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dr.sheila
singh

the complexity of 
brain tumours

     couLd You teLL uS aBout Your educatIoN 
aNd reSearcH, SPecIFIcaLLY aBout tHe BraIN 
tumour-INItIatINg ceLLS?

I started my program here just over five years ago, in August 
2007. Prior to that, I completed my undergraduate degree in 
neurobiology at McGill University and came to McMaster 
University for medical school. I was then accepted into the 
neurosurgery residency at the University of Toronto, where 
during the course of my residency I undertook my Ph.D. 
within the Surgeon Scientist Program at the Hospital for 
Sick Children, in the Arthur and Sonia Labatt Brain Tumour 
Research Centre. I then worked in the lab of Dr. Peter Dirks. In 
his lab, we made a discovery in 2003 that there were abnormal 
stem cells that seemed to drive the formation of brain tumours. 

This was the first published description of the finding, 
so it opened up a new field of the cancer-stem cell 
hypothesis. After that discovery our work gained a lot 
of recognition, and now many people around the world 
use our model. I wanted to build on that momentum 
of discovery by opening my own laboratory here and 
following up on the work done in my Ph.D. When I 
finished my Ph.D., I did a paediatric neurosurgery 
fellowship at the Hospital for Sick Children, before 
finally coming here.

the meducator recently sat down with dr. Sheila Singh, 
associate Professor and scientist at the Stem cell and 
cancer research Institute at mcmaster university, to discuss 
her ground-breaking research on brain tumour-initiating cells 
and her hopes for future generations of scientists.  dr. Singh 
explained to us how she was able to make her discovery and 
why the science of tumours is such an intricate one.  She also 
shared her insights about the long road ahead for clinician-
scientists and described why students should take their time 
with their careers.
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WHeN dId You FIrSt get a HINt oF tHIS 
ImPortaNt HYPotHeSIS tHat came out oF 
Your reSearcH?
 
That’s an excellent question because we did have a classic 
epiphany moment. Generally, when people study brain 
tumours, they use cell lines or study the expression of 
markers and other proteins of interest. There aren’t many 
other models to study how cancers form, so we went to 
a famous Canadian scientist, Sam Weiss, who discovered 
neural stem cells back in 1992. He cultured cells from the 
subventricular zone of the mouse brain and put them into 
specific culture conditions. Keep in mind that the majority 
of cell lines require serum. Dr. Weiss developed these 
interesting conditions in which he knew that the only type 
of cell that could survive without serum is a stem cell, due 
to their unique resilience and ability to grow. In this culture 
method, you can place cells in serum-free media with 
specific growth factors, such as epidermal growth factor and 
fibroblast growth factor, and 99% of the cells in the dish will 
die because most differentiated cells cannot survive without 
serum. What you get rising from the ashes is the neural 
stem cells, which will thrive in those conditions, leaving 
you with a beautiful selective method of growing only stem 
cells. Peter Dirks and I used these culture methods. We 
took some brain tumour tissue from the operating room 

and grew these cells ourselves, under Sam Weiss’s culture 
conditions. I remember plating the cells on the dish and 
wondering what would happen after I put them into the 
incubator. Neural stem cells grow as these beautiful floating 
colonies called neurospheres. A single stem cell will give rise 
to a whole colony of cells in one sphere. You then conduct 
a clonal assay by dissociating these spheres and plating 

them at single-
cell density, then 
figuring out how 
many spheres 
are formed. This 
gives you a way of 
estimating clonal 

frequency of stem cells in your cell population. When you 
see a sphere, you know you have one stem cell because it has 
to have arisen from a single stem cell. I remember taking 
the dishes out of the incubator and looking at them under 
the microscope, and there in the dish were these spheres. 
That’s when I knew there was a stem cell population in 
brain tumours. It was really a true moment of scientific 
epiphany.

From that, the idea emerged that tumours are made of cells 
that histologically all look the same, but not every cell in 
a tumour is capable of initiating a tumour, especially in 
a tumour with a variety of cells in it, like a glioblastoma 
multiforme (GBM). They all serve different functions 
within the tumour; some cells may form the support 
network. However, the model doesn’t apply to tumours 
that are monoclonal. For example, B-cell lymphoma is not 
a good model for the cancer-stem cell hypothesis because 
that probably is a tumour that forms when one cell goes 
wrong and generates every other cell in a clonal manner. 
Similarly, melanoma may not be a cancer-stem cell type 
of tumour. But tumours that have that complexity, that are 
heterogeneous, that have multiple different lineages of cells 
within the same tumour, probably originate from a stem 
cell. So this model system gives you a way to study tumour 
heterogeneity, to order cells and figure out what they are. 

IN Your tecHNoLogY, educatIoN 
aNd deSIgN taLK, You meNtIoNed Your 
dIScoVerY oF tHe INtercoNVerSIoN 
BetWeeN cd133+ aNd cd133-. couLd You 
eLaBorate oN tHat?

Most of the Cluster Differentiation (CD) markers 
are exclusively cell-surface receptors. CD133 is a five-
transmembrane cell surface receptor. The utility of CD 
receptors is that they’re expressed on the cell surface, so 
you can literally just use them to mark a cell population. 
One of the problems with these markers is that when you 
mark a cell population, you cannot make the assumption 
that the CD133+ cells you’ve sorted are all stable. Going 
back to the principles of physics, we know that everything 
is constantly in motion; the concept of Schrodinger’s Cat is 
very relevant to our field. No more than whether we know 
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dr. Sheila Singh, m.d., Ph.d., F.r.c.S.(c) 
Neurosurgery, is currently the canada 
research chair in Human cancer 
Stem cell Biology
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   DR. SHEILA SINGH WAS THE 
FIRST RESEARCHER TO IDENTIFY 
THE PRESENCE OF STEM CELLS IN 
BRAIN TUMOURS IN 2003 WHILE 
COMPLETING HER PH.D. DURING 
HER SURGICAL RESIDENCY. 
DR. SINGH’S RESEARCH HAS 
SERVED AS THE BASIS FOR THE 
FORMATION OF THE CANCER-STEM 
CELL HYPOTHESIS THAT HAS LED 
THE WAY TO AN ENTIRELY NEW 
FRAMEWORK FOR UNDERSTANDING 
SELECT CANCERS AND ULTIMATELY 
GREATLY IMPACTING THE 
DEVELOPMENT OF CANCER DRUGS 
AND THERAPIES.  

the cat is dead or alive in the box, we really don’t know whether a CD133+ cell will 
stay positive or if it fluctuates between different states. In all likelihood, we are not 

studying stable environments; cells are dynamic. So the complexity 
in science comes from our inability to study proteins or receptors in 
isolation. I think all scientists are studying one piece of the puzzle. 
The challenge for the next generation of scientists is going to be 
putting all these puzzle pieces together. 

KeePINg IN mINd tHe dYNamIc Nature 
oF ceLLS, WHat are tHe ImPLIcatIoNS oF 
tHeSe FINdINgS For tecHNIcaL FeaSIBILItY oF 
PoteNtIaL treatmeNtS?

Everything we know about the tumours we study is gathered 
from an initial pre-treatment biopsy. We take out a tumour and 
then we subject the patient to a million different treatments, but 
we’re basing all this on one sampling time point of the tumour. 
There’s an evolutionary biologist named Charles Swanton from 
London, England who applies evolutionary biology theory to 
the study of cellular populations. He published this breakthrough 
study in the New England Journal of Medicine last year, which 
showed that if you take ten different samples from a renal tumour 
you’ll see ten totally distinct gene expression profiles. He went back 
to characterize the tumour and showed that it was a patchwork 
quilt of different grades within the same tumour. So depending on 
where the surgeon samples the tumour, that’s how the patient will 
be treated; it’s almost random. It shows the problem with cancer 
treatment. Cancer is a dynamic disease unfolding in a patient but 
all of our treatments are based on samples taken at the beginning.

What we realize more and more is that we need experimental 
models that capture how tumours evolve with time. Something 
we’re doing in the lab right now is developing therapy models for 
our human tumours. We implant human tumours into mice and 
profile the stem cell population as they evolve through therapy. 
We treat the mice with chemotherapy and radiation therapy, then 
conduct a time point analysis at each state to see how the tumours 
change with treatments, which stem cell populations are responding 
to the treatments we’re giving, which ones are resistant, and which 

are arising after the therapy. So, one way that developmental biology is applied 
to cancer is through this method of clonal tracking. We can figure out how the 
cancer cells are evolving through therapy by labelling a cell population at the 
beginning, then treating the cancer in the mouse with all the different treatments 
we use in humans and tracking that cell population over time.

do tHe caNcer ceLLS tHat metaStaSIZe to tHe BraIN 
dIFFer IN aNY WaY From PrImarY BraIN caNcerS?

Yes and that is what we are currently studying. We are looking for some signature 
that would indicate migratory homing to the brain, so that we can identify which 
cells seek brain metastases and understand how and why they are able to form 
a secondary tumour in the brain. This project is important because, ultimately, 
these secondary tumours are fatal. We currently have no adequate treatment 
for such tumours. We do not have answers yet, but we are close to discovering 
what distinguishes tumour cells that migrate to the brain from tumour cells that 
originate and develop within the brain. It is important to understand how these 
cells migrate to the brain and how they evade the normal protective mechanisms 
like the blood-brain barrier and the immune system. There are many theories in 
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