
Neurotroxic vs neuroprotective
Glia functions



Neurotoxic Glia



Types of neurotoxicity

• Microglia neurotoxic cytokine release
ROS

• Astrocytes astrogliosys, Glu uptake reduction
Glu, tumorigenesis



Astrocytes
Role of astrocytes in a micro-environment dependent-
mode. 

Functions of the astrocytes in 
physiological conditions, which are in 
favor of the homeostasis of the nervous
tissue.



Astrocytes
Role of astrocytes in a micro-environment dependent-
mode. 

Reactive astrocytosis, 
which has a double 
function highly
discussed, one for cell
death and one for pro-
neuroprotection
probably in a context
dependent-mode.



Astrocytes
Role of astrocytes in a micro-environment dependent-
mode. 

Astrocytes with genetic
modifications by reduced
expression of some 
upregulated genes, which
would allow preserve them
as a neuroprotective
source for promoting
neuronal survival; although
the mechanism of how
they could maintain this
state of neuroprotection
for longer time is still
unknown (?).



Astrocytes
Role of astrocytes in a micro-environment dependent-
mode. 



Astrocytosis



Astrocytosis



Astrocytosis



Astrocytosis



Brain Injury and Reactive Astrogliosis
• ~ 24 - 48 hr→
• Hypertrophy & Proliferation
• ↑ expression of GFAP
• Isolate the lesion

Reactive astrocytes may have a beneficial effect
Buffering extracellular K+
Removing excess glutamate
Repair of the extracellular matrix
Reestablishing BBB integrity
Provide trophic support for neurons
Reduce inflammatory response

Astrocytosis



Astrocytes and Epileptic Seizures

Epileptic discharges through local paroxysmal depolarization shift (PDS) driving
groups pf neurons into synchronous bursting activity.

-- Ca2+ increased in Astrocyte

– PDS - like epileptiform responses
in neighboring neurons

– PDS in nearby neurons in in-vitro
epilepsy models with blocked
synaptic transmission

– Anti-epileptics reduced Ca2+
signal in astrocyte

Tian et al.:An astrocytic basis of epilepsy (Nature Medicine, 11 (2005)



Epilepsy and astrocytes
– in astrocytes from epileptic foci mGluRs are overexpressed 

by a factor of about 20 (rat models and human)  (Ulas et al., Glia 30, 
352 (2000), Tang and Lee, J. Neurocytology, 30, 137 (2001),  Aronica 
et al. Europ.J. Neurosci., 12, 2333 (2000),

– Enhanced IP3 Hydrolysis and increased Ca2+ spikes during
epileptic seizure (Ong et al. J. Neurochem. 72, 1574 (1999)

– More spontaneous astrocytic calcium spikes in epileptic 
(Tashiro et al., J. Neurobiol. 50, 45 (2002)



Amyotrophic Lateral Sclerosis (ALS)



Amyotrophic Lateral Sclerosis (ALS)
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Amyotrophic Lateral Sclerosis (ALS)



Glia-mediated neurotoxicity in SOD-
dependent ALS

• Patients with ALS develop neuroinflammation
(astro- and micro-gliosis)

• microgliamut produces ROS (NADPH oxidase)
• astrocytesmut express lower levels of GLT-1
• astrocytesmut express high levels of 

chromogranin A, which induces release of 
SODmut which activates microglia







Spinocerebellar Ataxia (SCA)







Glial neurotoxicity in SCA7

• polyQ expansion in the antaxin7 gene 

• Bergmann glia expresses less GLAST





Hungtinton Disease





Glial
in Hungtinton Disease

• Indirect evidence of microglial involvement
using minocycline

• Mutated protein Huntingtin (HTT) 
accumulates in the nucleus of the astrocytic
cells, reducing the expression of GLT-1

https://en.wikipedia.org/wiki/Protein
https://en.wikipedia.org/wiki/Huntingtin


Parkinson’s Disease



Parkinson’s Disease



MPTP-induced parkinsonism: 
an historical case series

In 1982, seven young adults developed severe  and  irreversible
parkinsonism shortly after  they injected themselves with  a  
new  synthetic heroin.1  Sample  analyses revealed that this
synthetic heroin consisted of 1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine  (MPTP),2  a  potent neurotoxin targeting  
neurons within the substantia nigra.



MPTP-induced parkinsonism: 
an historical case series

MPTP isn’t actually a drug, it’s an impurity in a drug. It happens if
you cook a synthetic heroin analog called 1-methyl-4-phenyl-4-
propionoxypiperidine at too high a temperature. Reactions are 
too fast and you end up with MPTP contaminating the drug.



MPTP-induced parkinsonism: 
an historical case series

MPTP is catabolized by monoamine oxidase-B in the brain into 1-
methyl-4-phenylpyridinium, which is a potent neurotoxin that
selectively and efficiently destroys dopaminergic neurons in the 
voluntary motor control area of the brain. The result is rapid and 
irreversible onset of Parkinson’s.

It didn’t cause Parkinson’s later in life, it caused Parkinson’s later
that week.



MPTP-induced parkinsonism: 
an historical case series



PD-associated motor deficits are characterized by nigrostriatal
dopaminergic-neuron loss.
The parkinsonian protoxicant MPTP is activated in the central
nervous system (CNS) by astrocytic monoamine oxidase-B to form
the active toxicant 1-methyl-4-phenylpyridinium (MPP+).
Membrane-impermeable MPP+ is taken up by neurotransmitter
transporters into catecholaminergic neurons.
Inside cells, MPP+ inhibits mitochondrial complex I, reducing
mitochondrial ATP output and favoring ROS formation.

MPTP-induced
parkinsonism: 
the role of
astrocytes



In MPTP-exposed brains, different catecholaminergic populations show large 
sensitivity differences, with a distinct nigrostriatal dopaminergic-neuron degeneration, 
reflecting the degeneration pattern in PD.
Intrinsic factors, such as MPP+ uptake and/or vesicular-sequestration kinetics, 
neuronal morphology, and intracellular Ca2+ handling, distinguish sensitive from 
resistant neuronal subpopulations in the MPTP model and in PD.
The neurotoxicant 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) causes a 
Parkinson’s disease (PD)-like syndrome by inducing degeneration of nigrostriatal
dopaminergic neurons. Studies of the MPTP model have revealed the 
pathomechanisms underlying dopaminergic neurodegeneration and facilitated the 
development of drug treatments for PD. 

MPTP-induced parkinsonism





Glial neurotoxicity in PD

• The MPTP toxicity is due to its conversion to 
MPP+ by monoamine oxidase B. MPP+ is
uptaken by neurons expressing specific
transporters

• Microglia determines neurotoxicity producing
NO





Potential neuroprotective pathways of 
astrocytes in PD

Genetic mutations, environmental
toxicants, or a combination of 
both may induce nigral
dopaminergic neurotoxicity
through mechanisms such as
mitochondrial dysfunction and 
insufficient degradation of 
misfolded proteins. 



Potential neuroprotective pathways of 
astrocytes in PD Astrocytes may mediate 

neuroprotection through the 
following pathways. 
1) Release of trophic growth

factors, such as bFGF, GDNF, 
and MANF). 

2) Release of glutathione (GSH), 
which is then cleaved by -
glutamyltranspeptidase on 
astrocytic plasma membrane to 
generate glutamate and 
cysteinylglycine, which serves
as precursors for neuronal GSH 
synthesis



Potential neuroprotective pathways of 
astrocytes in PD 3) Activation of the transcription

factor Nrf2 leads to expression of 
genes containing the antioxidant
response element (ARE), 
including
-glutamylcysteine synthetase
(GS), which is involved in GSH 
synthesis. 
4) Activation of the transcription
factor Nurr1, which suppresses
the production of inflammatory
cytokines. 
5) Removal and degradation of 
cytotoxic molecules, such as -
synuclein.



Potential neurotoxic pathways of astrocytes in PD. 
Astrocytes may also
adversely affect the 
survival and function of 
dopaminergic neurons
through the following 
mechanisms: 

1) Release of 
proinflammatory
cytokines under 
pathological conditions
such as accumu- lation of 
aggregated alpha-
synuclein



Potential neurotoxic pathways of astrocytes in PD. 

2) Monoamine oxidase-B 
(MAO-B) mediated release 
of cytotoxic molecules
such as dopamine-related
oxidants and MPP�-like 
organic cations through
the organic cation
transporter (Oct3) into the 
extracellular space where
they are subsequently
transported into DA 
neurons through the 
dopamine transporter
(DAT). 



Potential neurotoxic pathways of astrocytes in PD. 

3) Astrocytes can also
release adenosine (ADO) 
directly or indirectly via 
ATP. ADO may increase
movement disorders in 
patients with PD through
the A2A receptors in 
striatal medium spiny
neurons. 



Cerebral ischemia

• GLOBAL: astrocytes are relatively resistant to 
ischemia and become activated

• FOCAL: in the "core" area the astrocytes also
die, in the "penumbra" it happens more 
slowly and following the acidification of the 
LEC and formation of the ROS



Ischemic stroke



Astrocytic alterations

Ischemia
• the reduction of ATP production causes the cell to 

depolarize with reversal of Glu transport
• the increase in [Ca2+]i can induce vesicular fusion
• acidosis and the reduction of [Ca2 +]e can promote

the exit of Glu through emi-channels
• ATP released by dead cells actives P2X7 which

induces the release of Glu
• cerebral edema activates volume-sensitive channels

that allow Glu to pass





Astrocytic role in Cerebral Ischemia 

– propagate the "dead zone" from the core to the 
penumbra through Ca2 + waves and the "spreading
depression" waves

– the latter are induced at a frequency (1 every 15 
min) are induced by the high [K +] in the area 
around the core and are related to cell death in the 
ischemic zone



Three mechanisms: 1 lactic acidosis

• Astrocytes have important glycogen stores: 
lactic acidosis prevails during ischemia

• The lowering of the pH induces an activation
of the Na + / H + exchanger and the Na + input 
leads to the Na + / Ca2 + transport inversion
with Ca2 + overload in the astrocytes



Three mechanisms: 2 Glutamate release

• The increase of Ca2 + in astrocytes induces release of 
ATP and Glu. ATP stimulates P2Y and generates waves
of Ca2 +, P2X and increases the release of Glu to which
they are permeable (as well as Ca2 +) [ATP adenosine]

• Glu vesicular release
• The reduction of the value of Vm (-20mV) causes an 

inversion of the Glu transporters that pump it outside
the cell

• Astrocytic swelling activates volume-activated channels
(VRAC) that are permeable to anions

• Vesicular release of d-ser following Ca2 + increases
induced by AMPAR activation



Three mechanisms: 3 modulation of gap 
junctions and hemanal

• The gap junctions are closed (partially)

• The emichals open (pass Glu, glutathione)





Neurotoxic action of glia in glioma

• Glioma cells express a Glu-cystine exchanger
which increases the[Glu]e

• The infiltrating microglia produces TGF-β 
which promotes tumor growth







glioblastoma multiforme (WHO, IV grade)

• grows in a space confined by cranium
• does not disseminate through blood stream
• diffuse invasiveness into brain parenchyma

• migrate into the CNS along nerve fibers and 
blood vessels



glioma migration and ion channels

Sontheimer, 2008



Ion channels involved in glioma migration

• K+ channels (Ca2+ activated: BK, IK) 

• Cl- channels (voltage-activated: ClC2, ClC-3)

• Ca2+-permeable AMPA receptors
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Glioma glutamate release



Neuroprotective action of the glia

The good and bad of glial activation



The microglia "resting" is continuously in activity with 
its processes







Microglial branch movement in normal and injured brain.

Microglia adesion molecules

ATP, UTP, ADP

P2Y

emichannels

Damaged neuron

microglia

astrocytes



ON and OFF signals control microglia





Microglia “activation”



Microglia phenotypes



Microglia phenotypes



ischemia
• Microgliosis reactive :
– Local microglia activation

– Expansion and migration of local microglia

– Infiltration from the bone marrow of precursors
that differentiate into microglia

The Journal of Neuroscience, March 7, 2007 • 27(10):2596 –2605
Selective Ablation of Proliferating Microglial Cells Exacerbates Ischemic Injury in the Brain
Melanie Lalancette-Hebert, Genevieve Gowing, Alain Simard, Yuan Cheng Weng, and Jasna Kriz





Microglia phagocitosys



Microglia phagocitosys



Damage pattern of the entorhinal cortex

• Axonal damageMicroglial migration (3 d)
• Dendritic degeneration (8 d)
• MHC I-dependent process

J Neuroscience (2004 ) 24:8500–8509
CXCR3-Dependent Microglial Recruitment Is Essential for Dendrite 

Loss after Brain Lesion
A Rappert, I Bechmann, T Pivneva, J Mahlo, K Biber, C Nolte, A D. Kovac, C Gerard, 

HWGM Boddeke, R Nitsch, and H Kettenmann



Receptors involved in μglia phagocytosis



Multiple sclerosis

• Phagocytic cells in the perivascular zones of 
active inflammatory lesion

• Microglia phagocyte actively detritus of 
myelin

• EAE improved by the addition of TREM2 + cells
(triggering receptor expressed on myeloid
cells)



Multiple sclerosis



Microglia in Alzheimer’s disease
• Proliferation and activation of microglia in the brain, concentrated around

amyloid plaques, is a prominent feature of Alzheimer’s disease (AD). 

• Human genetics data point to a key role for microglia in the pathogenesis of 
AD. The majority of risk genes for AD are highly expressed (and many are 
selectively expressed) by microglia in the brain. 

• There is mounting evidence that microglia protect against the incidence of AD, 
as impaired microglial activities and altered microglial responses to β-amyloid
are associated with increased AD risk. 

• On the other hand, there is also abundant evidence that activated microglia can 
be harmful to neurons. Microglia can mediate synapse loss by engulfment of 
synapses, likely via a complement-dependent mechanism; they can also
exacerbate tau pathology and secrete inflammatory factors that can injure
neurons directly or via activation of neurotoxic astrocytes.

• Gene expression profiles indicate multiple states of microglial activation in 
neurodegenerative disease settings, which might explain the disparate roles of 
microglia in the development and progression of AD pathology.



Microglia in Alzheimer’s disease



Microglia in Alzheimer’s disease



Microglia in Brain Tumors

• Glioblastoma is the most common and most malignant primary adult human brain 
tumour. 

• Treatment resistance and tumour recurrence are the result of both cancer cell
proliferation and their interaction with the tumour microenvironment. 

• A large proportion of the tumour microenvironment consists of an inflammatory
infiltrate predominated by microglia and macrophages, which are thought to be 
subverted by glioblastoma cells for tumour growth. 

• Thus, glioblastoma-associated microglia and macrophages are logical therapeutic
targets..



Microglia in Brain Tumors


