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A new signaling paradigm to control
the prenylation and trafficking of small GTPases

Carol L Williams
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Members of the Ras and Rho fami-
lies of small GTPases regulate diverse
signaling pathways that promote normal
physiological processes as well as diseases
such as cancer."” The localization of small
GTPases in distinct subcellular regions
defines which signaling pathways they
activate, thus defining their participa-
tion in disease. The plasma membrane is
viewed as the region of highest activity for
small GTPases,"* due to surface receptors
that activate membrane-associated com-
plexes consisting of small GTPases, their
guanine nucleotide exchange factors, and
their downstream effectors.

Inhibiting the membrane localization
of small GTPases is a therapeutic strategy
in cancer."? Clinical trials of lonafarnib
and tipifarnib that block trafficking of
newly synthesized small GTPases to the
plasma membrane have met with lim-
ited success,? in part because we do not
completely understand how newly syn-
thesized small GTPases reach the plasma
membrane, nor do we know how signal-
ing is altered when small GTPases accu-
mulate in regions away from the plasma
membrane. Our studies of small GTPases
interacting with the chaperone pro-
tein SmgGDS address these gaps in our
knowledge.

Splice variants of SmgGDS, named
SmgGDS-607 and SmgGDS-558, help
newly synthesized small GTPases reach
the plasma membrane.>® An electronega-
tive patch in SmgGDS binds the positively
charged C-terminal polybasic region
(PBR) in multiple Ras and Rho family
members,” which may enhance the abil-
ity of SmgGDS to promote malignancy.?
SmgGDS-607 binds small GTPases soon

after their synthesis and helps escort them

to cytosolic prenyltransferases that attach
an isoprenoid to the CaaX motif adjacent
to the PBR.> SmgGDS-558 intercepts pre-
nylated small GTPases and may escort
them to the endoplasmic reticulum for
post-prenylation processing, followed by
trafficking to the plasma membrane.?
Prenylated small GTPases anchor at the
plasma membrane by inserting their iso-
prenoid moiety into the phospholipid
bilayer."?

The PBR-dependent binding of small
GTPases to SmgGDS provides new
insights into how the PBR promotes mem-
brane localization of small GTPases. The
PBR is thought to promote electrostatic
interactions of prenylated small GTPases
with negatively charged phospholipids at
the plasma membrane.! We now know
that the PBR also facilitates electrostatic
interactions  between  non-prenylated
small GTPases and SmgGDS-607, which
regulates their entry into the prenylation
pathway, and between prenylated small
GTPases and SmgGDS-558, which pro-
motes their trafficking to the plasma
membrane.’ These newly defined PBR
functions suggest that signaling cascades
that control the PBR-dependent interac-
tion of small GTPases with SmgGDS will
control the prenylation and membrane
trafficking of small GTPases.

The paucity of known signaling cas-
cades that regulate the prenylation of small
GTPases supports the conventional view
that newly synthesized small GTDPases
are constitutively prenylated without cel-
lular regulation.** Constitutive prenyl-
ation will cause newly synthesized small
GTPases to constitutively traffic to the
plasma membrane, potentially restricting
them from localizing in other subcellular
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compartments. Our recent discovery of
an adenosine-mediated signaling pathway
that suppresses small GTPase prenylation
provides a mechanism to suppress mem-
brane trafficking of newly synthesized
small GTPases and promote their nuclear
and cytosolic accumulation.®

We found that activation of A2B ade-
nosine receptors (A2BR) causes protein
kinase A to phosphorylate the PBR of
newly synthesized RaplB, which inhib-
its its interaction with SmgGDS-607
and suppresses RaplB prenylation.® This
lack of prenylation reduces RaplB traf-
ficking to the plasma membrane and
Rap1B-mediated
adhesion, resulting in increased cell scat-

diminishes cell—cell
tering and promoting the invasive phe-
notype’ (Fig. 1A). We detected reduced
RaplB prenylation in human lung, breast,
and pancreatic cancer cell lines and in rat
mammary tumors, indicating that this
pathway operates in multiple types of
cancer.’

The adenosine-mediated suppression
of RaplB prenylation has broad implica-
tions. The high concentration of adenos-
ine in the tumor microenvironment®
could increase tumor metastasis by reduc-
ing RaplB prenylation and promoting
tumor cell dispersion. This pathway might
explain why A2BR activation promotes
tumor metastasis in animal models.”® It
also provides a rationale for testing A2BR
antagonists as drugs to suppress metas-
tasis. Our observation that suppressing
RaplB membrane localization promotes
the invasive phenotype’ indicates that
therapeutically inhibiting the membrane
localization of some small GTPases might
unexpectedly promote, rather than sup-
press, malignancy.
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Figure 1. Signaling cascades that alter interactions of small GTPases with SmgGDS provide a novel mechanism to control the prenylation, trafficking,
and activity of small GTPases.>* (A) The PBR-dependent interaction of newly synthesized Rap1B with SmgGDS may help Rap1B become prenylated
and traffic to the cell membrane, where Rap1B signals to promote cell-cell adhesion. A2BR activation phosphorylates the PBR of newly synthesized
Rap1B, inhibiting its interactions with SmgGDS and reducing its prenylation and membrane trafficking. These events reduce cell-cell adhesion and
promote the metastatic phenotype.* (B) SmgGDS splice variants may promote the prenylation and membrane trafficking of multiple PBR-containing
small GTPases. Receptor-mediated signaling cascades could inhibit prenylation and membrane trafficking of newly synthesized small GTPases by dis-
rupting their interactions with SmgGDS, either through phosphorylation of the PBR, or through other post-translational modifications of small GTPases
and SmgGDS. These events may promote unique cellular responses due to small GTPases accumulating and signaling in regions other than the plasma
membrane. The inset shows the C-terminal sequences of PBR-containing small GTPases that interact with SmgGDS. Reported phosphorylation sites are

This pathway defines a new signal-
ing paradigm to regulate the prenyl-
ation and trafficking of small GTPases.
Chronic receptor activation by agonists
concentrated in the extracellular micro-
environment (including A2BR activated
by adenosine or (-adrenergic receptors
activated by epinephrine®) could phos-
phorylate the PBRs of different small
GTPases as they are synthesized, reduc-
ing their interaction with SmgGDS and
suppressing their prenylation and traffick-
ing to the plasma membrane. Additional
signals that inhibit binding of SmgGDS
to a small GTPase could similarly dis-
rupt prenylation and trafficking of the
small GTPase. These events could sup-
press membrane signaling and enhance
cytosolic and nuclear signaling by the
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small GTPase, inducing unique cellu-
lar responses (Fig. 1B). These pathways
would increase the signaling repertoire
of small GTPases in different subcellular
regions.

The discovery that prenylation of
specific small GTPases can be regulated
by signaling cascades activated by drug-
gable surface receptors® greatly expands
the therapeutic targets for manipulating
the prenylation, trafficking, and activ-
ity of small GTPases in human disease.
Future studies should address how these
receptor-mediated pathways promote the
participation of small GTPases in nor-
mal physiological processes, and examine
methods to therapeutically target these
pathways in cancer and other pathologi-
cal conditions.
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