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VANTAGGI:

- GRANDE QUANTITA’  DI  

MATERIALE

- ANALISI BIOCHIMICHE

- HIGH THROUGHPUT

LIMITI:

- NON RICAPITOLANO LA 
COMPLESSITA’ TISSUTALE

- CONDIZIONI NON 
FISIOLOGICHE (PLASTICA)

- INTERAZIONI CON LA MATRICE 
LIMITATE
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La plastica è un supporto non fisiologico
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VANTAGGI:

-INTERAZIONI FISIOLOGICHE 
CON MATRICE E ALTRE CELLULE

-STUDIO DELLA MORFOGENESI

LIMITI:

- NON RICAPITOLA LA 
COMPLESSITA’ DEI TESSUTI 
PLURISTRATIFICATI
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Colture cellulari 3D possono essere mantenute in vitro in 
matrici ricostituite a base di collagene o matrigel (una matrice 
secreta da una linea cellulare tumorale, arricchita in 

componenti della lamina basale) oppure gel di acrilamide 
derivatizzati
a formare strutture tridimensionali, che ricapitolano la 

morfologia del tessuto/organo di origine.

ECM     
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o/e oncogene

100x

200x

ingrandimento
RNAi- oncosoppressoreC C
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Cellula staminale

Cellula staminale

Auto-rinnovamento
= riprodursi senza perdere 
la propria identità

Cellula differenziata

Differenziamento
= generare diversi tipi 
di cellule specializzate

+
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• To obtain mammospheres, non-transformed MCF-10A cells (derived from 
normal mammary epithelium) are enzymatically disaggregated to single 
cell suspension, passed through a 40 µm cell strainer and plated in low 
attachment 24-multi-well plate at clonogenic density, which is 2500 
cells/well. 

• Cells are grown for 7-10 days in non-adherent culture conditions in MEBM 
supplemented with 0.5 µg/ml hydrocortisone, 5 µg/ml Insulin, 4 g/ml 
heparin, 20 ng/ml bFGF and 20 ng/ml EGF. 

• Primary mammospheres are collected and enzymatically disaggregated as 
above to re-plate cells at clonogenic density to obtain secondary 
mammospheres. 

• Mammospheres are counted with a 20X objective on an optical 
microscope.  Percentages of secondary mammosphere forming 
efficiencies (%M2FE) are calculated as number of obtained 
mammospheres divided by the cell number and multiplied by hundred. 
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VANTAGGI:

STRUTTURE CHE
RICAPITOLANO 
L’ORGANIZZAZIONE DELLE 
CELLULE NEI TESSUTI E LE 
FUNZIONI TISSUTALI

LIMITI:
SCARSITA’ DI MATERIALE
VARIABILITA’
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Strutture 3D che si sviluppano e differenziano a partire da cellule staminali; 

consistono di tipi cellulari caratteristici di un organo derivati da SC di 
origine che si auto-organizzano attraverso la localizzazione e il 
differenziamento grazie all’inclusione in ECM e alla presenza di fattori 
solubili della nicchia staminale



Brain

Mammary glandKidney

Liver
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Mammary glandBrain

organoidtissue

Ricapitolano l’organizzazione e le funzioni 
del tessuto/organo corrispondente

Jamieson et al., Development 2017Repic & Lancaster , Plos Blogs 2013

VERIFICA DELLA FUNZIONALITÀ:
Organoidi di mammella stimolati
con l’ormone prolattina secernono
protein del latte nel lume 19



Gli organoidi possono essere derivati da 2 TIPI DI SCs
a) Cellule staminali pluripotenti (PSCs) = embryonic stem cells (ESCs) o iPSCs
b) ASCs = cellule staminali adulte residenti tessuto-specifiche 

20



21



S. Yamanaka + J. Gurdon: premio Nobel per la Medicina 2012
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MATERIALE DI ORIGINE:

-ASCs singole (dissociate/purificate)

-Porzioni di tessuto (in alcuni casi le ASCs
necessitano di cellule di supporto per la
crescita)
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https://vimeo.com/222833601



Matrix:
- matrigel
- Specific matrix components

Medium:
- Specific growth factors
(niche): e.g. FGF, EGF,
activators of WNT and
NOTCH pathway

Le cellule sono cresciute in matrici 3D che mimano la matrice del tessuto 
di origine e ricoperte con un terreno di coltura contenente specifici fattori 
di crescita e differenziamento

3D embedded 
culture

Shamir & Ewald., Nat Rev MCB 2014

24



Shamir & Ewald., Nat Rev MCB 2014
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https://www.youtube.com/watch?time_continue=22&v=wePGtHv5JQs&feature=emb_title



Van de Wetering et al., Cell 2015 30



Organ-on-chip - The new challenge

Dispositivi microfluidici 

composti da camere perfuse in maniera continua 

Interfacce tessuto-tessuto realizzate con membrane semipermeabili

Simulano l’organizzazione e la funzione a livello di organo e multi-organo

Consentono real-time imaging
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Dispositivi microfluidici 

Composti da più camere perfuse in maniera continua 

Interfacce tissutali realizzate con membrane

Simulano l’organizzazione e la funzione a livello di organo e multi-organo
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Lo studio dei meccanismi di infezione da parte di virus che hanno tropismo 
per l’epitelio respiratorio (tra cui il SARS-CoV-2) fa comunemente uso di 

colture di cellule VeroE6 
(African green monkey kidney cells ATCC-1586). Lo stesso Sistema viene
comunemente utilizzato per testare terapie dirette contro l’infezione e la 

replicazione virale.

L’utilizzo di modelli cellulari derivati dall’epitelio respiratorio umano e 
quanto più possible differenziati è tuttavia preferibile.

Ad esempio, colture 2D di cellule primarie bronchiali umane, organoidi
umani di origine polmonare (o bronchiale) umana, colture primarie ALI (Air-

Liquid Interface) Cultures
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• Submerged culture of primary HBECs is possible; however, cells in this system fail to 
undergo mucociliary differentiation and thus do not accurately represent the in vivo 
airway.

• ALI culture of primary human airway cells is uniquely suited as a model for in vitro 
infection studies. This is due to the ability of ALI cultures to faithfully recapitulate key 
characteristics of the in vivo airway. For example, ALI cultures exhibit relevant 
proportions of airway cell types, appropriate cellular polarization and junctional 
properties, dynamic physiologic processes such as mucus secretion and 
coordinated ciliary beating, and physiological expression and subcellular 
localization of characteristic proteins bearing species-specific sequences. 
Depending on the infection mechanism of the virus under study, each one of these 
properties can be a crucial feature of the model system. Human airway ALI cultures allow 
for efficient infection of cultured cells and have been used to model various mechanisms 
of viral pathogenesis and human disease. This includes investigating protein interactions 
during intracellular replication,1 factors impacting viral entry into cells,2 and infection 
kinetics.3 The utility of ALI cultures for studying viral infection represents a valuable tool 
for developing antiviral therapeutic approaches;5 viral neutralization by monoclonal 
antibodies has also been tested in this model.8

• The defining feature of ALI culture is that the basal surface of the cells is in contact with 
liquid culture medium, whereas the apical surface is exposed to air. A common approach 
is to seed cells onto the permeable membrane of a cell culture insert, which is initially 
supplied with culture medium to both the apical and basal compartments (Figure 2A). 
Once confluence is reached, the cells are subjected to ‘air-lift’, where the medium is 
supplied only to the basal chamber (Figure 2B). This configuration mimics the conditions 
found in the human airway and drives differentiation towards a mucociliary phenotype.35



Early Studies of the Novel Coronavirus SARS-CoV-2 with ALI Culture
In order to isolate and identify a novel pathogen causing illness in China, 
researchers infected ALI cultures of pathogen-free human airway epithelial cells with 
fluid from patients showing symptoms. This human airway infection model allowed 
the scientists to isolate the virus that was reproducibly infecting human lung cells, 
sequence its genome, and investigate elements of its pathogenesis with 
transmission electron microscopy.
Zhu N et al. (2020) A Novel Coronavirus from Patients with Pneumonia in China. N 
Engl J Med. 382(8):727–33 36

https://www.ncbi.nlm.nih.gov/pubmed/31978945

