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ABSTRACT

Understanding the molecular and cellular processes underlying melanoma
plasticity and heterogeneity is of paramount importance to improve the efficiency of
current treatment and to overcome resistance to chemotherapy drugs. The notion of
plasticity and heterogeneity implies the existence of melanoma cell populations with
different phenotypic and tumorigenic properties.

Using melanoma cell lines and melanoma cells freshly isolated from patient
biopsies, we investigated the relationship between ABCB5+, CD271+ and low-
MITF, expressing populations that were reported to display melanoma initiating cell
properties. Here, we showed that ABCB5+ and CD271+ populations poorly overlap.
However, we found that the CD271+ population is enriched in low-MITF cells and
expresses a higher level of stemness genes, such as OCT4, NANOG and NES. These
features could explain the increased tumorigenicity of the CD271+ cells. The rapid
conversion of CD271+ to CD271- cells in vitro demonstrates the plasticity ability of
melanoma cells. Finally, we observed that the transient slow-growing population
contains only CD271+ cells that are highly tumorigenic. However, the fast growing/
CD271+ population exhibits a poor tumorigenic ability. Taking together, our data show
that CD271 is an imperfect marker for melanoma initiating cells, but may be useful
to identify melanoma cells with an increased stemness and tumorigenic potential.

INTRODUCTION and to chemotherapeutic drugs.
Cellular processes that underlie phenotypic plasticity
Melanomas are very aggressive neoplasms are still a matter of debate between the proponents of

the models of melanoma initiating cells and those of the
phenotypic switch [5], even though, both models are not
exclusive. The melanoma initiating cell model stems from
the initial works of Lapidot et al [2] in leukemia, Singh et
al [3] in brain cancer and Ricci-Vitani et al [4] in colon
cancer. These pioneer works defined tumor initiating cells
as cells responsible for tumor formation and maintenance,

renowned for their resistance to existing therapeutics.
The most recent treatments targeting the mutated BRAF
(BRAFVYS™E) have shown a spectacular high level of
response, but in most cases melanomas acquire secondary
resistances causing dramatic relapses [1].

Both primary and secondary resistances, as well as
the exacerbated invasive properties of melanomas might

be due to their remarkable phenotypic plasticity, allowing
melanoma cells to adapt to different microenvironments

in vivo, in xenograft models.
Numerous reports showed that within a tumor or
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in cultured cells, all melanoma cells do not possess the
same ability to form tumors when injected into nude
or SCID mice. A small population is endowed with a
high tumorigenic potential and has been designated as
Melanoma Initiating Cells (MICs) [5, 6]. MICs showed
an increased resistance to drugs and an exacerbated
invasive and stemness phenotype [7, 8]. The existence
of a reversible phenotypic switch has also been reported
between these MICs and their less tumourigenic progeny
[9].

However, no consensual marker characterizing
the MICs population has been identified to date. High
levels of CD24[10], ALDH[11], CD271[6], ABCB5[5] or
JARID1B[12] have been reported in this population.

The MICs have also been characterized by a low
MITF expression. Indeed, transient inhibition of MITF
expression, which is considered as a melanoma oncogene
[8, 13, 14], blocks melanoma cell growth in vitro, but
counter-intuitively favors xenograft and metastasis
development in nude mice. Further, depletion of the low-
MITF population, which is a slow growing population,
impairs severely the tumorigenicity of melanoma cells
[9]. In agreement with these observations, two different
groups, including ours, have shown that a transiently slow
growing population has increased tumorigenic properties
[9, 12].

CD271, also known as NGFR, is a receptor for the
nerve growth factor (NGF), member of the neutrophin
family proteins. NGFR has been shown to be specifically
expressed on neural crest cells from which melanocytes
are derived [15, 16]. Of note, several reports have shown
that the CD271+ melanoma cells were endowed with a
higher tumorigenic potential when injected into nude mice
[6, 16]. Similarly, ABCBS, an ATP- dependant cassette
transporter of various substrate such as small ions, sugars,
peptides, and complex organic molecules [17], has been
shown to confer doxorubicin resistance to melanoma
cells [18]. Also, ABCBS has been found at the surface of
a subset of melanoma cells that exhibit enhanced tumor
initiating cell phenotype [5]. However, no increased
tumorigenicity has been observed when CD271+ or
ABCBS5+ melanoma cells were injected into NSG mice
lacking NK Cells [16, 19].

To better characterize the population(s) of melanoma
cells with a high tumorigenic capacity, we investigated
the relationship between three of the markers mentioned
above, i.e. CD271, ABCB5 and MITF.

Our data show that the CD271+ population is
enriched in low-MITF and slow-growing cells that could
account for the increased tumorigenicity of the CD271+
cells. Further, the CD271+ population has an increased
level of stemness genes, such as OCT4, NANOG and
Nestin. However, all the CD271+ cells have not the
same tumorigenic potential. Indeed among the CD271+
cells, only the slow-growing population displays a high
tumorigenic potential. Therefore, we conclude that CD271

is an imperfect melanoma initiating cell surface marker.
However, in the absence of consensual surface marker
for melanoma initiating cells, CD271 may be useful to
identify melanoma cells with an increased stemness and
tumorigenic potential.

RESULTS

Characterization of ABCBS
populations in melanoma cell lines.

and CD271

First, we wanted to determine if two of the most
studied Melanoma Initiating Cell (MIC) markers, ABCBS
and CD271 were shared by the same population or were
expressed by different cell populations. To answer this
question, 501-Mel, MeWo, WM9 and A375 cell lines,
as well as three melanoma cell cultures established from
patients (C0902, C1006, C1002), which are grossly
representative of the mutational landscape in human
melanomas, were stained with CD271 and ABCBS5
antibodies. Flow cytometry analysis showed that the
distribution of ABCBS5+ and CD271+ populations
varied in the different cell cultures, ranging from 5.2
to 75% for CD271+ and from 5 to 44% for ABCB5+
(figure 1, sup figure 1). The double positive population,
ABCBS5+/CD271+, differed also a lot, ranging from 1 to
29%. Interestingly, in 501-Mel cells, both populations
overlapped clearly, as 90% of the CD271+ cells were
also ABCBS positive, while about 50% of the ABCB5+
population expressed CD271. In other cells a very poor
overlap of the two populations has been observed, except
in A375 cell line that does not express MITF. These results
illustrate the phenotypic heterogeneity within a melanoma
cell culture and between different melanoma cell cultures.

CD271+ population is enriched in low-MITF cells.

We have previously shown that melanoma cell
cultures contained a low-MITF population endowed
with MIC properties [13]. We next wished to investigate
whether the low-MITF population overlapped with
the populations expressing CD271 or ABCBS surface
markers. To this aim, 501Mel, WM9, C0902, C1206 and
MeWo cells were labeled with antibodies directed against
CD271 and MITF or ABCBS5 and MITF and analyzed by
flow cytometry (figure 2, sup figure 2 A). In 501-Mel,
the low-MITF population accounted for 3.9 to 4.7% of
the cells and the vast majority of ABCB5+ and CD271+
cells had a high level of MITF expression. However,
in this cell line, the percentage of low-MITF cells was
markedly increased in the CD271+ population compared
to the entire population (25.8% to 4.7%) (table 1). A slight
increase in the low-MITF population has been observed
in the ABCB5+ cells compared to the total 501-Mel cell
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Table 1 : Percentage of low-MITF cells in the different melanoma cell populations.

total ABCB5+ ABCBS- CD271+ |CD271-
501Mel 3.9-4.7 52 2.7 25.8 0.72
WM9 2.4-2.7 2.8 2.7 6 0.6
Mewo 1.3-1.9 32 1.3 15.2 0.3
C0902 1.2 0.7 1.3 9.4 0.33
C1206 2 5.1 1.87 22 1.24
Table 2: Liste of genes regulated in the Stem Cell Pluripotency TagMan® Low
Density Array.
Fold increase in CD271+ population, Log2
WM9 501Mel
Gene mean |p
EBAF 3.13 1.42 7.68 6.82 4.76 0.007
EEFI1A1 |0.84 0.55 2.86 3.56 1.95 0.035
FOXD3 |[3.00 -0.14 5.31 5.88 3.51 0.030
HBZ 2.37 -0.23 4.15 6.55 3.21 0.047
IFITM1 |[2.82 1.55 7.55 6.83 4.69 0.006
IFITM2 [1.75 0.91 6.88 7.69 431 0.017
LEFTB [4.28 1.23 9.22 7.88 5.65 0.012
LIN28 4.00 1.23 8.81 7.76 5.45 0.011
NES 2.42 0.84 6.88 6.88 4.25 0.012
POUSF1 |2.89 1.30 6.95 6.98 4.53 0.007
PTEN 2.70 1.29 5.86 5.60 3.86 0.004
SOX17 |4.07 1.56 7.82 8.54 5.50 0.008
SOX2 2.32 0.99 7.37 8.01 4.67 0.015
TDGF1 |3.61 1.05 8.54 7.86 5.27 0.013
2
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Figure 1: Analysis of ABCBS and CD271 populations in melanomas WM9, MeWo, C1002 and C0902 were labeled for
CD271 and ABCBS. Cells were analyzed by flow cytometry. CD271 intensity was plotted on abscissa and ABCB5 on ordinate.
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population. In WM9, C0902, C1206 and Mewo cells, we
also observed an increase in the low-MITF cells in the
CD271+ population compared to the entire population
(table 1).

To confirm the enrichment in the low-MITF cells
within the CD271+ population, we sorted the WM9
CD271+ population, and cells were stained for MITF
and analyzed by flow cytometry (figure 3A). The CD271-
population contained a vast majority of cells expressing
a high level of MITF, while the CD271+ population
was enriched in cells expressing low level of MITF.
Immunofluorescence analysis of CD271+ and CD271-
populations using MITF antibody confirmed that the
CD271+ population was enriched in low-MITF cells
(figure 3B).

Analysis of MITF protein expression by western
blot, in both CD271+ and CD271- cells by western blot
(figure 3C), demonstrated a decreased MITF expression
in the CD271+ population. Finally, qPCR analysis of
the mRNA content of CD271+ and CD271- populations
showed a loss of differentiation markers such as MITF

13
11.8%
1243
1143
17 B
071 0.6% o 41%
15T T T
101 1¥1 1%2 13
13
31%
1%2
17175
1
07 0.4% 2%
-1 T T T T
101 1%1 192 13
13
5.6%
12
1%1+
1
(i" 0.3‘4 1%
e T T A
143 1 0 1 1°1 1=2 173
E 8.7%
1:2 ]
(T
e

and tyrosinase, while the expression of MIC and stemness
markers such as ABCBS, OCT4 and Nanog were markedly
increased in the CD271+ population (figure 3D). The loss
of differentiation markers such as MITF and tyrosinase in
the CD271+ population has also been observed in other
melanoma cells such as 501Mel and MeWo (Supp. figure
2B).

Increased stemness gene expression in the
CD271+ population

MICs have increased stemness features, evaluated
by a higher level of stem cell genes. To evaluate the
stemness status of the CD271+ cells, we analyzed the gene
expression profile of CD271+ and CD271- populations,
in both 501Mel and WM9 cells, using Stem Cell
Pluripotency TagMan® Low Density Array. Among the
96 genes evaluated (90 candidates and 6 controls), 14 were
up-regulated in the CD271+ population in both 501-Mel
and WM cells. Notably, the pluripotency genes Lin28,
POUSF1 (OCT4) and SOX2 were up-regulated, as well as
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Figure 2: Analysis of MITF expression in CD271 and ABCBS populations WM9, 501-Mel, MeWo and C0902 were
labeled for CD271 and MITF (left panel) or ABCB5 and MITF (right panel). CD271 or ABCBS intensity was plotted on abscissa,

and MITF expression on ordinate.
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NES a well known stem cell marker (table 2).

Another characteristic of the cancer initiating
cells is the increase in mesenchymal markers [21]. The
expression of the fibronectin (FN1) transcript, a well
known mesenchymal marker, was increased in the
CD271+ population from WM9, but not from 501-Mel
cells (not shown). The increased expression of FN1, and
several stemness genes, such as SOX17 and LIN28a
was confirmed at the protein level in the WM9, CD271+
population (supp figure3). Therefore the increased
expression of pluripotency, stemness and mesenchymal
genes, in the CD271+ population, fitted well with an
exacerbated tumorigenicity and the expected features of
MIC.

Biological properties and plasticity of the CD271+
and CD271- populations.

To evaluate the migration ability of the CD271+ and
CD271- populations, WM9 cells were sorted according
to CD271 expression. The same number of CD271+ and
CD271- cells was then seeded in Boyden chambers for
migration assay. CD271+ cells migrated slightly (30%),
but significantly more rapidly than CD271- cells, showing
a rather weak increase in this property (figure 4A). When
evaluating the effects of BRAF inhibitors, CD271+ cells
exhibited no significant increased viability compared
to CD271- cells, after treatment with PLX04037 or

A 1

CD271+

MITF

DAPI

MITF

GAPDH

O

Gene expression
CD271+4/CD271-

Dabrafenib (figure 4B). Similar results were obtained in
one patient cell culture, C1002 (sup figure 4). Therefore
the CD271+ cells did not display a clear increase in the
biological properties characterizing the MIC.

Then, we evaluated if subpopulation of a given
phenotypic state (CD271+ or CD271) was able to return
to the initial equilibrium proportion and reconstitute a
mixed population identical to the original pool of cells
from which they were extracted. When sorted CD271+
cells (98% pure, evaluated by analysis immediately
after sorting) were cultured for 3 weeks, we observed
progressive reemergence of the CD271- population until
reaching a proportion of CD271+/CD271- cells (30%/70%
respectively) comparable to that observed in the initial
culture. Conversely, when purified CD271- cells (99%
pure) were cultured, they failed to reconstitute the initial
equilibrium proportion. Indeed, after 3 weeks, the culture
contained only 15% of CD271+ (figure 4C), indicating
that the transition from CD271- to CD271+ cells is a
much slower process than the CD271+ to CD271- inter-
conversion.

Re-assessment of the tumorigenic potential of the
CD271+ population.

We have previously shown that a slow growing
population, displayed a high tumorigenic potential and
was enriched in low-MITF cells [9]. Therefore, we
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Figure 3: CD271 is enriched in the low-MITF population. A) WMO9 cells were sorted for CD271 expression (CD271- in black,
CD271+ in red), then cells were fixed and stained for MITF expression. Intensity of staining was plotted in abscissa. B) WM9 cells sorted
for CD271 expression were cytospined and then stained for MITF content. Cells were visualized by epifluorescence microscopy. Dapi
was used to label nuclei. C) CD271+ and CD271- sorted cells were analyzed by western blot for MITF content. GAPDH was used as
loading control. D) RNA from sorted cells for CD271 expression was analyzed by quantitative PCR. Stem cells (OCT-4, Nanog, ABCBS)
and differentiation (MITF, TYRO) associated genes were quantified and normalized to SB34 as reference gene. Relative expression was
determined by delta delta ct method. Values represent the mean+/- SD from three independent experiments

www.impactjournals.com/oncotarget

5276

Oncotarget



evaluated the expression level of CD271 in CFSE-low
and CFSE-high populations, corresponding to fast and
slow-growing cells respectively. Cells were labeled with
CFSE and grown for 72 hours. After sorting of CFSE-high
and CFSE-low populations (figure 5A), cells were labeled
with CD271 antibody, and analyzed by flow cytometry.
CD271 was expressed by both the slow (CFSE-high)
and fast growing (CFSE-low) populations. However, the
slow-growing population contained exclusively CD271+
cells (figure 5B). Since we have previously shown that
the CFSE-high population was endowed with high
tumorigenic abilities [9], it was expected that the CD271+/
CFSE-low population was poorly tumorigenic.

To verify this hypothesis, the different populations
CFSE-high/CD271+, CFSE-low/CD271+and CFSE-low/
CD271-) were sorted as described above. 0.25x10° cells
of each population were injected subcutaneously into nude
mice. Tumor formation was obtained with the CFSE-high/
CD271+ population but not with CFSE-low/CD271+ or
CFSE-low/CD271- cells (figure 5B). These observations
indicate that all the CD271+ cells are not tumorigenic.
Only the slow-growing sub-population, of the CD271+
cells, is endowed with high tumorigenic properties.
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DISCUSSION

In the recent years, resurgence of the “cancer stem
cells” or “tumor initiating cells” theory has given rise to a
plethora of studies that has fuelled controversy between the
proponents and opponents to this hypothesis; especially in
the field of melanoma. However, the controversy might
be the consequence of a misleading interpretation of
initial concepts introducing the notion of hierarchical
organization in neoplasms [22]. Indeed, the cancer
stem cell model is associated with hierarchical and uni-
directional organization of the tumor, while the reversible
organization is rather related to the phenotypic state
transition [8, 23], both visions providing an explanation
for the tumor heterogeneity. However, by no means,
reversible and hierarchical organizations are antagonistic
at both semantic and biological point of view. A hierarchy
is not fixed and can be modified by external conditions.
Therefore, both opinions can be easily reconciled.

The notion of tumor heterogeneity and the existence
of cell subpopulations with specific tumorigenic properties
are of paramount importance for the treatment of cancer.
Indeed, it has been proposed that drugs target fast growing
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Figure 4: Analysis of CD271+ cells properties and plasticity A) CD271+/- cells were sorted then seeded in Boyden
chamber for migration assay. Representative images and quantification of three independent experiments (mean-+/-sd) are shown. B)
Cell viability upon treatment with PLX4032, Dabrafenib, or staurosporine for 24 hours was assessed for CD271+ (red) or CD271- (blue)
sorted cells. Results show the mean+/-SD from 3 independent experiments. C) CD271 Positive (left) and negative (right) WM9 cells were
cultured for 21 days, and analyzed for CD271+ (red) or CD271-(blue) expression. Horizontal bars represent the percentage of CD271+

(red) or CD271- (blue) in the initial culture.
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cells, sparing quiescent cell (cancer stem cells) leading
to treatment failure and relapse. However, in most cases
therapy fails not because it kills only proliferating tumor
cells, but because it does not eliminate them [21]. This
is the case for chemotherapeutic treatment of melanoma
using alkylating agents such as dacarbazine. However,
new therapies, targeting BRAFVE mutation, show a very
high response rate, indicating that BRAFV’E inhibitor
eliminates proliferating melanoma cells. Unfortunately,
very frequently patients rapidly relapse. This scenario
can be explained by the pre-existence of specific clone
bearing mutation conferring a resistance to the drug or
to the existence of a melanoma cell population resisting
to the treatment. The nature of this sub-population also
needs also some clarification. The cells contained in
this population have been qualified as tumor initiating
cell based on their functional abilities to initiate and
maintain tumor development. These cells that express
some stemness markers, have self-renewal capacity and
are quiescent can be considered as cancer stem cells.
However, since these cells must become proliferative to
allow tumor development, the notion of cancer stem-like
cells has been introduced for defining cells combining both
stemness (self-renewal) and tumorigenic (proliferation)
properties [24, 25].

The surface markers identifying highly tumorigenic
cells have been well characterized for hematological
neoplasms [26], gliomas [27, 28] and breast cancer [27,
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29]. In the case of melanoma, the lack of consensual
surface markers has impeded greatly the biological and
molecular characterization of melanoma initiating cells.

In the present study, we have analyzed the
relationship between previously described melanoma
initiating cells markers ABCBS5, CD271 and MITF.

First, ABCBS and CD271 appear to mark different
melanoma cell populations, excepted in 501mel. Further,
neither ABCBS nor CD271 shows a correlation (or an
anti-correlation) with MITF expression. This can be
surprising since ABCBS5 has been described as a direct
target of MITF. Indeed, over expression of MITF in
human melanoma cells increase the expression of ABCBS
and ChIP experiment showed that MITF binds to the
ABCBS5 gene [30]. The low expression of ABCBS, in
the vast majority of MITF-positive cells, indicates that
ABCBS is subjected to additional transcriptional or post-
transcriptional regulations that remain to be identified.

Regarding CD271, it is worth remarking that flow
cytometry, immunofluorescence and western blot analyses
demonstrated that the CD271+ population is enriched in
low-MITF cells. Furthermore, the CD271+ population
expresses higher level of stemness markers, such as
OCT4 and NANOG that are also upregulated in the low-
MITF population [13]. Additionally, analysis of TagMan
Low Density Arrays confirmed the increased expression
of genes associated with stemness and renewal such as
OCT4, NES, LIN28 and SOX2.
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Figure 5: Analysis of the tumorigenicity of the different CD271 populations A) CFSE-labeled WM9 cells were grown
for 72h and sorted on a FACSAria for high-CFSE content (right part) and low-CFSE content (left part). In red is represented
the charge of CFSE at day 0. B) CFSE-labeled cells were sorted, stained for CD271 and analyzed by flow cytometry on a MACSQuant
cytometer. A representative histogram of CD271 content for each condition is displayed. C) CFSE-labeled WM9 cells were sorted and
stained for CD271, then, CFSE-high/CD271+, CFSE-low/CD271+and CFSE-low/CD271-) were sorted and injected subcutaneously into

nude mice. Mean+/-SEM of the tumor volumes is shown.
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We also observed an increased expression of 3
genes involved in the NODAL pathway, EBAF, LEFTB
and TDGFI. Several studies have documented a role
of the NODAL pathway in melanoma progression and
aggressiveness. Expression of TDGF1, also known as
CRIPTO1, was previously described in melanoma [31-
33]. Interestingly, the increased expression of EBAF and
LEFTB, two NODAL inhibitors , concomitantly with
a higher CRIPTO level, was described to sustain the
undifferentiated stem cells phenotype [34]. For instance,
CRIPTO activates the WNT pathway through LPR5/6
[35]. However, SOX17, which is also upregulated in the
CD271+ cells, was reported to inhibit the WNT pathway
[36-38]. Therefore, a fine tuning of the WNT and NODAL
signaling pathway appears to be implemented in the
melanoma initiating cells.

Besides, two receptors from the INF inducible
transmembrane family (IFITM1 and IFITM2) are
upregulated in CD271+ cells. This family of receptors was
previously reported as potential markers in colon cancer
[39] and is regulated by Wnt/beta catenin pathway, which
is also deregulated in melanoma and involved in stem cells
gene expression [40, 41]. Of note, IFITM2 expression is
upregulated ensuing MITF silencing in melanoma cells
(not shown) and deserves to be evaluated as a melanoma
initiating cell surface marker.

Finally, attention should be paid to FOXD3, which
plays a key role in neural crest cells fate determination.
FOXD3 was reported to inhibit MITF expression [42],
and therefore might participate to the maintenance of the
melanoma initiating cell phenotype.

As a whole, these observations indicate that the
CD271+ population is endowed with increased stem cell
transcriptomic features. However, this population does not
display the full spectrum of stem cell biological properties.
Indeed, the CD271+ cells display only a slight increase
in motility and no significant change in the response to
BRAF inhibitors.

Another key characteristic of melanoma initiating
cells is a transient slow growth rate [12, 13]. Interestingly,
the slow growing melanoma cell population contains
exclusively CD271+ cells, but approximately half of
the CD271+ cells are fast-growing melanoma cells.
The CD271+/slow-growing population has a high
tumorigenic potential compared to the CD271+/fast-
growing population. Therefore, all the CD271+ cells have
not exacerbated tumorigenic properties, but the CD271+
population contains high level of low-MITF and slow-
growing cells. This enrichment can provide an explanation
for the increased tumorigenicity of the CD271+ cells
previously reported [6, 16]. CD271 can be considered,
per se, as an imperfect melanoma initiating cell marker.
However, cancer initiating cells in other neoplasms have
been characterized by at least 2 different surface markers;
CD44+/CD24-/lin- in breast cancer, a2b5+/CD133- in
glioblastoma and CD34+/CD38- in leukemia: [43].

Therefore the combination of multiple surface markers
that will identify precisely the melanoma initiating cells
still needs for further characterization.

Nevertheless, the original theory suggested that
tumor development might be a caricature of normal tissues
development, in which stem cells played a central role
[44]. It was proposed that processes involved in normal
tissues development would be targeted by oncogenic
events and consequently would allow tumor development.

MITF plays a crucial role in melanocyte
development by controlling growth and differentiation in
this lineage. MITF itself is the target of a mutation that
favors melanoma development [30, 45]. Furthermore,
MITF is downstream the MAP Kinase pathway [46,
47] that is frequently deregulated in melanoma, due
to BRAFVSE mutation [48, 49]. MITF also functions
downstream the PI3 kinase pathway [50] that is also
deregulated in melanoma [51]. Therefore MITF, which is
recurrently targeted by oncogenic events in melanomas,
is the perfect candidate to regulate the transition between
melanoma initiating cells and their more differentiated
progeny.

The cells expressing low levels of MITF have
a more stem cell-like phenotype, with an increased
plasticity favoring thereby tumorigenicity. These cells
are expected to express specific surface markers which
expression should be inversely correlated to MITF.
However, until now, such surface markers could not be
found, maybe because random noise in gene expression
can stochastically influence cell fate and regulation of the
phenotypic equilibrium within populations of cells [7, 52].

Even though, CD271 is not a perfect marker for
melanoma initiating cells, the CD271+ population is
endowed with increased tumorigenic properties in vitro
and in xenograft. Whether the CD271 population plays
a role in melanoma tumor development, metastasis
dissemination or in drug resistance will require a careful
analysis of pathologic samples, up to single cell level.
As we now have the technical ability to perform such

approach, W& may optimistically consider characterizing
the melanoma initiating cells and developing an efficient
anti-melanoma therapy targeting this population.

MATERIAL AND METHODS

Cell culture

Cells (A375, 501Mel, WM9, MeWo) were grown
in Dulbecco’s modified Eagle’s (DMEM) medium
(Invitrogen, Carlsbad, CA, USA) supplemented with 7%
FCS and penicillin/streptomycin (100 U/ml/50 ug/ml) at
37°C and 5% CO,. Patient melanoma cells (C0902, C1006,
C1206, C1002) were prepared as described. Briefly, biopsy
was dissected and digested for 1-2h with collagenase A
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(0.33 U/ml), dispase (0.85U/ml) and Dnase I (144 U/ml)
with rapid shaking at 37°C. Large debris were removed by
filtration through a 70-um cell strainer. Viable cells were
obtained by Ficoll gradient centrifugation and cultured in
RPMI medium (Invitrogen) complemented with 7% FCS
and penicillin/streptomycin [20]. The mutational status of
the cells is summarized in supplemental table 1.

Antibodies and reagents

Antibody against GAPDH was purchased from
Santa Cruz Biotechnology (Santa Cruz, CA, USA),
anti-CD271 from BD Biosciences (Franklin Lakes, NJ,
USA), anti-MITF (C5) from Abcam (Pleasanton, CA,
USA), ABCBS antibody from Rockland (Gilbertsville,
PA). Secondary antibody (alexa 488 and alexa 647) and
CellTrace CFSE cell proliferation kit were purchased from
Invitrogen (Grand Island, NY, USA).

Flow cytometry and fluorescence-activated cell
sorting

For surface receptor staining, cells were detached
with 2mM EDTA in phosphate-buffered saline (PBS),
centrifuged, incubated for 30 min with primary antibodies
in PBS 1% (W/V) bovine serum albumin (BSA), and
then washed with PBS/EDTA. When necessary, cells
were subsequently incubated with secondary antibodies
(1/500 dilution) in PBS/BSA for 30min, washed and
analyzed with MACSQuant analyzer (Miltenyi biotech,
Bergisch Gladbach, Germany). For double staining,
labeling with CD271 or ABCBS antibody was performed
as described above, and then cells were subsequently
fixed in 3% paraformaldehyde for 10 min, permeabilized
with 0.5% Triton-X-100 and stained with MITF specific
antibody. Isotype-matched mouse antibodies were used as
control. MITF was detected using anti-mouse Alexa Fluor
488-conjugated antibodies.

For in vitro CFSE assay, cells were labeled with 2
mmol/l of CFSE according to the manufacturer’s protocol
(Invitrogen), and then plated for 72 hours. Cells were then
detached and stained with CD271 or ABCBS antibodies
as described above.

Cell sorting was performed using a FACSAria flow
cytometer (BD biosciences, San Jose, CA, USA).

Immunofluorescence labeling

After sorting with CD271 antibodies, cells were
cytospined on a slide. MITF staining was performed
as previously published [13]. Slides were analyzed by
microscopy (Leica DM 5500B).

Cell viability test

After sorting, cells were cultured for 6 hours before
drugs were added for 24h at different concentrations.
Viability was assessed using the Cell Proliferation Kit II
(XTT; Roche Diagnostics, Meylan, France) according to
the manufacturer’s recommendations, and results were
expressed as percentage of the value of DMSO-treated
cells.

Cell migration assay

The assay was carried out using the Cell Migration
Assay kit (Chemicon International, Temecula, CA, USA).
In brief, sorted cells were counted and allowed to migrate
for 24-48h at 37°C in 5% CO,. The lower compartment
of the chamber was filled with culture medium containing
7% fetal bovine serum. Cells at the lower membrane
surface were fixed inPBS, 1% paraformaldehyde, stained
with 0.1% crystal violet and counted (five random fields/
well).

Reverse transcription and
Polymerase Chain Reaction.

Quantitative

Total cell RNA was extracted using the RNeasy
miniprep kit (Qiagen), and 1pg of RNA was reverse
amplified with oligo dT using reverse transcription system
(Promega), according to manufacturer’s instructions.
PCR was performed using StepOnePlus real time PCR
system, and the power SYBR green PCR master mix
reagent (Applied biosystems, Foster city, CA). Relative
quantification of the amplicons was performed by 2(-Delta
Delta CT) method. Primer list details are available on
request.

RNAs from CD271+ sorted-cells were also analyzed
with the Stem Cell Pluripotency TagMan® Low Density
Array (TLDA) from Life Technologies according to the
manufacturer’s recommendations. Relative quantification
of the amplicons was performed by 2(-Delta Delta CT)
method.

Statistics

Statistical analysis was performed using the
Student’s #-test. p<0.05 was accepted as statistically
significant.

ACKNOWLEDGMENTS

We thank Zouhour Nefati (recipient of Canceropole
PACA fellowship) for the bioinformatics analyses. YC was
recipient of grant “aide a la recherche” from Fondation
d’Entreprise SILAB- Jean Paufique. VFB and GMDD

www.impactjournals.com/oncotarget

5280

Oncotarget



were recipient of «Fondation pour la Recherche Médicale»
fellowship. We also acknowledge the animal and imaging
facilities of the C3M.

REFERENCES

1. Sullivan RJ and Flaherty K. MAP kinase signaling and
inhibition in melanoma. Oncogene. 2013; 32(19):2373-
2379.

2. Lapidot T, Sirard C, Vormoor J, Murdoch B, Hoang T,
Caceres-Cortes J, Minden M, Paterson B, Caligiuri MA and
Dick JE. A cell initiating human acute myeloid leukaemia
after transplantation into SCID mice. Nature. 1994;
367(6464):645-648.

3. Singh SK, Hawkins C, Clarke ID, Squire JA, Bayani J,
Hide T, Henkelman RM, Cusimano MD and Dirks PB.
Identification of human brain tumour initiating cells.
Nature. 2004; 432(7015):396-401.

4. Ricci-Vitiani L, Lombardi DG, Pilozzi E, Biffoni M,
Todaro M, Peschle C and De Maria R. Identification and
expansion of human colon-cancer-initiating cells. Nature.
2007; 445(7123):111-115.

5. Schatton T, Murphy GF, Frank NY, Yamaura K, Waaga-
Gasser AM, Gasser M, Zhan Q, Jordan S, Duncan LM,
Weishaupt C, Fuhlbrigge RC, Kupper TS, Sayegh MH,
et al. Identification of cells initiating human melanomas.
Nature. 2008; 451(7176):345-349.

6. Boiko AD, Razorenova OV, van de Rijn M, Swetter
SM, Johnson DL, Ly DP, Butler PD, Yang GP, Joshua
B, Kaplan MJ, Longaker MT and Weissman IL. Human
melanoma-initiating cells express neural crest nerve growth
factor receptor CD271. Nature. 2010; 466(7302):133-137.

7.  Cheli Y, Giuliano S, Fenouille N, Allegra M, Hofman V,
Hofman P, Bahadoran P, Lacour JP, Tartare-Deckert S,
Bertolotto C and Ballotti R. Hypoxia and MITF control
metastatic behaviour in mouse and human melanoma cells.
Oncogene. 2012; 31(19):2461-2470.

8. Hoek KS and Goding CR. Cancer stem cells versus
phenotype-switching in melanoma. Pigment cell &
melanoma research. 2010; 23(6):746-759.

9. Cheli Y, Guiliano S, Botton T, Rocchi S, Hofman V,
Hofman P, Bahadoran P, Bertolotto C and Ballotti R. Mitf
is the key molecular switch between mouse or human
melanoma initiating cells and their differentiated progeny.
Oncogene. 2011; 30(20):2307-2318.

10. Liu W, Monahan KB, Pfefferle AD, Shimamura T,
Sorrentino J, Chan KT, Roadcap DW, Ollila DW, Thomas
NE, Castrillon DH, Miller CR, Perou CM, Wong KK, et
al. LKB1/STK11 inactivation leads to expansion of a
prometastatic tumor subpopulation in melanoma. Cancer
Cell. 2012; 21(6):751-764.

11. Luo Y, Dallaglio K, Chen Y, Robinson WA, Robinson
SE, McCarter MD, Wang J, Gonzalez R, Thompson DC,
Norris DA, Roop DR, Vasiliou V and Fujita M. ALDHIA

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

isozymes are markers of human melanoma stem cells
and potential therapeutic targets. Stem Cells. 2012;
30(10):2100-2113.

Roesch A, Fukunaga-Kalabis M, Schmidt EC, Zabierowski
SE, Brafford PA, Vultur A, Basu D, Gimotty P, Vogt T and
Herlyn M. A temporarily distinct subpopulation of slow-
cycling melanoma cells is required for continuous tumor
growth. Cell. 2010; 141(4):583-594.

Cheli Y, Giuliano S, Botton T, Rocchi S, Hofman V,
Hofman P, Bahadoran P, Bertolotto C and Ballotti R. Mitf
is the key molecular switch between mouse or human
melanoma initiating cells and their differentiated progeny.
Oncogene. 2011; 30(20):2307-2318.

Carreira S, Goodall J, Denat L, Rodriguez M, Nuciforo
P, Hoek KS, Testori A, Larue L and Goding CR. Mitf
regulation of Dial controls melanoma proliferation and
invasiveness. Genes Dev. 2006; 20(24):3426-3439.

Morrison SJ, White PM, Zock C and Anderson DJ.
Prospective identification, isolation by flow cytometry, and
in vivo self-renewal of multipotent mammalian neural crest
stem cells. Cell. 1999; 96(5):737-749.

Civenni G, Walter A, Kobert N, Mihic-Probst D, Zipser M,
Belloni B, Seifert B, Moch H, Dummer R, van den Broek
M and Sommer L. Human CD271-positive melanoma
stem cells associated with metastasis establish tumor
heterogeneity and long-term growth. Cancer research. 2011;
71(8):3098-3109.

Chen KG, Valencia JC, Gillet JP, Hearing VJ and
Gottesman MM. Involvement of ABC transporters in
melanogenesis and the development of multidrug resistance
of melanoma. Pigment cell & melanoma research. 2009;
22(6):740-749.

Frank NY, Margaryan A, Huang Y, Schatton T, Waaga-
Gasser AM, Gasser M, Sayegh MH, Sadee W and
Frank MH. ABCBS5-mediated doxorubicin transport and
chemoresistance in human malignant melanoma. Cancer
research. 2005; 65(10):4320-4333.

Quintana E, Shackleton M, Foster HR, Fullen DR,
Sabel MS, Johnson TM and Morrison SJ. Phenotypic
heterogeneity among tumorigenic melanoma cells from
patients that is reversible and not hierarchically organized.
Cancer Cell. 2010; 18(5):510-523.

Bahadoran P, Allegra M, Le Duff F, Long-Mira E, Hofman
P, Giacchero D, Passeron T, Lacour JP and Ballotti R.
Major clinical response to a BRAF inhibitor in a patient
with a BRAF L597R-mutated melanoma. Journal of clinical
oncology : official journal of the American Society of
Clinical Oncology. 2013; 31(19):e324-326.

Mani SA, Guo W, Liao MJ, Eaton EN, Ayyanan A, Zhou
AY, Brooks M, Reinhard F, Zhang CC, Shipitsin M,
Campbell LL, Polyak K, Brisken C, et al. The epithelial-
mesenchymal transition generates cells with properties of
stem cells. Cell. 2008; 133(4):704-715.

Bonnet D and Dick JE. Human acute myeloid leukemia is

www.impactjournals.com/oncotarget

5281

Oncotarget



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

organized as a hierarchy that originates from a primitive
hematopoietic cell. Nature medicine. 1997; 3(7):730-737.

Gupta PB, Fillmore CM, Jiang G, Shapira SD, Tao K,
Kuperwasser C and Lander ES. Stochastic state transitions
give rise to phenotypic equilibrium in populations of cancer
cells. Cell. 2011; 146(4):633-644.

Blagosklonny MV. Cancer stem cell and cancer stemloids:
from biology to therapy. Cancer Biol Ther. 2007;
6(11):1684-1690.

Blagosklonny MV. Target for cancer therapy: proliferating
cells or stem cells. Leukemia. 2006; 20(3):385-391.

Testa U. Leukemia stem cells. Ann Hematol. 2011;
90(3):245-271.

Woodward WA and Sulman EP. Cancer stem cells: markers
or biomarkers? Cancer Metastasis Rev. 2008; 27(3):459-
470.

Prestegarden L, Svendsen A, Wang J, Sleire L, Skaftnesmo
KO, Bjerkvig R, Yan T, Askland L, Persson A, Sakariassen
PO and Enger PO. Glioma cell populations grouped by
different cell type markers drive brain tumor growth.
Cancer research. 2010; 70(11):4274-4279.

Al-Hajj M, Wicha MS, Benito-Hernandez A, Morrison SJ
and Clarke MF. Prospective identification of tumorigenic
breast cancer cells. Proceedings of the National Academy
of Sciences of the United States of America. 2003;
100(7):3983-3988.

Bertolotto C, Lesueur F, Giuliano S, Strub T, de Lichy M,
Bille K, Dessen P, d’Hayer B, Mohamdi H, Remenieras
A, Maubec E, de la Fouchardiere A, Molinie V, et al.
A SUMOylation-defective MITF germline mutation
predisposes to melanoma and renal carcinoma. Nature.
2011; 480(7375):94-98.

De Luca A, Lamura L, Strizzi L, Roma C, D’Antonio
A, Margaryan N, Pirozzi G, Hsu MY, Botti G, Mari E,
Hendrix MJ, Salomon DS and Normanno N. Expression
and functional role of CRIPTO-1 in cutaneous melanoma.
Br J Cancer. 2011; 105(7):1030-1038.

L, Abbott DE, Salomon DS and Hendrix
MJ. Potential for cripto-1 in defining stem cell-like
characteristics in human malignant melanoma. Cell Cycle.
2008; 7(13):1931-1935.

Strizzi L, Margaryan NV, Gilgur A, Hardy KM, Normanno
N, Salomon DS and Hendrix MJ. The significance of a
Cripto-1 positive subpopulation of human melanoma cells

Strizzi

exhibiting stem cell-like characteristics. Cell Cycle. 2013;
12(9):1450-1456.

Besser D. Expression of nodal, lefty-a, and lefty-B in
undifferentiated human embryonic stem cells requires
activation of Smad2/3. The Journal of biological chemistry.
2004; 279(43):45076-45084.

Nagaoka T, Karasawa H, Turbyville T, Rangel MC, Castro
NP, Gonzales M, Baker A, Seno M, Lockett S, Greer YE,
Rubin JS, Salomon DS and Bianco C. Cripto-1 enhances the
canonical Wnt/beta-catenin signaling pathway by binding to

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

LRP5 and LRP6 co-receptors. Cell Signal. 2013; 25(1):178-
189.

Liu X, Luo M, Xie W, Wells JM, Goodheart MJ and
Engelhardt JF. Sox17 modulates Wnt3A/beta-catenin-
mediated transcriptional activation of the Lef-1 promoter.
Am J Physiol Lung Cell Mol Physiol. 2010; 299(5):L694-
710.

Chew LJ, Shen W, Ming X, Senatorov VV, Jr., Chen HL,
Cheng Y, Hong E, Knoblach S and Gallo V. SRY-box
containing gene 17 regulates the Wnt/beta-catenin signaling
pathway in oligodendrocyte progenitor cells. J Neurosci.
2011; 31(39):13921-13935.

Chen HL, Chew LJ, Packer RJ and Gallo V. Modulation of
the Wnt/beta-catenin pathway in human oligodendroglioma
cells by Sox17 regulates proliferation and differentiation.
Cancer Lett. 2013; 335(2):361-371.

Andreu P, Colnot S, Godard C, Laurent-Puig P, Lamarque
D, Kahn A, Perret C and Romagnolo B. Identification of
the IFITM family as a new molecular marker in human
colorectal tumors. Cancer research. 2006; 66(4):1949-1955.

Holland JD, Klaus A, Garratt AN and Birchmeier W. Wnt
signaling in stem and cancer stem cells. Curr Opin Cell
Biol. 2013; 25(2):254-264.

Larue L and Delmas V. The WNT/Beta-catenin pathway in
melanoma. Front Biosci. 2006; 11:733-742.

Wan P, Hu Y and He L. Regulation of melanocyte pivotal
transcription factor MITF by some other transcription
factors. Mol Cell Biochem. 2011; 354(1-2):241-246.

Vaillant F, Asselin-Labat ML, Shackleton M, Lindeman
GJ and Visvader JE. The emerging picture of the mouse
mammary stem cell. Stem Cell Rev. 2007; 3(2):114-123.

Pierce GB. Neoplasms, differentiations and mutations. Am
J Pathol. 1974; 77(1):103-118.

Yokoyama S, Woods SL, Boyle GM, Aoude LG,
MacGregor S, Zismann V, Gartside M, Cust AE, Haq R,
Harland M, Taylor JC, Duffy DL, Holohan K, et al. A novel
recurrent mutation in MITF predisposes to familial and
sporadic melanoma. Nature. 2011; 480(7375):99-103.

Mansky KC, Sankar U, Han J and Ostrowski MC.
Microphthalmia transcription factor is a target of the
p38 MAPK pathway in response to receptor activator of
NF-kappa B ligand signaling. The Journal of biological
chemistry. 2002; 277(13):11077-11083.

Galy A, Neron B, Planque N, Saule S and Eychene
A. Activated MAPK/ERK kinase (MEK-1) induces
transdifferentiation of pigmented epithelium into neural
retina. Dev Biol. 2002; 248(2):251-264.

Kumar R, Angelini S, Snellman E and Hemminki K. BRAF
mutations are common somatic events in melanocytic nevi.
J Invest Dermatol. 2004; 122(2):342-348.

Gear H, Williams H, Kemp EG and Roberts F. BRAF
mutations in conjunctival melanoma. Invest Ophthalmol
Vis Sci. 2004; 45(8):2484-2488.

Khaled M, Larribere L, Bille K, Aberdam E, Ortonne JP,

WWW

.impactjournals.com/oncotarget

5282

Oncotarget



Ballotti R and Bertolotto C. Glycogen synthase kinase
3beta is activated by cAMP and plays an active role in the
regulation of melanogenesis. The Journal of biological
chemistry. 2002; 277(37):33690-33697.

51. Guldberg P, thor Straten P, Birck A, Ahrenkiel V, Kirkin
AF and Zeuthen J. Disruption of the MMAC1/PTEN gene
by deletion or mutation is a frequent event in malignant
melanoma. Cancer research. 1997; 57(17):3660-3663.

52. Ohanna M, Cheli Y, Bonet C, Bonazzi VF, Allegra M,
Giuliano S, Bille K, Bahadoran P, Giacchero D, Lacour
JP, Boyle GM, Hayward NF, Bertolotto C, et al. Secretome
from senescent melanoma engages the STAT3 pathway to
favor reprogramming of naive melanoma towards a tumor-
initiating cell phenotype. Oncotarget. 2013.

www.impactjournals.com/oncotarget 5283 Oncotarget



