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Isolation and Identification of Cancer Stem-Like Cells from
Murine Melanoma Cell Lines
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In current study, cancer stem-like cells in the murine melanoma B16F10 cells were investigated. CD phenotypes of
the B16F10 cells were analyzed by flow cytometry, and the specific CD phenotype cells from the B16F10 cells were
isolated by MACS. Then we used colony formation assay in soft agar media, the cell growth assay in serum-free
culture media as well as the tumorigenicity investigation of the specific CD phenotype cells in C57BL/6 mice,
respectively, to identify cancer stem-like cells in the B16F10 cells. The results showed that the B16F10 cells could
form spherical clones in serum-free culture media, and the rate of clonegenesis of CD133", CD44" and
CD44'CD133" cells was higher than that of CD133", CD44” and CD44 CD133" cells in soft agar media, respectively.
The tumorigenic potential of CD133", CD44", CD44"CD133" cells and CD44 ' CD133"CD24" cells was stronger than
that of CD133", CD44", CD44'CD133 cells and CD44"'CD133'CD24" cells in mice, respectively. In conclusion, the
CD44'CD133°CD24" cells have some biological properties of cancer stem-like cells or are highly similar to the
characteristics of cancer stem cells (CSC). These results provide an important method for identifying cancer
stem-like cells in B16F10 cells and for further cancer target therapy. Cellular & Molecular Immunology. 2007;

4(6):467-472.
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Introduction

Cancers are composed of heterogeneous cell populations,
including highly proliferative immature precursors and
differentiated cells that may belong to the different lineages.
Recently, eloquent studies (1-3) from some solid tumors have
provided proofs that cancers originate from cancer stem cells
(CSC) or tumor stem cells (TSC). The discovery of CSC in
solid and non-solid tumors has changed our view of
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carcinogenesis and chemotherapy. One can predict that such
CSC represent only a small fraction of cancer, as they
possess the capability to regenerate cancer, and most cancer
cells lack this regenerative capability. As we know, normal
stem cells give rise to multipotent progenitor cells,
committed progenitors and mature, differentiated cells. If a
stem cell generates to mutation in its development, it
generates a stem cell with aberrant proliferation and results in
a pre-malignant lesion. Some hypotheses indicate that the
additional mutations of a stem cell lead to the acquisition of
further increased proliferation, decreased apoptosis, evasion
of the immune system, and further expansion of the stem-cell
compartment that is typical of malignant tumor cells (2-4).
These cells share many traits with somatic and embryonic
stem cells and are thought to be responsible for driving tumor
progression in a growing number of neoplastic diseases (5,
6).

The CSC exist in a wide array of tumors and are
becoming increasingly important to understand the molecular
mechanisms that regulate self-renewal and differentiation. A
significant effort is underway to identify both CSC-specific
markers and the molecular mechanism that underpin the
tumorigenic potential of these cells, for this will have a
critical impact on the understanding of the origin of
malignant tumor and the discovery of new and more specific
therapeutic approaches (6-8). Serum-free culture assay and
clone-forming assay in soft agar media were used to measure
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the proliferative activity of tumor cells and clone-forming
capability (9-11). The tumorigenicity of different CD
phenotype cancer cells in mice was used for selecting the
specific markers in CSC. These techniques were adopted as
the methods for identification of cancer stem-like cells that
are very similar to CSC (12-15).

In this investigation, we tried to support the hypothesis of
CSC and want to know that in spite of CSC existing in a
wide array of cancers, whether there were cancer stem-like
cells or CSC in all cultured cancer cell lines? We employed
the methods as mentioned above, testing whether there are
cancer stem-like cells in mouse melanoma cell lines. The aim
of our study is to incorporate analysis of the stem cell-like
subpopulation of cancer when we design therapeutic
strategies for cancer patients in the future.

Materials and Methods

Animals

C57BL/6 mice of 6-7 weeks of age were obtained from the
University of Yangzhou, China. All mice were housed under
SPF level B animal facility. All experiments were conducted
following the guidelines of the Animal Research Ethics
Board of Southeast University, China.

Cell lines

B16F10 cell line (C57BL/6-derived tumor cell lines, F10
subline of B16 melanoma) was kindly gifted by Professor
Pingsheng Chen, Department of Pathology, School of Basic
Medical Science, Southeast University, Nanjing, China. The
cells were cultured at 37°C in 5% CO, in complete media
(CM) consisting of RPMI 1640, 2 mM L-glutamine, 100
U/ml penicillin, 100 pg/ml streptomycin, and 10% fetal
bovine serum.

Flow cytometry

Flow cytometry (FCM) was performed in the Flow
Cytometry Laboratory, Center for Clinical Medicine,
Southeast University, according to protocols of Charlotte &
Al-Hajj et al. (16, 17). Thawed B16F10 cells were suspended
in Hanks balanced salt solution (HBSS; Sigma-Aldrich,
Poole, United Kingdom) plus 2% bovine serum albumin
(BSA) at 100 pl. Cells were respectively incubated with 2-4
ul rat anti-mouse monoclonal antibodies of CD133, CD44
and CD24-fluorescein isothiocyanate (FITC, eBioscience
company, USA) stored at 4°C in phosphate-buffered saline
(PBS) containing 0.5 pg/ml propidium iodide for 30 min in a
volume of 1 ml. Cells were then washed twice in PBS for
immediate analysis by FCM. Subsequent FCM analysis
demonstrated less than 5% contamination by relevant antigen
expressing cells.

CD phenotype cells isolated by magnetic activated cell
sorting system

CD133", CD44" or CD24" subsets were isolated from
B16F10 cell lines using 2-4 ul of the primary monoclonal
antibodies (rat anti-mouse CD133, and CD44 or CD24-FITC,
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Figure 1. The phenotype and growth ability of B16F10 cells in
serum-free culture. About 1 x 10° B16F10 cells of logarithmic
growth phase were seeded into 6-well plates in the serum-free
culture medium supplemented with some growth factors as
described in Materials and Methods. Around 7 days later, the
phenotype in the double or triple CD molecule staining and growth
ability (such as colony size and number) of B16F10 cells were
examined.

eBioscience Company, USA) stored at 4°C in PBS for 30 min
in a volume of 1 ml. The cells were washed twice in PBS,
and were put the secondary monoclonal antibody (goat
anti-rat coupled to magnetic microbeads, Miltenyi Biotec,
Auburn, CA), incubated at 6-12°C in PBS for 15 min and
then washed twice in PBS, followed by magnetic column
selection or depletion, respectively (MACS, Miltenyi Biotec),
following Matsui’s earlier work (18).

Serum-free culture

According to previous reports of Ignatova & Purohit et al.
(13, 19), the different CD phenotype B16F10 cells of
logarithmic growth phase were seeded into serum-free media
supplemented with epidermal growth factor (EGF) 20 pg/L
and fibroblast growth factor-basic (bFGF) 20 pg/L, and 100
U/ml penicillin G sodium and 100 pg/ml streptomycin
sulfate. After 7-day incubation at 37°C, the growth state of
the cells in 6-well plates was observed under common
microscope.

Colony formation assay

The colony formation capability of BI6F10 cells in soft agar
media was investigated. Briefly, 100 single-cell suspension
of B16F10 cells were resuspended in 0.8 ml growth media
containing 0.3% low melting temperature agarose (Promega,
Madison, WI, USA) and were plated in triplicate on 24-well
plate over a base layer of 0.8 ml growth media containing
0.6% low melting temperature agarose. The plates were
incubated for 14-15 days until colonies were formed. Colony
diameters larger than 75 um or colony cells more than 50
cells were then counted as 1 positive colony according to the
reports of Ouyang & Matsui et al. (18, 20).
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Evaluation of tumorigenic potential in C57BL/6 mice

About 5 x 10* CD133", CD44", CD24", CD44'CD133", CD44"
CD133" and wild type B16F10 cells were respectively
inoculated s.c. in flank of C57BL/6 mice and six mice per
group were used routinely, or 1 x 10* CD133°CD44°CD24",
CDI133'CD44'CD24" and wild type BI16F10 cells were
inoculated s.c. in the same sites of mice as mentioned above
with 4 in each group. When the tumors were touched, there
were monitored twice a week by measuring two perpendicular
tumor diameters using calipers. Six weeks later, mice were
sacrificed and the tumor volume was evaluated and the sizes
of tumor volume represented the tumorigenicity of the
different CD phenotype B16F10 cells in C57BL/6 mice.

Statistical analysis

For each group of mice, the data were described using the
mean value of each group and its associated standard
deviation (SD). Two independent experiments were
performed for replication. The statistical comparisons were
performed using the Student’s ¢ test for the difference
between group experiment and group control. Value of p <
0.05 was considered statistically significant.

Results

Expressions of CDI133, CD44 and CD24 molecules on
BI6F10 cells

In order to investigate whether there were specific CD133,
CD44 and CD24 expressions on the surface of B16F10 cells,
we injected s.c. 5 x 10* B16F10 cells of logarithmic growth
phase into the flank of C57BL/6 mice and 20 days later the
tumor cells were isolated from tumor tissues in sacrificed
mice. The isolated tumor cells were treated with rat
anti-mouse monoclonal antibodies CD133, and CD44 or
CD24-FITC respectively and then were immediately
analyzed by FCM as described in Materials and Methods.
These experiments were repeated twice and produced similar
results. The data showed that there were expressions of
CD133, CD44, CD24 on the murine melanoma cell line
B16F10, and the positive rates of specific CD molecular
expression were 3.40%, 88.17% and 18.37%, respectively
(data not shown). These results indicated that these specific
CD phenotype B16F10 cells were further isolated according
to the surface marker by MACS.

BI6F 10 cell growth state in the serum-free media

The goal of this experiment is to test whether B16F10 cells
contained cancer stem-like cell capability in this serum-free
culture system. The results indicated that after 7 days’ culture,
the different CD phenotype B16F10 cells formed the various
spherical clone cells in serum-free culture media as some
malignant brain tumors cells or pancreatic cancer cells did
(13, 21, 22). As shown in Figure 1, the CD44'CDI133",
CD44°CDI133°CD24 and CD44'CD133°CD24" BI16F10
cells grew up the spherical clone cells, proliferated and
differentiated in vitro and gave rise to free-floating sphere-
like tumor cells. We also found that the double or triple CD
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Figure 2. Colony formations of cancer stem-like cells with the
different CD phenotype in soft agar media. One hundred
single-cell suspension of BI16F10 cells with different CD
phenotypes were moved to 0.33% low melting temperature agarose
and overlaid on solidified 0.6% low melting temperature agarose in
a 24-well plate for 14 days’ incubations. The colony formations
were observed under microscope.

molecule positive B16F10 cells formed the spherical colonies
better than those of single CD molecule positive B16F10
cells did in serum-free culture media; nevertheless, the
growth speed of the double or triple CD molecule positive
B16F10 cells was a little slower than that in complete
medium (data not shown).

Clone formation capability of BI16F10 cells in soft agar
media

Characteristics of stem cells were capable of forming clone
in soft agar media. In order to identify whether B16F10 cells
could form colony in soft agar media, 100 of different CD
phenotype B16F10 cells were seeded into the soft agar
growth media for two weeks’ culture. The cloning forming
rates of CD133", CD44" and CD44'CD133" cells in soft agar
media were higher than those of CD133", CD44 and CD44"
CD133" cells respectively. The CD133", CD44" and CD44"
CD133" cells appeared to be round or ellipse, connecting
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Figure 3. Tumorigenesis of B16F10 cells with different CD
phenotype in C57BL/6 mice. About 5 x 10* B16F10 cells with a
single-stained CD phenotype (CD133", CD133", CD44" and CD44",
respectively) or a double-stained CD phenotype (CD44°CD133"
and CD44°CD133", respectively), and 1 x 10* B16F10 cells with a
triple-stained CD phenotype were injected s.c. in flank of C57BL/6
mice, and the same number of wild type cells were injected into
C57BL/6 mice as control group. For each group of six mice, the
data were described as mean + SD.

closely in soft agar media whereas the morphology of
CD133", CD44 and CD44'CD133" cells was changed, not
only did these cells appear to be bacilliform or spindle-
shaped, but the colonies were loose or disperse. We picked
some cloning forming results from this experiment for the
statistical analysis. The colony forming numbers of
CD44°CD133" cells and the wild type cells in each well were
15 +2.82 and 1 £ 0.71 respectively and there was statistical
significance between the two groups (p < 0.01). However,
there were no statistical differences between the CD44"
CD133" cell colonies and CD44'CD133" cell colonies (8 +
1.41) although the CD44'CD133" cell colony is a little higher
than that of CD44'CD133" cells.

Tumorigenesis of different CD phenotype B16F10 cells in
C57BL/6 mice

In this experiment, 5 x 10°B16F10 cells having a single CD
phenotype (CD133", CD133", CD44" and CD44") or a double
CD phenotype (CD44°CD133" and CD44'CD133) and 1 x
10* B16F10 cells having a triple CD phenotype were injected
s.c. in flank of C57BL/6 mice, respectively, and the same
number of wild type cells were injected into C57BL/6 mice
as control group. Measurable tumors were detected on day 14
in mice injected with different CD phenotype B16F10 cells.
In consecutive 32 to 36 days’ observation, the results of
tumorigenesis showed that the CD133", CD44", CD44"
CD133" and CD44'CD133'CD24" phenotype B16F10 cells
had stronger tumorigenic potential in CS57BL/6 mice
respectively than those of CD133", CD44, CD44'CD133"
and CD44°CD133'CD24 phenotype B16F10 cells. The
tumor volume was 1.84 + 1.05 cm’ in mice injected with 5 x
10* CD133" BI6F10 cells, whereas the tumor volume was
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Figure 4. Tumorigenesis of cancer stem-like cells in C57BL/6 mice.
The tumorigenesis in C57BL/6 mice began to be measured at day
16 in mice injected with 1 x 10* CD44'CD133°CD24" B16F10
cells, 1 x 10* CD44"CD133'CD24" B16F10 cells or 1 x 10* wild
type B16F10 cells.

0.55 + 0.42 cm’ in mice injected with the same number of
CD133" B16F10 cells, and there was statistical difference
between these two groups (p < 0.05). In the same situation,
the tumor volume was 2.76 = 1.31 cm® or 0.07 + 0.13 cm® in
mice injected with 5 x 10* CD44" or CD44 B16F10 cells
respectively, in which there were no measurable tumors in 2
mice injected with 5 x 10* CD44" BI6F10 cells, and the
diversity of tumorigenesis was extremely obvious difference
between the two groups (p < 0.001). The tumor volumes
were 5.81 +2.40 cm’, 0.19 +0.29 cm’ and 0.20 +0.17 cm’ in
mice injected orderly with 5 x 10°CD44"CD133" or CD44"
CD133" B16F10 cells or the wild type B16F10 cells, and the
tumorigenesis of CD44 'CD133" B16F10 cells in mice was
higher than those of CD44 'CD133" and the wild type B16F10
cells (p < 0.0001) (Figures 3 and 4).

Discussion

Recent advances in stem cell research have demonstrated the
cancers originally develop from normal cells that gain the
ability to proliferate aberrantly and eventually turn malignant.
These malignant cells have been variously defined as CSC
within cancers that have the exclusive ability to self-renewal
and to differentiate into the heterogeneous lineages of cancer
cells that comprise the tumor (5, 21, 22).

From recent reports, some CSC surface markers were
identified (23), such as CD133, CD44 and CD24 molecule,
etc. (4, 20, 24, 25). In the present investigation, we selected
the solid tumor “melanoma” as investigatory target and
wanted to isolate and identify cancer stem-like cells or CSC
in cultured cancer cell lines. In cultured B16F10 cells, the
special B16F10 cell surface markers were firstly identified by
FCM, and then according to the CD phenotypes of B16F10
cell surface, we isolated these special BI6F10 cells relying
on the different monoclonal antibody labeled with the
immune magnetic beads by MACS. The experimental data
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indicated that these special CD phenotype B16F10 cells grew
up free-floating sphere-like tumor cells in this serum-free
culture system or formed colonies in soft agar media,
especially in the BI6F10 cells expressing double or triple CD
molecules. These initial isolations relied on culturing
techniques that selected growing as nonadherent spheroid
colonies, known as tumor sphere cells, which can be grown
from the expansion of single stem cell and are multipotent;
therefore, this assay was used for studying self-renewing,
isolating and identifying TSCs according to the property (5,
23, 24). To our knowledge, the B16F10 cell grows slowly in
a serum-free culture media, which is consistent with stem
cells traits. Stem cells (25-27), though highly clonogenic, are
proliferatively quiescent in comparison to transit amplifying
cells (TACs). More recent evidence (28-31) suggested that in
many cancers, the CSC arose from progenitor cells that have
gained the ability to renew their daughter cells. We found that
a minority of special CD phenotype B16F10 cells grow in
serum-free culture media and form colonies in soft agar
growth media, and the traits of the special CD phenotype
B16F10 cells reflect the characteristics of tumor stem-like
cells, such as multipotent potential and self-renewal
capabilities. From serum-free culture media and clone
formation assays, we thought that there exists a heterogeneity
of the BI6F10 cells and that a few of B16F10 cells perhaps
contain cancer stem-like cell characteristics, which may be
good evidence that there are CSC in B16F10 cells.

From the experiment of tumorigenic potential in
C57BL/6 mice, we found that the B16F10 cells which
expressed CD133", CD44", CD44"CD133" or CD44'CD133"
CD24" molecules, had stronger tumorigenic potential in
C57BL/6 mice than those of B16F10 cells without expressing
these molecules, and that the CD44°CD133" or CD44"
CD133"CD24" phenotype B16F10 cells generated much
bigger tumor volumes in the same time span than those of
other phenotype B16F10 cells. We also found that the CD44"
CDI133°CD24" BI16F10 cells had extremely obvious
malignant traits because these cells generated tumors faster
and resulted in higher mortality in mice injected with 1 x 10*
cells only. The 1 x 10* CD44°CD133°CD24" BI16F10 cells,
nevertheless, had no tumorigenesis in the current experiment
since no measurable tumors were detected until 36 days into
the observation. The result was difficult to be explained
because the CD44'CD133" B16F10 cells have stronger
tumorigenesis in mice as shown in Figure 4A. Did the
CD44'CD133" B16F10 cells without the expression of CD24
molecule influence its tumorigenic potential in C57BL/6
mice? We considered that the time span of 36 days
observation is a little shorter than it should be because the
mice injected with the number of B16F10 cells was 5 times
lower than that of mice injected with 5 x 10* B16F10 cells,
and that the numbers of experiment mouse should be a little
more in that experiment. Anyway, the results of
tumorigenesis suggested that there were cancer stem-like
cells in B16F10 cells, whose special surface markers may be
CD44°CDI133°CD24" molecules. We sorted the side
population (SP) cells from CD44'CD133°CD24" B16F10
cells stained with Hoechst 33342 dye by FCM and analyzed
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the tumorigenesis of the SP cells derived from CD44"
CD133'CD24" B16F10 cells and confirmed the cancer
stem-like cells characteristics further (32).

Taken together, consistent with previously reported
findings (33-36), our current experiment results suggested
that there really were a few of B16F10 cells possessing the
characteristics of cancer stem-like cells that are highly
similar to traits of CSC in murine melanoma cell lines. These
findings supported the hypothesis that murine melanoma is a
heterogeneous tumor comprised of subpopulations with stem
cell-like properties. According to the characteristics,
researchers may employ cancer stem-like cell isolation
strategy in attempt to isolate either normal or cancer stem-
like cells. A precise understanding of the characteristics will
contribute to the identification of molecular targets important
for future tumor therapy.
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