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Current drug development pathway



How did we get here?



What is an organoid?

“…we define an organoid as a unit of function of a given organ that is

able to reproduce, in culture, a biological structure similar in

architecture and function to its counterpart in vivo. The origin of this

unit is today multiple, as it can come from a fragment of tissue, a stem

cell located in an adult organ, an embryonic stem cell, or an induced

pluripotent stem cell. ”

Simian &	Bissell,	2017,	JCB



Journey through the milestones of	tissue culture	
that led	to	the development of	organs on a	chip…







Pubmed citations per	year



do	we culture	cells?









Moscona	and	Moscona,	1952
Dissociation and	aggregation of	cells from organ rudiments

Kidney Cell	aggregates In	vitro	kidney-like	structures





Use	of	collagen:	1956

• Huzella,	T. 1932.	Orientation	de	la	croissance des	cultures	de	tissus
sur	la	trame fibrillaire artificielle coagulée de	la	solution	de	collagène.	
SAC	r. Soc.	Biol.	Paris.	109:515.





Lasfargues,	E.Y. 1957.	Anat.	Rec.	127:117–129.	





Berry,	M.N.,	and	D.S. Friend.	1969.	J. Cell	Biol.	43:506–520.	



Cells on floating collagen I	gels reach a	higher
degree of	differentiation



1973-1979:	Discovery	of	Fibronectin and	Laminin

Nelson et al. Developmental Biology, Volume 401, Issue 1, 2015, 103–109

Basement membrane



1977:	Engelbreth,	Holm,	and	Swarm isolate
EHS…..that	is	to	say	Matrigel



By the 1980’s…

• Were able to	culture	cells
• Could make collagen I	gels
• Could dissagregate different tissues using collagenase
• Had characterized basemente membrane components
• EHS	(Matrigel was available)



• Lee,	E.Y.,	G. Parry,	and	M.J. Bissell.	1984.	Modulation	of	secreted	
proteins	of	mouse	mammary	epithelial	cells	by	the	collagenous	
substrata.	J. Cell	Biol.	98:146–155..

• Lee,	C.S. Kaetzel,	G. Parry,	and	M.J. Bissell.	1985.	Interaction	of	
mouse	mammary	epithelial	cells	with	collagen	substrata:	Regulation	
of	casein	gene	expression	and	secretion.	Proc.	Natl.	Acad.	Sci.	USA.	
82:1419–1423.	



Events related to	milk production on floating
collagen I	gels

Cells on
collagen I	gels

Floating
collagen I	gels

Induction of	
matrix

synthesis

Milk
production



M.J. Bissell Biochm. Soc. Trans. 2007;35:18-22



Gajewska et	al.	(2013).	Autophagy in	Development and	Remodelling of	Mammary ….
Dr.	Yannick Bailly (Ed.),	InTech,	DOI:	10.5772/54558



How does the ECM	govern milk production?

Laminin-111	through β1	and	β4	integrins governs milk production



Assay to	distinguish normal	from malignant cells



1990-2000:	use	of	3D	cultures	to	study
morphogenesis

Simian et al. Development 2001;128:3117-3131



Stem cell field:	1981



1996:	First neurosphere cultures

Reynolds	and	Weiss,	1996.	Dev.	Biol 175,	1-13



1998:	Embryonic Stem Cell Lines Derived
from Human	Blastocysts

James A. Thomson et al. Science 1998;282:1145-1147



Culture	of	mammary gland stem cells

Gabriela Dontu et al. Genes Dev. 2003;17:1253-1270



Gabriela Dontu et al. Genes Dev. 2003;17:1253-1270



Eiraku et	al.	2008.	Self-organized formation of	polarized cortical	tissues from ESCs...	Cell Stem Cell.	3:519– 532.



Sato	et	al.	2009	Single	Lgr5	stem cells build crypt-villus structures in	vitro...	Nature.	459:262–265.



Sato	et	al.	2009	Single	Lgr5	stem cells build crypt-villus structures in	vitro...	Nature.	459:262–265.



The same technology was used for culture	of:
• Stomach:	Barker,	N.,	M. Huch,	P. Kujala,	M. van	de	Wetering,	H.J. Snippert,	
J.H. van	Es,	T. Sato,	D.E. Stange,	H. Begthel,	M. van	den	Born,	et	al.	2010.	
Lgr5+ve	stem cells drive	self-renewal in	the stomach and	build long-lived
gastric units in	vitro.	Cell Stem Cell.	6:25–36

• Pancreas:	Huch,	M.,	P. Bonfanti,	S.F. Boj,	T. Sato,	C.J. Loomans,	M. van	de	
Wetering,	M. Sojoodi,	V.S. Li,	J. Schuijers,	A. Gracanin,	et	al.	2013a.	
Unlimited in	vitro	expansion of	adult bi-potent pancreas progenitors
through the Lgr5/R-spondin axis.	EMBO	J. 32:2708–2721

• Colon:	Sato,	T.,	D.E. Stange,	M. Ferrante,	R.G. Vries,	J.H. Van	Es,	S. Van	den	
Brink,	W.J. Van	Houdt,	A. Pronk,	J. Van	Gorp,	P.D. Siersema,	and	H. Clevers.	
2011.	Long-term expansion of	epithelial organoids from human	colon,	
adenoma,	adenocarcinoma,	and	Barrett’s epithelium.	Gastroenterology.	
141:1762–1772.	



• Liver:	Huch,	M.,	C. Dorrell,	S.F. Boj,	J.H. van	Es,	V.S. Li,	M. van	de	
Wetering,	T. Sato,	K. Hamer,	N. Sasaki,	M.J. Finegold,	et	al.	2013b.	In	
vitro	expansion of	single	Lgr5+	liver stem cells induced by Wnt-driven
regeneration.	Nature.	494:247–250.	



Induction of	iPS cells
from human	dermal	
fibroblasts

Takahashi	et	al	2007.	Induction	of	pluripotent	stem	cells	from	
adult	human	fibroblasts	by	defined	factors.		Cell.	131:861–872.	





Lancaster,	M.A.,	and	J.A. Knoblich.	2014.	Organogenesis	in	a	dish:	Modeling	development
and	disease	using	organoid	technologies.	Science.	345:1247125.	



Jackson	&	Lu,	2016.	Integrative Biology,	13;8(6):672-83



Jackson	&	Lu,	2016.	Integrative Biology,	13;8(6):672-83



Ramadan	and	Gijs,	2014.	Lab	Chip.	2015	Feb	7;15(3):614-36



Mina	J.	BissellMe

Thanks for listening &	cheers!
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