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Abstract
Cutaneous melanoma is a significant health problem worldwide. Available treatments can induce
objective tumor regression in a small percent of patients, but these responses are not always
associated with improved long-term survival. The resistance of melanoma to therapy and its
predestined recurrence are related to the genetic heterogeneity and genomic instability of the
tumor. For many years these genetic alterations were thought to be linked to the accumulation of
random mutations in functionally differentiated cells which transform them into malignant cells
that have lost their ability to differentiate and have acquired drug resistance. In the last few years it
has been largely demonstrated that melanoma as other solid tumors contains a subpopulation of
cells (CSCs) considered the source of the primary tumor mass, of new tumor nodules and
responsible for drug resistance and cancer recurrence.

In this review, we provide an overview of findings and advances in CSCs research that are
relevant to the initiation, natural history, and the response to treatment of malignant melanoma.
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1. Introduction
Cutaneous melanoma is a significant health problem worldwide; its incidence has increased
3–7% on average over several decades. In US, the lifetime risk of melanoma in the year
2000 was estimated at 1 in 75 persons [1]. Patients with advanced disease have a poor
prognosis with a reported median survival ranging between 3 and 11 months [2]. Therapies
including immune therapy with systemic high dose interleukin-2 or interferon-α, antigen-
specific immunization or chemotherapy with dacarbazine or temozolomide can induce
objective tumor responses in only 5–20% of patients [2]. One type of adoptive immune
therapy, the administration of tumor infiltrating lymphocyte following lympho-ablation, was
reported to induced objective tumor regression in 60% of highly selected patients in a non-
randomized study [3]. However, these responses do not result in overall survival benefit as
the large majority of patients die with relapsing disease that is often resistant to further
therapy. It has been suggested that the stubborn recurrence of cancer following a primary
response to whatever treatment is applied, is due to the survival of a subset of cancer cells
that display an intrinsic resistance to treatment-induced death [4]. The hypothesis that cancer
stem cells (CSCs) lead the tumorigenic process has received several consents in the last
years. The cancer stem cell hypothesis suggests that tumors are initiated and maintained by a
subset of cancer cells capable of self-renewal and differentiation into bulk tumor cells [4]
and [5]. It is important to note that the term cancer stem cells is more a functional definition
that has been proposed to identify a subgroup of cancer cells able to initiate tumors and
differentiate into a heterogeneous progeny, similar to the original tissue from which they
have been obtained. The alternative terms tumor initiating cells can be inappropriate as well.

NIH Public Access
Author Manuscript
Cancer Lett. Author manuscript; available in PMC 2012 July 26.

Published in final edited form as:
Cancer Lett. 2009 July 8; 279(2): 119–125. doi:10.1016/j.canlet.2008.10.039.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Cancer stem cells can be genetically different from the cells that established the tumor [5].
Moreover, different subsets of cancer initiating cells as results of the genetic and epigenetic
changes that characterize cancer cells, can be identified [6]. Even with several unanswered
questions, the concept of cancer stem cells and the hierarchical model of tumorigenesis are
considered a big challenge for the implications that they may have in the understanding of
tumor biology and the development of more effective anti cancer treatments. As we know,
the therapies currently available are modestly effective, and developed, according to the old
model of carcinogenesis “The stochastic model”, to target and destroy a population of
tumorigenic cells, undergone to transformation after random mutations targeting any cells in
an organ and subsequent clonal selection [7].

This review will focus on aspects of CSCs that may be relevant to the natural history and the
response to treatment of melanoma. The hypothesis that therapies capable of targeting such
cells may be more likely to be successful than current therapies will also be discussed.

2. Treatment failure in cancer: are we shooting at the wrong target?
Normal tissue homeostasis is guaranteed by the balance between cell loss and cell renewal,
balance due to the capability of ASCs to undergo self-renewal and give rise to a more
differentiated progeny to replenish cells in adult tissues [8]. To maintain indefinitely this
aptitude, stem cells must perform asymmetric cell divisions; with every division, each ASC
generates a cell with identical genetic and epigenetic content (self-renewal) and a genetically
different cell programmed toward terminal differentiation. CSCs share with ASCs the
capability for self-renewal, indefinite proliferation, and potential to differentiate into
heterogeneous cancer cells that embody the tumor bulk. The genetic abnormalities present in
CSCs, such as DNA repair deficiency, mutations, genetic imbalances and epigenetic
alterations result in significant genomic instability [9] and [10]. This instability, in turn, is
responsible for a rapidly evolving “express lane” process, in which the programmed
asymmetrical division is frequently lost, leading to a large number of semi-differentiated
cancer cells that randomly retain characteristics of the original tissue. Thus, only a small
proportion of self-renewed and undifferentiated CSCs are maintained during cancer
progression representing less than 1% of the bulk of the tumor. Because CSCs are
undifferentiated they do not express functional proteins associated with tissue differentiation
(differentiation antigens/biomarkers) and, therefore, are not susceptible to immune therapy
targeting tumor differentiation antigens [11]. The self-renewed CSCs are also in a relatively
quiescent mitotic state; they are characterized by high expression of ABC drug efflux
transporter, growth factors and anti apoptotic signaling elements; all these characteristics
can account for the resistance to current clinical therapies predominantly effective against
rapidly dividing cells [12]. Thus, targeting molecules relevant to the survival of CSCs can
lead to the identification of more effective therapies.

3. Recent advances in CSCs: lessons learned from leukemias
CSCs have been best characterized in hemopoietic neoplasia. The discovery of CSCs in
leukemia was facilitated by the ease in which circulating cancer cells can be obtained in
leukemias compared to solid tumors and the availability of technology for the extraction,
purification and transplantation of haematopoietic stem cells [13].

It is well-accepted that normal hemopoietic cell development is organized according to a
hierarchical model sustained by a small population of quiescent, pluripotent ASCs capable
of self-renewal and differentiation into all blood cell types.

The haematopoietic system and related malignancies offered the first and strongest evidence
of the existence of CSCs. In the 1970s several different groups observed that in
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hematological diseases only a subset of cells could grow in vitro giving rise to a clonal
expansion of mutated stem-like cells [14], [15] and [16]. Subsequently, Lapidot et al. [17]
identified an acute myeloid leukemia-initiating cell bearing a CD34+ CD38−phenotype that
could be engrafted in SCID mice. Others [18] confirmed that cells bearing the same CD34+,
CD38−, Lin–surface makers were able to initiate human acute myeloid leukemias in non-
obese diabetic/severe combined immunodeficiency mice. Engrafted CD34+, CD38−, Lin–
cells could differentiate and reconstitute the heterogeneous phenotype observed in the
original tumor. Moreover, serial transplantations demonstrated that these cells possessed
self-renewal capacity. This study represents the first evidence that cancer cells can be
organized into a hierarchy that mirrors the ASCs model. The evidence of the existence of
cells with stem cell-like properties in hematological malignancies opened a new era for
cancer research that is focused on the identification of CSCs in solid tumors.

4. CSCs in solid tumors
It is known that, unlike haematopoietic malignancies, solid tumors are composed of a mixed
population of cells at different stage of differentiation phenotypically and genetically
heterogeneous. A recent study from our group characterized cell lines generated from the
same melanoma metastasis and identified contrasting phenotypes represented by distinct cell
morphology, level of pigmentation and genetic imbalances as indicated by karyotyping,
chromosomal and array comparative genomic hybridization [19] and [20]. In spite of these
differences, all the cell lines displayed an identical methylation pattern, according to the
human androgen receptor assay, supporting the idea that all cell lines derived from a
common ancestor. Moreover, mutational analysis of the β-catenin gene, identified a 1-bp
mutation present in all the metastatic cells tested [19]. As we know the WNT/β-catenin
pathway is involved in all of the stem cell defining characteristics [21]. In our model, the
persistent mutation in β-catenin could indicate activation of stem cell-like signaling
pathways that may contribute to the biological behavior of this patient tumor [21]. Our
observations support the hypothesis that cancer cells can arise from a common ancestor and
contain a subpopulation of cells with stem-like properties [22].

In the last few years CSCs have been identified and described in several epithelial and other
solid malignancies. Al-Hajii et al. [23] reported the isolation and characterization of a
CD44+, CD24−/low cell population from metastatic pleural effusions in a patient with
invasive breast cancer. Cells carrying these surface markers were infrequent but could
sustain tumor initiation when injected in immune-deficient mice. Moreover, tumors derived
from CD44+, CD24−/low cells recreated the phenotypic heterogeneity observed in the
original sample. Thus, these cells demonstrated at the same time self-renewal capacity and
the ability to differentiate into cells with low tumorigenic potential that represented the bulk
of the tumor population. Hemmati HD et al. [24] observed brain tumor-derived progenitor
cells that can form neurospheres and are capable of self-renewal. The neurospheres display
an unusual ability to proliferate and sometimes differentiate into abnormal cells with
multiple differentiation markers. Studies performed on glioblastoma multiforme and
medulloblastoma have shown that tumorigenic cells are restricted to the CD133+
subpopulation, which usually represents 5–30% of total tumor cells. CD133 (prominin-1) is
a membrane protein identified in both humans and mice and classified as a marker of
primitive hemopoietic and neural ASCs [25]. Tumors arising from purified CD133+ cells
demonstrated the ability to reproduce the phenotypic diversity and differentiation pattern of
the parent tumors [26].

For brain tumors, the identification of self-renewing CSCs was facilitated by the availability
of an in vitro method for the selection of “neurospheres” previously used for the isolation of
ASCs. Using this method, Galli et al. [27] succeeded in the isolation and propagation of
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“cancer neurospheres” from human glioblastoma multiforme, which were highly enriched in
long-term self-renewing, multi-lineage-differentiating, CSCs. Recently, it has been observed
that CD133+ glioma stem-like cells are more resistant to ionizing radiation than bulk tumor
cells in culture and in in vivo xenograft transplant model [28]. This observation attributes
the irradiation resistance of brain tumors to a particular subset of CSCs. In addition to breast
and brain tumors, progenitor/tumorigenic subpopulations of CSCs have been characterized
in prostate and colorectal cancer that expressed the CSC-specific surface markers CD44 [29]
and CD133, respectively [30]. In the last few years, a subpopulation of cancer stem cells has
been described also in Melanoma.

5. Melanoma stem cells (MSCs)
Melanocytes are specialized cells derived from the neural crest during embryonic
development that migrated to the hair follicle and the basal layer of the epidermis. Immature
melanocytic cells have been identified in normal human epidermidis [31]. Nishimura et al.
[32] reported the presence of ASCs of the melanocytes lineage in the lower portion of the
mouse hair follicles. Melanocyte ASCs migrate from the hair follicle niche, divide and
differentiate into pigmented melanocytes. Moreover, they migrate into vacant niches and
replenish the reservoir of melanocytes ASCs. Thus, far no such melanocytic-lineage ASCs
have been identified in humans. However, the observation that re-pigmentation can occur
following the onset of vitiligo suggests that melanocytes can be replaced by a reservoir of
ASCs [33] and [34].

The role of melanocyte ASCs in normal tissues may be critical also in humans and more
important in melanoma development [35] and [36]. A recent genetic and transcriptional
analysis of melanoma cell lines derived from metachronous metastases in a single patient
during a decade of recurring disease demonstrated that each cell line was derived from the
clonal expansion of a unique progenitor/stem-like cell that maintained a consistent genetic
pattern throughout the patient’s life [19] and [20].

Experimental evidence supports the existence of a MSC phenotype; Fang et al. [37]
described a subset of cells derived from freshly isolated or in vitro stabilized melanoma cell
lines that was able to form “melanoma spheroids” when grown in a specific stem cell
medium. The MSCs exhibited self-renewal properties after in vitro and in vivo cloning. The
MSC-like population exhibited the ability to differentiate into astrocytes or cells of the
mesenchymal-lineage and was extremely tumorigenic when injected into immune-deficient
mice. The spheroids were enriched in CD20 expressing cells. In addition, they expressed
CD133 and ABCG2. The expression of these two antigens was associated with higher
tumorigenic potential and ability to create new and bigger spheres [37] and [38]. MSCs are
similar to bone marrow-derived ASCs in that they are Hoechst dye-low [39] and [40], small
in size and display a low proliferation rate [35]. However, the culture of single MSCs
yielded large and morphologically heterogeneous melanoma cells that exhibited lineage and
antigenic heterogeneity.

The MSC marker ABCB5 was first described by Frank et al. [41] and [42] as a regulator of
cell–cell fusion in normal skin progenitor cells, and was considered as the most important
mediator of resistance to doxorubicin in malignant melanoma cell lines. Moreover, he
reported that this marker was expressed by a subgroup of melanoma cell lines coexpressing
the CSCs marker CD133 [42]. Using gene expression profiling the authors demonstrated
that ABCB5 expression was higher in melanoma lesions and metastases compared to benign
skin nevi, thick melanomas compared to thin ones, and metastases compared to primary
lesions, correlating with the clinical progression of malignant melanoma. They concluded
that ABCB5 should be considered a marker of melanoma progression.
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Based on these findings, Schatton et al. [43] hypothesized that ABCB5 could be a molecular
marker defining tumorigenic malignant-melanoma-initiating cells. ABCB5 expression was
found to be higher in primary or metastatic melanoma compared to benign melanocytic nevi.
ABCB5 was expressed by 1.6–20.4% of melanoma cells. The expression of ABCB5
correlated with the expression of markers of primary melanoma phenotype such as TIE1,
CD144 and BMPR1. These markers were expressed more frequently in ABCB5+ rather than
ABCB5−cells. ABCB5− expressing MSCs displayed a significantly greater capability to
initiate tumor growth in immune-deficient mice. Xenografts derived from ABCB5−
expressing MSCs exhibited the same phenotypic heterogeneity of parental tumors and could
in turn initiate secondary tumors when ABCB5− expressing cells were isolated and used for
re-implantation. The tumor forming competence could be inhibited by anti-ABCB5
antibody-mediated cytotoxicity. Thus, this study provides a link between MSCs, cancer
progression and chemotherapy resistance of melanoma [43].

The expression of MDR1 (ABCB1, PGY1 or GP170 gene product), one of the active
transport pumps on the plasma membrane, has been described in many tumor types and is
considered to be responsible for drug resistance. To test whether MDR1 represent a
biomarker relevant to MSC biology, Keshet et al. [44] examined the expression of this gene
by a melanoma self-renewing population obtained from primary melanoma culture. MDR1-
expressing cells contributed 1.3–9.7% of the entire cell population in primary melanoma and
co-expressed other MSC surface markers such as ABCB5, Nanog and hTERT, underlining
the relationship between drug resistance and CSCs. Interestingly, CD133 expression was not
detected in this population of MDR1-expressing MSCs.

We still lack a marker that can be used to reliably and consistently identify and isolate
MSCs. Monzani et al. [38] found that CD133 is a useful marker for identifying MSC outlier
cells with a high tumorigenic potential, but in contrast with Fang’s findings [37], these cells
are primarily concentrated in adherent cell populations rather than in melanoma sphere
characteristic of MSCs. Similarly, the expression of ABCG2 alone as a marker for MSCs
could not reliably identify cells with a higher tumorigenic potential suggesting that it has
low specificity as a melanoma initiating cell marker [45].

Although mounting evidence supports the existence of CSCs, their characterization is
limited by difficulties related to the separation of these relatively rare cells. So far, markers
used to distinguish CSCs from other tumor cells are predominantly based on our knowledge
of embryonic stem cells (ESCs) surface markers or cancer drug resistance markers.
Furthermore, cells studied as CSCs are cultured in vitro and selected according to their
proliferation capacity. These cells favor sphere formation in culture and can differentiate
into heterogenic populations and can self-renew. It is logical to postulate that the markers so
far identified are not representative of stem-like cell subpopulation but rather represent an
active phase of their biology.

Thus, CSCs can be defined as progenitor cells unlikely to be exposed by current
experimental protocols while their active phase could be best called cancer stemloid cells (or
CSCs-like) that can proliferate, undergo clonal selection, and accumulate mutations. Since
they do proliferate to a certain extent they can also be the target of cancer therapies [46].
Depending on the accumulation of acquired mutations, CSCs and their stemloid progeny at
different stages of differentiation may display fluctuations of CSC-marker expression as
exemplified by varying levels of CD133 expression [47].

It is clear that novel strategies should be sought for the identification of CSCs at different
stages of differentiation beyond the validation of ASCs markers or markers of drug
resistance. Genomic instability is the hallmark of malignant disease including melanoma
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[48], [49] and [50]. Melanomas contain high number of chromosomal rearrangements, such
as translocations, chromosomal amplifications, or deletions, and, in addition, germline or
somatic point mutations that can affect cancer development and progression [51] and [52].
Comparative analysis of genetic and epigenetic alterations could further illuminate the
genetic make up and stability of CSCs compared to their progeny [20]. Different
chromosomal aberration patterns were identified by comparative genomic hybridization
between vertical and radial growth phase of primary melanomas [53] and between primary
and metastatic melanomas [54]. We compared melanoma cell lines derived from
metachronous melanoma metastases in a patient who experienced several recurrences and
clinical remissions over more than a decade. In spite of marked phenotypic variations, a
conserved core of genetic alterations was maintained throughout the natural history of the
disease that could have been inherited from the progenitor stem cell [19] and [20]. A rare
point mutation of the β-catenin gene was identified in each of the metastatic samples
suggesting that all cell lines were derived from the same progenitor. Although some genetic
changes were shared in this series of patient biopsies, not all of the aberrations were
perpetuated. Thus, while extensive genetic instability could be observed at the 12th different
stages of this patient’s disease, alterations were not sequential or cumulative. This suggests
that each metastasis evolved independently from the other from a common ancestor MSC
whose vestiges were reverberated in each by a consistent and invariable genetic core of
chromosomal aberrations.

Taken together, these findings suggest that melanomas arise from mutations and
chromosomal rearrangements that accumulate in a common precursor cell, which
subsequently drives the establishment of primary and metastatic lesions (Fig. 1). This cancer
stem-like precursor is likely responsible for the metastatic process while the less stable
progeny are unable to spread locally or distantly [35] and [4].

6. Conclusions
The CSCs hypothesis is not totally new as a similar concept was suggested more than 100
years ago [55] and [56]. However, it is still at its infancy and much study needs to be done to
confirm it. Accumulating evidence supported by an increasing number of publications in the
last few years suggests that cancers are originated from a subpopulation of cells responsible
for tumorigenesis, tumor maintenance, growth and metastasis. Assuming that CSCs have
dramatically different biological properties compared with the rest of the cancer cells, it is
possible to explain the poor effectiveness of current therapies by the fact that most were
developed by testing their activity against the bulk of cancer cells independent of functional
subsets. For melanoma, immune therapy should consider alternate target antigens unrelated
to tissue differentiation such as cancer testis antigens [57] whose expression is increasingly
stabilized in the later stages of cancer progression or mutated neo antigens associated with
the oncogenic process and most likely expressed by CSCs [58] and [59]. Chemotherapy
should target pathways less strictly associated with cell division but more closely related to
the metabolism and, most importantly, relatively resting CSCs [60].

Despite the experimental evidence described in the mini-review, the CSC theory applied to
solid tumors need to be validated and many questions remain. Most of the characterization
of CSCs, among them MSCs, has been based on the expression of stem cell markers; the
ability to form spheres; and the capacity to self-renew, proliferate, differentiate and initiate
tumors when injected in immunodeficient mice. These arbitrarily selected criteria may suffer
some limitations. The markers used to isolate cancer stem cells are not unique to these cells,
they are often expressed in normal tissues from different organs [61]. Their expression can
be modulated by different experimental and environmental conditions; for example hypoxia
can induce increased expression of stem cell-like surface markers and interfere with the gene
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expression machinery of cancer cells [62]. The surface markers may be not identify a pure
population of cancer stem cells, but enrich the specific population, help to sort for further
evaluation such as the ability to initiate tumors in animal models. The in vivo assay and their
results can be difficult to interpret because extremely variable according to the experimental
conditions and the host microenvironment [63]. The ability of tumor cells to survive and
regenerate in xenografts may be unrelated to stem cell-like features but instead may be due
to random alterations in the regulation of apoptotic pathways, cell cycle regulation or altered
methylation patterns. Genetic and epigenetic may allow stochastic changes for better
adaptation to the microenvironment independent of a programmed asymmetric process.

In physiologic conditions ASCs require a specific environment to maintain their “stemness”
and de-differentiated status. An environmental “niche” that fosters ASC survival has been
described in bone marrow and in mouse hair follicles in physiological condition. CSC-
niches that may play a role in maintaining tumorigenesis and determining cell behavior have
not yet been characterized. It is possible that CSCs do not co-localize with their daughter
cells but instead hide in a special micro-environmental niche. This may explain why cancer
reoccurrence after complete regression rarely occur at the same site.

In a transgenic transforming rat Her-2/neu breast cancer BALB-neuT mouse model and in a
MMTV-polyomavirus-middle T transgenic mice model, disseminated tumor cells (CK+ and
HER-2+) become detectable in bone marrow at as early as 4–9 weeks of age when even the
most meticulous analysis of the mammary gland can only detect areas of atypical ductal
hyperplasia. This suggests that an early spread of cancer occurs through the migration of
CSC-like progenitors in the bone marrow [64]. Moreover, these disseminated tumors in
bone marrow do not significantly increase in number during tumor growth and progression
suggesting that they retain a quiescent phenotype and asymmetrical self-renew in a niche.
Similar disseminated tumor cells have also been identified in the bone marrow of patients
with breast cancer at different stages and carrying both normal or abnormal karyotypes [64].
Thus, much still needs to be learned about the true biology of CSCs, their genetic and
phenotypic evolution in response to environmental stimuli, the hierarchy governing their
differentiation, and their salient survival strategies.

Abbreviations

ASC(s) adult stem cell(s)

CSC(s) cancer stem cell(s)

EB embryonic bodies

ESC(s) embryonic stem cell(s)

MSC(s) melanoma stem cell(s)
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Fig 1.
Melanoma stem-like cells may appear after mutations occurred in melanocytes stem cells, or
progenitor cells. They may also be the results of transformation in differentiated cells. They
are responsible for tumor growth and metastasis.
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