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ABSTRACT 

 

The “cancer-stem-cell (CSCs) hypothesis” implies that tumors are composed of a heterogeneous 
population of cells, within which resides a small population of cancer stem cells that are responsible 
for the maintenance and propagation of the tumors. These cells possess the stem cell properties of 
self-renewal and of inhibited differentiation, but lost the controls operating in normal stem cells, or 
gained mutations that endowed them with tumorigenicity. The first conclusive evidence for CSCs 
was published in 1997 in Nature Medicine. Bonnet and Dick isolated a subpopulation of leukaemic 
cells that express a specific surface marker CD34, but lack the CD38 marker. The existence of 
leukaemic stem cells prompted further research into other types of cancer. CSCs have recently been 
identified in several solid tumors. The cancer stem cell (CSC) hypothesis provides an attractive 
cellular mechanism to account for the therapeutic refractoriness and dormant behavior exhibited by 
many of these tumors. Not only is finding the source of cancer cells necessary for successful 
treatments, but if current treatments of cancer do not properly destroy enough CSCs, the tumor will 
reappear. Including the possibility that the treatment of for instance, chemotherapy will leave only 
chemotherapy-resistant CSCs, and then the ensuing tumor will most likely also be resistant to 
chemotherapy. If the cancer tumor is detected early enough, enough of the tumor can be killed off 
and marginalized with traditional treatment. But as the tumor size increases, it becomes more and 
more difficult to remove the tumor without conferring resistance and leaving enough behind for the 
tumor to reappear. Our limited knowledge of normal stem cells, in part due to the overall paucity of 
experimental assays for their functional study, has made the CSC theory difficult to probe. 
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INTRODUCTION 

 
Stem cells are characterized by their capability for unlimited proliferation and their ability to self-renew by 

symmetric or asymmetric division. Symmetric division is the process by which stem cells increase their absolute number. In 
the case of asymmetric division, the stem cell divide to generate a different, more specialized daughter cell with a limited 
capacity for both division and/or survival. Also the second daughter cell still must remain “stem” to generate cells for growth 
and to substitute for the loss of cells. Another defining feature of a stem cell is to differentiate into a variety of cell types. 
Cancer stem cells (CSCs) are cancer cells (found within tumors or hematological cancers) that possess characteristics 
associated with normal stem cells, specifically the ability to give rise to all cell types found in a particular cancer sample. 
These cells are therefore tumorigenic (tumor-forming), perhaps in contrast to other non-tumorigenic cancer cells. CSCs may 
generate tumors through the stem cell processes of self-renewal and differentiation into multiple cell types. Such cells are 
proposed to persist in tumors as a distinct population and cause relapse and metastasis by giving rise to new tumors. 
Therefore, development of specific therapies targeted at CSCs holds hope for improvement of survival and quality of life of 
cancer patients, especially for sufferers of metastatic disease. 

Existing cancer treatments were mostly developed on animal models, where therapies able to promote tumor 
shrinkage were deemed effective. However, animals could not provide a complete model of human disease. In particular, in 
mice, whose life spans do not exceed two years, tumor relapse is exceptionally difficult to study. 

The efficacy of cancer treatments are, in the initial stages of testing, often measured by the amount of tumor mass 
they kill off. As CSCs would form a very small proportion of the tumor, this may not necessarily select for drugs that act 
specifically on the stem cells. The theory suggests that conventional chemotherapies kill differentiated or differentiating cells, 
which form the bulk of the tumor but are unable to generate new cells. A population of CSCs, which gave rise to it, could 
remain untouched and cause a relapse of the disease [1-6]. 
 
Cancer stem cells: A growing body of evidence is increasingly lending support to the concept that cancer can be modeled 
and interpreted as a stem-cell disease. This hypothesis is supported by a set of three experimental observations: 
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1) Only a minority subset of cancer cells within each tumor is capable of initiating tumor growth when transplanted 
into immunodeficient mice;  

2) Cancer cells endowed with tumorigenic properties are characterized by a distinctive profile of surface markers 
and can be differentially and reproducibly isolated from non-tumorigenic ones;  

3) Tumors originated from purified tumorigenic cancer cells contain mixed populations of tumorigenic and non-
tumorigenic ones, thus recreating the full diversity of the parent tumor’s phenotypic repertoire.  
The hypothesis of the cancer stem cells is not entirely new. It stemmed from the observation that not all the cells within a 
tumor can maintain tumor growth, and that large numbers of tumor cells are needed to transplant a tumor, even in an 
autologous context.  

The suggestion of cancer stem cells is more plausible simply due to the fact it is a far less complicated to change to 
the capacity for self-renewal than it would be reactivate an immortal program in an already differentiated cell. Furthermore, 
stem cells live longer than differentiated cells, so they are exposed to external factors for a much longer time. The 
accumulation of genetic defects/mutations can also cause misregulation. Next we question the capacity for self-renewal of all 
tumor cells, and whether this is only due to the stem cancer cells or the presence of any other cells within the tumor tissue 
that might have the ability to generate a tumor. The concept that a rare population of tissue may be the cellular origin of 
cancer was proposed in 19th century by pathologists such as Cohnheim and Durante. These scientists observed similarities 
between embryonic and cancer tissue and differentiation. Their observation led to the hypothesis that resting embryonic stem 
cells may reside in adult tissue and that upon activation these stem cells may acquire the ability to give rise to cancer [7, 8]. 
In the late 1930sscientists showed that leukemia can be transmitted from one mouse to another by using asingle 
undifferentiated leukemia cell [9].  Approximately 30 years later, using in-vitro colony formation assays, it was established 
that a rare subpopulation of acute myeloid leukemia (AML) possessed the ability of self-renewal and proliferation, and 
therefore going on to give rise to new tumors (10,11,12). In the 1970sresearchers revisited this idea. The first conclusive 
evidence for CSCs was published in 1997 in Nature Medicine. Bonnet and Dick [1] isolated a subpopulation of leukaemic 
cells that express a specific surface marker CD34, but lack the CD38 marker. The authors established that the CD34+/CD38- 
subpopulation is capable of initiating tumors in NOD/SCID mice that is histological similar to the donor [2]. Studies that 
followed on from this had confirmed that there were similarities in the biology of stem cells and cancer stem cells. They 
proposed the idea that cancers may rise from quiescent tissue stem cells [13]. In 2001 studies were published with relevance 
to the steps that lead to carcinogenesis. These studies showed that the signal transduction pathways (such as Wnt and Hedge-
hog) play an important role in tumor genesis and how essential it is to consider the existence of stem cells and cancer stem 
cells regarding their roles in carcinogenesis [13, 14]. 

The association between cancer and stem cells and cancer was then further discussed for several decades [14,15] and 
it was found that stem cells and cancer stem cells have similar features concerning: unlimited proliferation, capacity for tissue 
specific differentiation, clonogenic potential, the capacity of self-renew and the specific differentiation. However 
differentiation is characteristic only for a specific cancer cell population; in some cancer cells terminal differentiation is 
defined, caused for example by loss of ability to proliferate, set off by external factors such as irradiation, chemical drugs. 
The finding that stem cells isolated from fetal tissue are able to differentiate into a variety of cell types was a very important 
step in proving the plasticity of somatic cells or stem cells that are present within differentiated tissues .It also led to the 
theory of trans differentiation. Simplified, it is the production of cells within tissues where they would not originally occur 
[16,17]. 

Opponents of the paradigm do not deny the existence of CSCs as such. Cancer cells must be capable of continuous 
proliferation and self-renewal in order to retain the many mutations required for carcinogenesis, and to sustain the growth of 
a tumor since differentiated cells cannot divide indefinitely (constrained by the Hayflick Limit). However, it is debated 
whether such cells represent a minority. If most cells of the tumor are endowed with stem cell properties there is no incentive 
to focus on a specific subpopulation. There is also debate on the cell of origin of these CSCs - whether they originate from 
stem cells that have lost the ability to regulate proliferation, or from more differentiated population of progenitor cells that 
have acquired abilities to self-renew which is related to the issue of stem cell plasticity [13, 15, 18]. 

In cancer research experiments, tumor cells are sometimes injected into an experimental animal to establish a tumor. 
Disease progression is then followed in time and novel drugs can be tested for their ability to inhibit it. However, efficient 
tumor formation requires thousands or tens of thousands of cells to be introduced. Classically, this has been explained by 
poor methodology (i.e. the tumor cells lose their viability during transfer) or the critical importance of the microenvironment, 
the particular biochemical surroundings of the injected cells. Supporters of the cancer stem cell paradigm argue that only a 
small fraction of the injected cells, the CSCs; have the potential to generate a tumor. In human acute myeloid leukemia the 
frequency of these cells is less than 1 in 10,000 [1]. Further evidence comes from histology, the study of tissue structure of 
tumors. Many tumors are very heterogeneous and contain multiple cell types native to the host organ. Heterogeneity is 
commonly retained by tumor metastases. This implies that the cell that produced them had the capacity to generate multiple 
cell types. In other words, it possessed multi-differentiate potential, a classical hallmark of stem cells. The existence of 
leukaemic stem cells prompted further research into other types of cancer. CSCs have recently been identified in several solid 
tumors, including cancers of the: Brain, Breast, Colon, Ovary, Pancreas and Prostate [1, 3, 4, 5, 6, 19, 20, 21]. 
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MATERIALS AND METHODS 
 

Definition of “CancerStem Cells”: A fundamental problem in cancer research is identification of the cell type 
capable of initiating and sustaining growth of the neoplastic clone in vivo. The key to solving this riddle lies in determining 
whether every cell within the neoplasm has tumor-initiating capacity, or whether only a rare subset of cells – so-called 
‘cancer stem cells’ (CSCs) – is responsible for maintenance of the neoplasm. The existence of CSCs was first proposed over 
40 years ago, providing an explanation for the observed functional heterogeneity within tumors. However, proof of principle 
had to await the development of modern research tools for investigating the behavior of defined cell populations. The best 
evidence supporting the existence of CSCs has come from the study of hematological malignancies [22, 23]. 

Like their normal tissue counterparts, tumors are composed of heterogeneous populations of cells that differ in their 
apparent state of differentiation. Indeed, the differentiation features of a tumor, morphological and architectural, are the key 
parameter used in routine clinical practice by surgical pathologists to define a tumor’s primary anatomical origin. This simple 
observation suggests that tumors are not mere monoclonal expansions of cells but might actually be akin to “abnormal 
organs,” sustained by a diseased “cancer stem cell” (CSC) population, which is endowed with the ability to self-renew and 
undergo aberrant differentiation [13, 24]. 

A new wave of studies, however, has recently begun to address this concept using an innovative, purely empirical 
approach, based on an in vivo self-renewal assay. Starting from whole tumor tissues, cancer cells are purified into single-cell 
suspensions and subsequently fractioned in different subsets according to the expression of a specific repertoire of surface 
markers. Once isolated, individual cancer cell subsets are injected into appropriate hosts (in most cases orthotopic tissues of 
immune-deficient mouse strains), and the subsets are compared with respect to tumorigenic capacity [25].  

It is important to note that, based on this approach, the term cancer stem cells represents a working definition with a 
purely operational significance. The term is used to indicate a tumor-initiating cell subset that can give rise to a 
heterogeneous progeny, similar in composition to the tissue from which it was originally isolated. In most cases, it is 
currently not possible to define with certainty the “genealogical” relationship between CSCs and normal stem cells of the 
corresponding tissues (i.e., whether CSCs originate directly from normal stem cells or the early stages of their progeny). 
Irrespective of the actual origins of CSCs, the identification of a CSC population establishes a functional hierarchy within a 
tumor tissue and encompasses both the self-renewal and differentiation hallmarks of stem cells. First developed in human 
myeloid leukemias, the CSC working model is today being progressively extended to several solid tumors, along with several 
biological and therapeutic implications [26]. 

 
DISCUSSION 

 
Cancer stem cell pathways: A normal stem cell may be transformed into a cancer stem cell through disregulation 

of the proliferation and differentiation pathways controlling it. Scientists working on CSCs hope to design new drugs 
targeting these cellular mechanisms. The first findings in this area were made using haematopoietic stem cells (HSCs) and 
their transformed counterparts in leukemia, the disease whose stem cell origin is most strongly established. However, these 
pathways appear to be shared by stem cells of all organs. 

 
1) Bmi-1: The Polycomb grouptranscriptionalrepressorBmi-1 was discovered as a common oncogene activated in 

lymphoma [27] and later shown to specifically regulate HSCs [28]. The role of Bmi-1 has also been illustrated in neural stem 
cells [29]. The pathway appears to be active in CSCs of pediatric brain tumors [30]. 

 
2) Notch: The Notch pathway has been known to developmental biologists for decades. Its role in control of stem 

cell proliferation has now been demonstrated for several cell types including haematopoietic, neural and mammarystem cells 
[31]. Components of the Notch pathway have been proposed to act as oncogenes in mammary and other tumors [32]. 

 
3) Sonic hedgehog and Wnt: These developmental pathways are also strongly implicated as stem cell regulators. 

Both Sonic hedgeho(SHH) and Wnt pathways are commonly hyper activated in tumors and are required to sustain tumor 
growth. However, the Gli transcription factors that are regulated by SHH take their name from gliomas, where they are 
commonly expressed at high levels. A degree of crosstalk exists between the two pathways and their activation commonly 
goes hand-in-hand. This is a trend rather than a rule. For instance, in colon cancer hedgehog signaling appears to 
antagoniseWnt [33]. 

Sonic hedgehog blockers are available, such as cyclopamine. There is also a new water soluble cyclopamine that 
may be more effective in cancer treatment. There is also DMAPT, a water soluble derivative of parthenolide that targets 
AML (leukemia) stem cells, and possibly other CSCs as in myeloma or prostate cancer. A clinical trial of DMAPT is to start 
in England in late 2007 or 2008. Furthermore, GRN163L was recently started in trials to target myeloma stem cells. If it is 
possible to eliminate the cancer stem cell, than a potential cure may be achieved if there are no more CSCs to repopulate a 
cancer [34, 35]. 
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New approach to cancer genesis and treatment: The cancer stem cell (CSC) hypothesis provides an attractive 
cellular mechanism to account for the therapeutic refractoriness and dormant behavior exhibited by many of these tumours. 
The clinical relevance of CSCs remains a fundamental issue but preliminary findings indicate that specific targeting may be 
possible [36]. 

The development of treatments that target cancer stem cells is an important objective, but the challenges are 
formidable. First, to design treatments that selectively eradicate cancer stem cells, it is useful to have the cognate normal stem 
cell or progenitor cell. This step requires the development of assays to characterize the function of normal stem cells and the 
means to define physical features (i.e., cell-surface antigen markers) that will permit their isolation. Without this knowledge, 
it is impossible to know whether a candidate drug is also cytotoxic to normal stem cells. Second, we need similar ways to 
describe cancer stem cells and appropriate functional assays must be validated. Third, it is critical to understand how cancer 
stem cells differ from normal stem cells, particularly with regard to mechanisms controlling cell survival and responses to 
injury. Ideally, a therapy should target pathways uniquely used by cancer stem cells to resist extrinsic insults or to maintain 
steady-state viability. Fourth, we must understand how therapies that effectively target the bulk of tumor cells fail to eradicate 
cancer stem cells. The reasons for this phenomenon may provide important clues for developing more effective and 
comprehensive regimens to attack both the tumor stem cells and the bulk of the disease [37]. 

An additional challenge in targeting cancer stem cells is to understand how the properties of stem cells make them 
particularly difficult to kill. Leukemia cancer stem cells reside in a largely quiescent state with regard to cell-cycle activity, 
like their normal counterparts [38,39]. Consequently, typical cytotoxic regimens that target rapidly dividing cells are unlikely 
to eradicate such cells. Selective targeting will therefore require regimens that kill cells independently of the cell cycle, or 
that selectively induce cycling of cancer stem cells. Another common feature of stem cells is expression of proteins 
associated with the efflux of xenobiotic toxins (e.g., multidrug-resistant proteins and related members of the ATP-binding 
cassette [ABC] transporter family). A variety of cancer cells, particularly during relapse, express such proteins, thus 
providing resistance to many chemotherapeutic agents [40, 41, 42, 43]. 

The extent to which cancer stem cells can mobilize all of the measures provided by evolutionary history to protect 
normal stem cells is not yet known, but this information is likely to be biologically and clinically significant. 

A further concern is that normal stem cells and progenitor cells may prove to be more sensitive than cancer stem 
cells to the effects of chemotherapy. Normal colon stem cells, for example, can inhibit DNA repair mechanisms and thereby 
undergo apoptosis in response to DNA damage; this mechanism avoids the accumulation of harmful mutations. If, however, 
colon cancer cells evade this protective mechanism, then chemotherapy could preferentially spare those [44].  
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