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Evalua5on	of	a	stem	cell-based	approach	



Type 1 diabetes mellitus 
 

•  Autoimmune	disease	that	develops	as	a	consequence	of	:	

-					Gene5c	predisposi5on	

-					Environmental	factors	

-  		Stochas5c	events	
	

•  Characterized	by	an	organ-specific	immune	destruc5on	of	
insulin-producing	β-cells	

													ABSOLUTE	INSULIN	DEFICIENCY	

	

•		It	is	associated	with	an	increased	risk	of		

				heart	disease,	stroke,	blindness,	kidney	failure.	

	

•  There	is	s5ll	not	a	cure,	hyperglycemia	is	taken	under	

					control	by	daily	insulin	administra5on.	

	

	

	

	

	

 J.A. Bluestone et al.,Nature (2010) 
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In	vivo	results	

NOD	mouse	

Goals:	
•  Replacement	of	func5onal	β-like cells	

•  Auto	immune	evasion	
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Overview	of	our	strategy	



NOD	mouse	
•  The	Non-Obese	Diabe+c	mouse	model	matches	closely	enough	with	T1DM	pa+ents	

J.A.Pearson et al., J.Autoimmun. (2016)  

•  Glycosuria	
•  Polyuria	
•  Weight	loss	

•  Lymphocy5c	
infiltra5on	in	
Langherans	
islets	

•  High	increase	of	glucose	
levels	in	blood	stream	

•  No	insulin	
produc5on	

•  Destruc5on	of	
pancrea5c	βcells	

TYPE	1	
DIABETES	

•  Skeletric	and	cardiac	muscles	problems	



	MAF-derived	iPS	cells	and	valida5on	of	pluripotency	

Soma5c	cells:		
MAF	(mouse	Adult	
Fibroblast)	

NOD		mouse	

NOD-	iPScells	

Yamanaka’s	factors	
reprogramming	

K.Takahashi et al., Cell (2006)  
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Func5onal	in	vivo	control	

Cellular	and	molecular	in	vitro	controls	
WT			NOD-iPSC					
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 What	are	we	going	to	do	with	MAF-derived	iPScells?	
NOD		mouse	

NOD-	iPS	cells	

NOD-	iPS	cells	
corrected	

Viral	transduc5on	

NOD-	iPS	cells		
not-corrected	

T	cell	An5gen	presen5g	cell	

www.adipogen.com	



How	to	correct	iPSC?	
By	len+viral	vector	mediated	gene	therapy:	

Polycystronic	transfer	plasmid	with	a	cons5tu5ve	promoter	containing	the	transgenes	separated	by	a	self-cleavable	T2A	pep5de	linker:	
1.  	IDO	
2.  	PD-L1	+	CTLA4	
3.  	PD-L1	+	CTLA4	+	IDO	
	

Vector	taken	from	www.Addgene.org	
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M.	B.	Nasr	et	al.	Science	Transla7onal	Medicine	(2017)	



Trasduc5on	efficiency	

•  FACS	analysis:	

	

•  Proteic	expression	evalua5on	through		
					Western	Blot	analysis:	
	
1.  Mock-transduced	cells																																											
2.  Untreated	cells	
3.  IDO	
4.  PDL-1	+	CTLA4	
5.  PDL-1	+	CTLA4	+	IDO	

	
	

good	transduc5on	
Efficiency.	



Why	a	len5viral	vector?	

Many	advantages:		
	
•  strong	and	cons5tu5ve	expression	
•  long-term	efficacy	
•  contains	up	to	7,5-8,5	kb	
•  Random	inser5on	sites													lower	risk	of	genotoxicity	
						seen	by	PCR	and	sequencing	of	the	amplicon	

TOXICITY	EVALUATION:	
Cell	viability	analysis:		
high	percentage	of	viable	cells	obtained.	
	



Safety		
evalua5on	

LV genomic integration 
Profile	

Alessandra Biffi et al.,  Science 341	 (2013)	



Common insertion site analysis.	

Alessandra Biffi et alScience 
341.(2013) 	



		«Lineage-control	network»	protocol	3	

P.Saxena et al., Nature Communication (2016) 



		«Lineage-control	network»	protocol	

P.Saxena et al., Nature Communication (2016)  



Are	the	iPSC-derived	β-like	corrected	cells	good	enough		
in	vitro?	

P.Saxena et al., Nature Communication (2016)  

qPCR Glucose response analysis 

Insulin secretion analysis 

β-like		
Corrected	cell	

Endocrine	
Progenitor	
	cell	

Measurement	using	ELISA	test. 		

•  In	vitro		is	shown	a	good	transcrip5on	
profile	for	the	pancrea5n	key	genes		

•  In	vitro	the	lineage-control	network-derived	β-like	cells		are	
insulin-secre5ng	and	glucose	responsive	



In	vivo	analysis	demonstrate	that	the	iPSC	network-derived	β-like	cells:		
•  show	the	typical	insulin-storage	vescicles	that	are	found	in	mature	pancrea5c	beta	cells.	
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Are	the	iPSC-derived	β-like	corrected	cells	good	enough		
in	vivo?	

P.Saxena et al., Nature Communication (2016)  



β-like	cells	NC		 β-like	cells	LV-IDO			

β-like	cells	LV-PDL1-CTLA4Ig	 β-like	cells	LV-PDL1-CTLA4Ig-IDO	
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Could	our	β-like	corrected	cells	escape	the	immune	system?	



W1	 W2	 W3	 W4	 W5	 W6	 W7 		W8	 W9	 W10	 W11	 W12	 W13	 W14	 W15	

W1	 W2	 W3	 W4	 W5	 W7 		W8	 W9	 W10	W6	

Nephrectomy	

Hepatectomy	

X15	

NOD	mice	
5	weeks	old	

NOD	mice	
5	weeks	old	

Injected	cell	Kidney	

Injected	cell	Liver	

Blood	glucose	level	
every	4	days	

Immunohistochemistry	
Analysis	for	Insulin		
and	C-Pep5de	

Same	experiments	in	parallel	have	been	done	with	injec5on	of	differen5ated	beta	like	cells	without	correc5on.	

 In	vivo	experiments	4	



Using	LV-PDL1-CTLA4-IDO	expression	we	
obtained	glucose	levels	within	safety	range		
resembling	to	WT	

LV-IDO	 LV-PDL1+CTLA4Ig
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Average	blood	glucose	and	circula5ng	insulin	levels	
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Measurement	using	ELISA	test.	
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In	vivo	immune	staining		

β-like	cells		
C-pep5de	In	Kidney.	

NOD	mouse	 WT	

IDO	 Pdl-1+CTLA-4	

β-like	cells		
Insulin	in	kidney.	

Nod	mouse	 WT	

IDO	 Pdl-1+CTLA-4	

We	obtained	the	same	results	from	β-like	cells	in	the	liver	

β-like	cells	leukocyte	common	an5gen	
expression	in	Kidney		
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 Pipalls	and	ameliora5ons	

•  Induced	pluripotent	stem	cells	stability,	efficiency	and	safety	could	be	ameliorated	using	miRNAs	instead	of	
Yamanaka’s	factors	or	using	Nanog	and	Lin28	instead	of	c-Myc	

•  NOD	mouse	can	be	humanized.	

•  According	to	our	studies	we	suggest	to	go	ahead	with	experimanta5on	in	non-human	Primates.	

•  Challenges	s5ll	remain	for	non-human	Primates	β-like	cells	differen5a5on.		

•  Suicide	genes	could	be	a	way	to	enhance	the	safety	of	ex	vivo	gene	therapy,	by	elimina5ng	the	transduced	
cells	at	the	site	of	implanta5on.		

F.	Alaee	et	al.,	2014	Gene	Therapy		



Costs and Time	
•  WT mouse+ NOD mouse: 26$ (x51 WT mouse) + 44$ (x50 NOD mouse) 
•  Stabulation for the mice: about 500$/month 
•  Culture dishes (Sigma-Aldrich): 119$    
•  Yamanaka’s factors plasmid: 65$  
•  Lipofectamine LT Reagent with Plus Reagent (Invitrogen) 0,75ml: 400€ 
•  qPCR (miScript SYBR Green PCR Kit- QIAGEN): 451$  
•  Toxicity assay: 400$ 
•  Taq PCR Core kit (QIAGEN): 171$ 
•  Lentivirus (1ml at titer >1x10^6 TU/ml) and plasmid (Addgene): 250$ (x5) 
•  Next Generation Sequencing: 1500-3000€ 
•  FACS antibodies: 200-300$/each + respective controls 
•  Immunohistochemistry antibodies: 200-300$/antibody + secondary antibody  
•  ELISA assay kit (biorbyt): 580$/plate 
•  Western blot antibodies: 300-400$/antibody + secondary antibody  
•  Supplementary costs including routine lab experiments are not evaluable 

Time	of	work:	5	years,	70	000/80	000 $ 
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