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Abstract

The dominant focus of neuroscience has long been neurons and synapses; thus, under the neuronal doctrine, the
pathophysiology of psychiatric disorders has come to be recognized, ignoring other types of CNS cells. Many cells,
including neurons and glial cells, make up our brain: astrocytes, oligodendrocytes, NG2 cells, microglia and ependyma.
Neurons were known to be the brain's basic information processing unit, so much of the neurological research was
based solely on neurons. Recent research, however, show that glial cells are far more than just the "glue" binding the
CNS neurons together. Glial cells provide neurons with support functions and they are much more numerous than
neurons. A novel theory has shown that glial and neurons can talk and understand the same chemical language, so glial
cell dysfunction results in abnormal neuro - glial interactions, which in turn impairs neuronal cell functionality. It can
shed new light on the explanation of several mysterious aspects by digging up the glial functions and further
comprehension of these vital cells, and the interaction between neurons and glial.

The current situation and new findings related to the CNS glial and their role in the neural network are briefly reviewed.
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1. Introduction

In the central nervous system (CNS), glial cells are the most abundant cell type and play an important role in maintaining
brain homeostasis, forming myelin and providing neuron support and defense, etc.

Generally, the word neuroglia is translated as nerve glue. This has been used in the recent past to characterize passive
structural cells. This view has currently been questioned and the actual complex and multifunctional existence of
neuroglia is beginning to be understood.

Neuroglia [1] is sub classified into central nervous system (CNS) glial and peripheral nervous system glial (PNS). CNS
glial includes astrocytes, microglia, oligodendrocytes, and NG2-glia (also known as polydendrocytes).

Astrocytes are the most common type of cell in the human brain, contributing to brain homeostasis through neuronal
metabolism control, CNS inflammation modulation, and direct/indirect synaptic transmission such as MNDA receptors
[2, 3]. For different neurological disorders, astrocyte dysfunction has been important [4]. Recent studies have
demonstrated irregular expression in the postmortem brain of patients with schizophrenia and significant affective
disorders of glial fibrillary acid protein (GFAP) - a prototypical astrocyte marker [5-7]. Moreover, recent rodent studies
have indicated that anxious and depressed behaviors are modulated by astrocytes [8, 9]. On the other hand,
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antidepressant direct modulating effects have also been revealed [10-13]. Astrocytes are also expected to be a novel
therapeutic target for different psychiatric conditions, such as major affective disorders and bipolar disorders [14, 15].

Via formulating myelin around axons, oligodendrocytes contribute to brain growth and homeostasis in the brain,
promoting neuronal networks in the brain. New oligodendrocyte functions, such as the monitoring of neuronal activities
through myelin-forming oligodendrocytes [16] and the modulation of the conduction velocity of action potentials along
axons in the rat hippocampus [17], have recently been established. Oligodendrocyte dysfunctions have been reported
from a series of genetic studies [18, 19], postmortem studies [20-22], and diffusion tensor imaging (DTI) studies [23-
27] in psychiatric disorders, in particular schizophrenia and major affective disorders.

Microglia are special mesodermal glial cells that function as ‘'brain macrophages’ in the brain;
immunological/inflammatory actors pass around and release cytokines and free radicals [28, 29]. Via inducing
inflammation and oxidative stress, microglia have thus shown to play an important role in various brain pathologies,
such as neurodegenerative diseases and neuropathic pain [30-32]. Lifelong oligodendrocyte precursors function as
NG2-glia.

PNS neuroglia include (a) Schwann cells (additionally subdivided into three: myelinated Schwann cells covering myelin-
containing axons; non-myelinated Schwann cells covering non-myelinated Schwann cells and perisynaptic Schwann
cells covering neuromuscular junctions; (b) satellite glial cells protecting peripheral ganglion neurons; (c) olfactory glial
cells; and (d) enteric glial.

CNS and PNS neuroglia, together, are important for normal bodily function in the broadest sense.

2. Impact of stroke on astrocytes

Throughout the central nervous system (CNS), astrocytes weave their processes, assisting and defending fragile
neurons through the regulation of cerebral blood flow, cerebral metabolism, and neurotransmission [33, 34]. The
backbone of glial limitans, the unique blood-brain barrier (BBB) that sequesters the CNS away from the rest of the body,
is also formed by astrocytes [35]. The role of astrocytes in stroke pathology after a brain injury such as ischemic stroke
is complex, with evidence showing both beneficial and deleterious roles of astrocytes [36-40]. Astrocytes react robustly
following CNS insults, releasing proinflammatory mediators that recruit immune cells and initiate glial scar formation
to contain the injury area and restore the integrity of the BBB [35]. Nothing is currently understood, however, about the
interactions between astrocytes and the peripheral immune system following brain injury. Li et al. [41] report in PNAS
that IL-15 derived from astrocytes is a major driver of tissue damage and poor outcome after cerebral ischemia, an effect
that depends on IL-15's ability to specifically improve the activation and cytotoxic effecter functions of natural killer
(NK) cells and CD8+ T lymphocytes (Fig. 1).

Li etal. [41] identified IL-15 as one of the factors produced in large quantities by astrocytes isolated from the brains of
mice 24 hours after stroke using proteomic profiler array analysis. The Li et al. [41] study is the first to show that after
ischemic stroke, astrocytes are a major source of IL-15 in the CNS. Li et al. transgenically engineered mice to specifically
over express IL-15 in astrocytes to establish the function of IL-15 in stroke pathology. Although these mice displayed
no enhanced neuroinflammation under normal conditions, tissue damage and neurological impairment after
experimental ischemic stroke were aggravated by over expression of astrocytic IL-15 in transgenic animals. A
complementary analysis using IL-15 in vivo lentiviral knockdown in wild-type mice astrocytes resulted in decreased
tissue damage and improved neurological results, providing more evidence that IL-15 derived from astrocytes
aggravates the pathology of ischemic stroke.
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Figure 1 Astrocytes up- regulate IL-15 in response to inflammatory signals released by dying cell following ischemia.
Before being transported to the membrane surface, IL-15 complexes with IL-15R alpha are recognized by (infiltrating
NK cells and CD8+ lymphocytes, resulting in their activation (CD69 expression) and u - regulation (including IFN-y
production) of their cytotoxic effector functions, leading to cell-mediated immunity and further exacerbating brain
inflammation from astrocytes aggravates the pathology of ischemic stroke [68].

IL-15 is considered to peripherally play a crucial role in the maintenance and functioning of immune cells, including NK
and T lymphocytes [42, 43]. Li et al. [41] show that over expression of IL-15 in astrocytes led to increased penetration
into the brain after stroke of NK and CD8+ T lymphocytes. Importantly, no alterations were found in other infiltrating
peripheral immune cells or altered microglial polarization. The deleterious effects of astrocyte IL-15 over expression in
transgenic animals were alleviated by in vivo depletion of CD8+ T cells, NK cells, or both.

Subsequent studies have shown that astrocyte derived IL-15 improves the expression of the molecules required for
their activation and cytotoxicity, including CD69 and IFN-y, in NK and CD8+ T cells. These results indicate that astrocytic
IL-15 is a regulator of lymphocyte activation and cytotoxicity in the CNS following injury, along with previous studies
showing that NK and CD8+ T lymphocytes worsen tissue damage after ischemic stroke [41].

3. Neuroinflammation

Neuroinflammation is the neural tissue's complex innate immune response to restrain infection and generically remove
bacteria, cell debris, and misfolded proteins. Neuroinflammation initially plays a role in neural tissue fixation and
resolution as an integral component of CNS innate immunity. However, neuroinflammation becomes recurrent and
harmful to neuronal cells in chronic neurological diseases. Accumulating evidence indicates that one of the most
common pathologies in CNS diseases is neuroinflammation. Inflammatory reaction in the CNS is the product of all glial
cells contributing to the cumulative impact. Neuroinflammation, however, is different from inflammation in peripheral
tissues. This disparity is primarily due to the types of cells involved and how they interact with each other [44]. No
wonder, therefore, that the dynamic interplay between neuroimmunology and CNS diseases has sparked considerable
interest in recent years.

4, Initiation of inflammation in cns

The most motile cell in the CNS is microglia, the resident innate immune cell within the CNS. There are highly active
microglial processes. Also, in the resting state, they continuously search the parenchyma microenvironment [45]. In
harmful stimuli or abnormal states of the CNS, they are often triggered earlier than other glial cells [46]. Therefore, they
often serve as the first violin or play the sonata part of the CNS inflammation symphonies' beginning motion.

The most abundant cell type in the CNS is astrocytes. Their reactions to inflammatory stimuli, however, appear more
passive than microglia [47]. Microglia was once known to be involved in the first line of protection and
neuroinflammation by transmitting immune signals to astrocytes where the signals are eventually amplified and
propagated. However, as astrocytes have close contact with neurons and capillary vessels, astrocytes are known to
control neuron metabolism. In the CNS environment, for instance, astrocytes are essential regulators of ions and
neurotransmitters [48]. Astrocytes can also be known to show active parts in the initiation of inflammation in this
respect.
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Due to their high metabolic needs, oligodendrocytes are vulnerable to different insults [49]. In addition, close
communication with resident immune cells between cells derived from an oligodendrocyte lineage implies the role of
oligodendrocytes in triggering neuroinflammation caused by anti-myelin immunity diseases [50]. Therefore, its unique
characteristics and the nature of the inflammatory signals determine the specific role of each type of glial cell involved
in initiating various types of neuroinflammation.

5. Escalation of inflammation in cns

Reactive glial cells secrete abundant pro-inflammatory mediators during the development of inflammation to engage in
the opening of the BBB and recruit peripheral blood immune cells to penetrate into the parenchyma of the CNS and
clean up pathogens or damaged tissue debris. At the same time, to protect tissues from inflammatory signals determine
the specific role of each type of glial cell involved in initiating various types of neuroinflammation.
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Figure 2 Pro-inflammatory mediators of pro-inflammatory microglia (TNF-a, IL-6, IL-1f, IL-18, IL-23, IFN-y, NO, and
ROS) [69].

6. Escalation of inflammation in cns

Reactive glial cells secrete abundant pro-inflammatory mediators during the development of inflammation to engage in
the opening of the BBB and recruit peripheral blood immune cells to penetrate into the parenchyma of the CNS and
clean up pathogens or damaged tissue debris. At the same time, to protect tissues from secondary damage caused by
over activation of inflammation, the responses of glial cells and immune cells are coordinated. Both pro-and anti-
inflammatory responses can be stimulated simultaneously once the cascade is triggered. Glial cells may exhibit various
functions to deteriorate or mitigate tissue damage in this process. The different phenotypes of glial cells and their
interactions with each other determine the "two-sided" character of neuroinflammation. Understanding the underlying
mechanisms would be instrumental in intervening in the production of CNS diseases.

According to fig. 2, 'Two-sided' glial cell features and the pro-anti-inflammation equilibrium in the progression of CNS
neuroinflammation. In the development of neuroinflammation, activated glial cells grow into two classes of
counteracting phenotypes:

Secretion of pro-inflammatory mediators of pro-inflammatory microglia (TNF-q, IL-6, IL-1§, IL-18, IL-23, IFN-y, NO, and
ROS) and pro-inflammatory mediators facilitate toxic microglia differentiation. Secreted by activated microglia,
cytokines (IL-1 alpha/B, TNF-alpha, and C1q) induce toxic astrocytes that lead to neuronal and oligodendrocyte death.
In cellular debris clearance and tissue repair, the anti-inflammatory mediators (IL-4, IL-10, TGF-$, IGF-1, VEGF, BDNF,
and PDGF) of protective microglia are involved. Regulation of the pro-/anti-inflammation balance between cells of the
neuron and glial:

(a) Pro- and anti-inflammation target signaling pathways for intracellular inflammation and form positive/negative
feedback loops to promote/suppress the development of pro-inflammatory factors in microglia and astrocytes.
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(b) Inflammation-inhibiting pathways of contact-dependent signaling activity between neurons and microglia (CD200-
CD200R, CD22-CD45, CD172A-CD47, ICAM5-leukocyte, and 32-integrins) minimize inflammation processes.

(c) Paracrine soluble factor signaling pathways include chemokines (CXCL12-CXCR4, CX3CL1-CX3CR1 axis),
neurotrophic factors (GDNF, BDNF, TGF-f3, VEGF, CNTF, and HGF), and other secreted proteins among different glial cell
groups (galectin-1, 3, 9).

7. Components affecting glial cells

The fate of OLGs and myelination of neurons in the CNS is the most studied glial phenotype in NTF-deficient mice. To
become capable of myelinating neuronal populations, OLGs distinguish from OPCs [51]. Multiple factors [52] involving
many NTFs depend on their survival, maturation and functionality. It has been documented that neurotrophins and
CNTF family ligands contribute to the proliferation, migration, maturation, survival and myelination abilities of OLGs
and their precursors. Except NGFs, studies using different KO mice have advocated the presence of these NTFs.
Homozygous NGF-KO mice pose challenge not only in vivo but also in vitro early developmental stages [53]. Other in
vivo and in vitro studies, however, support the participation of NGF in the promotion of OPC proliferation and migration
[54].
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Figure 3 In normal and disease situations, expression of NTFs in glial cells and their effects on survival, differentiation,
and activation of glial. MS, multiple sclerosis; AD, Alzheimer's disease; ALS, amyotrophic lateral sclerosis; PD,
Parkinson's disease; SCI, spinal cord injury [70].

The neurotrophic factor and NT-3 derived from the brain have also been shown to contribute to oligodendrogenesis in
the CNS. An early research analysis by McTigueetal. (1998) showed that oligodendrogenesis following CNS injury was
promoted by neuronal grafts with either NT-3 or BDNF. In addition, deprivation of either resulted in decreased OPC
amounts, and decreased CNS neuron myelination. In the basal forebrain, both homozygous and heterozygous BDNF-
KOs had less NG2-positive OPCs, and decreased myelin protein levels were observed in homozygous animals throughout
growth.

Several studies indicate that CNTF also plays an important role in the maturation, proliferation, and survival of OLGs,
much like BDNF [54]. Up to adulthood, homozygous CNTF-KO animals have lower OPC numbers and less myelination
[55].

However, in adult species, this phenotype is found only after injury is introduced. Radial glial proliferation and
neurogenesis were also found to be decreased in the hippocampus of KO animals, according to another injury study
[56]. The delayed maturation of particular glial forms in the CNS can therefore be caused by CNTF deficiency.

Miiller glial, the most abundant type of glial cell in the retina, originates locally and is responsible for the structural,
nourishment, and metabolic support of retinal neurons. Though not supported by KO models, CNTF can enhance their
genesis. Most glial populations in the retina (microglia, OLGs, astrocytes) migrate from the optic nerve, except for Miiller
glial. For this reason, it is important to point out that the expression of NTFs in the CNS will directly correlate with the
retinal glial network.
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Table 1 Effects of exogenous NTF administration on glia in injury and disease models.

NTF Disease Model | Vector + Administration | Glial cell | Effects on glial References
(site, time) type

CNTF | SCI CNTF nanospheres | Astrocyte | Increased reactivity in | [57]
injected to lesion site 7 d contralateral gray matter on 7
post - surgery d after injection.

OLG Not enhanced long - term | [57]
survival on 4 weak after CNTF -
injection.

NGF | Mechanical NGF or NGF - like peptide | Astrocyte | NGF  or BB14 reduced | [58]
injury to sciatic | BB14 infused to spinal astrocytic reactivity injury at
nerve cord 3 -10 d post-surgery. 10 d post - injury.

NGF infused to spinal cord | Microglia | NGF or BB14 attenuated | [58]
7 - 14 d post - surgery. microglial reaction at 10 d post
- injury.

Astrocyte | NGF  attenuated astrocytic | [59]
reactivity and hypertrophy at

Microglia | 14 d post - injury.

No difference in phagocytic | [59]
microglia at 14 d post - injury.

BDNF | Ischemic Injection in the brain upon | Microglia | Increased microglial activation | [60]
stroke, surgery and phagocytic activity at 6 -
transient 24 hours after reperfusion (IL -

10 increases, TNF - «
decrease).
Intranasally 2 hour after | Microglia | Increased microglial activation | [61]
reperfusion onset (4 hour and phagocytic activity at 6 -
after surgery) 24 hours after reperfusion (IL -
10 increases, TNF - «
decrease).
Injection (I.V.) at 24 hours | OLG Increased proliferation in SVZ | [62]
after ET -1 injection. on 7 d after BDNF injection and
maturation in lesion area on 28
d, restored myelin integrity.
GDNF | SCI Injection upon surgery to | Microglia | Increased phagocytic microglia | [63]
spinal cord. in the spinal cord at 1 weak
post - injury.
Astrocyte | Not affected astrocyte. [64]
Injection of GDNF - | Microglia | Not affected microglial
nanoparticles upon reactivity. [64]
surgery to spinal cord.

MANF | Ischemic AAV7 - MANF | Microglia | Increased the number of | [65]
stroke, intracerebral injection 2 d phagocytic microglia in the peri
transient post - injury - infarct region at 4 d.

NT-3 | MS Injection upon injury to | OLG Increased mature | [66]
Mechanical corpus callosum. oligodendrocytes at 15 d
injury in optic | Intravitreal injection upon | Microglia | Decreased microglial | [67]
nerve surgery. activation on 7 d in the nerve

fiber layer.

8. Conclusion

In addition to having a passive and supporting role, it is increasingly clear that glial cells often make other important
contributions to the CNS, which are necessary for brain homeostasis, growth, and functions, and also participate in a
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variety of neurological diseases. Glial cell study, however, has been hindered by a series of challenges including
difficulties in cultivating them in vitro, restricted accessibility of human neural tissues, altered features by the isolation
method, and insufficiency of rodent animals in modeling human diseases involving glial cells due to the significant
differences in morphology, function, and cell type distributors.

Maybe the reconsideration of the value of glial in neuropathology would be the key development in the near future. The
neurocentric view has been questioned and it is starting to understand the understudy of neuroglia. It remains,
however, that glial science, compared to that on neurons, is just a drop in the ocean. Glioma pathology is varied and
nuanced and is usually characterized frequently in combination and in a disease-specific way, by degeneration, a loss of
important homeostatic functions and pathological remodelling. At the early stages of neurodegenerative disorders,
degenerative changes in astrocytes and oligodendrocytes are identified and are the leading morphological changes in
major psychiatric diseases and in brain ageing. Microglia plays a part in these events in childhood, but its operation
dictates the overall neuroprotective or neurodestructive status of the CNS, and improvements in the immune system of
the brain are related to the aging of the human brain. Glial cells' true potential as therapeutic targets are largely
untapped. It may be an overstatement to say that the failure in the last 100 years to cure neurodegenerative diseases is
because most researchers have been looking in the wrong direction, but for sure, for another 100 years, we cannot
afford to ignore nerve glue.
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