© 2007 Nature Publishing Group http://www.nature.com/nsmb

npg

Bamberger, M.J. J. Lipid Res. 47, 537-552 (2006).

J.H. J. Am. Coll. Cardiol. 48, 1782-1790 (2006).

NEWS AND VIEWS

(1977). 9. Bruce, C., Beamer, L.J. & Tall, A.R. Curr. Opin. Struct. 16. Berenson, A. New York Times December 4 (2006), p.
. Zilversmit, D.B., Hughes, L.B. & Balmer, J. Biochim. Biol. 8, 426-434 (1998). A26.

Biophys. Acta 409, 393-398 (1975). 10. Qiu, X. et al. Nat. Struct. Mol. Biol. 14, 106-113 17. Ansell, B.J., Fonarow, G.C. & Fogelman, A.M. Curr.
. Swenson, T.L., Brocia, R.W. & Tall, A.R. J. Biol. Chem. (2007). Atheroscler. Rep. 8, 405-411 (2006).

263, 5150-5157 (1988). 11. Sacchettini, J.C., Gordon, J.I. & Banaszak, L.J. J. Mol. 18.Zhong, S. et al. J. Clin. Invest. 97, 2917-2923

Barter, P.J., Hopkins, G.J. & Calvert, G.D. Biochem. J. Biol. 208, 327-339 (1989). (1996).

208, 1-7 (1982). 12. Hamilton, J.A., Miller, K.W. & Small, D.M. J. Biol. 19. Schaefer, E.J. & Asztalos, B.F. Curr. Opin. Lipidol. 17,
. Wang, S. et al. J. Biol. Chem. 268, 1955-1959 Chem. 258, 12821-12826 (1983). 394-398 (2006).

(1993). 13. Deckelbaum, R.J., Granot, E., Oschry, Y., Rose, L. & 20. Trogan, E. et al. Arterioscler. Thromb. Vasc. Biol. 24,

Nishida, H.I., Arai, H. & Nishida, T. J. Biol. Chem. 268, Eisenberg, S. Arteriosclerosis 4, 225-231 (1984). 1714-1719 (2004).

16352-16360 (1993). 14. Clark, R.W. et al. Arterioscler. Thromb. Vasc. Biol. 24, 21.Botnar, R.M. et al. Circulation 109, 2023-2029
. Connolly, D.T. et al. Biochem. J. 320, 39-47 (1996). 490-497 (2004). (2004).
. Clark, R.W., Ruggeri, R.B., Cunningham, D. & 15. McKenney, J.M., Davidson, M.H., Shear, C.L. & Revkin, 22.Saam, T. et al. J. Cardiovasc. Magn. Reson. 7, 799-808

(2005).

Keeping the right dosage

Sex chromosomes present a gene expression dosage problem
for the organisms that carry them: if the male is XY and the
female XX, the female has a double dose of X chromosome
genes. This has been overcome in very different ways in
different organisms: whereas Drosophila melanogaster
doubles gene expression from the single X chromosome in
males, vertebrates take a different approach, controlling gene
expression by inactivating one of the two X chromosomes

in the female. Noncoding RNAs have been implicated in

the mechanism of dosage compensation in both cases, but
although there are many potential cis-elements that may be
involved in mammalian X chromosome inactivation, the order
and mechanism by which they act are still being elucidated. To
further complicate the issue, mammals
have two modes of X chromosome
inactivation. In the placenta, the paternal
X chromosome is always inactivated,

in so-called ‘imprinted X inactivation’,
whereas in the embryo, one of the two X
chromosomes is randomly inactivated. In
recent work from Lee and colleagues (Dev.
Cell 12, 57-71, 2007), a common layer
of upstream regulation has been found

to control X chromosome inactivation in
mammals. The authors discovered that a
repeat element regulates X chromosome
inactivation in the context of both
imprinted and random inactivation.

A single locus, Xic, is known to regulate
both the ‘counting’ of X chromosomes and the subsequent
silencing of one chromosome. Several factors encoded at
this locus have been implicated in X inactivation in the past,
including the noncoding RNA Xist, which is expressed from and
coats the inactive X chromosome. A second important transcript
is the antisense version of this RNA, Tsix, which is expressed
from the active X and antagonizes Xist. A Tsix promoter has
been defined, but the results of two targeted deletions made by
Lee and colleagues now indicate that this region is dispensable
for Tsix expression and X chromosome inactivation. As a larger
deletion more strongly depletes Tsix expression, it seems that
a different sequence is driving Tsix expression. The authors
thus focused on the nearby DXPas34 repeat element and found
that it is related in sequence to retrotransposon elements,

suggesting its evolutionary origin in an endogenous retrovirus
element (ERVL). Using a reporter construct, Lee and colleagues
further show that DXPas34 acts as a bidirectional promoter that
is active in embryonic stem cells but not in more differentiated
cells (and thus is less active in increasingly differentiated cells,
as expected of an element involved in X inactivation).

To test whether DXPas34 is required for Tsix expression (and
thus usually antagonizes X inactivation), the authors generated
a targeted deletion of this element on one X chromosome
and found that Tsix expression is specifically lost from that
chromosome. The chromosome carrying the DXPas34 deletion
also has higher transcription of genes usually expressed from
the inactive X, and is biased towards inactivation, as assessed
by Xist co-localization; in contrast, the
intact X chromosome (red spot) was not
coated with Xist (larger green patch) in
80% of cases, suggesting that it is active.
This phenotype supports the idea that
the intact DXPas34 element antagonizes
inactivation on the active X. Aberrant
later expression of Tsix from the inactive
X in the DXPas34 deletion strain suggests
that the maintenance of silencing is also
dependent on this repeat.

In addition to its involvement in
random X inactivation, the authors also
have evidence suggesting that imprinted
silencing is affected by DXPas34. They
found that deletion of this locus on the
maternal X chromosome is embryonic lethal, whereas embryos
lacking this locus on the paternal X are unaffected. Although
the mechanism of DXPas34 action in this context is unclear,
this result indicates disruption of imprinted X inactivation.

Overall, this work suggests that DXPas34 acts upstream
to enhance Tsix expression and downstream to maintain
Tsix silencing, and it also begins to reveal which previously
implicated elements ultimately contribute to the regulation of
Xist expression. Furthermore, the study indicates that imprinted
and random X inactivation share a common upstream element
in their regulation. This opens the door to further understanding
inactivation through identification of the factors that regulate
DXPas34 and the molecular mechanisms by which it acts to
enhance and silence gene expression. Sabbi Lall
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