
Abstract. Background/Aim: Glioma is the most common
and lethal primary brain tumor. Even with the development
of multidisciplinary treatment approaches, results are
disappointing because of the unavoidable tumor recurrence,
which may be caused by the existence of tumor-initiating
cells. The p75 neurotrophin receptor (p75NTR), which
belongs to the tumor necrosis factor receptor superfamily, is
not only involved in various cellular functions but also
related to tumor growth. This study is focused, on the
possible role of p75NTR in glioma tumor initiation.
Materials and Methods: C6 cells with high and low
expression of p75NTR were sorted using flow cytometry. The
neurosphere characteristics and properties of these two
subpopulations were assessed and compared with those of
parental cells. Radiation and chemotherapy sensitivity was
also analyzed in these cell populations. Finally, in vivo
tumorigenicity of cells was tested in a rat model. Results:
Cells overexpressing p75NTR (C6p75+++ cells)
demonstrated greater ability of neurosphere formation,
colony proliferation, and certain stem cell marker
overexpression than cells with low p75NTR expression
(C6p75+) and parental cells. In addition, following
irradiation or temozolomide treatment, more viable
C6p75+++ cells remained, and they proliferated into more
colonies. In vivo, C6p75+++ cell implantation in Sprague

Dawley rats reduced the survival time. Conclusion: Cells
with p75NTR overexpression demonstrated certain unique
characteristics of tumor-initiating cells, such as neurosphere
formation, high colony proliferation, and resistance to radio-
and chemotherapy. With regard to the heterogeneous
composition of glioma cells, p75NTR can be used as an
alternative marker to identify a glioma subpopulation with
tumor-initiating properties.

Gliomas are the most common and deadliest primary brain
tumors (1). Even with multidisciplinary treatments, including
maximal surgical resection, radiotherapy, and chemotherapy,
being developed, their prognosis is usually poor due to their
recurrence (2). Major challenges associated with glioma
treatment are the highly invasive nature and resistance to radio-
and chemotherapy. Most patients have a survival time of only
15 months on average because of tumor recurrence (3).

Accumulating evidence has suggested that glioma cell
heterogeneity is the main cause of treatment failure (4-7).
Among various glioma components, a unique cell
subpopulation possesses specific characteristics, such as
tumor initiation (8-10), self-renewal (11), and differentiation
into heterogeneous cancer cells. This unique subpopulation,
labeled as brain tumor-initiating cells (BTICs), can induce
resistance to chemo- and radiotherapy and cause tumor
recurrence (12-15). Several surface markers, including
CD24, CD44 (16, 17), CD133, and ALDH1 (18-21), have
been used to identify BTICs. However, because there is no
consensus on one marker specific for BTICs, alternative
methods to identify these stem-like cells, such as the sphere-
formation assay, have been developed (22, 23).

The p75 neurotrophin receptor (p75NTR) is a
transmembrane glycosylated receptor for neurotrophins and
proneurotrophins. In the nervous system, it is expressed in
neurons, astrocytes, Schwann cells, and oligodendrocytes
(24). After binding to neurotrophins, p75NTR participates in
various cellular functions, such as cell survival (25),
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neuronal regeneration (26), and cell migration (27, 28).
Cancer biology studies have shown that p75NTR-expressing
melanoma cells have the ability to self-renew and cause
tumor growth (29). In esophageal carcinomas, p75NTR is
expressed in highly proliferative and undifferentiated tumor
cells (30). In hypopharyngeal cancer, p75NTR is associated
with tumor initiation and resistance to chemotherapy (31).

With respect to gliomas, our previous study has suggested
that p75NTR expression is associated with glioma cell
invasiveness and migration in vitro (32). In addition,
accumulating evidence from clinical studies has suggested
that p75NTR is associated with human glioma invasiveness
(33, 34). Thus, we proposed that p75NTR plays a role in the
tumor initiation of glioma. In the present study, the effects
of p75NTR expression on neurosphere formation and stem
cell marker expression were evaluated. In addition, radio-
and chemosensitivity were assessed using cells with high and
low p75NTR expression. Finally, the effects of p75NTR on
tumor initiation or growth in Sprague Dawley rats were
examined.

Materials and Methods
Cell lines. C6 glioma cell lines were obtained from the American
Type Culture Collection (CLL-107, Rockville, MD, USA) and
maintained as a monolayer in Dulbecco’s modified Eagle’s medium
(DMEM, Gibco, Grand Island, NY, USA) supplemented with 10%
fetal bovine serum (FBS, Gibco), 100 IU/ml penicillin G (Gibco,
Grand Island, NY, USA), and 100 μg/ml streptomycin (Gibco) at
37˚C in a humidified 5% CO2 incubator. 

Fluorescence-activated cell sorting (FACS). At 70%-80%
confluency, C6 cells were washed using trypsin-EDTA and adjusted
to a count of 1×106. Then, C6 cells were resuspended in staining
buffer [1× phosphate-buffered saline (PBS), 1% FBS, 25 mM
HEPES (Sigma-Aldrich, St. Louis, MO, USA), 1 mM EDTA
(Cayman chemical, Ellsworth Road Ann Arbor, Michigan, USA)]
and incubated with anti-p75NTR antibody (ab8874, Abcam,
Cambridge, UK) for 1 h at room temperature. After washing with
staining buffer, cells were incubated with the goat anti-rabbit IgG
Alexa Fluor 488 (ab150077, Abcam) antibody in staining buffer for
30 min at room temperature. Depending on forward- and side-
scattered light, small-sized cells, apoptotic cells, and doublets were
gated out. Cell sorting was performed using BD FACSAria™
Fusion (Becton Dickinson Biosciences, San Jose, CA, USA), and
results were analyzed using BD FACSDIVA™ software. The
highest and the lowest of 5% of cells were excluded, then the
remaining higher and lower 25% of p75NTR-expression cells were
collected and labeled as C6p75+++ and C6p75+, respectively, and
were then maintained in growth medium (DMEM, 10% FBS, 100
IU/ml penicillin G, and 100 μg/ml streptomycin). 
Sphere formation assay. C6p75+ and C6p75+++ cells were detached
using trypsin-EDTA solution and were washed with PBS to remove
serum. Next, cells were suspended in serum-free DMEM/F12
supplemented with 100 IU/ml penicillin, 100 μg/ml streptomycin,
20 ng/ml epidermal growth factor (Invitrogen, Grand Island, NY,
USA), 10 ng/ml human recombinant basic fibroblast growth factor,

and 2% B27 supplement. They were subsequently seeded on a
Corning® Costar® Ultra-Low attachment plate (Sigma-Aldrich) at
5×103 cells/well and were cultivated for 10-14 days. Neurosphere
formation was observed every day under a microscope (200×;
SMZ1000, Nikon).

Colony formation assay. The soft agar assay was performed in six-
well plates containing two layers of SeaPlaque Agarose (Invitrogen).
The bottom layer comprised 0.6% agarose in 1 ml DMEM with
10% FBS. C6 parental cells, C6p75+ cells, and C6p75+++ cells
were then dissociated at a density of 2×103 per well and mixed with
0.3% agarose. Subsequently, 1.5 ml of the mixture was placed in
the six-well plates as the top layer. Cells were cultured for 10 days
prior to fixing and staining with 0.5 ml of 0.005% crystal violet
overnight. Colonies containing more than 50 cells were counted
under a microscope (SMZ1000, Nikon). 

Western blotting. Western blotting was performed as previous studies
(32, 35). Cells were lysed with lysis buffer [1% Triton X-100, 50 mM
of Tris(PH 7.5), 10 mM EDTA, and protease inhibitor cocktail
(Roche, Indianapolis, IN, USA)]. Then cell lysates were centrifugated
at 10,000 × g, 4˚C for 20 min. Then the quantified cell lysates were
subjected to SDS-PAGE and transferred onto a polyvinylidene
difluoride membrane (Millipore, Billerica, MA, USA). After blocking
with 8% non-fat milk for 2 h at room temperature, the membranes
were incubated with the primary antibodies (1:1,000 dilution) against
p75NTR, CD133, SOX2, OCT4 (Santa Cruz biotechnology, Santa
Cruz, CA, USA), CD44 (R&D Systems Inc., Minneapolis, MN,
USA) and β-actin (rabbit polyclonal, Sigma-Aldrich) at 4˚C
overnight. After rinsing with Tris-buffered saline containing Tween-
20, the membrane was washed with 0.05% PBS and incubated with
the horseradish peroxidase-conjugated secondary antibody for one
hour at room temperature. Then the blots were visualized using a
SuperSignal West Pico Chemiluminescent Substrate (Pierce
Biotechnology, Inc., Rockford, IL, USA). 

Radiation sensitivity assay. C6p75+ and C6p75+++ cells were
seeded at a density of 1×105 cells per plate. Next, the cells were
treated with 0, 3, 6, or 9 Gy of radiation for 24 h. Cell viability was
measured by trypan blue staining 48 h after treatment. Adherent and
suspended cells were collected and mixed with 0.4% of 2× trypan
blue buffer. The cell density was adjusted to 1×106 cells/ml;
subsequently, 10 μl of the cell mixture was used for cell counting
with a hemocytometer under a microscope. Dead cells were stained
blue and excluded; the number of viable cells was counted. The
mean and standard deviation (SD) were calculated.

Propidium iodide (PI) index analysis. After irradiation, C6p75+ and
C6p75+++ cells were washed twice with ice-cold PBS, fixed with
70% ice-cold ethanol, and stored overnight at 4˚C. After
centrifugation, 100 mg/l RNase and 5 g/l PI were added to each
tube; cells were stained in the dark for 30 min. The distribution of
cells in respective phases of the cell cycle was then analyzed using
flow cytometry.

Clonogenic survival assay. C6p75+ and C6p75+++ cells were
seeded at a density of 1×102, 1×103, 2×103, and 1×104 cells per
plate and were then subjected to radiation at 0, 3, 6, and 9 Gy,
respectively. After irradiation for 24 h, cells were cultured for 2
weeks before being fixed with methanol and stained with 0.5%
crystal violet. Only colonies containing more than 50 cells were
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counted and recorded. Survival was evaluated using the surviving
fraction method, with the following formula:

1. Plating efficiency=colony number/number of cells seeded
2. Surviving fraction=colony number/

(number of cells seeded × plating efficiency)

Chemotherapy sensitivity assays. C6p75+ and C6p75+++ cells were
seeded at a density of 1×104 per plate and were incubated for 24 h.
Next, cells were treated with temozolomide (TMZ) at a
concentration of 0, 50 μM, 100 μM, and 200 μM for 24 h at 37˚C,
followed by assessment of their viability using the tetrazolium salt
(XTT) assay. At the end of the treatment, the XTT mixture (15 μM)
and PMS (25 μM) were added to each well; cells were then
incubated for 4 h at 37˚C. The produced formazan dye was
quantified by measuring the absorbance at wavelength of 490 nm.
In vivo tumorigenicity experiments. All animal experiments were
approved by the Institutional Animal Care and Use Committee of
the Chang-Gung Memorial Hospital (Chiayi, Taiwan,
No.201402005). All Sprague Dawley rats were treated in
accordance with institutional animal welfare guidelines. They were
anesthetized using ketamine/xylazine mixture (ketamine 91 mg/kg
and xylazine 9.1 mg/kg) by intraperitoneal injection. C6p75+ and
C6p75+++ cells were used for tumorigenic experiments. A cell
suspension (100 μl) was intracranially injected into four-week-old
Sprague Dawley rats into their right hemisphere using a 100 μl
microsyringe, similarly to the previously described method (35). In
the present study, the injected cell numbers were 1×103 and 1×105.
The survival time of tumor-bearing rats was recorded. Sprague
Dawley rats were euthanized once all spontaneous movement was
lost, and the survival time was noted.

Statistical analysis. Data in the figures and text represent the
mean±SD of three individual experiments. Statistical analyses were
performed using the SPSS statistical software package (SPSS/PC+,
SPSS Inc., Chicago, IL, USA). Between-group comparisons of
continuous variables were analyzed with Student’s t-test or analysis
of variance. A two-tailed p-value of <0.05 was considered
statistically significant. 

Results

C6 cells can form neurospheres and express specific stem-
like cell-related markers. Previous studies have reported the
association between neurosphere formation and tumor-
initiating cells (36-38). To investigate the ability of
neurosphere formation, C6 glioma cells were plated at a
density of 5×103 cells/well in an ultra-low attachment plate
with serum-free stem cell conditioned medium. After seven
days of cultivation, neurosphere formation was observed
(Figure 1A). Over the following days, gradual enlargement
in the size of the neurospheres was observed, and they were
maintained in a smooth round configuration. The expression
of cell markers related to tumor initiation was assessed using
the protein lysate of C6 neurospheres. Compared to C6
expression in parental cells, immunoblotting revealed that
CD44, CD133, OCT4, SOX2, and p75NTR were up-
regulated in C6 neurospheres (Figure 1B). 

C6 cells with p75NTR overexpression aggregate to form
neurospheres. To further investigate the relationship between
p75NTR expression and neurosphere formation, we collected
C6p75+++ and C6p75+ cells using the flow cytometry
sorting technique (Figure 2A). Osman et al. have defined the
highest and lowest 5% of p75NTR-expression cells as
p75NTR high and p75NTR low cells (38). In our study,
however, the numbers of the highest and lowest 5% of
p75NTR-expression were extremely small, making these
cells unrepresentative and unsuitable for comparison with the
wide type C6 cells. Therefore, we excluded these extreme
samples and defined the remaining higher and lower 25% of
p75NTR-expression cells as p75NTR high and p75NTR low
cells, in order to make the numbers of C6 parental, C6p75+
and C6p75+++ cells more comparable. Expression of
p75NTR in C6 parental cells, C6p75+ cells, and C6p75+++
cells was confirmed using western blotting (Figure 2B).
C6p75+++ cells showed the highest expression of p75NTR,
while C6p75+ cells showed the lowest expression of
p75NTR. Immunoblotting revealed that C6p75+++ cells
showed the highest expression of CD44 and CD133, while
C6p75+ cells showed the lowest expression of these markers.
However, unlike the up-regulation of SOX2 in C6
neurospheres, SOX2 expression was lower in C6p75+++
cells than in C6p75+ cells. 

Furthermore, parental C6 cells, C6p75+ cells, and
C6p75+++ cells were subjected to the sphere-formation
assay. Although all three subtypes of the C6 cells could
aggregate to form neurospheres (Figure 2C), they differed in
their ability to maintain the shape and size. C6p75+ cells
could only maintain smaller and less compact neurospheres
than C6 parental cells. On the other hand, C6p75+++ cells
could aggregate more tightly to form neurospheres with
larger diameters than C6 parental cells during the same
observation periods.

Moreover, the proliferation ability of cells was evaluated
using the colony formation assay. After a 14-day culture
period, anchorage-independent spheres formed by C6
parental cells, C6p75+ cells, and C6p75+++ cells were
stained with crystal violet, and the number of spheres was
counted under a microscope. C6p75+++ cells generated more
colonies than C6p75+ or C6 parental cells (Figure 2D). This
indicates that C6p75+++ cells have a greater ability to form
neurospheres. 

C6 cells with p75NTR overexpression display resistance to
radiotherapy in vitro. In case of gliomas, radiation is part of
the standard treatment. Therefore, the radiosensitivity
between parental cells and C6p75+++ cells was compared.
C6p75+ and C6p75+++ cells were seeded at a density of
1×105 per plate; subsequently, cells were exposed to ionizing
radiation at 0, 3, 6, and 9 Gy for 24 h. The acute effects of
irradiation on the survival of cells were assessed 48 h later.
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The results showed that after the same irradiation exposure
dose, there were more viable C6p75+++ cells remaining
(Figure 3A).

In addition, apoptotic levels after irradiation were
evaluated by PI staining. The PI index assay was then
performed after irradiation. The data showed an increased
number of apoptotic cells with a higher dose of irradiation.
After receiving the same dose of radiation, there were less
apoptotic cells in the C6p75+++ group than in the C6p75+
group (Figure 3B).

Furthermore, the possible delayed effect of irradiation on
clonogenic proliferation was evaluated. C6p75+ and
C6p75+++ cells were seeded at a density of 1×102, 1×103,
2×103, and 1×104 cells per plate before undergoing
irradiation at 0, 3, 6, and 9 Gy, respectively. After irradiation,
cells were cultured for two weeks. Then, cells were stained
with crystal violet, and colonies with diameters larger than
2×104 were counted. Colony proliferation was then checked.
Our results showed higher colony formation in the
C6p75+++ group than in the C6p75+ group (Figure 3C).
Moreover, the difference in the number of colonies between
the C6p75+++ and C6p75+ groups was more obvious with
the higher dose of radiation. The surviving fraction of the
cells was also calculated. The results showed that C6p75+++
cells had a significant higher survival fraction than C6p75+
cells (Figure 3D). Therefore, considering these data,
p75NTR up-regulation might be implicated in the resistance
of C6 glioma cells to radiotherapy.
C6 cells with p75NTR overexpression display resistance to
chemotherapy in vitro. Because TMZ is also used within the
standard chemotherapy regime for glioblastoma multiforme
(GBM) patients, it was investigated whether p75NTR
expression can modulate the sensitivity of C6 glioma cells
to TMZ. C6p75+ and C6p75+++ cells treated with TMZ at
concentrations of 0 μM, 50 μM, 100 μM, and 200 μM for 24
h and the survival was assessed using the XTT assay. The
results showed that higher the dose of TMZ caused greater
reduction in the number of remaining viable cells. However,
there were more viable cells in the C6p75+++ group than in
the C6p75+ group after treatment with the same
concentration of TMZ (Figure 4A). 

We further compared the expression of stem cell markers
before and after treatment with TMZ. For this, C6 parental,
C6p75+, and C6p75+++ cells were treated with TMZ at a
concentration of 100 μm for 48 h prior to immunoblotting.
Up-regulation of stem cell markers was observed after TMZ
treatment. In this regard, CD133 and OCT4 levels were
increased after TMZ treatment in C6 parental, C6p75+, and
C6p75+++ cells (Figure 4B). 

C6 cells overexpressing p75NTR enhance tumorigenicity
in vivo. From the above results in present study,
overexpression of p75NTR in C6 glioma cells appeared to

confer resistance to radio- and chemotherapy in vitro.
Therefore, we further investigated the tumor-initiating
capability of C6p75+++ glioma cells using an in vivo
model. Sprague Dawley rats were implanted intracranially
with different amounts of C6p75+ or C6p75+++ cells.
After implantation, the movement status of the rats was
observed. Once spontaneous movement was completely
lost, the rats were euthanized and their survival times were
recorded. 

Our results revealed that rats receiving C6p75+++ cells
had a lower survival rate than those receiving C6p75+ cells,
irrespective of whether they received 1×103 or 1×105 cells
(Figure 4C). In addition, injection with 1×105 cells resulted
in a lower survival rate than injection with 1×103 cells.
Moreover, using C6p75+++ cells, the survival rate of
Sprague Dawley rats was lower, even when injected with
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Figure 1. Neurosphere formation by C6 cells. (A) Sphere-forming assay.
C6 cells were seeded on an ultra-low attachment plate at a density of
5×103 cells/well. (B) After 7-14 days of cultivation, neurosphere
formation was observed in the sphere-forming assay (200×). (C) The
cell lysates of both C6 parental cells and C6 neurospheres were
analyzed by immunoblotting with anti-p75NTR, anti-CD44, anti-CD133,
anti-OCT4, anti-SOX2, and anti-actin antibodies.



only 1×103 cells, than the survival rate seen following the
injection of C6p75+ cells at 1×105 (Figure 4D). These
findings support that p75NTR overexpression may have a
more important role in determining the tumorigenicity of C6
glioma cells than the number of glioma cells.

Discussion

Accumulating evidence has suggested that p75NTR
proteolysis is required for BTIC proliferation and that it can
promote the growth of BTIC (34, 39). To further elucidate
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Figure 2. C6 cells overexpressing p75NTR aggregate to form neurospheres. (A) C6 cells were stained with an anti-p75NTR antibody, and
fluorescence-activated cells were sorted using flow cytometry. Based on p75NTR expression, the highest 25% of cells were defined as C6p75+++
and the lowest 25% of cells were defined as C6p75+. (B) C6 parental, C6p75+++, and C6p75+ cells were immunostained with anti-p75NTR, 
anti-CD44, anti-CD144, and anti-SOX2 antibodies. (C) The ability to form neurospheres was evaluated using the sphere-forming assay. (D) For
colony formation analysis, six-well plates contained two layers of SeaPlaque Agarose. The bottom layer consisted of 0.6% agarose, DMEM, and
10% FBS. C6 cells were then mixed with 0.3% agarose and placed in the six-well plates as the top layer. After culture for 10 days, cells were fixed
and stained with 0.5 ml of 0.005% crystal violet overnight. Colonies were counted under a microscope, and the number of colonies containing more
than 50 cells was calculated (columns, mean; bars, SD; *p<0.01). 



whether p75NTR plays a role in BTIC-related features,
glioma cells expressing different levels of p75NTR were
isolated by cell sorting, and the relationship between the
expression of p75NTR and common features of BTICs
including self-renewal and high resistance to radio- and
chemotherapy was investigated. 

To investigate the self-renewal ability, one of the most
important hallmarks of BTICs, the sphere-forming ability in
serum-free medium is commonly used (40-43). In our previous
studies, C6 glioma cells were shown to aggregate and form
neurospheres under special condition, such as starving

environment (data not shown). Herein, the neurosphere-
formation assay was performed for C6 glioma cells and
revealed that the expression of stem cell markers, such as
CD133, CD44, OCT4, and SOX2, was increased in
neurospheres compared to C6 parental cells. Interestingly,
p75NTR expression was also significantly increased in C6
neurospheres. However, whether p75NTR expression was
increased during neurosphere formation or only high-expression
p75NTR cells can form neurospheres remains to be determined. 

To investigate the role of p75NTR in neurosphere
formation, C6 cells expressing different levels of p75NTR
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Figure 3. Resistance of C6p75+ and C6p75+++ cells to radiotherapy in vitro. (A) Radiation sensitivity assay. Both groups of cells were seeded at
a density of 1×105 per plate and treated with 0, 3, 6, and 9 Gy of radiation for 48 h. Cells were collected and mixed with 0.4% of 2× trypan blue.
The cell density was adjusted to 1×106 cells/ml, and the number of viable cells was calculated after the exclusion of dead cells (*p<0.01). (B) PI
index analysis. C6p75+ and C6p75+++ cells were seeded at a density of 1×104 per plate. After irradiation with 0, 3, 6, and 9 Gy, cells were
washed and fixed with ethanol. Cells were then mixed with PI and stained in the dark. The distribution of cells in each cell cycle phase was analyzed
using flow cytometry (columns, mean; bars, SD; *p<0.01). (C and D) Clonogenic survival assay. Both C6p75+ and C6p75+++ cells were seeded
at a density of 1×102, 1×103, 2×103, and 1×104 cells per plate prior to undergoing irradiation at 0, 3, 6, and 9 Gy, respectively. After irradiation,
cells were cultured for two weeks before being fixed and were stained with crystal violet. The numbers of colonies were counted and recorded, and
survival was evaluated using the surviving fraction formula.



were subjected to the sphere-formation assay. Results
showed that C6p75+++ cells steadily aggregated to form
neurospheres that were smooth and round. In addition,
C6p75+++ cells showed an ability to generate more colonies
than the other two types of cells. As sphere formation and
clonal proliferation are unique properties of stem-like cells
(44), our results suggest that C6p75+++ cells possess certain
stem-like cell characteristics. 

Many surface markers have been reported to characterize
BTICs, such as CD133, CD15/SSEA, A2B5, Notch, CD44,
and STAT3 (45, 46), but there is no consensus on the best
stemness marker. When the expression of well-known stem

cell markers was evaluated, it was shown that C6p75+++
cells had higher expression of CD133 and CD44 but lower
expression of SOX2 than C6p75+ cells. In addition, CD133
and OCT4 expression were increased after TMZ treatment.
Osman et al. have reported that p75NTR expression can be
increased during the dedifferentiation process (38). These
results suggested that the expression of stemness markers
and p75NTR can be regulated during neurosphere formation
and with TMZ treatment (Figure 1). 

Another key feature of BTICs is resistance to chemo- and
radiotherapy, which are critical issues in anti-cancer therapy.
Bao et al. reported that CD133+ glioma cells have higher
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Figure 4. Resistance of C6p75+ and C6p75+++ cells to chemotherapy in vitro. C6p75+ and C6p75+++ cells were seeded at a density of 1×104
per plate and incubated for 24 h. Cells were then treated with TMZ at concentrations of 0, 50 M, 100 μM, and 200 M for 24 h. (A) TMZ sensitivity
assays for C6p75+ and C6p75+++ cells after TMZ treatment. Cell viability was assessed using the XTT assay. Cells were incubated with XTT
solution for 4 h, and the absorbance of the plates was measured at 490 nm. Each experiment was repeated three times (columns, mean; bars, SD;
*p<0.01). (B) Comparison of stem cell markers before and after TMZ treatment. Cells were immunostained with anti-CD133, anti-OCT4, and anti-
SOX2 antibodies for western blotting. (C) Tumorigenicity and expression of p75NTR in vivo. C6p75+ and C6p75+++ cells were stereotactically
implanted into Sprague Dawley rats into the right hemisphere. Each cell type was injected at cell numbers of 1×103 and 1×105. After implantation,
the movement status of the rats was observed daily. Sprague Dawley rats were euthanized once spontaneous movement was completely lost, and
the survival time was recorded. The figure shows the cumulative proportion of the survival rate. (D) The survival time of Sprague Dawley rats was
analyzed (columns, mean; bars, SD; *p<0.01).



resistance to irradiation than CD133– cells (47); this resistance
was attributed to a decreased rate of apoptosis rate and the
activation of checkpoint responses. Currently, several
signaling pathways, such as the Notch and tyrosine kinase
pathways, are associated with resistance of glioma stem-like
cells to radiotherapy (13). In glioma stem-like cells, CD133+
cells induce resistance to TMZ through the overexpression of
O6-methylguanine-DNA-methyltransferase (48). The effects
of TMZ treatment on glioma cells have been reported to
induce conversion from non-glioma stem cells (GSCs) to
GSCs (49). Beier et al. have reported an increased GSC
population after TMZ treatment (50). Auffinger et al. used the
recurrent GBM model to demonstrate the conversion of
CD133-negative cells to CD133+ cells after chemotherapy
(51). For analyzing the role of p75NTR in conferring
resistance to radiotherapy, we performed PI index analysis
(52), colonogenic assay (53), and survival fraction analysis
(13). C6p75+++ cells were more viable after TMZ treatment
and showed greater colony proliferation than C6p75+ cells
after irradiation. These results suggested that C6 cells with
overexpressed p75NTR are resistant to chemo- and
radiotherapy. However, owing to the complex underlying
mechanism for the role of p75NTR in the tumorigenesis such
as invasiveness, apoptosis, resistance to chemo- and
radiotherapy, more work is needed in the future.

In previous studies, p75NTR has been demonstrated to be
associated with tumorigenicity in melanomas, prostate cancers,
and squamous cell carcinomas (30, 54-57). In our previous
study, knockdown of p75NTR was able to enhance the
invasion and migration of C6 cells and p75NTR expression
was higher in malignant gliomas than in benign gliomas (32).
In the present study, Sprague Dawley rats injected with
C6p75+++ cells had a shorter survival time than those injected
with C6p75+ cells. Moreover, when rats were injected with
C6p75+ cells, the survival time was similar, irrespective of the
number of the administered cells. However, when rats were
injected with C6p75+++ cells, the survival time using 1×105
cells further decreased compared with that when 1×103 cells
were used. This reveals that p75NTR expression may be a
more dominant factor in affecting the survival time in tumor
initiation rather than the number of C6 cells injected. These
results support that p75NTR overexpression might enhance the
tumorigenicity of C6 glioma cells. 

BTICs were thought to be the key factor underlying GBM
recurrence and treatment failure. However, it has recently
been suggested that more than one type of BTIC exist. Chen
et al. have shown the existence of multiple types of cancer
stem-like cells (58), which was confirmed by Dahan et al.
(59). Therefore, a better understanding of the heterogeneous
composition of BTICs is required for allowing the precise
development of customized therapeutic strategies. Currently,
there are various techniques to identify BTICs, including
surface markers, the sphere-forming assay, and drug-

resistance cell isolation. However, due to the heterogeneous
nature of gliomas, additional methods will be needed in the
future. 

Conclusion

C6p75+++ cells demonstrated several stem-like
characteristics, namely, sphere-formation, increased stem cell
marker expression, and higher colony proliferation. In
addition, C6p75+++ cells demonstrated resistance to radio-
and chemotherapy. In vivo, C6p75+++ cells showed further
enhanced tumorigenicity. Although the underlying
mechanisms remain to be determined, glioma cells with
p75NTR overexpression may function as tumor-initiating
cells and can be treatment targets in the future. 
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