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Rab’ing tumor cell migration and invasion
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he small GTPase Rab5 has been

extensively studied in the context
of endocytic trafficking because it
is critical in the regulation of early
endosome dynamics. In addition to
this canonical role, evidence obtained
in recent years implicates Rab5 in
the regulation of cell migration. This
novel role of Rab5 is based not only on
an indirect relationship between cell
migration and endosomal trafficking
as separate processes, but also on the
direct regulation of signaling proteins
implicated in cell migration. However,
the precise mechanisms underlying this
connection have remained elusive. Recent
studies have shown that the activation of
Rab5 is a critical event for maintaining
the dynamics of focal adhesions, which is
fundamental in regulating not only cell
migration but also tumor cell invasion.

Cell migration is a complex process
that requires multiple events including cell
polarization and extension of protrusions,
along with the coordinated assembly and
disassembly of cell adhesion complexes.!
(FAs)
represent the main sites of cellular contact
with the extracellular matrix (ECM), and
these are subjected to spatio-temporal

Integrin-based focal adhesions

regulation during directional migration.
Establishment of cellular contact with
the ECM is initiated at the so-called
nascent adhesions, which differ from
FAs in structure and complexity. Nascent
adhesions either disassemble or mature
into FAs, and the correct balance between
these events contributes to the traction
forces implicated in cell migration.? On
one hand, the process of FA formation has
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been extensively studied, and the molecular
players have been identified, which
include kinases, adaptor and scaffolding
proteins, as well as actin-linking proteins
that play critical roles in FA maturation
(reviewed in refs. 3 and 4). On the other
hand, our current understanding of the
mechanisms underlying FA disassembly
have remained limited, though it is known
that this process is not merely a reversal of
FA formation (reviewed in refs. 4—6).

Here, I will comment on the recent
findings that implicate the small GTPase
Rab5 as a relevant regulator of FA
disassembly and cell migration,” which is
in addition to its previously demonstrated
role in promoting the formation of cellular
protrusions and reorganization of the
actin cytoskeleton (reviewed in ref. 8).
By associating with FA proteins, Rab5
promotes their disassembly in a time-
regulated manner, and this contributes
not only to sustain cell migration but
also to cancer cell invasion and matrix
metalloproteinase (MMP) release.” This
evidence, along with previous reports,
supports the hypothesis that Rab5 plays
a crucial role in regulating the different
steps required for cell migration, invasion,
and metastasis.

Focal Adhesion Dynamics
in Cell Migration

FAs are supramolecular complexes
formed by more than 150 different
scaffold,

and adaptor proteins, as well as actin

proteins, including kinases,

linking proteins. Formation of these
complexes has been extensively studied,
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and molecular players have been identified
(reviewed in ref. 2). A central regulator
of FA dynamics is the focal adhesion
kinase (FAK), which is phosphorylated on
different residues, thus affecting both its
interaction with other signaling proteins
and its intrinsic kinase activity (reviewed
in ref. 3). A critical residue of FAK is
Y397, which undergoes phosphorylation
during FA maturation and has been
shown to participate in both FA assembly
and disassembly.’” Aside from the role of
FAK and a few other signaling proteins
in FA disassembly, the
details of this process remain poorly

mechanistic

understood, although some approaches
have been recently developed to dissect
this phenomenon. One such approach was
initially devised by Kaverina et al., who
have shown that microtubules are able
to induce FA disassembly via a relaxing
factor that is not well understood.”
Using the microtubule-disrupting agent
it has been shown that
microtubule depolymerization/disruption

nocodazole,

is accompanied by FA stabilization/
synchronization, whereas the removal of
this drug is followed by FA disassembly."
Subsequent studies have demonstrated
that microtubule-induced FA disassembly
occurs via clathrin-mediated endocytosis,
as evidenced by the requirement of
proteins, including Dab2,
clathrin, and FAK in this process.
An intriguing point derived from these
studies is that, regardless of the fact that
FA components have been visualized en

dynamin,
12,13

route within Rab5-positive vesicles and
early endosomes, no direct connection
has been established between these
and  Rab5—therefore,
the precise role of the early endocytic

components

components in FA disassembly remains
This is

proteins such as dynamin and Rab5 are

unclear. intriguing  because
known to be relevant in the process of
cell migration by mechanisms that have,
as yet, remained unclear (reviewed in
refs. 8 and 14). For instance, dynamin is
known to be recruited into FAs and then
mediate the endocytosis of FA proteins.
Dynamin is phosphorylated by Src,” and
phosphorylation is required for dynamin-
dependent FA disassembly.”® Moreover,
phosphorylation of dynamin is enhanced
by FAK, which recruits both dynamin and
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Stc, thereby promoting the formation of a
ternary complex.'® Dynamin is implicated
in both clathrin-dependent and clathrin-
independent endocytosis, and hence, the
question thatarises is which internalization
mechanism is required for FA disassembly.
Evidence for both scenarios has been
provided, whereby clathrin and adaptors,
including Dab2, ARH, and AP2,
mediate microtubule-induced integrin
internalization and FA disassembly,'>"
and evidence for clathrin-independent
internalization of integrins has also been
1718 Differences could be due to

different experimental approaches used for

presented.

inducing integrin internalization and FA
disassembly. Despite this, the relevance of
the endocytic machinery in FA dynamics
is becoming better acknowledged, and
the identification of new regulators in
this process will help to understand the
mechanistic details.

Rab5—A New Player in Focal
Adhesion Disassembly

The small GTPase Rab5 is a central
regulator of vesicle and early endosome
dynamics,” but it is also implicated in
other processes, such as cell migration.
Early studies have already shown that
Rab5 promotes lamellipodia formation,?
and subsequent work indicated that
Rab5 is a signaling GTPase required for
2 Rab5 promotes
localized activation of Rac via recruitment
of the Rac-GEF factor Tiaml within
early endosomes,” and this leads to

actin reorganization.

lamellipodia and ruffle formation as well
as cell migration in vitro and in vivo.?>%
Alternatively, Rab5 associates with (1
integrins, leading to their internalization
and increased cell migration.”*" The
latter function calls for attention because
Bl integrins are central components of
FAs, and thus, it is tempting to speculate
that Rab5 integrates in a complex with FA
proteins, affecting their dynamics.

Our recent studies have shown that
Rab5 promotes FA disassembly in tumor
cells, thereby sustaining cell migration,
spreading, and Based on
immunoprecipitation and co-localization

invasion.”

experiments, Rab5 was found to be

associated, in a complex, with FA
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proteins, including Vinculin, Paxillin,
BI integrin, and FAK. These provoking
data were obtained at steady-state and
suggest that the association between Rab5
and FA proteins is weak and limited to
a subset of FAs. Importantly though,
this association between Rab5 and FA
proteins was substantially increased in
certain conditions, such as synchronous
stimulation of directional migration in
wound assays, and by FA stabilization/
synchronization with nocodazole. The
question that arises is how this limited
interaction affects the more general
and
migration. The answer to this question

complex phenomenon of cell
might be drafted from live-cell imaging
experiments, which showed that Rab5
co-localizes with Paxillin and Vinculin
in a narrow time frame, suggesting that
this association is transient. Intriguingly,
GFP-Rab5-positive early endosomes were
found to collide with mCherry-Paxillin-
positive FAs, and this event preceded
the collapse of FAs in a short time
frame, suggesting that Rab5 plays a role
in FA disassembly. This possibility was
addressed by two approaches, the first
one based on the ability of microtubules
to disassemble FAs and the second on
tracking mCherry-labeled FAs in live
cells induced to migrate. Using both
approaches, Rab5 was found to be required
for FA disassembly because shRNA-
mediated silencing of Rab5 delayed the
kinetics of FA disassembly induced by
both microtubules and motogenic stimuli.
Moreover, Rab5 activity was required for
FA disassembly, as shown in reconstitution
assays with mutant versions of Rab5.
These observations are in agreement
with cell spreading and migration data,
which indicate a requirement of intact
Rab5 activity, and support previous
reports indicating a requirement of Rab5-
GTP loading for normal and tumor cell
migration.”>** Noteworthy, a recent study
by Palamidessi et al. showed that RN-Tre,
which is a Rab-GAP, is implicated as a
“molecular brake” during cell migration,
which is based on its ability to delay FA
dynamics. Most importantly, the effect of
RN-Tre on FA dynamics is mainly due to
its GAP activity toward Rab5.?

The process of FA turnover depends
on a balance between FA assembly and
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Figure 1. The scheme shows a proposed model for Rab5-driven cell migration and invasion. Both
phenomena depend on FA dynamics. By associating with FA proteins such as Vinculin, Paxillin, FAK,
and integrin 31 (not detailed in the scheme), Rab5 promotes FA disassembly, leading to sustained
and directional cell migration. Although no direct evidence is available regarding the precise role
of Rab5 in FA re-assembly, based on data shown in this study and in previous work,®2%?? Rab5 stimu-
lates cellular protrusions and functional Rab5 is required for cell spreading and the formation of
new cell-ECM contacts. Alternatively, by controlling FA dynamics, Rab5 is implicated in MMP-2 and
MMP-9 release, which is required for tumor cell invasion.

disassembly.® We did not address the
requirement of Rab5 in FA assembly,
and this remains a relevant question to
understand the precise role of Rab5 in the
coordination of cell migration. For instance,
Rab5 could be activating downstream
recycling pathways, such as the Rabll
loop—a pathway known to be implicated
in the recycling of Bl integrins**—thus
contributing to the recycling of integrins
and FA components to the cell surface,
providing new supplies of material for
newer contacts. This possibility has not
been explored thus far, and future studies
will be challenging to have a comprehensive
model for the regulation of FA dynamics.
These provided

insights into a novel mechanism whereby

observations have
Rab5 promotes cell migration via control
of FA disassembly (Fig. 1). However,
some questions remain to be addressed,
such as the exact nature of the association
between Rab5 and FA proteins. Our data
suggest that Rab5 integrates in a complex
with Vinculin, Paxillin, and integrin 1,
but whether this integration is direct or
indirect has not been explored. Likewise,
earlier studies have shown that Rab5
co-immunoprecipitates with integrin BI,
although the identity of specific a subunits
present in this complex is unknown.* We
speculate that Rab5 associates indirectly
with FA proteins in a complex that requires
BI integrins, but this possibility needs to
be assessed by specific in vitro approaches.
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Intriguingly, the association of B1 integrins
and Rab5 was previously reported to be
dependent on GTP loading because Rab5/
wild-type and the Rab5/Q79L mutant
(GTPase deficient, locked in the active
conformation), but not Rab5/S34N (high
affinity for GDP, locked in the inactive
state), were found to co-immunoprecipitate
with B1.% This is in agreement with our
observations that Rab5-GTP, but not
Rab5-GDP, promotes FA disassembly,
and that, upon cell spreading, ectopically
expressed Rab5/wild-type and Rab5/
Q79L, but not Rab5/S34N, accumulated

at FA-enriched fractions.

The Link with Tumor Cell Invasion

An intriguing finding from this
study was that Rab5 activity not only
promotes tumor cell migration, but also
invasiveness. Increasing evidence indicates
that FAs represent a “hot spot” for ECM
degradation, and hence, that the dynamics
of FAs are coupled to cell invasion.”” In
addition to other specialized structures,
such as invadopodia and podosomes,
FA-driven ECM degradation contributes
to ECM remodeling and invasion.?® With
this in mind, it is tempting to speculate
that Rab5 is involved in tumor cell invasion
through the modulation of FA dynamics.
In fact, our studies showed that Rab5
activation is required for the release of
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matrix metalloproteinases, MMP-2 and
MMP-9, and invasion in 3D matrices. This
phenomenon highlights the relevance of
Rab5 in tumor cell migration and invasion
in vivo because the activity of this small
GTPase seems to promote the acquisition
of mesenchymal characteristics. The latter
is in agreement with previous studies by
Palamidessi et al., which suggested that
Rab5 influences the migratory switch from
an amoeboid to a mesenchymal phenotype
in invasive cancer cells.?? Future studies will
be needed to provide a better understanding
of the mechanisms associated with Rab5-
mediated MMP
ECM remodeling.

release/activation and

Perspectives

With the identification of Rab5 and
other Rab GTPases in processes other
than intracellular trafficking, the necessity
to understand their regulation will be
demanding. In the context of intracellular
trafficking, several regulators of Rab5
function have been characterized in the
last decade (reviewed in ref. 19). Thus, the
question that remains unanswered is which
mechanisms of regulation are implicated
in Rab5 activation during cell migration.
Some candidates have been identified,
including GEFs** and GAPs,*"' but
this list is likely to increase, which will
help provide a better understanding on
the role of this small GTPase in tumor cell
migration and invasion.
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