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inactivation? It is tempting to suggest PKCζ,
but there is currently no direct biochemical
evidence for this. Which other Cdc42 targets
could be involved in membrane protrusion
initiation? Cdc42 is necessary to form pro-
trusions, whereas the other components of
the pathway are not (Fig. 1). Instead, PKCζ
and GSK-3 are required to regulate the ori-
entation of protrusions towards the wound
(Fig. 1). So, which other additional sig-
nalling pathways control the positioning of
protrusions? Is APC also involved?

At a more general level, Cdc42 is now a
hot candidate for regulating microtubule
dynamics1,12. Thus, Cdc42 and the other
family members Rho and Rac can regulate
the dynamics of both microtubule and inter-
mediate filaments13,14, functions beyond
their established role in actin cytoskeleton.

To reorganize the MTOC in migrating
astrocytes, polarization signals initiated by
Cdc42–Par6–PKCζ use GSK-3 and APC, two
components of the Wnt pathway. Clearly,
astrocyte migration need not require a Wnt

signal to generate the polarizing signal. Could
two independent pathways that regulate
polarization use the same proteins to modu-
late microtubules (Figs 1, 2)? Or could it be
that Cdc42 and Wnt pathways interact with
each other? Interestingly, a similarity between
Cdc42–Par6–PKCζ and unconventional Wnt
signal pathways is that β-catenin is not
required for pathways that result in reorgani-
zation of microtubules. Could the formation
of a complex between Par6–PKCζ and 
GSK-3 represent an alternative mode of
β-catenin and APC regulation? Obviously, it
will be interesting to re-examine Wnt sig-
nalling for an interaction with Cdc42 and
PKCζ (and vice versa). Whatever the answers
to these questions, the new results derived
from astrocyte migration certainly point us
in new directions for unravelling the regula-
tion of cell polarity by Cdc42 and Wnt.
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The ability of cells to polarize and migrate up a chemical gradi-
ent is key to a variety of processes, from axon guidance to leuko-
cyte homing. This ability to chemotax is also key to the survival
of the social amoebae Dictyostelium discoideum during times of
starvation, and studies in this system have provided important
insights into the molecular mechanisms directing chemotaxis.
One key question in the field is how migrating cells amplify
chemo-attractant gradients, and new work published by Kriebel
et al. (Cell 112, 549–560 (2003)) now provides a model for this.
They show that D. discoideum cells amplify the gradient of the
chemo-attractant cyclic AMP by asymmetrically localizing the
enzyme responsible for its generation.

On exposure to a cAMP chemo-attractant gradient,
D. discoideum cells polarize, begin to migrate towards the gradi-
ent source, and then line up head-to-tail in streams to form
aggregates that are key to their survival. Now, Kriebel et al. pro-
pose that by localizing adenylyl cyclase (ACA) — the enzyme
responsible for generating cAMP — to the uropod during polar-
ization, migrating cells can then themselves produce cAMP from
their tail. In this way, they provide an amplified cAMP signal for
the cells behind to follow.

Cells lacking ACA can polarize when exposed to a chemo-
attractant gradient, but cannot then line up to form streams. To
see where ACA localizes in the cell, the authors fused ACA to yel-
low fluorescent protein (YFP) and found that after polarization,
ACA is highly enriched at the uropod. Intriguingly, ACA is also
present in intracellular vesicles, suggesting that vesicular trans-
port may be involved in its localization or in the signal trans-
duction pathways that result in its activation.

So what is the pathway that mediates ACA localization?
Neither CRAC (cytosolic regulator of adenylyl cyclase), which
activates ACA, nor PKA (protein kinase A), a target of ACA,
seem to be involved. By perturbing the actin cytoskeleton with
drug treatments, the authors find that the actin cytoskeleton is
important for ACA localization, but the exact mechanism by
which this takes place remains to be established. The enzymatic
activity of ACA also affects its localization, as cells expressing a

constitutively active mutant of ACA are also unable to stream.
The importance of this work is that it suggests an amplifying

mechanism by which migrating cells responding to a chemo-
attractant can then themselves become a source of chemo-
attractant for other cells to follow. This signal relay may also be
common to other mammalian cell types. In leukocytes, for
example, it is known that migrating cells secrete chemo-attrac-
tant in response to chemo-attractant exposure. This work,
therefore, may provide a basis for future studies into the relay
mechanisms used by diverse chemotactic cell types.
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D. discoideum amobae chemotax towards a gradient source. As
they migrate, D. discoideum line up in a head-to-tail fashion to
form aggregates. Imaging ACA–YFP reveals plasma membrane
labelling that is highly enriched at the uropod of polarized cells.
Image provided by C. Parent.
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