
hair cells. As noted by Chen et al1, selective
inactivation of p27Kip1 in support cells
would be anticipated to allow proliferation,
although it is unclear whether the develop-
mental switch responsible for imposing
Ink4d expression to facilitate conversion to
a hair cell could be re-instated under such
conditions.

Through analysis of mice lacking one or
more of the seven CKIs in mammals, con-
siderable progress has been made in under-
standing the mechanisms used by cells to
maintain the post-mitotic state during
development3–5. Numerous examples of
developmental collaboration between CKIs
have been found10,14,15. Although Kip1 and
Ink4d provide redundant functions in the
developing brain of mice10, Chen et al. show
that postnatal sensory hair cells of the
Organ of Corti depend only on Ink4d to

maintain the post-mitotic state.
Understanding the nature of the specific
functions of these proteins in maintaining
neural circuitry may elucidate mechanisms
of sensory loss. However, reconstitution of
these circuits will be a challenge. Even if a
formula for deriving a hair cell from a post-
natal support cell is ultimately developed,
the rewiring of that hair cell into a pre-
existing neural network will probably be a
daunting task. It may prove that sensory
receptors and neural circuits can only inter-
act if they are built together, from the
ground up.
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has been at the forefront of developmental biology research since
a link was made between Wnt, the mammalian homologue of
Drosophila melanogaster Wingless (Wg), and the development of
colon cancer. Although new members of the pathway have been
cloned on a regular basis, most of these proteins have been ago-
nists of signal transduction. In a recent issue of Nature, however,
Randall Moon and colleagues describe the cloning of Chibby, a
novel antagonist of the Wnt pathway that seems to function in
the nucleus (Takemaru et al. Nature, 422, 905–909 2003).

Work from numerous labs has established the intricacies of
the classical Wnt–Wg signalling pathway, in which the oncopro-
tein β-catenin/Armadillo(Arm) functions with the transcription
factors TCF/Lef-1 to positively transduce the signal to the nucle-
us. Inappropriate activation of the Wnt pathway results in
increased gene expression of targets such as the cell cycle regula-
tor CyclinD1, which are thought to be involved in the develop-
ment of human colon cancer.

Takemura et al. identify Chibby as a novel mammalian
protein that can interact with the carboxy-terminal transcrip-
tion activation domain of β-catenin. Chibby (which means
small in Japanese) is a novel protein with a nuclear localisa-
tion signal (NLS) and coiled-coil regions that seem to be con-
served in flies. Consistent with the identification of a NLS,
Chibby localization is primarily nuclear. Using the TCF/Lef-1
TOPFLASH reporter gene assay, the authors showed that
overexpression of Chibby prevents cyclinD1 expression,
whereas loss of Chibby function through morpholino experi-
ments results in increased TOPFLASH activity. Therefore, it
seems that Chibby could regulate the activation of β-catenin
gene targets. Immunoprecipitation experiments indicate that
Chibby can decrease binding between β-catenin and TCF/Lef-
1. Therefore, it is probable that Chibby antagonizes the signal
transduction pathway by preventing the interaction of
β-catenin and TCF/Lef-1.

As a result of sequence similarity between mammalian
Chibby and the Drosophila homologue, the authors were keen to
determine whether the action of Chibby was conserved between
mammalian cell lines and the fruitfly. Drosophila embryos that

lack Chibby as a result of inhibitory RNA approaches have seg-
ment polarity phenotypes similar to those resulting from wing-
less overexpression in the embryo. These embryos also have
increased expression of wingless-responsive genes in both the
epithelium and the midgut. Genetic epistasis experiments in the
midugt clearly indicate that Chibby functions upstream of Arm,
demonstrating that not only is the sequence of Chibby con-
served, but so is the function.

Yet again the research on Wnt–Wg signalling must be re-
assessed, now that another component of the transduction path-
way has been identified. Chibby seems to be a nuclear protein
with a proposed role in antagnoizing the pathway through inhi-
bition of the β-catenin/Arm–TCF/Lef-1 transcription complex.
How this new antagonist interacts with the other known tran-
scriptional antagonists of Wg signalling, such as Groucho, is not
yet clear. In addition, the possible relevance of this protein to the
development of human cancer has yet to be established,
although preliminary data show a reduction of Chibby in uter-
ine and thyroid cancers. What is clear is that even although
Chibby mutants themselves might be small, the advance on the
Wnt research field could turn out to be large.
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Identifying components of the canonical Wnt signalling pathway

Ectopic activation of the Wg pathway in Chibby mutant flies.
RNAi of chibby in Drosophila embryos results in expansion of
the engrailed stripe in stage-11 embryos. A wild-type embryo
is shown on the left, a chibby mutant is shown on the right.
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