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Mr Spock’s is on the right, and Dr
Who has two. These examples of
abnormal heart development reflect
disturbances in left–right asymme-
try, which is established very early in
embryogenesis. A collection of
genes involved in setting up
left–right asymmetry has been dis-
covered, and the broad outlines of a
pathway leading to left–right asym-
metric organogenesis are emerging.
But there are many gaps in the path-
way, one of which is the subject of a
recent paper from Hiroshi
Hamada’s group. Their analysis of
an asymmetrically expressed tran-
scription factor, Pitx2, also suggests
a model that might be generally rel-
evant to developmental regulation.

Pitx2 is expressed on the left side
of the early mouse embryo, and is
required for the asymmetric develop-
ment of internal organs, such as the
heart. The timing of Pitx2 expression
suggests that it acts downstream of
two other genes — nodal and lefty2
— both of which encode members of
the TGF-β family of signalling mole-
cules, and are important in establish-
ing left–right asymmetry.

The aim of this study was to figure
out how Pitx2 is regulated in the path-
way that leads to left–right asymmetry.
To do this, transgenic mouse con-
structs that carried genomic regions
encompassing the Pitx2 gene were
linked to a lacZ reporter. The authors
found a 0.6-kb left-side-specific
enhancer (ASE) within intron 5 of
Pitx2, which is necessary and sufficient
for the left-side expression of Pitx2.

A detailed analysis of the ASE
revealed two distinct regulatory
sequences. Initially, binding sites for
the FAST transcription factor were
identified, and were shown to be
essential for the initiation of Pitx2
asymmetric expression. Because
FAST is activated by nodal sig-
nalling, these results imply that
Pitx2 is a direct target of nodal.
However, the FAST binding sites
alone cannot sustain Pitx2 expres-
sion, which persists after nodal
expression has ceased. Further dis-
section of the ASE revealed a second
transcription-factor binding site —
for Nkx2-5. This site is required
only for the later asymmetric
expression of Pitx2, although 
Nkx2-5 itself is not asymmetrically
expressed and cannot initiate asym-
metric expression.

The authors propose a model to
account for Pitx2 regulation, in which
the Pitx2 gene is activated and made
accessible to further transcription
factors (such as Nkx2-5) by nodal sig-
nalling. Although Nkx2-5 is present
symmetrically, it maintains and
shapes Pitx2 expression only on the
left because previous exposure of
Pitx2 to nodal signalling was restrict-
ed to this side. This two-step model of
regulation is a satisfying example of
how the expression patterns of dis-
tinct regulators can be integrated to
provide a specific regulatory output,
and will inform studies of other
aspects of developmental regulation.

Mark Patterson
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