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Steps toward the improvement of the efficiency 
of rabbit PS cell establishment

Examination the expression pattern of factors effecting the rabbit 
embryonic  development  and  pluripotency  in  6-day  old  rabbit 
embryos
Examination  the  expression  pattern  of  stem  cell  specific 
microRNAs in 6-day old rabbit embryos

Existing rabbit pluripotent stem cell lines (PSCs: 
rabESCs or rabiPSCs) aren't capable for germ-line 
transmission. This problem may be due to in the 

currently used in vitro culture conditions that cannot 
support pluripotency maintenance.

Main goals:



Examination the factors influencing the ES cell pluripotency
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Pluripotency in embryos and embryonic stem cells

Coronado et all.: A short G1 phase is an intrinsic determinant
of naive embryonic stem cell pluripotency, Stem Cell Research 
(2013) 10, 118–131
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Examination the factors influencing the rabbit 
embryonic development
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 Stem cell specific markers in 6-day old rabbit embryos
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Nayoung Suh and Robert Blelloch, Development 138, 1653-1661 (2011)
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no evidence of arrest during derivation. These differences in
phenotype suggest a likely role for endo-siRNAs in ES cells. By
contrast, a role for piRNAs in the embryonic stem cells is doubtful
as their levels are greatly diminished relative to those observed in
the germline (Ohnishi et al., 2010), and the knockout of the Piwi
genes in mice show no embryonic phenotypes (Carmell et al.,
2007; Deng and Lin, 2002; Kuramochi-Miyagawa et al., 2004).

Trophoblast stem cells
During the course of early embryogenesis, the separation of the
trophectoderm and ICM lineages is the first known definitive
differentiation event. Fundamental insights into the molecular
control of trophectoderm determination and differentiation have
been made in the past decade (Chen et al., 2010; Douglas et al.,
2009; Ralston and Rossant, 2005). A number of transcription factors
and signaling pathways have been identified as crucial players. Even
before the formation of the blastocyst, two transcription factors,
Oct4 (Pou5f1 U Mouse Genome Informatics) and Cdx2, act
antagonistically to establish the boundaries between the
trophectoderm and inner cell mass (Niwa et al., 2005). Oct4 is
expressed throughout pre-implantation development whereas Cdx2
is expressed starting around the time of morula compaction
(Dietrich and Hiiragi, 2007). At first, Cdx2 is co-expressed with
Oct4 in the cells of the morula, but its expression is then seen to
segregate to the future trophectoderm cells. Cdx2 protein binds
directly to Oct4 protein resulting in reciprocal inhibition of their
target genes (Niwa et al., 2005). Dominance of one protein over the
other eventually leads to the choice between the two lineages: inner
cell mass versus trophectoderm. A second transcription factor,
Eomes, which acts independently of Cdx2, is also essential early in
trophectoderm determination and maintenance, but little more is
known about its function (Russ et al., 2000). Following the
formation of the blastocyst, the inner cell mass produces fibroblast
growth factor 4 (Fgf4), which signals through the FGF receptor 2
(Fgfr2), to promote proliferation of the overlying polar
trophectoderm, thereby allowing the polar trophectoderm to provide
an ongoing source of trophoblasts both to the mural trophectoderm
and future placenta (Nichols et al., 1998; Tanaka et al., 1998).

In contrast to the ES cell studies, little is known about the role
of small RNAs in trophectoderm specification. miRNA expression
profiling of ES cells, ES cell-derived TS cells and progressive
stages of pre-implantation embryos, has identified a subset of
miRNAs that might play a role in trophectoderm specification:
Mir297, Mir96, Mir21, Mir29c, Let-7, Mir214, Mir125a, and
Mir424 (Viswanathan et al., 2009) Moreover, studies analyzing the
phenotype of Dicer-deficient embryos during early post-
implantation stages have shown an essential role for small RNAs
in trophectoderm development (Spruce et al., 2010). In particular,
expression of the TS cell markers Eomes, Cdx2 and Esrrb was
greatly downregulated in Dicer knockout embryos. Similar to ES
cells, Dicer knockout TS cells show proliferation defects, with an
accumulation of cells in G1. This finding is consistent with the fact
that the Mir290 cluster is also highly expressed in TS cells
(Houbaviy et al., 2005). Indeed, as seen in ES cells, a number of
inhibitors of the cyclin E/Cdk2 pathways were upregulated in TS
cells following miRNA loss (Spruce et al., 2010). Dicer removal in
XEN cells also influenced self-renewal and proliferation, but
potentially through different pathways. In particular, regulation of
ERK activity appears to be an important player in the phenotype.
Taken together, early experiments in TS and XEN cells suggest
overlap in miRNA roles across the three stem cell populations of
the embryo.

Induced pluripotent stem cells
In 2006, Yamanaka and co-workers showed that somatic cells
could be reprogrammed into induced pluripotent stem (iPS) cells
by retroviral introduction of genes encoding four transcription
factors: Oct3/4 (Pou5F1 U Mouse Genome Informatics), Klf4, Sox2
and Myc (Takahashi and Yamanaka, 2006). With improvements in
the methods, these iPS cells have become increasingly similar to
ES cells both in their self-renewal and differentiation potential (for
a review, see Amabile and Meissner, 2009). The realisation of the
importance and therapeutic potential of iPS cells has opened a new
era in regenerative medicine (Yamanaka, 2009).

A role for miRNAs in iPS cell production has recently been
uncovered. In particular, ESCC miRNAs can promote the de-
differentiation of somatic cells to iPS cells. They can replace Myc
and, based on chromatin immunoprecipitation (ChIP) sequence
data, function downstream of Myc (Judson et al., 2009).
Interestingly, ESCC miRNAs also upregulate Myc, albeit indirectly
(Melton et al., 2010). Therefore, ESCC miRNAs and Myc form a
self-reinforcing loop that maintains ES cell self-renewal and even
promotes de-differentiation. Furthermore, inhibition of Let-7
function, either through overexpression of Lin28, which blocks
Let-7 biogenesis, or through antagomirs, which directly target
mature Let-7, is able to promote iPS cell production (Melton et al.,
2010; Yu et al., 2007). This result is consistent with Let-7es
capacity to suppress Myc and many of the downstream targets of
the pluripotency network of transcription factors. These findings
further emphasize the role of these miRNAs in regulating the
switch between self-renewal and differentiation.

Emerging mechanisms of miRNA regulation
In the past decade, much progress has been made in identifying
miRNAs, understanding miRNA biogenesis and predicting
miRNA targets. Furthermore, it is becoming evident that miRNAs
can exert their effects through single or multiple targets, allowing
them to regulate development, normal physiology, and
pathological processes. However, there remains much to be
learned about miRNA biology. A question of increasing interest is
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Fig. 4. The opposing roles of ESCC and Let-7 microRNAs (miRNAs)
in the switch between self-renewal and differentiation. In mouse
ES cells (left panel), ESCC miRNAs (green) and stemness factors are
highly expressed. ESCC miRNAs are regulated by the core ES cell
transcription factors such as Oct4, Sox2, Nanog, Tcf3 and Myc. Upon
differentiation (right panel), the expression of Let-7 miRNAs (red)
increases and helps to repress stemness factors such as Lin28, Myc and
Sall4.
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 Stem cell specific miRNAs in rabbit - miRNA array



rabbit ESC, IPS❓
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rabbit embryo, ESC, iPSC 6 day old rabbit embryo
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Embryonic stem cell specific miRNA expression in 
rabbit embryo and ES cells
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Conclusions

Tapponnier et al., 2017
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LC	Science	miRNA	array	

RNAqueous®-Micro	Kit	Micro	Scale	RNA	Isola6on	Kit	μParaflo®	Biochip	Technology
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