment was replicated eight times.
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Fig 2. Relative expression of BAX, Bcl-2, POU5F1, SOX2 and NANOG genes in cloned blastocysts using oocytes supplemented with
10 uM and 6h of MS-275 in culture media. “*Within the same mRNA values with different superscript letters differ significantly

(P <0.05).

supplementation (Fig 2).

Discussion

The donor cell nucleus in MII oocyte reprograms to a
pluripotent state after SCNT. However, not all of the SCNT
oocytes can complete the nuclear reprogramming process.
Abnormal degradation of mRNA in the cytoplasm of MII
oocyte causes incomplete expression of reprogramming
related genes (17). Therefore, the donor cell nucleus has
incomplete or aberrant epigenetic reprogramming that
mainly leads to low cloning efficiency by SCNT (38).

The use of HDACs inhibitors in IVC treatment is increas-
ing both in SCNT and parthenogenetic embryos (14,17,32).
At present, many studies have gradually shown that HDACs
inhibitor treatment can improve the development of SCNT

embryos. In this study, we sought to use MS-275 (class I
and II HDACs inhibitor) treatment to improve the develop-
ment of porcine SCNT embryos. We have found that MS-
275 (10 uM for 6 h) can regulate and promote gene repro-
gramming and gene expression. In addition, we have
detected a significant increase in the cell number of the
SCNT embryo by increasing the associated gene expres-
sion (Table 4).

Histone acetylation is a key factor in the epigenetic repro-
gramming, it modifies and regulates chromatin configura-
tion to participate in nuclear reprogramming. It is well-
known that HDACs inhibitors restrain the expression of
HDACS, and resulting in reduced deacetylation and increased
acetylation levels (13). In this study, we tested the treat-
ment of SCNT embryos with HDACs inhibitor. Compared
with the control group, different concentrations and treat-

Table 2. Effect of MS-275 different supplementation time into IVC media with 4 different times on development of porcine SCNT

embryos
Treatment No. of embryos
(h) Cultured Cleaved (% + SEM) Develop to Bl. (% + SEM)
Control 176 155 (88.1 = 0.4)" 30 (17.0 + 1.2)°
6 176 158 (89.8 £0.7)" 46 (26.1 £ 1.1)°
24 178 152 (85.4 % 1.6)" 27 (15.2+ 1.9
48 177 110 (62.1£1.7)° 528+ 1.4y

Means in the same column with different superscripts were significantly different (P < 0.05).

Values are listed as Mean = S.E.M.

Table 3. Effect of MS-275 supplementation into IVC media on the development of porcine SCNT embryos

Treatment No. of embryos
(uM) Cultured Cleaved (% + SEM) Develop to Bl. (% = SEM)
Control 221 192 (86.9 + 1.0) 35 (15.8 4 0.8)°
MS-275 218 194 (89.0 £ 1.2) 56 (25.7+1.0)°

Means in the same column with different superscripts were significantly different (P < 0.05).

Values are listed as Mean = S.E.M.
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Table 4. Developmental competence of porcine embryos of MS-275 treatment

Treatment No. of cells
(uM) ICM TE Total Cell (mean + SEM) ICM/TE Cell (% + SEM)
Control 102 26.8 37.0 £ 1.0° 384+2.1°
MS-275 13.1 30.2 434+12° 43.6+1.9°

Means in the same column with different superscripts were significantly different (P < 0.05).

Values are listed as Mean = S.E.M.

ment time of MS-275 did not have any effect on in cleav-
age of embryos (Table 1). At the same time, we found that
long-term treatment will reduce embryo formation (Table
2). The reason behind the adverse effects of long-term
treatment is that HDACs inhibitor will make chromatin
relaxation, which will affect spindle formation and arrest
mitosis (24). However, the treatment of MS-275 at the blas-
tocyst stage significantly improves embryo quality, due to
the increased acetylation of histones that can loosen the
structure of chromatin and open the binding of DNA and
nucleosomes to enhance gene expression (29). Previous
research data also indicate that in-vitro development of
SCNT embryos may be inhibited by HDACs activity (26)
(Table 3). Our results also support the view that inhibition
of HDACs activity is a key factor in the in vitro develop-
ment of SCNT embryos.

The quality of embryo produced was assessed by analy-
sis of mRNA expression levels of different genes associ-
ated with development (POUSF1, NANOG and SOX2) and
apoptosis (BAX and Bcl2) in MS-275-treated SCNT blas-
tocysts. During mammalian embryonic development, the
cell mass will be divided into the inner cell mass (ICM)
and trophectoderm (TE) (16) (Fig 1). In this study, the
expression of POUSF1 and NANOG in the MS-275 treat-
ment group was significantly increased. Oct4/POUSF1 is at
the center of a pluripotency regulatory network and plays a
vital role in the formation of the embryo (30). Oct4, NANOG
and SOX2, which are known to form an auto regulatory
network for pluripotency in other systems, are co-expressed
also by porcine epiblasts, and by undifferentiated primary
colonies in culture (7). The expression of SOX2 in the MS-
275 treatment group was significantly increased (Fig 2).
Therefore, the quality of SCNT embryos is also associated
with apoptosis (3). MS-275 treatment significantly decrease
the expression of the apoptotic gene (BAX) and increase
expression of anti-apoptotic gene (Bcl2) in blastocyst (8).
These results demonstrated that MS-275 treatment not only
increased the expression of reprogramming-related genes
but also improved embryo quality.

Conclusions

The present study indicated that 10 uM MS-275 treat-
ment for 6 h positively regulates the epigenetic expression
and increases histone acetylation, thereby increasing the
development of SCNT embryos. Furthermore, MS-275
treatment enhanced ICM/Total cell number and the quality
of blastocysts by increasing expression of Bcl2, POUSFI,
NANOG and SOX2, and decreasing expression of BAX.

Increasing the efficiency of clonal animal production will
greatly promote the development of animal disease models
and xenotransplantation. Therefore, further investigations
are required for analyzing the effect of MS-275 on the devel-
opment of fetuses after implantation from MS-275 treated
embryos.
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