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Abstract
It remained unknown whether HDAC6 affected the histone deacetylation of in vitro maturation oocytes and the reprogramming
of nuclear transplantation in pig. Our results indicated that HDAC6 specific inhibition did not affect overall HDAC activity and
meiosis process, which increased histone H3K9/K14 and H4K8 acetylation of porcine in vitro maturation oocytes and pseudo-
pronucleus embryos. HDAC6 inhibition also significantly enhanced the cleavage and blastocyst of nuclear transfer embryos
(0.81 ± 0.12 vs. 0.68 ± 0.12 and 0.46 ± 0.19; 0.73 ± 0.13 vs. 0.63 ± 0.18 and 0.40 ± 0.16, P<0.05). The inhibition of HDAC6
significantly enhanced histone H3K9/K14 and H4K8 acetylation, and upregulated theOCT4 and CDX2 expressions (1.83 ± 0.16
vs. 1.00 ± 0.00 %; 2.07 ± 0.09 vs. 1.00 ± 0.00; P<0.05) in porcine SCNT blastocysts. Interestingly, HDAC6 inhibition
significantly increased the pseudo-pronucleus volume during somatic cell reprogramming. Thus, HDAC6 was required for
porcine histone deacetylation during the in vitro maturation and pseudo-pronucleus stages. HDAC6 inhibition improved the
in vitro development of nuclear transfer embryos. HDAC6 may restrict the reprogramming of somatic nuclear transfer by
regulating pseudo-pronucleus expansion. We need further research to confirm this in the future.
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Introduction

The abnormal epigenetic reprogramming of nuclear transfer
embryo affects the development efficiency of nuclear transfer
embryo. The N-terminal acetylation of histones H3 and H4 is
an important part of epigenetic modification and nuclear

transplantation [1]. The H4K8 acetylation of pseudo-
pronucleus is close to that of male and female pronucleus,
which upregulates the expression of pluripotent genes and
improves the efficiency of embryo development [1, 2].
Histone H4K5 and H3K9/K14 acetylation are involved in
the protamine replacement and the regulation of chromosome
structure [3, 4]. Increased H3K9 acetylation in donor cells and
nuclear transfer embryos enhances the development efficiency
and the expression level of pluripotent genes [5]. A large
number of histone H3K9 and H4K8 were acetylated in the
expression regions of human and mouse pluripotent genes
[6–8]. However, how histone acetylation of nuclear transfer
embryo is erased remains unclear.

Histone acetylation is mediated by histone acetylase and
histone deacetylase [9]. Class IIb histone deacetylases are in-
volved in histone deacetylation during in vitro maturation of
porcine oocytes [10–12]. Global histones show high acetyla-
tion in germinal vesicle (GV) oocytes and very low acetyla-
tion in Metaphase I (MI) and Metaphase II (MII) oocytes [11,
13, 14]. Histone acetylation is removed by histone deacetylase
in the cytoplasm [10]. The granular cells injected into MII
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oocytes maintain high acetylation levels, but histone acetyla-
tion is removed rapidly after the nuclear membrane broken
[10]. Increasing H3K9 acetylation of the donor is still erased
by histone deacetylase in the cytoplasm [5]. Histone H4K8
and H3K9 acetylation of nuclear transfer embryo is main-
tained by using broad-spectrum deacetylase inhibitors [2, 15,
16].

Histone deacetylases 6 (HDAC6), a class IIb histone
deacetylase with two functional catalytic domains, can shuttle
between cytoplasm and nucleus to regulate intracellular sig-
nals. With closely related to cancer and neurodegenerative
diseases, HDAC6 has become a hot therapeutic target [17].
HDAC6 shows the highest expression level and locates near
the chromosome in mouse MII oocytes [12, 18]. The upregu-
lation of HDAC6 expression significantly reduces histone
acetylation in K562 cells [19]. HDAC6 knockout mices show
high levels of histone acetylation in spermatogenic cells [20].
Overexpression of HDAC6 upregulates related genes of fol-
licular development and increases reproductive capacity in
mice [21]. But HDAC6 inhibition hinders chromosome seg-
regation which damages oocyte meiosis and early embryo
development [12, 14].

However, it was not addressed whether HDAC6 caused the
changes of histone deacetylation in oocyte maturation and
reprogramming of nuclear transfer embryos. We used
HDAC6 non-specific inhibitor (SAHA), a class I/IIa
deacetylase inhibitor (VPA) and HDAC6 specific inhibitor
Bufexamac. Our understanding of HDAC6 was required for
histone deacetylation of oocyte maturation and nuclear trans-
plantation reprogramming, however, not disrupt meiosis mat-
uration to improve the development of nuclear transfer em-
bryo. We explored the effect of HDAC6 inhibition on histone
acetylation, deacetylase activity, embryos development and
related genes expression in porcine oocyte maturation and
nuclear transplantation.

Materials and Methods

In Vitro Maturation

The process of oocyte in vitro maturation was in accordance
with the experimental procedure of previous article [2].
Porcine ovaries came from the local slaughterhouse in
Nanning, China. About 40 pig ovaries can produce 100–150
high-quality oocytes. Cumuluse oocyte complexes (COCs)
were transferred into the maturation medium (9.8g TCM-
199, 10% fetal bovine serum, 10% follicular fluid, 15IU/mL
pregnant mare serum gonadotropin and 10IU/mL human cho-
rionic gonadotropin) supplemented with histone deacetylase
inhibitors (7.5μmol/L SAHA, S1047; 1mmol/L VPA, S1168;
20μmol/L Bufexamac, S3023; selleck Chemicals) inMI (28h)
or MII (44h) oocytes at 38.5°C under 5% CO2 air atmosphere.

HDAC and HDAC6 Activity Analysis

HDAC and HDAC6 activity was detected by using HDAC
Activity Fluorometric Assay Kit (K330-100, BioVision) and
HDAC6Activity Assay Kit (K466-100, BioVision) according
to the manufacturer’s instructions. The COCs were divided
into four groups (control, 7.5μmol/L SAHA, 1mmol/L VPA
and 20μmol/L Bufexamac) and two stages (MI and MII).
About 100 oocytes were collected from about 40 pig ovaries
in each group and each stage. The samples were measured
using a microplate fluorometer (Fluoroskan Ascent FL;
Thermo Fisher) at Ex/Em 380/490 nm in an end point mode
at 37°C. According to calculation scheme of the instructions,
sample HDAC and HDAC6 activity was calculated.

Immunofluorescence Staining and Orcein Stain

The process of immunofluorescence staining was in accor-
dance with the experimental procedure of previous article
[2]. About 20-30 oocytes and nuclear transfer embryos were
preserved in 4% PFA, and permeabilized 1% Triton X. They
were incubated overnight in AcH3K14 antibody (monoclonal
AcH3K9/K14, ABclonal) or AcH4K8 antibody (monoclonal
AcH4K8, Abcam) in 4°C. They were transfered into second-
ary antibody (monoclonal fluorescein isothiocyanate co-
njugated, Sigma) for 1.5h in the darkroom. At last they were
transfered into PBS with propidium iodide (30 μg/mL). The
oocytes and nuclear transfer embryos were observed by a laser
confocal microscope (SP4, Leica). According to previous ar-
ticle, 1% (w/v) orcein was gently pushed to cover fixed oo-
cytes. The nuclear phase of in vitro maturation oocytes were
observed under inverted microscope.

Donor Cells’ Treatment and Preparation

The process of primary culture, drug treatment, and immuno-
fluorescence of donor cells was in accordance with the exper-
imental procedure of previous article [5]. The ear skin tissue of
local pig (born for 1–2 weeks) was collected from the live pig
gene bank in Nanning, China. The ear tissue was cut into
pieces and inoculated into culture dish for about 4 h. Ear tissue
was cultured in Dulbecco’s modified Eagle medium (DMEM)
supplemented with 10% FBS at 38.5°C and 5% CO2. About
70–80% confluent donor cells were cryopreserved or used for
experiments. Donor cells were seeded into 12-well plates
which were treated by histone deacetylase inhibitor for 24 h.
Prior to nuclear transfer, histone H3K9/K14 and H4K8 acet-
ylation of donor cells were determined by immunofluores-
cence. Donor cells were gently blown to suspend, and then
cell suspension is transferred into the embryo manipulation
medium. Donor cells with intact and smooth appearance were
used for nuclear transplantation.
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Somatic Cell Nuclear Transfer and Parthenogenetic
Activation

The process of nuclear transfer and parthenogenetic activation
was in accordance with the experimental procedure of previ-
ous article [5]. The process of nuclear transfer was that oo-
cytes were enucleated by a blind aspiration to remove the first
polar body with the surrounding. Donor cells were injected
into the perivitelline of enucleated oocytes from the original
incision. The couplets were activated and fused by an alter-
nating current at 0.08 kV/cm and a continuous current at 2 kV/
cm for 30 μs. The process of parthenogenetic activation was
that high-quality oocytes were aligned in a straight line and
activated by a continuous current at 2 kV/cm for 30 μs.
Somatic nuclear transfer (SCNT) was divided into two groups
(control and 20μmol/L Bufexamac), and parthenogenetic

activation (PA) was divided into four groups (control,
7.5μmol/L SAHA, 1mmol/L VPA and 20μmol/L
Bufexamac). The SCNT and PA oocytes were placed in elec-
tric activation medium, and activated/fused at the same time.
The rates of cleavage, blastocyst, and the total number of
nuclei in every blastocyst were recorded. The 1-cell, 2-cells
4-cells, and blastocysts of SCNT and PA embryos were
collected.

Quantitative PCR Analysis

The process of reverse transcription and quantitative PCRwas
in accordance with the experimental procedure of appropriate
reference. The gene primers (Table 1) were produced from
Sangon Biotech (Shanghai). Five embryos were collected in
each group and different stages. Reverse transcription of

Table 1 Primer sequences, and
expected product sizes for QRT-
PCR analysis

Target genes Primers sequences (5’to 3’) GenBank accession number Product size (bp)

18s F: GATGGGCGGCGGAAAATTG NR_046261 107

R: TCCTCAACACCACATGAGCA

OCT4 F: GTGTTCAGCCAAACGACCAT NM_001113060 199

R: TTGCCTCTCACTCGGTTCTC

CDX2 F: AGTCGCTACATCACCATTCGGAG GU017420 117

R: GCTGCTGTTGCTGCAACTTCTTC

Fig. 1 The activity of the HDAC
and HDAC6 in in vitro
maturation of porcine oocytes.
Note: A: HDAC activity in theMI
stage; B: HDAC activity in the
MII stage; C: HDAC6 activity in
the MI stage; D: HDAC6 activity
in the MII stage
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different embryos (1-cell, 2-cells 4-cells, and blastocysts) was
carried out using the SuperScript TM II Reverse Transcriptase
kit (Invitrogen). The expression of these genes was detected
and recorded by a PCR analyzer (ABI 7500). Each gene was
repeated at least for three times. The 18s expression was com-
pared as the endogenous control gene. The relative expression
levels of the target genes were determined by using 2–△△CT

method.

Statistics Analysis

The data from developmental effect and quantitative PCR
were analyzed by Duncan’s multiple comparison. All results
were shown using mean and standard deviation. P<0.05 were
considered significant difference. The experiment of the em-
bryo development repeated 3-4 times and required 20–25 em-
bryos at a time.

Results

Changes of HDAC and HDAC6 Activity

To measure whether Bufexamac had specific HDAC6 inhib-
itory effect on porcine in vitro matured oocytes, we analyzed
the changes of HDAC and HDAC6 activity treatment with
control, SAHA, VPA, and Bufexamac. HDAC activity in
Bufexamac group was not different from control and VPA
groups, which was significantly higher than SAHA group
during MI and MII stages (Fig. 1a, b). On the contrary,
HDAC6 activity of the Bufexamac group was not different
from that of the SAHA group, but HDAC6 activity of the
Bufexamac and SAHA group was lower than that of the con-
trol and VPA groups during MI and MII stages (Fig. 1c, d).
These informed that HDAC6 was specific inhibited by
Bufexamac during porcine oocytes maturation.

Fig. 2 The change of histone
acetylation in in vitro maturation
of porcine oocytes. Original
magnification was 200×. Note: A:
AcH3K9/K14 in GV oocytes; B:
AcH3K9/K14 in MI oocytes; C:
AcH3K9/K14 in MII oocytes; D:
AcH4K8 in GV oocytes; E:
AcH4K8 in MI oocytes; F:
AcH4K8 in MII oocytes; Green:
AcH3K9/K14 or AcH4K8; Red:
DNA. More than 80% of the pic-
tures have similar situation
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Fig. 3 The effect of HDAC6
inhibition on AcH3K9/K14 in
in vitro maturation of porcine oo-
cytes. Original magnification was
200×. Note: A: Control group in
MI stage; B: SAHA group in MI
stage; C: VPA group in MI stage;
D: Bufexamac group in MI stage;
E: Control group in MII stage; F:
SAHA group in MII stage; G:
VPA group in MII stage; H:
Bufexamac group in MII stage;
Green: AcH3K9/K14; Red:
DNA. More than 80% of the pic-
tures have similar situation

Fig. 4 The effect of HDAC6
inhibition on AcH4K8 in in vitro
maturation of porcine oocytes.
Original magnification was 200×.
Note: A: Control group in MI
stage; B: SAHA group in MI
stage; C: VPA group in MI stage;
D: Bufexamac group in MI stage;
E: Control group in MII stage; F:
SAHA group in MII stage; G:
VPA group in MII stage; H:
Bufexamac group in MII stage;
Green: AcH4K8; Red: DNA.
More than 80% of the pictures
have similar situation
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Effect of HDAC6 Inhibition on Histone Deacetylation
During In Vitro Maturation

The levels of histone H3K9/K14 and H4K8 acetylation were
significantly decreased fromGV toMI andMII (Fig. 2). It was
not reported whether Bufexamac as a HDAC6 specific inhib-
itor can increase global histone acetylation during porcine
oocytes maturation. Our results showed HDAC6 inhibition
significantly increased H3K9/K14 and H4K8 acetylation at
MI and MII stages (Figs. 3 and 4). SAHA as a class I/II
deacetylase inhibitor can significantly enhance histone acety-
lation. On the contrary, VPA as a class I and class IIa inhibitor
had no effect on histone acetylation [10]. Compared with con-
trol, SAHA (positive control), VPA (negative control), and
Bufexamac, we confirmed that HDAC6 was involved in his-
tone deacetylation of porcine oocyte maturation.

Effect of HDAC6 Inhibition on In Vitro Maturation of
Porcine Oocytes

To detect the effect of HDAC6 inhibition on porcine meiotic
maturation, the proportion ofMI oocytes in control, VPA, and
Bufexamac groups was significantly higher than that of

SAHA group for 24h (90.95 ± 1.75 %, 87.50 ± 3.61 % and
90.66 ± 3.45 % vs. 50.00 ± 3.72 %, P<0.05) (Fig. 5a); more-
over, they were not different for 48h (92.75 ± 0.94 %, 91.13 ±
3.05 % and 91.66 ± 2.42 % vs. 92.75 ± 0.94 %, P>0.05) (Fig.
5b). It suggest that HDAC6 hibition could damage oocyte
meiotic maturation [12, 14], so we evaluated the efficiency
of parthenogenetic activation in embryonic development.
The cleavage rates of porcine embryos were not significantly
different in control, VPA, and Bufexamac groups, which were
higher than those of SAHA group (81.85 ± 7.26 %, 74.31 ±
8.54% and 76.98 ± 10.52% vs. 63.29 ± 9.58%,P<0.05) (Fig.
5c). However, the blastocyst rate of porcine embryos in
Bufexamac group was higher than that of control, SAHA
and VPA groups (51.68 ± 7.47 % vs. 44.06 ± 9.02 %, 42.90
± 7.47 % and 29.00 ± 8.42 %, P<0.05) (Fig. 5c). Our results
indicated HDAC6 inhibition had no significant effect on the
in vitro maturation of porcine oocytes.

Effect of HDAC6 Inhibition on Histone Deacetylation
of Pseudo-pronucleus

To further confirm that HDAC6 was required for histone
deacetylation in the pseudo-pronucleus of nuclear transfer

Fig. 5 The effect of HDAC6 inhibition on meiotic maturation and parthenogenetic development. Note: A: The proportion of MI oocytes in 24h; B: The
proportion of MII oocytes in 48h; C: The development efficiency of parthenogenetic activated embryo in 24 h and 168 h
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embryo, we compared the effect of HDAC6 inhibition on
pseudo-pronucleus deacetylation in three different treatments.
With HDAC6 specific inhibition and non-specific inhibition
during in vitro maturation, histone H3K9/K14 and H4K8 acet-
ylation was significantly increased in pseudo-pronucleus em-
bryos (Fig. 6). But the donor cells with high levels of histone
H3K9/K14 and H4K8 acetylation were rapidly deacetylated
by the enucleated oocytes within 4 h (Fig. 7a–h). Interestingly,
the radius and area of histone H3K9/K14 and H4K8 acetyla-
tion were significantly higher than those of the control group
(Fig. 7i, j). As far as we know, this phenomenon had not been
reported. These indicated that HDAC6 inhibition enhanced
histone H3K9/K14 and H4K8 acetylation of nuclear transfer
embryos, which may increase the pseudo-pronucleus volume
during nuclear reprogramming.

Effect of HDAC6 Inhibition on SCNT Embryo

We analyzed whether HDAC6 inhibition during meiotic mat-
uration affected the development of nuclear transfer embryo.
HDAC6 inhibition showed a significant increase in the blas-
tocyst rate (25.03 ± 4.94 % vs. 16.37 ± 3.92 %, P<0.05) (Fig.
8a, b, c). The AcH3K9/K14 and AcH4K8 levels of the blas-
tocysts in HDAC6 inhibition group were higher than those of
NT-C group (Fig. 9a–d). The expression of OCT4 and CDX2

was significantly upregulated in the blastocysts stage (1.83 ±
0.16 vs. 1.00 ± 0.00 %; 2.07 ± 0.09 vs. 1.00 ± 0.00; P<0.05)
(Fig. 9e, f). Our results explained that HDAC6 inhibition
could increase histone AcH3K9/K14 and AcH4K8 levels
resulting in upregulation of the expression levels of develop-
mental related genes, which can improve the development
efficiency of nuclear transfer embryos.

Discussion

Histone acetylation was mediated by histone acetylase and
histone deacetylase [9]. Class IIb histone deacetylases were
involved in histone deacetylation [10, 14], but it was still
unknown whether HDAC6 removes global histone acetyla-
tion during oocytes in vitro maturation. Bufexamac, a prefer-
ential HDAC6 specific inhibitor, may be no effect on other
histone deacetylases [22]. We compared the effects of SAHA
(positive group), VPA (negative group), and Bufexamac on
deacetylase activity. Bufexamac did not affect the overall
HDAC activity. Our results suggest that HDAC6 could be
specific inhibited by Bufexamac during porcine oocytes mat-
uration. Previous studies reported that broad-spectrum
deacetylase inhibitors can significantly improve histone acet-
ylation during in vitro maturation [10]. Our results showed

Fig. 6 The effect of HDAC6
inhibition in histone H3K9K14
and H4K8 acetylation of pseudo-
pronucleus embryos for 4 h.
Original magnification × 200.
Green: AcH3K9/K14 or
AcH4K8; Red: DNA. More than
80% of the pictures have similar
situation
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Fig. 7 The effect of HDAC6
inhibition in histone acetylation
and nuclear area of pseudo-
pronucleus embryos. Original
magnification was 200×. Note: A:
the increased AcH3K9/K14 of
donors treated by SAHA for 72h;
B: the decreased AcH3K9/K14 of
donors in control group for 72h;
C: the donors with high AcH3K9/
K14 for nuclear transplantation;
D: the donors with low AcH3K9/
K14 for nuclear transplantation;
E: the increased AcH4K8 of do-
nors treated by SAHA for 72h; F:
the decreased AcH4K8 of donors
in control group for 72h; G: the
donors with high AcH3K9/K14
for nuclear transplantation; H: the
donors with low AcH3K9/K14
for nuclear transplantation; green:
AcH3K9/K14 or AcH4K8. More
than 80% of the pictures have
similar situation. I: The change of
nuclear radius in Bufexamac or
control groups; J: the change of
nuclear area in Bufexamac or
control groups

Fig. 8 The effect of HDAC6
inhibition in the development
efficiency of nuclear transfer
embryo. Original magnification
was 200×. Note: A: the nuclear
transfer blastocysts in NT-Bu
group; B: the nuclear transfer
blastocysts in NT-Control group;
C: the efficiency of polar body,
cleavage, and blastocyst in NT-
Bu and NT-Control groups; D:
the total number of blastocyst cell
in NT-Bu and NT-Control
groups; the rate of polar body was
assessed at 42 h after in vitro
maturation; The rates of cleavage
and blastocyst were assessed at
24 h and 168 h after nuclear
transplantation; the total number
of blastocyst cell was stained at
5% hochest33342
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that HDAC6 inhibition significantly upregulated the level of
histone acetylation to the level of positive group. Moreover,
HDAC6 specific inhibition significantly increased the levels
of histone H3K9/K14 and H4K8 acetylation to those of pos-
itive group in pseudo-pronucleus embryos. These results con-
firmed that HDAC6 was required for histone deacetylation
during the in vitro maturation and pseudo-pronucleus stages
of porcine oocytes.

HDAC6 inhibition significantly damaged oocyte matura-
tion and zygote development in mice [12, 14]. Our results
indicated HDAC6 inhibition has no significant effect on the
in vitro maturation of porcine oocytes and the development of
parthenogenetic activation embryos. The reason why our re-
sults were different from previous reports was that mouse
oocytes were less tolerant to deacetylase inhibitors [12, 23].
The high concentration of broad-spectrum deacetylase inhib-
itors can inhibit the process of chromosome division [17, 24],
and then damage the early embryo development. However,
there was no specific immunofluorescence antibody, which
did not show the location changes of HDAC6 in different
periods. It was not reported that HDAC6 may be involved in
reprogramming of nuclear transfer embryos. In our experi-
ments, HDAC6 inhibition showed a significant increase in
the development of somatic nuclear transfer. Our results im-
plied that HDAC6 may directly affect the process of somatic
reprogramming. HDAC6 would be an important protein to
improve reprogramming ef f ic iency and explore
reprogramming mechanism. These results suggest that

HDAC6 inhibition did not affect the meiosis of oocytes chro-
mosomes, but promoted the reprogramming of somatic nucle-
ar transfer.

We analyzed the mechanism of HDAC6 inhibition to im-
prove the development efficiency of nuclear transfer embryos.
Histone H3K9 and H4K8 acetylation were shown in the ex-
pression regions of human and mouse pluripotent related
genes [6–8]. Increased H3K9 and H4K8 acetylation in donors
and cloned embryos improved the development efficiency of
nuclear transplantion [2, 25, 26]. In our data, The H3K9/K14
and H4K8 acetylation of the pseudo-pronucleus and blasto-
cysts were significantly enhanced in HDAC6 inhibition
group. CDX2, a trophoblast expression gene, represented the
standard for post-implantation development [27]. OCT4, a
key pluripotency factor, is vital for early embryo development
[28]. In this study, the CDX2 and OCT4 transcription of
SCNT blastocysts in HDAC inhibition group were higher than
that of control group. The results were similar to other findings
in mice and pig [29, 30]. Interestingly, the pseudo-pronucleus
volume of the Bufexamac group was significantly higher than
that of the control group. HDAC6 may be closely related to
the pseudo-pronucleus reconstruction of nuclear transplanta-
tion, which was the profound mechanism to understand nu-
clear reprogramming. We proposed that HDAC6 may restrict
the reprogramming process of nuclear transplantation by reg-
ulating pseudo-pronucleus expansion. In general, HDAC6 in-
hibition increased histone H3K9/K14 and H4K8 acetylation
resulting in upregulating the expression of the key

Fig. 9 The effect of HDAC6
inhibition in histone acetylation
and key developmental genes of
nuclear transfer blastocyst.
Original magnification was 200×.
Note: A: the AcH3K9/K14 of
nuclear transfer blastocysts in
NT-C group; B: the AcH3K9/
K14 of nuclear transfer blasto-
cysts in NT-Bu group; C: the
AcH4K8 of nuclear transfer blas-
tocysts in NT-C group; D: the
AcH4K8 of nuclear transfer blas-
tocysts in NT-Bu group; E: the
OCT-4 expression of nuclear
transfer blastocysts in NT-Bu and
NT-C group; F: the CDX-2 ex-
pression of nuclear transfer blas-
tocysts in NT-Bu and NT-C
group
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developmental genes, which improved the in vitro develop-
ment of nuclear transfer embryos.

To summarize, HDAC6 inhibition did not affect overall
HDAC activity and meiosis process, but increased histone
H3K9/K14 and H4K8 acetylation of porcine in vitro matura-
tion oocytes and pseudo-pronucleus embryos. Interestingly,
the radius and area of histone H3K9/K14 and H4K8 acetyla-
tion were significantly higher than those of the control group.
It also enhanced embryonic H3K9/K14 and H4K8 acetyla-
tion, and upregulated the OCT4 and CDX2 expressions in
porcine SCNT embryos. Thus our study indicated that
HDAC6was required for porcine histone deacetylation during
the in vitro maturation and pseudo-pronucleus stages.
Moreover, HDAC6 inhibition upregulated developmental
genes expression and improved the in vitro development of
nuclear transfer embryos.
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