
Small intestine: The part of 
the digestive tract that is 
located between the 
stomach and the large 
intestine.

Large intestine: The long, tube-like 
organ that is connected to the 
small intestine at one end and the 
anus at the other. The large 
intestine has four parts: cecum, 
colon, rectum, and anal canal. 
Partly digested food moves 
through the cecum into the colon, 
where water and some nutrients 
and electrolytes are removed. The 
remaining material, solid waste 
called stool, moves through the 
colon, is stored in the rectum, and 
leaves the body through the anal 
canal and anus.
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Structure of the Intestine I 
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Structure of the Small Intestinal Mucosa
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STEM CELL

The intestine: model of self-renewing tissue





Stem cell research was born in the aftermath of Hiroshima 
and Nagasaki

Laboratories around the world started to investigate the 
consequences of radiation on blood, gut, skin and other tissues:



Christopher Potten

Stem cells of the small intestine have been localized and 
identified in radiation and label retaining assays
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Label retaining cells assay

Label retaining cells are found in the Buldge region

5 day old mice, 2 injections 
of BrdU s.c. twice per day for 
3 days

LRC

3HThymidin ip injection 1 hr before 
sacrifice

•This method is based on the assumption that normal or cancer stem cells spend long periods 
not cycling or undergo an “immortal strand” DNA replication.









Stem cells of the small intestine
have been localized and identified
in radiation and label retaining
assays

Christopher S. Potten Radiation Research 2004



Hypothesis of selective DNA segregation at mitosis



In humans, cancer of the gut is mostly confined to the colon

Why?

Christopher Potten



Cells of the small intestine are extremely sensitive to radiation

Christopher S. Potten Radiation Research 2004



The radiation sensitive cells are found around position +4



Conclusions 

•Stem cells reside at position +4 (label 
retaining assay)

•The small intestine does not develop 
tumors because stem cells undergo 
apoptosis as soon as they acquire 
mutations. 



Hans Clevers
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TCF4+/- TCF4-/-

Ki 67Ki 67

V. Korinek et al. Nat. Gen. 1998
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Overexpression of DKK1 results in the loss of the proliferative 
crypt compartment of the intestine

Daniel pinto et al. G&D 2003

Ki 67
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C-Myc represses p21 CIP1/WAF1 expression in LS174T
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Van der Flier et al. Gasteroenterology2007,132; 628-632

Identification of TCF/Wnt target genes ?

b-catenin
TCF4

dnTCF4

b-catenin



Confirmation by in situ hybridization that 
TCF target genes are indeed expressed 
in both the crypt and adenomas of APC 
min mice





Christopher 
Potten

Postulated +4 cells as 
potential stem cells 
based on LRC

Hans Clevers

Lgr5+ CBC are cycling 
stem cells (based in 
lineage tracing)

Mario Capecchi

Bmi1+ localize at 
position +4 are stem 
cells based on lineage 
tracing and DT ablation 
experiments
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the crypt



LGr5-/- mice have a malformation of the 
tongue and lower jaw, which causes 
newborns to swallow large amounts of air, 
leading to neonatal death.

Lgr5/Gpr49 is an orphan G-protein 
coupled receptor, containing 7 TM-
domains and a leucine-rich extracellular 
ligand binding domain



In situ hybridization of Cryptidin1(paneth cells), Wdr43 (TA-
cells) and Lgr5 (crypt base columnar cells)



Crypt base columnar cells (CBC) are cycling



LacZ knock-in into the Lgr5 locus in order to follow expression pattern
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Expression pattern of Lgr-5-lacZ in selected mouse tissues 
shows restricted expression



Principle of Cre-ERT-mediate lineage tracing



Ab staining 
for EGFP



Lineage tracing using the Lgr5-
EGFP-Cre-ERT2 and RosaR26 
mice support hypothesis that 
Lrg5+ cells are stem cells in the 
intestine and the colon

12hrs after 
tamoxifen 
injection

Small intestine 1, 5 and 60 days 
post tamoxifen injection

Double labelling, PAS for goblet and 
paneth cells and synaptophysin for 
enteroendocrine cells

Colon 1, 5 and 60 days post 
tamoxifen injection



•Lgr5 is a marker of Crypt base columnar cells (CBC)

•CBC are cycling (somewhat counterintuitive for stem cells)

•Lineage tracing experiments show that CBC give rise to all 
major cell lineages within the gut

•Lgr5 is also expressed in scattered cells in the eye, brain, 
hair follicles, reproductive organs, stomach and intestine.

•Lgr5 is also found in scattered cells of adenomas of APC 
min mice. 

LGR5 seems to be a marker for intestinal 
stem cells, may be also for other stem cells, 
and possibly for cancer stem cells of certain 
tumors.





DMEM/F12+ Matrigel +  EGF + R-spondin + Noggin



A single Lgr5+ cells can generate crypt-villus structure in vitro







Bmi1 is part of the Polycomb protein epigentic modifier complex

Mario Capecchi



In vivo lineage tracing experiment of Bmi1 identies 
intestinal stem cells

Genetic locus 
of Bmi1

Genetically modified 
Bmi1 gene locus RosaR26 reporter mouse Genetically modified Bmi1 

gene locus
RosaR26 reporter mouse



Early Bmi1+ lineage detection mark predominantly cells 
at position +4 and +5



Repopulation kinetics of Bmi1+ lineage



Bmi1+ lineage analysis in the small intestines



Assessment of Bm1+ lineage 
after 5 days and 12 months to 
evaluate the colocalization with 
differentiated cell markers
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Genetically modified 
Bmi1-Cre-ERT gene 
locus



What does all of that mean?

We seem to have two pools of intestinal stem cells:

•Slow cycling Bmi1+, position +4
•Fast cycling, Lgr5+, between Paneth cells

Is there a stem cell hierarchy?



Experimental strategy



Characterization of DT-mediated CBC ablation



10 day treatment with DT depletes Lgr5+ cells 
However the intestinal gut architecture remains normal





Bmi1-expressing stem cells are mobilized to 
compensate for loss Lgr5 expressing CBCs



In case of Lgr5+ stem cell loss Bmi1+ stem cells or intestinal
progenitors become plastic and can compensate for Lgr5+ stem
cells or revert to stem cells





Figure 1 Ablation of Lgr5 + Cells in the Lgr5 DTR Mouse Model Dramatically Alters the Regenerative Response after Exposure 
to Ionizing Radiation (A–D) Representative H&amp;E- and KI67-stained sections from Lgr5 DTR mouse duodenum treated as 
s...





Radtke & Clevers, Science 2005

Accumulation of b-catenin throughout the cells in 
adenomas and aberrant crypt focis in the intestine of 

APCmin mice



Lgr5 + Cells Are Not Required for Crypt Hyperplasia 



What does all of this mean?

1. Lgr5+ cells are true intestinal stem cells
2. Bmi1 + cells are stem cells too
3. Progenitor cells can revert to stem cells in case of 

stem cell loss.
4. In case of irradiation Lgr5+ cells are indispensable 

for the regeneration process.


