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SCHEDULE 
Stem Cell Course Winter Semester 2024/25  

Enrollment key: IPS&Co 
	

Dates Subject Teacher 

13.09.	 Introduction	to	stem	cells	 David	Suter		

20.09.	 Plasticity	 David	Suter	

27.09.	 Neural	stem	cells	 David	Suter	

04.10.	 Tools	in	stem	cell	biology	 David	Suter		

11.10.	 Adult	stem	cells	 Wouter	Karthaus	

18.10.	 Flow	Cytometry	and	FACS	 Jean-Francois	Mayol	
	

01.11.	 Niches	of	adult	stem	cells	 Wouter	Karthaus	

08.11.	 Stem	cell	bioengineering	
(Mimicking	the	niches)	

Wouter	Karthaus	

15.11.	 ES,	iPS,	cloning	and	
nuclear	reprogramming	

Freddy	Radtke	

22.11.	 Intestinal	stem	cells	 Freddy	Radtke	

29.11.	 Clinical	Impact	of	stem	
cells	I	

Olaia	Naveiras	
	

06.12.	 Clinical	Impact	of	stem	
cells	II	

Shukry	James	Habib	
	

13.12	 Cancer	stem	cells	 Freddy	Radtke	

22.12.	 free	 free	

Week 1

Week 2

Week 3

Week 4

Week 5

Week 6

Week 7

Week 8

Week 9

Week 10

Week 11

Week 12

Week 13

Week 14



Exercises and exam

Exercise time

• No exercises

• But teachers might ask you to read something

Exam 

• Multiple choice

• Might be some short open answer questions
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Stem cell definition



1 genome, 1 cell

1 genome, >200 cell types

Embryology.ch

Technologyreview.com

?

Cell type A

Cell type B

Stem Cell

Developmental disorders Cancer
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One genome, from one to hundreds cell types



stem cell

stem cell

SELF-RENEWAL

(copying)

specialized cell
e.g. muscle cell, nerve cell

DIFFERENTIATION

(specializing)

What is a stem cell?

Stem cells are:

• Unspecialized cells

• Able to self-renew

• Able to differentiate
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Different types of stem cell divisions

stem cell

stem cell specialized cell
e.g. muscle cell, nerve cell

Asymmetric division
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Symmetric self-

renewal division

stem cell

stem cell

stem cell

stem cell

Symmetric

differentiation division

stem cell

stem cellspecialized cell
e.g. muscle cell, nerve cell

specialized cell
e.g. muscle cell, nerve cell



1 stem cell

Self renewal - maintains the 

stem cell pool

4 specialized cells

Differentiation - replaces dead or damaged 

cells throughout your life

Why self-renew AND differentiate?

1 stem cell

Why self-renewal and differentiation?
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History of stem cell research
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A bit of early history:

Ramalho-Santos & Willenbring 2007: https://www.cell.com/cell-stem-cell/fulltext/S1934-5909(07)00019-7 
Maehle 2011: https://royalsocietypublishing.org/doi/10.1098/rsnr.2011.0023

1961-63: Till & McCulloch  → “colony forming cells” in the bone marrow self-renew and differentiate

1962: J.D.Gurdon → cell specialisation is reversible (2012 Nobel prize)

1981: Evans & Kaufman → first embryonic stem cells (ESCs) isolated from mouse blastocysts (2007 Nobel prize)

1989: Smithies & Capecchi → first knock-out mice (2007 Nobel prize)

1996: Wilmut → first mammal cloned from adult cells 

1998: Thomson → derivation of first human ESC line 

2006: Takahashi & Yamanaka → generation of induced pluripotent stem (iPS) cells (2012 Nobel prize)

Stem cell research was born in the aftermath of Hiroshima and Nagasaki (6. and 9. 

August 1945)

https://www.cell.com/cell-stem-cell/fulltext/S1934-5909(07)00019-7
https://www.cell.com/cell-stem-cell/fulltext/S1934-5909(07)00019-7
https://www.cell.com/cell-stem-cell/fulltext/S1934-5909(07)00019-7
https://www.cell.com/cell-stem-cell/fulltext/S1934-5909(07)00019-7
https://www.cell.com/cell-stem-cell/fulltext/S1934-5909(07)00019-7
https://www.cell.com/cell-stem-cell/fulltext/S1934-5909(07)00019-7
https://www.cell.com/cell-stem-cell/fulltext/S1934-5909(07)00019-7
https://www.cell.com/cell-stem-cell/fulltext/S1934-5909(07)00019-7
https://www.cell.com/cell-stem-cell/fulltext/S1934-5909(07)00019-7
https://royalsocietypublishing.org/doi/10.1098/rsnr.2011.0023


7-10 days

Bone marrow from

healthy mouse

The experiments of Till and McCulloch 1961-1963

Cells with differentiation capacity, “colony forming 

cells” are present in the bone marrow

Myeloid, 
erythroid, 
lymphoid  
precursors
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Total body irradiation



The experiments of Till and McCulloch 1961-1963

• Perform serial transplantation

• The “colony-forming cells” can renew themselves and form new “colony-forming cells”

• First assay to test self-renewal capacity

12

Bone marrow from
healthy mouse

Cell suspension from
spleen colonies



Different types of stem cells exist

muscles

surface of the eye

skin

brain

breast 

intestines (gut)

bone marrow

testicles

Tissue stem cells Embryonic stem cells 

Induced pluripotent stem cells Cancer stem cells 
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Potency A measure of how many types of specialized cells a stem cell can make

Totipotent
Can make all types of cells in the body and placenta

Note: The zygote is totipotent, but it is not a stem cell!

Pluripotent
Can make all types of cells in the body, but not placenta

Embryonic stem cells are pluripotent

Multipotent
Can make multiple types of specialized cells, but not all types 

Tissue stem cells are multipotent

Unipotent
Can make a single type of specialized cells 

Spermatogonial stem cells are unipotent

Stem cell definition - Potency
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Types of stem cells
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1. Tissue stem cells
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Tissue stem cells - characteristics

• Found in adult and fetal tissues

• Multipotent (can make multiple types of specialized cells, but not all types)

• Usually rare 

• Rarely divide 

→ how can tissues still be renewed?
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Stem cell

committed progenitors:
- “transient amplifying cells”

- multipotent
- divide rapidly

- no self-renewal

stem cell:
- self renew

- divide rarely
- high potency

- rare
specialized  

cells:
- work

- no division

Principles of renewing tissues - stem cell hierarchies

18



MSC

bone marrow

committed progenitors

Bone (osteoblasts)

Cartilage (chondrocytes)

Fat (adipocytes)

specialized cells

Mesenchymal stem cells (MSCs)
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NSC

brain
committed progenitors specialized cells

Neurons

Interneurons

Oligodendrocytes

Type 2 Astrocytes

Type 1 Astrocytes

Neural stem cells (NSCs)

• See lecture “NSCs”
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GSC

Small intestine
committed progenitors

Paneth cells

Endocrine cells

Columnar cells

Goblet cells

specialized cells

Gut or intestinal stem cells (GSCs)

• See lecture “intestinal stem cells” by Prof. Radtke

21https://www.youtube.com/watch?v=qq5k1sWqLO0

https://www.youtube.com/watch?v=qq5k1sWqLO0
https://www.youtube.com/watch?v=qq5k1sWqLO0


HSC

committed progenitors

neutrophil

erythrocytes

macrophage

NK cell

T cell  

B cell

dendritic cell 

megakaryocyte platelets

eosinophil

basophil

specialized cells

bone marrow

Hematopoietic stem cells  (HSCs)

• See lecture “HSCs” by Prof. Karthaus 

22

MPP



Tissue stem cell hierarchies are debated

ScRNAseq and other single cell techniques reveal a continuum of committed progenitors

Distinct lineages emerge directly from CLOUD-HSPCs
without passing through a series of discrete, stable 

progenitors
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Tissue stem cell hierarchies are debated

Zhang et al., Trends in Cell Bio 2018
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2. Embryonic stem cells (ESCs)
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Embryonic stem cells - characteristics

• Derived from the inner cell mass of a blastocyst

• Pluripotent (can differentiate in all types of cells in the body, 
but not placenta)

• Ability to self-renew indefinitely

• Divide rapidly

• Can be grown in the lab in a defined medium

Trophectoderm

Inner cell 
mass

culture in the lab

to grow more cells

26

blastocyst

All possible types of 
specialized cells

differentiation

embryonic stem cells taken from

the inner cell mass



neurons

embryonic stem cells

skin

blood

liver

Embryonic stem cell differentiation

• See lecture “ESCs and pluripotency” by Prof. Radtke

27https://www.youtube.com/watch?v=0iQqOuINeZI

grow under
conditions

“0”

https://www.youtube.com/watch?v=0iQqOuINeZI


ES cells

Gene x Selection of cells  
carrying gene X

Injection of these  

cells into a blastocyst

blastocyst

Uterine implantation

Foster mother

Test progeny for the  
presence of gene X

Cross heterozygous progeny  
to obtain homozygous mice

Nobel Prize in Physiology or Medicine 2007
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3. Induced pluripotent stem cells (iPS)
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Nuclear reprogramming

• 1962:  Sir John B Gurdon challenged dogma that specialised 

cells are irreversibly committed to their fate

30

SCNT- 

somatic cell 

nuclear 

transfer

nobelprize.org/pressrelease



July 5, 1996: First mammal cloned from adult cells

Since Dolly: Used in cows, mice, rats, goats, pigs, rabbits, cats, mule, horse and dog, etc.

blastocyst

Reproductive cloning: e.g. Dolly the sheep

31



Reproductive cloning: e.g. Dolly

32



There are two VERY different types of cloning:

Reproductive cloning 

Use to make two identical 

individuals

Very difficult to do

Illegal to do on humans

Molecular cloning

Use to study what a gene does 

Routine in biology labs

   

   

gene 1

gene 

2

Careful!

33



Induced pluripotent stem cells discovery

MEFs
Mouse embryonic fibroblasts (iPS) cell

Oct3/4

Sox2

Myc

Klf4

• See lecture “nuclear reprogramming 

and iPS” by Prof. Radtke

• From an original set of 24, 4 factors 

were sufficient to generate 

pluripotent cells from MEFs

• Reprogramming still long and 

inefficient process

34https://www.cell.com/action/showPdf?pii=S0092-8674%2806%2900976-7 

Retroviral 

integration

https://www.cell.com/action/showPdf?pii=S0092-8674%2806%2900976-7
https://www.cell.com/action/showPdf?pii=S0092-8674%2806%2900976-7
https://www.cell.com/action/showPdf?pii=S0092-8674%2806%2900976-7
https://www.cell.com/action/showPdf?pii=S0092-8674%2806%2900976-7
https://www.cell.com/action/showPdf?pii=S0092-8674%2806%2900976-7


specialized 

cells

‘genetic

reprogramming’

(iPS) cell

all possible types of 

specialized cells

Induced pluripotent stem cells (iPS) - characteristics

• Behave like ESCs

• Pluripotent (can make all types of cells in the body, but not placenta )

• Divide rapidly

• Self-renew indefinitely

• Artificial system

• No embryonic stem cells are needed

35



Embryonic 

stem cells 

(ESCs)

Tissue stem 

cells

Induced 

pluripotent 

stem cells (iPS)

Artificial 

system

yes no yes

Pluripotent yes no yes

Efficient 

differentiation

no yes no

Efficient 

expansion in 

culture

yes no yes

Rare cell type no yes yes*

Immune-

compatible

no no yes

Teratoma risk yes no yes

36

To summarize

*rare in the sense that reprogramming is inefficient



4. Cancer stem cells
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Cancer stem cell model - key experiment

38

• Only a very low fraction of tumour cells can reinitiate the disease

• Cancer stem cells have a high self-renewal capacity 

• They share features of tissue stem cells:

- Rare

- Rare division

- Self-renewal

- Differentiation capacity

Immunodeficient mice

AML cells from 
patients

1

2



Cancer stem cell model explaining tumor heterogeneity 

HSC

committed progenitors

neutrophil

erythrocytes

macrophage

NK cell

T cell  

B cell

dendritic cell 

megakaryocyte platelets

eosinophil

basophil

specialized cells

• The cancer stem cell model postulates that 

cancer cells form a hierarchy similar to the one 

of tissue stem cells, progenitors, and 

specialized cells

Zhang 2016
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Cancer stem cell model - implications for therapy 

• CSCs are prognostic markers

• Often resistant to classical therapies and can cause relapses

• New therapies aim at specifically targeting them 

• See lecture “Cancer stem cells” by Prof. Radtke

Zhang 2016

40



Balancing self-renewal and differentiation is crucial

41
How is this balance regulated ?



The stem cell niche

• See lecture “Stem cell niche” by Prof. Karthaus

Lutolf & Blau, Advanced Materials (Progress Report), 2009

42

• Defined location and architecture

• Biochemical stem cell-niche crosstalk

• Physical interaction with support cells

• Protects stem cells from differentiation

• Regulates their renewal



Symmetric self-renewal divisionQuiescence

Differentiation divisionAsymmetric self-renewal division

43

Possible stem cell “fates” in the niche



What makes stem

cells so interesting?
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Stem cells play crucial roles during:

• Embryogenesis

• Maintenance of regenerative tissues such as skin, intestine and the

hematopoietic system

• Tissue repair after injury (skin, muscle, bone, gut, …)

• Cancer (Cancer stem cells)

→Many potential clinical applications

Stem cells play crucial roles

45



Stem cell - based therapy

• Differentiation of stem cells to produce tissues to replace
• hESCs
• iPSCs
• Tissue stem cells in vitro

• Gene therapy on stem cells

• Disease modelling, drug screenings

46



Stem cell - based disease modelling

• In vitro disease model

• Drug discovery

• Drug safety assays

Kropp et al., Process biochem. 2017

• See lectures “Clinical 

application” by Prof. 

Naveiras
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Stem cell based therapy – an example

• Bone marrow transplantation

48
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Stem cell-based therapy – first ATMP containing stem cells

• Holoclar is the first EMA-approval as first advanced 
therapy medicinal product containing stem cells in 
Europe

• To replace damaged cells on the surface of the 
cornea

https://www.eurostemcell.org/de/node/122

Pellegrini et al. Stem cells Transl. medicine 2018

51

ATMP: Advanced Therapy Medicinal Product
EMA: European Medicines Agency



Stem cells open questions/hurdles

• Very rare (dispersed and virtually invisible)

• Markers?? (with exception of the HSCs) → purity??

• In vivo and in vitro systems to assay SC activity

• Difficulty to culture stem cells in vitro (ESCs and iPS: differentiation, TSCs: self-

renewal)

• In vivo use: survival?, rejection?, tumor formation?

52



https://www.youtube.com/watch?v=2-3J6JGN-_Y 

53

A Stem Cell Story

https://www.youtube.com/watch?v=2-3J6JGN-_Y
https://www.youtube.com/watch?v=2-3J6JGN-_Y
https://www.youtube.com/watch?v=2-3J6JGN-_Y
https://www.youtube.com/watch?v=2-3J6JGN-_Y
https://www.youtube.com/watch?v=2-3J6JGN-_Y


Next lecture 19.09

(Stem) Cell Plasticity
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