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Effects of ectopic expression of Xist on the regulation

of X chromosome activity during mouse development
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Female mammals have two X chromosomes, whereas males have only one.
In general, an increase in dosage can cause higher levels of gene products, leading
to cell death or serious disorders, and sex chromosome is not an exception. To
compensate for dosage difference in X-linked genes between the sexes, one of the
two X chromosomes in females is transcriptionally silenced during early
development. Although there are some controversies, prevailing view supports the
idea that this chromosomal silencing event known as X-inactivation initiates at the
preimplantation stages with the paternal X being preferentially inactivated. This
imprinted X-inactivation is maintained in the extraembryonic tissues such as the
placenta and a part of the extraembryonic membranes. In contrast, the inactivated
paternal X chromosome becomes transiently reactivated in a subset of cells in the
inner cell mass (ICM), which are committed to the epiblast lineage giving rise to all
tissues of the fetus including germ cells, and subsequently one of the two X
chromosomes undergoes inactivation in a random fashion with regard to the
parental origin as cells differentiate. Although the X chromosome thus inactivated
in the epiblast lineage is stably maintained over successive cell divisions, it is
known that the inactivated X chromosome becomes reactivated in those cells that
have contributed to primordial germ cells (PGCs).

X-inactivation is mediated by noncoding Xist RNA encoded on an X
chromosome. It has been shown that the Xzst gene is essential for the initiation of
X-inactivation and its RNA products expressed from the future inactive X coats the
chromosome in cis to induce chroﬁosomal silencing upon cellular differentiation.

Available evidence suggests that the requirement of Xist RNA for the maintenance
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of the inactive state is developmentally regulated. During the early phase of
differentiation, Xist RNA is required for the maintenance as well as the initiation of
X-inactivation, but once the inactive state is established in differentiated cells,
X-inactivation shift to the one that is independent of the RNA. It has been shown
that in the process of X-reactivation, Xist RNA accumulated on the X chromosome
disappears in' developing PGCs prior to meiosis. Although the activity of the X
chromosome in PGCs appears to be closely correlated with the presence of Xist RNA
on the X chromosome, it is unclear whether a loss of Xist RNA is a cause or a
consequence of X-reactivation. Given a critical role of Xis¢ in the process of
X-inactivation, however, it seems reasonable to assume that X-reactivation could be
compromised if the expression of Xistis sustained in PGCs; To address the impact of
Xist RNA on the activity of the X chromosome and molecular mechanisms of
X-reactivation in female germ cells, I attempted to sustain Xistexpression in female
PGCs and examine the effect on X-reactivation. I took advantége of a new Xistallele,
X1stC4G, where the endogenous Xist promoter had been replaced with a CAG
promoter known to drive gene expression in many types of cells including female
germ cells. I expected here that this allele constitutively expresses Xist RNA in
PGCs, and perhaps, compromises X-reactivation. In female embryos heterozygous
for XistCAG, X-inactivation was confined to the mutated X chromosome (XCAG) in
somatic cells, and most probably, in the progenitors of PGCs at the time when they
initially arose during development.

I examined in detail the expression of Xist RNA from the XisfCAG allele in
PGCs of XXCAG fetuses: RNA-FISH revealed that contrary to my initial expectation,

Xist RNA was not detected in PGCs at embryonic day (E) 16.5. It was, however, still
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retained on XCAG in a significant proportion of PGCs at E10.5 and E13.5. This
contrasted well with the fact that Xist RNA had been disappeared at E10.5 in
wild-type female PGCs. The XistCAG allele, therefore, allowed me to study the effect
of such prolonged expression of Xist on X-reactivation in PGCs. I.took advantage of
two X-linked transgenes, lacZ and EGFP, introduced on XC¢AG, both of which had
been previously used to monitor the activities of the X chromosome during
develoment. The result demonstrated that reactivation of EGFP but not /acZ was
significantly r’etarded. by the prolonged expression of Xist. Subsequently, I examined
the activities of the endogenous genes on XCAG in PGCs by allele-specific RT"PCR
and found that reactivation of some endogenous X-linked genes was also affected.
These results suggested that the prolonged expression and/or retention of Xist RNA
retarded the timing that a subset of genes regained the transcriptional activity on
XCAG in PGCs. It is, therefore, likely that downregulation of Xist is a key event at
the onset of X-reactivation in female PGCs. However, synapsis formation between
the wild-type X and XCAG at the pachytene stage was not affected and XXCAG females
produced mature functional eggs, regardless of their possession of either wild-type
X or XCAG, indicating that the observed delay in the reactivation of XCAG compromise
neither meiosis nor oogenesis. Unexpected finding of this study was that the CAG
promoter, although known to effectively drive gene expression in many types of cells
including germ cells, was eventually repressed in female germ cells. Given the fact,
that the CAG promoter integrated at other loci is functional in PGCs, my failure to
drive constitutive expression of Xist in PGCs using the XistCAG gllele could be
ascribed to the effect specific for the Xistz locus, implying the presence of a

locus-specific regulation of Xistin female PGCs. Quantitative RT-PCR showed that
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the expression levels of both splice and nascent transcript was much lower in germ
cells heterozygous for X7st®AG than those in surrounding somatic cells, suggesting
that the X1st®AG was somehow trasncriptionally repressed in germ cells. In addition,
bisulfite sequencing revealed that this was not apparently due to methylation of
CpG sites in the CAG promoter. Intriguingly, the endogenous Xist promoter was
found to be essentially unmethylated in wild-type PGCs despite the fact Xist
expression was totally repressed. These findings suggest that the unexpected
repression of the CAG promoter in PGCs is ascribed to a locus specific, perhaps
DNA methylation-independent, mechanism effective only at the Xist locus. My
study would f)rovide some insight into our understanding of the molecular -
mechanism of X chromosome reactivation in female PGCs and facilitate further

studies in the future.
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