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Aim of  this thesis is the development of measurement methodologies in metrology for cell biology and regenerative medicine.

Regenerative medicine is a novel branch of medicine based on the use of autologous stem cells and biocompatible medical devices to regenerate and repair damaged tissues of patients, i.e. by using three-dimensional scaffolds  to implant stem cells into the tissue to be regenerated.

Stakeholders of metrology for regenerative medicine are: health care providers who require safe, reliable and cost effective treatments, supported by evidence and approved by regulators; regulators who require standard materials and traceable data demonstrating the safety and efficacy of new products and treatments; medical products companies who require advanced and traceable techniques to develop new products and need methods to measure processes, such as cell growth on scaffolds, to ensure quality and efficiency of the medical products implanted into the patients.  

Consequently, regenerative medicine has the important requisite of a real time monitoring and not invasiveness  neither destructiveness processes to measure the cell-scaffold interactions, in order to preserve the samples from any contamination or modification. 
Thus non-invasive measurement methodologies need to be developed for analysing the 3D cell culture on scaffolds and, in order to evaluate the uncertainty, highly reproducible measurement procedures are strongly required to minimize the type A uncertainties and to define the type B uncertainties.

The non-invasive and non-destructive measurement of cell-scaffold interactions (i.e. stem cell proliferation and differentiation on scaffolds) is one of the most effective methodology to answer the need of testing the efficacy of the design, production/manufacturing, development and performances of stem cell-scaffold products.

To satisfy the requirements and the needs for metrology in regenerative medicine, for this thesis it has been chosen to develop a measurement methodology for cellular activity (proliferation and differentiation) on 3D Biocoral® scaffolds and to conduce a metrological study to evaluate the uncertainty of the methodology.

This thesis has been developed in the Bioscience group of the Italian National Metrological Institute (Istituto Nazionale di Ricerca Metrologica - INRIM).

The main important contributes of this thesis to the metrology in biosciences have been:
•	to lay the foundations for a metrological approach to cell biology and particularly to regenerative medicine research and applications;
•	to address the filling of the lack of traceability in the metrology for cell biology metabolic methodologies used to evaluate cellular activities in living sample with non-invasive procedures.
 

The main results and originalities achieved during this PhD work are:
•	a metabolic assay, the resazurin/resorufin assay, for the first time, has been metrologically characterized and the uncertainty of the measurement has been evaluated;
•	the resazurin/resorufin assay has been for the first time tailored for a 3D cell culture on Biocoral® scaffolds and the uncertainty of the measurement has been evaluated;
•	it was demonstrated that Biocoral® induces osteodifferentiation of stem cells and for the first time it was demonstrated on human mesenchymal stem cells;
•	it was demonstrated, for the first time, that the resazurin/resorufin metabolic assay can be a methodology to detect not only the proliferation but also the differentiation of stem cells on Biocoral® scaffolds;

A description of the METREGEN regional project, which this thesis is part of, will follow in the introduction. 
The chapter 1 will give an overview on regenerative medicine field and its application with scaffolds, particularly referring to the Biocoral® scaffold. 
The resazurin/resorufin methodology will be deeply described in chapter 2 with a uncertainty budget evaluation and discussion.
Chapter 3 will present in details a series of experiments made to establish and characterize a hMSCs in vitro 2D culture, establish a hMSCs in vitro 3D culture on Biocoral, tailor the resazurin/resorufin assay for 3D cell culture on Biocoral and evaluate the hMSCs osteodifferentiation induced by Biocoral scaffolds. All the results have been analysed with a metrological approach to evaluate the uncertainty.
Finally, the conclusion will give a recapitulation and some interesting perspective of employment for the resazurin/resorufin methodology to final users, such as the cell factories.
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				Aim of  this thesis is the development of measurement methodologies in metrology for cell biology and regenerative medicine.

Regenerative medicine is a novel branch of medicine based on the use of autologous stem cells and biocompatible medical devices to regenerate and repair damaged tissues of patients, i.e. by using three-dimensional scaffolds  to implant stem cells into the tissue to be regenerated.

Stakeholders of metrology for regenerative medicine are: health care providers who require safe, reliable and cost effective treatments, supported by evidence and approved by regulators; regulators who require standard materials and traceable data demonstrating the safety and efficacy of new products and treatments; medical products companies who require advanced and traceable techniques to develop new products and need methods to measure processes, such as cell growth on scaffolds, to ensure quality and efficiency of the medical products implanted into the patients.  

Consequently, regenerative medicine has the important requisite of a real time monitoring and not invasiveness  neither destructiveness processes to measure the cell-scaffold interactions, in order to preserve the samples from any contamination or modification. 
Thus non-invasive measurement methodologies need to be developed for analysing the 3D cell culture on scaffolds and, in order to evaluate the uncertainty, highly reproducible measurement procedures are strongly required to minimize the type A uncertainties and to define the type B uncertainties.

The non-invasive and non-destructive measurement of cell-scaffold interactions (i.e. stem cell proliferation and differentiation on scaffolds) is one of the most effective methodology to answer the need of testing the efficacy of the design, production/manufacturing, development and performances of stem cell-scaffold products.

To satisfy the requirements and the needs for metrology in regenerative medicine, for this thesis it has been chosen to develop a measurement methodology for cellular activity (proliferation and differentiation) on 3D Biocoral® scaffolds and to conduce a metrological study to evaluate the uncertainty of the methodology.

This thesis has been developed in the Bioscience group of the Italian National Metrological Institute (Istituto Nazionale di Ricerca Metrologica - INRIM).

The main important contributes of this thesis to the metrology in biosciences have been:
•	to lay the foundations for a metrological approach to cell biology and particularly to regenerative medicine research and applications;
•	to address the filling of the lack of traceability in the metrology for cell biology metabolic methodologies used to evaluate cellular activities in living sample with non-invasive procedures.
 

The main results and originalities achieved during this PhD work are:
•	a metabolic assay, the resazurin/resorufin assay, for the first time, has been metrologically characterized and the uncertainty of the measurement has been evaluated;
•	the resazurin/resorufin assay has been for the first time tailored for a 3D cell culture on Biocoral® scaffolds and the uncertainty of the measurement has been evaluated;
•	it was demonstrated that Biocoral® induces osteodifferentiation of stem cells and for the first time it was demonstrated on human mesenchymal stem cells;
•	it was demonstrated, for the first time, that the resazurin/resorufin metabolic assay can be a methodology to detect not only the proliferation but also the differentiation of stem cells on Biocoral® scaffolds;

A description of the METREGEN regional project, which this thesis is part of, will follow in the introduction. 
The chapter 1 will give an overview on regenerative medicine field and its application with scaffolds, particularly referring to the Biocoral® scaffold. 
The resazurin/resorufin methodology will be deeply described in chapter 2 with a uncertainty budget evaluation and discussion.
Chapter 3 will present in details a series of experiments made to establish and characterize a hMSCs in vitro 2D culture, establish a hMSCs in vitro 3D culture on Biocoral, tailor the resazurin/resorufin assay for 3D cell culture on Biocoral and evaluate the hMSCs osteodifferentiation induced by Biocoral scaffolds. All the results have been analysed with a metrological approach to evaluate the uncertainty.
Finally, the conclusion will give a recapitulation and some interesting perspective of employment for the resazurin/resorufin methodology to final users, such as the cell factories.
			
		

	
		
		
	Scheda breve
	Scheda completa
	Scheda completa (DC)
	
	[image: SFX Query]


		
		
			
				

















































	
	
	




















	
		
		
		
		
		
		
	
		
		
		
		
		
		
			
			
			
				
					
						
						



























	
	
	Data di discussione
	
	
    	
        
        	
			
        
    
	
	


	
		
			
			2013
		
		
		
		
	



					
				
				
			
		
	
		
		
		
		
		
		
	
	
	
		
		



























	
	
	Appare nelle tipologie
	
	
    	
        
        	
			
        
    
	
	


	
		
			
			8.1 Doctoral thesis Polito
		
		
		
		
	



	






			

		

	


	


	
		























		File in questo prodotto:



	
	
	
	
	
	
    
	
	
	
	
	
	
		
			
				
			
		
		
	
	
	
	
		
		
				File	Dimensione	Formato	 
	
									
										
										
										
										
											
												
												
												    
												
											
										
									
									
										
										
											C.Divieto PhD Thesis.pdf
										
																				
									
										
											Open Access dal 02/08/2013

										
										
									
									
									
									
										
											Tipologia:
											Tesi di dottorato
										

									
									
									
										
											Licenza:
											
											
												Creative commons
												
												
													
													
													
												
												
											
										

									
									
										Dimensione
										2.09 MB
									

									
										Formato
										Adobe PDF
									

										
										
											Visualizza/Apri
										

									2.09 MB	Adobe PDF	
									
									Visualizza/Apri
								


		
	





	
	
	









	
		
			
			
			



















	
		
		
	
	
	
	


	Pubblicazioni consigliate


	
		
		
			
				
				
				

			
			

		
	
	




			
		
	

	
		
		
			
			
				I documenti in IRIS sono protetti da copyright e tutti i diritti sono riservati, salvo diversa indicazione.

			
		
	




	






















	

	
		
			
		    	
			      	 Informazioni
			    

			    
			    	
			        	










	
		
		
			
			Utilizza questo identificativo per citare o creare un link a questo documento: https://hdl.handle.net/11583/2511090
			
		
	
	
	

			      	

			    

			

		

	


	
	
	
		
			
			
				





















	
	 Attenzione

	
	










	
		
		
			
			
			Attenzione! I dati visualizzati non sono stati sottoposti a validazione da parte dell'ateneo

		
	
	
	



			
		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
		
		
		
	
	
		
		
	
	
	
	
	





    


























	
		
			
				
					
						Conferma cancellazione
						
					
				

				
					
				
			

			
				Sei sicuro che questo prodotto debba essere cancellato?

			

			
				
					
						
							
							Chiudi
						
					
				
				
				
						
						
							Elimina
							
						
					
				
			

		

	




	
    
    
				





	
		
			
				
					simulazione ASN

					
				

				
					Il report seguente simula gli indicatori relativi alla propria produzione scientifica in relazione alle soglie ASN 2023-2025 del proprio SC/SSD. Si ricorda che il superamento dei valori soglia (almeno 2 su 3) è requisito necessario ma non sufficiente al conseguimento dell'abilitazione.
La simulazione si basa sui dati IRIS e sugli indicatori bibliometrici alla data indicata e non tiene conto di eventuali periodi di congedo obbligatorio, che in sede di domanda ASN danno diritto a incrementi percentuali dei valori. La simulazione può differire dall'esito di un’eventuale domanda ASN sia per errori di catalogazione e/o dati mancanti in IRIS, sia per la variabilità dei dati bibliometrici nel tempo. Si consideri che Anvur calcola i valori degli indicatori all'ultima data utile per la presentazione delle domande.

La presente simulazione è stata realizzata sulla base delle specifiche raccolte sul tavolo ER del Focus Group IRIS coordinato dall’Università di Modena e Reggio Emilia e delle regole riportate nel DM 589/2018 e allegata Tabella A. Cineca, l’Università di Modena e Reggio Emilia e il Focus Group IRIS non si assumono alcuna responsabilità in merito all’uso che il diretto interessato o terzi faranno della simulazione. Si specifica inoltre che la simulazione contiene calcoli effettuati con dati e algoritmi di pubblico dominio e deve quindi essere considerata come un mero ausilio al calcolo svolgibile manualmente o con strumenti equivalenti.
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