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Abstract. More efficient isolation and identification of cancer 
stem cells (CSCs) would help in determining their fundamental 
roles in tumor biology. The classical tool for this purpose is 
anchorage-independent tumorsphere culture. We compared 
the effects of differently textured culture plates and serum 
deprivation on the acquisition of CSC properties of A172 
glioblastoma cells. Cells were cultured on standard polysty-
rene-treated plates, ultra-low attachment, poly (2-hydroxyethyl 
methacrylate)-coated plates, and 1% agar-coated plates with 
10% serum or in serum-free glioblastoma sphere medium 
(GBM). Based on mitochondrial reductase activity and subG1 
proportions, non-adherent conditions had a greater impact 
on A172 cell viability than serum deprivation. Among the 
stemness-related genes, SOX-2 expression was significantly 
upregulated by serum deprivation under non-adherent 
conditions, while several epithelial-to-mesenchymal transi-
tion (EMT)-related genes were less dependent on serum. 
In addition, reactive oxygen species (ROS) accumulation 
in A172 cells was significantly increased in GBM under 
non-adherent conditions. Despite the correlation between 
SOX-2 induction and ROS accumulation, treatment with the 
ROS scavenger N-acetyl-l-cysteine did not prevent SOX-2 
expression, suggesting that ROS accumulation is not an essen-
tial requirement for induction of SOX-2. Our results suggested 
that cultivation of cancer cells under conditions of serum 
deprivation in an anchorage-independent manner may enrich 
SOX-2-expressing CSC-like cells in vitro.

Introduction

A specific subpopulation of cancer cells, called cancer 
stem cells (CSCs), was recently proposed to be responsible 
for tumorigenesis and heterogeneity in primary cancers. 
This behavior was attributed to the extensive self-renewal 
activities and multipotent differentiation abilities of the 
CSCs (1). Furthermore, CSCs have enhanced ability to invade 
surrounding tissues by undergoing epithelial-to-mesenchymal 
transition (EMT), which results in local and distant metas-
tasis (2). CSCs are also regarded as the cause of failure of 
chemotherapy and radiotherapy, leading to the recurrence 
of tumors (3,4). Therefore, the isolation and identification of 
CSCs in vitro are important and basic processes for the devel-
opment of novel strategies to treat cancer in vivo by targeting 
CSCs.

Specifically, CSCs express a series of proteins including 
the sex-determining region Y-box 2 (SOX-2), octamer-binding 
transcription factor 4 (OCT-4), CD133 (also known as prom-
inin-1, PROM1) and nestin (5-10). CSCs also display enhanced 
ability for EMT and some transcription factors, such as 
TWIST, regulate EMT progress involved in metastasis (11,12). 
CD44 and CD133 surface marker expression have been widely 
used to isolate CSCs in vitro using specific antibodies and 
fluorescence-activated cell sorting (FACS) (4,13). However, 
the specificity and efficiency of CD133 in the enrichment 
of CSCs concerning stemness and self-renewal are complex 
and controversial (10). For example, neither the expression 
of stemness genes nor the self-renewal capacities of CD133+ 
and CD133- cells were significantly different between freshly 
isolated glioma and glioma sphere cultures (14). It has been 
demonstrated that CSCs can proliferate under serum-free 
culture conditions in a non-adherent manner to form 
sphere-like structures (15-22). Thus, the culture of cancer 
cells under non-adherent conditions to allow sphere formation 
and/or evaluation of the expression of CSCs markers are the 
simplest and most convenient ways for enriching and identi-
fying CSCs.

To induce anchorage-independent growth in vitro, various 
culture plate surface conditions have been applied with several 
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supplemental factors, including epidermal growth factor (EGF) 
and basic fibroblast growth factor (bFGF) (23). The surface of 
standard cell/tissue culture plates is negatively charged and 
hydrophilic, and is widely used with diverse cell cultures, while 
poly (2-hydroxyethyl methacrylate) (poly-HEMA)-coated, 
agar-coated, or ultra-low attachment plates have been used 
in in vitro studies to investigate anchorage-independent 
growth of cells including CSCs (15-22). Agar plates are also 
used for anoikis, a form of programmed cell death that is 
induced by detachment of anchorage-dependent cells from the 
surrounding extracellular matrix (ECM) (24-27). The ultra-low 
attachment surface has a neutral, hydrophilic hydrogel coating 
that reduces binding of attachment proteins. This surface 
is useful to maintain cells in a suspended, unattached state, 
thereby preventing stem cells from attachment-mediated 
differentiation and preventing anchorage-dependent cells 
from dividing (28). Cells are usually grown as monolayers on 
normal culture plates where CSCs can proliferate and form 
spheres during long-term culture (~2-3 weeks) under the three 
conditions noted above.

The malignant clinical outcome of glioblastoma is based 
on the aggressive invasion ability of cancer cells into the 
adjacent normal brain parenchyma, which eventually affects 
normal brain function despite standard therapies, such as 
radiotherapy (21,29). Therefore, defining these characteris-
tics of CSCs of glioblastoma that survive or proliferate even 
under non-adherent conditions is critical in strategies for 
the treatment of glioblastoma. Silginer et al (30) noted that 
poly-HEMA-mediated detachment promoted cell death of 
glioblastoma cells in a manner similar to integrin inhibition. 
Although Hong et al (31) reported that the spherical character-
istic of CSCs was observed for long-term cultured glioblastoma 
cells in medium with or without serum, the combined effects 
of different surface and media compositions with or without 
serum on the expression of genes involved in stemness and 
EMT are not well understood.

The present study explored how A172 glioblastoma cells 
behave under different culture conditions, i.e., serum depriva-
tion and on plates with different surface types. We examined 
whether these culture conditions affected gene expression in 
relation to stemness- and EMT-related genes together with 
viability, cell cycle and ROS generation.

Materials and methods

Cell culture. The human glioblastoma cell line A172 was 
purchased from American Type Culture Collection (ATCC; 
Manassas, VA, uSA) and maintained in Dulbecco's modi-
fied Eagle's medium (DMEM; HyClone, Logan, uT, uSA) 
containing 10% heat-inactivated fetal bovine serum (FBS), 
100 u/ml penicillin and 100 mg/ml streptomycin at 37˚C in a 
5% CO2 atmosphere. A172 cells were maintained in the above 
medium (Nm) and grown as monolayers on polystyrene-treated 
tissue culture plates (NP). The cells (1x105 cells) were cultured 
under the following conditions for 72 h: i) Nm or serum-free 
glioblastoma sphere medium (GBM) containing EGF 
(10 ng/ml) and bFGF (10 ng/ml) (both from R&D Systems, 
Minneapolis, MN, uSA) as previously described (10,23), and 
ii) NP, ultra-low attachment plates (uP; Corning, Tewksbury, 
MA, uSA), 20 mg/ml poly-HEMA-coated plates (HP) and 

1% agar-coated plates (AP). The morphology of cells was 
examined using an inverted phase contrast microscope (x200, 
magnification). To observe the effects of ROS scavengers 
on the induction of SOX-2, cells were treated for 72 h with 
10 mM N-acetyl-l-cysteine (NAC; Sigma-Aldrich, St. Louis, 
MO, uSA).

Plate preparation. Non-coated 6-well plates were coated 
with 1 ml of poly-HEMA (20 mg/ml; Sigma-Aldrich), dried 
overnight at room temperature, and washed twice with phos-
phate-buffered saline (PBS) before use. For the agar plates, 
1% agar (Sigma-Aldrich) solution in PBS was added to 6-well 
plates and allowed to solidify for 1 h. The ultra-low attachment 
plates were purchased from Corning (Corning, NY, uSA) 
and the polystyrene tissue culture plates were from SPL Life 
Sciences (Pocheon, Gyeonggi-do, korea).

Cell viability assay. Cell proliferation was assessed as a func-
tion of metabolic activity using an EZ-Cytox Cell Viability 
Assay kit (ItsBio, Seoul, korea). The assay is based on reduc-
tion of tetrazolium chloride to the water-soluble formazan 
by succinate-tetrazolium reductase, which forms part of 
the mitochondrial respiratory chain. After treatment with 
20 µl/well, cells were incubated for 2 h at 37˚C in a 5% CO2 
atmosphere. Absorbance was measured on a microplate reader 
(Bio-Rad 680; Bio-Rad, Hercules, CA, uSA) at 450 nm. 
After subtraction of the background, the viability was deter-
mined as the ratio relative to the control and reported as the 
mean ± standard error (SE).

Quantitative real-time polymerase chain reaction (qRT-PCR). 
Total RNA was isolated using AccuZol (Bioneer, Daejeon, 
korea) and first-strand cDNA was synthesized by reverse 
transcription with 1 µg of total RNA using a ReverTra Ace 
qPCR kit (Toyobo, Osaka, Japan). Quantitative real-time PCR 
was performed to validate the expression level using SYBR® 
Premix Ex Taq™ (Takara Bio, Otsu, Shiga, Japan) with 
specific primers (Table I) on an Applied Biosystems 7300 
machine (Applied Biosystems, Carlsbad, CA, uSA). The 
relative values for specific mRNA were calculated after 
normalization to the Ct value of β-actin in the same sample 
using the 2-ΔΔCt method.

Cell cycle analysis. Spheres were trypsinized for 5 min at 
37˚C in a 5% CO2 atmosphere, neutralized with complete 
medium containing FBS, and centrifuged at 3,000 x g for 
5 min. Single cells were then fixed with 70% ethanol at 
-20˚C overnight and incubated with a solution containing 
5 µg/ml RNase A and 10 µg/ml propidium iodide (PI) (both 
from Sigma-Aldrich) for 30 min at room temperature. After 
washing twice with cold PBS, the cells were analyzed using a 
FACSCalibur (Becton-Dickinson, Bedford, MA, uSA). Mean 
fluorescence intensities were obtained using CellQuest soft-
ware (Becton-Dickinson).

Reactive oxygen species (ROS) measurement. Intracellular 
ROS levels in cells were measured using 5-(and-6)-car-
boxy-2',7'-dichlorodihydrofluorescein diacetate (H2DCF-DA; 
Invitrogen, Carlsbad, CA, uSA). Briefly, the cells were 
washed in PBS, trypsinized, and then neutralized with 
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PBS-containing FBS. After two washes with PBS and further 
centrifugation, the cells were resuspended in PBS with 20 µM 
DCF-DA and incubated for 20 min in the dark at 37˚C. After 
the cells were resuspended in PBS, the fluorescence was 
measured using a FACSCalibur (excitation at 488 nm and 
emission at 515-545 nm). The mean fluorescence intensity 
for 10,000 cells/sample was determined using CellQuest 
software.

Western blot analysis. Cells were washed twice with PBS 
and lysed with RIPA buffer (150 mM NaCl, 1% NP-40, 
0.5% sodium deoxycholate, 0.1% sodium dodecyl sulfate, 
50 mM Tris-HCl and pH 8.0) with protease inhibitor (Roche 
Diagnostics, Penzberg, Germany) on ice for 30 min. Protein 
concentration was determined using a BCA Protein Assay kit 
(Pierce Biotechnology, Rockford, IL, uSA). Equal amounts 
of protein were separated by 10% sodium dodecyl sulfate 
polyacrylamide gel electrophoresis (SDS-PAGE) and trans-
ferred onto nitrocellulose membranes (Millipore, Billerica, 
MA, uSA). The membranes were incubated for 1 h with 5% 
dried skim milk in TBST (20 mM Tris, 137 mM NaCl and 
0.1% Tween 20) buffer and then incubated with primary anti-
bodies to SOX-2 (Santa Cruz Biotechnology, Santa Cruz, CA, 
uSA), SOD1 (Enzo Life Sciences, Farmingdale, NY, uSA) 
and SOD2 (Abcam, Cambridge Science Park, Cambridge, 

uk). Anti-β-actin antibody (Sigma-Aldrich) was used as an 
internal control. After incubation with horseradish peroxi-
dase-conjugated secondary IgG (Santa Cruz Biotechnology), 
the immunoreactive bands were visualized on an enhanced 
chemiluminescence substrate (Thermo Fisher Scientific, 
Waltham, MA, uSA). For quantification of the relative protein 
levels, densitometric analysis was carried out using Image J 
software (National Institutes of Health, Bethesda, MD, uSA). 
The expression ratio relative to the control was calculated 
after normalization with the intensity of β-actin from each 
group.

Statistics. Student's t-test was used for comparison of differ-
ences between two groups. Each experiment was repeated at 
least three times. In all analyses, P<0.05 was taken to indicate 
statistical significance.

Results

Cells have distinct morphologies and adherence patterns 
under various cell culture conditions. A172 cells were 
cultured for 72 h in various culture environments differing in 
plate and media conditions, as described in the Materials and 
methods. The morphologies of cells from each group were 
examined under an inverted microscope. Fig. 1A shows that 

Table I. Primers for quantitative real-time PCR.

Gene Sequence (5'-3') Product (bp)

SOX-2 Forward: 5'-TACCTCTTCCTCCCACTCCA-3' 268
 Reverse: 5'-ACTCTCCTCTTTTGCACCCC-3'
Nestin Forward: 5'-CGGTGGCTCCAAGACTTCC-3' 156
 Reverse: 5'-GGCACAGGTGTCTCAAGGGTA-3'
OCT-4 Forward: 5'-CAGCGACTATGCACAACGAGA-3' 196
 Reverse: 5'-GCCCAGAGTGGTGACGGA-3'
CD133 Forward: 5'-ACCCAACATCATCCCTGTTCTT-3' 100
 Reverse: 5'-AGCTCTTCAAGGTGCTGTTCATG-3'
SNAIL Forward: 5'-CCTCCCTGTCAGATGAGGAC-3' 235
 Reverse: 5'-CCAGGCTGAGGTATTCCTTG-3'
ZEB1 Forward: 5'-GCCAATAAGCAAACGATTCTG-3' 100
 Reverse: 5'-TTTGGCTGGATCACTTTCAAG-3'
ZEB2 Forward: 5'-TTCCTGGGCTACGACCATAC-3' 159
 Reverse: 5'-TGTGCTCCATCAAGCAATTC-3'
TWIST Forward: 5'-GGAGTCCGCAGTCTTACGAG-3' 200
 Reverse: 5'-TCTGGAGGACCTGGTAGAGG-3'
SLuG Forward: 5'-GGGGAGAAGCCTTTTTCTTG-3' 157
 Reverse: 5'-TCCTCATGTTTGTGCAGGAG-3'
N-cadherin Forward: 5'-ACAGTGGCCACCTACAAAGG-3' 200
 Reverse: 5'-CCGAGATGGGGTTGATAATG-3'
Vimentin Forward: 5'-GAGAACTTTGCCGTTGAAGC-3' 162
 Reverse: 5'-GCTTCCTGTAGGTGGCAATC-3'
β-actin Forward: 5'-AGTACTCCGTGTGGATCGGC-3' 67
 Reverse: 5'-GCTGATCCACATCTGCTGGA-3'

SOX2, SRY (sex determining region Y)-box 2; OCT4, octamer-binding transcription factor 4; SNAIL, SNAI1; ZEB1, zinc finger E-box-binding 
homeobox 1; ZEB2, zinc finger E-box-binding homeobox 2.
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the A172 cells in Nm on NP (designated as controls) grew as a 
monolayer, while those in serum-free medium supplemented 
with growth factors (GBM, 10 ng/ml bFGF and EGF) on 
NP appeared loosely attached on the plates with some cells 
showing stellate projections. In contrast, cells cultured on the 
other plates (uP, HP and AP) in the Nm condition formed 
floating aggregates, while those cultured on uP and HP 
formed sphere-like colonies in GBM. To examine whether 
they could re-adhere to NP, cells or colonies from each group 

were dissociated using trypsin and seeded onto NP under 
the same media conditions. After 4 h, most cells cultured in 
Nm on NP, uP, HP and AP showed stable adherence to NP, 
whereas those cultured in GBM showed delayed adherence 
to NP irrespective of the previous plate conditions (Fig. 1B). 
After 24 h, most cells in Nm or GBM on the four surface 
types adhered to NP, but those cultured in GBM showed 
increased populations with elongated and fibroblast-like 
morphologies (Fig. 1C).

Figure 1. Cellular morphology under different cell culture conditions. (A) Cells were cultured for 72 h and cellular morphology was observed with an inverted 
phase contrast microscope. Cells were imaged after 4 h (B) or 24 h (C) of seeding on NP under different conditions. Scale bar indicates 200 µm.
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Cell viability decreased and subG1 proportion increased 
under conditions of serum-deprivation and non-adhesion. 
To examine cellular viability under the various conditions, 
equal numbers of cells from each condition were seeded on 
plates (1x104/well) and incubated with tetrazolium chloride to 
monitor mitochondrial reductase activity. Fig. 2A shows that 
the relative viability of cells in GBM on NP (61±6.9%) was 

~40% lower than that of the control. Moreover, cells in Nm 
and GBM on three types of plates (uP, HP and AP) had signif-
icantly lower activities than those in GBM on NP. Specifically, 
cellular activity on AP was the lowest among the conditions 
examined (9.3±5.32% in Nm and 9.39±3.88% in GBM). We 
also performed cell cycle analysis by flow cytometry after 
staining the cells with PI (Fig. 2B). Compared with control 

Figure 2. Cell viability, cell cycle and western blotting. Cells were analyzed as described in the Materials and methods after culturing for 72 h. (A) Relative 
activity was compared to the viability of cells in Nm on NP. Data were derived from three independent experiments and reported as means ± SE. *P<0.05 and 
**P<0.01 vs. Nm on the NP group; #P<0.05 vs. Nm on the same plate. (B) The cell cycle distribution was analyzed by flow cytometry. The graph is based on 
three independent measurements.

Figure 3. Expression of stemness- and EMT-related genes under different cell culture conditions. qRT-PCR analysis was carried out with the specific primers 
described in Table I. Data are reported as means ± SE from three independent experiments. *P<0.05, **P<0.01 and ***P<0.05 vs. Nm on the NP group.
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cells (2.05±0.03%), there was a ~10% increase in the subG1 
proportion of cells under GMB culture conditions (GBM/NP, 
11.4±3.2%) together with decreased G2/M phase. However, on 
the other plates, incubation in GBM did not increase the subG1 
proportion (Nm/uP, 19.88±3.96%; GBM/uP, 14.64±8.12%; 
Nm/HP, 9.16±2.22%; GBM/HP, 8.82±3.33%; Nm/AP, 
20.13±9.83%; and GBM/AP, 17.76±6.58%).

SOX-2 mRNA levels increased markedly in GBM on UP 
and HP. To determine whether combined culture conditions 
affected the self-renewal and EMT abilities of these cells, 
the expression levels of four stem cell markers and seven 
EMT-related markers were examined by real-time PCR using 
specific primers (Table I). Compared with the control, SOX-2 
mRNA levels showed the greatest increase in GBM on both 
uP and HP (fold-change: 321 and 369, respectively). CD133 
expression also increased in GBM on uP and HP but to a 
lesser extent, which was not statistically significant. Among 
the EMT markers, SNAIL expression decreased on three plate 
types (uP, HP and AP). The mRNA levels of the other EMT 
markers appeared to be dependent on the plate type rather than 
the medium type (Fig. 3).

Both serum-deprivation and non-adherent conditions 
enhanced ROS accumulation. The effects of different culture 
conditions on ROS levels were investigated because ROS 
may be an important factor in regulation of stem cells and the 
chemoresistance of cancer stem cells (32-34). Performance 
was assessed by the conversion of non-fluorescent H2DCF 
to the fluorescent form (35). Fig. 4 shows that the level of 
ROS generation in the cells cultured on uP or HP in normal 
medium was about double that in those cultured on normal 
plates. Serum deprivation GBM on uP or HP further 
increased ROS generation by 8-fold. Interestingly, ROS 

levels from cells cultured in both Nm and GBM on AP were 
6- and 8-fold higher, respectively, than the control. These 
data indicate that the effect of serum deprivation on ROS 
accumulation is greater than that of the non-adherent condi-
tion.

SOD2 expression was induced under non-adherent condi-
tions. As ROS generation was increased by serum deprivation, 
which was also effective for SOX-2 induction, we examined 
whether alterations in SOD1 and SOD2 expression were 
responsible for ROS accumulation and SOX-2 induction under 
serum deprivation or non-adherent conditions. Western blotting 
indicated that the level of SOX-2 expression was higher in the 
GBM condition than in normal medium on all four plate types, 
which was similar to the mRNA profile (Fig. 5A). While SOD1 
expression showed no prominent pattern with respect to serum 
deprivation or plate condition, the SOD2 expression profile 
exhibited an inverse relationship with that of SOX-2 (Fig. 5B 
and C). However, with the exception of values from uP in Nm 
or GBM, the correlations were not statistically significant. 
Dot plot analysis was performed using the mean values of 
the SOX-2 and SOD2 protein levels. Fig. 5D shows that the 
two protein values from each group could be classified into 
a significantly larger SOX-2-expressing group (gray-dotted 
circle; GBM on three plate types) and a SOD2-expressing 
group (black ellipse; Nm on uP, HP and AP). SOX-2 expres-
sion was shown to be dependent on the GBM condition, 
while SOD2 expression was dependent on the non-adherent 
conditions. Finally, cells were treated with NAC, a general 
ROS scavenger, to determine whether NAC could reverse 
the SOX-2 induction observed under our culture conditions. 
Western blotting was performed using antibodies to SOX-2, 
SOD1, and SOD2 after treatment with 10 mM NAC under the 
same conditions for 72 h. Fig. 6 shows that NAC treatment did 

Figure 4. Measurements of ROS generation under different cell culture conditions. (A) Cells were analyzed by flow cytometry, represented as a histogram and 
overlaid with the histograms for the cells cultured under different conditions. (B) The percentage of positive fluorescent cells was obtained using Cell Quest 
software and is represented as fold change. Data are reported as means ± SE from three independent experiments. *P<0.05, **P<0.01 vs. Nm on the NP group; 
#P<0.05 vs. Nm on the same plate.
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not block the induction of SOX-2 or SOD2, suggesting that it 
was independent of ROS. Data from qRT-PCR analyses also 
revealed no significant recovery of SOX-2 with NAC treatment 
(data not shown).

Discussion

The isolation and enrichment of CSCs in vitro are important 
for targeting strategies and drug screening for anticancer 

Figure 5. Protein levels of SOX-2, SOD1, and SOD2 for different cell culture conditions. (A-C) Protein levels were analyzed by western blotting using specific 
antibodies. Protein expression levels of the cells were analyzed using Image J software. The expression ratio relative to the control was calculated after com-
pensating for the intensity of β-actin from each group. Data are reported as means ± SE from three independent experiments. *P<0.05 and **P<0.01 vs. Nm on 
the NP group; #P<0.05 vs. Nm on the same plate. (D) Dot plot analysis was performed using the mean protein levels shown in A and C. The gray-dotted circle 
indicates the significantly increased SOX2-expressing group. The black ellipse indicates the SOD2-expressing group.

Figure 6. Treatment with NAC did not block increased protein levels of SOX-2, SOD1 or SOD2 under different culture conditions. (A-C) Cells incubated with 
10 mM NAC were maintained for 72 h and western blotting analysis was performed using specific antibodies. Data are reported as means ± SE from three 
independent experiments.



im et al:  ENRICHMENT OF SOX-2-EXPRESSING CELLS WITH SERuM DEPRIVATION 927

therapy. It would be beneficial to be able to characterize cancer 
cells under different culture conditions in vitro to better under-
stand the features of CSCs. This study examined the combined 
effects of serum deprivation and culture plate surface type on 
the morphology, viability, and markers for stemness and EMT 
in A172 glioblastoma cells. These cells were previously shown 
to have aggressive migration ability and ROS accumulation in 
response to appropriate stimuli (36,37).

In the presence of serum, A172 cells grew as a monolayer 
while those on uP, HP and AP did not attach to the bottom 
and formed colonies, which led to decreased viability and 
increased apoptosis (Figs. 1A and 2A and B). However, most 
of the cells from each plate regained the adhesion ability and 
apparent viability when allowed to re-adhere to NP after 72 h 
of culture on each plate. These observations indicated that the 
interaction with the extracellular matrix (ECM) is an impor-
tant prerequisite for the survival of cancer cells (Fig. 1A-C). 
The results also demonstrated that incubation of cells on 
various plates in serum-free GBM did not further affect the 
viability, except on NP, but delayed the re-adhesion on NP 
with an appearance of more elongated phenotypes after 72 h of 
culture. This delay is attributed to vitronectin and fibronectin 
in serum (38). It is plausible that the serum-free condition is 
less critical to the maintenance of viability but is more effec-
tive than the non-adherent condition for enrichment of cancer 
stem cell-like cells.

Our results based on the mitochondrial reductase activity 
and subG1 fractions were inconsistent for the evaluation of cell 
viability. This indicated that the reduced viability estimated by 
mitochondrial reductase activity did not necessarily represent 
apoptotic cells but rather the metabolically inactive status, 
which could be stimulated by environmental changes. These 
results also reinforce the heterogeneous and dynamic nature of 
cancer cells, which can show different responses under these 
harsh conditions. It is significant that cell incubation on AP 
exhibited the lowest activity in mitochondrial reductase and 
highest proportions of subG1 and highest ROS accumulation 
among the culture plate conditions, and that serum deprivation 
did not have considerable effects. Therefore, culture on AP 
rather than HP in the presence of serum seemed be the most 
efficient way to induce anoikis, which is an important defense 
mechanism for preventing the anchorage-independent survival 
of tumor cells (39).

SOX-2 was significantly increased by the GBM condition, 
and was especially prominent on uP and HP at both mRNA 
and protein levels (Figs. 3B and 5). These results support the 
importance of serum-free conditions on enrichment of CSCs. 
Our findings were consistent with the previous report that 
serum deprivation-induced bone marrow stem cells show 
upregulated expression of stemness-related protein, such as 
SOX-2 (40).

SOX-2 has been suggested to be a marker of stem cells (7) 
and CSCs (41,42). Thus, culture of cancer cells under condi-
tions of serum deprivation on uP or HP could be useful for 
the isolation and enrichment of SOX-2-expressing CSCs. 
The expression of some EMT-related genes, such as ZEB2, 
TWIST and VIMENTIN, was induced by non-adherent 
conditions rather than by serum deprivation. However, these 
genes were expressed with different statistical significances, 
which suggested that the acquisition of both stemness and 

EMT properties could be provided to cancer cells only by very 
subtle and complex changes in the environment.

Fig. 4 shows that significantly higher ROS levels were 
observed in GBM on NP as well as on non-adherent plates 
(uP, HP and AP). The higher levels seemed to be more 
dependent on serum deprivation than on the presence of 
a non-adherent surface. ROS is a critical factor for main-
taining stemness by the expression of SOX-2 (43), and SOD2 
promotes migration and invasion and protects cells from 
ROS-mediated cell death (44-46). Therefore, we hypoth-
esized that a ROS scavenger would block SOX-2 induction 
under our cell culture conditions. NAC treatment, however, 
did not prevent SOX-2 levels at the mRNA (data not shown) or 
protein level (Fig. 6A). These results indicated that induction 
of SOX-2 was not dependent on ROS under our conditions. 
However, the induction profiles of SOX-2 with SOD2 under 
different culture conditions suggested some influence of 
SOD2 on ROS and SOX-2 induction. This indication merits 
further investigation.

Although Sauerzweig et al (40) suggested that serum 
deprivation is an enrichment process for CSCs, growth 
factors are also required to maintain the self-renewal of 
brain tumor stem cells (23). Therefore, we could not exclude 
the effects of the growth factors EGF and bFGF, which were 
included in GBM in the present study, on the expression of 
SOX-2 as well as on ROS accumulation. Another limitation 
of our study was that the viability and expression of markers 
for CSC and EMT were examined after only 72 h of incu-
bation; this is probably insufficient time to fully select the 
CSCs. Therefore, the effects of serum deprivation only and 
long-term culture on different plate conditions should also be 
examined to determine the most efficient culture conditions 
for CSCs.
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