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Studies on DNA Methyltransferases Involved in
Maintenance of Genomic Imprints during Mouse
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Genomic imprinting refers to an epigenetic modification process in the
mammalian germline leading to parent-specific mono-allelic expression of some genes
in the offspring. Imprinting is essential for normal mammalian development, and its
disruption causes embryonic or postnatal lethality, growth retardation, abnormal
behavior and many human diseases. Based on the molecular and genetic studies, it has
been shown that DNA methylation is the epigenetic mark for imprinting. In this
phenomenon, DNA methylation imprints are established during male and female
gametogenensis and, after fertilization, the imprinted methylation patterns are
maintained through pre- and post-implantation development. However, it is unclear
how the methylation imprints are maintained during the pre-implantation stages.

After fertilization, the whole genome is reprogrammed by active and passive
demethylation in pre-implantation embryos. The methylation imprints should be
maintained against this wave of demethylation. Therefore, to understand the nuclear
reprogramming, it is interesting to ask how the methylation imprints are actively
maintained in pre-implantation embryos. Furthermore, while the methylation imprints
are stable in vivo, based on several clinical and animal studies, it has been shown that
in vitro culture of pre-implantation embryos affects the maintenance of the methylation
imprints. Since in vitro pre-implantation culture is a fundamental technology for
assisted reproductive technology, it is important to iunderstand the maintenance
mechanism of the methylation imprints during‘pre-i'mplantation developmeht.

There are three functional DNA methyltransferases (Dnmts) in mammals:
Dnmtl is the maintenance methyltransferase, which reproduces the pre-existing
genomic methylation patterns after DNA replication, and Dnmt3a and Dnmt3b are the
de novo methyltransferases, which create new methylation paiterns on unmethylated
DNA. Based on an immuno-staining and a gene knockout study, it was previously
proposed that Dnmtlo, an oocyte-specific isoform of Dnmtl, maintains the
methylation imprints only at the 8-cell stage and that other DNA methyltransferases
are involved in other stages. ,

Therefore, I first analyzed the expression patterns of Dnmt3a and Dnmt3b in
oocytes and pre-implantation embryos by immuno-staining. I found that both Dnmt3a
and Dnmt3b proteins are present in the nuclei of pre-implantation embryos with
distinct expression patterns. To define the origin (maternal or zygbtic) of the proteins,
I used Dnmt3a. and Dnmt3b conditional knockout mice harboring the Zp3 (zona
pellucida glycoprotein 3)-Cre gene, which is exclusively expressed in growing oocytes.
Both Dnmt3a and Dnmt3b were efficiently disrupted in growing oocytes of these
mutant mice. This disruption was highly specific to oocytes, and I did not observe any
disruption of these genes in somatic tissues. As a result, I found that Dnmt3a proteins
in the pre-implantation stages are maternally derived, and that Dnmt3b proteins are
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produced zygotically. Furthermore, by analyzing conditional and conventional
Dnmt3a/Dnmt3b double knockout embryos, I also found that the mathylation imprints
at the H19 and DIlki1/Gtl2 DMRs are maintained in embryos lacking both maternally
stored and zygotically expressed Dnmt3a and Dnmt3b proteiné. This suggests that both
Dnmt3a and Dnmt3b are non-essential for the maintenance of the methylation imprints
at the H/9 and DIk1/GtI2 loci. However, 1 found that zygotically expressed Dnmt3a
and Dnmt3b are involved in the maintenance of the methylation imprints at the RasgrfI
locus.

Since Dnmt3a and Dnmt3b were irrelevant to the maintenance of methylation
imprints at two loci, I next asked the possibility of involvement of Dnmtl in the
maintenance of the methylation imprints. I analyzed the expression patterns of Dnmtl
by immuno-staining using an antibody different from the one used previously. I
observed that Dnmtl is largely retained in the ooplasm and the cytoplasm of embryos
throughout pre-implantation stages. To define the origin of Dnmtl in pre-implantation
stages, Dnmtl conditional knockout mice harboring Zp3-Cre was produced, as was the
case of Dnmt3a and Dnmt3b. As a result, I confirmed that most of Dnmtl prdteins in
pre-implantation embryos are maternélly derived. Furthermore, I confirmed by using
Dnmtl conditional knockout mice, that the maintenance methylation' at all imprinted
loci that I examined is partly due to maternally stored Dnmtl, most likely Dnmtlo.
However, studies on the blastocysts lacking both maternal and zygotic Dnmtl
demonstrated that zygotic Dnmtl is also involved in the maintenance of the
methylation imprints at the A9 locus.

Thus, on the contrary to the previous model, my results strongly suggest that
- zygotic Dnmt1 plays a critical role in maintaining the methylation imprints. This result
suggests-that zygotic Dnmtl is present and localized in the nuclei at low level during
pre-implantation development. These studies help to understand the precise mechanism
of the maintenance methylation and the nuclear reprogramming during
pre-implantation development. ‘
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