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Abstract
Objects Medulloblastoma (MB) is the most malignant
primary brain tumor in early childhood that contains cellular
and functional heterogeneity. Recent evidence has demon-
strated that the tumor stem cells (TSC) may explain the
radiochemoresistance of brain tumors, including MB. The
aim of the present study is to investigate the possible role of

TNF-related apoptosis-inducing ligand (TRAIL) in viability
and tumorigenicity of MB cells and MB-derived TSC.
Methods MB-associated TSC were isolated and cultured by
serum-free medium with bFGF and EGF. The parental MB
cells andMB-TSC cells were treated with TRAIL in different
concentrations and assessed for cell viability, invasion ability,
colony forming ability, and radiotherapy effect.
Results We enrich a subpopulation of MB-TSC cells using
tumor spheroid formation approach. MB-TSC display en-
hanced self-renewal and highly expressed “stemness” genes
(CD133, Sox-2, Bmi1, Nestin). Additionally, MB-TSC showed
significant resistance to TRAIL-induced apoptosis and radio-
sensitivity compared to the parental MB cells due antiapoptotic
gene (c-FLIP, Caspase 8, Bcl-2, and Bax) upregulation.
Conclusions Our data suggest that MB-TSC are resistant to
TRAIL-induced apoptosis and tumorigenic properties.
Understanding the molecular mechanisms by which to
operate the physiological characteristics in MB-TSC cells
offers attractive approach for MB treatment.
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Introduction

Medulloblastoma (MB) is an extremely malignant neo-
plasm in the central nervous system which occurs in
infancy and childhood [5, 14]. As for remedy of MB,
surgical excision alone is not curative [19, 36]. Virtually all
tumors recur and patients die within 3 years without
adjuvant treatment [36]. Local or disseminated whole
neuroaxis relapse can be seen even after standard radiation
treatment, including carniospinal axis irradiation and focal
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boost. Besides, radiotherapy has its own side-effects and may
cause pituitary hormone dysfunction and behavior problems
[5, 14]. Thus, to improve the therapeutic outcome and
promote the life quality of the survivors, novel therapeutic
targets and radiosensitizers are urgently needed.

TNF-related apoptosis-inducing ligand (TRAIL), a
member of the TNF superfamily, promotes apoptosis
through receptor-mediated pathway [25]. TRAIL selective-
ly kills transformed cancer cells without harming normal
cells. Although TRAIL has been extensively studied as a
therapeutic agent cancer, many cancer cells still developed
resistance [15, 28]. One plausible possibility is the
existence of tumor stem cells (TSC) within tumor cells
[13, 31, 35]. It has been proposed that failure to effectively
treat cancer may be relate to preferential resistance of these
TSC to chemotherapeutic agents [22, 27]. Evidence for
chemoresistance by stem-like cells in epithelial cell lines
and xenogeneic tumor-derived cells has been presented [18,
34]. However, the TRAIL-mediated apoptotic and radio-
sensitizing effects in the treatment of MB and MB-
associated tumor stem cells were still undetermined.

We previously enriched the subpopulation of normal neural
stem cell from hippocampal region and TSC derived from
brain tumors through serum-free medium that contained bFGF
and EGF growth factors [6, 7, 23]. In this present study, the
specific aim is to investigate the possible role of TRAIL in
proliferative and tumorigenicity effects in MB cells and
MB-TSC cells and further elucidate the mechanisms.

Materials and methods

MB cell lines cultivation and enrichment of MB-TSC

The human medulloblastoma (Doay) cell line was pur-
chased from ATCC Cell Bank (USA). The suspended cells
were washed with phosphate-buffered saline (pH 7.2) and
treated with 0.025% trypsin-EDTA (GIBCO) in HBSS
solution (Sigma) for 15 min at 37°C and then passed
through a 30-µm mesh nylon screen. The filtrate was
centrifuged (800×g, 5 min), and the resulting cell pellet was
seeded into a T75 flask. Cultures were grown in DMEM
(GIBCO) containing 10% heat-inactivated fetal bovine
serum, 2 mM glutamine, penicillin (100 U/ml), and
streptomycin (100 µg/ml). Doay cells were then cultured
in serum-free DMEM/F12 (GIBCO) medium supplemented
with N2 supplement (R&D), 10 ng/ml human recombinant
bFGF (R&D), and 10 ng/ml EGF [6, 8].

FACS analysis

For cell surface marker identification, the different passage
cells were detached and stained with anti-CD133 with

secondary phycoerythrin-coupled antibodies (Miltenyi Bio-
tec). BMSCs were fixed with 2% paraformaldehyde until
they were ready for analysis using FACSCalibur apparatus
(Becton–Dickinson).

Cell viability determined by colorimetric assay

Parental MB and MB-derived TSC were cultured in a 96-
well cell culture cluster (Costar, Acton, MA) at a density of
3×103 cells/well with 100 μl culture medium. After
different time points of cultivation, the medium was
discarded and replaced with an equal volume (100 μl) of
fresh medium containing 0.2 mg/ml of 3-(4,5-dimethylth-
iazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-
2H-tetrazolium (Promega, Madison, WI) and 0.038 mg/ml
of phenazine methosulfate (Promega, Madison, WI) and
incubated for additional 1.5 h in a 37°C 5% CO2

incubation. Cell viability proportionate to optical density
(OD) value was measured by colorimetric assay in terms of
mitochondria activity to convert tetrazolium salt into a
colored soluble formazan product in the medium. The OD
values were measured at the wavelength of 490 nm with a
1420 multilabel counter VICTOR® from Wallac (Turku,
Finland).

Real-time RT-PCR

Real-time RT-PCR was performed as previously described.
Briefly, total RNA (1 μg) of each sample was reverse-
transcribed in a 20-μl volume using 0.5 μg oligo dT and
200 U Superscript II RT (Invitrogen, Carlsbad, CA). The
primer sequences used for real-time RT-PCR are shown in
Table 1. The amplification was carried out in a total volume
of 20 µl containing 0.5 µM in each primer, 4 mM MgCl2,
2 µl LightCyclerTM–FastStart DNA Master SYBR green I
(Roche Molecular Systems, Alameda, CA), and 2 µl of 1:10
diluted cDNA. PCRs were prepared in duplicate and heated
to 95°C for 10 min followed by 40 cycles of denaturation at
95°C for 10 s, annealing at 55°C for 5 s, and extension at
72°C for 20 s. Standard curves (cycle threshold values versus
template concentration) were prepared for each target gene
and for the endogenous reference (GAPDH) in each sample.
Quantification of unknown samples was performed using
LightCycler Relative Quantification Software version 3.3
(Roche Molecular Systems, Alameda, CA).

Statistic in vitro cell invasion analysis and soft agar assay

The 24-well plate Transwell® system with a polycarbonate
filter membrane (8-µm pore size; Corning, UK) was used.
Cell suspensions were seeded in the upper compartment of
the Transwell chamber at a density of 1×105 cells in 100 µl
serum-free medium. The opposite surface of the filter
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membrane, which faced the lower chamber, was stained
with Hoechst 33342 for 3 min, and migrating cells were
visualized under an inverted microscope. The soft agar
assay was performed as follows. The bottom of each well
(35 mm) of a six-well culture dish was coated with 2 ml
agar mixture (DMEM, 10% (v/v) FCS, 0.6% (w/v) agar).
After the bottom layer solidified, 2 ml top agar-medium
mixture (DMEM, 10% (v/v) FCS, 0.3% (w/v) agar)
containing 2×104 cells was added and incubated at 37°C
for 4 weeks. The plates were stained with 0.5 ml 0.005%
Crystal Violet, and then the number of colonies was
counted using a dissecting microscope.

Radiation treatment for cell survival analysis

The Gamma Radiation (ionizing irradiation (IR)) was
delivered by Theratronic cobalt unit T-1000 (Theratronic
Internation, Inc., Ottawa, Canada) at a dose rate of 1.1 Gy/
min (SSD=57.5 cm).Briefly, cells in the control and
irradiation groups were exposed to different radiation
dosages (0, 2, 4, 6, 8, and 10 Gy). After incubation for
10 days, colonies (>50 cells per colony) were fixed and
stained for 20 min with a solution containing crystal violet
and methanol. Cell survival was determined by means of
colony formation assay. The plating efficiency (PE) and

Table 1 The sequences for the primers of quantitative RT-PCR

Gene (accession no.) Primer sequence (5′ to 3′) Product size (bp) Tm (°C)

Sox2 (NM_003106) F: CGAGTGGAAACTTTTGTCGGA; R: TGTGCAGCGCTCGCAG 74 55

Nestin (NM_006617) F: AGGAGGAGTTGGGTTCTG; R: GGAGTGGAGTCTGGAAGG 112 50

Bax (NM_000146.3) F: CGCCCTTTTCTACTTTGCCAG; R: TCCAGATGGTGAGTGAGGCG 233 60

Bcl-2 (NM_000633.2) F: AGAGTGCTGAAGATTGATGGGATC; R: CTGCCTGGAAATTAAATTTACTCGA 200 60

Bmi1 (NM_ 005180) F: AAATGCTGGAGAACTGGAAAG; R: CTGTGGATGAGGAGACTGC 124 50

Caspase
8 (NM_001228)

F: CATCCAGTCACTTTGCCAGA; R: GCATCTGTTTCCCCATGTTT 128 55

GAPDH (NM_002046) F: CATCATCCCTGCCTCTACTG; R: GCCTGCTTCACCACCTTC 180 60

Fig. 1 Isolation tumor stem-like cells from medulloblastoma. a MB
cancer cell line Doay was used and cultured in DMEM/F-12 serum-
free medium with bFGF and EGF. After being in culture for 3 weeks,
cancer cells gradually detached from culture dishes, aggregated, and

formed SB. (bar 100 μm). b In contrast to MB-TSC, only the very
low level of CD133 antigen was detected in these parental MB cells. c
The results of flow cytometry showed that the high percentage of
CD133-positive cells was detected in MB-TSC cells
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survival fraction (92) were calculated as follows:
PE ¼ colonynumber=inoculatingcellnumberð Þ � 100%.
SF ¼coloniescounted= cellsseeded� PE=100ð Þð Þ.

Statistical analysis

All data were presented as mean ± standard deviation (SD).
One- or two-way ANOVA was employed to determine
whether the results had statistical significance. P value less
than 0.05 was considered a significant difference. The
statistics software used in this study was Sigma Stat 3.0.1
(SPSS Inc., Chicago, IL).

Results

Isolation and functional characterization
of medulloblastoma-derived tumor stem-like cells

Sphere body formation of TSC is enriched under the
cultivation of defined serum-free medium with growth
factors from individual solid tumors, including colon
cancer, lung cancer, and breast tumors where the serum-
free culture condition helps maintain the TSC undifferen-
tiated [21, 30, 32]. It has been reported that glioma and
medulloblastoma stem cells can be cultured and enriched in
suspension to generate floating spheroid-like bodies (SB)
and maintain the self-renewal capabilities in serum-free
media with bFGF and EGF [6, 23]. To investigate the
existence of TSC in MB cancers cells, Doay, a MB cancer
cell line, was cultured in defined serum-free medium with
bFGF and EGF. After being cultured for 2 weeks, cancer
cells gradually detached from culture dishes, aggregated,
and formed sphere-like bodies. Significant sphere-like
bodies were observed after 3 weeks of serum-free
medium culture (Fig. 1a). These TSCs derived from MB
could stably proliferate to form SB in serum-free medium
with bFGF and EGF (Fig. 1a). To further characterize the
progenitor/stem cells properties of our enriched MB-TSC,
we used flow cytometry to detect the expression profile of
progenitor/stem cell surface markers. As shown in Fig. 1c,
we detected that the majority of isolated MB-TSC were
positively stained with CD133, being the specific cell
surface markers of brain tumor stem cells. In contrast, it
only presented the very low level of CD133 antigen in
these parental MB cells (Fig. 1b). Furthermore, quantita-
tive real-time RT-PCR showed that the mRNA expression
levels of stemness-related genes (CD133, Sox-2, Bmi1,
Nestin; Fig. 2a; p<0.01). Overall, our data indicated that
the sphere-like MB-TSCs under serum-free media with
bFGF and EGF selection display the characteristics of
TSCs.

Upregulated expression of antiapoptotic genes and protein
in MB-derived TSC

Expression of antiapoptotic genes in parental MB cells and
MB-TSC were examined transcriptionally and translation-
ally. The results showed that antiapoptotic (c-FLIP, Caspase
8, Bcl-2 and Bax) genes were upregulated in MB-TSC as

Fig. 2 Detection of the expression levels of stemness markers and
antiapoptotic genes in MB-TSC and parental MB cell. a Real-time RT-
PCR analyses revealed that the transcript amounts of Sox2, Bmi1, and
Nestin in MB-TSC and parental MB cells. The internal control is
housekeeping gene GAPDH, and every stemness gene expression of
MB-TSC was normalized with parental MB cells. Data shown are the
mean ± SD of three experiments. b Real-time RT-PCR analyses
revealed that the transcript amounts of c-FLIP, Bcl-2, Bax, and
Caspase 8 in MB-TSC and parental MB cells. The internal control is
housekeeping gene GAPDH, and every stemness gene expression of
MB-TSC was normalized with parental MB cells. Data shown are the
mean ± SD of three experiments. c Total proteins were prepared from
parental Doay or MB-TSC cells and analyzed by Western blotting
with anti-c-FLIP and anti-Bcl-2. The amount of β-actin protein of
different cell extracts was referred as loading control
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compared to those of parental MB cells (Fig. 2b). In
accordance with the real-time RT-PCR results, the western
blotting data showed that the protein levels of c-FLIP and
Bcl-2 in MB-TSCs were also significantly upregulated
compared to those of parental MB cells (Fig. 2c).

Evaluation of cytotoxic effects of TRAIL in MB-TSC
and parental MB cells

TRAIL has been recently suggested to inhibit tumor growth
[12]. However, it remains undetermined whether TRAIL
can inhibit the TSC properties of MB. To answer this
question, MB-TSC were treated with different doses of
TRAIL, and cell viability was analyzed using the MTT
assay. As shown in Fig. 3, MB cells were treated with TRAIL
at different concentrations (0, 100, 200, and 500 ng/mL) for
24 h detached and rounded up (Fig. 3a). However, MB-TSC
also displayed spheroid-like morphology (Fig. 3b).Subse-
quently, cell viability of MB-TSC was not significantly
affected (Fig. 3c). In contrast, the total cell number and
growth rates of parental MB cells after being treated with
were significantly decreased (p<0.05; Fig. 3c). Lastly, the
apoptotic cells also increased in parental MB cells treated
with TRAIL than MB cells. However, apoptotic ability of
MB-TSC treated with TRAIL was not significantly affected
(Fig. 3d).

Tumorigenic properties in MB-TSC and parental MB cells
with or without TRAIL

To determine the TRAIL effect on tumorigenicity of
parental MB cells and MB-TSC, parental MB cells and
MB-TSC treated with TRAIL was analyzed for invasion
and soft agar colony formation abilities. Invasion ability
and colony formation of MB-TSC treated with TRAIL were
not significantly affected. In contrast, colony formation
(Fig. 4a) and migration/invasion (Fig. 4b) were significant-
ly inhibited in MBs treated with 100 ng/mL TRAIL.

MB-TSC-enhanced resistance to TRAIL-induced
radiosensitivity

Recent studies supported that TRAIL plays a key role in the
synergetic treatment for anticancer [1]. The property of
resistance to radiation therapy is the one of major clinical
criteria to characterize “tumor stem-like cells.” The exis-
tence of TSC cells may explain why the conventional
anticancer therapies only can suppress or shrink a tumor but
often cannot completely eradicate it resulting in eventual
recurrence. To determine the effect of radiation on tumor
growth rate, an IR dose from 0 to 10 Gy was used to treat
the four groups of cells. As shown in Fig. 5, the survival
rate and number of MB-TSCs after IR treatment were

Fig. 3 Evaluation of cytotoxic
effects of TRAIL in MB-TSC
and parental MB cells. a The
morphology of parental MB
cells treated with 100 ng/mL
TRAIL for 24 h. b The mor-
phology of MB-TSC treated
with 100 ng/mL TRAIL for 24 h.
c The cell viability of MB-TSC
and parental MB cells treated
with 0, 10, 200, 500 ng/mL
TRAIL for 24 h were analyzed
by MTT assay. Data shown are
the mean ± SD of three experi-
ments. d Daoy cells were treated
with or without 100 ng/mL
TRAIL for 6, 12, 24 h and
stained with apoptotic assay. The
percentage of apoptotic cells (%)
was shown. *p<0.05 compared
with control group. Data shown
here are the mean ± SD of three
experiments
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significantly higher than those of parental MB cells (p<
0.05; Fig. 5). Furthermore, the data revealed that the cell
survival rate in IR-treated MB-TSC was not significantly
decreased by the IR treatment combined with TRAIL
treatment. On the contrary, cell survival significantly
declined after chemotherapy with TRAIL treatment in
parental MB cells (Fig. 5).

Discussion

While recent decades have witnessed a revolution in
therapeutic strategies yielding significant clinical responses
measured in terms of tumor regression and disease-free
survival, overall survival of MB has failed to substantially
improve [6]. The recent identification of TSC subpopula-
tions with the unique ability to fuel tumor growth may shed
light on the disconnecting between response rates and
overall survival [3, 13, 26, 29]. These cells possess unique
survival mechanisms and distinctive stem cell properties,
including the ability to self-renew and differentiate, and

Fig. 5 MB-TSC displayed resistance to TRAIL-induced radiosensi-
tivity. a To determine the effect of radiation on tumor growth rate, an
IR dose from 0 to 10 Gy was used to treat MB-TSC and parental MB
cells. *p<0.05 MB-TSC vs. parental MB cells. Survival fraction of
MB-TSC treated with TRAIL (100 ng/mL) and exposed to 0–10 Gy
radiation. Data were compared with IR-treated parental MB cells. Data
shown are the mean ± SD of three experiments

Fig. 4 Determination of tumorigenic properties in MB-TSC and
parental MB cells with or without TRAIL. a Soft agar tumor colony
formation assay were performed in parental MB cells and MB-TSC

with or without TRAIL. *p<0.05. Data shown here are the mean ± SD
of three experiments. b Migration/invasion as determined by in vitro
Matrigel Transwell invasion assay
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also exhibit a marked ability to proliferate following a
prolonged period of quiescence [9, 10, 20]. That is,
therapies that fail to adequately target TSC populations,
which represent a minority of most epithelial tumors, will fail
to eliminate those cells capable of regenerating the tumor
after therapy has ceased [3]. Furthermore, familiarity with
both the means of resistance to a particular chemotherapeutic
agent and the phenotypic identity of those cells that harbor
resistance mechanisms should help facilitate the discovery of
therapies better able to clear minimum residual disease and
prolong overall survival [17]. In this study, we reported that
the MB-TSC can form the spheroid bodies and exhibit the
high percentage of CD133 surface antigen under the serum-
free conditional media culture. CD133 (prominin-1:
PROM1), a 5-transmembrane glycoprotein, was identified
as an important marker for a subset of tumor stem cells in
leukemia, retinoblastoma, colon cancer, prostate carcinoma,
brain tumor, hepatoma, and oral cancer [6, 16, 24, 30, 33].
Recent reports suggested that expression of CD133 antigen
in gliomas, medulloblastoma, and other brain tumors could
serve as a prognostic indicator for tumor regrowth, malignant
progression, and patient survival [4, 37].

By analogy to normal stem cells, TSC will be inherently
resistant to chemotherapy through mechanisms that serve to
protect stem cells from DNA and cellular damage. First,
most current agents destroy rapidly proliferating cells [2, 8].
Because TSC, like all stem cells, are relatively quiescent,
the current chemotherapeutic approaches maybe ineffective
[11]. Second, stem cells tend to be more resistant to
chemotherapeutic agents and radiation than are more
mature cell types from the same tissue [11]. This is
believed to be due to the presence of multidrug resistance,
antiapoptotic proteins, and enhanced DNA repair mecha-
nisms [2, 3]. Using real-time quantitative RT-PCR method,
we showed that enriched MB-TSCs highly expressed
antiapoptotic genes (Bcl-2, Bax, c-FLIP, Caspase 8;
Fig. 2). This higher expression of Bcl-2 and c-FLIP
suggests that MB-TSC cells may be resistant to TRAIL.
Consistent with our finding, breast and liver TSC are
resistant to TRAIL-induced apoptosis [38]. Since this
appears to hold true for TSC, we would predict that they
would also display resistance to therapeutics. The majority
of knowledge regarding cancer gene expression has been
obtained using material obtained from whole-tumor prepa-
rations. Establishing mechanisms of resistance to chemo-
therapeutic drugs can be difficult, especially with
heterogeneous tumors. Because TSC often make up only
a tiny proportion of all the cancer cells in a tumor, their
genotype will be obscured by all of the other cancer cells
when this methodology is utilized. It is necessary to isolate
the TSC subpopulation from tumors and evaluate their gene
expression to identify molecular pathways that are critical
to the TSC population.

Conclusion

In conclusion, we demonstrated that MB-TSC display a
higher antiapoptotic genes (c-FLIP, Caspase 8, Bcl-2, and
Bax) expression with the ability to represent an enhanced
TRAIL resistance. The resistance of in vitro chemotherapy
is partially due to preferential activation of c-FLIP and Bcl-
2 genes expression. The more understanding of the
characterization of MB-TSC population will shed new light
on the underlying biological mechanism of this specific
population and, thus, will ultimately lead to the develop-
ment of more specific therapeutic agents for the treatment
of this deadly cancer.
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