
Brain Tumour Initiating Cells: Why the 

Cancer Stem Cell Hypothesis matters 

to patients with brain tumours

Workshop on Mathematical Oncology 3, March 18-20 2010

Sheila K. Singh, MD, PhD, FRCS(C)

Assistant Professor of Neurosurgery,

Scientist, SCC-RI,

McMaster University



Brain Tumours: Aggressive and 

Refractory to Treatment



Properties of a Stem Cell

•Self-renewal

•Proliferation

•Multilineage differentiation

•Longevity

*These features are reminiscent of 

cancer cell properties*



Stem Cells Replenish Our Blood System for our Entire Lives

clotting

O2 carrying

Cellular defense

Humoral and

cellular defense



Stem cell Progenitor cell Mature Cell 
(Differentiated)

Self renewal

Divides Slowly

Divides rapidly, but 
then stops

Does not proliferate

Tissues are organized as a functional 

hierarchy derived from stem cells



The Human Brain Has Stem Cells



Neural Stem Cells and the 

Subventricular Zone (SVZ)

Mouse SVZ stained with Nestin-eGFP and CD133
* From Sawamoto et al, J Neurosci 2001
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From Nature 427 (2004): Sanai et al



Normal Stem Cell vs Cancer Stem 
Cell

•Normal stem cells are tightly regulated and 

differentiate into normal cells of a tissue

•Cancer stem cells, by virtue of mutations, are 

dysregulated and self renew and differentiate 

aberrantly, generating the abnormal cells that 

make up the cancer



A Stem Cell Origin for Brain Tumours?



Stem Cell Origin for Brain Tumours?

• Brain tumours cells frequently resemble primitive 
normal brain cells,  eg. Medulloblastomas resemble 
proliferating external granule cells of the cerebellum 

• Animals exposed to carcinogens perinatally get 
tumours of different phenotypes arising from the SVZ

• Brain tumour cells express nestin

• Oncogene transfer to neural progenitors allows for 
more potent transformation effects



Stem cell Progenitor cell

Mature Cell

Self renewal

Divides slowly

Divides rapidly but 
then stops

Does not divide

Stem Cell Hierarchy



Why is a stem cell a more likely 
target of transformation?

•Longevity: allows for accumulation 

of genetic mutations over the life 
span of the organism

•Self-renewal machinery: already 
present, does not have to be 
generated de novo



synaptophysin GFAP

Observation: Tumours are 

Heterogeneous

medulloblastoma



From Reya et al. Nature 414:105,2001

Heterogeneity and the Cancer 

Stem Cell



Cancer-Development Connection

• Do brain tumours originate from normal 
brain stem cells?

• Which cell in the heterogeneous brain 
tumour population is responsible for 
maintaining the tumour?

• Are brain tumours organized as a 
hierarchical stem cell system?



Lessons from Leukemia

John Dick

Rare human leukemic stem 
cells have the ability recreate 
the patient’s leukemia 
following transplantation into 
immunodeficient mice

Nature 367:646, 1994
Nature Med 3:730,1997





Brain tumours from 12 pathological 

subtypes form spheres in EGF/FGF

Medulloblastoma

Pilocytic Astrocytoma

Ependymoma

Ganglioglioma



Clonogenic Frequency

(primary limiting dilution assay)

n = 40

Glioblastoma 10-30% 

Medulloblastoma 10-25%

Ependymona 5-10%

Pilocytic Astrocytoma 0.2-1.5%

Increasing 

biological

aggressiveness



CD133: A Novel BTIC Marker

• A novel 120 KD 5-transmembrane 

hematopoietic stem cell marker, also 

expressed in placenta, fetal liver,  and brain

• CD133 enriches highly for primary human 

fetal brain cells with stem cell properties

* CD133 may enrich for a stem cell population 

in brain tumours, and it is these cells that 

originate and regenerate the brain tumour*



CD133 Index

Glioblastoma 15-30%

Medulloblastoma 5-25%

Ependymoma 5-10%

Ganglioglioma 3-5%

Astrocytoma 0.2-3%

Increasing 

biological

aggressiveness



CD133 identifies a stem cell 

population in brain tumours 
• Magnetic bead sorting was used to purify a CD133+ 

cell population from a medulloblastoma

CD133 + CD133 -



The Brain Tumour Stem Cell has 

undergone Transformation



1,000 CD133+ Cells form tumours 

upon Intracranial Xenograft

•MRI of mouse brain taken 14 weeks after injection

Enhancing 

Mass

Injection Tract



No tumours formed in xenografts injected 

with 100,000 CD133- cells



Medulloblastoma CD133+ xenograft is a 
phenocopy of the original patient tumour

Patient Primary Xenograft



Glioblastoma CD133+ xenograft is a 
phenocopy of the original patient tumour

BTSC Xenograft Original Tumour



GBM BTSC Xenograft: 

Diagnostic Histopathology



GBM CD133+ Xenograft bears EGFR 
Amplification identical to the Original Tumour

Original GBM shows

gains of Chromosome 

7 (green) and EGFR 

gene amplification 

(red) 

…. As does the GBM 

BTSC xenograft.



Summary

• The cell surface marker CD133 can be used to enrich for brain 
tumour cells that have stem cell properties

• The CD133+ cells show all the proliferative and self- renewal 
ability of the tumour in vitro and exclusively possesses 
tumorigenic ability in vivo

• The tumour-initiating CD133+ cell has potent in vivo self-
renewal and proliferative capacity, generating tumours from as 
few as 100 CD133+ cells

• The tumour generated by CD133 transplants is a phenocopy of 
the patient’s tumour



Clinical Implications

• Traditional bulk analysis of tumours may not detect 
key molecular alterations in a rare cancer stem cell

• Therapy directed against the bulk tumour may spare 

the cancer stem cell, allowing for continued tumour 

growth or relapse

• Therapy should be redirected to focus on killing the 
brain tumour stem cell





Corroboration: A New 

Perspective on Cancer?

PNAS 100:15178,2003



…with new therapeutic implications



Cancer Stem Cells in Solid Tumours

• Breast Cancer (CD24-
CD44+)

• Colon Cancer (CD133+)

• Pancreatic Cancer (CD44+ 
CD133+)

• Hepatic cancer (CD133+ 
CD90+)

• Neuroblastoma (SP+)

• Head and Neck (CD44+)

• Prostate cancer (CD44+ 
CD133+)

• Lung cancer (CD133+)

• Melanoma (CD133+)

* From Yang, Fan et al, Cancer Cell, 2008 and Kim 
and Jacks, Cell 2005



Controversies
1. BTIC Culture Conditions

Non-adherent           vs          Adherent…….            

With growth factors? Without growth factors?



Controversies
1. BTIC Culture Conditions

From Pollard et al, 
Cell Stem Cell 2009



Controversies
2. BTIC Markers



In Flux

Cancer stem cell: Cell, or state of being?

CD133+ CD133-

?

Malignancy

Microenvironment

Host Tissue
Environment

Chemotherapy

Radiation



Future Work

• Purification

• Developmental Signaling Pathways 

regulating self-renewal

• Gene Expression Profiling of Tumorigenic 

Stem Cells

• Epigenetics: role of Chromatin Remodelling in 

determining Tumorigenic Stem Cell Fate

• Prognosis Determination

• Cell of Origin



Epigenetics, Genetics and Cancer

CANCER

Cell acquires growth advantages 
through stepwise accumulation of 

mutations in 

TUMOUR
SUPPRESSOR
GENES

ONCOGENES

EPIGENETICS: Heritable changes in gene expression NOT

caused by change in DNA sequence: ie “GENE SILENCING”

•Modification of covalent bonds between amino acids in 

histones around which DNA is wrapped

•Methylation of cytosine bases (CpG Islands) in promoters of 

genes, causes HERITABLE GENE SILENCING (potentially 

reversible…)



Epigenetics and Cancer

OPEN CHROMATIN: 
open to transcriptional 
machinery

CLOSED CHROMATIN: 
transcriptionally silent

• Post-translational 

covalent 
modifications 

“MARK” 
transcriptional 

state of chromatin

•Ex.  

Trimethylation of 
lysine 9 at N-

terminal of histone 

3 = SILENCING 
SIGNATURE

* From APMIS 115, 2007: Groenback, Jones et al



DNA METHYLATION = 
Marker of disease, pre-
malignancy or malignancy

TARGET with hypo-
methylating drugs

Breast, brain, 

thyroid, prostate
PTEN

Melanoma, glioma, 

lymphoma
p16

Breast, ovarian. 

lung
BRCA1

Colorectal/ breast 

cancer
APC

* From APMIS 115, 2007: Fog, Jensen and Lund



Epigenetics and Brain Tumours

ATRT = hSNF5-INI1
mutation (SWI-SNF chromatin 
remodelling complex) results in 
loss of DNA damage repair, and 
increased loss of p53.Improved outcome associated with 

epigenetic silencing of the MGMT gene 
by promoter methylation, thereby blocking 
its repair capability, thus rendering the 
alkylating agents (temozolamide) more 

effective.



The Role of Epigenetics in BTIC 

Fate Determination



Multipotential
BTIC

Lineage-restricted 
Progenitor cells

Tumorigenesis: Multilineage priming of 

the BTIC dictates tumour phenotype

Astrocytoma

Lineage Promiscuity

Extrinsic 

Factors

Stem Cell 

Niche
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>IPS 

>Cancer 
Stem Cells

>Stem Cell 
Engineering

>Human Stem 
Cell 

Library/Screening



Brain Tumour Stem Cells: The Future?

• Profile each individual 

patient’s brain tumour 

stem cell population

• Tailor molecular therapy 

to target cancer stem cells 

by unique marker 

expression 

• Provide differentiation 

therapy to render cancer 

stem cells impotent
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