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Abstract
Objective: Nuclear transfer-embryonic stem cells (NT-ESCs) are genetically identical to
the donor’s cells; provide a renewable source of tissue for replacement, and therefore,
decrease the risk of immune rejection. Trichostatin A (TSA) as a histone deacetylase in-
hibitor (HDACi) plays an important role in the reorganization of the genome and epigenetic
changes. In this study, we examined whether TSA treatment after somatic cell nuclear
transfer (SCNT) can improve the developmental rate of embryos and establishment rate
of NT-ESCs line, as well as whether TSA treatment can improve histone modification in
NT-ESCs lines.

Materials and Methods: In this experimental study, mature oocytes were recovered from
BDF1 [C57BL/6%xDBA/2) F 1 mice] mice and enucleated by micromanipulator. Cumulus
cells were injected into enucleated oocytes as donor. Reconstructed embryos were ac-
tivated in the presence or absence of TSA and cultured for 5 days. Blastocysts were
transferred on inactive mouse embryonic fibroblasts (MEF), so ESCs lines were estab-
lished. ESCs markers were evaluated by reverse transcription-polymerase chain reaction
(RT-PCR). Histone modifications were analyzed by enzyme linked immunosorbent assay
(ELISA).

Results: Result of this study showed that TSA treatment after SCNT can improve devel-
opmental rate of embryos (21.12 + 3.56 vs. 8.08 + 7.92), as well as establishment rate of
NT-ESCs line (25 vs. 12.5). We established 6 NT-ESCs in two experimental groups, and
three embryonic stem cells (ESCs) lines as control group. TSA treatment has no effect in
H3K4 acetylation and H3K9 tri-methylation in ESCs.

Conclusion: TSA plays a key role in the developmental rate of embryos, establishment
rate of ESC lines after SCNT, and regulation of histone modification in NT-ESCs, in a man-
ner similar to that of ESCs established from normal blastocysts.
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Introduction

The pluripotent nature of embryonic stem
cells (ESCs) renders them the ability to differ-
entiate into any cell type with therapeutic po-
tential and to hold enormous promise as tools
for understanding normal development and dis-
ease, and most importantly, for cell therapy ap-
plications (1). Nuclear transfer-embryonic stem
cells (NT-ESCs) are genetically identical to the
donor’s cells; therefore, decrease the risk of im-
mune rejection (2-4). Indeed, ES cells provide a
renewable source of tissue for replacement, thus
allow to repeat therapy when it is necessary (5).
In normal development, at the time of fertiliza-
tion, the oocyte and sperm nuclei are transcrip-
tionally silent; their chromatin then undergoes
extensive remodeling, accompanied by the ac-
tivation of the basic transcription machinery,
and leads to activate the embryonic genome (6).
The molecular composition of donor nuclei In
somatic cells nuclear transfer (SCNT) is differ-
ent from that of egg and sperm nuclei, and their
chromatin are not transcriptionally silent before
transfer (7). SCNT reprograms the somatic cell
genome into a totipotent cell state, and certain
genomic modifications appear to undergo ef-
ficient reprogramming (8). Taken together, the
available data suggest that reprogrammed cells
indeed likely pose a greater risk for aggregation
of harmful genomic mutations (1, 9), and genes
dysregulation (10, 11); and this can result in the
abnormalities frequently observed in cloned
animals (5). It is still not completely explicit
what parts of these abnormalities is due to in-
complete epigenetic reprogramming or due to
permanent genetic changes occur during somat-
ic cell development or during the reprogram-
ming process (1, 12, 13).

The molecular mechanisms and factors which
are responsible for reprogramming and epigenetic
modification are largely unknown. DNA methyla-
tion and histone modifications play serious roles
in the regulation of gene activity via alterations of
chromatin structure (14-16).

Evidence from various studies has indicated
that chromatin is generally less compact and
more ‘transcription-permissive’ in ES cells as
compared with differentiated cells (17). In gen-
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eral, acetylation of histone H3 and H4 corre-
lates with gene activation, while deacetylation
leads to gene silencing (18). Also, methylation
of H3K4 correlates with activation of chroma-
tin, which contrasts with the modulation of in-
active chromatin by methylation of H3K9 (14).
Consistent with mentioned findings, chromatin
in ES cell has shown high levels of acetylated
H3 and H4 and di-and tri-methylated H3K4

(17).

Trichostatin A (TSA) is a histone deacetylase in-
hibitor (HDAC1) and plays a critical role in reor-
ganization of the chromatin and epigenetic changes
in genome (19). Treatment with TSA after SCNT
helps to solve the problem of genome reprogram-
ming in cloned embryos, improves developmen-
tal rate of embryos, and also improves the rate of
NT-ESCs establishment (20). But, there have been
no reports about the effect of TSA treatment after
SCNT on histone acetylation and methylation on
NT-ESCs, yet.

In this study, we evaluated the effect of TSA on
developmental rate of embryos, establishment rate
of NT-ESCs lines, as well as reprogramming of
two markers, acetylation of H3K9 and tri-methyl-
ation of H3K4.

Materials and Methods
Production of nuclear transfer oocytes and embryos

This experimental study included recipi-
ent oocytes recovered from 8- to 10-week-old
B6D2F1 female mice (mating female C57 and
male DBA) following superovulation with 10
IU of pregnant mare’s serum gonadotropin
(PMSG) and 10 IU of human chorionic gonado-
tropin (hCQG), 48 hours apart. Females were sac-
rificed 13 to 14 hours after injection of hCG and
cumulus-oocyte-complexes were placed into
FHM medium (MediCult, Denmark) with 300
U/ml hyaluronidase (MediCult, Denmark). Af-
ter 5 minutes incubation, cumulus-denuded oo-
cytes were collected and then washed in FHM.
Groups of oocytes were enucleated in FHM me-
dium with 5 ug/ml of cytochalasin B (Sigma,St
Louis, MO, USA) washed in plain FHM, and
maintained in KSOM (MediCult, Denmark) at
37°C temperature before NT. Cumulus cells
which were separated by hyaluronidase treat-
ment were collected into 1 ml of FHM. Immedi-



ately before NT, cumulus cells were mixed with
10% clinical grade polyvinylpyrrolinde solu-
tion (MediCult, Denmark). All micromanipu-
lations were done at room temperature using a
PMM- 150 FU piezo-actuated micromanipula-
tor unit (PrimeTech, Japan) and micro-needles
shaped from borosilicate glass capillaries (21).

Embryo culture

Following NT and a short 10 minute recovery
period, oocytes were transferred to pre-activa-
tion dish containing KSOM medium with 100
nM (group 1) or without (group 2) TSA (Sigma,
St Louis, MO, USA) and placed in a humidi-
fied incubator at 37°C in 5% CO, for 2 hours.
After 2 hours, the oocytes were activated in 10
mM SrCl, (Sigma, St Louis, MO, USA) and 5
ug/ml cytochalasin B-supplemented calcium-
free KSOM with 100 nM or without TSA for
6 hours. After 6 hours activation, oocytes were
cultured to the blastocyst stage (96 hours) into
KSOM medium and placed in a humidified in-
cubator at 37°C in 5% CO.,.

To provide a control group for the experiment,
we mated C57 female, following superovulation
with 10 IU of PMSG and 10 IU of hCG, 48 hours
apart, with DBA male mice. After 3.5 days from
checking vaginal plaque (VP), mice were sacri-
ficed, and blastocysts were gain from their uterine
horn (control).
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Establishment of ES cell lines

The zona pellucida (ZP) of blastocysts was re-
moved by acid Tyrodic Acid (pH=2.5). Then, ZP
free blastocysts were placed on inactive mouse
embryonic fibroblasts (MEF) cells.

Embryonic stem cell culture medium (ESCM)
consisted of knock-Out Dulbecco’s modified Ea-
gle’s medium (KO-DMEM) (Gibco, Germany)
supplemented with nonessential amino acids (Gib-
co-BRL, Germany) (1%), penicillin/streptomycin
(1%), L-Glutamine (2 mM), leukemia inhibitory
factor (LIF) (1000 IU/ml), 2 mercaptoethanol (2
ME) (0.1 mM) and adrenocorticotropic hormone
(ACTH) (10 uM) (21). ESCM was supplemented
with a final concentration of 15% fetal bovine se-
rum (FBS) in the first day, and was replaced by
serum replacement (SR).

After 6 days in culture, inner cell masses (ICMs)
were picked and dissociated into small clumps.
Then, the dissociated cells were transferred onto
mouse embryonic fibroblasts (MEF). ES cell-like
colonies appeared by 4-7 days of the culture (Fig 1).
The colonies picked and dissociated again as de-
scribed above. These cells were transferred onto
new feeder cells in 25 ml flasks. Once established
and expanded, cultures were passaged and frozen.
All 6 NT-ESCs lines and 3 ESCs lines were pas-
saged 7 times, while the experiments were per-
formed on the last passage.

Fig 1: Establishment rate of ESCs line. A. SCNT blastocysts; B. Blastocyst on the MEF; C. growing ICM on MEF after 2 days; D.
One colony of ESCs line (1 passage); E. ESCs line colonies (2" passage); F. ESCs line colonies (3" passage) (scale bar=100 ).
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Evaluation of ESCs
Karyotyping

For chromosome analysis, ESCs were cultured
in feeder-free plates for 4-6 days. After growing to
the appropriate size, ESCs colonies were treated
with colcemid, hypotonic solution, and fixative,
and then the slides were prepared as described in a
study by PB Campos (22).

ESCs markers

We examined expression of several ESCs mark-
ers, including B-actin, Fgf4, Foxd3, Nanog, Oct4
and Sox2, in all established ESCs lines via reverse
transcription-polymerase chain reaction (RT-PCR)
(Table 1, Fig 2). Besides, alkaline phosphatase ac-
tivity test was performed for all ESCs based on the
manufacturer’s manual of the alkaline phosphatase
Kit (Sigma-Aldrich, USA).

Table 1: Specific primers used for PCR amplification

Genes Forward

Reverse

B-actin CTT CTT GGG TAT GGA ATC CTG
Fgt4 TTC GGT GTG CCT TTC TTTAC
Foxd3 AAT CCT GGACTC TGC TACC
Nanog TGA TTT GGT TGG TGT CTIT G

Oct4 GIT CTCTTT GGAAAG GTGTTC

GTGTTG GCATAGAGGTCTTTAC
CCG CCCGTT CTTACT GAG
TTTACC TGT ACG GAAAGT TAT TC
TGT GAT GGC GAG GGA AG

GCATAT CTC CTGAAG GTT CTC

S$1 S2 S3 F1 F2 F3 M1 M2 M3
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Fig 2: The expression profile of ESCs markers among group 1 (NT-ESCs; S1, S2, S3), group 2 (NT-ESCs; F1, F2, F3), and
control (ESC; M1, M2, M3). The expression of ESCs markers were determined by RT-PCR.

Histone extraction

Histone extraction was performed for histone H3
acetylation (H3K9) and H3 methylation (H3K4)
based on guidelines manual of enzyme linked im-
munosorbent assay (ELISA) kits (Active Motif,
USA).

After the colonies reached to the appropriate
size, the cells were scraped, about 2x10° cells
were transferred to the 50 ml conical tube, and fi-
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nally they were centrifuged. The cell pellets were
resuspended in Lysis buffer (0.4 M HCI) and incu-
bated on ice. After 30 minutes incubation, the cells
were centrifuged, and the supernatant fraction con-
taining acid soluble proteins was collected. The acid
extracted proteins were immediately neutralized by
adding phenylmethylsulfonyl fluoride (PMSF) plus
dithiothreitol (DDT) as neutralization buffer. The
protein concentration of acid extraction was quanti-
fied using brad ford assay and gel electrophoresis.



Evaluation of H3K9 acetylation and H3K4 tri-meth-
ylation

Evaluation of histone H3 acetylation and his-
tone H3 methylation was performed as guidelines
manual for Histone H3 acetyl Lys9 (Active Mo-
tif, catalog No.53114) and the Histone H3 meth-
ylated Lys4 of ELISA kit (Active Motif, catalog
No. 53113); briefly, the standard protein and sam-
ples were added to the capture plate, followed by
1 hour incubation at room temperature. Then, the
first diluted antibody was added to the capture
plate as in guidelines manual. After incubating and
washing with buffer, the second diluted antibody
was added, incubated at room temperature for 1
hour, and washed with buffer. Finally, developing
solution was added in order to record absorbance
values using spectrophotometer.

Statistical analysis

Comparison between developmental rates of
embryos and establishment rate of ESCs lines was
performed by non-parametric analysis. Compari-
son of histone acetylation and tri-methylation be-
tween ESCs groups was performed by ANOVA.
All statistical analysis was performed using SPSS
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11.5 software (SPSS, Chicago, IL, USA).

Ethical considerations

All experiments and protocols were strongly
performed according to the Guiding Principles for
the Care and Use of Research Animals adopted by
the Shahid Beheshti University of Medical Sci-
ence and Stem Cell Research Center Committee
on Animal Research and Bioethics.

Results

Production of cloned and fertilized embryos and es-
tablishment of ESC lines

The developmental rates of embryo derived
from SCNT are shown in table 2. Comparison of
two groups showed that there is a significant dif-
ference between developmental rates after SCNT
with or without TSA treatment. We established 3
embryonic stem cell lines from SCNT blastocysts
in each group (Fig la-c). The karyotypes of all es-
tablished ESC lines were up to 80% normal (23).
ESCs markers (Nanog, OCT4, SOX2, FOXd3, 8-
actin, and FGF4) were expressed in all ESC lines
(Fig 2), and the results of the alkaline phosphatase
test were positive for every group (Fig 3).

Table 2: Developmental rate of embryos and establishment rate of ESC lines in group 1, 2 and control

Groups 2PN 2 cells 4 cells 8 cells Morulla Blastocyst ESC line
Control - - - - - 1 3(27.3y
Group1 55 44 (81.86 £ 13.76) 34 (63.97£17.41) 26 (50.38+20.19) 20 (37.97+17.23) 12(2LI12£3.56) 3 (25)

Group2 258 162 (62.32£9.27)¢ 90 (34.09 £7.31)

66 (24.9 £ 6.16)

36(12.12£12.51) 24 (8.08+7.92¢ 3 (12.5)*

Identical alphabetic letters show the significant differences among groups (p<0.05).

)

e

Fig 3: Alkaline phosphatase test; ESCs colonies with positive alkaline phosphatase test became brown or red.
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Evaluation of H3K9 acetylation and H3K4
methylation

Atotal of 9 ESC lines, 2 experimental groups and
one control group, were examined in this study.
The different absorbance values taken by spectro-
photometer for histone H3 acetylation (H3K9) and
H3 methylation (H3K4) in group 1, 2, and con-
trol were shown in figure 4. There are no signifi-
cant differences between experimental and control
groups for histone H3 acetylation and methylation.

0.3
® OD H3K9 acetylation

0.25 - M OD H3K4 trimethylation

0.2 -

Control  Group1

Fig 4: Comparison of H3 acetylation (H3K9) and H3 meth-
ylation (H3K4) among three groups.

Group2

Discussion

NT-ESCs are genetically identical to the donor of
the nucleus, thus are useful for therapeutic applica-
tions (4). In this study, we examined whether TSA
treatment after SCNT can improve developmen-
tal rate of embryos and establishment rate of NT-
ESCs line, as well as whether TSA treatment can
improve histone modification in NT-ESCs lines.
The developmental rate of blastocysts and the
establishment rate of ESC line were significantly
higher in the group which was treated by TSA af-
ter SCNT. Several studies have shown the same
results about the developmental rate of blastocyst
using treatment with TSA after SCNT (20, 24-29).
This result suggests that nuclear reprogramming
might be rise by chemical treatment, and that TSA
treatment improves the SCNT technique and pro-
vides new insights into the genomic reprogram-
ming of somatic cell nuclei (30). Positive effect of
TSA treatment can be the result of improved regu-
lation of epigenetic processes associated with re-
programming of somatic genome (20, 31). TSA, as
an HDAC:I, induces histone hyperacetylation (32,
33). This may consequently enhance the regulation
of DNA methylation (20, 34, 35), while improv-
ing the reprogramming (28), so gene expression in
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2-cell stage SCNT embryos after TSA treatment
is higher than non-treated 2-cell stage SCNT em-
bryos, and is the same as gene expression in in
vitro fertilization (IVF) embryos. This is the key
reason for improved developmental rates of SCNT
embryos (27).

A number of studies have shown development
of lysine acetylation on core histones in TSA-
treated embryos generated from SCNT in a man-
ner similar to that in normal embryos (28, 36, 37).
And also, the treatment of oocyte with TSA after
SCNT causes an increase in the level of methyla-
tion of histone H3 at K4 in SCNT-generated em-
bryos (29). There is not enough information about
genomic reprogramming involving histone meth-
ylation in embryos. Specially, the effect of TSA
treatment on histone methylation in cloned em-
bryos is still unknown (29), with the exception of
one study which has reported TSA treatment has
no effect on the distribution and disappearance of
H3-K9 tri-methylation in cloned embryos (38).

Consistent with the positive effect of TSA on im-
provement of embryo development, our findings
revealed that NT-ESCs from TSA-treated clones
were established two times more than from con-
trol clones. Our result is consistent with the only
study that investigated the effect of TSA treatment
on establishment of ESC line after SCNT (20).
We showed that NT-ESCs are equivalent, in nor-
mal karyotype and ESCs marker expression, to
the normal ESCs, while it is consistent with the
other studies (20, 39, 40). As we discussed about
the positive effect of TSA on developmental rate
of embryos, gene expression, and also histone
modification after SCNT, TSA might enhance the
establishment rate of NT-ESCs line.

In the present study, for the first time, we showed
improved histone modification in TSA-treated
ESCs lines, so that the pattern of histone acetyla-
tion and methylation is similar to ESCs lines es-
tablished from normal blastocysts. These finding
is correlated with positive effect of TSA on his-
tone modification of cloned embryos. Although
histone acetylation and tri-methylation in group
2 was higher than the groupl and control group,
there were no significant differences between ex-
perimental and control groups.

The chromatin of ESCs is generally more tran-
scription-permissive and less compact in compari-



son with differentiated cells (17). For instance, dif-
ferentiation of human and mouse ES cells leads to
increase deacetylation of histone H4 (41). In gen-
eral, in all types of cells, including differentiated
and non-differentiated cells, acetylation of histone
H3 and H4 correlates with gene activation, while
deacetylation leads to gene silencing (18). Moreo-
ver, methylation of H3K4 is related to activation of
chromatin, which contrasts with the modulation of
inactive chromatin by methylation of H3K9 (14).
Consistent with mentioned findings, ESCs chro-
matin have shown high levels of acetylated H3 and
H4 and di-and tri-methylated H3K4 (17). And also,
ESCs show a markedly increased exchange rate, in
H2B and H3 and the heterochromatin-associated
protein HP1, which binds di- and tri-methylated
histone H3 at lysine 9 (H3K9), compared with dif-
ferentiated cells (42). But, there are not any reports
about the effect of TSA on histone modification in
NT-ESCs.

The most important role which TSA play in
SCNT is improvement of genome reprogramming.
TSA promotes genome reprogramming in embry-
os through histone methylation after SCNT. Just as
normally fertilized embryos showing high levels
of dime-H3-K4, in the same manner, TSA treat-
ment causes an increase in the levels of dime-H3-
K4 in SCNT-generated embryos (29) and histone
methylation at K4 correlated with gene promoter
activity (43, 44). Therefore, the increased levels
of dime-H3-K4 in control and TSA-treated SCNT
embryos can be a reason for enhancing chromo-
some decondensation and transcription activity
of the embryos, which leads to a more accurate
regulation of embryo development (29, 45). In the
present study, although there were no significant
difference in histone modification between TSA-
treated and non-treated ESCs lines, the pattern of
histone acetylation and methylation in non-treated
ESCs lines was different from the TSA-treated
group showing higher level of H3K4 tri-methyl-
ation and H3K9 acetylation. As TSA can improve
reprogramming after SCNT, deficient reprogram-
ming in the non-treated group can be the reason for
the different histone tri-methylation and acetyla-
tion pattern from TSA-treated and control groups.
As in this experiment, by treating the oocytes af-
ter SCNT, we could establish the NT-ESCs lines
following the histone modification pattern in the
same manner of ESCs lines established from nor-
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mal blastocysts.

Conclusion

We can say that TSA plays an important role in
the developmental rate of embryos and establish-
ment of ESC lines after SCNT, as well as in the
regulation of histone modification in NT-ESCs, in
the similar manner of ESCs established from nor-
mal blastocysts.
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