


The Cornea

Basal cells: K14+/K5+

WHO: 25 x 106 people world wide 
are estimated to be affected by 
diseases or injuries causing corneal 
blindness with 1.5-2 x 106 new 
cases every year.



The corneal epithelium is maintained by stem cells

Stem Cells?



Corneal stem cells in the limbus are responsible for renewal of the cornea and 
wound healing

Majo and Barrandon

1. Do not express Keratin 3/12

2. Limbus cells are LRC

3. After severe injuries cells of the limbus migrate towards the wound to 
repair the injurie

4. Cells can be cultured and transplanted to improve visison. 



Squamous cell metaplasia/keratinisationCorneal conjunctivalisation

Limbal dermoide

The corneal epithelium exhibits plasticity

Cornea Conjunctiva

Ocular surface stem cell

Epidermis

Influence of Microenvironment?
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Stem cells and Cancer

1. Cancer stem cell is not a novel concept
2. Cancer
3. Characteristics of Stem Cells and Cancer Cells
4. Definition of Cancer Stem cells (CSC).
5. Examples for the existence of CSC
6. Experimental systems to study CSC(examples)
7. Possible mechanisms for drug resistance of CSC
8. CSC debated



Human Teratoma

Hair

Teeth

12 cm

1907: Askanazy M. suggested that the well differentiated cystic structures 
from benign cystic ovarian teratomas develop from either a single 
multipotent type of cell or from a group of cells composed of 
representatives of each of the embryonic germinal layers



Cancer Research 1964

From 1700 single cell 
grafts, 43 multilineage, 

transplantable, 
teratocarcinomas were 

obtained







4 cell types: enterocytes, enteroendocrine cells, goblet cells and paneth 
cells, + stem and TA cells

Proper tissue architecture depends on:

1. Maintenance of appropriate 
proportions of the different cell types.
2. Replacement of missing cells

3. Discarding extra, unneeded cells

4. Repair of wounds

5. Infectious agents must be 
eliminated

Cells must constantly talk to one 
another



Communication between cells is often done by 
Growth factors

Growth factors are relatively small proteins that 
are released by some cells, make their way 
through the inter cellular space, bind to other 
cells and thereby induce a signal (e.g. growth 
versus no growth)

Decisions about growth versus no-growth must 
be made for the welfare of the entire tissue and 
whole organism, not for the benefit of an 
individual cell.



Free sliding of growth factor receptors is linked to cancer 

In the absence of ligand , receptor molecules (green) are free to move laterally in the plane of the 
plasma membrane. In the presence of growth factor ligands, two receptor molecules are brought 
together to form a dimer. Once the receptor is dimerized the tyrosine kinase domain of each 
subunit is able to phosphorylate the C-terminal cytoplasmic tail of the other subunit: 
“transphosphorylation”
Tumors often overexpress growth factor receptors. Free sliding receptors collide, dimerize and 
subsequently transphosphorylate each others cytoplasmic tail, which may explain ligand 
independent signaling.





(Hanahan D. and Weinberg RA,
(2000), Cell 100:57-70)

Breast
Colon
Lung
Prostate  
Ovary 
Constitute 
approx. 80% 
of all cancers



A tumor is a pathological mini organ



Adult tissue stem cells are essential for 
maintenance and repair of self-renewing tissues

Undergo replenishment or
repair from SC throughout life 



Stem cells

Transit Amplifying cells

Mature cells

Self-renewal (life long)
Multipotent
Very rare
Long-lived
Infrequent divisions
Require interaction with the stem cell niche

Self-renewing tissues are built by three basic cell types

Rapidly dividing
Intermediate lifespan
Multipotent

Expansion

Non-dividing
Short lifespan
Terminally differentiated
Essential for the physiology of the tissue 

Terminal
differentiation

Self-renewal



Cancer is a disease of uncontrolled self-renewal

Expansion

Terminal
differentiation

Self-renewal

Cancer Initiating Cell
or 

Cancer Stem Cells

De-regulated self-renewal

Re-acquirement of
long term self-renewal capacity



Stem cells are obvious (but not the only) targets for 
oncogenic transformation

(1) Indefinite proliferation capacity through self-renewal

(3) Solid cancers often show a large degree of heterogeneity

(4) In carcinomas, epithelial tumor cells are intricately interwoven
with a complex mixture of fibroblasts, endothelial cells, smooth muscle
cells and inflammatory cells-termed “stroma”.
Could the tumor stroma be an « evolved » stem cell niche!?

(2) Since stem cells are long lived - they have a higher
chance to accumulate mutations

(5) Genetic pathways involved in cancer also regulate
normal stem cell development  (Wnt, Notch, Myc, PTEN, Shh, TGF-b)

Stem cells possess many characteristics of cancer cells:



Leukemia

Lymphoma

Breast cancer

Prostate cancer

Colon cancer



Definition: Stem cell Definition: Cancer Stem cell

A stem cell is a cell 
that has self-renewal 
capacity and that can 
give rise to all cell 
types of a given 
tissue.

A Cancer Stem Cell is a cell 
within the tumor that 
posseses the capacity to 
self-renew and to cause the 
heterogeneous lineages of 
cancer cells that comprise 
the tumor.

Thus these cells (stem cells) can only be defined 
experimentally by their ability to self-renew and to 
recapitulate the generation of all lineages of a given 
tissue or by the generation of a continuously growing 
tumor (CSC).



Two Main Cancer Models

Genetic changes leading to
development and progression
of the malignancy are operative
in all cells of the tumor!

Only a small subset of 
cancer cells have
the ability to initiate new 
cancer growth!



Novel drugs that eliminate
cancer stem cells

Tumor loses its ability to constantly produce
new cells and eventually degenerates

(Modified from Reya et al., 2001)
Park CH, Bergsagel DE, McCulloch EA, (1971)

CSC

CSC

CSC

Conventional chemotherapy:
Kills tumor cells but may spare
cancer stem cells

Tumor initially shrinks
by 99% but relapses

Cancer Stem Cell
(CSC)

TA cells

Current therapies succeed at eliminating bulky disease and rapidly proliferating cells but 
often miss a tumor reservoir (CSCs) that is the source of disease recurrence and 
metastasis.



Examples for the existence of Cancer stem cells 
Possible mechanisms of metastatic relapse after anticancer 

therapy



Schematic models of tumor propagation by 
Cancer stem cells



Blood Cancer Survival is on the Rise 

Gleevec

Retuximab 
(anti-CD20)



Pui and Jeha Nature Reviews Drug Discovery 6, 149–165 
(February 2007) | doi:10.1038/nrd2240

Cytogenetic and molecular 
genetic abnormalities of 
childhood and adult ALL

Agents that are conventionally 
used to treat ALL patients

1953

1953

1969

1979-
2002

1978

1963

Year 
approved



CML – Chromosomal Translocation –
Philadelphia Chromosome

ABL
Chr.9

Chr.22
Bcr

Chr.9
Philadelphia 
Chromosome

t(9;22)(q34;q11)

Some CML Facts:
C-ABL: Abelson Murine Leukemia Viral Oncogene Homolog 1 
(Tyrosinekinase/G_protein-Ras).
BCR: break cluster region

ØCML occurs in all age groups, but most commonly in middle-aged to elderly 
(mean age at onset 53 yrs)
ØIncidence of 1-2 cases per 100.000 per year & slightly more men than 
women are affected
ØCML presents ≈ 15-20% of all cases of adult leukemia
ØCML is treated with Bcr-Abl tyrosine kinase inhibitors (imatinib=Gleevec; 
desatinib; nilotinib)
ØPatients treated with imatinib show 89% survival rate after 5 yrs follow-up



(Imatinib?)

(modified from Pardal et al., 2003) 

Quiescent?
Express ABC-T

Cycling

Imatinib targets (BCR-Abl carrying) leukemic progenitors 
but not the leukemic stem cell!



How are cancer stem cells studied?



Tumor



cKithi Lin- Sca-1+ CD34- Flk2-CD150+CD48-

Lin- c-Kithi Sca-1hi CD34+ Flk2-

Lin- c-Kithi Sca-1hi Thy1.1- Flk2+

Modified from  Passegué E. et al., 2003, Yang et al., 2005, Kiel et al., 2005

(?)

The adult murine hematopoietic system

KLS

KLS

KLS



BM

13 weeks

BM

1o

2o

1o 2o

3o

13 weeks

BM

3o

The gold standard for identifying hematopoietic stem cells is 
Serial Bone Marrow Reconstitution



The SCID-hu Mouse

Severe combined immunodeficiency (SCID).

The mice are defective in rearranging their antigen receptors in 
differentiating T and B cells.

J. McCune and I.Weissman (1988)

By engrafting human fetal liver, lymph node or thymus 
onto the SCID mouse, human stem cell differentiation 
can be observed in a mouse model

Possible to construct SCID-hu mice with a variety of human 
lymphoid organs of defined genetic origin.



Tumor

Purification of cells able
to transplant the tumor 

Often only a very small
sub-fraction of the tumor has
this activity!
àcancer stem cell
àor cancer initiating cell



- In an AML patient only one small population 0.2% (CD34+CD38-)
had transplantable activity (NOD/SCID)! Other AML cells were
unable to induce leukemia
(Lapidot et al., 1994; Bonnet and Dick, 1997; Hope et al., 2004)

Similar studies:
ALL: (George et al., 2001)
MDS: (Nilsson et al., 2002)
Muliple Myeloma:  (Matsui et al., 2004)

Leukemias 





- In an AML patient only one small population 0.2% (CD34+CD38-)
had transplantable activity (NOD/SCID)! Other AML cells were
unable to induce leukemia
(Lapidot et al., 1994; Bonnet and Dick, 1997; Hope et al., 2004)

Similar studies:
ALL: (George et al., 2001)
MDS: (Nilsson et al., 2002)
Muliple Myeloma:  (Matsui et al., 2004)

Leukemias 

Solid tumors

Breast cancer: 200 CD44+ CD24neg ESA+ cells transferred the tumor
(Al-Haij et al., and Clarke, PNAS 2003)

Glioblastoma: 100 CD133+ tumor cells  (Singh et al. and Dirks, Nature 2004)



- Breast cancer: as few as 200 CD44+ CD24neg ESA+ tumor cells
re-initiated (a phenotypic similar) tumor in NOD/SCID mice
(orthotopic graft into fat pads).
However, injecton of thousands of tumor cells with a different
phenotype did not. (Al-Haij et al., and Clarke, PNAS 2003)

Solid Tumors 1



100 CD133+ tumor cells

100.000 CD133- tumor cells

Solid Tumors 2

-Brain tumors: as few as 100 CD133+ tumor cells re-initiated
(a phenotypic similar) tumor in NOD/SCID mice (orthotopic-frontal lobe).
However, injecton of thousands of CD133- tumor cells did not.
(Singh et al. and Dirks, Nature 2004)

MRI
Magnetic resonance 
imaging



A rare CD133+ population of tumorigenic cells is present in colon cancer

CD133 antigen also known as 
prominin-1 is a glycoprotein

CD133 is expressed in hematopoietic 
stem cells,[4] endothelial progenitor 
cells,[5] glioblastoma, neuronal and glial 
stem cells,[6] various pediatric brain 
tumors,[7] as well as adult kidney, 
mammary glands, trachea, salivary 
glands, placenta, digestive tract, testes, 
and some other cell types.

http://en.wikipedia.org/wiki/Glycoprotein




Cancer stem cells can be identified by cell surface markers
and isolated by fluorescence activated cell sorting (FACS)



Novel drugs that eliminate
cancer stem cells

Tumor loses its ability to constantly produce
new cells and eventually degenerates

(Modified from Reya et al., 2001)
Park CH, Bergsagel DE, McCulloch EA, (1971)

CSC

CSC

CSC

Conventional chemotherapy:
Kills tumor cells but may spare
cancer stem cells

Tumor initially shrinks
by 99% but relapses

Cancer Stem Cell
(CSC)

TA cells

Current therapies succeed at eliminating bulky disease and rapidly proliferating cells but 
often miss a tumor reservoir (CSCs) that is the source of disease recurrence and 
metastasis. What are these resistance mechanisms?



….. express ABC transporters, which could  
mediate resistance to chemotherapy!
(built-in drug resistance!)

Possible mechanisms for drug resistance of
Cancer Stem Cells 

Stem Cells and probably also Cancer Stem cells:

….. are dividing rarely and are mainly quiescent
(refractory to drugs that target dividing cells…)

!  Even normal stem cells are resistant to chemotherapy
(recovery of blood and hair growth in patients after treatment)

….. Activate the repaire machinerie more efficiently
(escape from irradiation induced apoptosis…)



Possible mechanisms of metastatic 
relapse after anticancer therapy



« Cancer Stem Cells » but not their
progeny may be resistant to chemotherapy





BMP induces differentiation of NSCs
towards mature astrocytes!

Chk1/2 inhibitors

?

NCSC can repair their DNA more
efficient than other tumor cells.

(P. Dirks, Nature 2006)



The choice of your experimental model 
system will influence the outcome and also 

the interpretation of your data

Melanoma 
Cancer stem cells

Yes or No?



Melanocyte biology

vMelanocytes in skin are low in number, 
but lead to prominent phenotype

vMelanin - Pigment
Eumelanin & Pheomelanin

vMelanosome - A lysosome-related 
intracellular membrane-coated organelle 
that originates from endosomes

56



Skin and melanocytes

Mackenzie , 
1997



Melanoma formation
Malignant melanoma is one of the most aggressive types of human 

cancers

(Chin et al,2006)

Local microinvasion
(intra-epidermal)

Metastasis
(invasion 

of dermis)

RGP melanoma

normal skin

VGP melanoma

Normal
proliferation

Melanocyte
proliferation

naevi



Genetics of melanoma

Adapted from Gray-Schopfer et al., Nature, 2008



Genetic alterations
Genotype Gene Alteration frequency/type(s) 

in melanoma (%)
Oncogenes BRAF 50-70% mutated 

NRAS 15-30% mutated 

Tumour suppressors CDKN2A 30-70% deleted, mutated or 
silenced

p53 10% lost or mutated 

Adapted from Gray-Schopfer et al, Nature, 2008

















Xeno-transplantation assays of human tumor derived cells into 
NOD/SCID mice for the identification and determination  CSC 
and their frequencies was recently heavily criticized.

•Growth of tumor cells is not independent from its 
microenvironment.

•Tumor needs soluble and membrane bound factors (tumor cell 
niche?)

•Many of the soluble factors secreted by murine cells cannot 
bind the cognate human receptors and vise versa.

Thus the low frequency of human cancer derived cells might 
reflect (at least in part) cells that more easily adapt to growth in a 
foreign (mouse) environment.



Cancer stem cell hypothesis can best be tested by transfer of 
titrated numbers of mouse tumor cells into non-irradiated 
histocompatible recipient mice.



Leukemia stem cell signature and HSC stem 
cell signature in patient AML samples correlate 

with clinical outcome



Experimental strategy of transcriptional profiling of 
stem cell fractions identified by function





CD34+
CD38-

CD34+
CD38lo

CD34+
CD38+

unsorted

LSCs express HSC gene expression profile



LSCs and HSC gene signatures predict patient survival

(d) Correlation of an AML signature based on phenotypic markers 
(CD34+CD38-, stem cells versus CD34+CD38+, progenitor; 23 AML 
samples) and overall survival. Red line, subjects whose AML expressed 
the CD34+CD38- gene list greater than the median; black line, those 
who expressed the CD34+CD38- gene list less then median



Lines of evidence of whether human tumors 
contain CSCs

• Fractionating primary tumors into populations that 
can generate xenografts and those that cannot.

• Transplanting tumors into secondary recipient mice to 
demonstrate self-renewal capacity.

• Biological properties specific to CSC (e.g. stem cell 
gene signature, tumor initiation potential in 
xenografts), but not to non-CSCs predict clinical 
important parameters such as patient survival.



Exam

• Wednesday 22. January 2025

• 09h15 to 12h15

• BCH 2201


