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Abstract

Astroglia encompass a subset of versatile glial cells that fulfill a major homeostatic role in the
mammalian brain. Since any brain disease results from failure in brain homeostasis, astroglial cells
are involved in many, if not all, aspects of neurological and/or psychiatric disorders. In this article,
the roles of astrocytes as homeostatic cells in healthy and diseased brains are surveyed. These cells
can mount the defence response to the insult of the brain, astrogliosis, when and where they
display hypertrophy. Interestingly, astrocytes can alternatively display atrophy in some
pathological conditions. Various pathologies, including Alexander and Alzheimer's diseases,
amyotrophic lateral sclerosis, stroke and epilepsy, to mention a few, are discussed. Astrocytes
could represent a novel target for medical intervention in the treatment of brain disorders.
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Neuroglia are a central element of neuropathology

The nervous system is composed of an inter laced network of neurons and neuroglial cells.
The term neuroglia covers several highly heterogeneous populations of cells, which,
fundamentally, are responsible for all aspects of brain homeostasis. Neuroglia in the CNS
are broadly divided into astroglia (which also include ependymal cells), oligodendroglia,
NG-2 glia (all are of neural crest origin —i.e., all being the scions of neuroepithelial cells
acting as universal neural progenitors [1-4]) and microglia (being of myeloid origin;
microglial precursors enter the CNS early in development and scatter more or less evenly
through the nervous tissue, where they undergo remarkable metamorphosis that converts
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these cells into ramified or resting microglia, the phenotype of which is dissimilar to their
myeloid precursors [5-7]). The neuroglia of the peripheral nervous system comprises
several types of myelinating and nonmyelinating Schwann cells and satellite cells localized
in the peripheral ganglia, as well as highly diverse and numerous classes of enteric glia
[4,8,9]. Despite a high degree of morphological and functional diversity, all neuroglial cells
are primarily involved in the regulation of homeostasis of the nervous tissue. Conceptually,
astroglia oversee multiple homeostatic matters in the CNS; oligodendrocytes provide
connectome maintenance, while microglial cells are responsible for defensive homeostasis.

Neurological diseases are, in essence, failures in neural tissue homeostasis that can be
triggered by acute (mechanical or chemical) lesions or result from chronic processes
(developmental abnormalities or neurodegeneration). Therefore, it is perfectly logical to
assume that homeostatic cells of the nervous tissue assume the primary role in the
progression of neuropathologies. Incidentally, when Rudolf Virchow developed the concept
of neuroglia (which, for him, was a true acellular connective tissue), he was deeply
convinced in the central role of neuroglia in pathology [10,11]. However, for a long time,
the neuron-centric views dominated neuropathological thinking. Only recently has the role
of glia been reassessed and it appears that neuroglia, to a very large extent, define the
progression and outcome of most (if not all) neurological diseases [12-16].

Neuroglial cells are generally neuroprotective; they contain the damage and facilitate
neuronal survival. Lesions to the nervous tissue trigger evolutionarily conserved glial
defensive reactions represented by astrogliosis, Wallerian degeneration and activation of
microglia (Figure 1) [2,4]. In many pathological conditions, neuroglia can be neurotoxic.
However, this can be regarded as a defensive and survivalist mechanism aimed at a rapid
clean up of damaged elements and sealing of the lesion area.

Astrocytes: main homeostatic cells of the CNS

Astrocytes fulfill a remarkable range of homeostatic functions. Protoplasmic astrocytes
define the brain microarchitecture by dividing the gray matter into relatively independent
territorial domains that are the structural basis for neurovascular units (which, in fact, should
be named glio—neuron—vascular units because these are astrocytes that physically integrate
neuronal structures with brain capillaries [17,18]). Within its territorial domain, a
protoplasmic astrocyte enwraps a substantial proportion of neuronal synaptic contacts. This
specific coverage initiated the hypothesis of the tripartite synapse that highlights the
contribution of preand post-synaptic neuronal compartments, as well as the astroglial
perisynaptic compartment in making the synapse [19,20]. The perisynaptic astroglial
membranes isolate synapses and, thus, provide for spatial specificity of synaptic inputs,
control homeostasis of ions and neurotransmitters in the synaptic cleft and care for local
metabolic support, thus acting as a synaptic cradle maintaining synaptic connectivity [21].
Astrocytes synthesize neurotransmitters (e.g., glutamate can only be produced de novo by
astroglia [22]; neurons lack the relevant enzyme pyruvate carboxylase [but see [23]] and
neurotransmitter precursors are generally involved in homeostasis of many neurotransmitters
and neuromodulators [the most important being glutamate, GABA and adenosine]. Astroglia
are fully responsible for the extracellular homeostasis of K* ions [critical for neuronal
excitability] and extracellular pH and both functions are supported by a multitude of
plasmalemmal transporters, such as Na*/K* ATPase, Na*/H* exchanger and Na*/HCO3"
exchanger [24]).
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Astrogliosis: defensive astroglial reaction

Astrocytes provide neuroprotection through multiple mechanisms that are generally aimed at
preserving brain homeostasis. Astrocytes also express a specific defensive program; this is
known as a reactive astrogliosis and it is initiated in response to various brain lesions. The
reactive astrogliosis generally appears as hypertrophy and proliferation of astrocytes
associated with upregulation of GFAP, which is generally considered to be a specific marker
for astrogliotic response. Astrogliosis is commonly regarded as a pathological glial reaction
with negative outcomes; often astrogliosis is regarded as a sign of neuroinflammation. These
views are factually incorrect. In reality, astrogliosis represents an evolutionarily conserved
(astrogliotic changes are characterized already in arthropods and annelids) defensive
response of astroglia, which develops in a multistage and heterogeneous fashion. In essence,
astrogliosis encompasses a wide spectrum of changes that are specific for various
pathological contexts and resolve in various ways [12,13,25-27]. Functionally, reactive
astrogliosis provides for: increased neuroprotection and trophic support of insult-stressed
neurons; isolation of the damaged area from the rest of the CNS tissue; reconstruction of the
compromised blood-brain barrier; and regeneration of the lesion region. The overall result
of astrogliosis is clearly beneficial for the nervous tissue, the suppression of which
exacerbates tissue damage [27,28].

Morphologically reactive astrogliosis is classified into isomorphic (i.e., preserving
morphology) and anisomorphic (i.e., changing the morphology; Figure 2) astrogliosis.
Inisomorphic gliosis, astroglial cells become hypertrophic and undergo multiple biochemical
and immunological changes without altering normal astroglial domain organization.
Astroglial changes in isomorphic gliosis facilitate the growth of neurites and synaptogenesis,
thus contributing to the regeneration of neuronal networks. Isomorphic gliosis is fully
reversible and, after the resolution of pathology, astrocytes return to a healthy state. In
anisomorphic gliosis, astroglial hypertrophy is complemented with a proliferative response
and the disappearance of normal domain organization. Anisomorphic gliosis ultimately
results in the formation of a permanent glial scar; this process prevents any axonal growth
due to the presence of chondroitin and keratin, which are secreted by anisomorphic reactive
astrocytes [2,12,27].

Astrogliain neurological diseases

Alexander disease: primary astrogliopathology

Alexander disease (AxD), described by a Scottish neuropathologist Stewart Alexander [29],
is a leukodystrophy that results in severe white matter deficits. At the core of AxD is the
expression of sporadically mutated GFAP with an apparent gain-of-function. AxD is
classified into the early-onset type | and the late-onset type I, with a negative prognosis and
the complete absence of treatments for both types [30,31]. The histopathological feature of
AXD is the appearance of Rosenthal fibers in astrocytes; these are cytoplasmic inclusions,
formed by GFAP and stress proteins. The majority of mutations of the GFAP gene that are
linked to AXD occur de novo and are not conserved (because AxD patients rarely reach a
reproductive age). The pathogenesis of AxD remains unknown; most likely it is associated
with systemic astroglial failure that translates into white matter lesions.

Ischemia & stroke

The pathogenesis of ischemic damage to CNS tissue, which ultimately results in cell death
and severe neurological deficits, involves astroglia, which, in the case of focal ischemia or
stroke, very much determines its progression and outcome (see [12,32-34] for details).
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Astroglia in ischemia may either reduce or exacerbate neuronal damage, depending on the
depth and duration of the ischemic insult.

Astrocytes are generally (when compared with neurons and oligodendrocytes) more resilient
to ischemia, which is most likely due to their utilization of anerobic metabolic pathways.
The ischemic insult, which rapidly causes ATP deficiency associated with a failure in ion
homeostasis and depolarization of neurons, triggers a massive release of glutamate that
further depolarizes neurons and instigates excitotoxicity [35]. Astrocytes, being the main
sink of glutamate in the brain [36], form the first line of defence against glutamate overload.
Removal of astrocytes from astroglial-neuronal cultures, for example, increases the
neuronal vulnerability to glutamate by approximately 100-times. In addition, astrocytes (and
especially reactive astrocytes) are capable of maintaining anerobic glycolysis and lactate
production, with which they feed damaged neurons and thus support their survival. Astroglia
are the main producers of glutathione and ascorbic acid, both being the main scavengers of
reactive oxygen species in the CNS; indeed, astrocytes effectively prevent reactive oxygen
species-mediated neuronal death [37]. Astrocytes are also central elements for K* buffering
[38], and by removing extracellular K* they contain depolarization and thus ameliorate a
vicious cycle of excitotoxicity. These neuroprotective functions are of particular importance
for the penumbra that surrounds the ischemic core. In general, the penumbra (of which cells
are compromised, but still surviving) is substantially larger than the infarction core, and it is
the extent of propagation of cell death within the penumbra that often defines the degree of
final neurological deficit.

At the same time, astrocytes may exacerbate neuronal damage during an ischemic attack,
especially in conditions of severe insults. First, astrocytes can contribute to a build up of
extracellular glutamate; astroglial glutamate can be released through several mechanisms
that involve: reversed plasma membrane glutamate transporters (which may occur upon the
massive overload of astrocytes with Na* in combination with a severe increase in
extracellular K*); through glutamate diffusion via astroglial ‘maxi’ (i.e., with a large pore)
channels such as volume-regulated CI- channels, purinergic P2X7 receptors with dilated
pores and unpaired connexions/hemichannels; or increased exocytosis following an
abnormal and sustained increase in astroglial cytosolic Ca%* (see [39-41] for further details).
Second, astrocytes can contribute to the overall acidosis by adding protons produced by
anerobic glycolysis (incidentally, increasing glucose levels can exacerbate the ischemic
neuronal damage, most likely by stimulation of astroglial anerobic metabolism). Third,
astrocytes may contribute to the propagation of cell death through the penumbra, possibly
via propagating aberrant astroglial Ca2* waves causing the distal (to the infarction core)
release of glutamate and other neurotoxic factors [42]. At the final stages of stroke,
astrogliosis becomes apparent and astrocytes form the scar, which isolates the site of
damage and replaces the dead tissue.

Migraine & spreading depression

Migraine often results from the specific phenomenon of cortical pathological excitation
known as spreading depression, which was discovered in 1944 [43]. Spreading depression is
a propagating wave of depolarization (with a speed between 1.5 and 7 mm/min) through
cortical neuronal networks that renders these neurons nonexcitable for a period of time (for a
detailed review see [44,45]). Spreading depression is associated with a propagating wave of
increasing extracellular K* concentration up to 80 mM, a very substantial (up to tenfold)
decrease in extracellular Ca2* concentration and a propagating wave of shrinkage of the
extracellular space by up to 50%. A direct link between spreading depression and migraine
was demonstrated using transgenic mice carrying the W887R mutation of the human a2
subunit of Na*/K*ATPase, encoded by the ATP1AZ2 gene, associated with familial
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hemiplegic migraine type Il [46]. These mice had a higher susceptibility to spreading
depression; the a2 subunit of Na*/K*ATPase is highly expressed in astrocytes.

The role of astroglia in spreading depression is supported by many experimental
observations. Some of the seminal discoveries included the fact that spreading depression is
associated with circulating currents passing through the glial syncytium [47] and that
spreading depression can be blocked by inhibitors of gap junctions [48]. The expression of
mutated Na*/K* ATPase can affect K* buffering [46], which is one of the causal factors for
spreading depression.

Metabolic disorders

Astrocytes are directly implicated in cognitive/mental complications of liver failure,
generally known as a hepatic encephalopathy. The liver failure leads to an increase in blood
ammonia, and this ammonia in turn poisons the brain, characterized by neuropsychiatric
symptoms such as confusion, memory deficits, lethargy, somnolence and, in the terminal
stages, coma. In the brain, ammonia is metabolized either to glutamate or to glutamine; the
latter reaction, catalyzed by glutamine synthetase, is the most important. Glutamine
synthetase is specifically expressed in astrocytes and, in essence, hepatic encephalopathy
represents toxic astrogliopathology (see [49-51] for detailed discussion). Increased activity
of glutamine synthetase overloads astrocytes with glutamine, which results in osmotic shock
and cell swelling. This subsequently compromises astroglial glutamate uptake, thus opening
a pathway for excitotoxicity, reducing astroglial metabolic support and inducing brain
edema, all of which lead to coma and ultimately death.

The congenital glutamine synthetase deficiency (which results from mutations in the
relevant gene) is another type of astrogliopathology [52]. This inherited disease causes
severe white matter deficiency and abnormal gyration, and most likely results from the
inability of astrocytes to maintain glutamine/glutamate metabolism. Similarly, pyruvate
carboxylase deficiency also manifests as astrogliopathy. In the CNS, pyruvate carboxylase is
predominantly expressed in astrocytes [22,23]. Deficiency in this enzyme is an autosomal
recessive disorder, which results in impaired mental development, recurrent seizures and
metabolic acidosis [16]. Another type of an astroglia-associated metabolic disorder is
neurodegenerative disease, known as aceruloplasminemia, which is associated with loss-of-
function mutations of ceruloplasmin. Ceruloplasmin (also known as ferroxidase) is
synthesized in perivascular astrocytes and is a key component of iron metabolism.
Aceruloplasminemia is characterized by astroglial lesions, appearance of foamy spheroid
bodies at the vascular endfeet, iron depositions and neuronal death [53].

Heavy metal toxicity

Poisoning of the CNS with heavy metals almost invariably affects astrocytes as key
pathogenic targets. Minamata disease, or poisoning with methylmercury, is manifested by
visual abnormalities, sensory lesions, cerebellar ataxia, hearing loss, weakness, tremor and
cognitive decline. Methylmercury, having entered the CNS, is primarily accumulated by
astrocytes and affects glutamate uptake and the ability of astrocytes to produce glutathione,
which increases glutamate excitotoxicity and decreases neuroprotection from reactive
oxygen species [54]. Similarly, astrocytes accumulate lead, which downregulates glutamate
uptake and affects astroglial water transport. These mechanisms contribute to the
development of cytotoxic and vascular brain edema in patients with lead poisoning that
ultimately causes acute neurodegeneration. Manganese toxicity is characterized by
psychosis (following acute poisoning) or Parkinsonian symptoms (in chronic poisoning).
Astrocytes are endowed with a high capacity manganese transport system and thus
accumulate manganese, which, in turn, inhibits glutamate transport and even causes glial
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cell death. Compromised astroglial glutamate metabolism is also considered to be involved
in the pathogenesis of aluminium toxic encephalopathy that triggers speech alterations,
seizures, flapping wrist tremor (asterixis) and cognitive impairments [55,56].

The cellular substrate of epilepsy is a slow depolarization of neurons, termed paroxysmal
depolarization shift, which develops synchronously in all cells within an epileptic focus.
This depolarization is mediated by ionotropic glutamate receptors, which became activated
because of simultaneous glutamate release around many neurons, comprising an epileptic
focus. Epilepsy is associated with prominent reactive astrogliosis, and often with an
appearance of a glial scar. Reactive astrogliosis occurs at the very early stages of the disease,
even before the clinical manifestation in the form of seizures. Reactive astrocytes in the
epileptic tissue lose their domain organization; this feature is being observed in post-mortem
human samples and in animal models [57]. Astrocytes from epileptic tissues have an
increased expression of ionotropic and metabotropic glutamate receptors and a decreased
presence of inward rectifier K* channels and aquaporins. In addition, epilepsy causes a
decrease in the expression and activity of astroglial plasma membrane glutamate transporters
and glutamine synthetase, which results in the aberrant homeostasis of glutamate and GABA
(for detailed review of astroglial changes see [12,58-62]). Changes in the astrocytic intra-
and inter-cellular Ca?* dynamics have been implicated in epilepsy [63].

Neurodegenerative diseases

Neurodegeneration is a chronic process manifested by a progressive loss-of-function,
structure and number of neural cells, which ultimately causes atrophy of the brain and
profound cognitive deficits. The role of neuroglia in neurodegeneration is not yet fully
explored; nonetheless, profound homeostatic changes that accompany (and are most likely
causative to) neurodegeneration implicate glial dysfunction. A wealth of evidence indicates
that neuroglial cells are invariably already affected at the early stages of neurodegenerative
processes and are an important element of pathophysiology of these diseases [12,13,64-66].

Alzheimer's disease—Alzheimer's disease (AD), named after Alois Alzheimer, who was
the first to describe this pathology in 1907, is a form of dementia resulting from profound
atrophy of brain tissue [67]. Histological signs of AD are the extracellular deposits of -
amyloid (AB) protein, known as senile plagues, and intraneuronal accumulation of abnormal
tau-protein filaments, which can be observed in the form of neuronal tangles. Astroglial
reactions in AD are yet to be fully characterized, although two main types of changes have
been observed [64-66,68].

At the late stages of the disease, widespread astrogliosis is routinely detected in post-mortem
human tissues and is also observed in animal models of the disease. This astrogliosis is
characterized by cellular hypertrophy and upregulation of the expression of GFAP and
astroglia-specific protein S100p. Reactive astrocytes in the late stages of AD have also
diminished expression and activity of glutamine synthetase, indicating possible deficits in
glutamate metabolism [69]. Hypertrophic astrocytes are also often present in the senile
plaques together with activated microglia. Astrocytes associated with senile plaques in
transgenic AD animal models have an abnormal Ca?* signaling [70]. At the same time,
astrocytes in AD preserve their domain organization.

At the early stages of AD, as was found in experiments in transgenic animals, astrocytes
display signs of atrophy manifested by a decreased area of GFAP-positive profiles, a
reduction in the size of the somata and a decrease in the number of primary processes [71—
73]. This early atrophy of astrocytes may be pathologically relevant, as reduced astroglial
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synaptic coverage and support can be the primary mechanisms for a decrease in synaptic
connectivity and abnormal synaptic transmission observed in the early stages of AD [74].

The role of astroglia in the metabolism of AP remains controversial. Reactive astrocytes
have been suggested to contribute to the clearance and degradation of Ap [68]. By stark
contrast, there are indications that in AD, astrocytes can start to express B-secretase and thus
may be an additional source for Ap [75,76].

Amyotrophic lateral sclerosis—Amyotrophic lateral sclerosis (ALS or ‘Lou Gehrig's
disease’ in the USA, so named after a baseball player who suffered and died from this
pathology) refers to a specific degeneration and ultimate death of motor neurons located in
the cortex, brain stem and spinal cord. Death of these motoneurons determines the clinical
picture of ALS that is manifested by progressive paralysis and muscle atrophy; death is
usually caused by respiratory failure. In ALS, similarly to AD, both astrogliosis and
astroglial atrophy have been described. During the early stages of the disease (i.e., before the
appearance of clinical symptoms) astrocytes undergo degeneration and become atrophic,
whereas reactive astroglia appear at the later stages of disease, and are probably activated by
specific lesions. Astrocytes in ALS were also found to release neurotoxic factors and
instigate activation of microglia [77,78]. Astrocytes in ALS were reported to have deficits in
plasma membrane glutamate transport, which may result in exacerbated excitotoxicity.
Genetic deletion of EAATZin mice, referred to as G/f-1 in rodents, led to a significant death
of motor neurons, thus mimicking ALS [79]. Selective silencing of the SODI mutant gene
(associated with a familial form of ALS) in astrocytes significantly slowed the progression
of ALS in transgenic mice [80,81].

Wernicke encephalopathy—Wernicke encephalopathy is the combination of ataxia,
ophthalmoplegia and mental confusion, which, in terminal stages, is manifested by
Korsakoff psychosis (anterograde and retrograde amnesia, apathy and confabulation). This
is an example of neurodegeneration primarily associated with the loss of astroglial
homeostatic function. Wernicke encephalopathy is caused by functional atrophy of astroglial
glutamate uptake, with the expression of EAAT1/EAAT?2 transporters being decreased by
60-70% in human samples [82]. A very similar decrease in the expression of EAATS in
astrocytes was detected in the rat thiamine deficiency model of the disease [82,83]. This
profound failure in glutamate uptake causes excitotoxicity neuronal death and rapidly
developing cognitive deficiency.

Astrocytes are also affected in other types of dementia including frontotemporal dementia,
Pick's disease, frontotemporal lobar degeneration, thalamic dementia, HIV-associated
dementia and other non-Alzheimer's-type dementia. In all these pathologies both astroglial
atrophy and astrogliosis have been detected [84-86].

Niemann-Pick disease type C—Niemann-Pick disease type C (a progressive
neurodegeneration with hepatosplenomegaly; not to be confused with Pick's disease) results
from the loss-of-function mutations of genes encoding NPC-1 or NPC-2 proteins (which
cooperatively appear to function as transporters in the endosomal—-lysosomal system). These
proteins are present in astroglial perisynaptic processes and are believed to contribute to
synaptogenesis and synaptic maintenance [87].

Parkinson's disease—The role of astroglia in the pathogenesis of Parkinson's disease is
virtually unknown. In the post-mortem samples of the brain stem, significant astrogliosis
was detected. Incidentally, the substantia nigra (which is primarily affected by the disease)
contains a low density of astrocytes compared with other brain regions, and this reduced
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astroglial support can have certain pathological relevance. Experiments /n vitro
demonstrated the neuroprotective effect of astrocytes on dopaminergic neurons [88,89].

Huntington's disease—Astroglial pathology in Huntington's disease is characterized by
a decrease in the expression of EAAT2 and ascorbic acid [90], with these changes possibly
contributing to neuronal damage.

Psychiatric diseases

In all three major psychiatric disorders — that is, schizophrenia, bipolar disorder and major
depressive disorder — reduced numbers of astrocytes and signs for astroglial atrophy were
obtained. Contrary to the majority of other neurological diseases, the psychiatric conditions
are generally not associated with significant astrogliosis [91,92].

Demyelinating diseases

The main types of demyelinating diseases are represented by multiple sclerosis and
neuromyelitis optica or Devic's disease. Astroglial reactions in multiple sclerosis can be both
protective and toxic. Astrocytes can provide a link between oligodendroglia and vasculature
and thus can be critical for maintaining energy support of the latter. At the same time,
astrocytes in multiple sclerosis can contribute to myelin degradation and can release factors
toxic to oligodendroglia [93]. Neuromyelitis optica is an autoimmune disease associated
with an appearance of the so-called neuromyelitis optica immunoglobulin G autoantibody
that binds to astroglial water channels of the aquaporin-4 type, and thus can be considered as
a primary autoimmune astrogliopathology [16].

Conclusion

The intent of this review was to broadly summarize our understanding of the pathological
potential of astroglia. Astrocytes, the main homeostatic cells in the CNS, are intimately
involved in all types of neurological diseases and their reactions to pathological insults
represent an important part of neuropathology. Future experimental approaches need to
incorporate astrocytes as contributors to the etiology/pathology of neurological and
psychiatric disorders in order to form a more complete picture of how to medically
intervene. Thus, astrocytes could represent a fertile ground for novel interventions in
prevention, curing and/or slowing the progression of various disorders.

Future perspective

The main future challenges lie in two domains. First, the pathological potential of astrocytes
and the specificity of astroglial reactions in different diseases need to be characterised in
detail. We need to clearly understand the role of glial atrophy (both morphological and
functional) as an early (and possibly primary) mechanism of deficient homeostasis that
initiates malfunctions of brain tissue and weakening of synaptic connectivity with obvious
negative outcomes to the functional response. We also need to characterize the disease
specificity of astrogliosis and distinguish its neuroprotective and neurotoxic actions.

Second, we need to recognize astrocytes as potential therapeutic targets and start a specific
search for astroglia-related pharmacological agents. This area would also cover a variety of
interventions that would correct to dysregulated astrocytic signaling in the diseased brain; a
particularly fertile ground for intervention might present itself in astrocyte—microglia
signaling.
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Executive summary

Neuroglia in neuropathology

W Neuroglial cells are primarily responsible for the overall homeostasis of the
nervous system and are key elements of all neurological diseases.

Astrocytes act as the main homeostatic cells in the CNS

W Astroglia are represented by highly heterogeneous populations of cells residing in
both gray and white matter.

H Astrocytes assume overall responsibility for morphological and functional
homeostasis and are fundamental for maintaining the architecture of gray matter, for
ion, water and neurotransmitter homeostasis and for activity-dependent energy
supply to neurons.

Astrogliosis as a defensive reaction of astroglia

M Brain lesions initiate an evolutionarily conserved multistage defensive program
defined as reactive astrogliosis.

B Reactive astrogliosis is fundamental for the neuroprotection and trophic support of
insult-stressed neurons, isolation of the damaged area, reconstruction of the
compromised blood-brain barrier and regeneration of the lesioned region.

Astroglia & neurological diseases

W Astrocytes are involved in all neuropathologies. The genetic primary
neuropathology known as Alexander disease stems from the expression of mutant
GFAPthat affects astroglial function and results in severe damage to white matter.

M In ischemia, astrocytes are critically involved in the spread of damage through
after-stroke penumbra, thus defining the neurological deficit. Similarly, astrocytes
are critical for the development of spreading depression and migraine status.

B Deficits in astroglial metabolic cascades determine numerous metabolic disorders
such as hepatic encephalopathy, congenital glutamine synthetase deficiency or
aceruloplasminemia.

B Brain poisoning by heavy metals results from their primary action on astroglial
homeostatic function.

W Astrocytes are also affected in epilepsy.

Hl Astroglial morphofunctional dystrophy, combined with astrogliosis, determines
the pathogenesis of neurodegenerative diseases.

Conclusion

H Astrocytes, as main homeostatic cells in the CNS, are intimately involved in all
types of neurological diseases and their reactions to pathological insults represent an
important part of neuropathology.
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General pathophysiology of neuroglia.
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Types of astrogliosis (see text for further details).
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