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Like many new concepts, especially those that break old dogmas, it took some time for the scientific
community to accept the existence and functional significance of G-protein—coupled receptor (GPCR)
heteromerization (for a recent review, see Ferré et al.[1]). As reviewed in four manuscripts of this “NIDA
Special Issue”, it is becoming clear that GPCR heteromerization plays a very important role in central
nervous system (CNS) function and that GPCR heteromers can become invaluable targets for drug
therapy.

Very often when an important new concept is generally accepted, numerous claims of its paternity
appear, often by scientists that initially were completely against its acceptance. In the present issue,
Franco et al.[2] provide an historical account of the discovery of receptor heteromers. It was at the
beginning of the 1990s that Agnati, Fuxe, and coworkers hypothesized that their initially discovered
“intramembrane receptor-receptor interactions” (reviewed in Agnati et al.[3]) required a close
intermolecular cross-talk, which implied receptor heteromerization[4]. Fluorescence and Bioluminescence
Resonance Energy Transfer (FRET and BRET) techniques allowed the demonstration of receptor
heteromers in transfected cells in culture[5], but these techniques could not be applied in situ in natural
tissues. Therefore, a major challenge has been the identification of receptor heteromers in the brain.
Franco et al. review the concept of “biochemical fingerprint”, the most useful practical method to detect
receptor heteromers in the brain[2]. Basically, this method involves the identification of a biochemical
characteristic of the receptor heteromer in the brain after its initial demonstration in an artificial cell
system. In fact, intramembrane receptor-receptor interactions constitute a common biochemical
fingerprint of receptor heteromers[1,2,3].

The biochemical fingerprint of the dopamine D;-D, receptor heteromer, reviewed by George and
O’Dowd[6], is its characteristic G-protein coupling (Gqu11), Which leads to a specific calcium-dependent
PLC signaling pathway. The discovery of the D;-D, receptor heteromer provided an explanation for
previous experimental findings that show the ability of D, receptors to couple to Gy; in native tissue, but
not in transfected cells expressing Dy, but not D, receptors[7]. An additional discovery about the D;-D,
receptor heteromer is that it can be selectively activated by specific ligands[7]. Conceptually, this
illustrates a very important property of receptor heteromers: They can be targeted by specific drugs.
Therefore, identification of receptor heteromers that modulate brain functional units particularly involved
in brain dysfunction becomes an important goal in the field.

Heteromerization of mu and delta opioid receptors (1O and 5O receptors, respectively) also promote
the formation of novel signaling, as reviewed by Rozenfeld et al.[8]. Activation of pO receptors leads to a
G-protein—mediated rapid and transient MAPK activation, while activation of nO-30 receptor heteromers
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leads to a switch to a G-protein—independent and B-arrestin-mediated delayed, but sustained, MAPK
activation[9]. A number of studies indicate that morphine tolerance correlates with formation of nO-560
receptor heteromers, and Rozenfeld et al. suggest that a switch to the B-arrestin—mediated signaling
contributes to the changes in morphine response that underlie tolerance[8]. In fact, targeting the nO-80
receptor heteromer with morphine, which activates pO receptor, plus a 30 receptor antagonist, diminishes
morphine tolerance and enhances analgesia[8].

As reviewed by Ferré et al.[10], the various localizations (synaptic, extrasynaptic), sources (neurons,
glial cells), and modes of neurotransmission (synaptic and extrasynaptic) impinging on the receptor
heteromers allow them to play a key role in the processing of computations performed by local modules,
defined as the minimal portion of one or more neurons and/or one or more glial cells that operates as an
independent integrative unit[11]. Ferré et al. provide an example of the integrative role of adenosine
receptor heteromers as processors of information in the striatal spine module[10]. Targeting those
adenosine receptor heteromers might provide new treatments for basal ganglia disorders and drug
addiction. In fact, targeting the adenosine A,a-D; receptor heteromer with a dopamine agonist (L-dopa)
plus an A,a receptor antagonist is being shown to be successful in clinical trials in Parkinson’s
disease[12].
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