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Ciliary phosphoinositides regulate
Hedgehog signalling

Cilia are required for Hedgehog
(Hh) signalling, and positive and
negative regulators of this pathway
must be trafficked into and out of
cilia, respectively, for signalling
to occur. Garcia-Gonzalo et al.
now reveal that the distribution of
phosphoinositides in cilia deter-
mines the ciliary trafficking of such
regulators to control Hh signalling.
The authors first assessed the
phosphoinositide composition of
vertebrate cilia using fluorescently
labelled phosphoinositide-
binding domains as probes.
Phosphatidylinositol-4-phosphate
(PtdIns(4)P) was enriched along
the length of ciliary membranes,
whereas phosphatidylinositol-4,5-
bisphosphate (PtdIns(4,5)P,)
was restricted to the membrane
of the ciliary base. As inositol

polyphosphate 5-phosphatase E
(INPP5E) is known to convert
PtdIns(4,5)P, to PtdIns(4)P, the
authors determined whether this
enzyme regulates phosphoinositide
distribution in cilia. Indeed,
PtdIns(4)P levels were decreased in
the cilia of Inpp5e”’~ mouse embry-
onic fibroblasts (MEFs) as compared
with controls, and PtdIns(4,5)P2
was expressed along the length of
cilia from these cells. Thus, INPP5E
seems to generate PtdIns(4)P in cilia
while limiting PtdIns(4,5)P, levels.
During Hh signalling, the bind-
ing of Hh ligand to its receptor
causes the ciliary accumulation of
proteins that transduce Hh signals
and the ciliary exit of proteins
that inhibit Hh signals, including
G protein-coupled receptor 161
(GPR161). The authors found
that Hh signalling was reduced in
Inpp5e’- MEFs, and that this cor-
related with an increase in GPR161
levels in cilia. Furthermore, Tubby-
like protein 3 (TULP3), another
negative regulator of Hh signalling
that binds to PtdIns(4,5)P, and
is required for the localization of
GPR161 to cilia, accumulated along
the length of cilia on Inpp5e”~ MEFs.
The same was true for the intrafla-
gellar transport A (IFTA) complex
proteins IFT139 and IFT140, which
interact with TULP3 and also nega-
tively affect Hh signalling. Thus,
INPP5E promotes Hh signalling
by limiting the levels of negative
regulators of this pathway in cilia.
To confirm that increased levels
of TULP3 and GPR161 in cilia do
limit Hh signalling in Inpp5e~-
MEFs, the authors reduced the level
of TULP3 using small interfering

RNA (siRNA). In turn, this
decreased the amount of GPR161
in the cilia of Inpp5e”~ MEFs,
which is in line with the fact that
TULP3 recruits GPR161 to cilia.
Importantly, this also increased
Hh signalling to a level similar to
that observed in control cells.

Finally, the authors further
confirmed that INPP5E promotes
Hh signalling through its ability to
regulate the distribution of phos-
phoinositides in cilia. Expression
of wild-type, but not catalytically
inactive, INPP5E in Inpp5e”’- MEFs
reduced the ciliary levels of TULP3,
indicating that INPP5E requires its
phosphatase activity to influence the
localization of regulators of Hh sig-
nalling. Furthermore, expressing a
PtdIns(4) 5-kinase in wild-type cilia
increased the levels of PtdIns(4,5)P2,
TULP3 and GPR161 in cilia. Thus,
low PtdIns(4,5)P2 levels, which are
maintained by INPP5E, seem to be
essential for keeping TULP3 and
GPR161 out of cilia.

In short, this study shows
that, by limiting PtdIns(4,5)P2
to the membrane of the ciliary
base, INPP5E restricts the ciliary
trafficking and accumulation of
negative regulators of Hh signalling
(including TULP3, GPR161, IFT139
and IFT140) to promote signal
transduction through this pathway.
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