Cross-talk fra neuroni
e cellule della mielina:

neurotrasmissione o gliotrasmissione ?
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neuron-astrocyte-microglia cross-talk and calcium homeostasis
.....pathological implications

Chavda et al. Brain Sci. 2022 Jan; 12(1): 75
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Roles for gliotransmission in the nervous system

Q. Zhang and P. G. Haydon

Department of Neuroscience, School of Medicine, University of Pennsylvania,
Philadelphia, PA, USA
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Neurons make synaptic connections with OPCs

average mini

Bergles et al. Nature 2000

Neuron-OPC synapses (GLUTergic but also 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 Neurosci2007
Karadottir et al. Nat Neurosci 2008
Velez-Fort et al. J Neurosci2010
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Glutamate receptors are important for synaptic transmission

h Glutamate Receptors ——
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Garcia-Gaytan et al, Frontiers Endocrinol, 2022
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Functional glutamate receptors in oligodendrocytes

0O2-A progenitor cells

25 um

1-day old rat cerebellar culture
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Currents mediated by AMPA/kainate receptors
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What is the function of glutamate receptors in OLIGO cells?

Ca?*-permeable
AMPAR

Oligodendrocyte

dominating concept for many years:
GLUT receptors mediate damage of

OLIGO during diseases
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Damage to oligodendrocytes
mediates/triggers/accompanies many diseases

Demyelinating Disorders (CNS)

(1) Inflammatory/ (2) Infectious diseases (3) Granulomatous  (4) Myelin disorders (5) Toxic/ metabolic
immune disorders diseases , disorders
* HIV * Metachromatic
+ MS - PML « Sarcoidosis leukodystrophy » B12 deficiency
» Optic Neuritis * Lyme disease « Wegner » Adrenoleukodystrophy/ » Central pontine
+ ADEM + Neurosyphilis granulomatosis adrenomyeloneuropathy myelinolysis
« Paraneoplastic « HTLV-1 * Lymphoid » Globoid cell (Krabbe's) » Carbon monoxide
encephalomyelitis granulomatosis leukodystrophy + Radiation
» Rheumatoid arthritis * Alexander disease * PRES
« Systemic lupus « Canavan disease
erythematosus

» Behget's disease
» Sjorgen disease
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KO of GluA2, GluA3, GluA4 subunits of AMPARs
in OPCs in vivo results in loss of oligodendrocytes

axon\
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SUMMARY of GLUTAMATE and AMPAr in OLIGO

* Regulate balance proliferation/differentiation of OPCs in developing and

adult brain

* Regulate survival of oligodendrocytes

* Contribute to damage of oligodendrocytes and axons

.......... role in CNS myelination???
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hypothesis of Activity-Dependent Myelination
in the CNS

e 9

Innate

® An intrinsic and innate program
can initial myelination

Myelin profile established in development % §

® Through the lifespan myelin
remodeling in the CNS is a _ -
dynamic process, modulated by Adaptive Neuronal Motor leaning Social
learning and social interaction activity interaction

® Neuronal activity induces myelin
remodeling

Experience and neuronal activity continue L \¢
to drive oligodendrocyte lineage and LI S
\Tyelin profile alterations
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NG2 glial cells integrate synaptic input in
global and dendritic calcium signals

Wenijing Sun*, Elizabeth A Matthews’, Vicky Nicolas’, Susanne Schoch?,
Dirk Dietrich'™

‘Department of Neurosurgery, University Clinic Bonn, Bonn, Germany; 2D(-}partm(-}nt
of Neuropathology, University Clinic Bonn, Bonn, Germany

Abstract Synaptic signaling to NG2-expressing oligodendrocyte precursor cells (NG2 cells)
could be key to rendering myelination of axons dependent on neuronal activity, but it has remained
unclear whether NG2 glial cells integrate and respond to synaptic input. Here we show that NG2
cells perform linear integration of glutamatergic synaptic inputs and respond with increasing
dendritic calcium elevations. Synaptic activity induces rapid Ca®* signals mediated by low-voltage
signals can be global and originate throughout the cell. However, voltage-gated channels are also
found in thin dendrites which act as compartmentalized processing units and generate local calcium

transients. Taken togetheri the activitx-deeendent control of Ca®* signals bx A-type channels and
the global versus local signaling domains make intracellular Ca”" in NG2 cells a prime sisnaling

molecule to transform neurotransmitter release into activity-dependent myelination.
|
DOI: 10.7554/elite.16262.001
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Ca?* transients in dendrites are locally evoked
and mediated through voltage-gated Ca%* channels
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The plasma membrane Na+fcaZ+ exchange inhibitor KB-R7943 . J Neurosci. 2014 Jul 9;34(28):3182-9189. doi: 10.1523/JNEURDSCL0339-14.2014 &3
is also a potent inhibitor of the mitochondrial Ca?* uniporter

Roma Dic2024 JSanto-Domingo, L Vay, E Hernandez-SanMiguel, C D Lobatén, A Moreno, M Montero, | Alvarez &4 Inhibition of A-Type Potassium Current by the Peptide Toxin SNX-482



SUMMARY

OPCs exhibit Ca%* excitability through local synaptic depolarization
in dendrites and soma

The activity-dependent control of Ca?* signals by ion channels
makes intracellular Ca?* in OPCs a prime signaling molecule to

transform neurotransmitter release into Activity-Dependent

Myelination
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Schwann cells
development, maturation and differentiation

Mature myelinating SC

|

e :. 1 ;
Pro-myedinating SC

- ) W : Repairing SC
neural crest cell SC precursor Immature 5C \ ’.
L)

Castelnovo et al., Neural Regen Res 2017

Non-myelinating SC
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Response of Schwann Cells to
Action Potentials in

Development
Beth Stevens and R. Douglas Fields*

ATP/P2Y

Sensory axons become functional late in development when Schwann cells (SC)
stop proliferating and differentiate into distinct phenotypes. We report that
impiilse activity in premyelinated axons can inhibit proliferation and differen-
tlation of SCs. This neuron-glial signaling is mediated by adenosine triphosphate
acting through P2 receptors on 5Cs and intracellular signaling pathways in-
volving Ca® ', Ca® ' fealmadulin kinase, mitogen-activated protein kinase, cyclic
adenosine 3'5'-monophosphate response element binding protein, and ex-
pression of c-fos and Krox-24. Adenosine triphosphate arrests maturation of 5Cs
in an immature morphological stage and prevents expression of 04, myelin
basic protein, and the formation of myelin. Through this mechanism, functional
activity in the developing nervous system could delay terminal differentiation
of 5Cs until exposure to appropriate axon-derived signals,

wwwsciencemagorg  SCIENCE  VOL 287 24 MARCH 2000

Rat Schwann Cells Express M1-M4
Muscarinic Receptor Subtypes

Simona Loreti,'’ M. Teresa Vilars,” $. Visentin,” H. Rees,”
Allan I. Levey," and Ada Maria Tata'*
D of Cell and D Biology, University “La Sapienza,” Rome, Italy
*Department of Neurochemistry, Institut d'lnvestigacions Biomidiques de Barcelona,
CSIC, IDIBAPS, Barcelona, Spain

department of Cell Biology and Neuroscience, Istituto Superiore di Saniti, Rome, Italy
*Department of Neurology, Emory University School of Medicine, Adanta, Georgia

The expression of different muscarinic receptor sub-
types was analyzed in immature Schwann cells ob-
tained from sciatic nerve of 2-day neonatal rats. By
using RT-PCR analysis, we demonstrated the presence
of M1, M2, M3, and M4 receptor subtypes in cultured
Schwann cells, with M2 displaying the highest expres-
sion levels. Muscarinic suhtyﬂp&a were also quantified
by immunoprecipitation and [FHJQNB binding. With this
approach, we found the levels of receptor expression
to be M2 > M3 > M1. M4 is expressed at very low lev-
els, and M5 receptor was not detectable. Moreover, we
also demonstrated that stimulation of the receptors by
muscarinic agonists activates previously described sig-
nal transduction pathways, leading to a decrease of
cAMP and an increase of IP; levels not associated with
an efficient intracellular Ca®* release. The presence and
activity of particular muscarinic receptors in i
Schwann cells suggest that ACh may play ai
role in Schwann cell development. © 2006 Wiley-Liss, Inc.

Ach/Musc

Journal of Neuroscience Research 84:97-105 (2006)
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Purinergic Signaling Mediated by P2X
Receptors Controls Myelination in Sciatic
Nerves

A. Faroni,"** R.J.P. Smith,"” P. Procacci,” L.F. Castelnovo,’ E. Puccianti,”
A.J. Reid,' V. M: hi,* and AV sky”

'Blond MeIndoe Laboratories, Institute of Inflammation and Repair, University of Manchester,
Manchester, United Kingdom

*Faculty of Life S 5, University of Manchester, Manchester, United Kingdom

Dipartimento di Scienze Biomediche per la Salute, Universita degli Studi di Milano, Milan, Italy
*Dipartimento di Scienze Farmacologiche e Biomolecolari, Universita degli Studi di Milano, Milan, Italy
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Overexpression of P2X4 receptor in Schwann cells promotes
motor and sensory functional recovery and remyelination via
BDNF secretion after nerve injury

Wen-Feng Su'" | Fan Wu?' | Zi-Han Jin'' | Yun Gu® | Ying-Ting Chen' | Ying Fei® |
Hui Chen® | Ya-Xian Wang® | Ling-Yan Xing! | Ya-Yu Zhao! | Ying Yuan™® | Xin Tang® |
Gang Chen'*

*Key Laberatory of Neuroregeneration of
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Nandong Unbersty, Nanang. Cins i
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iflated Hospital of Nantong Uriversity. -
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Haspita of Nanlang University, Nantong, twred Schwann cells, TNF-a not only enhances the synthesis of P2X4R protein but ako pro-
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Gang Chen, Key Laboratory of S o o
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Neuroregenesation, Nantong Universty. sory functional recovery and ing nerve
Nontong 226001, China. e
Py o injury. Our results suggest that enhancement of P2XAR expression in Schwann cells after nerve
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Proteasomal Degradation of Glutamine Synthetase Regulates
Schwann Cell Differentiation

Fuminori Saitoh and Toshiyuki Araki
Department of Peripheral Nervous System Research, National Institute of Neuroscience, National Center of Neurology and Psychiatry, Kodaira,
Tokyo 157-8502, Japan

Rapid saltatory d which is composed of Schwann cells n the peri
Schwann cels drastically change their phenotype following peripheral nerve injury. These phenotypic changes are required for eficient
degeneration/regeneration. We previously identified ZNRFI as an E3 ubiquitin ligase containing a RING finger motif, whose expression

is upregulated in the Schwann cells following nerve injury. This suggested that posttranscnpmm] legu]auonofpm(em expmmon in
of

Sclwann cels may be nvolvedinheir phenotypic changes during port the

gh ¥ an enzyme that ing gh d ammonia, asa subsmiel’urrjamntynfmkﬂ
& Sch Is.GSisk behighlyexpressed i dSchwanncells b

Wefound that during nen i i hyzmmm, degrada-
tion. Weal 1L i 4 rbonylationand
subsequent degradation of GS. Surprisingly, we discovered that GS expression regulates Schwann cell differentiation; i, increased Gs
expressionp productsof i

inhibited myelination and yet promoted Schwann cell proli byactivating| rcrepmrslguihngﬂns\mﬂd
suggest that GS may exertits effect on Schn 11 di ati ing gl i the
ZNRFI-GS system may play an important role i i 1l metabolism with its di i

GS/mGIuR
SCIENTIFIC REP({;}RTS

OPEN Glutamate signals through
mGIuR2 to control Schwann cell
differentiation and proliferation

Received: 010ctober 2015 Fyminori Saitoh?, Shuji Wakatsuki?, Shinji Tokunaga?, Hiroki Fujieda® & Toshiyuki Araki’
Accepted: 27 June 2016
Rapid saltatory nerve conduction is facilitated by myelin structure, which is produced by Schwann
cells (5€)in the peripheral nervous system (PNS). Proper development and degenerationf
regeneration after injury requires regulated phenotypic changes of SC. We have previously shown
that glutamate can induce SC proliferation in culture, Here we show that glutamate signals through
metabotropic glutamate receptor 2 (mGIuR2) to induce Erk phosphorylation in SC. mGluR2-elicited
Erk phosphorylation requires ErbB2/3 receptor tyrosine kinase phosphorylation to limit the signaling
cascade that promotes phosphorylation of Erk, but not Akt. We found that G3~ and Src are involved in
subcellular signaling downstream of mGIuR2. We also found that glutamate can transform myelinating
SCto proliferating SC, while inhibition of mGIuR2 signaling can inhibit demyelination of injured nerves
invivo. These data suggest pathophysiological significance of mGIuR2 signaling in PNS and its possible
therapeutic importance to combat demyelinating disorders including Charcot-Marie Tooth disease.

Published: 19 July 2016

SCIENTIFICREPORTS | 6:25856 | DOI: 10.1038/srep23856
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ATP: an extracellular signaling molecule
between neurons and glia

R. Douglas Fields and Beth Stevens

Recent studies on Schwann cells at the I and ynaptic regions of
premyeli d axons indicate that extracellular ATP can act as an activity-dependent signaling
lecule in ication L neurons and glia. Several mechanisms have been observed

for the regulated release of ATP from synaptic and non-synaptic regions, and a diverse family of
llular ATP has been characterized. The findings suggest functional

consequences of neuron—glial i beyond h tasis of the extracellular
gth, gene expression, mitotic

ptors for extr

T o .
neurons, r ynap

rate, and differentiation of glia according to impulse activity in neural circuits.
Trends Neurosci. (2000) 23, 625-633

environment surr

Fig. 2. Corelation between Sciweann cell development putse y in dorsal of mouse during

the perinatol period. (2) Schwann cells precursors migrate out with the neural crest and begin to express the 5-100 antigen. As they develop into

immature Schwann cells they begin lo express the 04 ontigen, and then differentiate inta either myefinating (M 5C) or non-

(NM SC}°. (b) The rate of Schwann cell increases in late fetal development and begins to decrease near the time of birth”. (c) Action

potentials from dorsal oot gangloin (DRG) neurons show the anset of spon ¥ DRG coincides with
Schwann ATP thal is released by DRG newrons in culture inhibils Schwann cefls profiferation and

of the 04 antigerr. The

have yet to be tested in vivo, but suggest that impulse activ-
texminal diferentiation of Schwonn cels until exposure 10 ppropriate aron-specilic dilfrentiation signas.
Adapte, with permission, from Ref. 51 and Rel. 68.
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GABA may be a neurotransmitter in the vertebrate
peripheral nervous system

Kristjan R. Jessen, Rhona Mirsky, Marion E. Dennison & Geoffrey Burnstock

Nature 281, 71-74 (1979) ‘ Cite this article

374 Accesses |221 Citations ‘ Metrics

Abstract

y-Aminobutyric acid (GABA) is an inhibitory neurotransmitter in the peripheral nervous
system of certain invertebrates and is thought to be a major transmitter in the vertebrate

central nervous system! 3, In this report we present evidence that GABA may also be a

neurotransmitter in the vertebrate peripheral autonomie nervous system. We have used light ———
and electron microscopic autoradiography to analyse high-affinity uptake of *H-GABA into (MOTOR) (SECRETOMOTOR)
the myenteric plexus of the guinea pig taenia coli, both in situ and in a tissue culture

preparation. In the isolated myenteric plexus, we have measured the specific activity of

glutamic acid decarboxylase (GAD; EC 4.1.1.15), the enzyme responsible for conversion of

glutamic acid to GABA in GABAergic neurones*>, and assessed the ability of this tissue to

accumulate *H-GABA newly synthesised from 3H-glutamic acid. Furthermore, we have

measured the levels of endogenous GABA in strips of taenia coli containing the myenteric

plexus.
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GAD65/GAD67
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EXPOSURE TO GABA-A RECEPTOR
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EXPOSURE TO GABA-A RECEPTOR
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conditional KO GABA-B1

‘andogenous PO gene:

mPOTOTA [Cre] Cre
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.....Shift myelinated Abeta/delta vs C fibers
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GABA machinery is present in the Schwann cells of the PNS

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

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

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

Modulation of gene transcription generates:

* SCs proliferation, motility and differentiation
+ Myelination
» Nerve regeneration

-~

Roma Dic2024 23
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GABA generates an axonal depolarization in peripheral sensory C fibers
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GABA depolarization is activity dependent and long-lasting
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Bicuculline GABA generates a depolarization in peripheral sensory C fibers
GABA = GABA GABA
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Sciatic Nerve
Dissociated fibers

Axonal GABA,R composition in PNS
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GABA-evoked depolarization is potentiated by inflammation:

evident and fast depolarization ...

Inflammatory
soup
GABA | GABA GABA
100pM | T1o0uM  T100uM GABA

GABA + Infl.S.

W Wﬂhv INFLAMMATION: acute and chronic pain

Bonalume et al. J Physiol 2021
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GABA, activity induce
strong CI- fluxes

GABA, modulates excitability increase in
GABA, mediated CI fluxes modulate and decrease AP slowing intracellular [CI] @
@ small gradient of Cl_ fibers conductance during sustained firing Inflammation
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sustained activity

.....Stabilize axonal excitability

Bonalume and Magnaghi, Neural Reg Res 2023
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.....maintainance of nociceptive firing!!
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SUMMARY of GABA cross-talk in PNS

Roma Dic2024

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 CI- flux

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