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VIEW AND REVIEW

Are astrocytes executive cells within the
central nervous system?

¢Son los astrocitos células ejecutivas dentro del Sistema Nervioso Central?

Roberto E. Sica’, Roberto Caccuri’, Cecilia Quarracino’, Francisco Capani’

ABSTRACT

Experimental evidence suggests that astrocytes play a crucial role in the physiology of the central nervous system (CNS) by modulating
synaptic activity and plasticity. Based on what is currently known we postulate that astrocytes are fundamental, along with neurons, for the
information processing that takes place within the CNS. On the other hand, experimental findings and human observations signal that some
of the primary degenerative diseases of the CNS, like frontotemporal dementia, Parkinson’s disease, Alzheimer’s dementia, Huntington’s
dementia, primary cerebellar ataxias and amyotrophic lateral sclerosis, all of which affect the human species exclusively, may be due to
astroglial dysfunction. This hypothesis is supported by observations that demonstrated that the killing of neurons by non-neural cells plays
a major role in the pathogenesis of those diseases, at both their onset and their progression. Furthermore, recent findings suggest that
astrocytes might be involved in the pathogenesis of some psychiatric disorders as well.
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RESUMEN

Evidencias experimentales sugieren que los astrocitos desempenan un rol crucial en la fisiologia del sistema nervioso central (SNC)
modulando la actividad y plasticidad sinéptica. En base a lo actualmente conocido creemos que los astrocitos participan, en pie de
igualdad con las neuronas, en los procesos de informacién del SNC. Ademas, observaciones experimentales y humanas encontraron
que algunas de las enfermedades degenerativas primarias del SNC: la demencia fronto-temporal; las enfermedades de Parkinson, de
Alzheimer, y de Huntington, las ataxias cerebelosas primarias y la esclerosis lateral amiotrofica, que afectan solo a los humanos, pueden
deberse a astrogliopatia. Esta hipdtesis se sustenta en hallazgos que demostraron que la muerte neuronal que en ellas ocurre es debida al
compromiso de células no-neuronales que juegan rol principal en su iniciacién y desarrollo. Mas aln, observaciones recientes senalan que
los astrocitos podrian estar implicados en la patogenia de algunas enfermedades psiquiatricas.

Palabras clave: astrocitos; fisiologia; sistema nervioso central; enfermedades neurodegenerativas.

The physiological properties of astrocytes have been the
subject of comprehensive reviews written in the last few
years', while other authors have highlighted the role that as-
trocytes play in the development of diseases previously at-
tributed solely to neurons.

Our aim is to present a brief overview of the interplay
between astrocytes and neurons in normal and pathological
conditions within the central nervous system (CNS).

ASTROCYTES IN PHYSIOLOGY

Several investigations have described the capabilities of
the astrocytes in handling part of the workload of the CNS.
They modulate the myelinating capacity of the oligoden-
drocytes?, the synaptic cross-talk amongst neurons’, the

homeostasis of the CNS extracellular medium®, the initiation
of the inflammatory and immune responses’ and the build-
ing up of barriers between normal and damaged tissues®.
Astrocytes can behave like phagocytic cells’, they sense the
partial pressure of O, within the CNS" and they can trans-
form into neurons when the brain is in need of rebuilding
damaged functional neural networks contributing to ner-
vous tissue repair'’. Therefore, we believe that the astrocyte
deserves to be considered, in its own right, one of the main
players orchestrating fundamental functions within the CNS.

Since Ramon y Cajal's neuron theory was accepted in
1889, most researchers thought that neurons were the most
valuable cells in the functions performed by the CNS. If we
critically analyze their properties, the foremost is their capac-
ity to convey messages at high speed by propagating action
potentials (APs) that travel through their dendrites, bodies
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and axons membranes. The electrical activity is of such para-
mount importance for neurons that it consumes 75% of the
brain cortical energy; one fifth of it is employed to sustain APs,
another fifth accounts for the maintenance of the membrane
resting potential, and the remainder is consumed in synaptic
dynamics. “Housekeeping”, a term coined by Attwell’s group,
meaning the non-signalling tasks performed by the neurons
(such as proteins shuttle and turnover, axoplasmic flows and
other intracellular processes), consumes only 25% of the to-
tal energy. Knowing that the brain cortical energy has been
estimated in 27.2 pmol ATP/g/min, neuronal signal activity
requires 20.41 pmol ATP/g/min, more than twice the energy
consumed to carry out the intraneuronal metabolic process-
es'”. The conclusion that can be drawn from these observa-
tions is that the function prioritized by neurons is signalling.

In order to maintain the integrity of the body, most chang-
es within the environment of a living being need a response
that, in special circumstances, must be achieved effectively
and quickly, such as happens with the reflex responses that
are below the conscious level. These responses occur in a
milliseconds time scale, which has always been regarded
as an exclusive domain of neurons. However, some studies
have found that astrocytes can release, by exocytosis, the
gliotransmitter glutamate into the synaptic cleft in the same
time scale that neurons employ, suggesting that astrocytes
may have a role in the fast synaptic activity, matching the ca-
pacities of the neurons in this aspect'. This observation in-
dicates that astrocytes may have a role in the elaboration of
the reflex responses.

Neuron-astrocyte dynamics

Further reasoning leads to the question: What drives the
functions of neurons when a response has to be elaborated to
adapt the conditions of the self to the environs, differentiat-
ing the right response amongst many possibilities? We know
that the synaptic transmitters carry information from one
neuron to another that receives the message through iono-
tropic receptors. We also know that there is protein traffic
within the neuron’s body that is activated by second messen-
gers that are put to work by the stimulation of metabotropic
receptors located on the cell and neurite membranes. The
post-synaptic neuron receiving the information from the pre-
synaptic neuron will repeat the cycle stimulating other neu-
ron until the desired goal is achieved. But, are the neurons
free to deliver these types of messages just by themselves?

Synaptic activity is modulated by astrocytes, which
enhance or diminish the synaptic strength by deliver-
ing gliotransmitters and transmitter transporters'’ while
providing neurons with glucose and O, and adapting the
blood flow to their requirements, thus establishing a very
close relationship with them. Moreover, astrocytes are the
source of not only glucose and O,, but also of other metab-
olites such as lactate, fatty acids and trophic factors that
sustain neuronal health'®.
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Observations recently reported suggest that astro-
cytes may have an even more intimate relationship with
neurons by establishing contact with them through gap
junctions (GJ)* that allow both types of cells to exchange
molecules and ions, modifying their metabolism and the
expression of their genes'.

Anatomic phylogenetic remarks

In humans, glial cells are the largest family of cells with-
in the CNS. Friede was the first to compare the numbers of
glia and neurons and found that, in humans, glia outnum-
ber neurons by 1.48, a factor known in the literature as the
glia/neuron ratio (G/Nr ratio)'. In species considered phy-
logenetically below humans, those ratios were smaller; for
instance in frogs it was 0.25, chickens 0.46, mice 0.36, rab-
bits 0.43, pigs 1.20, cows 1.22 and horses 1.23. The higher
human G/Nr ratio was initially considered a peculiarity of
the human species.

However, in contrast to those findings, Hawkins et al.
found a 4.54 G/Nr ratio in the cortex of the fin whale®, sug-
gesting that the G/Nr ratio is not related to the phylogenetic
position of the species. Moreover, by estimating the number
of neurons within the brain of several species they concluded
that the density of neurons decreases as the volume of the
brain increases. So, the number of neurons in the brains of
mice is 142,000/mm?, in humans the figure was estimated to
be about 9,500 neurons/mm?, while the brain cortex of the fin
whale and the Indian elephant has about 7,000 neurons/mm?,
alower value than in humans?*.

One possible explanation for the reduced number of neu-
rons in highly-developed phylogenetic species is that the
neurons are larger in size, assembled with a greater number
of dendrites and thicker axons streaming through bigger ter-
ritories. These morphological neuronal changes parallel the
behaviour of the astroglia, which become larger in size, both
in humans and in apes, with thicker and longer processes de-
picting bigger domains encompassing up to 2 million syn-
apses in humans compared to, for example, a maximum of
120,000 in mice.

In summary, it appears that the composition of the cells
in the cerebral cortex does not explain the different behav-
iours between species. Hence, human intellectual properties
cannot be attributed either to an increased number of neu-
rons or to a larger number of astrocytes.

Herculano-Houzel’s findings® support what has been
stated above. The author found that the number of astro-
cytes is not greater than the number of neurons in the hu-
man brain cortex, but their sizes are larger when compared
with other species. Herculano-Houzel's observations are logi-
cal for at least three reasons. The first, given by the author, is
that despite the fact that protoplasmic and fibrous astrocytes
inhabit the brain cortex, only protoplasmic astrocytes are re-
lated to neurons and their synapses. The second is that most
of the authors who have suggested that glial cells outnumber



the neurons refer to glia as a generic term encompassing all
types of glia. Finally, the third, and perhaps the most convinc-
ing reason from our point of view, is that protoplasmic astro-
cytes residing within the gray matter of the brain cortex are
organized in domains that do not overlap. This means that a
single astrocyte contacts a group of neurons and their syn-
apses, suggesting that in this region of the encephalon, the
number of neurons must be larger than the number of astro-
cytes. In fact, Pelvig et al. have estimated that the percentage
of astrocytes within the human cortex is only 20% of all glial
cells residing in that structure®.

Therefore, it seems that the role of astrocytes in the
physiology of the brain cannot be based on the frequency of
their presence but in the function that they accomplish as
neuronal partners.

A thought about thinking

Decision-making and abstract thoughts are well-defined
characteristics of primates®. These higher mental functions
encompass the action of thousands of neurons within the ce-
rebral cortex immersed in a complex cross-talk that may last
several seconds, even minutes, until a determination fitting
the request is made at the conscious level.

Being human the species that can carry out complex ab-
stract thinking, a property partially shared with the great
apes, it is possible to hypothesize, that this capacity is par-
tially related to the peculiar relationship that neurons have
with the astrocytes that are intimately related to them.

We know, albeit incompletely, the role of each cell type
within the CNS: neurons receive and carry messages; oligo-
dendrocytes constitute the myelin factory, microglia guard
the CNS and, finally, astrocytes support the oligodendro-
cytes® and mix intimately with the neurons and their syn-
apses®, up to the point that currently a synapse is considered
to have three components, pre-synaptic, post-synaptic and
astrocytic: the tripartite synapse”.

Evolution has provided complexity to living beings within
the animal kingdom with the aim of adapting them to their
environments. To obtain this objective, the being has to ex-
plore and judge the state of its environment. For these pur-
poses it has to employ a particular tool to be able to obtain
information about its surroundings, which has to be pro-
cessed and translated into an adequate response. This tool
is the nervous system; the first hints of its appearance were
present in the sponge, which has no neurons but has a set
of post-synaptic scaffolding genes pre-announcing them?.
After the divergence of sponge and eumetazoan, this last lin-
eage developed transmembrane receptor genes, such as the
glutamate receptors family found at the post-synapse of the
most developed species, where recognizable nervous struc-
tures can be found®.

There is almost universal agreement that the corner-
stones supporting evolution are genetic changes and activity-
dependent mechanisms®. Perhaps the peculiar relationship

between astrocytes and neurons that evolution has devel-
oped within the animal kingdom should be added.

If astrocytes are involved in cognitive functions, which
is their role and which is the role of neurons in these ac-
tivities? Possibly the answer to this question resides in the
connection that neurons and astrocytes establish at the tri-
partite synapse'®*".

It is known that in mammals, particularly in primates,
synapses can undergo plastic changes both by dendritic
branching and by increasing the number of dendritic spines,
allowing higher synaptic volume and strength; these modi-
fications being more notable in the neocortex of larger
brains®**. However, there are constraints that limit the an-
atomic growth of the brain®. To overcome them the brain
develops plastic modifications not only at the synaptic lev-
el, but also by connecting different cortical regions, creating
new circuits that will work in a coordinated manner with the
aim of obtaining a desired purpose. Growth of new synapses
can even occur in long-term memory processes; changes that
recruit molecules swiftly by altering the genetic pattern of
the structure and triggering novel biochemical pathways that
will introduce modifications within the neurons’ functions.

Higher mental functions involve the activation of trans-
mitter receptors, either ionotropic or metabotropic, locat-
ed pre- and post-synaptically. Transmitter receptors can be
found in every organism with a nervous system, but synaps-
es become more numerous and more complex in more phy-
logenetically-evolved animals, allowing them to develop an
increased behavioural capacity. In mammals this capacity is
framed within an expanded nervous system that undergoes
regional specialization, a characteristic that permits these or-
ganisms to be more flexible and plastic when responding to
environmental changes. An interesting question is whether
brain regional specialization means synaptic specialization
as well and, if so, which parts of the synapse are responsible
for the development of that property. A partial answer to this
enquiry may be that the changes of the synaptic proteoma
are due to modifications of the expression of genes involved
in synaptic activity*; however, this might not be the only rea-
son justifying the synaptic changes.

Astrocyte synaptic involvement

When analyzing the structure of the synapses, particu-
larly in mammals and mainly in primates, it is evident that
not only pre- and post-synaptic neuronal structures are to be
found, but also the branches of the astrocytes that enwrap
the whole synapse, suggesting that astrocytes may play a cru-
cial role in the information processing occurring at the syn-
apses by establishing a fluent cross-talk with neurons.

Astrocytes do not produce propagated membrane po-
tentials, but they can sustain resting membrane poten-
tials of about 90 mV due to the dense presence of K* chan-
nels. Also, they are able to alter their membrane excitable
state by changing their Ca* load, which can propagate
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within an astrocytic net at different speeds according to
the species®™. Human astrocytes are able to propagate Ca**
signals at a faster rate than other species, the mean speed
being 43.4 + 4.7 pm/s, while in rodents, for example, the
speed is 8.6 £ 0.6 pm/s.

Excitability may be quite specific, as there are mi-
cro compartments within the astrocyte where different
amounts of Ca** can be stored, allowing particular excitabil-
ity states of discrete territories within the cell. This unique-
ness is important as the region of the astrocyte submitted
to this change sends its message to the processes born in
the membrane belonging to that particular micro compart-
ment, which will contact and influence the membranes of
other cells with which the astrocyte is associated, including
neurons and their synapses.

Astrocytes are sensitive to the state of the synapses they
reach. They may enhance or halt their activity according to
the circumstances. There is feedback correspondence be-
tween the synapses and the astrocytes, so astrocytes increase
their Ca™ load and the value of their membrane potential
when the synapses with which they are related are activated.
Such behaviour allows astrocytes to modulate the neuronal
and the astrocytic web in which they are situated by the gen-
eration of transmitters that are able to act at the neuronal
synaptic receptors as well as on extra-synaptic receptors®*.

Three main transmitters are released by the astrocytes;
two are excitatory: glutamate and D-serine. The latter is con-
verted to L-serine by the serine racemase enzyme; L-serine
is an essential co-agonist to the glycine site of the NMDA re-
ceptor acting as a glutamate co-transmitter. The third trans-
mitter, ATP, which changes to ADP, AMP and, finally, to ad-
enosine, inhibits the glutamate release from neighbouring
pre-synaptic neurons, down regulating the excitatory synap-
tic transmission at several neuronal locations simultaneously.

These properties of astrocytes allow them to coordinate
the activity of a whole neuronal pool.

Astrocytes are indeed capable of being excited by Ca*
waves within their cytoplasm. These waves can be trans-
mitted from astrocyte to astrocyte through their GJs while
releasing ATP through unopposed hemichannels. The ATP
will act, as well, on astrocytic purinergic receptors whose
activity will increase the intracellular Ca**, contributing to
the expansion of calcium waves within astrocytes. This be-
haviour embraces a large population of astrocytes that will
influence the activity of the neurons they contact. Balancing
the production and release of transmitters these cells con-
tribute to poise the excitability state of the neuronal pool to
which they are related™.

Other means by which the astrocytes modify the excit-
ability state of the neurons they contact is through the con-
trol of K* concentration within the external milieu due to the
presence of potassium channels in their membranes. Kir4.1
potassium channel, a member of the inward rectifying K
channels family, is responsible for maintaining the membrane
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potential of astrocytes and for buffering the extracellular K*
under normal conditions. The astrocytes’ production of glu-
tamate transporters EAAT1 (GLAST) and EAAT2 (GTL-1) is
another instrument by which they are able to regulate the
excitability state of the neurons. These transporters are built
up within the astrocytes and transferred to the extra-cellular
medium where they pick up the glutamate employed in the
cross-talk amongst neurons and between neurons and astro-
cytes, carrying it into the astrocytes where it will be trans-
formed into glutamine through the action of the glutamine-
synthetase enzyme. In turn, glutamine will be transported
back to the pre-synaptic neurons where it will be hydrolyzed
by the glutaminase enzyme, generating glutamate.

Astrocyte domains and subtypes

Protoplasmic astrocytes are plastic cells, devoted entire-
ly to the neurons they contact. Their shape and appearance
vary along the CNS in relation to the neuronal type they in-
teract with. They are organized in specific territories with dif-
ferent anatomical and metabolic characteristics and differ-
ent gene expression profiles, in harmony with the neuron’s
requirements®. Examples of this behaviour are the Miiller
cells in the retina, which are adapted to the needs of the neu-
rons within that structure and the Bergmann cells in the cer-
ebellum, which are partners of the Purkinje neurons.

Therefore, it becomes reasonable to assume that the as-
trocytes that influence a particular population of neurons
devoted to a specific function constitute a singular popu-
lation, only devoted to those types of cells>*; in this regard
they should have their architecture and a metabolism par-
ticularly suited to the sustenance and control of those neu-
rons needs and activities.

These singular qualities bring up the concept of “unique
populations of astrocytes™ meaning that astrocytes devoted
to a pool of neurons performing a specific task have pecu-
liarities not shared by other populations of astrocytes con-
nected with other type of neurons performing other func-
tions. This concept recently received support from Martin et
al. who found that medium spiny neurons (MSN) belonging
to two different circuits -the direct and indirect pathways of
the basal ganglia- are associated with a discrete subpopula-
tion of astrocytes that selectively respond to one MSN circuit,
but not to the other and vice versa®.

In humans and chimpanzees it is possible to find other
two kinds of astrocytes not present in other species: the vari-
cose astrocytes, residing in layers 5 and 6 of the neocortex,
extending long processes characterized by regularly spaced
varicosities that contact the neuropil and the vasculature;
and the interlaminar astrocytes located mainly at the supra-
granular cortex that extend tortuous processes to the pial
surface and the cortical layers in a sort of columnar fashion
terminating mainly at the neuropil® These types of astro-
cytes might play a crucial role in orchestrating the harmonic
and organized activity of the protoplasmic astrocytes. They



do not have domains, rather their processes cross different
and separated protoplasmic astrocytes domains, contacting
not only the neuropil and the vessels, but the fibres of the re-
siding protoplasmic astrocytes as well, possibly establishing
a peculiar cross-talk with them. Their functions are poorly
known at present and a matter of current debate.

It is worth mentioning once more that the protoplas-
mic astrocyte domains in humans are the most extensive in
Nature, comprising the largest number of synapses in a living
being®. Perhaps this anatomical design, which in the future
will probably include the varicose and the interlaminar astro-
cytes as well, can be interpreted as the structural basis of a
more complex function — performed by what can be named
neuron-astrocyte unit of work — with greater powers of com-
putational capacities than in other species, by coordinating
the activity of a large pool of neurons and synapses.

Fibrous astrocytes are not organized in domains. In hu-
mans they are larger than in lower phylogenetic species and
their processes are oriented in the direction of the axons with
which they are related. They establish contact with process-
es of other fibrous and protoplasmic astrocytes and with the
vessel walls located in their neighbourhood.

As far as we currently know, fibrous astrocytes are capa-
ble of sharing information with other fibrous and protoplas-
mic astrocytes through the GJs existing at their contacts by
employing travelling Ca** waves and exchanging small mol-
ecules. Also they participate in the glutamate metabolism by
expressing glutamate membrane receptors and transporters.
An interesting structural detail of these cells is that they send
fine processes to the nodes of Ranvier situated at the axons
with which they are related, establishing a particular rela-
tionship that shall be discussed later.

The Neuron coding system
Protoplasmic astrocytes participation

The information managed by the CNS is mediated
through the employment of a code that it is built up by the
timing and the frequency of the APs deployed by the neurons,
which ultimately travel through their axons. Therefore, it is
possible to say that the language spoken by neurons is the
combination of rhythm and timing of their APs discharge.

However, which factors influence the neurons to estab-
lish the timing of the APs and their rhythm of discharge?
Some of them are known, consisting of the following neu-
ronal features: a) amount of transmitter released by the pre-
synaptic axon, b) number of available post-synaptic neuron
receptors, ¢) active duration of the transmitter within the
synaptic cleft, d) kinetics of the transmitter’s transporter
within the synaptic cleft, e) ionic composition of the synap-
tic medium, f) functional state of the Na*/K* Atepase pump
and other ion channels at the pre-synaptic axon’s terminals
and post-synaptic dendrites and neuron membranes. From
the astrocytic side, astrocytes release transmitters and trans-
porters already mentioned. They simultaneously balance the

K* concentration within the external medium and increase
the concentration of arachidonic acid and Ca** in the astro-
cytic end-feet that control cerebral microcirculation. This
is accomplished through the arachidonic acid metabolites
prostaglandin E2 and epoxyeicosatrienoic acids that deter-
mine arteriole dilation, while 20-hydroxyeicosatetraenoic
acid induces arteriole constriction. These changes appear in
synapses, neurons and astrocytes integrating a network with
a defined purpose. However, despite astrocytes being an es-
sential part of the synapses, their contribution to synaptic
changes are only partially known; in spite of this, in the last
few years, their role in complex behaviours, such as breathing,
sleep and information processing has been demonstrated.

When synaptic signals arise, they awaken the activity of
the astrocytes to which they are related. By the time the as-
trocytes learn that a neuronal signal has reached the synaps-
es that are under their control, they sense the synaptic char-
acteristics developed at the site and modulate the synaptic
activity. This either enhances or diminishes their strength by
secreting excitatory glio-transmitters that will increase the
synaptic efficacy or ATP that will lessen the synaptic excit-
atory state, and transporters that will reduce the amount
of transmitters at the synaptic cleft lowering the synaptic
strength®. This will determine the timing and rate of dis-
charge of the neuronal post-synaptic potentials and, con-
sequently, the meaning of the message. These changes will
also be transmitted to other astrocytes related to neurons
that have similar functions and with which the former acti-
vated astrocytes contact through their GJs. This builds up a
coordinated response within the net that they constitute that
will be translated into the characteristics of the code that the
post-synaptic neurons will send to the next synaptic station.
If this is the case, it has to be accepted that astrocytes are
cells that strongly contribute to the establishment of the neu-
ronal response. Within this context an interesting possibil-
ity might arise: the population of astrocytes involved in the
activated net may perfect their response by employing oscil-
lations of their Ca** load and producing specific Ca™ waves
that will reach the astrocytes enwrapping the activated syn-
apses modulating, in a coordinated manner, the synaptic re-
sponse, hence compelling the post-synaptic neurons to dis-
charge EPs employing a code that is partially conditioned by
the astrocytes  behaviour.

Therefore, the relationship among the pre-synaptic neu-
rons, the post-synaptic-neurons and the astrocytes will define
the strength of the synapses and the timing and frequency of the
APs that will be carried by the post-synaptic axons to reach oth-
er neurons, transmitting a message that will be analysed once
more in these new synapses by employing the same mechanism.

Fibrous astrocytes participation

Another fact that deserves contemplation is one of the
anatomical features that characterizes the anatomy of the fi-
brous astrocyte: this is the process that it sends to the node

Sica RE et al. Astrocytes in physiology and pathology

675



676

of Ranvier of the axon under its surveillance. The nodes of
Ranvier are small, complex regions, about 1 pm long, along
myelinated nerve fibres where the myelin is interrupted al-
lowing the axon membrane to be in contact with the ex-
tracellular medium. Within this area devoid of glial sheaths
there is a high concentration of voltage gated Na* channels
located at the axonal membrane and K* channels situated on
either side of the node, at the juxtaparanodal regions. This
anatomical design allows saltatory conduction, increasing
the speed of the travelling AP along the myelinated axons.
For proper function the node needs a high density of voltage
gated Na* channels and some K* channels in order to regu-
late the current produced by the Na* channels. The nodes of
Ranvier have almost the same structure in the CNS and in
the peripheral nervous system (PNS), the most striking differ-
ence being that those situated at the PNS receive microvelli
from the myelinating Schwann cells ensheathing the periph-
eral fibres. These microvelli have gliomedin protein with a ca-
pacity for clustering voltage gated Na* channels at the nodes
of the peripheral fibres*. This is not the case for the nodes
of Ranvier situated in the CNS myelinated fibres, which do
not receive processes from the oligodendrocytes; but they do
receive processes from the fibrous astrocytes whose function
is unknown. However, knowing the capacity of the astrocytes
for regulating the ionic concentration of the external medi-
um, it is possible to assume that the process sent by the fi-
brous astrocytes to the nodes might buffer the concentration
of Na" and K* ions within the medium to assure the success-
ful transport of the APs along the fibre.

Therefore, it is possible to postulate that there is a coor-
dinated action between the protoplasmic and fibrous astro-
cytes forming a net where the travelling Ca* waves propa-
gate from one astrocyte to another through their GJs with the
aim of attaining a successfully defined goal by adjusting the
neuron and axon activities.

ASTROCYTES IN PATHOLOGY

Over the last decade, observations provided by several ex-
perimental studies have suggested that astrocytes play a key
role in the onset and development of some primary degen-
erative disorders (PDD) of the CNS®. Most of those investiga-
tions have shown that astrocytes are the initial cells affected
in those diseases, often followed by microglial activation.

Examples of this behaviour are as follows:

1)In frontotemporal dementia, astrocytes show-
ing apoptotic signs are found at the onset of the disease
when neuronal loss is still very rare, followed by astrocy-
tosis and microgliosis®.

2) In Parkinson’s disease, animal experimental evidence
has demonstrated that a-synuclein deposition in astrocytes
initiates a non-cell autonomous killing of neurons through
microglial signalling™®.
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3) The early and mid-term stages of Alzheimer’s disease
are marked by entorhinal atrophy of astroglia associated with
synaptic disruption, altered neurotransmitter up-take and, fi-
nally, neuronal death due to excitotoxicity™®.

4)In Huntington’s disease, mice expressing mutated
Huntingtin protein (mhtt) in neurons live normally or show
only mild neurological signs, while mice expressing mhtt
only in astrocytes develop neurological deficits and an earlier
neuronal death®!,

1.52 and,

5) Regarding spinocerebellar ataxias, Garden et a
later on, Custer et al.®® produced mice expressing ataxin-7
only in Bergmann glia, which was sufficient to bring on atax-
ia and neuronal degeneration.

In amyotrophic lateral sclerosis (ALS), astrogliosis
and microgliosis are hallmarks of the illness all along its
course®. Other observations support the idea that an early
primary astrocytic damage occurs in this disease®

In 2011* we proposed the possibility that ALS might be a
prion disease due to a conformational change of a putative
protein able to travel within the astrocytes' net devoted to
motor neurons. Later, other authors also claimed that pro-
teins such as TDP-43, Tau, a.-synuclein and SOD1 could ac-
quire prion properties when mutated*.

A recent finding of Prusiner et al.”” further supports this
concept. Studying multiple system atrophy characterized by
the presence of glial cytoplasmic inclusions of a-synuclein,
they found that this protein behaved like a prion protein
in mice expressing mutated a-synuclein A53T producing
neurodegeneration. The observations by Prusiner et al. are
crucial because if this concept can be extrapolated to oth-
er neurodegenerative diseases we shall be much closer to
the understanding of their pathogenesis. A possibility that
could be envisaged is that the prion-like protein might be
formed within the astrocytes travelling within the net they
form, but that it may also enter neurons through the GJ
connecting both cells.

In major depression, schizophrenia and bipolar illnesses
there are subtle, though still weak, hints suggesting that as-
trocytic dysfunction plays a role in the pathogenesis of those
entities. Astrocytic atrophy, decreased GFAP and reduced ca-
pacity for glutamate uptake and, therefore, diminished glu-
tamine synthesis have been described®®. With regard to cell
loss there is much to be unveiled in these disorders; there is
no definite agreement regarding the stability or loss of the
number of astrocytes in these diseases®.

FINAL REMARKS

The findings commented on in this paper support the no-
tion that astrocytes are probably executive cells within the CNS
playing an important role in information processing, contribut-
ing to codifying messages within different neuronal-astrocytic
nets. Also, it appears that astrocytes have a role in the onset



and development of PDD of the CNS. A better understanding
of their behaviour in these conditions will allow the acquisi-
tion of knowledge that will permit better understanding of the
mechanisms underlying their pathogenesis. The constraints are
that for those disorders there are no fully reliable animal mod-
els, as these diseases do not occur in wild type animals and are,
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