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Ruolil alternativi del neurotrasmettitori




Neurotransmitters as growth regulatory signals: role of
receptors and second messengers

Lauder JM, Trends . 1993 Jun;16(6):233-240




primitive organisms and early embryos in the absence o
a nervous system, and pharmacological evidence
Indicate that these substances regulate morphogenetic
activities such as proliferation, differentiation, cell motility
and metamorphosis.

» The chemical mediators signals of neurotransmitters
may be evolved from more primitive functions in lower
organisms where these substances were used as both
Intra- and intercellular signalling devices.

» These phylogenetical old functions may be reiterated in
the developing nervous system and Iin the humoral
functions of neurotransmitters outside the nervous




Neurotrasmettitori durante la neurogenesi

| neurotrasmettitori e I loro recettori vengono
espressi precocemente durante lo sviluppo
del SN




Neurotransmitter | Neuronal preparation Effect

Rat retinal ganglion cells Inhibits neurite outgrowth

Acetylcholine

Dopamine

GABA

Glutamate

Norepinephrine
Serotonin

Somatostatin

VIP

Chick retina
Hippocampus
Adult Helisoma
Chick retina
Helisoma
Rat striatum
Rat hippocampus
Helisoma
Rat hippocampus
Rat hippocampus
Rat hippocampus
Mouse cortex
Rat retinal ganglion cells
Tadpole optic tectum
Rat cortex
Helisoma
Adult Helisoma

Mouse spinal cord

Rat retinal ganglion cells

Prevents inhibition of outgrowth by serotonin

Inhibits neurite outgrowth

Inhibits dendrite outgrowth

Inhibits neurite outgrowth
Inhibits neurite outgrowth

Prerequisite for ischemic injury

Prevents glutamate-induced dendrite
regression

Promotes neurite sprouting

Promotes dendritic regression, low dose
(AMPA)

Promotes neurite sprouting (NMDA)
Produces cell death (high dose)
Produces cell death (high dose)
Produces cell death (high dose)

Stabilizes co-active visual synapses (NMDA)

Produces cell death
Inhibits neurite outgrowth

Promotes neurite sprouting

Prevents cell death produced by electrical
blockade

Prevents cell death produced by electrical
blockade




Nicotine Induces Neurite Retraction in Ciliary Ganglion
Neurons from Chick Embryos

Pugh and Berg, J. Neurosci. 14: 889-896; 1994



Effect of CCh and Cholinergic Receptor Antagonists on
Neurite Outgrowth from Isolated Chick Sympathetic

Neurons

% Neurons with neurites

Small et al., J. Neurosci. 15: 144-151; 1995



Turning Response of Xenopus Spinal Neuron in the
Presence of ACh Gradient

Zheng et al., Nature 368: 140-144; 1994



ACh stimola la crescita neuritica nei neuroni sensoriali di embrioni di pollo
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m
Tata et al, 2003
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L’ACh riveste un importante ruolo nella migrazione
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Le cellule migranti della cresta
neurale, esprimono AChE, ChAT,
AChRs.

Lammerding-Koppel and Drews, 1993
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Cholinergic circuit control of postnatal neurogenesis

Brent Asrican®, Patricia Paez-Gonzalez®, Joshua Erb™®, and Chay T. Kug>®=daf

“Drapartment of Coll Biology, Duke University Schood of Meadicine, Durbanm, KC, USA; “Mewrob iology Grad uate Training Program, Duks Universty
Scheood of Medicine, Durham, BE, USA; “BEremley Meonatal Perinatal Researdh Institute, Duwke University Schood of Medicine, Durham, BC, USA;
“Dapartment of Meurcbiclogy. Duke University School of Medicine, Durham, BC, USA: "Preston Robert Tisch Brain Tumaor Center, Duks
Unirversity Scheosold of Meadicine, Duwrham, BC USA - “Duske [nstitute for Brain Sciences, Duke Uinive rai ty Scheoenl of Medicine, Durham, BC, USA

1. Nucleus Basalis Group;

2. Pontine Cholinergic Group
ol Cholinergic interneurons are also
| present in caudate putamen,
striatum, nucleus accumbens,
olfactory bulb, hippocampus,
cerebral cortex, hypotalamus,
spinal cord
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subependymal niche

identifie niche
N$C |fach | E The alteration of excitability of these
~ neurons causes a significant reduction
TR of DCX+ neuroblasts in LV
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Cholinergic circuit activity is
Figure 3. Subependymal cholinergic neuron bridging SEZ niche/ req ul red to su bStaI n ad u It LV

neurogenesis to neural circuit-level control. Schematic represen-
tation of subep-ChAT neuron (green) providing ACh to modulate
adult SEZ neural stem cells (NSC) production of new neuroblasts,
which then migrate and assemble into neuroblast chains. Dashed
lines represent putative excitatory (+, blue) or inhibitory (—, red)
inputs onto subep-ChAT neuron dendrites. LV = lateral ventricle.
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Bignami et al., 1997 J. Neurochem
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Precursor |

Glutamate

Migration

Precursor |

Glial cells express neurotransmitter
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Karadottir and Attwell; 2007



Recettori per neurotrasmettitori sono stati individuati:

1. Negli oligodendrociti
2. Nella microglia
3. Negli astrociti

In tutte le popolazioni gliali I neurotrasmettitori possono:
1. Modulare la proliferazione

2. Regolare la fase differenziativa

3. Modulare la funzione della glia



sensibili e recettori per neurotrasmettitori, ma non
generano potenziali di azione.

Metodi di studio:

1. Imaging di calcio

2. Co-Colture cellulari
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Espressione di recettori muscarinici
nelle cellule di Schwann







Le cellule gliali sia del SNC che del SNP
esprimono recettori per ’ACh

Cellule di Schwann » Attivazione recettore M2
Astrocyte Radial glia
—_—
e /‘HF Inibizione della proliferazione cellulare
G Avanzamento nel programma differenziativo
TGF-B1, EMPs, GDNF Neum“ '1—
EGF
INee rI‘/lr e oroF 2 Loreti et al,J Neurosci Res 84, 2006
: ToF 82" PDGF  ongedendrocyte  |_oreti et al, Neuron Glia Biology 3, 2007

GDONF G |thﬂl11ﬂt'~ ) Glutamate

Uggenti et al, Dev Neurobiol 2014

Schwann cell
Microglia

Oligodendrociti » Attivazione recettore M3

Ragheb et al, 2001 . : <
Cui et al, 2006 Incremento Proliferazione °

De Angelis et al, 2012 Blocco del differenziamento



ACh stimola la proliferazione ma inibisce Il

differenziamento in OPC
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[ ‘attivazione del recettore M2 inibisce la
proliferazione delle cellule di Schwann
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Effetto del GABA sulle cellule di Schwann
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Magnaghi et al, 2004
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 L’azione dei neurotrasmettitori GABA e
ACh controlla la proliferazione e la
mielinizzazione nelle cellule di Schwann
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* | neurotrasmettitori modulano lI'interazione
glia e neurone alla sinapsi

* Questa Interazione ha un effetto sulla
modulazione della attivita della sinapsi




* | neurotrasmettitori controllano
proliferazione, sopravvivenza e crescita
neuritica nelle cellule neuronali e I'attivita

sinaptica

| Neurotrasmettitori mediano l'interazione
neurone-glia . Intervengono nella
regolazione della proliferazione,
differenziamento della cellula gliale e
mediano |'attivita delle sinapsi
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