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Rab proteins are key-regulators of intracellular membrane
trafficking. Rab7b is a recently identified Rab protein that
may downregulate TLR4 and TLR9-mediated inflammatory
responses. Rab7b, believed to have similar function as Rab?,
controls however vesicular trafficking from endosomes to the
TGN. It is localized to late endosomes/lysosomes as well as the
TGN. Rab7b interferes with enzymes delivery to lysosomes
and with the retrograde Shiga toxin transport to the Golgi.
Furthermore, Rab7b depletion alters CI-MPR and TGN46
trafficking. In conclusion, Rab7b, by regulating the transport
from late endosomes to the TGN, is fundamental for trafficking
of several receptors, opening for a revised scenario for its
influence on signaling of Toll-like Receptors (TLRs) and other
receptors.

Eukaryotic cells are organized complexes of subcellular mem-
branous compartments that, in order to function properly, needs
to be tightly controlled by specific transport systems. Some pro-
teins, such as Rab proteins, are the responsible for regulating the
trafficking between the different compartments. Rab proteins
(Ras-related proteins in brain) are small GTPases, members of
the Ras superfamily.! Although more than 60 human Rab pro-
teins have been identified to date, only about half of them has
been functionally characterized,*® Rab proteins cycle between a
GTP-bound active and a GDP-bound inactive form that are con-
nected with different localizations in the cell to carry out their
functions.** Each Rab protein interacts with several downstream
effectors: motor proteins that transport vesicles along actin or
tubulin cytoskeleton,’ tethering factors, as well as SNARES, that
help to target the vesicular carrier to the appropriate membrane
promoting membrane fusion,®” adaptors, lipid kinases and phos-
phatases to control budding and fusion of vesicles.®*® Furthermore
Rab proteins are also essential for proper signaling and control of
cell proliferation and differentiation.'®!
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Rab7 regulates the transport to late endosomes and lysosomes
(Fig. 1), and is important for lysosomal and phagosomal bio-
genesis, and for maturation of late autophagic vacuoles.”” The
active form of Rab7, recruits RILP onto Rab7-positive compart-
ments, and RILP recruits dynein-dynactin motor complexes.'>"
Recruitment of motors causes the movement of Rab7-containing
vesicles toward the microtubule-organizing center.

The localization and function of a new Rab7 like protein
called Rab7b has recently been investigated.'*" In this review we
will discuss the role of Rab7b in membrane traffic and we will
highlight the implications of its functions in receptor trafficking
and signaling.

Role of Rab7b in Membrane Traffic

Rab7b is a small GTPase first identified by Cao and coworkers
in 2004." It shares approximately 68% similarity with Rab7 and
it is highly expressed in monocytes (CD14* cells), monocyte-de-
rived immature dendritic cells (DCs), and promyeloid or mono-
cytic leukemia cell lines.!® Rab7b expression is downregulated in
DCs after stimulation with lipopolysaccharide (LPS), while it is
upregulated when monocytes are activated by LPS treatments or
when acute promyelocytic leukemia (APL) cell lines are differen-
tiated with phorbol myristate acetate (PMA).'¢

Cao and coworkers demonstrated that Rab7b is localized
on late endosomes and lysosomes, and suggested that, similarly
to Rab7, Rab7b could control transport to late endosomes and
lysosomes in the endocytic pathway.'® When we investigated the
intracellular localization of Rab7b, we confirmed that Rab7b,
similarly to Rab7 is localized to late endosomes and lysosomes.
However, we also found that, at variance with Rab7, Rab7b is
also localized to the Golgi apparatus and to the TGN" (Fig.
1). In particular, the constitutively active mutant Rab7b Q67L
almost completely co-localizes with Golgi and TGN markers, at
variance with Rab7 QG67L that is present solely on the late endo-
somal and lysosomal compartment.”

EGFR, after binding its ligand (EGF) at the plasma mem-
brane, is activated and dimerizes; dimerization induces auto-
phosphorilation of the receptor, followed by ubiquitination and
internalization.?” On early endosomes, the ubiquitinated receptor
is directed by the Endosomal Sorting Complexes Required for

401



© EGF
W EGFR
O LPS
Q CD14
MD2

TLR4

TLR9

signaling
initiation

(CpG DNA).

Figure 1. Simplified overview of Rab 7, Rab7b function and receptor trafficking. Rab7b is localized to late endosomes (LE) and lysosomes (Lys), and to
TGN/Golgi, directing the transport between these compartments. EGF binds its receptor EGFR on the plasma membrane, this leads to dimerization
which initiate a signaling cascade, and internalization of the complex to early endosomes where it is still able to signal. EGFR is then taken into the the
lumen of MVBs of late endosomes and lysosomes for degradation. Rab7, (but not Rab7b) regulates these steps of transport from early endosomes to
late endosomes and lysosomes. TLR4 associated with MD2 at the endoplasmic reticulum (ER), and it is transported through the Golgi to the plasma
membrane. When it is activated by the LPS/CD14, it starts the signaling and it is internalized in early endosomes and degraded in late endosomes and
lysosomes. TLR9 is normally resident in the ER. After cell activation, it is transported to the endolysosomal compartment, passing through the Golgi.
In these compartments, the receptor is proteolytically cleaved, allowing the activation of the signaling cascade after binding the endocytosed ligand

Transport (ESCRTs) into the intralumenal vesicles of multive-
sicular bodies (MVBs) for lysosomal degradation.?' Degradation
of EGF and EGEFR is regulated by Rab7, while it is not affected
by silencing or overexpression of Rab7b wt and mutant pro-
teins, again arguing for a different role of Rab7b compared to
Rab7.1%2223 Moreover, data form our laboratories demonstrate
that Rab7b does not interact with RILP, a Rab7 effector protein
(unpublished data), again pointing out to profound differences
between Rab7 and Rab7b.

Rab7b depletion increases the secretion of lysosomal enzymes,
inhibits Cathepsin D maturation, and increases levels of late endo-
somal markers (i.e., CI-MPR and Cathepsin D)."” These evidences
are hallmarks of alteration in the transport of lysosomal enzymes
to their final destination, and this often happens when CI-MPR
trafficking is altered.*** In agreement, CI-MPR distribution,
synthesis and turnover rate are altered in Rab7b-depleted cells.
Interestingly, not only CI-MPR but also TGN46 distribution is
affected by Rab7b depletion: from clustered in perinuclear posi-
tion, to scattered in the whole cell.” Our hypothesis is that these
proteins, after leaving the TGN, in the absence of Rab7b are not
able to cycle back. Furthermore, internalized Shiga toxin is not
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able to reach the Golgi in Rab7b-silenced cells,"” demonstrating
that Rab7b controls trafficking from endosomes to the TGN.

Role of Rab7b in Signal Transduction

High level expression of Rab7b downregulates the TLR4 and
TLR9-mediated inflammatory response whereas depletion leads
to upregulation, and suggests that Rab7b function was essential
for receptor degradation.””’® This hypothesis was based on the
assumption that Rab7b regulated transport to degradative com-
partments along the endocytic pathway similarly as Rab7."'®
However, considering that Rab7b controls transport from endo-
somes to the TGN, data on TLRs should be reinterpreted.

TLRs are type I transmembrane receptors that initiate the
immune responses following the binding with microbial mol-
ecules.”® TLR4 is present on the plasma membrane and binds
molecules that are on the surface of pathogens (LPS), whereas
TLR9Y is expressed intracellularly in acidic compartment where
recognizes microbial nucleic acids.”” Although there is a good
knowledge about the TLRs-triggered signaling cascade, very
lictle is known about their intracellular trafficking.
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LPS, after binding CD14 on the cell surface, is presented to
TLR4 and initiates the intracellular signaling cascade, result-
ing in the release of proinflammatory cytokines. The LPS/
TLR4/MD-2 complex is internalized by endocytosis in early
endosomes, but it is then delivered to different destinations, as
recycling endosomes, TGN and Golgi for recycling, and lyso-
somes for degradation (Fig. 1).%5%' Notably, the receptor com-
plex has been detected in Rab7b-positive compartments.’® In
Rab7b-silenced cells, after LPS treatment, it was observed a pro-
longed persistence of the receptor in both early and late endo-
cytic compartments.'® Since Rab7b regulates the transport from
endosomes to the TGN, when Rab7b is depleted TLR4 cannot
recycle to the TGN efficiently and therefore it is forced to stay
in the early endocytic route longer and this could increase its
signaling.

It has been also observed that Rab7b overexpression inhib-
its unselectively both the MyD88-dependent (occurring at the
plasma membrane and terminating with TLR4 endocytosis) and
TRIF-dependent (occurring in the endosomes and terminating
with the receptor degradation) signaling cascade.'®**% However,
if Rab7b was controlling early endosomes to late endosomes and
lysosomes transport one would expect that only TRIF-dependent
signaling would be affected. In addition, in cells overexpressing
Rab7b there is a low protein level of the receptor even in unstim-
ulated conditions. Therefore the inhibition of TLR4-mediated
signaling in presence of Rab7b could be caused by decrease of the
receptor synthesis or, assuming that the receptor complex is not
able to signal when localized to the TGN, by increased transport
to this compartement from endosomes.

TLRY localizes to endoplasmic reticulum in unstimulated
cells; after activation, it traffics to endolysosomes passing through
the Golgi (Fig. 1).** The ectodomains of TLRY is cleaved in the
endolysosome by cathepsins, and it interacts with endocytosed

CpG DNA at acidic pH.” After DNA binding, TLR9 activates

immune response against microbial pathogens, leading to the
induction of proinflammatory cytokines.”” Although both full-
length and processed forms of the receptor can bind ligand,
only the cleaved form of TLRY is competent for signal trans-
duction.*** Rab7b colocalizes with TLR9 on late endosomes/
lysosomes after CpG stimulation.

Overexpression of Rab7b inhibits TLR9-mediated activation
and expression of proinflammatory cytokines and type I IFN in
macrophages, while Rab7b silencing has the opposite effect.”
Interestingly, Rab7b overexpression inhibits TLR9 expression
in macrophages even when the macrophages are unstimulated.”
Considering that Rab7b controls trafficking between endosomes
and the TGN, it is tempting to speculate that overexpression of
Rab7b cause re-routing of the receptor to the TGN thus causing
the suppression of TLR9-triggered production of proinflamma-
tory cytokines.” In addition, it is known that TLRY is degraded
by proteasomes after ubiquitination by the Triad3A ubiquitin
ligase, thus ending the signaling.?

Emerging evidence demonstrates the functional signifi-
cance of compartimentalized signaling by cell surface recep-
tors. Therefore, the endocytic Rab proteins (and in particular
of Rab7b) are essential for regulating the kinetics and dynam-
ics of membrane traffic and thereby receptor signaling. Indeed,
modulation of endocytic Rab proteins functions could help to
regulate signal transduction enabling control of proliferation and
differentiation, with important implications for the development
of cancer therapies and stem cell-based therapy for genetic and
acquired diseases.
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