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Objectives:

Glioblastomas (GBM) are the most aggressive form of primary brain tumors in humans. Their poor
prognosis largely derives from their high growth potential and migratory ability that prevents
resolutive surgical resection. The low susceptibility to apoptosis displayed by glioblastoma cells
makes radiotherapy and chemotherapy ineffective. High growth rate and invasiveness thus appear as
first targets to counteract in these tumors. A key feature of malignant gliomas is their cellular
heterogeneity. In particular, the presence of an undifferentiated cell population defined Glioblastoma
Stem cells (GSCs) has been reported. Increased expression of anti-apoptotic and chemo-resistance
genes in GCSs subpopulation, favors their high resistance to a broad spectrum of drugs. GSCs show
high resistance also to radiotherapy, because of their ability to repair DNA damage by radiation.
GSCs are considered responsible for tumor growth and invasiveness, they are able to evade the most
common cancer therapies and are considered the main cell population responsible for the beginning
of the development of neoplastic process and of recurrence formation. For these reasons, the
identification of new drugs able to inhibit the proliferation and survival of GSCs are currently
considered to have an important clinical relevance. Previously studies have shown that cell lines of
glioblastoma multiforme, U87 and U251, express muscarinic receptors for acetylcholine. In
particular the activation of muscarinic M2 receptor by orthosteric agonist Arecaidine (APE) caused a
significant decrease of cell proliferation and survival. Similarly in GSC obtained from biopsies of
patients we have confirmed the cytostatic effect of APE (Ferretti et al., 2012, 2013; Di Bari et al,
2018). Moreover APE induce also cytotoxic effects in particular in GB cell lines p53 mutated or
deleted (Di Bari et al, 2015). Recently we have tested a new dualsteric agonist for M2 receptor (N8-
Iper) that show high selectivity and more efficiency than APE and that is able to activate M2
receptor at very low concentration (Cristofaro et al, 2018). Aim of this project will be to evaluate the
ability of N8-lIper to negatively modulate cell survival in GSCs; its possibile cytotoxic effects in
terms of oxidative and ER stress induction and its ability to negatively modulate neo-angiogenesis
promoted by GSCs will be also investigated.

Scopo del presente progetto e (risultati preliminari) .

M2 muscarinic receptor activation has a negative effects on cell proliferation and survival in
different tumor types (i.e. urothelial cancer cells, neuroblastoma, breast cancer) including
glioblastoma. Our previous studies have demonstrated the ability of the orthosteric agonist of M2
receptor to affect cell cycle progression and survival in glioblastoma cell lines and in GSCs,



inducing cytotoxic and genotoxic effects. More recently we have tested a new dualsteric agonist for
M2 receptors able to counteract both cell proliferation and survival of glioblastoma cells at lower
doses than orthosteric agonist. In order to clarify the mechanism downstream the M2 receptors
activation after N8-iper, we propose to study the possible ability of the dualsteric agonist to induce
oxidative stress and/or ER stress in different GSC cell lines. Glioblastoma produces a
microenvironment favourable for tumour cell survival inhibiting the immune system activity and
promoting the neo-angiogenesis. Muscarinic receptors are able to promote the pro-inflammatory
cytokine production and can control the endothelial cell proliferation and differentiation. Starting
from this evidence, we’ll be evaluate the ability of the N-8 iper to modulate cytokines production
and neo-angiogenesis. In this context we’ll also evaluate the secretoma produced by GSCs in
absence or in presence of M2 dualsteric agonist stimulation.

Stato delle conoscenze

Muscarinic receptors appear to be involved in brain tumors. Patients with brain tumors often show
altered levels of ACh in their cerebrospinal fluid; moreover the presence of muscarinic receptors in
astrocytoma and in glioma cell lines has been widely described. In astrocytoma cell lines ACh has
been shown to stimulate proliferation and activate both ERK1/2 and PI3K pathways, mediated
through M3 muscarinic receptor activation. Moreover, as assessed in in vitro studies, it has been
demonstrated that the M2 muscarinic agonist APE is capable to arrest in glioblastoma cell lines
(UB7MG and U251MG) and GSCs cell cycle progression with a significant decrease of cells in S
phase. Moreover, M2 receptor activation reduces cell survival, inducing a dramatic apoptosis in both
cell lines. The agonist effect of APE on M2 receptors has been confirmed both by pharmacological
competition studies and by M2 receptor silencing by siRNA; in both experimental conditions the
arecaidine effect was completely reverted. APE was also able to induce cytotoxic and genotixic
effects by ROS production (Di Bari et al, 2015).

More recently, in spite of a high homology between muscarinic receptors, the identification of
allosteric modulators of cholinergic receptors underpins a real possibility of obtaining new
pharmacological drugs able to selectively modulate cholinergic receptor activity by binding to
allosteric sites. In this respect, rationally designed ligands showing a simultaneous
orthosteric/allosteric binding mode at mAChRs represent novel, powerful pharmacological tools to
better investigate receptor activation or inhibition (Matera and Tata, 2014). Recently we have
characterized the effect of N8-iper, a new dualsteric agonist for M2 receptors that show high
selectivity and more efficiency than APE and that is able to activate M2 receptor at very low
concentration (Cristofaro et al, 2018). These results suggest that N-8 iper may be and interesting
therapeutic drug for glioblastoma therapy, moreover reducing the possible side effects depending on
the high doses of APE. In this context a better characterization of the effects mediated by N8-iper
results of great relevance.

References

Bock, A., Mohr, K., 2013. Dualsteric GPCR targeting and functional selectivity: the paradigmatic
M2 muscarinic acetylcholine receptor. Drug Discov. Today Technol. 10, e245-e252.

Carlo Matera and Ada Maria Tata (2014). Pharmacological approaches to targeting muscarinic
acetylcholine receptors. Rec. Pat. CNS Drug Discov. 9 (2): 85-100.

Di Bari M, Tombolillo V, Conte C, Castigli E, Scaccaluga M., lorio E, Carpinelli G, Ricordy R, Fiore M,
Degrassi F and Tata AM (2015) Cytotoxic and genotoxic effects induced by M2 receptor activation in
human gliolastoma cells. Neurochem Int. 90:261-270.

Ferretti M, Fabbiano C, Di Bari M, Conte C, Castigli E, Sciaccaluga M, Ponti D, Ruggieri P, Raco A.,
Ricordy R, Calogero A and Tata AM (2013). M2 receptor activation inhibits cell cycle progression and
survival in human glioblastoma cells. J Cell Mol Med., 17(4): 552-566.



Francesco Alessandrini, Ilaria Cristofaro, Maria Di Bari, Jacopo Zasso, Luciano Conti, Ada Maria Tata
(2015). “The activation of M2 muscarinic receptor inhibits cell growth and survival in human glioblastoma
cancer stem cells” Int immunopharmacol. 29(1):105-109.

Holland, E.C., 2001. Progenitor cells and glioma formation, Curr. Opin. Neurol. 14, 683-688.

llaria Cristofaro, Zaira Spinello, Carlo Matera, Mario Fiore, Luciano Conti, Marco De Amici, Clelia
Dallanoce, Ada Maria Tata. Activation of M2 muscarinic acetylcholine receptors by a dualsteric ligand
mediates genotoxic effects in human glioblastoma cancer stem cells. Neurochem Int. 2018, 118: 52-60.

Luca Pacini, Elena De Falco, Paola Ruggieri, Cinzia Fabbiano Antonio Luigi Pastore, Giovanni  Palleschi,
Maria Di Bari, Vincenzo Petrozza, Antonio Carbone, Ada Maria Tata, Antonella Calogero (2014). M2
muscarinic receptors inhibit cell proliferation and migration in urothelial bladder cancer cells. Cancer
Biology and Therapy 15(11):.1489-1498.

Maria Di Bari, Valeria Bevilacqua, Antonella De Jaco, Pietro Laneve, Roberta Piovesana, Claudio
Talora, Elisa Caffarelli and Ada Maria Tata. MiR- 34a mediates cross-talk between M2 muscarinic
receptors and Notch-1/EGFR pathways in human glioblastoma: implication in cell proliferation. Int J Mol
Sci. 2018, 19(6). pii: E1631

Lavori pubblicati negli ultimi 5 anni dal Docente Guida (2014-2019)

Federica De Angelis, Sara Marinelli, Bernard Fioretti, Luigi Catacuzzeno, Fabio Franciolini, Flaminia
Pavone, Ada Maria Tata (2014). M2 receptors exert analgesic action on DRG sensory neurons by
negatively modulating VR1 activity. J Cell Physiol; vol 229: 783-790; ISSN 0021-9541; doi:
10.1002/jcp.24499.

Carolina Uggenti, M.Egle De Stefano, Michele Costantino, Simona Loreti, Annalinda Pisano, Bice
Avallone, Claudio Talora, Valerio Magnaghi, Ada Maria Tata (2014). M2 muscarinic receptor activation
addresses Schwann cell differentiation and myelin organization. Dev. Neurobiol. 74:676-691. DOI
10.1002/dneu.22161.

Ada Maria Tata, Lucia Velluto, Chiara D’Angelo, Marcella Reale (2014). Cholinergic system disfunctions
and neurodegenerative diseases: cause or effect? CNS & Neurological Disorders - Drug Targets 13(7):
1294-1303.

Luca Pacini, Elena De Falco, Paola Ruggieri, Cinzia Fabbiano Antonio Luigi Pastore, Giovanni Palleschi,
Maria Di Bari, Vincenzo Petrozza, Antonio Carbone, Ada Maria Tata, Antonella Calogero (2014). M2
muscarinic receptors inhibit cell proliferation and migration in urothelial bladder cancer cells. Cancer
Biology and Therapy 15(11):.1489-1498.

Carlo Matera and Ada Maria Tata (2014). Pharmacological approaches to targeting muscarinic
acetylcholine receptors. Rec. Pat. CNS Drug Discov. 9 (2): 85-100.

Francesco Alessandrini, Ilaria Cristofaro, Maria Di Bari, Jacopo Zasso, Luciano Conti, Ada Maria Tata
(2015). “The activation of M2 muscarinic receptor inhibits cell growth and survival in human glioblastoma
cancer stem cells” Int immunopharmacol. 29(1):105-109.

Marcella Reale, Maria Di Bari, Marta Di Nicola, Chiara D’ Angelo, Federica De Angelis, LuciaVelluto, Ada
Maria_Tata (2015). Nicotinic receptor activation negatively modulates pro-inflammatory cytokine
production in multiple sclerosis patients. Int Immunopharmacol. 29(1):152-157.

Di Bari M, Tombolillo V, Conte C, Castigli E, Scaccaluga M., lorio E, Carpinelli G, Ricordy R, Fiore M,
Degrassi F and Tata AM (2015) Cytotoxic and genotoxic effects induced by M2 receptor activation in
human gliolastoma cells. Neurochem Int. 90:261-270.

Annamaria Confaloni, Giuseppe Tosto, Ada Maria Tata. Promising therapies for Alzheimer's disease.
Current Pharmaceutical Design. 2016; 22: 20150-2056.



Reale M, D'Angelo C, Costantini E, Tata AM, Regen F, Hellmann-Regen J. Effect of
Environmental Extremely Low-Frequency Electromagnetic Fields Exposure on Inflammatory
Mediators and Serotonin Metabolism in a Human Neuroblastoma Cell Line. CNS Neurol Disord Drug
Targets. 2016;15(10):1203-1215.

Di Bari M, Reale M, Di Nicola M, Orlando V, Galizia S, Porfilio I, Costantini E, D'Angelo C, Ruggieri
S, Biagioni S, Gasperini C, Tata AM. Dysregulated Homeostasis of Acetylcholine Levels in
Immune Cells of RR-Multiple Sclerosis Patients. Int J Mol Sci. 2016 Nov 30;17(12). pii: E2009.

De Angelis F, Tata AM (2016). Analgesic effects mediated by muscarinic receptors: mechanisms and
pharmacological approaches. Cent Nerv Syst Agents Med Chem., 2016, 16: 218-226.

Maria Di Bari, Giovanni Di Pinto, Marcella Reale, Guadalupe Mengod, Ada Maria Tata. Cholinergic
system and neuroinflammation: implication in multiple sclerosis. CNS Agents in Med Chem, 2017, 17,
109-115.

De Jaco A, Bernardini L, Rosati J and Tata AM. Alpha-7 nicotinic receptors in nervous system
disorders: from function to therapeutic perspectives. CNS Agents in Med Chem, 2017, 17, 100-108.

Piovesana R., Melfi S.,Fiore M, Magnaghi V. and Tata AM. M2 muscarinic receptor activation inhibits cell
proliferation and migration of rat adipose-mesenchymal stem cells” J Cell Physiol. 2018, 233(7): 5348-5360

Marcella Reale, Erica Costantini, Marta Di Nicola, Chiara D’Angelo, Sara Franchi , Marco D’Aurora,
Maria Di Bari, Viviana Orlando, Sabrina Galizia, Serena Ruggieri, Liborio Stuppia, Claudio Gasperini,
Ada Maria Tata and Valentina Gatta. Butyrylcholinesterase and Acetylcholinesterase polymorphisms
in Multiple Sclerosis patients: implication in peripheral inflammation. Sci Reports 2018, 8: 1319

llaria Cristofaro, Zaira Spinello, Carlo Matera, Mario Fiore, Luciano Conti, Marco De Amici, Clelia
Dallanoce, Ada Maria Tata. Activation of M2 muscarinic acetylcholine receptors by a dualsteric ligand
mediates genotoxic effects in human glioblastoma cancer stem cells. Neurochem Int. 2018, 118: 52-60.

Maria Di Bari, Valeria Bevilacqua, Antonella De Jaco, Pietro Laneve, Roberta Piovesana,

Claudio Talora, Elisa Caffarelli and Ada Maria Tata. MiR- 34a mediates cross-talk between M2
muscarinic receptors and Notch-1/EGFR pathways in human glioblastoma: implication in cell proliferation.
Int J Mol Sci. 2018, 19(6). pii: E1631

Giovanni Di Pinto, Maria Di Bari, Rocio Martin-Alvarez, Samantha Sperduti, Valentina Gatta, *Ada
Maria Tata and Guadalupe Mengod. Comparative study of the expression of cholinergic system
components in the CNS of experimental autoimmun encephalomyelitis mice: relapsing vs remitting
phase. Europ J Neurosci. 2018, 48(5):2165 2181.

Elisa Maria Turco; Ersilia Vinci; Filomena Altieri, PhD; Daniela Ferrari, PhD; Barbara Torres; Marina
Goldoni; Giuseppe Lamorte; Ada Maria Tata; Gianluigi Mazzoccoli; Diana Postorivo; Matteo Della
Monica; Laura Bernardini; Angelo Luigi Vescovi; Jessica Rosati. Copy Number Variations in Healthy
Subjects. Case Study: IPS line CSSi005-A (3544) production from individual with variation in
15¢13.3 chromosome duplicating gene CHRNAY. Stem Cell Res, 2018, 32: 73-77.

Roberta Piovesana, Alessandro Faroni, Valerio Magnaghi, Adam J Reid and Ada Maria Tata. M2
receptors activation modulates cell growth, migration and differentiation of rat Schwann-like adipose-
derived stem cells. Cell Death Discov. 2019; 3; 5:92.

Luciand Anna Maria, Mattei Francesca, Elisa Damo, Elisa Panzarini, Luciana Dini and Ada Maria Tata.
Effects mediated by M2 muscarinic orthosteric agonist on cell growth in human neuroblastoma cell
lines. Pure Appl Chem 2019, (in press)


https://www.ncbi.nlm.nih.gov/pubmed/27658515
https://www.ncbi.nlm.nih.gov/pubmed/27658515
https://www.ncbi.nlm.nih.gov/pubmed/27658515
https://www.ncbi.nlm.nih.gov/pubmed/27658515
https://www.ncbi.nlm.nih.gov/pubmed/27916909
https://www.ncbi.nlm.nih.gov/pubmed/27916909
https://www.ncbi.nlm.nih.gov/pubmed/27916909
http://www.ncbi.nlm.nih.gov/pubmed/26931765
http://www.ncbi.nlm.nih.gov/pubmed/26931765
http://www.ncbi.nlm.nih.gov/pubmed/26931765

Fondi attualmente disponibili per svolgere il programma di ricerca.

Progetti medi Ateneo 2017, 2018
Progetto MIUR Network CIB 2018: NGS e nuove tecnologie per il riposizionamento di farmaci
e la terapia di precisione.

Collaborazioni con laboratori nazionali ed internazionali
-Donatella del Bufalo (Istituto Tumori, IFO, Roma)

-Lucia Ricci Vitiani (ISS, Roma)

-Clelia Dallanoce, Dip. di Farmacologia, Universita di Milano
-Veronique Bernard (Universita Pierre et Marie Curie, Paris, France)
-Adam Reid (University of Manchester)



	Ferretti M, Fabbiano C, Di Bari M, Conte C, Castigli E, Sciaccaluga M, Ponti D, Ruggieri P, Raco A., Ricordy R, Calogero A and Tata AM (2013). M2 receptor activation inhibits cell cycle progression and survival in human glioblastoma cells. J Cell Mol ...

