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New blood brothers: the GPR55 and CB, partnership

Andy Irving!

!Division of Medical Sciences, University of Dundee, UK, DD1 9SY
Cell Research (2011) 21:1391-1392. doi:10.1038/cr.2011.77; published online 3 May 2011

Endocannabinoids are increasingly
being recognized as key lipid-derived
regulators of immune function [1].
Although the peripheral cannabinoid
type 2 receptor (CB,) is thought to
orchestrate many of these actions, ad-
ditional non-CB /CB,-mediated effects
of cannabinoids have been identified in
immune cells [1, 2], where several or-
phan G protein-coupled receptors (GP-
CRs), including the effusive GPRS5S,
are implicated [3]. Despite numerous
studies addressing the cannabinoid
sensitivity of GPR55, the area remains
a pharmacological minefield, with
much inconsistent and conflicting data.
Emerging provocatively from behind
the marijuana smokescreen is a rather
surprising, endogenous, lipid ligand
at GPRS5: namely lysophosphadityl-
inositol (LPI; [4]). In this issue of Cell
Research, Balenga and colleagues [5]
demonstrates that LPI and the cannabi-
noid antagonist AM251, have prominent
effects on neutrophils that are mediated
by GPRS5S5, providing the first compel-
ling evidence for functional GPRS55
in blood. In addition, they show that
GPR55 forms an intimate but mercu-
rial partnership with the CB, receptor
and that crosstalk between these lipid-
sensing GPCRs is likely to be important
in fine-tuning the immune response to
abrogate excessive tissue injury.

Cannabinoids exert varied effects in
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blood and hematopoietic cells, including
modulation of proliferation, apoptosis,
cytokine production, reactive oxygen
species (ROS) generation, chemotaxis
and migration. Indeed, both plant-de-
rived cannabinoids and synthetic CB,
receptor ligands exert well-established
anti-inflammatory actions, which are
likely be useful therapeutically [1].
However, the cannabinoid immuno-
suppressant dogma does not always
hold true, and recent data suggests that
the generation of ROS in neutrophils,
a key inflammatory event, is in fact
promoted by the endocannabinoid 2
arachidonoyl glycerol (2-AG) acting
via the CB, receptor [5]. The role of
cannabinoids in regulating chemotaxis
and directed migration in neutrophils
is also controversial, although Balenga
and coworkers [5] demonstrate 2-AG-
mediated chemotaxis, other studies have
not observed this effect [2].

There is increasing evidence for
non-CB /CB, pharmacological targets
for cannabinoids and associated lipids
in the immune system [1, 2, 6]. For
example, the endocannabinoid virod-
hamine and the atypical cannabinoid
0-1602 inhibit fMLP-induced migra-
tion of human neutrophils via a novel
receptor [2] and O-1602 also promotes
microglial migration via an interaction
with the orphan receptor, GPR18, which
was recently heralded as a molecular in-
carnation of the “abnormal cannabidiol”
receptor [6]. Moreover, Schicho and
coworkers demonstrated that O-1602 in-
hibits neutrophil recruitment in a model

of experimental colitis, via a mecha-
nism that is independent of GPRS55 [7],
thereby implicating an additional target,
most likely GPR18. Notwithstanding
these observations, as now shown by
Balenga and colleagues [5], GPRSS is
knocking on the door of this exclusive
“novel lipid-sensing cannabinoid GPCR
club”, where they demonstrate that both
LPI and the aryl pyrazole cannabinoid
antagonist AM251 acts as a GPR55
agonists, promoting RhoA-dependent
neutrophil chemotaxis, which is reas-
suringly consistent with previous data
using recombinant GPR55 expressed
in HEK293 cells [8].

The function of endogenous GPR55
is only just emerging, however, there
is evidence for expression of GPR55
mRNA in immune tissues [9] and micro-
glia, where it may regulate ERK/MAP
kinase signaling following activation
[10]. Importantly, the study by Balenga
and colleagues [5] is now the first to
identify a function for GPRS55 in leuko-
cytes. GPRSS5 is unusual in that the ma-
jority of its cellular effects are thought
to be mediated by G, G-proteins and
Rho-family GTPases, including RhoA,
Racl and Cdc42 [9], although a linkage
to G, may occur in certain contexts [3].
The latest report is also consistent with
this idea, where LPI/GPR55-provoked
effects on cytoskeletal remodeling/
chemotaxis are mediated via the Ga.,/
RhoA signaling pathway ([5]; see
Table 1). Interestingly, no clear effect
of GPR55 activation alone on Racl or
Cdc42 was detected in neutrophils, but
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Table 1 GPR55 and CB,-mediated signaling in human neutrophils

LPI AM251 2AG LPI/2-AG AM251/2-AG
Chemotaxis (RhoA) ++ ++ ++ ++ A
Racl - n.d. ++ ++ n.d.
Cdc42 - n.d. + +++ n.d.
Rac2 l n.d. + 1 n.d.
ROS generation - n.d. + + n.d.

GPRS55 was activated either with AM251 (3 uM) or LPI (1-3 uM). CB, receptors were stimulated
using 2-AG (1 uM). Data was extracted from reference [5]. Key: positive effect (+), no effect (),

inhibition (), not tested (n.d.).

GTP-Rac2 levels were lowered by LPI
treatment, which is important for CB,
receptor crosstalk.

Importantly, Belanga and coworkers
identify novel functional interactions
between GPRS55 (activated with LPI
or AM251) and CB, (activated with
2-AQG) receptors in neutrophils. In these
cells signaling pathways involving
RhoA and Cdc42 are enhanced when
both receptors are activated and this is
recapitulated using analysis of NFAT
activation in HEK293 cells expressing
both receptors. In some cases, there is
a clear synergism, for example with
AM251- and 2-AG-mediated effects
on RhoA- mediated chemotaxis (see
Table 1). A negative interaction between
GPR55 and CB, is however observed
at the level of ROS generation during
the “respiratory burst”- a mechanism
used by neutrophils to resolve infection.
This effect involves crosstalk at the
level of the small GTPase Rac2, where
LPI markedly represses the response
to 2-AG [5]. Negative cooperativity
between CB, receptors and a novel
SR141716A-sensitive, non-CB /CB,
pharmacological target inhibiting mi-
gration has also been noted previously

in neutrophils [2]. Many of the features
of this latter site are consistent with
the “abnormal cannabidiol” receptor
although pharmacological crossover
with GPRS5 (for example when using
0-1602 or abnormal cannabidiol) is
likely to complicate the picture.

Thus in summary, CB, and GPRS55
initially work together with mutually
enhanced Rho signaling and directed
migration to seek out sites of inflam-
mation. Ultimately they disengage,
and in a graceful process of functional
repression, GPRS55 acts to limit CB,
receptor-mediated collateral damage.
In future studies, it will be interesting
to extrapolate this GPCR crosstalk into
other systems, for example in micro-
glia that express both GPR55 and CB,
receptors. In vivo studies involving
GPR55 knockout animals will also
help to reveal the role of this receptor
in regulating immune function and in
models of inflammatory disease. A more
detailed profiling of GPR55 expression
in different immune cells is required,
together with further evaluation of the
repertoire of molecular targets for can-
nabinoids, LPI and related lipids in the
immune system.
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