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Melanoma cells that express metabotropic glutamate 1 (mGlu1) receptors depend on glutamate for their survival and
proliferation. The dependence receptor properties of mGlu1 allow us to propose and justify three promising approaches
for melanoma treatment: glutamate depletion, mGlu1 receptor antagonism, and targeting of mGlu1 receptor signaling.

Metastatic melanoma is an aggressive
disease with a poor prognosis and a high
rate of resistance to current therapies. The
development of targeted and combinato-
rial therapies has shown promise for
extending patient survival,1 but the dis-
covery of novel drug targets and mecha-
nisms is required to improve therapeutic
outcomes. Metabotropic glutamate 1
(mGlu1) receptors are one such novel
drug target.2-5 Others have shown that
blocking or decreasing the expression of
mGlu1 receptors can slow the growth of
melanomas that express these receptors.3-5

In a recent report, we confirm that activa-
tion of mGlu1 receptors is proliferative,
and additionally demonstrate and explain
why glutamate depletion induces mela-
noma cell death.2 On the basis of this evi-
dence, mGlu1 can be defined as a
dependence receptor: a receptor whose
expression makes cells dependent on its
agonist for survival.6 These findings show
how targeting mGlu1 receptor signaling
can be cytostatic, and also highlight a new
avenue for the cytotoxic treatment of
mGlu1 receptor-expressing melanomas.

Glutamate stimulation of mGlu1
receptors in melanoma cells activates a pro-
liferative signaling cascade resulting in
increased DNA synthesis and cell growth.
In the absence of glutamate, this prolifer-
ative signaling is inactive as DNA synthesis
and melanoma cell growth is
halted instead, mGlu1 receptor-expressing
melanomas undergo agonist-independent,
proapoptotic signaling resulting in mela-
noma cell death.2 Through our studies we
have identified 3 different mechanisms of
potential treatment for mGlu1 receptor-
positive melanoma: (1) glutamate deple-
tion, (2) mGlu1 receptor antagonism, and
(3) targeting downstream proteins of
mGlu1 receptors (Fig. 1). In this commen-
tary, we categorize these 3 mechanisms of
treatment as either cytostatic or cytotoxic.

Glutamate Depletion

We showed that enzymatic depletion
of glutamate inactivated the mGlu1 recep-
tor proliferative signaling cascade, pre-
venting DNA synthesis and cellular
proliferation.2 Supporting our data, others

have shown that an FDA-approved gluta-
mate release inhibitor, riluzole, blocks
anchorage-dependent5 and anchorage-
independent7 melanoma cell growth only
in mGlu1 receptor-expressing melanoma
cells. These studies support our hypothesis
that the mGlu1 receptor proliferative sig-
naling cascade is inactive in the absence of
extracellular glutamate.

Our recent report also shows that only
melanoma cells that express mGlu1 recep-
tors are apoptotic when cultured in the
absence of glutamate.2 This proapoptotic
signaling has been confirmed by others
using the glutamate release inhibitor rilu-
zole. This inhibitor not only blocked mel-
anoma cell growth, but also activated
proapoptotic signaling as measured by an
increase in poly ADP-ribose polymerase
(PARP) cleavage and the fraction of cells
in the sub-G1 phase of the cell cycle.5

Glutamate depletion blocks growth and
activates apoptosis in mGlu1 receptor-
expressing melanoma cells (Fig. 1), mak-
ing this mechanism a possible cytostatic
and cytotoxic therapy for the treatment of
metastatic melanoma.
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mGlu1 Receptor Antagonism

Our study demonstrated that the non-
competitive mGlu1 receptor antagonist
JNJ16259685 [(3,4-dihydro-2H-pyrano
[2,3-b]quinolin-7-yl)-(cis-4-methoxycyclo-
hexyl)-methanone] selectively blocked the
growth of mGlu1 receptor-expressing mela-
noma cells both in vitro and in a melanoma
cell xenograft model.2 Another non-com-
petitive mGlu1 receptor antagonist BAY36-
7620 [(3aS,6aS)-hexahydro-5-methylene-
6a-(2-naphthalenylmethyl)-1H-cyclopenta
[c]furan-1-one] blocked both anchorage-
dependent5 and anchorage-independent7

growth of mGlu1 receptor-expressing mela-
noma cells. BAY36-7620 also increased
PARP cleavage and the fraction of cells in
sub-G phase in mouse melanocytes trans-
formed by the expression of mGlu1 recep-
tors.3 These experiments examining cell
death in the presence of mGlu1 receptor

antagonists should be validated using native
human melanoma cells both in vitro and in
vivo. Taken together, these results demon-
strate that mGlu1 receptor antagonists
block proliferation and increase apoptosis
(Fig. 1), demonstrating both cytostatic and
cytotoxic mechanisms of action.

Targeting mGlu1 Receptor
Signaling Pathways

WehavepreviouslycharacterizedmGlu1
as adependence receptor inother cell types,8

but the concept of this receptor having dual
andopposite signal transduction cascades in
melanoma is novel. These dependence
receptor properties give a newperspective to
the current literature and enrich the analysis
of mGlu1 receptor signaling in melanoma.
Inaheterologous expression system,mGlu1
receptors can signal through 2 independent

cascades. In the first cascade, mGlu1 recep-
tors signal through the Gaq protein and
stimulate phosphoinositide (PI) hydroly-
sis.9 In mGlu1 receptor-expressing mouse
melanomacells, themGlu1receptoragonist
quisqualate stimulated PI hydrolysis, which
wasblockedbyBAY36-7620.3Inthesecond
cascade, mGlu1 receptors activate a G pro-
tein-independent pathway involving the
mitogen-activated protein kinase (MAPK)
cascade, resulting in long-term extracellular
signal-regulatedkinase(ERK)phosphoryla-
tionandan increase in cell viability.9 Inmel-
anoma cells expressing mGlu1 receptors,
glutamate depletion using riluzole selec-
tively decreased ERK phosphorylation.
Riluzole also decreased AKT phosphoryla-
tion in these same cells.7 Finally, targeted
knockdown of mGlu1 receptors decreased
AKT and ERK phosphorylation,4 as well as
melanoma cell and tumor growth.2,4 Based
on this evidence, mGlu1 receptors in mela-
nomamay regulate both theMAPKcascade
and the AK tcascade, although the degree to
whichAKTandERKcontribute toprolifer-
ative and/or pro-apoptotic signaling medi-
ated by mGlu1 receptors remains unclear
(Fig. 1). Future experiments in our labora-
torywillbeaimedatdeterminingthemGlu1
receptor-dependent signal transduction
mechanisms regulating proliferation and
celldeathinmelanoma.
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