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Abstract: Cells defined as “cancer stem cells” because of a postulated ability to self-renew in a stem cell-like fashion and 

regenerate a tumor analogous to that of provenience upon transplantation have been described in a range of myeloid leu-

kemia, breast, prostate, brain, colon and ovarian cancers. However, the precise origin of these cells remains an enigma. 

Surgical pathologists have suspected for decades that connective tissue tumors could arise through the neoplastic trans-

formation of an immature multipotent cell and that this cell persisted in the lesion in a transformed state. This hypothesis 

was later supported by some experimental data generated by hematologists who demonstrated the presence of 

stem/progenitor-type cells in different types of leukemia. In fact, increasing evidence now suggests that quiescent leuke-

mic cells resembling normal hematopoietic stem cells and displaying a clonogenic self-renewal capacity are central in sus-

taining these pathologies. Although it remains technically challenging to verify the precise origin of a tumor, recent ex-

perimental findings in animal models incite a revisiting of the dogma that epithelial tumors may solely form as a conse-

quence of a multistep “dedifferentiation process” of specialized epithelial cells. Moreover, despite the fact that progressive 

accumulation of genetic aberrations may remain the primary event leading to malignant transformation, some gastrointes-

tinal tumors have been proposed to originate from stem cells residing within discrete niches of the intestinal crypta. Thus, 

the recent identification of discrete populations of tumor initiating cells in a number of carcinomas, melanomas and brain 

tumors, may be interpreted as to assign a more predominat role than previously thought to immature progenitor cells just 

as the ones specifically targeted by neoplastic transformation. 

WHY WOULD IMMATURE PROGENITOR CELLS 
ORIGINATE TUMORS? 

 Conceivably, the delicate cell-cycle regulation of stem 
cells, and the fact that these cells divide asymmetrically, may 
afford a rational explanation for their increased susceptibility 
to the genetic hits that are known to be instrumental for the 
conversion of a healthy cell into a cancer cell. Furthermore, 
several studies have now documented the ability of healthy 
multipotent progenitor cells to be transformed into neoplastic 
cells by genetic manipulations mimicking those that may 
occur spontaneously in tissues during tumorigenesis (Fig. 
1A,B) [1]. Subpopulations of cells within tumor lesions that 
have recently been proposed to constitute the cellular core 
that assures maintenance and propagation of the tumor, and 
which are at the focus of attention for therapeutic interven-
tion, may correspond to the foci of cells that originally un-
derwent transformation. Therefore, it could be predicted that 
a better definition of the genetic, molecular and behavioral 
traits of the currently denoted “cancer stem cells” may favor 
the assertion of their incipient nature and their putative deri-
vation from a counterpart healthy cell. Accordingly, the pre-
sent article discusses the current experimental findings that 
point to the possibility that particularly immature, and possi-
bly pluripotent, progenitor cells may originate various cancer 
types. However, we also highlight some of the misconcep-
tions revolving around the notion of “cancer stem cells” that,  
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in the absence of crucial pieces of evidence, simply identify 
a subset of particularly malignant, largely drug-resistant cells 
within a tumor lesion. The importance of defining the cellu-
lar identity of tumor origin by clonogenic means is certainly 
one of the keys to better understand how tumors evolve and 
progress to more aggressive phenotypes, as well as to estab-
lish the nature of the putative residual cells within cancer 
lesions that may possibly have retained stem/progenitor cell-
like properties. 

APPROPRIATENESS OF ADOPTING THE DEFINI-
TION “CANCER STEM CELL” TO DENOTE THE 

MOST AGGRESSIVE POPULATION OF THE LE-

SION 

 Subsets of malignant cells within cancer lesions seem to 
fulfil a similar task as normal stem cells, i.e. to re-
pair/reconstitute a tissue/lesion in which they reside. This 
fact has incited investigators to adopt the term “cancer stem 
cells” to denote such a neoplastic cell subpopulation [2-4]. 
The idea is that the three most distinctive properties of nor-
mal stem cells may partly be exhibited by the presumptive 
“cancer stem cells”: 1) the capacity of self-renewal (i.e. pro-
liferate in an alternated manner symmetrically or asymmetri-
cally without undergoing any differentiation or maturation 
process and without loosing capacity to further replicate), 
which allows maintenance of the undifferentiated stem cell 
pool over the lifetime of the organism; 2) “self-regulate” the 
stem cell population number through balancing self-renewal 
against differentiation of the daughter cells; and 3) undergo a 
sufficient degree of differentiation and maturation to allow 
for the reconstitution and long-term preservation of the  
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Fig. (1). Potential mechanisms of TIC formation. (A) Mutation. 

The cancer stem cells might appear after mutations in specific stem 

cells or early stem cells progenitors. It is also possible that TIC can 

be derived from differentiated cells. (B) Multiple genetic hits. 

Progressive genetic alterations drive the transformation of 

stem/progenitor cells into TIC. (C) Multistep de-differentiation. 

Multistep dedifferentiation of cancer cells might give rise to TIC. 

(D) Cell fusion. Cell fusion between cancer cells and 

stem/progenitor cells might induce TIC. 

functional elements (cell lineages) of a tissue. The extent to 
which these specific features of normal stem cells may actu-
ally be preserved in “cancer stem cells” remains to be estab-
lished. More importantly, with “cancer stem cells” one may 
merely refer to a small subgroup of cells within a tumor that 
is particularly dispensable for perpetuating its growth. These 
cells, better defined as “tumour initiating cells” (TIC), could 
be the source of all the malignant cells in a primary tumor, 
they could compose the small reservoir of drug-resistant 
cells that are responsible for relapse after a therapy-induced 
remission, or they could be elements of a primitive lesion 
more directly implicated in formation of metastases. No in-
controvertible evidence is presently available to fully sub-
stantiate or reject any of these possibilities, whereas indis-

putable is the fact that rare sets of cells that firmly diverge 
from the others are contained in most tumor lesions [5-17]. 

POSSIBLE ORIGIN OF TIC 

 Tumor initiation and progression is generally thought to 
occur as a multistep process characterized by progressive 
genetic alterations that drive the transformation of normal 
human cells into highly malignant derivatives [18, 19]. This 
idea has led to the belief that most cancers arise from a sin-
gle cell that undergoes a malignant conversion driven by 
frequent genetic mutations. Such events are thought to be 
followed by a clonal selection of variant cells that show in-
creasingly more aggressive behavior. The hypothesis has 
been put forward that some of the cellular and molecular 
events leading to tumor initiation are orchestrated by the 
subset of cells that could correspond to the ones postulated to 
display self-renewal capacities (Fig. 1B) [20]. 

 There is compelling evidence in support of the ancient 
idea that mesenchymal tumors arise by transformation of an 
immature “fibrohistocytic cell”, derived from studies show-
ing that pleomorphic sarcoma cells share their phenotype 
with bone marrow-derived mesenchymal progenitor cells 
[21]. These same cells can be converted into Ewing’s sar-
coma-like cells by the simple transfer of the oncogenic fu-
sion product (EWS-FLI-I) characterizing this specific tu-
mour [22]. Although not yet explored, a similar result would 
likely be obtained if analogous oncogenic fusion transcripts 
(e.g. the liposarcoma FUS-DDIT3 or the synovial sarcoma 
SYT-SSX1) would be transfected into the above cells. Of 
note, however, is that the bone marrow-derived cells used in 
these studies are not yet ascertained to be bona fide stem 
cells, but may rather be multipotent progenitor cells with a 
limited self-renewal capability. The possibility that these 
cells may acquire a full auto-regenerating capacity upon 
neoplastic transformation and thereby, become truly self-
renewing in their transformed state, is an alluring hypothesis 
worth addressing. The above findings would nonetheless still 
be perfectly coherent with the fact that many sarcoma lesions 
contain neoplastic cells exhibiting multiple phenotypic traits. 
They are also compatible with the fact that osteosarcomas, 
showing a typical osteoblastic phenotype, are frequently en-
countered in subcutaneous locations where bone-forming 
cells would not be present, but where mesenchymal-
fibroblastic cells are known to reside. It could still be argued 
that a specific derivation from immature cells could be 
proper of a mesenchymal tumor, but not of epithelial-derived 
ones, i.e. tumor that arise within epithelial tissues and exhibit 
phenotypic traits compatible with epithelial cells. However, 
at least one investigation convincingly shows that even 
epithelial tumors may arise from cells of non-epithelial ori-
gin [23]. Whether this implies that all epithelial cells have 
the same formation dynamics remains highly uncertain. On 
the other hand, stem/progenitor have been identified in virtu-
ally all primary epithelial tissue types/organs and may poten-
tially be prone to undergo neoplastic transformation (Fig. 
1A,B). 

 Some brain tumours seem to contain neural precursor-
like cells responding to the same mitogenic stimuli as normal 
neural stem cells and apparently mimicking some of their 
behavior. Subsets of these brain tumor cells also share cru-
cial markers with normal stem cells, such as CD133, and 
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efficiently grow in sphere-like arrangements (so called neu-
rospheres) just as normal neural stem cells. By exploiting the 
CD133 surface molecule for immunoaffinity purification, 
several groups have been able to isolate putative tumor initi-
ating cells (TIC) from glioblastoma multiform and medul-
loblastoma tumors and have proposed that clonogenic cell 
populations derived from these cells can reproduce the same 
type of nervous tumors in vivo upon transplantation into 
mice [5-7]. These observations strongly suggest that neural 
stem/progenitor cells undergoing neoplastic transformation 
may correspond to the TIC generating the lesion. On the 
contrary, the reason CD133

+
 subset of brain tumor cells 

would posses self-renewing capability seems unclear, simply 
on the basis of the assumption that CD133

-
 are not tumori-

genic and that cells of the CD133
+
 population generate single 

cell clones resembling the parental cells. Multipotency ob-
served in cell populations isolated and further selected by 
low density plating of cells disaggregated from brain tumors 
and cultured under serum-free conditions in the presence of 
EGF/FGF-2 strongly support the idea that neoplastic cells, 
with similar differentiation potential as neural stem cells 
isolated from the foetal brain, are present within glioblas-
toma multiforme lesions. Whether these cells alone and di-
rectly initiated the lesion, or whether they were generated 
secondarily by de-differentiation of more mature neural cells 
that underwent neoplastic transformation, remains to be de-
fined (Fig. 1C). 

 While the presence of CD133
+
 cells with tumor initiating 

capability may have a strong connection with the normal 
stem cells of that organ, the reason for which colon carci-
noma TIC should share the above membrane marker [15, 16] 
is much less clear. CD133 was first identified on subsets of 
haematopoietic progenitor cells, later found to be assimilated 
to circulating endothelial precursors [24], and owing to the 
recognized analogies between haematopoietic and nervous 
systems the coincidence of this phenotypic marker could be 
predicted for both normal and cancer-related progenitor-type 
cells. On the other hand, CD133 has also been identified in a 
number of human adult tissues, most prominently in the kid-
ney, and may in all these locations characterize immature 
progenitor cells [25]. Thus, two scenarios may be contem-
plated: colon cancer CD133

+
 TIC may correspond to en-

dogenous immature cells of the colon that have undergone 
transformation locally, or they may represent a precursor 
population recruited to the tumor lesion via circulation that, 
in the new neoplastic microenvironment, has undergone 
changes. At present, the former possibility seems the most 
likely considering that colon adenocarcinoma cell lines may 
express CD133 and modulate their expression under the in-
fluence of differentiation-promoting stimuli [25]. 

 Most cancers are not clonal, but consist of heterogeneous 
cell populations, and using some imagination these have 
been compared to the hierarchical tree of stem cell-derived 
phenotypic lineages [26-28]. In such a scheme, it would be 
attractive to think about a long-lived tumour cell at the base 
of the tree because it would readily explain how progression 
towards malignancy could rapidly be achieved through an 
amplification of mutations and epigenetic changes through 
the various levels. As alluded above, many normal cells, 
both in vitro and in vivo, can become cancerous after trans-
duction with the right combination of oncogenes, but it 
seems that only certain cells are prone to undergo such trans-

formation (Fig. 1A,B). Whether these are cells predisposed 
to become the subset of cells that will constitute the final 
tumor initiating cell population is a matter of debate. 

DO CELL FUSION, EPIGENESIS AND MICROENVI-
RONMENT CONTROLLING THE INCEPTION OF 
TIC? 

 Somatic stem cell plasticity has been challenged by ob-
servations indicating that apparent transdifferentiation of 
bone marrow-derived stem cells invading other tis-
sues/organs might be caused by cellular fusion between stem 
cells and pre-existing differentiated cells. Since current mod-
els of carcinogenesis based on the gene mutation hypothesis 
have limitations in explaining many aspects of cancer, new 
models of multistage carcinogenesis have been proposed, 
including the idea that cancer development involves both 
gene mutations and cell fusions. Specifically, a tumor could 
result from fusion between an "altered" pre-malignant cell 
and a stem/progenitor cell resident of that tissue/organ (Fig. 
1D). "Aneuploidy", which is a hallmark of malignancy [19] 
is a direct consequence of such cell fusion and the alternative 
model of tumor initiation might be the fusion of stem cells 
with cells that have undergone a set of mutational events 
related to cancer development. Such fused cells would 
probably express stem/progenitor cell features and might 
show large chromosomal aberrations and aneuploidy. They 
could also harbor unique cell-survival programs that are 
shared by normal stem cells and that might drive tumor pro-
gression. Therefore, a stem/progenitor cell fused to a somatic 
cell that has received a number of defined mutational hits 
might explain the presence of the chromosomal derange-
ments that can occur during early tumor development. Fu-
sion might also occur between different tumor cells and, al-
though likely a rare event, it may still have relevance for 
tumor progression. 

 A recent hypothesis is that cancer has a fundamentally 
common basis that is grounded in a polyclonal epigenetic 
disruption of stem/progenitor cells, mediated by “tumor-
inducing genes”. Accordingly, Feinberg and collaborators 
have proposed that non-neoplastic, but epigenetically dis-
rupted stem/progenitor cells, may be a key target for tumor 
formation [29]. Pathological epigenetic changes (non-
sequence-based alterations that are inherited through cell 
division) are increasingly considered as alternatives to muta-
tions and chromosomal alterations in disrupting gene func-
tion. These include global DNA hypomethylation and hy-
permethylation of selected key genes, aberrant chromatin 
modifications and loss of imprinting. All of these epigenetic 
changes have the potential to lead to aberrant activation of 
growth-promoting genes and aberrant silencing of tumor-
suppressor genes. Furthermore, tumor cell heterogeneity is 
due in part to epigenetic variation in progenitor cells, and 
epigenetic plasticity together with genetic lesions drives tu-
mor progression. This crucial early role for epigenetic altera-
tions in cancer is in addition to genetic alterations that can 
substitute for genetic variation later in tumor progression. A 
second step involves monoclonal genetic mutation of gate-
keeper genes (or characteristic chromosomal rearrangements 
in leukaemia or lymphoma), followed by a third step that 
involves acquisition of genetic and epigenetic plasticity. The 
above paradigm includes a key step formerly commonly rec-
ognized as neoplasia, which can help to explain the late on-
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set of most adult cancers, recurrent disease, environmental 
effects, tumor heterogeneity and the genetics of cancer risk 
that may be directly or indirectly associated with TIC. 

 In the adult organism, stem cells reside in a physiologi-
cally limited and specialized microenvironment, or niche, 
that supports stem cells but varies in nature and location de-
pending on the tissue type [30]. The stem cell niche is be-
lieved to be represented by a group of cells and their sur-
rounding extra-cellular matrix (ECM) that is delimited to 
special locations within tissues and serves the purpose of 
sustaining stem cells and keeping them in an undifferentiated 
state. The niche largely works as a physical anchoring site 
for stem cells and, accordingly, a number of adhesion mole-
cules have been implicated in the interaction between stem 
cells and niche components. In addition, the niche comprises 
numerous factors, including various growth factors, cytoki-
nes and signalling molecules such as hedgehogs, Wnt:s and 
BMP:s, that participate in the control of stem cell prolifera-
tion and fate determination. In the haematopoietic, intestinal, 
and hair follicle systems, the niches seem to further maintain 
stem cells in a quiescent state by providing signals that in-
hibit cell proliferation. Therefore, stem cell propagation may 
depend upon dynamic responses of the cells to niche-
associated signals, where the balance between mitogenic 
signals and growth arresting/differentiation signals is pivotal 
in their homeostatic regulation. If this balance is disrupted, 
stem cells may proliferate without restraint, such as occur-
ring upon loss of BMP signalling or abnormal activation of 
Wnt signalling, and may be engaged in tumorigenic proc-
esses [31]. However, recent evidence has suggested that the 
stem cell niche may have a counteracting function that has 
thus far been underestimated, namely to prevent tumorigene-
sis by controlling stem cell proliferation [32]. The niche as-
pect nevertheless remains crucial since recent investigations 
have commenced to address the possibility that TIC may 
also reside within specific niches [33] and it may be specu-
lated that if these sites are truly the preferred locations of 
TIC they may represent the original territories of tumor for-
mation. 

EVIDENCE FOR TIC IN TUMORS AND CHARAC-
TERISTICS OF THE COMPRISED CELLS 

 The notion of the existence of a specific cell subset 
within solid tumor lesions endowed with self-renewal prop-
erties, has stemmed from the operational/experimental ob-
servation that not all cells of a given tumor formation are 
capable of generating a second tumor mass, upon transplan-
tation. This irrespectively of whether it is done in a heterolo-
gous or autologous context. However, a systematic analysis 
of the tumor generating capability of single cancer cells, or 
their clonal derivations in a healthy host, has not yet been 
performed with a sufficient amount of randomly selected 
cells/clones from a human or animal tumor lesion. Thus, a 
tight correlation between the diversity of cancer cells com-
posing a lesion and their ability to regenerate a tumor in vivo 
still need to be more clearly established. The fact that a vari-
able amount of cells are needed to generate a (second) tumor 
lesion when transplanted into an unconditioned recipient 
may reflect the need for a substantial cell-to-cell interaction 
to create a growing mass, or to the fact that, irrespectively of 
a lack of immunological attack (i.e. in severely immuno-
compromised animals), many transplanted cells succumb to 

the trauma of transplantation and/or a defective microenvi-
ronmental stimulation. In fact, it is not clear to what extent 
tumor cells within a transplanted population, compete for 
host microenvironmental factors. On the other hand, in syn-
genic immunocompetent settings, as little as 50-100 unse-
lected cells of a particularly aggressive cell line (such as e.g. 
B16 melanoma cells) are sufficient to generate a significant 
tumor mass. 

 At present, there is no evidence that cell lines notoriously 
behaving in a highly aggressive manner have a constitutive 
higher ratio of TIC and, hence, a simple hypothesis of TIC 
based on such quantitative "transplantation parameters" does 
not warrant full support. The term “cancer stem cell/TIC” 
has largely been adopted as an operational term defined by 
the ability of a population of cancer cells, mostly selected on 
the basis of given cell surface marker profiles (Table 1) to 
regenerate a similar tumor for an indefinite number of times 
(although practically most researchers have fixed four times 
as the "magic number") when transplanted into a host. Once 
again, however, this feature has not been demonstrated at the 
single cell level (as has been done with normal haema-
topoietic cells) [34] leaving the nature and intrinsic proper-
ties of the postulated self-regenerating cells contained by 
these transplantable tumor cell populations undefined, as 
well as their effectiveness in generating a tumor lesion. 

Table 1. Putative Cell Surface Markers of Presumptive TIC 

 

Tumour Type Surface Markers 

Acute Myeloid Leukaemia CD34+/CD38-/CD44+/IL3R+/CD33+/CD13+ 

Chronic Myeloid Leukemia CD34+/CD38-/CD44+/CD13+ 

T-cell acute lymphoblastic  
leukemia 

CD34+/CD4-/ or CD34+/CD7- 

Breast carcinoma CD44+/CD24- 

Glioblastoma/medulloblastoma CD133+/nestin+/Lin- 

Colon carcinoma CD133+ 

Prostate carcinoma CD133+? 

Pancreatic carcinoma CD44+/CD24+/ESA+ 

Renal carcinoma CD133+? 

Squamous cell carcinoma  
(head and neck) 

CD44+ 

Melanoma CD20+ 

Neuroblastoma ABCG2/BCRP1+ - Hoescht dye efflux 

Hepatocellular carcinoma ABCG2/BCRP1+ - Hoescht dye efflux 

Lung (Bronchioalveolar cell phenotype) 

Various cell line-derived ‘side  
populations’ 

ABCG2/BCRP1+ - Hoescht dye efflux 

 

 Culture-selected cells from certain brain tumors exhibit 
neural stem cell-like multipotency upon proper stimulation 
(giving rise to neurons and glia) and can effectively be sub-
cloned into highly malignant cell populations in vivo [5-7]. 
Single cells from neurospheres arising spontaneously in cul-
ture from these cells are rather effective in generating multi-
ple secondary clones, but the actual capacity of each of these 
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subclones to generate a new tumor in vivo was not docu-
mented. These traits, together with some of the tumor-typical 
gene expression patterns, still rather convincingly unify 
some consensus properties of neural stem cells and TIC. 
However, the auto-regenerative, self-renewal potential of 
these cells and its analogy with normal neural stem cells in 
terms of Bmi-1-dependency remains elusive [35, 36]. In-
triguingly, neural TIC isolated from glioblastoma multiforme 
maintain their multipotency following neoplastic grow in a 
rather “protected microenvironment” (i.e. in SCID/bg mice) 
in vivo, while repeated transplantation apparently augments 
their malignancy degree [7]. Once again, it is difficult to 
appreciate how these observations would sustain self-
renewal potential of the cells in vivo, without the formal 
proof of the persistency of exactly the same genetically 
tagged cell in these transplantation experiments. It may ulti-
mately be argued that a number of characteristic features of 
normal stem cells are shared experimentally by subpopula-
tions of cells isolated from tumour lesions, which simultane-
ously exhibit traits of malignant cells. Other more stringent 
stem cell traits seem more difficult to demonstrate in labora-
tory settings, currently leaving the precise identity of these 
cells established by experimental means open to further defi-
nition. Finally, the "clonality" argument for the identification 
of putative TIC may not be entirely valid. Accumulation of 
multiple gene mutations may cause phenotypically diverse 
populations even in cases in which all cells originate from a 
single clone. 

EVIDENCE AND CHARACTERISTICS OF LEUKE-
MIA STEM CELLS 

 Stem cells from somatic tissues have been best character-
ized by the haematopoietic system, largely owing to the easy 
accessibility of blood-forming cells. Hence, it is not surpris-
ing that the stem cell malignancies that have been analyzed 
in the most detail arise in hematologic cancer, leukaemia. 
With the identification of leukaemia stem cells (LSCs) capa-
ble of repopulating NOD/SCID mice, this body of research 
has led to conclusive proof for TIC. 

 These are readily evident in chronic myelogenous leu-
kaemia (CML) [37, 38] and acute myelogenous leukaemia 
(AML) [39,40], and they have been implicated in acute lym-
phoblastic leukaemia (ALL) [41-43]. The LSCs for human 
AML were identified as Thy1-/CD34+/CD38- cells that are 
the sole capable of transferring AML from the human patient 
to NOD/SCID mice. Several groups have reported that sur-
face markers are differentially expressed in LSCs and normal 
stem cells. In the case of human AML stem cells, the follow-
ing series of studies have defined their immunophenotype as 
CD34+/CD38-/CD71-/HLA-DR-/CD90-/CD117-/ CD123+ 
(Table 1). The expression of the last 3 antigens in AML stem 
cells differs from that of normal HSCs, and this difference 
therefore provides the means for separating normal HSCs 
from AML stem cells [44]. Perhaps the most promising 
unique marker of LSCs is CD123 (IL-3R�), because it is 
present on 98% of the CD34+/CD38- AML cells, but is un-
detectable or expressed at lower levels in normal bone mar-
row CD34+/CD38- cells. Another marker that is detectable 
on LSCs in patients with AML, but not on normal HSCs is 
CD33 [45]. This observation is particularly remarkable, 
given the recent introduction of CD33-targeted therapy (gen-
tuzumab ozogamicin) in clinical trials. Leukaemia stem cells 

from CML are CD34+/CD38-/CD44+, and TIC in various 
myeloid neoplasms appear to express the aminopeptidase-
N(CD13) antigen (Table 1). In addition to the immunophe-
notype, some studies have examined the cell cycle status of 
LSCs and found that both AML and CML stem cells main-
tain quiescent populations. LSCs often exhibit quiescence, 
which may make the malignant population refractory to 
standard chemotherapy, or at least no more susceptible than 
normal HSCs, thus contributing to relapse [46]. Moreover, a 
recent report [42] has demonstrated the long-term repopulat-
ing ability of the CD34+/CD4- and CD34+/CD7- subfrac-
tions in T-ALL, suggesting that a cell with a more primitive 
phenotype was the target for leukaemia transformation in 
these cases. Finally, mature leukaemia cells might acquire 
LSC characteristics (Fig. 1D), thereby evading chemothera-
peutic treatment and sustaining the disease [46]. Ongoing 
research is likely to reveal the molecular mechanisms re-
sponsible for LSC characteristics and lead to novel strategies 
for eradicating leukaemia. 

CONCLUSIVE CAUTION AND OPTIMISM 

 An important aspect of the current debate on "cancer 
stem cells"/TIC is whether the cells defined as such in both 
tumor lesions and cultured cell lines are truly self-renewing 
elements responsible for growth and long-term maintenance 
of the tumor, or whether they simply represent a particularly 
aggressive (malignant) side population that has been selected 
overtime in the lesion to survive the most harsh environ-
mental conditions. If such a subpopulation of tumor cells is 
largely quiescent, resistant to hypoxia and nutrient depriva-
tion, and has acquired a pronounced apoptosis-/drug-
resistance, then it is not surprising that upon transplantation 
it may regenerate a similar tumor lesion. The challenges (i.e. 
the stimuli) from the new environment into which these cells 
are transplanted would be ideal for the re-activation of the 
cell cycle of these cells and for the support of their propaga-
tion. Furthermore, if these cells reside originally in a stasis-
maintaining environment of the lesion, maybe the niche it-
self, then their removal from such an environment would 
provide them with the proper stimulation to resume growing. 
Besides the fact that this phenomenon would not per se be 
indicative of a canonical self-renewing process, a major con-
cern remains the identification of the exact location of TIC in 
the tumor lesions in situ. 

 A related issue is the specificity of the markers that are 
currently being used to isolate stem-like cells from different 
solid cancers (Table 1). First, it is v ery unlikely that CD44 
(or CD24) would specifically characterize TIC because it is 
too a widespread cell surface proteoglycan to be restricted to 
defined, rare subpopulations of tumor cells. It is similarly 
rather surprising that CD133 emerges as a universal TIC 
marker across tumors derived from cells of all three embry-
onic germ layers. "Functional" cell isolation assays based 
upon dye efflux through drug transporters also seem rather 
unreliable for the identification of rare subpopulation since 
through such assays up to 30% of the tumor cells of the le-
sion are commonly separated. Such numbers would not be 
compatible with a rare tumor cell population. Nevertheless, 
one cannot deny the appeal of explaining the pool of drug-
resistant cells and the problem of chemotherapy resistance in 
terms of the existence of a relatively quiescent cell popula-
tion armed with multiple drug transporters. How then does 
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this model fit in the context of the clinical problem of drug 
resistance? Unfortunately, for most drug-resistant cancers, 
including melanoma, renal, pancreatic and sarcoma tumors, 
the hurdle is not that a few cells survive but, rather, that only 
a few cells die in response to chemotherapy. Due to this vex-
ing problem, the TIC model of drug resistance has little ap-
plicability, whereas for tumor relapse following successful 
therapeutic intervention it could be of greater relevance. 

 Although the "cancer stem"/TIC case needs to be firmly 
proven [47], vital information has recently emerged by ex-
amining the gene expression profiles of postulated TIC. In 
breast carcinoma patients these putative TIC-like cells ex-
press genes that when evaluated prognostically may have a 
certain impact on the clinical management of these patients 
[48]. Similarly, a stem cell-like 11-gene profile down-stream 
of Bmi-1 proposes a signature predictive of a short interval 
to disease recurrence, distant metastases, and death after 
therapy in patients affected by 11 different types of tumors 
[49]. This latter finding strongly suggest that isolation and 
phenotypic characterization of putative TIC from different 
types of tumors could allow for the disclosure of the critical 
molecular profiles of any given tumor, as well as the exploi-
tation of this genetic information to improve the current di-
agnostic tools and advance our possibilities of designing 
novel therapeutic strategies. It is possible that a better under-
standing of the origin, identity, and traits of particularly ma-
lignant subpopulations of cells within lesions may afford 
valuable information about the intractable nature of many 
human cancers and explains the reason for which conven-
tional anti-neoplastic therapy fails in many patients. 
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