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Abstract Colorectal cancer (CRC) is the third most
common form of cancer and the second cause of cancer-
related death in the Western world, leading to 655,000
deaths worldwide per year (Jemal et al. in CA Cancer J Clin
56:106-130, 2006). Despite the emergence of new targeted
agents and the use of various therapeutic combinations,
none of the treatment options available is curative in
patients with advanced cancer. A growing body of evidence
is increasingly supporting the idea that human cancers can
be considered as a stem cell disease. According to the
cancer stem cell model, malignancies originate from a small
fraction of cancer cells that show self-renewal and
pluripotency and are capable of initiating and sustaining
tumor growth (Boman and Wicha in J Clin Oncol 26:2795-
2799, 2008). The cancer-initiating cells or “cancer stem
cells” were first identified in hematologic malignancies and
most recently in several solid tumors, including CRC. The
hypothesis of stem cell-driven tumorigenesis in colon
cancer raises questions as to whether current treatments
are able to efficiently target the tumorigenic cell population
that is responsible for tumor growth and maintenance. This
review will focus on the different aspects of stem cell
biology in the context of CRC, which might help to
understand the mechanisms that give rise to tumor
development and resistance to therapy. First, we will briefly
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revise the knowledge available on normal intestinal stem
cells and recent advances in understanding crypt biology,
which have led to new theory on the origins of colon
adenomas and cancers. Then, we will summarize the
evidence and current status on colon cancer stem cells,
focusing on their relevance and promises for the treatment
of colorectal carcinoma.
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Colonic crypt organization

The colon is organized into four histologically distinct
layers. The epithelial layer, at the luminal surface, consists
of a single sheet of columnar epithelial cells folded into
finger-like invaginations that are supported by the lamina
propria to form the functional unit of the intestine called
crypts of Lieberkiihn (Fig. la). Approximately 14,000
crypts per square centimeter are located in the adult human
colon. Given a rate of 5 days for colonic epithelium
renewal, it has been estimated that over 6x 10" colonocytes
are produced during the individual lifetime [3, 4]. The
terminally differentiated cells, which are found in the top
third of the crypt, are continually extruded into the lumen.
They are derived from multipotent stem cells located at the
bottom of the crypt. During asymmetric division, these cells
undergo self-renewal and generate a population of transit-
amplifying cells that, upon migration upward the crypt,
proliferate and differentiate into one of the epithelial cell
types of the intestinal wall. There are three major
terminally differentiated epithelial lineages in the colon:
the colonocytes, also termed absorptive enterocytes; the
mucus-secreting goblet cells; and the less abundant
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Fig. 1 Colonic crypt organization. a In the epithelial lining of normal
colonic mucosa, stem cells (red) are located at the bottom of the
crypts. Upon asymmetrical divisions, the daughter cells undergoing
differentiation migrate upward to give rise in turns to transit-
amplifying (74) precursors (light blue) and terminally differentiated

enteroendocrine cells (Fig. 1b). Finally, Paneth cells,
functionally similar to neutrophils, are scattered at the
bottom of the crypt only in the small intestine epithelium
and do not follow the downward migratory pathway.
Transit-amplifying cells and stem cells occupy the lower
two thirds of the crypt [5]. The maintenance of the stem
cell compartment as well as the transition from prolifer-
ation to differentiation are finely regulated by Wnt
signaling ligands that are thought to be produced by
mesenchymal cells of the myofibroblast lineage, closely
applied to the basal lamina that surrounds the crypt [6].
Other factors, such as the bone morphogenetic protein (BMP)
antagonists gremlin 1 (GREM1) and gremlin 2 (GREM2) [7],
Notch signaling pathways, ephrin-B1 (Eph-B1) and its
receptors Eph-B2 and Eph-B3, contribute to stem cell
behavior, migration, and differentiation [8—10].

Intestinal stem cell identification

Stem cells (SCs) are defined by two functional properties:
the ability to perpetuate themselves throughout an extended
period of time (self-renewal) and the potential to generate
all the differentiated cells of the tissue of origin (multi-
potency). Despite the significant progress made in recent
years in the field of stem cell biology, the identification,
isolation, and characterization of SCs of the colonic crypt
remain elusive. The concept that all terminally differen-
tiated epithelial cell types within the intestine can be
derived from a single multipotent stem cell was first
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cells (pink). b Cell types in the colon epithelium. Intestinal stem cells
generate three epithelial cell types: the absorptive columnar cells, the
hormone-producing enteroendocrine cells, and the mucous-producing
goblet cells

formulated by Chen and Leblond in 1974 and it is well
documented in mouse small intestine. Many obstacles
have hindered the identification of intestinal SCs among
which the lack of clonogenic and reconstitution assays
and the complexity of the crypt structure that limits the
retrieval of putative SCs from their niche where they are
interspersed among more differentiated daughter cells.
The exact identity of the intestinal stem cells has proven
to be controversial over the last 30 years. Several studies
have attempted to identify intestinal SCs within colonic
crypts by using indirect techniques based on biological
features restricted to the stem cell compartment. Long-
term retention of label DNA has been exploited as
surrogate marker of stemness based on the observation
that SCs in adult tissues usually divide at a slow rate
when compared to the progenitor population [11]. This
functional difference is highlighted by labeling the genetic
material of proliferating cells in mouse intestinal crypts
with tritiated thymidine [12] or by the administration of
the DNA-labeling dye bromodeoxyuridine to rats in
drinking water [13]. These approaches have allowed the
identification of low mitotic index cells that undergo only
limited dilution of label over time and are located at the
bottom of the crypts. The “immortal strand hypothesis”
formulated by Cairns in 1975 proposed an alternative
mechanism behind DNA label retention to identify
putative intestinal SCs. This hypothesis is based on the
assumption that SCs selectively retain their original DNA
strands, while donating the newly synthesized DNA strand
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to their daughter cells. However, this theory has recently
proven controversial due to the demonstration that in the
well-characterized hematopoietic stem cell compartment,
the asymmetric segregation of genetic material is not
observed [14]. The studies performed in the last three
decades to identify the intestinal SCs have lead to the
formulation of two different models, known respectively
as the “+4 position” and the “stem cell zone” models. In
the “+4 position” model, proposed in the late 1950s, it was
assumed that the SCs are located at the +4 position just
above the Paneth cells which occupy the small intestine
crypt base. The multipotent SCs give rise to the transit-
amplifying population that undergoes vigorous division
and differentiation into enterocytes, goblet cells, and
enteroendocrine cells as they migrate out of the crypt
onto the villi. In contrast, Paneth cells differentiate while
migrating down from the +4 position toward the crypt
base. A more recent model, “the stem cell zone,” is based
on the identification of small undifferentiated cycling cells
interspersed within the Paneth cells, termed crypt base
columnar cells (CBC), that are believed to be the true
intestinal SCs (Fig. 2). Definitive proof for either model
has proven elusive due to the lack of specific markers for
these cells. The recognition of specific cell surface
markers has allowed the identification of SCs in many
tissues including the hematopoietic system [15] and
mammary gland [16]. Several molecules have been
proposed as markers of SCs in the intestine including the
RNA-binding protein musashi-1 (Msi-1) that is thought to
be involved in asymmetric division during neuronal
development in Drosophila melanogaster [17]. Immuno-
histochemical analysis performed in normal human colon
crypts revealed that the majority of cells expressing Msi-1
reside in the lower region of the crypt, which corresponds
to the expected position of the colonic SCs [18]. However,
immunoreactivity was also observed above the bottom of
the crypt, suggesting that Msi-1 is still expressed by early
transient-amplifying progenitor cells. Similarly, the
expression of Hesl, a transcriptional repressor trans-
activated by Msi-1, has been evaluated in the mouse small
intestine epithelium [19]. Hesl and Msi-1 were coex-
pressed by the putative SCs at the crypt base, although

Fig. 2 Monoclonal conversion
of the crypt. A mutation

occurs in a stem cell located at
the bottom of the crypt; trans-
formed cells proliferate and
spread to the transit-amplifying
compartment, eventually
replacing normal crypt

Expansion of a
stem cell clone

Hesl was expressed by a broader population of cells.
Other putative biomarkers have been evaluated to distin-
guish the SC population within the colon, such as
members of the integrin superfamily of transmembrane
glycoproteins including «2 and 1 subunits [20]. More
recently, Eph-B receptors have been described as impor-
tant regulators of migration and proliferation in the
intestinal epithelium. The expression of both Eph-B2 and
Eph-B3 tyrosine kinase receptors has been reported at the
bottom of the crypt in the mouse colon [21]. Inhibition of
Eph-B2/Eph-B3 signaling has shown to reduce the
number of proliferating cells without altering the stem
cell number, suggesting that Eph-B receptors is unlikely to
be an independent biomarker of colonic SCs. Conversely,
a more promising intestinal SC marker might be Bmi-1, a
factor involved in the self-renewal of hematopoietic and
neural stem cells, as it was recently reported to be
expressed within the bottom crypts in the small intestine
predominantly by the cells at the +4 position [22].

The Wnt signaling pathway in stem cell compartment

The homeostatic self-renewal of the intestine depends on a
complex network of interplay involving many cellular
processes, including proliferation, differentiation, migra-
tion, and cell death. All these phenomena are finely
regulated by a relative small number of evolutionary highly
conserved signaling pathways, among which the Wnt
signaling cascade plays a major role. In the so-called
canonical Wnt pathway, the central player is the cytoplas-
mic protein (3-catenin. In the absence of the Wnt ligand,
free cytoplasmic [3-catenin is targeted to degradation by
recruitment to a multiprotein degradation complex contain-
ing the scaffold protein Axin, the tumor suppressor gene
product adenomatous polyposis coli (APC), as well as
casein kinase I (CKI) and glycogen synthase kinase 3f3
(GSK3p3). Upon sequential phosphorylation of highly
conserved serine and threonine residues at the N terminus
domain, (-catenin is ubiquitinated and subsequently
degraded by the proteasome machinery. In the presence of
secreted Wnt ligand, signal occurs via interaction with a
serpentine receptor of the frizzled (Fz) family and a
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member of the low-density lipid receptor family (Lpr5 or
Lpr6). Following binding, Axin is recruited to the plasma
membrane through direct interaction with Lpr5/6 or
indirectly through an interaction with Fz via dishevelled
(Dsh). Membrane docking results in Axin degradation and/or
dissociation of the “destruction complex.” GSK3 {3 also might
be displaced from this complex through Dsh action. Conse-
quently, P-catenin accumulates in the cytoplasm in a
stabilized nonphosphorylated form, enters the nucleus, and
binds to a member of the Tcf/Lef family converting the
Tct/Lef transcription factors from transcriptional repressors to
activators [23, 24]. Several genetic studies have indicated the
dominant role of the Wnt signaling pathway in the
pathophysiology of the intestine. Tcf4 or [3-catenin knockout
mice fail to develop colonic crypts [25, 26], as do transgenic
mice for the expression of Wnt-specific secreted inhibitor
Dkk-1 in the intestine [27]. The Wnt signaling gradient
controls the expression of the Eph-B receptors and ligands
allowing the correct positioning of epithelial cells along the
crypt—villus axis as well as the positioning of Paneth cells at
the bottom of the crypt [28]. Recently, during a study aimed
at determining the genetic program that is deregulated in
APC-mutant human colon cancer cells, several Wnt target
genes were selected for its restricted crypt expression. One of
these, the leucine-rich repeat containing G protein-coupled
receptor 5 (Lgr5), also known as Gpr49, has been proposed
as a biomarker of colonic SCs [29]. Lgr5 is predicted to
encode a seven-transmembrane protein with a large extra-
cellular domain for ligand binding and a short cytoplasmic
tail for coupling to G proteins. In the mouse colon, the Lgr5
expression is restricted to cycling columnar cells at the crypt
base and it has been demonstrated that Lgr5-expressing cells
differentiate into the expected functional lineages of the
colonic epithelium [29]. More recently, it has been described
that single sorted Lgr5 positive stem cells can also initiate
long-term culture by generating crypt—villus organoid in
which all differentiated cell lines are present. These self-
organizing structures can be established by exposing a single
cell to a uniform set of growth signals including R-spondin

1, Noggin, and epidermal growth factor (EGF), without any
requirement for mesenchymal niche [30]. Table 1 (in italics)
summarizes the markers that have been proposed to
characterize normal intestinal SCs.

Cancer stem cell theory: the case of colorectal cancer

The concept that tumors are composed by a heterogeneous
population of cells different for morphology, marker
expression, proliferation ability, and tumorigenic potential
has long been recognized. Traditional models of carcino-
genesis assumed that this heterogeneity can be explained by
stochastic genetic events and microenvironmental influence
leading to clonal selection. By contrast, the cancer stem cell
model proposes that only a small fraction of cells within a
tumor possesses cancer-initiating potential and that these
cancer stem cells (CSCs) are able to initiate and sustain
tumor growth. Like normal tissue SCs that support the
cellular hierarchy of the tissue over the lifespan of an
individual, CSCs are defined by the ability to self-renew
while maintaining their ability to generate a progeny of
both tumorigenic and nontumorigenic cancer cells through
asymmetric division. Although the cancer stem cell model
is an old idea, it was not until 1997 that malignant stem
cells were isolated from patients with acute myeloid
leukemia [31]. Subsequently, CSCs have been isolated
from breast and brain cancers and several other solid
tumors, including colorectal cancer (CRC). To date, the
practical translation of CSCs definition is the ability to
generate a phenocopy of the original tumor upon
transplantation into immunodeficient mice.

Colorectal carcinogenesis

By a molecular point of view, colorectal carcinoma is one
of the best-characterized cancer, mainly due to the studies
performed on hereditary cases, which account for about
15% of colorectal carcinomas, that have significantly

Table 1 Markers that have been
proposed to characterize normal

intestinal SCs and used to iso-
late CRC-ICs

Marker Function Reference
Normal intestinal stem cells Musashi-1 RNA-binding protein [19]
Hes-1 Transcriptional repressor [19]
EphB receptors Cell surface receptors [21]
Bmi-1 Policomb-repressor protein [22]
Lgrs Unknown, WNT target gene [29]
Aldh-1 Enzyme [44]
Colon cancer stem cells CD133 Unknown [36, 37]
CD44 Hyaluronic acid receptor [40]
CD166 Adhesion molecule [40]
Aldh-1 Enzyme [44]
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contributed to the understanding of many biological aspects
of this neoplasm. The observation that the accumulation of
mutations involving oncogenes and tumor suppressor genes
follows the progression of the disease along the adenoma—
carcinoma sequence-induced Fearon and Vogelstein to
formulate in the 1990s the “adenoma—carcinoma model”
in which the neoplastic process, initiated by APC or
[3-catenin mutations and tumor progression, results from
the sequential mutation of other genes, such as K-Ras and
p53, in the context of a growing genomic instability. This
model has been further refined and the studies performed
on relatively rare inherited cases led to the identification of
genetic alterations that play a major role in the development
of sporadic CRC. According to the cancer stem cell
hypothesis, it can be assumed that the first mutational hit
occurs in a colonic SC located at the crypt bottom that,
being long-lived, can accumulate oncogenic mutations over
years or decades. Once transformed, mutated SCs can
divide symmetrically and asymmetrically giving rise to
other CSCs and progenitors, which in turn generate other
cancer cells devoid of self-renewal ability. Eventually, the
entire niche will be colonized by mutant stem cells, and the
crypt will be filled with their progeny, an event termed
monoclonal conversion (Fig. 3). The proliferating cancer
cells will be subjected to further changes that may result in
the progression of cancer. This scenario has been suggested
by early studies performed on patients heterozygous for the
O-acetyltransferase, a gene responsible for O-acetylation of
sialomucins in the goblet cell lineage [32]. Subsequently,
monoclonal conversion has been further supported by the
observation that the more frequent lesions in patient
affected by the familial adenomatous polyposis coli

+4 cells
Bmi-1 positive

Fig. 3 Models for stem cells location in intestinal crypts. a The “+4
position” model suggests that intestinal stem cells are located just above
the Paneth cells at position +4 relative to the crypt bottom (green). The
most important marker that identifies these cells is Bmi-1. b The “stem
cell zone” model assumes that small, undifferentiated, cycling cells,
so-called crypt base columnar (CBC) cells (red), interspersed with
Paneth cells, are the true intestinal stem cells. The most important
marker to identify these cells is Lgr5

(FAP), an inherited condition characterized by a germline
mutation of the APC gene, is the unicryptal or monoclonal
adenoma [33]. In situ hybridization studies of Y chromo-
some, performed on XO/XY mosaic patients who under-
went a prophylactic colectomy for FAP, revealed that
colonic crypts were composed exclusively of either X0 or
XY cells [34]. More recently, it has been shown that two-
color enzyme histochemistry can be used to simultaneously
detect the mitochondrial-encoded cytochrome c¢ oxidase
(COX), relatively frequently mutated in colonic SCs, and
the nuclear DNA-encoded succinate dehydrogenase [35].
The identification of wholly COX-deficient crypts in which
all lineages are mutated confirms the ability of a single
mutated stem cell to repopulate a crypt. All these experi-
ments definitively show that human colonic crypts are
indeed a clonal population derived from a multipotent SC.

Colorectal cancer stem cell identification

Although the concept that colorectal carcinoma develops as
a result of a sequence of mutations occurring during the
clonal expansion of a single SC has been widely accepted,
the existence of colonic CSCs had not been experimentally
demonstrated until recently. A number of studies have been
conducted that provide evidence for the existence of colon
CSCs and demonstrate that the CRC tumorigenic cell
population can be isolated by means of the expression of
specific cell surface biomarkers. In the first two of these
studies, CD133 was employed to identify a colon cancer-
initiating cell (CC-IC) population in human tumors
[36, 37]. CD133, also known as prominin-1, is a five-
transmembrane domain molecule that has been shown to be
located in the apical plasma membrane protrusions of
embryonal epithelial structures [38]. Due to its location, a
functional role was ascribed to CD133 as an “organizer” of
the plasma membrane topology [39]. However, to date, its
function remains unknown. The tumorigenic potential of
CD133-positive CC-IC was evaluated in both studies by
sorting freshly dissociated tumor cells and injecting them
into immunocompromised mice. CD133" cells, which
account for approximately 2.5% of the bulk tumor cells,
were shown to be devoid of the intestinal epithelial
differentiation marker cytokeratin 20 (CK20), while
expressing the epithelial adhesion molecule BerEp4 (also
known as EpCAM) [36]. In the other study, O'Brien et al.
isolated CD133" cells from seven primary CRC and ten
CRC metastases and injected the sorted cells in the renal
capsule of nonobese diabetic/severe combined immunode-
ficiency (NOD/SCID) mice. Using limiting dilution analy-
sis, the frequency of CC-ICs was calculated in an
unfractionated population of cancer cells as to be one out
of 5.7x10% However, CC-IC fraction is enriched in
CD133" cells, resulting in a frequency of one out of 262
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cells. CD133" cells readily gave rise to tumors in mice,
whereas the CD133" cell population was unable to generate
tumors even after serial transplantation in mice. More
importantly, tumor xenografts generated by CD133"
CC-ICs displayed the same morphologic features of the
parental tumor and were reproducibly maintained upon
serial transplantation, suggesting that the molecular hetero-
geneity of the original tumor was recapitulated, as
demonstrated by the presence of CD133" and CD133~
cells at similar ratios to the original tumor. Both studies
demonstrated the expression of CDI133 also in normal
colon tissue, although at lower frequency, suggesting that
CD133" CC-ICs in cancer samples might result from
oncogenic transformation of normal colonic SCs. Colonic
cancer cells, obtained from dissociation of cancer speci-
mens, can be perpetuated in vitro as floating aggregates
called “tumor spheres,” which can be maintained in culture
in serial passages and are able to generate tumors when
injected in SCID mice. Upon growth factor deprivation,
CD133" spheres gradually differentiate, acquiring adherent
cell morphology and the expression of differentiation
markers such as CK20. Conversely, the expression of
CD133 is progressively lost during differentiation, as well
as the ability to transfer the tumor into immunocompro-
mised mice. An alternative protocol for the isolation of
CC-ICs employed CD44 and the epithelial surface antigen
EpCAM [40]. Subcutaneous injection of purified CD44"/
EpCAM™ S cells into NOD/SCID mice resulted in high-
frequency generation of tumor xenograft, whereas CD44 /
EpCAM"®W cells lack tumor-initiating activity. Further
subfractionation of the CD44 /EpCAM™“H cell population
by using the mesenchymal stem cell marker CD166
increased the success of the tumor xenograft. However,
immunohistochemical analysis of normal colonic epithelium
shows that CD44 expression occurs not only in the stem cell
compartment at the crypt bottom but also in cells within the
proliferative compartment, thus the specificity of CD44 for
colonic SC remain to be determined.

Controversy exists concerning the markers that are more
robust in identifying CC-ICs. Shmelkov et al. questioned
CD133 as a CRC-SCs marker using a knockin LacZ
reporter mouse in which the expression of LacZ is driven
by the endogenous CD133 promoter to demonstrate that
CD133 expression at the mRNA level in the mouse colon is
not restricted to SCs [41]. The authors concluded that
CD133 is widely expressed in human primary colon cancer
epithelial cells, whereas the CD133™ population is com-
posed mostly of stromal and inflammatory cells. Such
hypothesis is in evident contrast with our data, which show
that the majority of EpCAM/BerEp4+ epithelial cells in
colon cancer are of tumor origin [36]. Moreover, Horst et
al. have recently shown that CD133 expression correlates
with poor prognosis and is an independent prognostic

@ Springer

marker for low survival in CRC [42]. Using three different
antibodies against the CD133 antigen, the authors show that
CD133" cells lack CK20 expression, but they are positive
for EpCAM and conclude that evaluation of CD133 and
nuclear (3-catenin can identify colon cancer cases with
dramatic reduced survival [43]. More recently, aldehyde
dehydrogenase 1 (ALDH) has been proposed as a promis-
ing new marker for normal and malignant human colonic
SCs [44]. Flow cytometric isolation of ALDHI" cancer
cells and implantation of as few as 25 cells in NOD/SCID
mice generate tumor xenografts. Further isolation of cancer
cells using a second marker (CD44 or CD133 serially) only
modestly increased enrichment based on tumor-initiating
ability.

Identification of biomarkers for CRC-SCs will improve
the understanding of the mechanism underlying tumor
growth and progression. Once again, studies performed on
mouse model could offer helpful suggestion. Recently,
Clevers and coworkers provide a very convincing demon-
stration of the origin of intestinal cancer from Lgr5™ CBC
cells. The authors show that deletion of APC in these SCs
leads to their transformation within days. Transformed SCs
remain located at the crypt bottom while feeding a growing
microadenoma that develops in a macroscopic adenoma
within 3-5 weeks. At the same time, Zhu et al. have
published another paper showing that Proml™ cells are
located at the base of crypts in the small intestine,
coexpress Lgr5, generate the entire intestinal epithelium,
and are susceptible to neoplastic transformation [45].
Table 1 (in bold) summarizes the markers that have been
used to isolate CRC-ICs.

Clinical implications of colorectal cancer stem cells

The identification of the cell type capable of initiating and
sustaining tumor growth has major implications for cancer
prognosis and therapy. At present, anticancer therapies for
CRC include surgery, radiation, chemotherapy, and anti-
VEGF or EGFR monoclonal antibodies. Whatever the
therapeutic approach, none of these treatment modalities
is curative in most of advanced cancer cases. One of the
major concerns on the use of cytotoxic agents is that they
are designed to kill actively proliferating cells, which
represent the bulk of the tumor cell population, thus
reducing tumor mass but potentially leaving behind CSCs.
In most cases, such therapy exclusively targets the pool of
differentiated cells while sparing the CSC compartment.
Similarly, CRC-SCs have been found to be enriched in
colon tumors following classical chemotherapeutic regi-
mens intended to shrink tumors [46]. Failure is thought to
be often due to the acquisition of resistance in subsets of
cells through genetic mutation and natural selection. In
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support of this hypothesis, it has been recently demon-
strated that resistance to radiation of CD133" glioblastoma
stem cells can result from elevated expression of DNA
damage response gene [47]. Todaro et al. recently demon-
strated that CD133" CC-ICs produce interleukin-4 (IL-4) as
an autocrine growth factor that promotes tumor resistance
to the chemotherapeutic agents 5-fluorouracil and oxali-
platin. On the basis of this finding, they devised a strategy
to sensitize the CRC-SCs to chemotherapy through the
targeting of IL-4 [48]. CSCs share with normal SCs not
only the capacity for self-renewal, but they also have other
properties that might explain the failure of current therapies.
Similarly to normal SCs, CSCs could also express active
transmembrane ABC transporter family members, such as
multidrug resistance transporter 1 (MDR1) and ABCG2
that can facilitate the efflux of anticancer drugs. Moreover,
signaling pathways that regulate self-renewal of normal
colon SC population are altered in colon cancer.

An ideal interventional approach should target molec-
ular pathways preferentially active in CSCs without
affecting normal tissues. Such goal would require new
technical advances that allow stringent purification and
extensive characterization of CSCs. Different groups are
testing potential therapeutic agents aiming at either
inhibiting CSC survival pathways or forcing CSC
differentiation. Such attempts should take into account
the different microenvironments surrounding the meta-
static CRC-SCs, as clinical evidence suggests that the
site of metastatic formation may have a considerable
impact on the therapeutic response.
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