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Rab7b at the intersection of intracellular
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Rab proteins are small GTPases essential for controlling and coordinating intracellular traffic. The small GTPase
Rab7b regulates the retrograde transport from late endosomes toward the Trans-Golgi Network (TGN), and is important
for the proper trafficking of several receptors such as Toll-like receptors (TLRs) and sorting receptors. We recently
identified the actin motor protein myosin Il as a new interaction partner for Rab7b, and found that Rab7b transport is
dependent on myosin Il. Interestingly, we also discovered that Rab7b influences the phosphorylation state of myosin Il
by controlling the activation status of the small GTPase RhoA. Consequently, Rab7b is important for the remodeling of
actin filaments in processes such as stress fiber formation, cell adhesion, polarization and cell migration. Our finding
that Rab7b can control actomyosin reorganization reveals yet another important role for Rab proteins, in addition to
their already established role as master regulators of intracellular transport. Here we discuss our findings and speculate
how they can explain the importance of Rab7b in dendritic cells (DCs).

Rab GTPases are key regulators of all steps of membrane traf-
ficking, from the sorting of cargo, budding and vesicle transport,
to the tethering and fusion of vesicles to their target membrane.'
There are over 60 human Rab proteins identified, but only a frac-
tion of these have been functionally characterized.”

The small GTPase Rab7b was initially thought to be an iso-
form of Rab7a, which regulates the transport from early to late
endosomes/lysosomes,” and thus named Rab7b because of its
similarity to Rab7a and its localization to late endosomes and
lysosomes.* However Rab7b, in contrast to Rab7a, also associates
to the Trans-Golgi Network (TGN) and the Golgi. Indeed,
Rab7b regulates a different trafficking route, as it controls the
transport from late endosomes toward the TGN.? In particular,
Rab7b is involved in the retrograde transport of different sorting
receptors such as cation-independent mannose-6-phosphate
receptor (CI-MPR) and sortilin.® Furthermore, Rab7b is also
important for the correct formation of carriers at the TGN.°
Interestingly, Rab7b is highly expressed in immune cells such as
monocytes and monocyte-derived dendritic cells (MDDCs),*
and has been shown to be involved in regulation of Toll-like
receptor (TLR) signaling in macrophages by negatively modulat-
ing both TLR4- and TLR9-mediated inflammatory responses.”®

Recently, we identified the actin motor protein myosin II as
an effector of Rab7b by a yeast 2-hybrid screen. The interaction
was verified biochemically and proven to be direct. We further
showed that Rab7b dynamics are altered when myosin II is
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chemically inhibited or depleted by siRNA, indicating that
Rab7b-mediated transport is dependent on myosin I1,° (Fig. 1).
It is generally recognized that members of the myosin family of
motor proteins work together with Rab GTPases to regulate
organelle transport.'® For example, Rab8, Rab10 and Rabll
interact with myosin V to regulate vesicle recycling,'' and Rab6
regulates fission of Rab6-positive vesicles from the Golgi by inter-
acting with myosin II.'> However, myosins perform several addi-
tional cellular functions.

Myosin II interacts with actin to crosslink and contracts the
actin filaments, thereby regulating cytokinesis, migration, intra-

cellular transport, cell shape and polarity.'>'*

Intriguingly,
Rab7b, through the association with myosin II, regulates the
remodeling of actin filaments and therefore stress fiber organiza-
tion, as depletion of Rab7b causes a significant reduction in num-
ber of stress fibers in the cell. In addition, depletion of Rab7b
reduces cell spreading and adhesion on fibronectin, and also
strongly delays cell migration and polarization in response to a
wound.” In sum, Rab7b influences the actomyosin reorganiza-
tion in the cell, and thus is important for functions such as polar-
ization, adhesion and migration (Fig. 1).

The ability of myosin II to regulate actin cytoskeleton remod-
eling depends on the phosphorylation state of its light chains.
One of the most important kinases responsible for the phosphor-
ylation of the myosin light chains (MLC) is ROCK (Rho kinase),
which is a direct target of the small GTPase RhoA." When
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Figure 1. Rab7b in migrating cells. (A) A confluent monolayer of Hela cells that had been transfected with
GFP-Rab7b was scratched with a pipette tip and fixed after 2 hours. Cells were immunostained with an anti-
body against giantin followed by Alexa-647 (blue). Actin was labeled with Rhodamine-conjugated phalloidin
(red). Scale bar 10 wm. Magnifications of the boxed area are shown in the insets. Rab7b-positive endosomes
are visible along actin filaments. (B) Model illustrating Rab7b’s intracellular roles. Rab7b localizes to late
endosomes (LE) and TGN/Golgi and regulates the transport between these compartments. Rab7b interacts
directly with the actin motor myosin Il. This interaction is important for Rab7b dynamics, but also for actin
cytoskeleton remodelling and thereby for cell migration.
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RhoA is in its active GTP-bound
form, it associates with and aug-
ments the kinase activity of
ROCK,'® further leading to phos-
phorylation of the MLC, which
causes myosin Il to interact with
the actin cytoskeleton.'” Interest-
ingly, the depletion of Rab7b
strongly decreases the amount of
active RhoA, and correspondingly
also decreases MLC phosphoryla-
tion.” Therefore, Rab7b, by inter-
fering with RhoA activation, can
control MLC phosphorylation and
thereby the actin reorganization in
the cell.

While Rab proteins are most
known for their role in intracellular
trafficking, our data show that these
small GTPases can also have a func-
tional role in the remodeling of the
cytoskeleton. This is a new and
unexpected role for Rab proteins,
and opens up new possibilities for
the Rab GTPases that have earlier
been linked to cell migration or

Figure 2. In situ PLA confirms the
interaction between Rab7b and myo-
sin Il in DCs and U20S cells. (A) Mono-
cyte-derived dendritic cells were fixed
and stained with antibodies against
Rab7b and myosin Il, combined with
secondary PLA probes (Duolink,
Sigma). The interaction events are visi-
ble as red dots. The nuclei are stained
in blue (Hoechst). Scale bar 20 pum.
(B) U20S cells transiently transfected
with HA-tagged Rab7b were fixed and
stained with antibodies against Rab7b
and myosin Il, and further treated with
secondary PLA probes (Duolink,
Sigma). The interaction events are visi-
ble as red dots. Scale bar 20 pm.
(C) U20S cells transiently transfected
with HA-tagged Rab7b were fixed and
stained with antibodies against Rab7b
and the early endosomal marker EEA1
as a negative control. No interaction
events are visible after in situ PLA.
Scale bar 20 pm. (D) U20S cells tran-
siently transfected with HA-tagged
Rab7b were fixed and immunostained
with primary antibodies against
Rab7b and myosin I, followed by
Alexa-555 (red) and Alexa-488 (green)
conjugated secondary antibodies,
respectively. Scale bar 20 pm.
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other actomyosin-dependent functions only in regards to their
role in intracellular transport. Indeed, Rab5 has been shown to
coordinate endocytosis and cell migration,'® and a few other
Rabs, like Rab11, Rab25 or Rab35, that interact with actin-bind-
ing proteins or members of the myosin family, also interfere with
cell migration by controlling either integrin or cadherin transport.
19-22

As Rab7b is highly expressed in dendritic cells (DCs),* we ver-
ified that the interaction between Rab7b and myosin II occurs
also in these primary cells both by co-immunoprecipitation ? and
the proximity ligation assay (PLA) Duo-Link, a technique which
allows visualization of protein-protein interaction in fixed cells.*®
A strong positive signal was visible in DCs after amplification of
Rab7b- and Myosin II- antibody labeling with PCR-based Duo-
Link indicating that the 2 proteins are located at a distance infe-
rior to 40 nm (Fig. 2).

DCs are cells of the immune system which patrol the body in
order to find and take up antigens.** Notably, cell migration is
especially important for DCs that after antigen uptake in periph-
eral tissues move toward the lymph node to initiate a specific
immune response. Initially after activation DCs decrease their
intrinsic ability to migrate in order to better process antigens.
However, DCs recover their migratory ability around 4 hours
after pathogenic stimuli.”> Interestingly, also Rab7b is upregu-
lated 4 hours after LPS stimulation, and then gradually down-
regulated as the cells mature.*®

In light of our recent results, where we show that Rab7b is
important for cell migration by regulating actomyosin dynamics,
we speculate that the sudden increase of Rab7b in activated DCs
might be required for the actomyosin rearrangements needed for

the proper migration of these cells. Importantly, myosin II activa-
tion through the RhoA-ROCK-pathway has been shown to be
crucial for DC movement.>*?” Further studies are needed to elu-
cidate the exact role of Rab7b in DCs, and investigate if Rab7b is
important for the motility or for other actomyosin-dependent
functions in activated DCs.

Recently, Rab7b was shown to associate with calpain-myosin
in platelets, which are small non-nucleated cellular elements that
after vessel damage are subjected to dramatic shape modification
regulated by actin cytoskeleton rearrangements, confirming the
role of this small GTPase for cytoskeleton organization.”®

In conclusion, our data demonstrate that a Rab protein can
control and coordinate cytoskeletal remodeling in addition to
intracellular transport. It will be of great interest to further
unravel the molecular mechanisms used by Rab7b to modulate
RhoA activation and explore whether other Rab proteins can sim-
ilarly influence cell migration by regulating actin cytoskeleton
organization.
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