

















Improved Somatic Cell Reprogramming by CBHA Treatment

FIGURE 4. Identification of acetylation sites and DNA methylation in SCNT embryos treated with or without 20 M at 1-cell stage at different times,
including 10 min after SCNT, 1 h after SCNT, 3 h after the beginning of activation, and 6 h after the beginning of activation and 10 h after activation.

ADBE, reprogramming of H3K9 acetylation (green) in SCNT 1-cell embryos and DNA counterstaining (red) is showkDJ, reprogramming of H3K18 acetylation
(green) in SCNT 1-cell embryos and DNA counterstaining ted) is shown.KPO, reprogramming of H4K5 acetylation (green) in SCNT 1-cell embryos and DNA
counterstaining (red) is shown.PDT, reprogramming of DNA methylation (green) in SCNT 1-cell embryos is shown.
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treating the embryos with TSA (17); this means that the drugs
including TSA and CBHA probably improved reprogramming
by prolonging the acetylation duration of cloned embryos,
which inhibits the deacetylation process using HDACi. Inter-
estingly, CBHA is useless to cloned embryos reconstructed
from ES cells (data not shown), which is a result similar to that
reported before in TSA. Moreover, this shows that manipulat-
ing the level of epigenetic marks such as acetylated histones can
have very a different impact depending on the initial configu-
ration of the chromatin. This is well illustrated by the opposite
effects of the treatment of ES cells and EpiSCs with HDACi.
These two types of pluripotent cells are derived from different
development stages of the embryo, the ICM and the epiblast of
post-implanted embryos, respectively. Although both are plu-
ripotent in vitro and in vivo, only ES cells are able to colonize the
germ cell lineage in chimeras (30, 31) and, thus, can be consid-
ered as more pluripotent. When treated with sodium butyrate
or TSA, EpiSCs regress to a more pluripotent state, whereas ES
cells convert to a less pluripotent state (32). This could explain
why treating ES cells with either TSA (17, 33) or CBHA (this
study) have no beneficial effect on development or chromatin
remodeling.

The implantation efficiency is not different between treated
and untreated embryos, which means that most NT blastocysts
are already able to implant in absence of any treatment. This is
in good correlation with the fact that Cdx2, a marker essential
for trophoblast maintenance, is correctly expressed in most
SCNT embryos (34). Despite their ability to implant, the sur-
vival of SCNT embryos is rapidly compromised, most of them
having resorbed 2 days after their implantation. Our data show
that CBHA treatment is able to increase by a factor of more
than two the survival of implanted SCNT embryos.

Our data also show that CBHA treatment reduces the delay
in development affecting SCNT embryos. The onset of cavita-
tion occurs earlier than in non-treated SCNT morula, and later,
the proportion of gastrulating embryos at E7 is increased. Such
an effect is correlated with the increase in cell number observed
at blastocyst stage. Indeed, in normal development, the onset of
gastrulation indicated by the appearance of the primitive streak
is dependent on the cell number in the epiblast (35). The
increase in cell number at blastocyst is correlated with the
reduced rate of apoptosis we have evidenced in the blastocysts
obtained from CBHA-treated SCNT embryos. It can probably
be also attributed to a faster cleavage rate. We indeed observed
an increased proliferation during the outgrowth phase of ES
derivation from CBHA-treated SCNT blastocysts.

Reprogramming a somatic cell into a pluripotent one is now
feasible using another method, the induction of pluripotency by
exogenous factors leading to iPS cells. It has been shown that
treating somatic cells with HDAC inhibitors concomitant with
the induction of the four factors greatly improves the efficiency
of reprogramming. HDAC inhibitors can replace c-Myc, the
main action of which is to initiate chromatin remodeling and to
shut down the somatic cell gene expression program (36, 37).

In recent comparisons of iPS cell lines, microRNA and gene
expression levels from the DIk1-Dio3 region of mouse chromo-
some 12 were shown to be correlated with the degree of iPS cell
pluripotency (38, 39). This region is subject to imprinting (40),
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the maternal- or paternal-specific silencing of gene expression
through histone deacetylation and DNA methylation. Consid-
ering the potential regulatory networks formed by histone H3
deacetylation and DNA methylation (41), permanent gene
silencing by HDAC activity during differentiation (42), and
microRNA feedback control of the DIk1-Dio3 region genes
(38), further investigation of HDACi influence on pluripotency
will certainly include work to identify the regulatory mecha-
nisms operating at this chromosomal region. Indeed, an iPS cell
line silenced at DIk1-Dio3 showed reactivation of the region’s
genes upon HDACi treatment, which then conferred full pluri-
potency and development to all-iPS mice (39).

In summary, the present study using CBHA indicates that
this drug can significantly improve the developmental potential
of SCNT embryos in vitro and in vivo. More importantly, this
drug increases the ES derivation efficiency by accelerating out-
growth propagation. Therefore, this study of CBHA is not only
helpful for the study of reprogramming but is also a key step
toward using NT-ES cells in therapeutic cloning as well as cell
replacement therapy.
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