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neuron-astrocyte cross-talk and calcium homeostasis
…..pathological implications

Chavda et al. Brain Sci. 2022 Jan; 12(1): 75 
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8773743/
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Glial cells forming myelin (oligodendrocytes in CNS and Schwann cells in PNS, respectively) play key roles during 
development and in the adult life, in health and disease, also interacting with other cells, mainly neurons. 
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Nishiyama et al. 2009 Nature Review Neuroscience

Oligodendrocyte precursor cells

OPC



Cherchi F. IJMS 2021    10.3390/ijms22147277
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Bergles et al. Nature 2000

Neuron-OPC synapses (GLUTergic and GABAergic) exist in 
both white matter and grey matters

Bergles et al. Nature 2000
Lin et al. Nat Neurosci 2004
Lin et al. Neuron 2005
Jabs et al. J Cell Sci 2005
Ge et al. Science 2006
Kukley et al. Nat Neurosci 2007
Zinski  et al. Nat Neurosci 2007
Karadottir et al. Nat Neurosci 2008
Velez-Fort et al. J Neurosci 2010

Neurons make bona fide synaptic connections with OPCs
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Glutamate receptors are important for synaptic transmission

García-Gaytán et al, Frontiers Endocrinol, 2022

mediate synaptic transmission regulate synaptic transmission
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Functional glutamate receptors in oligodendrocytes

O2-A progenitor cells

1-day old rat, 
cerebellar culture

Currents mediated by AMPA/kainate receptors

O2-A progenitors from cerebellum or optic nerve

Wyllie et al, J Physiol, 1991
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What is the function of glutamate receptors in OLIGO cells?

dominating concept for many years: 

Glutamate receptors mediate damage of

OLIGO during diseases
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Damage to oligodendrocytes 

mediates/triggers/accompanies many diseases



OPCs receive glutamatergic

synaptic input from

neurons in different brain

areas including:

- cerebral cortex

- hippocampus

- cerebellum

- brain stem

- ventrobasal thalamus

- corpus callosum

- optic nerve

20 µm

1 pA

5 ms

200 µm

Kukley et al, Nat Neurosci, 2007

Bergles et al, Nature, 2000

Hippocampus

Optic nerve

AMPARs mediate synaptic input between neurons and OPCs 

in grey and white matter of the brain 
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Kougioumtzidou et al, Elife, 2017

OPC

axon

Experimental paradigm:

AMPAR 
KO

Reduced number of oligodendrocytes

Increased  number of apoptotic 

oligodendrocyte lineage cells

Result:

No synaptic currents

Knockout of the GluA2, GluA3, & GluA4 subunits of AMPARs 

in OPCs in vivo results in loss of oligodendrocytes
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• Regulate balance proliferation/differentiation of OPCs in developing and

adult brain

• Regulate survival of oligodendrocytes

• Contribute to damage of oligodendrocytes and axons in multiple

sclerosis model

……….role in CNS myelination???

SUMMARY of GLUTAMATE and AMPAr in OLIGO
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• An intrinsic and innate program can initial 
myelination 

• Throughout the life span myelin
remodeling in the CNS is a dynamic 
process, modulated by learning and social 
interaction

• Neuronal activity induces myelin 
remodeling

hypothesis of Activity-Dependent Myelination
in the CNS
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Kellar et al., 2017 Current Opinion in Neurobiology

Myelination is a multi-step process 
and can be remodeled in various forms
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How do OPCs integrate neuronal synaptic inputs?

• Manipulations of the neuron-OPC synaptic transmission directly impact the 
proliferation, differentiation of OPCs……. and subsequent myelination ??

• Neuron-OPC synaptic networks are critical in mediating neuronal Activity-
Dependent Myelination
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K+ Na+

Chittajallu et al. J Physiol 2004

De Biase et al. J Neurosci 2010

Akopian et al. Glia 1996

OPCs express substantial amount of 
voltage-gated ion channels
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• OPCs are effective integrators of synaptic activity

• OPCs exhibit Ca2+ excitability in two forms: 

• a local synaptic depolarization resulting in compartmentalized 
dendritic Ca2+ signaling 

• a large somatic depolarization-induced global integration leading to 
massive Ca2+ influx throughout the entire dendritic arbor

SUMMARY

The activity-dependent control of Ca2+ signals by ion channels makes 
intracellular Ca2+ in OPCs a prime signaling molecule to transform 
neurotransmitter release into Activity-Dependent Myelination



Luca F. Castelnovo

mPRs in Schwann cells

Schwann cells

development, maturation and differentiation

Castelnovo et al., Neural Regen Res 2017
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ATP/P2Y

P2X7/P2X4

Ach/Musc

GS/mGluR
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GABA

25
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GABA is the main NT in CNS

at least mM conc !

•Substantia nigra
•Globus pallidum
•Corpi 
quadrigemini
•Corteccia 
cerebrale
•Cervelletto 
•Ippocampo
•Ponte/bulbo
•Sostanza bianca

Frontal Cortex

Nucleus Accumbens

Olfactory Bulb

Cerebellum

HippocampusRoma Dic2023



GABAA subunits are differentially distributed in the brain

Reproduced from Fritschy & Mohler 1995
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GABA A-alpha2

GABA A-alpha3

Melcangi RC et al, JNR 1999

Magnaghi V. et al, E.J.N. 2004

Magnaghi V. et al, Brain Res. Rev. 2005

Magnaghi et al., JMN 2006

Magnaghi et al. Mol Cell Neurosci 2008

Magnaghi V. et al., J Neurochem. 2010

Perego C. et al. J. Cell Physiol 2011

Faroni A. J Mol Neurosci. 2012

Magnaghi V. et al. Front  Cell Neurosci 2013

Faroni A. et al. GLIA 2014

Melfi S. et al. Molec. Neurobiol. 2018

Faroni A et al Mol Neurobiol 2019
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GAD65/GAD67

in cytosol of SCs

GABA

released from SCs

Magnaghi et al.. GLIA 71:2023

DOI: 10.1002/glia.24419
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conditional KO GABA-B1 

…..shift myelinated Abeta/delta vs C fibers

GABA-A rec (medium/long-term) 
increases the proliferation and 
the myelin proteins expression  

in Schw cells
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Assessment of neurites outgrowth (length in μm) by using a mouse anti-βIII-tubulin 
antibody. Average neurite length was significantly reduced (p < 0.05) in DRG neurons 
from P0-GABA-B1fl/fl mice. Values are means ± SEM(n = 6)

DRGs of P0-GABA-B1fl/fl mice showed less sprouting

32

Melfi S. et al. Molec. Neurobiol. 2018
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GABA machinery is present in the Schwann cells of the PNS

33

• GABA-A rec, via PK-A and PK-C signalling, controls the GABA
synthesis and supplies an autocrine loop that in turn regulates
proliferation and myelination

• The Schwann cells are a target but also a source of GABA
(synthesis, uptake and release)

• GABA-B rec, NRG1-3/Erb signaling, controls the number of
unmyelinated fibers likely participating in axonal sorting and
nociception
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GABA

GAD

GAD

Schwann cell

?

Presynaptic 
inhibition

DRG
neuron

Myelinating
Schwann cell

Remak bundles
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extracellular recording of Compound Action Potential (CAP) from sural nerve
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Bonalume et al. J Physiol 2021

…traces represent 

axonal changes and 

C-fibers responses
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GABA generates an axonal depolarization in peripheral sensory C fibers

Bonalume et al. J Physiol 2021

EC50=31.28 uM
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GABA-evoked depolarization, in peripheral sensory C fibers, involves NKCC1

Bonalume et al. J Physiol 2021
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GABA depolarization is activity dependent and long-lasting

The high-freq stimulation 
(up to 2.5 Hz) potentiates 
the GABA-evoked currents

This activity dependent 
sensitization to GABA is 

long-lasting

Bonalume et al. J Physiol 2021

…..GABA-evoked TONIC depolarization along C-fibers!!
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GABA generates a depolarization in peripheral sensory C fibers

Bonalume et al. J Physiol 2021
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Axonal GABAAR composition in PNS

specific pharmacology: gaboxadol… -subunitsubunit expression

the peripheral axonal GABAAR in 
nociceptor is mainly formed by a 

232 constellation

Bonalume et al. J Physiol 2021

(Gaboxadol)

Myelinated fibers

Un-myelinated fibers
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GABA-evoked depolarization is potentiated by inflammation:

evident and fast depolarization …

Bonalume et al. J Physiol 2021

INFLAMMATION: acute and chronic pain
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Bonalume and Magnaghi, Neural Reg Res  2023

…..maintainance of nociceptive firing!!…..stabilize axonal excitability
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• GABA is synthesized and released by Schwann cells

• GABA depolarizes nerve axons and enhances C-fiber
excitability via GABA-A rec

• Action potential activity in unmyelinated C-fiber is coupled
to NKCC1 activity and Cl- flux

• NKCC1 maintains feedforward stabilisation of C-fiber
excitability and allows sustained firing, even during
inflammation

SUMMARY of GABA cross-talk in PNS

44Roma Dic2023


	Diapositiva 1
	Diapositiva 2
	Diapositiva 3
	Diapositiva 4
	Diapositiva 5
	Diapositiva 6
	Diapositiva 7
	Diapositiva 8
	Diapositiva 9
	Diapositiva 10
	Diapositiva 11
	Diapositiva 12
	Diapositiva 13
	Diapositiva 14
	Diapositiva 15
	Diapositiva 16
	Diapositiva 17
	Diapositiva 18
	Diapositiva 19
	Diapositiva 20
	Diapositiva 21
	Diapositiva 22
	Diapositiva 23
	Diapositiva 24
	Diapositiva 25
	Diapositiva 26
	Diapositiva 27
	Diapositiva 28
	Diapositiva 29
	Diapositiva 30
	Diapositiva 31
	Diapositiva 32
	Diapositiva 33
	Diapositiva 34
	Diapositiva 35
	Diapositiva 36
	Diapositiva 37
	Diapositiva 38
	Diapositiva 39
	Diapositiva 40
	Diapositiva 41
	Diapositiva 42
	Diapositiva 43
	Diapositiva 44

