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Overview 

•  Adult stem cells 

Intestinal stem cells 

 

•  Cancer stem cells 

•  Drug development 
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Intestinal stem cells 
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stem cell definition 

•  ensure tissue homeostasis 

–  maintenance of steady state function of cells, compartments, tissues, organs 
      (tissue maintenance, growth) 

•  replacement of injured or diseased cells,  

–  repair 

•  ability to undergo self-renewal 

–  proliferating for long time periods without differentiation (life time of the organism) 
•  difficult to prove in vivo 

•  production of specialized cell types, fully differentiated 

–  defined, specialized function 
•  characteristic morphology, contact to other cells + ECM, surface markers, behavior 

–  via intermediate cells called precursors or progenitor cells 

•  adult SC are rare 

•  reside in the tissue, which they give rise to 

adult stem cells: function, taskss 
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The gastrointestinal tract 
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Increase in surface 

Surface increase: 
- Folds (Kerckring-folds, Plicae circulares)  3x 
- Villi     7-14x 
- Mikrovilli    15-40x 
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Intestinal surface 

Intestine 
300m2 (surface) 
(30m2 cellular area) 

Lung 
70m2 

7 Helmut Dolznig 

ISCs/CSC/tumor stroma 



Small intestine 

Intestine 
300m2 small intestine 

180 m2 



stem cells at the crypt bottom were long 
predicted 
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Small intestine morphology 
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Differentiated cell types of SI 
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SCs in the intestine 
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canonical Wnt signaling 

Wnt/ß-catenin Pathway OFF Wnt/ß-catenin Pathway ON 
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Wnt signaling is essential in the intestine 
à Proliferation of epithelial cells in intestine is Wnt –dependent 

 
   - Evidence from mouse models: 
 

  - TCF4 -/- miceà no proliverativ crypts 
 

  - conditional beta Catenin KO, DKK1 transgene à  
  àproliferative cypts dissappear in adult mouse 

 
 

 - Evidence from human intestinal cancers and cell lines: 
   
  - wnt pathway always ON, loss of APC, beta-Catenin often 
    overexpressed, mutated and nuclear 
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Wnt target Genes 
CRC cell lines 
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LGR5 = GPCR49 

LGR5 ISH 



LGR5 = GPCR49 
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LGR5+ cells cycle 

CBC cells = crypt base columnar cells 
 
BrdU Labelling for 24 hrs  
 



LacZ knock in allel 



LGR5 = GPCR49 

ß-Galactosidase 

Lactose 

Glucose Galactose 



X-Gal 

ß-
Galactosidas

e 



Cell tracking 

Dünndarm 

Colon 

Magen 



Conditional Knockout 
Cre recombinase 
 
(Cre= causes recombination) 
 
Aus Bakteriophagen P1 
 
Erkennt spezifische Sequenzmotife (loxP sites) 
und  
Excisiert dazwischenliegende 
Sequenzen 



Cell tracking/fate mapping 

Rosa26 promoter is active in almost every cell 



Expectet results 
LGR5 not expressed 

LGR5 expressed LGR5 not expressed 



GFP (LGR5 actively expressed) 



Fate Mapping 

Dünndarm 

Colon 

Goblet Paneth Entereondocrine 



Isolation of LGR5+ stem cells (GFP+) 

Kulturmedium: 
 
Matrigel 
EGF 
R-spondin 1 (Wnt Agonist) 
Noggin (TGFbeta Antagonist) 
 
 



Colony-forming efficiency 

T Sato et al. Nature 000, 1-4 (2009) doi:10.1038/nature07935 



Composition of single stem cell-derived organoids 

T Sato et al. Nature 000, 1-4 (2009) doi:10.1038/nature07935 



SCs in the intestine 
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-> fusion gene of diphteria toxin receptor (DTR) and enhanced green fluorescent protein (EGFP) 
 
Lgr5 expression -> green fluorescence 
 
application of diphteria toxin (DT) -> cells die, no fluorescence 

Lgr5DTR/+ 

no DT 

LGR5+ stem cell depletion 
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after DT administration no Lgr5 positive cells 

Lgr5DTR/+ mice 

apoptosis induction after 24h 
after 10 d decrease but still visible 

architecture of epithelium intact 

crypt architecture compareable to controls 

no Lgr5 mRNA present 

CBCs depleted 

effects of depleted Lgr5? 

Intestine remains intact 
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long term effect of CBC ablation? 

Lgr5DTR/+ mice -> in-vitro orgnoid culture 

mice treated for 10 days with DT 
-> crypts isolated 
 
-> recovery a and c 
-> prolonged treatment b and d 

no difference to controls 
Lgr5 depleted crypts passaged for up to 2 months 

day3 

Intestine remains intact 
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Novel twist 
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genetically labeling of LRC  
Cyp1a1 promoter driven expression of YFP-H2A fusion protein 

uninduced +ß-NF d1 

+ß-NF d21 +ß-NF d1 

Cyp1a1 promoter expression on ßNF (naphtoflavon) induction in all cells of the crypt–villus axis 
with the exception of the mature Paneth cells 



novel Cre (parts A anB dimerizable) 

Dimerizer      AP20187 



How are LRC genetically identified? 

àKontrolle: alle Zellen gelabeled: fate mapping à blaue Nachfahren 

àunter Homöostase Bedingungenà keine blaue Nachfahren 

ànur bei Verletzungà blaue Nachfahren 
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Current 
Model 

Gehart and Clevers, 2019 Nat Rev Gastroenterology & Hepatolgy 
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Generation of differentiated cells 

Gehart and Clevers, 2019 Nat Rev Gastroenterology & Hepatolgy 



Cancer stem cells 
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Cancer stem cells 
•  tumors are heterogenous, why? 

•  ongoing mutagenesis can only partially explain this 

•  some tumors seem to arise from small populations of “cancer stem 

cells” 

•  AML 

•  AML stem cells (proliverative)  

•  and remaining AML cells with  

 reduced proliferative potential 

•  also shown for breast cancer, glioblastoma,  

colon carcinoma 

 

•  cancer stem cells arise from mutations hitting normal stem cells 
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Cancer stem cells 
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Can we establish cancer from ISCs? 
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introduce mutations 



Wnt signalling 

wnt ON 

adenoma 
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Normal 
Epithelium 

Abberant 
Crypt Foci 

Early 
Adenoma 

Intermediate 
Adenoma 

Late 
Adenoma Carcinoma Metastasis 

First Hit 
Somatic Mutation 

(sporadic CRC) 
APC 

APC 
First Hit 

Germline Mutation 
FAP 

Second Hit 
Somatic Mutation 
APC 

beta-catenin 
axin 

Genomic 
instability 

K-ras p53 Smad4 

Other 
alterations 

Colorectal Cancer 
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CRISPR/CAS9 Genome editing 
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Cancer from CBCs 
Human Intestinal Stem cells (CBCs)  
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KRASG12D APCKO p53KO  
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KRASG12D APCKO p53KO SMAD4KO  

Helmut Dolznig 

ISCs/CSC/tumor stroma 

51 



Different tumor targeting 
strategies 
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Labeling of CSC in human organoids 
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ODX: CSC remain in mouse xenograft 
model 
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human CRC Organoids 
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human CRC Organoids 
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Organoids in Xenografts 
(ODX) 
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Organoids in Xenografts 
(ODX) 
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Cancer Stem Cells (CSCs) 
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Drug development 
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gain of knowledge/technology ≠ drug 
development 

gain of knowledge/technology  



96% fail rate in clinical trials 





Reasons for failure 

drugs optimized to work... 

... in 2D tumor cell line cultures on plastic plates ... in subcutaneous mouse xenograft models 



only 7% invested on preclinical testing 



way out: better preclinical models 

in vitro 
-  organoids, organotypic 3D cell culture 
-  heterotypic interaction with stroma 

in vivo 
-  better mouse models: 

- GEMMs 
-  Xenograft models: orthotopic implantation 
-  humanized mice: HSC from Human, reconstitute the entire 

mouse immune system with human cells 

ex vivo 
 personalized medicine: tissue slices 



tumor cells 
fibroblasts + ECM 

ECs 
immune cells 

heterogenous 

Solid tumors 

Institute of
Medical 
Genetics

3D 

à 3D structure 
à human organ specific microenvironment 



tumor cells fibroblasts ECs immune cells 

Deconstruction 
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tumor cells fibroblasts ECs immune cells 

Reconstruction 

Institute of
Medical 
Genetics



Reconstruction of cancer heterogeneity in vitro in 3D 

tumor cells 

fibroblasts 

200μm 



Modular system 
LS174T (colon carcinoma) – colon fibroblasts  



looks like in vivo 
LS174T (colon carcinoma) – normal colon fibroblasts  

H
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E 
 

Cason’s trichrome 

E-cadherin 

H&E 

FAP p-Histone H3 





HCT116-SF-CCD18Co 9d (OTA2) 

DLD-1-CCD18Co 9d (OTA2) 

HCT116-NSF-CCD18Co 9d (OTA2) 

LS174T-CCD18Co 9d (OTA2) 



DLD-1 

LS174T CaCo-2 

HCT116 



LS174T cells (7d in OTA) 
- fibros + fibros 



2D versus 3D 

20 µm 
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+ tumor cells in EGM2-MV/DMEM 10% FCS 1:10 10d  

OTA+blood 
vessels.pptx 

tumor cells 

fibroblasts in CG 

HUVEC 

Reconstruction of colon carcinomas in vitro 

tumor cells 

fibroblasts ECs 



H & E 
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CD31 DAPI 



molecular analysis 

R
ap

am
yc

in
 

2D 

D
M

SO
 

PF
4

7
0

8
6

7
1

 

DLD-1 

rpS6 S240/244 l. e. 

rpS6 

S6K1 C-term 

S6K1 T389 

M
K

2
2

0
6

 

T
o
ri

n
 

R
ap

am
yc

in
 

D
M

SO
 

PF
4

7
0

8
6

7
1

 

M
K

2
2

0
6

 

T
o
ri

n
 

3D 

Akt 

4E-BP1 

Akt Ser473 

GAPDH 

p44/42 MAPK 

p44/42 MAPK T202/
Y204 

PTEN 

mTOR S2448 

rpS6 S240/244 s. e. 

2
D

 

3
D

 

2
D

 

3
D

 

2
D

 

3
D

 

H
T
2
9

 

SW
6

2
0
 

C
ac

o
2

 

H
C

T
1
1
6

 
2

D
 

3
D

 

GAPDH 

2
D

 

3
D

 

2
D

 

3
D

 

LS
1

7
4

T
  

D
LD

-1
 

Akt S473 

Akt 

rpS6 

rpS6 Ser240/244 l. e. 

rpS6 Ser240/244  

p44/42 MAPK 

p44/42 MAPK T202/Y204 l. 
e. 

p44/42 MAPK T202/
Y204 

PTEN 



references 

    

-  Stem Cells: Scientific Progress and Future Research Directions.  
Department of Health and Human Services. June 2001. 
http://www.nih.gov/news/stemcell/scireport.htm 

-  - Wnt signalling in stem cells and cancer. 
Nature (2005) 

- Context, tissue plasticity, and cancer: Are tumor stem cells also regulated by the 
microenvironment. 
Cancer Cell (2005 



references 



Helmut Dolznig 

ISCs/CSC/tumor stroma 

85 

Current Model 

Barker, Nature 2014 


