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Cytonemes are specialized filopodia, first described in the
Drosophila wing imaginal disc, that were proposed to
mediate long distance signalling during development. A
recent report from Barna and colleagues (Sanders et al,
2013) published in Nature shows that cytonemes in the
chick limb bud carry SHH signalling proteins out to signal
receiving cells, thus highlighting their evolutionarily
conserved roles in cell-cell communication.

Our textbooks inform us that long distance signalling by
animal cells is carried out in either of two ways. One, specific
for neurons, involves signal exchange at sites of direct con-
tact. The cell body of a neuron can be far from target cells
(even metres away), but neurons extend processes that can
bridge the distance to the target cell. Non-neuronal cells, in
contrast, are hemmed in by their neighbours, their contacts
limited to nearest neighbours, and they use the other
mode: signal release at the surface of signal-producing cells,
followed by dispersion in extracellular fluid so that released
signals eventually bind to receptors on target cells.

This clean dichotomy of form and function that has long
been thought to distinguish neurons from all other cells
appears no longer valid. Several lines of evidence now
show that non-neuronal cells also extend asymmetric
processes—filopodia—that mediate long-range signalling.
Filopodia are rod-like projections that extend from the per-
iphery of many type of cells (for review, see Faix et al, 2009).
They contain bundles of actin filaments, are highly dynamic
and flexible, and can appear to surf over the surface of cells.
They are present at nerve growth cones, where they project
towards sources of chemotactic signals and are presumed to
have a sensory, pathfinding function. Some tumour cells have
such processes (a.k.a. invadopodia), which may be involved
in ECM degradation and intravasation during metastasis.
They are present in cells at the leading edge of epithelial
sheets, in fibroblasts, myoblasts, glia, and dendritic cells.
Although the functions of these filopodia have not been
confirmed—loss-of-function studies are complicated by gen-
eral effects on the cytoskeleton—the settings in which they
are found suggest roles in migration, adhesion, and cell-cell
recognition. Nevertheless, their presence in so many cell
types informs us that neurons are not unique in making
projections that reach into the surrounding milieu.

Cytonemes are filopodia that are specialized for transmitting
signalling proteins between communicating cells. The idea is
based on a model in which filopodia are structurally and
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functionally diverse, with a subset dedicated and designed
for juxtacrine signalling between distant cells. The term
cytoneme was coined to highlight this specialized function-
ality (Ramirez-Weber and Kornberg, 1999). Filopodia with
apparent sensory function had been observed previously in
various contexts: thin, dynamic filopodia extend across sea
urchin embryos, appearing to explore and perhaps pattern
distant sheets of cells (reviewed in McClay, 1999), and
anthropomorphic descriptions of neuronal growth cone

Chick limb bud Receptors

Cytonemes

Figure 1 Cytonemes in the Hedgehog domain. Drawing depicting a
spatial concentration gradient of SHH extending across the limb
bud, and showing cells that span this gradient with cytonemes that
either carry SHH from the distal edge (blue) or reach out with
cytonemes that carry SHH receptors (yellow). Contacts between
these cytonemes may mediate transport of SHH to target cells.
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filopodia imply sensory roles. The discovery of filopodia
associated with known signalling systems in Drosophila
imaginal discs ties this filopodia type directly to cell-cell
signalling (Hsiung et al, 2005; Roy et al, 2011).

The recent report from the Barna lab adds beautiful new
data supporting the concept of contact-mediated long dis-
tance signalling by non-neuronal cells (Sanders et al, 2013).
In the interest of full disclosure, I helped mentor Maria during
much of her 5-year tenure as a Sandler Fellow at UCSF, and
fondly recall that day she emerged from her microscope room
with the news, ‘Cytonemes!. Our early work identified
cytoneme-like filopodia in explants of chick embryos
(Ramirez-Weber and Kornberg, 1999), but this new study,
which applied real-time imaging to living embryos and
monitored long-range transport of sonic hedgehog (SHH)
proteins in the developing chick limb bud, adds strong
evidence for cytoneme presence and function.

There have been several previous reports of cytoneme-asso-
ciated Hh in Drosophila. Studies of isolated wing imaginal discs
(Callejo et al, 2011; Bilioni et al, 2013) showed that Hh-
producing cells package Hh in puncta that distribute along
cytonemes, and that Hh-containing cytonemes extend from
both Hh-sending and -receiving cells. The Hh co-receptors
iHog and Boi were also shown to co-localize in cytonemes.
And in the female germline stem cell niche, Hh localizes in
short cytonemes in the producing cells (Rojas-Rios et al, 2012).

The new paper from Sanders et al (2013) adds
impressive technical virtuosity and ingenuity to extend
these findings to a vertebrate embryo. These investigators
developed a transposon-mediated expression system and a
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custom-designed confocal microscope to image fluorescent
proteins in chick embryos with unprecedented sensitivity
and resolution. Focusing on the limb bud where SHH is
expressed by a small group of mesenchymal cells at the
posterior margin, they show that a non-cholesterol modified
form of SHH is carried out from SHH-producing cells by actin-
based filopodia in 200nm particles that move at rates
consistent with actin-based myosin motors, that the SHH
co-receptors CDO and BOC are present in filopodia that
extend from SHH-receiving cells, and that the filopodia
that extend from SHH-producing and -responding cells are
highly dynamic and can be as long as 150 um, together
encompassing the entire 300um length of the SHH
signalling field (see Figure 1).

Although this work characterizes a form of SHH that is not
modified with cholesterol and although the work does not
show that limb bud cytonemes deliver SHH for uptake by
receiving cells, it puts to rest the idea that cytonemes are
limited to the surface of epithelia, incapable of navigating
through a three-dimensional tissue. Therefore, the question
for future research becomes not whether, but how these
organelles navigate in and around organs. However, by
showing that flies and vertebrates handle Hh in similar
ways, this work lends credence to the idea that long distance
signalling shares fundamental similarities in all animals and
in all tissues and cell types.
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