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Receptor assemblies seem to play a key role in the integration and modulation of molecular
signals of cell–cell communications. This may be confirmed by recent discoveries of the
immunological synapse and cytokine networks which can be also treated within a sort of
meta-system—neuroimmune molecular network. On the examples of receptor
superfamilies expressed both in the neural and immune cells, our review paper aims to
show some implications of receptor–receptor interactions for basal ganglia functions in
health and disease.
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1. Introduction

The concept of the synapse as a nexus of communication bet-
ween neurons is nowwell over 100 years old. It is only recently,
however, that the immunological counterpart has been identi-
fied (Dustin and Colman, 2002). A critical difference in the func-
tional context of theneural and immune synapses is in thebasic
“wiring”of the systems. The central nervous system (CNS) is to a
great extent hardwired and retains precise connectivity pat-
terns throughout adult life,with neurons projecting long axonal
processes that form synapses on complex dendritic trees of
other neurons that may be quite distant from the cell nucleus.
Whereas CNS synapses may be formed and pruned back in the
adult, the long dendritic and axonal processes anchor the cell
bodies and prevent cell migration. Thus, the CNS synapse is an
“action at a distance” junction (Dustin and Colman, 2002), in
relation to the nucleus where transcription takes place. In
contrast, the immune system operates through rapidly migrat-
ing T-cells and their partners, the dendritic cells (DCs), that
congregate in tissues like lymph nodes. This is essential to the
operation of the immune system, because eachT-cell expresses
a different antigen specificity and the point at which an antigen
will enter the body to become associated with a DC is not
predictable. So it is essential that T-cells and DCs congregate
and make many random contacts to possibly find a match and
form a synapse. Migrating T-cells assumemorphologies similar
to the growth conesof neuronsbutmoveat least 50 times faster.
Thus, the T-cell and DC cover greater distances than neurons in
search of foreign antigens, butwhen the synapse is formed, it is
immediately proximal to the transcriptional machinery in the
nucleus.

In spite of this difference in operation of the CNS and the
immune system, multiprotein signaling complexes constitute
the principle signaling units of both neuronal and immunolog-
ical synapses. Unfortunately, little is known about the struc-
tures of these assemblies, where they are localized within the
cells, and how their localization influences signaling. Under-
standing these issues, however, could lead to new strategies to
precisely control receptor function and therefore cellular
responses. Although there remains a need to explore the role
of receptor localization and assembly, the data acquired to date
suggest some general basic principles for communication
between the receptors.

2. Main players

The formation of signaling complexes in neural and immune
synapses is not restricted to any particular receptor class. Data

from microscopy, covalent cross-linking, and X-ray crystal-
lography experiments have revealed that cell-surface recep-
tors frommany structural classes assemble intomultireceptor
complexes. The size of these ensembles varies: some com-
plexes are composed of two receptors while others contain
thousands. Some receptors are so highly concentrated that
they dominate certain cellular regions. Receptors can ex-
change information through direct protein–protein contacts or
through intermediary proteins where the features of the
immune synapse illustrate some of the issues relevant for
elucidating the function of signaling complexes (Kiessling et
al., 2006). For example, agrin – a glycoprotein known to be
important in the formation of neural synapse, particularly for
the clustering of receptors at the neuromuscular junction –
now has been found on the surface of T-cells and may also be
important in immune synapse formation (Trautmann and
Vivier, 2001; Shaw and Allen, 2001; Dustin, 2002; Zhang et al.,
2006a). Experimental data suggest that some members of G-
protein coupled receptor (GPCR) superfamily and immunoglo-
buline (Ig) superfamily are expressed both in the neural and
immune synapses.

GPCRs are found on the surface of all cells of multicellular
organisms. They are major mediators of intercellular commu-
nication and act as cell surface receptors responsible for the
transduction of endogenous signals (hormones, neurotrans-
mitters, chemokines, odorants, tastants) into a cellular re-
sponse (Zhang et al., 2006b). GPCRs form one of the largest
superfamilies of cell surface receptors (Uings and Farrow, 2000)
and the largest class of cell surface receptors in mammalian
genomes. In human, the estimated number of GPCRs is
approximately 948 (Takeda et al., 2002), where about 300 to
400 mediate the effects of endogenous ligands, with the
remainder being sensory receptors (Prinster et al., 2005). This
corresponds to about 5% of the total number of human genes
(Collins, 2004). However, GPCRs represent the most widely
targeted pharmacological protein class (Premont and Gainet-
dinov, 2007). More than 45% of all modern drugs target GPCRs;
these represent around 25% of the 100 top-selling drugs
worldwide (Flower, 1999; Drews, 1996, 2000).

GPCRs share a consistent general topology (Sakmar, 2002),
with an N-terminal extracellular domain, seven transmem-
brane hydrophobic helices separated by loop regions of
varying sizes, and an intracellular C-terminal domain (Fig.
1). The interaction of an agonist with a GPCR binding pocket
elicits or stabilizes a conformational change in the receptor's
transmembrane domains. This conformational change allows
the receptor to associate with heterotrimeric G-proteins
and initiate a signaling cascade inside the cell leading to a
physiological response (Lefkowitz et al., 1993). Although the
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