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I. The intestinal stem cell niche

The intestinal epithelium:

• the highest self renewal rate in the body
• a turn over time of 5 days
• consists of highly differentiated cell types:

• Enterocytes (absobance)

• Paneth cells (secretion of anti-microbial compounds)

• Goblet cells (secretion of mucin)

• Enteroendocrine cells (secretion of various factors)

Hans Clevers, Cell, 2013



I. The intestinal stem cell niche

Toshiro Sato and Hans Clevers, Science, 2013

The intestinal stem cell:

• are located at the bottom of the intestinal crypt (+4 cell, Lgr5-CBC (crypt base cumnar))

• every crypt contains ~15 Lgr5-CBC stem cells

• cell division rate of Lgr5-CBC : 1 cell division / 24h



I. The intestinal stem cell niche

Toshiro Sato and Hans Clevers, Science, 2013

The intestinal stem cell niche is controlled by four pathways:
- Wnt
- Notch
- EGF
- BMP

Paneth cell contribute to the stem cell microenvironemnt by secreting Wnt3, 
EGF, R-Spondin and Notch ligands (DII1/4)



Scientific question:
Is it possible to establish long-term cultures:

• from primary adult intestinal tissue ?

• to maintain crypt-villus physiology ?

• without genetic transformation ?

• overcome the Hayflick limit ?



II. The intestinal mini-gut culture system

How to establish a long-term culture system with:

• active Wnt signalling for crypt proliferation ?

• EGF signalling for enterocytes proliferation ?

• Noggin expression for expansion of crypts ?

• overcome anoikis ?

 Culture intestinal crypts under optimized conditions



II. The intestinal mini-gut culture system

Protocol:

1. Isolation of mouse intestinal crypts (Lgr5-GFP+)
- incubation in PBS/EDTA (2mM) for 30min/4°C
- 500 crypts plated in 50ul Matrigel (laminin/collagen mix) in 24 well plates

2. Optimization of culture medium



II. The intestinal mini-gut culture system

2. Optimization of culture medium

- EGF, R-Spondin1 and Noggin are required in high concentrations



II. The intestinal mini-gut culture system
Intestinal crypts grow in vitro

Day 5 Day 14

Crypts are Lgr5 positive

Only crypts incoorporate BrdU

Video



II. The intestinal mini-gut culture system
Do organoids also grow from single stem cells or only from entire crypts? 

FACS sporting of single cell suspension
from Lgr5-GFP+ mice

GFP high GFP low

Colony forming efficiency per 100 
single cells



II. The intestinal mini-gut culture system
Do organoids also grow from single stem cells or only from entire crypts? 

 single cells build crypt-villus like structures without the stem cells niche

GFP high 



II. The intestinal mini-gut culture system
How similar are in vitro organoids and in vivo crypts?

Enterocytes Goblet cells Paneth cells Enteroend.cells

AP PA lysozyme Synptophysin

FF
PE

in vivo crypts in vitro crypts

mitosis mitochondria ER



II. The intestinal mini-gut culture system
How similar are in vitro organoids and in vivo crypts?

Gene expression profiling of in vitro organoids and corresponding in vivo colonic and si crypts

• Only 1.2% of genes were signifcantly enriched in organoids

• 2% of genes were signifcantly enriched in si crypts
 lymphocyte signature



SUMMARY
• Single Lgr5+ stem cells have the capacity to initiate morphogenesis in vitro

• Stem cells grow into ever-expanding epithelial organoids

• Organoids show polarization and differentiation

• Organoids grow stable for at least 1.5 years

 How functional and useful are mini-guts?
 Is there a potential use for regenerative medicine?



III. Transplantion and engraftment of mini-guts

 How functional are mini-guts?

 Is there a potential use for regenerative medicine?



III. Transplantion and engraftment of mini-guts

 Can mini-guts be transplanted and regenerate epithelial tissue in vivo?

• Establish a protocol for organoids derived from colonic stem cells

• Develop a transplantation system



III. Transplantion and engraftment of mini-guts
Protocol for organoids derived from colonic crypts

Optimization of culture conditions: + Wnt3a +HGF

Colonic organoids from colonic crypts

• organoids grow as monolayer

• organoids rarely have buds



III. Transplantion and engraftment of mini-guts
Colonic organoids from single cells (Lgr5-GFP+)
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III. Transplantion and engraftment of mini-guts

Experimental set-up for transplantation of crypt derived organoids



III. Transplantion and engraftment of mini-guts

Experimental set-up for transplantation of crypt derived organoids

Day 16

Day 38



III. Transplantion and engraftment of mini-guts

Experimental set-up for transplantation of single cell derived organoids

 organoids derived from single stem cells (Lgr5-GFP+)

 from the same donor (Confetti-RFP+)



III. Transplantion and engraftment of mini-guts

 Transplantation of 500 organoids/mouse leads to monolayer

 All differentiated cell types are present in a normal ratio



SUMMARY

• Succesfull isolation and culture of colonic stem cells and organoids

• Crypt and single cells derived organoids show transplantability and engraftment in 

recipient animals

• Transplanted organoids covered superficially damage colonic tissue

• Improved body weight beneficial in DSS-induced colitis

 Is the culture system limited to gastrointestinal stem cells?



III. The liver organoid culture and
transplantation system

Experimental set-up:

- Isolation of Lgr5+ stem cells from liver tissue:



III. The liver organoid culture and
transplantation system

Liver stem cells are quiescent and have to be acitvated by CCL4 treatment



III. The liver organoid culture and
transplantation system
Lgr5+ liver stem cells form organoids in vitro under optimized culture conditions

Liver organoids produce hepatocyte specific factors for at least 12 months



III. The liver organoid culture and
transplantation system
Transplantation of liver organoids into Fah-/- mice leads to engraftment

(1% repopulation) and improved survival of mice

Transplanted organoids engrafted and cells contributed to liver function

BUT: freshly isolated and transplanted hepatocytes repopulated more efficient (30%)

+-



V. Generation of mini-guts from iPSC

Background:
- Human PSCs and iPSCs are able to differentiate in vitro into monolayer

cultures (hepatocytes etc.)

- Complex three-dimensional organ structures are not possible?

 Is it possible to directly differentiate iPSCs into 3D intestinal tissue ?



Totipotent ESC

Pluripotent ESC
-inner blastocyst

Multipotent SC
-germ layer/ tissue specific
progenitor cells

Somatic cell
-highly differentiated



V. Generation of mini-guts from iPSC
Protocol:

1. Differentiation of PSCs into endodermal stem cells

2. Formation of 3D intestine-like organoids



V. Generation of mini-guts from iPSC
Protocol:

1. Differentiation of PSCs into endodermal stem cells

- Optimization of culture conditions….

CDX2



V. Generation of mini-guts from iPSC
Protocol:
2. Formation of 3D intestine-like organoids

- Optimization of culture conditions leads to organoid formation

PSC



V. Generation of mini-guts from iPSC
Protocol:
2. Formation of 3D intestine-like organoids

- Optimization of culture conditions….
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V. Generation of mini-guts from iPSC
Protocol:
2. Formation of 3D intestine-like organoids

PSC

 Organoids show intestine-like structure and factor expression

iPSC



V. Generation of mini-guts from iPSC
Protocol:
2. Formation of 3D intestine-like organoids

PSC

- Organoids show mesenchymal development and maturation



SUMMARY
• hPSC and iPSC are able to differentiate in vitro directly in  human tissue

• Organoids show 3D architecture and cellular composition similar to intestinal 
tissue

• Intestinal organoids undergo maturation and develop mesenchymal layer

•  functional studies?



Outlook


