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ABSTRACT

How does the brain process incoming information and
produce thoughts? These questions represent, to all
likelihood, the most challenging matters ever faced by
natural sciences, matters which may never be fully
comprehended. The evolution of the nervous system that,
in about billion of years, brought into existence the human
brain progressed through an ever-increasing complexity of
neural networks. This evolution began from the diffuse
nervous system, in which primordial neurons were able to
sense the environmental inputs and convey them to
effector organs and to the neighbouring neurons. At the
next evolutionary stage the conglomerates of neuronal cell
bodies, the ganglia, appeared, thus forming the primitive
centralized nervous system. The developments which
ensued went through a continuous increase in complexity
of neuronal conglomerates, which eventually formed the
central nervous system, which attained maximal perfection
in mammals. In this issue of ASN NEURO, Osborne et al.
have described details of real-time imaging of cannabinoid
receptor trafficking in astrocytes, a technique that will
help to elucidate the role of these receptors in the ever-
increasing complex neural networks.
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The development of the CNS (central nervous system)
necessitated an increase in cell specialization, so that
neurons, although perfecting sophisticated machinery for
rapid propagation of information through electrically excit-
able membrane and synaptic contacts, lost their metabolic
independence. This became possible by a parallel phylogenetic
advance of the neuroglia, which assumed the function of a

primary brain homoeostatic and defence cellular system
(Giaume et al., 2007; Reichenbach and Pannicke, 2008). At
the later evolutionary stages, in the primates and human
brain, the neuroglia became specifically developed. Indeed,
both the number and structural complexity of the astrocytes
(the principal neuroglial cells in the grey matter) is
substantially higher in primates as compared with other
species; astrocytes in the human brain are the most numerous
and complex among the whole of the animal kingdom
(Oberheim et al., 2006; Sherwood et al., 2006; Oberheim et
al., 2009; Verkhratsky, 2009).

The processes of astroglia form excessively intricate arbori-
zations, which, by virtue of tiny appendages and membranous
expansions (Grosche et al., 1999), provide a tight coverage for
a majority of synapses in the CNS, thus forming the tripartite
synaptic structure (Araque et al., 1999; Perea et al., 2009). On
average a single astrocyte in the brain of rodents covers
~100000 synapses, whereas the human astrocyte embraces
up to 2000000 synaptic contacts (Oberheim et al., 2006). As
a result, a single astrocyte perceives and most likely inte-
grates the massive synaptic input. The signalling input to the
astroglia is mediated by numerous receptors expressed in
astrocytes, the expression being greatly heterogeneous
in different astroglial cells, and being finely tuned by the
immediate neurotransmitter environment (Verkhratsky et al,,
1998; Verkhratsky and Steinhauser, 2000). The functional
relevance of astroglial information processing for higher
cognitive functions is virtually unknown, yet its importance
for brain homoeostasis is fundamental. Indeed the astrocytes
are central elements of the neurovascular unit, and astrocytes
couple the neuronal activity with local blood flow and
metabolic support of neuronal networks (Zonta et al., 2003;
Magjistretti, 2006).

An increase in complexity of neural networks evolved in
parallel with intercellular signalling, which relies upon neuro-
transmitters and neuromodulators. The primitive forms of
extracellular signalling had already appeared in prokaryotes, in
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which two main extracellular transmitter molecules, ATP and
glutamate, acted as danger signals (Burnstock and Verkhratsky,
2009). Further developments led to an ever-increased variety of
neurotransmitter molecules and neurotransmitter receptors,
and their functional segregation between brain regions.

Astroglial receptors are many; astrocytes express both iono-
tropic and GPCRs (G-protein-coupled metabotropic receptors).
The functional role of ionotropic astroglial receptors remains
somewhat obscure, as indeed their activation hardly can have
electric consequences, and is probably mediated by localized
ion fluxes with subsequent formation of cytosolic domains of
high Ca®* or Na™. The glial metabotropic receptors, in contrast,
are directly connected to the glial Ca** excitability mediated
through intracellular signalling cascades and Ca®'-release
channels of the endoplasmic reticulum membrane (Verkhratsky
et al., 1998; Verkhratsky, 2006). The metabotropic signalling is
controlled by a balance between plasmalemmal and intracel-
lular distribution of the GPSRc, which can be dynamically
shifted, thus affecting the efficacy of the signalling chain.
Furthermore, a remarkable complexity of astroglial processes,
which come into contact with multiple synapses, calls for a
precise control of allocation of various receptors, which can
rapidly change depending on the levels of synaptic input. All of
the above contemplations are, however, in a purely speculative
realm, because of the absence of specific approaches allowing
real-time tracking of receptor movements in glial cells. In this
issue of ASN NEURO, Osborne et al. (2009) have presented a
new and fundamentally important technique of real-time
imaging of receptor movements inside astroglial cells. They
chose to genetically label the CB1R (cannabinoid receptor 1)
with green fluorescent protein, which, upon expression in
cortical astrocytes, can be imaged with fluorescent video-
microscopy. The CB1Rs are typical GPCRs that are constitu-
tively expressed in astroglia and are involved in various forms
of signalling in neuronal-glial circuits (Navarrete and Araque,
2008).

The fluorescent CB1R chimeras were concentrated in the
intracellular vesicles, some of which were actively transported
to the plasmalemma with the help of cytoskeletal elements.
This transport can be of fundamental importance, as it may
dynamically enrich the specific regions of the astroglial
processes [e.g. the end-foot structures where CB1Rs are
preferentially located (Rodriguez et al., 2001)], with the
receptors thus providing a mechanism for controlling local
signalling events. The obvious perspective developments are

the insertion of chimeric fluorescently labelled receptors of
various kinds in glial cells in vivo, which opens a whole range
of new possibilities for dynamic imaging of receptor
distribution and trafficking, and the role of these processes
in controlling information processing in neuronal-glial net-
works.
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