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ABSTRACT

Differentiated nuclei can experimentally be returned to an undifferentiated embryonic status after nuclear transfer 
(NT) to unfertilized metaphase II (MII) oocytes. Nuclear reprogramming is triggered immediately after somatic cell 
nucleus transfer (SCNT) into recipient cytoplasm and this period is regarded as a key stage for optimizing reprogra-
mming. In a recent study (Dai et al., 2010), use of m-carboxycinnamic acid bishydroxamide (CBHA) as a histone 
deacetylase inhibitor during the in vitro early culture of murine cloned embryos modifies the acetylation status of 
somatic nuclei and increases the developmental competence of SCNT embryos. Thus, we examined the effects of 
CBHA treatment on the in vitro preimplantation development of porcine SCNT embryos and on the acetylated status 
of histone H3K9 on cloned embryos at the zygote stage. We performed the three groups SCNT: SCNT (NT), CBHA 
treatment at the porcine fetus fibroblast cells (PFFs) used as donor cells prior to SCNT (CBHA-C) and CBHA treatment 
at the porcine SCNT embryos during the in vitro early culture after oocyte activation (CBHA-Z). The PFFs were treated 
with a 15 μM of CBHA (8 h) for the early culture and the porcine cloned embryos were treated with a 100 μM 
concentration of CBHA during the in vitro early culture (10 h). Cleavage rates and development to the blastocyst stage 
were assessed. No significant difference was observed the cleavage rate among the groups (82.6%, 76.4% and 82.2%, 
respectively). However, the development competence to the blastocyst stage was significantly increased in CBHA-Z 
embryos (22.7%) as compared to SCNT and CBHA-C embryos (8.6% and 4.1%)(p<0.05). Total cell numbers and viable 
cell numbers at the blastocyst stage of porcine SCNT embryos were increased in CBHA-Z embryos as compared to 
those in CBHA-C embryos (p<0.05). Signal level of histone acetylation (H3K9ac) at the zygote stage of SCNT was 
increased in CBHA-Z embryos as compared to SCNT and CBHA-C embryos. The results of the present study 
suggested that treatment with CBHA during the in vitro early culture (10 h) had significantly increased the 
developmental competence and histone acetylation level at the zygote stage.
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INTRODUCTION       

The first cloned animal “Dolly” was successfully pro-
duced from the somatic cell nuclear transfer (SCNT) te-
chnique using cultured somatic cells as nuclear do-

nors. This technology has widely been applied to vari-
ous mammalian species for agricultural, biotechnologi-
cal and medical purposes (Cibelli et al., 1998; Waka-
yama et al., 1998; Baguisi et al., 1999; Polejaeva et al., 
2000; Shin et al., 2002; Chesne et al., 2002; Galli et al., 
2003; Zhou et al., 2003; Lee et al., 2005; Li et al., 2006). 

147



Park et al.148

However, the developmental efficiency of SCNT still re-
mains low. The reasons may be attributed to incomple-
te or inappropriate reprogramming of the transferred 
nuclear genome (Campbell et al., 2007). In general, tr-
ansplantation of somatic cell nucleus into recipient cy-
toplasm environment undergoes reprogramming proce-
sses including histone modification and DNA methyla-
tion, which refer to erasure and remodeling of epige-
netic marks (Reik et al., 2001; Jouneau et al., 2003). The 
status of epigenetic can be returned from a differen-
tiated cell status into an undifferentiated status. This 
remodeling may be modified the histone acetylation or 
methylation, phosphorylation, ubiquitination and sumo-
ylation (Shi and Yang, 2007). Many studies have indi-
cated that remodeling occurring immediately after SC-
NT is involved in reprogramming efficiency (Yang et 
al., 2007). During the remodeling process, morpholo-
gical modifications occurs in the nucleus of donor cells 
including nuclear envelop breakdown (NEBD), prema-
ture chromosome condensation (PCC), dispersion of nu-
cleoli, and then reestablish new ones for a relatively 
short time (Zuccotti et al., 2000; Wrenzycki et al., 2001). 

In the mammalian cells, the chromatin structure can 
be inherited from paternal or maternal genomic status. 
Heterochromatin has a highly condensed chromatin, re-
sulted in being silenced in genes (Misteli et al., 2007). 
Gene silencing may be associated with repressed chro-
matin structure signed by histone hypoacetylation (Je-
nuwein et al., 2001; Bhaumik et al., 2007), because it 
can affect gene transcription by making silent chroma-
tin structures and interrupting transcription factor bin-
ding. Acetylation of histone is regulated by balance of 
both histone acetyltransferase (HAT) and histone deace-
tylase (HDAC) activities (Kikuchi and Fujimoto, 1973; 
Csordas 1990). In the previous studies, several epigene-
tic remodeling drugs such as the histone deacetylase 
inhibitor (HDACi) trichostatin A (TSA) (Kishigami et 
al., 2006; Zhang et al., 2007), Scriptaid (Van Thuan et 
al., 2009; Zhao et al., 2009), sodium butyrate (Shi et al., 
2003; Das et al., 2010), valproic acid (VPA) (Costa- 
Borges et al., 2010; Miyoshi et al., 2010), suberoylanilide 
hydroxamic acid (SAHA) (Ono et al., 2010), oxamflatin 
(Su et al., 2011) and m-carboxycinnamic acid bishydrox-
amide (CBHA) (Dai et al., 2010) have been used to in-
crease the developmental competence of SCNT embr-
yos. In addition, it was reported that the HDACi can 
cause a marked increase in histone acetylation and en-
hance the developmental competence of SCNT embr-
yos. 

Several studies have been carried out to evaluate the 
use of HDACis on somatic cell nuclear transfer. These 
include the treatment with HDACis either before (i.e., 
of the nuclear donor cells) or after (early embryos) so-
matic cell nuclear transfer. As a result, different group 

have found a significant improvement of embryonic pre-
implantation developmental rates (Li et al., 2006; Shi et 
al., 2008; Costa-Borge et al., 2011) and blastocyst quali-
ty (Iager et al., 2008; Cui et al., 2011). Furthermore, an 
improvement of full-term development has also been 
reported in mice and miniature pigs regarding produc-
tion of cloned animals using HDACis such as TSA 
(Kishigami et al., 2006) and Scriptaid (Zhao et al., 2009). 
Zhao and coworkers (2010) also tested the effect of TSA 
and Scriptaid in domestic pigs. These authors found 
that TSA improved clone efficiency but the treatment 
resulted in the death of three out of four live born 
piglets after birth. On the other hand, Scriptaid was ef-
fective in increasing the development potential of so-
matic cell nuclear transfer embryos (Zhou et al., 2003). 
Nonetheless, little is known about the effect of HDACis 
on postimplantation development of large animals. The 
long gestation period and high costs of maintenance 
are points that contribute to make these data scare for 
species such as cattle. Moreover, detrimental effects of 
the use of HDACis have also been shown, especially 
when somatic cells or embryos are exposed to high do-
ses of these drugs (Enright et al., 2003). 

Therefore, herein we carried out a series of experi-
ments to test whether the treatment of nuclear donor cell 
or reconstructed oocytes with m-carboxycinnamic acid 
bishydroxamide (CBHA) as a histone deacetylase inhi-
bitor would affect the pre-implantation development of 
cloned domestic pigs. We hypothesized that the associ-
ation with drug targeting histone acetylation could al-
ter chromatin configuration and turn it more amenable 
to be reprogrammed. CBHA was chosen as a more ame-
nable treatment because of the effect on cellular viabi-
lity. Based on the hypothesis, acetylation status of his-
tone 3 at lysine residue 9 (H3K9ac) and the quality of 
porcine SCNT embryos (total cell numbers and apopto-
tic rates in blastocyst) in in vitro fertilized (IVF), SCNT, 
CBHA treatment to the PFFs used as nuclear donor 
cell prior to SCNT (CBHA-C) and CBHA treatment to 
SCNT embryos during the in vitro early culture (CB-
HA-Z) were evaluated.  

MATERIALS AND METHODS

All chemicals and reagents were purchased from Sig-
ma-Aldrich Chemical Company (St, Louis, MO, USA) 
unless otherwise stated. 

Oocyte Collection and In Vitro Maturation 
Ovaries of prepubertal gilts were collected at a local 

slaughterhouse and transported to the laboratory in pho-
sphate-buffered saline (PBS) at 39℃ within 2 h. The ex-
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tra tissue from ovaries was trimmed off and washed 
twice in PBS at 39℃. Cumulus-oocyte complexes (CO-
Cs) were aspirated from 2 to 5 mm antral follicles with 
a 18-gauge injection needle attached to a 10 ml syrin-
ge. The follicular fluid was allowed to settle for 3 min 
and diluted with Tyrode's lactate-HEPES (TL-HEPES) 
buffer [114.0 mM NaCl, 3.2 mM KCl, 0.34 mM NaH2-

PO4, 60% syrup Na-lactate (w/w), 0.5 mM MgCl2 · 6H2O, 
10.0 mM HEPES, 0.2 mM Na-pyruvate, 12.0 mM sorbi-
tol, 2.0 mM NaHCO3, 2.0 mM CaCl2 · 2H2O, 0.294 g/l 
gentamycin, 0.065 g/l penicillin G, and 0.1 g/l poly vi-
nyl alcohol (PVA)] at 39℃. Only COCs surrounded 
with at least three layers of compact cumulus cells and 
an uniform cytoplasm were selected for in vitro matu-
ration. Selected oocytes were washed three times in Bri-
lliant Cresyl Blue (BCB) medium [Dulbecco's phospha-
te-buffered saline (D-PBS) supplemented with 4 mg/ml 
BSA and 13 mM of BCB]. The COCs were incubated 
for 90 min with 5% CO2 at 39℃ in a humidified atmo-
sphere. After BCB treatment for 90 min, only BCB 
stained oocytes were selected for in vitro maturation. 
The COCs were incubated in maturation medium [Ti-
ssue culture medium-199 (TCM-199, Gibco Life Tech-
nologies Inc., Paisley, UK) supplemented with 10% PVA, 
3.05 mM D-glucose, 0.91 mM Na- pyruvate, 0.57 mM 
cysteine, 75 μg/ml penicillin, 50 μg/ml streptomycin, 
10 ng/ml Epidermal growth factor (EGF), 1 μg/ml Fo-
llicle-stimulating hormone (FSH) and 5 μg/ml Luteini-
zing hormone (LH)] supplemented with 5 μg/ml of cy-
cloheximide (CHXM) for 16 h to synchronize meiotic 
maturation (Ye et al., 2002). After retrieval of CHXM, 
COCs were washed three times and cultured in matu-
ration medium in the 4-well Nunc dish (Nunc, Roskilde, 
Denmark) covered with mineral oil for 30～32 h with 
5% CO2 at 39℃ in a humidified atmosphere. 

Preparation of Porcine Fetal Fibroblast Cells 
A 30-day old Berkshire fetus was obtained from a 

slaughterhouse. The porcine fetus was transported on 
ice to the laboratory and washed in Ca2+-, Mg2+-free 
D-PBS containing 0.1% (v/v) penicillin/streptomycin. Aft-
er the internal organs and head were removed, they 
were chopped using sterilized scissors in D-PBS con-
taining 0.25% (v/v) trypsin/EDTA. Cells obtained from 
fetus were cultured in Dulbecco's Modified Eagle Me-
dium (DMEM) containing 1.25% MEM-nonessential ami-
no acids, 1.25% β-mercaptoethanol, 1% penicillin/strep-
tomycin supplemented with 10% FBS at 39℃ in 5% 
CO2. Until the use, primary cultured cells were stored 
in liquid nitrogen (LN2). Cells were thawed and cul-
tured until growing to 80～90% confluence. After being 
cultured until passage 4～5, cells were synchronized at 
G0 phase for 3～5 days in DMEM supplemented with 

0.1% fetal bovine serum (Gibco) prior to use as donor 
cell. 

Pathenogenetic Activation 
After 46～48 h of oocyte maturation, oocytes were 

placed into 500 μl of TL-HEPES buffer containing 0.1 
% hyaluronidase in a 15 ml conical tube and then vor-
texed for 5 min in order to remove the cumulus cells. 
Denuded oocytes at metaphase II (MII) with the first 
polar body were selected for oocyte activation and pla-
ced in chamber composing of two platinum electrodes 
0.2 mm apart. And then oocytes were activated in the 
fusion medium [0.3M mannitol containing 0.1 mM Mg-
SO4, 0.5 mM CaCl2, 3 mg/ml bovine serum albumin 
(BSA fatty acid free)]. Oocytes were exposed to two 
electrical DC pulses of 1.25 KV/cm for 30 sec using a 
multiporator (Eppendorf, Germany). Activated oocytes 
were subsequently incubated for 5 h in porcine zygote 
medium 5 (PZM5) [108.0 mM NaCl, 10.0 mM KCl, 0.35 
mM KH2PO4, 0.40 mM MgSO4 · 7H2O, 25.07 mM NaH-
CO3, 0.20 mM Na-pyruvate, 2.0 mM Ca-(lactate)2 · 5-
H2O, 2.0 mM L-Glutamine, 5.0 mM hypotaurine, 50 μg 
/ml Gentamicin, 20 ml/l BME amino acids, 10 ml/l 
MEM amino acids, 3 mg/ml BSA (fatty acid free)] sup-
plemented with 2 μg/ml of CHXM and 0.5 μg/ml cy-
tochalasin B (CB). These parthenogenetic embryos were 
transferred and cultured into fresh PZM5 containing 20 
ml/l BME amino acids, 10 ml/l MEM-nonessential ami-
no acids, 3 mg/ml BSA at 5% CO2 and 5% O2 at 39 ℃ 
in a humidified atmosphere. Cleavage rates and blasto-
cyst rates were evaluated on the day 2 and 7, respec-
tively. 

In Vitro Fertilization (IVF) 
After 46～48 h of oocyte maturation, cumulus cells 

surrounding oocytes were removed by pipetting and 
then washed three times in fertilization medium (m-
TBM) [113.1 mM NaCl, 3 mM KCl, 7.5 mM CaCl2 · 2-
H2O, 11.0 mM Glucose, 5.0 mM Na-pyruvate, 0.57 mM 
Cysteine, 20.0 mM Trisma, 100 IU/ml Penicilline G, 2 
mg/ml Streptomycine sulfate] supplemented with 2 mg/ 
ml bovine serum albumin (BSA; fatty acid free). Gr-
oups of 15 COCs were placed in pre-equilibrated 50 μl 
drop of fertilization medium (mTBM) covered with 
mineral oil. After fresh semen was washed once by 
centrifugation at 900 g for 5 min at 37℃, spermatozoa 
were resuspended in mTBM supplemented with 2 mM 
Caffeine and 2 mg/ml BSA. 50 μl of this suspension 
was added to the fertilization drop containing the oo-
cytes, giving a final concentration of 1×105 sperm/ml. 
Following 6 h of fertilization, oocytes were washed and 
cultured in PZM5 medium supplemented with 20 ml/l 
BME amino acids, 10 ml/l MEM-nonessential amino acids, 
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3 mg/ml BSA at 39℃ in 5% CO2, 5% O2 in air. On day 
2, cleaved embryos were transferred into fresh PZM5 
medium. Embryos were incubated until the blastocyst 
stage. 

Somatic Cell Nuclear Transfer SCNT 
After porcine COCs were treated with CHXM to in-

duce meiotic synchronization for 16h, the COCs were 
further maturated for 17～18 h in the maturation me-
dium. COCs were placed into 500 μl of TL-HEPES 
buffer containing 0.1% hyaluronidase in a conical tube 
and then vortexed for 5 min to remove cumulus cells. 
Denuded oocytes were stained in 25 mM HEPES buf-
fered maturation medium containing 1 μg/ml Hoechst 
33342 for 10 min. Stained oocytes were transferred into 
a drop of 25 mM HEPES buffered manipulation me-
dium containing 5 μg/ml of CB with mineral oil. For 
oocyte enucleation, AI-TI spindle containing a little cy-
toplasm was aspirated using a 20～25 μm of glass mi-
cropipette (Lee & Campbell, 2006). Successful enuclea-
tion was checked by a brief exposure to UV light in 
the aspirated karyoplast. The enucleated oocytes were 
cultured in the maturation medium with 5% CO2 at 39 
℃ in a humidified atmosphere until the transfer of do-
nor cells and cell fusion. After being cultured for 12 h, 
a single donor cell was transferred into the perivitelline 
space of the oocyte through the hole which previously 
made for enucleation. The reconstructed oocytes were 
exposed to two DC pulses of 1.25 KV/cm for 30 sec 
using a multiporater (Eppendorf, Germany). Fused oo-
cytes were then incubated in PZM5 plus 20 ml/l BME 
amino acids, 10 ml/l MEM amino acids, 3 mg/ml BSA 
(fatty acid free) with 5% CO2 and 5% O2 at 39℃ in a 
humidified atmosphere. 

CBHA Treatment Following Oocyte Activation 
m-Carboxycinnamic acid bishydroxamide (CBHA, Cal-

biochem, 382148) as a histone deacetylase inhibitor 
(HDACi) was dissolved in dimethly sulfoxide (DMSO) 
to adjust a stock solution of 100 mM and stored at —80 
℃. Working solution was freshly prepared just before 
use. For determination of the optimal concentration of 
exposure to CBHA, porcine embryos were treated with 
PZM5 medium containing the concentrations of 0 μM, 
1 μM, 20 μM, 100 μM, 200 μM or 300 μM of CB-
HA for 10 h with 5% CO2 and 5% O2 at 39℃ in a hu-
midified air. The optimal concentration of CBHA was 
used for further SCNT experiment. After 10 h of in-
cubation with CBHA, the embryos were cultured in 
PZM5 medium until the blastocyst stage at 39℃ in 5% 
CO2 and 5% O2 in humidified air. To determine opti-
mal concentration of exposure to CBHA to donor cells, 
porcine fetal fibroblast cells were exposed to DMEM at 

the concentrations of 0 μM, 5 μM, 10 μM, 15 μM or 
20 μM of CBHA for 8h. The optimal concentration of 
exposure to CBHA to donor cell was determined by 
the cell viability using trypan blue staining and im-
munostaining of histone acetylation. 

Immunocytochemistry for Histone Acetylation 
Porcine embryos were fixed in fixation solution [4% 

paraformaldehyde (PFA) diluted in PBS, pH 7.4, freshly 
prepared] for 1 h at 4℃ and washed three times for 15 
min per wash in PBS-T [PBS containing 0.1% Tween 20, 
0.05% NaAzide]. The embryos were permeabilized with 
1% Triton X-100 in PBS for 30 min at room temper-
ature (RT) and then washed three times for 15 min in 
PBS-T. These embryos were blocked with the Blocking 
solution [5% BSA in PBS-T] for overnight at 4℃ and 
then washed three times. Afterward, the samples were 
incubated with the primary antibody of H3K9ac (His-
tone H3 Lys-9 acetylation, 1:300, Upstate, USA) for 1 h 
at 37℃ and washed three times. They were incubated 
with Alexafluor 488-conjugated secondary antibody (1: 
150, Invitrogen, USA) for 1 h at RT in the dark and 
washed three times for 15 min per wash. The samples 
were counterstained with 10 μg/ml propidium iodide 
(PI) in PBS for 15 min and then washed three times 
for 15 min per wash. The samples were mounted on 
glass slides with a drop of VECTASHIELD® (Vector 
Laboratories Inc). Images were captured using a fluo-
rescence microscope (LEICA DM 2500). 

After treatment of CBHA, porcine fetal fibroblast 
cells (PFFs) were placed onto a cover slip by centrifuge 
(2050 centrifuge, Centurion Scientific Ltd, UK) and fi-
xed in fixation solution for 15 min and then washed 
three times in PBS-T [0.1% Tween 20 and 0.05% Na-
Azide in PBS]. Fixed cells were blocked with the block-
ing solution for 1 h at RT. These samples were incu-
bated in the primary antibody H3K9ac (Histone H3 
Lys-9 acetylation, 1:250, Milipore, USA) at 4℃ overni-
ght. They were incubated with the secondary antibody 
(Alexafluor 488-goat anti-rabbit IgG (1:150, Invitrogen) 
for 1 h at RT in the dark. The samples were stained 
with 0.5 μl/ml of PI in PBS for 10 min and then wa-
shed three times. The samples were mounted on glass 
slides with a drop of VECTASHIELD® (Vector Labora-
tories Inc). Images were captured using a fluorescence 
microscope (LEICA DM 2500). 

Apoptotic Assay of SCNT Embryos 
In Situ Cell Death Detection Kit (F. Hoffmann-La 

Roche Ltd, Switzerland) was used for apoptosis assays. 
According to the manual instruction, porcine blasto-
cysts on the day 7 were fixed in fixation solution for 1 
h at 4℃ and then washed three times in PBS. The em-
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bryos were permeabilized with 0.1% Triton X-100 and 
0.1% sodium citrate in PBS for 2 min at 4℃ and then 
washed three times. Permeabilized embryos were la-
beled with the TUNEL reaction mixture for 60 min at 
37℃ in the dark and washed three times. Finally, DNA 
was stained with 5 μl/ml of Hoechst 33342 for 10 min 
at 39℃. Embryos were mounted on glass slides with a 
drop of VECTASHIELD® (Vector Laboratories, Inc) and 
covered with coverslip. Images were captured using a 
fluorescence microscope (LEICA DM 2500). 

Statistical Analysis 
Data were analyzed by one-way analysis of variance 

(ANOVA). A probability of p<0.05 was considered to 
be statistically significant. 

RESULTS 

Determination of the Optimal Concentration of Expo-
sure to CBHA through In Vitro Development of Parthe-
nogenetic Embryos 

In order to determine the optimal concentration of 
m-carboxycinnamic acid bishydroxamide (CBHA) as a 
histone deacetylase inhibitor (HDACi) exposed to por-
cine SCNT embryos during in vitro early development 
(10 h) after oocyte activation, the parthenogenetically 
active porcine embryos were treated with 0 μM, 1 μM, 
20 μM, 100 μM, 200 μM or 300 μM for 10 h, res-
pectively. As shown in Table 1, there was no signi-
ficant difference in the cleavage rates on the day 2 
among all concentrations of CBHA. However, the in vi-
tro pre-implantation development to the blastocyst sta-
ge on the 7 day was significantly higher in 1 μM, 20 
μM and 100 μM (20.9%, 18.5% and 20.9%) treated 
embryos than in 0 μM, 200 μM and 300 μM (15.8%, 

Concentrations
of CBHA(μM)

No.
 of oocytes

No. (%) of cleaved
embryos

No. (%) of
blastocysts 

No. of cells
/blastocyst

(mean±SEM)

0 152 133 (87.5) 21 (15.8)b 27.6±4.3

1 151 129 (85.4) 27 (20.9)a 22.9±3.6

20 150 135 (90.0) 25 (18.5)a 31.7±7.1

100 150 134 (89.3) 28 (20.9)a 32.5±2.2

200 145 125 (86.2) 13 (10.4)b 18.9±7.1

300 151 127 (84.1) 14 (11.0)b 20.6±8.7
a～c Values with the same superscript within a column are significantly different (p<0.05).

Table 1. Effect of different concentrations of CBHA treatment on in vitro development of porcine parthenogenetic embryos

10.4% and 11.0%) treated embryos (p<0.05). In addition, 
the total cell number of porcine parthenogenetic blasto-
cysts was increased in 100 μM of CBHA treatment 
(32.5±2.2) as compared to the other groups. Considering 
the blastocyst rates and total cell number of the blasto-
cysts, 100 μM was determined to the optimal concen-
tration of exposure to CBHA as a histone deacetylase 
inhibitor (HDACi) to porcine SCNT embryos for fur-
ther experiment. 

Determination of the Optimal Concentration of Expo-
sure to CBHA through Culture of Porcine Fetus Fibroblast 
Cells (PFFs) 

In this experiment, we carried out to determine opti-
mal concentration of exposure to CBHA as a histone 
deacetylase inhibitor (HDACi) to porcine fetal fibroblast 
cells (PFFs) used as nucleus donor cell before somatic 
cell nuclear transfer. The PFFs were treated with vari-
ous concentrations of CBHA at 0 μM, 5 μM, 10 μM, 
15 μM or 20 μM for 8 h, respectively. The number of 
survival cells was detected by incorporation of trypan 
blue staining. The results from these studies are repre-
sented in Table 2. There was no difference in the cell 
viability between all groups after CBHA treatment for 
8 h (89.7±3.1, 89.5±2.9, 89.2±2.9, 83.0±2.2 and 76.1±4.2). 
However, 20 μM of CBHA treatment to the PFFs sh-
owed lower survival rate as compared to the other 
groups (0 μM, 5 μM, 10 μM and 15 μM). In the ex-
periment, 15 μM was chosen for the optimal concen-
tration of exposure to CBHA as the histone deacetylase 
inhibitor (HDACi) to porcine fetal fibroblast cells as 
nucleus donor celss for further SCNT experiments.

Determination of the Optimal Period of Exposure to 
CBHA to PFFs for being Used as Donor Cells 

To determine the optimal period of exposure to CB-
HA as the histone deacetylase inhibitor (HDACi), to 
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Concentration 
(μM)

Cell viability 
(mean±SEM)

0 89.7±3.1

5 89.5±2.9

10 89.2±2.9

15 83.0±2.2

20 76.1±4.2

The number of survival cells was detected by trypan blue staining.

Table 2. Effect of CBHA treatment on cell viability of porcine fetal 
fibroblast cells

the porcine fetus fibroblast cells (PFFs) used as nucleus 
donor cell for SCNT, the PFFs were cultured in histone 
deacetylase inhibitor CBHA for 0 h, 2 h, 4 h, 6 h, 8 h 
or 10 h, respectively. The histone acetylation status of 
H3K9ac after treatment of CBHA was assessed using 
an antibody specific (Alexafluor 488-goat anti-rabbit IgG, 
1:150) to the acetylated form of H3K9. As shown in 
Fig. 1, the intensity of H3K9ac staining in the PFFs 
was induced after treatment of 2 h with CBHA. How-
ever, the intensity of H3K9ac staining in the PFFs was 
significantly elevated after treatment of CBHA for 8 h. 
In the experiment, 8 hours was chosen for the optimal 
period of exposure to CBHA as the histone deacetylase 
inhibitor (HDACi) for further studies.

Effect of CBHA Treatment to Either Nuclear Donor 
Cell or Reconstructed Oocytes on the In Vitro Develop-
ment of Porcine SCNT Embryos 

In order to assess whether nucleus donor cells or re- 

Fig. 1. Histone acetylation status of H3K9 in PFFs treated with CBHA using immunostaining. Example of images obtained when visualiz-
ing H3K9ac of PFFs immunostained after treatment of CBHA for 0, 2, 4, 6, 8 of 10 h. Red : PI stained nuclei, Green : Alexaflour 488-la-
beled H3K9ac. Scale bar=50 μm. 

constructed oocytes treated with CBHA as the histo-
nedeacetylase inhibitor (HDACi) affects the in vitro pre- 
implantation development of porcine SCNT embryos, 
the cloned embryo were divided into two groups: SC-
NT embryos (SCNT-C) reconstructed by using CBHA- 
treated donor cells (15 μM of CBHA, 8 h) and SCNT 
embryos (CBHA-Z) treated with CBHA during the ear-
ly culture (100 μM of CBHA, 10 h). The results from 
these studies are represented in Table 3. There was no 
significant difference in the cleavage rates on the day 2 
between all groups (SCNT, CBHA-C and CBHA- Z; 
82.6%, 76.4% and 82.2%, respectively). However, the in 
vitro development to the blastocyst stage in the IVF 
and CBHA-Z embryos (19.7% and 22.7%) was signifi-
cantly increased as compared to the SCNT and CB-
HA-C embryos (8.6% and 4.1%) (p<0.05). The reasons 
why CBHA-Z embryos shows greater in vitro develop-
ment to the blastocyst stage may benefit morphological 
modifications such as nuclear envelop breakdown (NE-
BD), premature chromosome condensation (PCC), dis-
persion of nucleoli and then reestablish new ones for 
the zygote stage.

Status of Histone Acetylation in Porcine CBHA-C and 
CBHA-Z Cloned Embryos 

To confirm the epigenetic modification of the porcine 
SCNT embryos following the CBHA treatment to either 
nuclear donor cell or reconstructed oocytes, we exam-
ined the the intensity of histone 3 at lysine residue 9 
(H3K9ac) at the zygote stage by immunostaining. As 
shown in Fig. 2, there was the significant difference in 
the intensity of H3K9ac between CBHA-C and CBHA-Z 
cloned embryo groups (p<0.05). The intensity of H3K9
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  Treatment No. of oocytes No. (%) of fused
NT embryos

No. (%) of cleaved NT
embryos

No. (%) of 
blastocysts

IVF 409 - 208 (50.9) 41 (19.7)a

NT 157 155 (98.7) 128 (82.6) 11 (8.6)b

CBHA-C 200 191 (95.5) 146 (76.4) 6 (4.1)b

CBHA-Z 124 118 (95.2) 97 (82.2) 22 (22.7)a

a,b Values with the same superscript within a column are significantly different (p<0.05).
IVF: In vitro fertilized embryos
NT: SCNT embryos reconstructed by using no CBHA-treated donor cells and treated with no CBHA during the early culture
CBHA-C: SCNT embryos reconstructed by using CBHA-treated donor cells
CBHA-Z: SCNT embryos treated with CBHA during the early culture  
Cleavage percentage: No. cleaved SCNT embryos / No. fused SCNT embryos
Cleavage percentage of IVF: No. Cleaved embryos / No. oocytes
Blastocyst percentage: No. blastocysts / No. cleaved embryos

Table 3. Effect of CBHA treatment to nuclear donor cell or reconstructed oocytes on in vitro development of porcine SCNT embryos  

Fig. 2. Level of histone acetylation (H3K9ac) of SCNT embryos at 
the zygote stage on CBHA treatment to either nuclear donor cell 
or reconstructed oocytes. Examples of images obtained when vis-
ualizing H3K9ac of IVF, SCNT, CBHA-C (SCNT embryos reconst-
ructed by using CBHA-treated donor cells), CBHA-Z (SCNT em-
bryos treated with CBHA during the early culture) at the zygote 
stage were shown Green: Alexa flour 488-labeled H3K9ac, Rred: 
PI stained nuclei. Scale bar=50 μm.
IVF: In vitro fertilized embryos
NT: SCNT embryos reconstructed by using no CBHA-treated do-
nor cells and treated with no CBHA during the early culture
CBHA-C: SCNT embryos reconstructed by using CBHA-treated 
donor cells
CBHA-Z: SCNT embryos treated with CBHA during the early cul-
ture  

ac in the CBHA-Z cloned embryos was significantly in-
creased in SCNT and CBHA-C cloned embryos (p< 
0.05). In addition, the H3K9ac level of CBHA-C cloned 
embryos at the zygote stage was similar to that of the 
IVF embryos. This result indicated that the treatment of 
CBHA as the histone deacetylase inhibitor to porcine 
SCNT zygotes gives more benefit epigenetic modificati-
ons than to nuclear donor cell in terms of histone ace-
tylation status.

Quality of Porcine SCNT Blastocysts Following CBHA 
Treatment to Either Nuclear Donor Cell or Reconstructed 
Oocytes 

To assess the quality of porcine SCNT blastocysts 
following CBHA treatment to either nuclear donor cell 
or reconstructed oocytes, we examined to measure the 
apoptotic cells and the total cell number of blastocysts 
using TUNEL assay. As shown in results of Table 4. 
and Fig. 3, the total cell number of SCNT blastocysts 
was significantly increased in CBHA-Z blastocysts as 
compared to that of CBHA-C blastocysts (41.0 vs. 27.0) 
(p<0.05). The rate of apoptotic cells in the SCNT blasto-
cysts (46.7%) and the CBHA-C blastocysts (63.0%) was 
significantly increased as compared to those in CBHA- 
Z blastocysts (29.3%) (p<0.05). These results indicated 
that the quality of CBHA-Z blastocysts improves the 
CBHA treatment for reconstructed oocytes.

DISCUSSION 

Nuclear reprogramming of differentiated somatic ce-
lls into a totipotent embryonic status by somatic cell  
nuclear transfer (SCNT) was firstly introduced by the 
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Treatment No. Cells
/blastocyst

No. (%) of
apoptotic cell

/total blastocyst cell

IVF 20 3 (15.0)

NT 30 14 (46.7)

CBHA-C 27 17 (63.0)

CBHA-Z 41 12 (29.3)

IVF: In vitro fertilized embryos
NT: SCNT embryos reconstructed by using no CBHA-treated 
donor cells and treated with no CBHA during the early culture
CBHA-C: SCNT embryos reconstructed by using CBHA-treated 
donor cells
CBHA-Z: SCNT embryos treated with CBHA during the early 
culture  

Table 4. Effect of CBHA treatment to nuclear donor cell or recon-
structed oocytes on apoptosis of blastocyts derived from porcine 
SCNT embryos

Fig. 3. TUNEL assay in porcine blastocysts of CBHA-C and CB-
HA-Z embryos at the blastocyst stage. The total cell numbers and 
viable cell numbers in the blastocyst stage of porcine SCNT em-
bryos were increased in CBHA-Z cloned embryos as compared to 
CBHA-C cloned embryos based on TUNEL assay. Blue: Hoechst 
33342, Green: TUNEL. Scale bar=50 μm.
IVF: In vitro fertilized embryos
NT: SCNT embryos reconstructed by using no CBHA-treated do-
nor cells and treated with no CBHA during the early culture
CBHA-C: SCNT embryos reconstructed by using CBHA-treated 
donor cells
CBHA-Z: SCNT embryos treated with CBHA during the early cul-
ture.

birth of “Dolly” the sheep. However, the efficiency of 
SCNT is still low (Vajta et al., 2007) due to the aber-
rant and incomplete reprogramming of the transferred 
nuclear genome (Campbell et al., 2007; Gurdon and Mel-
ton, 2008). The nuclear reprogramming events follow-
ing SCNT occur mostly at an epigenetic level and one 
of the epigenetic pathways related to chromatin struc-
ture is the global level of acetylation of the nuclear 
histones (Yang et al., 2007). In this sense, for facilitating 
nuclear reprogramming of SCNT, many studies have 
focused on histone modifications such as methylastion, 
acetylation, ubiquitination and phosphorylation. In par-
ticular, histone acetylation and deacetylation during the 
chromatin remodeling are the important epigenetic mo-
dification on the chromatin structure and a nuclear re-
programming process (Kishigami et al., 2006). The ace-
tylation of histone occurs on the lysine residues of his-
tone dependent on the introduction of an acetyl group 
(Kouzarides, 2007; Surani et al., 2007; Wang et al., 2007). 
Increasing histone acetylation levels induce the relaxa-
tion of chromatin structure and help to access tran-
scriptional factors to DNA or histone (Hebbes et al., 
1988; Hong et al., 1993; Lee et al., 1993; Zlatanova et al., 
2000). On the contrary, the deacetylation of histone is 
induced by histone methylation and established the re-
pressed chromatin structures (Eberharter and Becker, 
2002). 

In this sense, SCNT embryos have been treated with 
histone deacetylase inhibitors (HDACis) to increase the 
histone acetylation level and to improve the epigenetic 
remodeling ability of somatic cells. In the resent report, 
the treatment of m-carboxycinnamic acid bishydroxami-
de (CBHA), one of HDACi family, was improved the 
efficiency of murine SCNT (Dai et al., 2010). However, 
it is not still reported whether CBHA treatment can 
improve the development of porcine SCNT embryos. 
Therefore, we investigated the ability of CBHA to im-
prove nucleus reprogramming of the transferred donor 
nuclei and in vitro developmental competence of por-
cine SCNT embryos to the blastocyst stage. We treated 
nuclear donor cells or cloned zygotes with CBHA to 
evaluate their effect on pre-implantation development 
of porcine SCNT embryos. Our results showed that 
porcine SCNT embryo treated with 100 μM of CBHA 
(10 h) immediately after spontaneous cell fusion and 
oocyte activation have significantly increased the global 
acetylation level (acetylation on histone H3 at lysine 9 
(H3K9ac)) of the transferred donor nuclei and im-
proved the in vitro development and the quality of 
porcine SCNT embryos as compared to cloned embryos 
reconstructed by using the nuclear donor cells treated 
with 15 μM of CBHA for 8 h. 

In the previous studies, pretreatment with DNA de-
methylation agent such as 5-aza-2’-deoxycytidine re-
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sulted in reduction of the general methylation levels in 
transferred donor cell but did not affect the develop-
mental competence of SCNT embryos to the blastocyst 
stage (Enright et al., 2005). Trichostatin A (TSA) as a 
widely known HDACi improves the levels of acety-
lated histones (Yoshida et al., 1990). In this experiment, 
the treatment of CBHA (CBHA-C; 15 μM, 8 h) to the 
donor cell prepared from porcine fetal fibroblasts be-
fore introduction of donor cells increased the level of 
histone acetylation. Interestingly, little or no improve-
ment of the development and formation to blastocysts 
was observed. 

Our results also showed that porcine SCNT embryos 
(CBHA-Z) treated with 100 μM of CBHA for the early 
culture (10 h) immediately after oocyte activation were 
improved the in vitro developmental competence to the 
blastocyst stage. It was previously reported that CBHA 
treatment at the zygote stage improves the cloning effi-
ciency of the in vivo and in vitro development to blas-
tocyst stage and potential for full-term (Dai et al., 2010). 
In addition, the treatment of TSA to porcine SCNT em-
bryo after oocyte activation promoted the blastocyst 
rates in vitro (Zhao et al., 2010). 

We hypothesized that CBHA treatment for the early 
culture (10 h) soon after spontaneous cell fusion and 
oocyte activation can lead to structural changes in the 
chromatin for binding the transcription factors. As re-
gards histone modifications, the level of acetylation on 
histone H3 at lysine 9 (H3K9ac) in the porcine cloned 
embryos at the zygote stage was induced significantly 
higher CBHA-Z group than that in CBHA-C group. 
The intensity of H3K9ac in the CBHA-Z group showed 
similar to that of porcine IVF embryos. According to 
the results of Zhao et al. (2010), Scriptaid, one of the 
histone deacetylase inhibitors (HDACi) also showed 
very similar results in porcine cloned embryos. The rea-
sons why HDACi induces greater development of 
SCNT embryos may lead to increase histone acetylation 
and decrease DNA methylation, which are important 
for development (Cervoni and Szyf, 2001). The evalua-
tion for blastocyst quality is related to the total cell 
number as well as the rate of survived cells in blasto-
cysts. So to speak, increasing the apoptotic rate in the 
blastocysts means the poor quality of blastocysts (Yu et 
al., 2007). In this study, the total cell number of blasto-
cyst derived from CBHA-Z group was significantly in-
creased as compared to that of the NT group and 
CBHA-C group, with quite similar to that of murine 
SCNT embryos (Ono et al., 2010). 

We have established that treatment of CBHA as the 
histone deacetylase inhibitor (HDACi) to increase the 
level of histone acetylation (H3K9ac) in the transferred 
somatic nuclei of porcine SCNT embryo at the zygote 
stage and the in vitro development to the blastocyst sta-

ge in CBHA-Z group. In addition, we also confirmed 
that the blastocysts derived from CBHA- Z group pos-
sesses greater cell numbers and good quality in terms 
of survival cell number.
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