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Influence of tumour micro-environment heterogeneity on therapeutic response 
Junttila and de Sauvage, Nature 501, 346–354 (19 September 2013) 
 

Cancer	Essue	is	a	“complex	organ”	
	
The	TME	is	composed	of	a	variety	of	cells,	
including	tumor	cells,	cancer	stem	cells,	
inflammatory	cells,	and	cancer	associated	
fibroblasts	along	with	blood	vessels	



Poten7al	advantages	of	incorpora7ng	elements	of	the	
tumor	microenvironment	in	drug	discovery	programs		

LoviI	et	al.,	Biology,	2014	



A	prac7cal	example:	how	to	study	the	role	of	pancrea7c	stellate	
cells	(PSCs)	in	pancrea7c	cancer	(PC)	microenvironment		

Firuzi	et	al.,	Cancer,	2019	

PSCs identified as the 
cause of desmoplasia 
 



Growth factors 
e.g. TGF-β1, PDGF, FGF-2 

•  Proliferation  
•  Invasion 
•  Metastasis 
•  Drug resistance 

ECM proteins production 
Collagen, fibronectin, 

MMPs  

Growth factors, cytokines 
e.g. HGF, VEGF, IL-1, IL-6 

PCC 

Activated PSC Quiescent PSC 

Soluble factors 
derived from 

pancreatic acinar/
ductal cells, PCCs 

Paracrine	signaling	between	PSC	and	PCC	results		
in	tumor	progression	

PCC = pancreatic cancer cells, ECM = extracellular matrix, MMP = matrix metalloproteinase 



Aim and hypothesis of the study 

How	we	can	study	if	the	PSCs	in	the	tumor	microenvironment	
play	a	role	also	in	PDAC	drug	resistance	?	

(mediated	by	HGF-c-MET	pathway)	



Use	of	condi7oned	medium	&	chamber	slides	

Chamber	slides	consist	of	removable	
polystyrene	media	chambers	aIached	
to	a	standard	glass	slide	adapted	for	
adherent	cell	culture.	
They	are	designed	for	growth,	fixaEon,	
staining	and	microscopic	examinaEon	
of	cultured	cells		

Condi7oned	medium	is		
spent	media	harvested	from	
cultured	cells.		
It	contains	metabolites,	
growth	factors,	and	
extracellular	matrix	proteins	
secreted	into	the	medium	by	
the	cultured	cells	

48-72h	

Cell	culture	
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PSC	condi7oned	medium	increases	phospho-c-MET	

Firuzi	et	al.,	Cancer,	2019	



Increased	human	HGF	level	in	s7mulated	PCM	

Condition Human HGF (pg/mL) after 72h of 
conditioning 

Control medium 6.5 

Stimulated PSC medium 39.9 

Activated PSC Quiescent PSC 

Conditioned 
medium from 
PDAC5 SSEA-4 

72h 72h 

Firuzi	et	al.,	Cancer,	2019	



Forcing	cells	to	grow	in	2D	induces	altera7ons	in	cell	morphology		that		in		turn		translates		in		changes		
of		the		gene/protein		expression,		as		well		as		cell		behavior		compared		to		the		Essue		of		origin	
	
These		limitaEons		are		parEally		overcome		by		3D		cell	cultures	that	represent	the	donor-Essues’	
architecture	including		cell–cell		(and		cell–matrix)		interacEons		and		are		thus		valuable		tools		for		
invesEgaEng		the		influence		of		the		microenvironment		and		gradients		of		nutrients		and		oxygen		on		
the		interplay		of		cells		within	a	tumor	and	their	response	to	drug	treatment		
 

Co-cultures	

Hickman	et	al.,	Biotech	J,	2014	

Spheroid 3D (co-)culture Monolayer 2D (co-)culture 



Different	approaches	for	
3D	cell	culture	model	
development	
(A)	Cellular	spheroids:	single	cells	from	
primary	or	stable	cell	lines	aggregate	
together	forming	3D	structures		
(B)	Organotypic	coculture:	epithelial	cells	
are	cocultured	with	stroma	cells	
(embedded	in	a	supporEng	matrix)	
(C)	Organotypic	slice	culture:	Essue	slices	
obtained	from	the	whole	organ	or	from	
fragments	of	it	are	directly	culEvated	ex	
vivo		
(D)	Tissue	organoids:	primary	cells	
isolated	from	fresh	Essue	without	prior	
cell	enrichment	are	grown	as	3D	
mulEcellular	structures	

Gaebler	et	al.,	Front	Oncol,	2017	



Image	analysis	of	spheroids,	based	on	1)	dimension	and/or	2)	density	
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Spheroid	volume	(V)	can	be	calculated	from	the	
geometric	mean	of	the	perpendicular	diameters		
D	=	(Dmax	+	Dmin)/2,	(V	=	4/3π	(D/2)3)	

Sciarrillo	et	al.,	EBiomedicine,	2019	Avan	et	al.,	Mol	Cancer	Ther,	2012	



Establishment	of	(co-cultured)	bioluminescent	spheroid	models		

PDAC5 SSEA-4 
+ CFP 
+ Firefly Luciferase (FLuc) 

PSC 
+ GFP 

+ 

Serum-free 
adaptation  
(0% FBS) 

Avan	et	al.,	Cancer	Res,	2013	



Confocal	imaging	of	co-cultured	spheroids	shows	increased	
density	and	structural	reorganiza7on	

PDAC5 SSEA-4 
PSC 

PDAC5	SSEA-4		
20K	

PSC	10K/PDAC5	
SSEA-4	20K	

PSC	20K/PDAC5	
SSEA-4	20K	

Firuzi	et	al.,	Cancer,	2019	



96-well	plate	overview	of	spheroids	
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Firuzi	et	al.,	Cancer,	2019	
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Evalua7on	of	homo-	and	hetero-spheroids	by	luciferase	assay	
shows	increased	PC	cells	growth	in	hetero-spheroids	

PDAC5 SSEA-4 (CFP) 

Firuzi	et	al.,	Cancer,	2019	
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Hetero-spheroids	show	increased	resistance	to	gemcitabine,	
but	not	to	c-MET	inhibitors	
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Future	models	

Shang	et	al.,	Lab	Chip,	2019	



Last	tools:	“sensing	the	force”	

Coppola	et	al.,	Drug	Res	Updates,	2017	
Capula	et	al.,	EORTC-PAMM	2019	



Take-home messages 

§  TME	is	emerging	as	a	key	determinant	of	anEcancer	drug	
acEvity/resistance	

§  To	perform	opEmal	pharmacological	studies	in	vitro,	new	
models	reproducing	the	structure,	interacEons	and	
different	cell	types	of	the	TME	are	warranted	

§  3D	models	and	co-cultures	are	valuable		tools		for		
invesEgaEng		the		interplay		of		cells		within	a	tumor	and	
their	response	to	drug	treatment		

§  Future	microfluidic	models	might	further	help	in	the	
evaluaEon	of	chemical	gradient	and	physical	stress	
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FoundaEon	

“Human	beings	are	members	of	a	whole	
In	creaIon	of	one	essence	and	soul	
If	one	member	is	afflicted	with	pain	
Other	members	uneasy	will	remain	
If	you	have	no	sympathy	for	human	pain	
The	name	of	human	you	cannot	retain”	
	

Saadi,	from	Shiraz	


