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Abstract: Under standard culture conditions, tumor cells are exposed to 20% O2, whereas the 

mean tumor oxygen levels within the tumor are much lower. We demonstrate, using low-

passaged human tumor cell cultures established from glioma, that a reduction in the oxygen

level in these cell cultures dramatically increases the percentage of CD133 expressing cells. 
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Introduction.

In numerous tumors or cancer cell lines, cancer stem cells can be isolated either on the 

expression of CD133 [1-4] or on the basis of their ability to exclude the fluorescent vital dye 

Hoechst 33342 [5]. However, recent data have raised some concerns about the use of Hoechst 

33342 to identify cancer stem cells from cancer cell lines [6-8]. It has been reported that 

tumor stem cells derived from glioblastomas cultured in serum-free medium more closely 

mirror the phenotype and genotype of primary tumors than do serum-cultured cell lines [9]. 

Indeed the use of serum-containing medium in cell culture has long been controversial and is 

considered as “non-physiological” since cells are not usually exposed to serum. In addition to 

serum, it is claimed that oxygen tension in cell culture is another parameter that does not 

mirror physiological conditions [10-12]. Standard tissue culture incubator conditions are 5% 

CO2 and 95% air [10-12]. Hence, cells are exposed to oxygen tensions close to 20% whereas 

mean tissue oxygen is described to be much lower, ranging from 1 to 5% in the brain [10, 13]. 

Thus, according to these data, current standard culture conditions can be said “normoxic” with 

regard to our cell culture conventions (cell culture normoxia or “cultural” normoxia) but are

indeed hyperoxic with regard to physiological conditions. Although it is clear that cell culture 

conditions cannot be identical to physiological conditions, deleterious effects of culturing 

cells at the O2 concentration of air have been reported. For example, human diploid fibroblast 

cells grown under 3% O2 achieve more population doublings during their life times than 

when they are cultured at the O2 concentration of air (20%) [14]. Likewise, 20% O2 cell 

culture conditions alter stem cell function and proliferation [11,15]. Consequently it can be 

assumed that cell culture in a “hypoxic” incubator in 3% O2 more closely mirrors tissular

normoxia.  Accumulative evidence points to CD133 as a cell marker suitable for identifying 

cancer stem cells from brain tumors [1,16]. To investigate whether oxygen influences CD133 



expression in glioma cell cultures we compared CD133 expression from tumor dissociated 

cells cultured as tumor-derived sphere in serum-free medium at 20% O2 or 3% O2. 

Material and methods

1- Cell cultures.

Tumor samples from three glioblastoma and two anaplastic oligodendroglioma were obtained 

within 2 hours of surgical resection from adult gliomas. Tumor tissue was washed twice in 

HBSS (Gibco), minced, and enzymatically dissociated for 1 hour at 37°C in a solution of 

HBSS containing 0.1% dispase (Gibco, 1u/mg) and 0.01% DNAse (Sigma) with intermittent 

careful mechanical trituration. Dissociation was sometimes improved by additional 10-15 min 

treatment with trypsin/EDTA (Gibco, 0.05%/0.53mM). Alternatively tissue dissociation was 

performed using NeuroCult® enzymatic dissociation kit from StemCell Technologies. Cells 

were then collected by centrifugation, resuspended in defined medium consisting of 

DMEM/F12 (1:1) containing 0.5 N2 and 0.5 B-27 supplements, 10 mM hepes, 1 X glutamax 

(all from Gibco), heparin 2µg/ml (StemCell Technologies), 30 ng/ml bFGF and 30 ng/ml 

EGF (R&D systems), and plated  without coating. Under these cell culture conditions cells 

grew and were maintained as floating neurospheres. Cultures under 3% O2 were maintained 

in a MCO-5M multi-gas incubator (Sanyo).

Glioma cell lines U87 MG (ATCC HTB-14) and U138 MG (ATCC HTB-16) were 

maintained in serum containing medium (DMEM supplemented with 10% fetal bovine serum, 

as adherent monolayers. When these cells were switched into the defined medium previously 

described for primary neurosphere culture, they grew as floating spheres. 

2- Flow cytometry



For CD133 cell surface immunostaining, 3.10
5
 cells were retrieved from single-cell 

suspension, and labelled according to the manufacturer’s instructions with the following 

antibodies: anti-CD133/1(AC133)-APC, anti-CD133/2(293C3)-PE (Miltenyi Biotec), and 

their respective controls (IgG1 isotype control-APC and IgG2b isotype control-PE, R&D 

systems). Cytometric analysis was performed on a FACSCalibur machine (BD Biosciences).

Dead cells were excluded from the plots based on 7-AAD staining (BD via-probe). 

3- Real time quantitative RT-PCR.

Total RNA was extracted !"#$% &!'()*+,#$- .&/ 0 1#2 345'6)7)8-Nagel) and 0.5  g was

reverse transcribed for 60 min at 42°C using M-MLV Reverse Transcriptase (Promega) with 

random hexamers. Real-time PCR reactions were carried out with SYBR Green PCR master 

mix(Qiagen) and performed in 22 9l reactions using 1/25 of the cDNA produced by reverse 

transcription. The following conditions were used for PCR: 95 °C for 10min, 95 °C for 15 

sec, 55 °C for 25 sec, and 72 °C for 30 sec, in 50 cycles. The sequence-specific primers of 

CD133 and :-actin were as follows: CD133 : TCCACAGAAATTTACCTACATTGG(sense) 

and CAGCAGAGAGCAGATGACCA(antisense); :-actin :CTCCTGAGCGCAAGTACTCC 

(sense) and TGTTTTCTGCGCAAGTTAGG (antisense). The analysis of RT-PCR output 

data followed the ;Ct method, using the relationship : ;Ct = Ln(Fold change)/Ln (2) . The 

100 % efficiency of PCR was checked for each target gene using the standard curve method. 

For each sample, the gene expressions were normalized by the relative expression of 

housekeeping gene :-actin (ACTB) which showed a stable expression in any conditions. 

Results and discussion.

Five tumor-neurosphere cultures were established from three freshly resected and dissociated 

human glioblastoma and two anaplastic oligodendroglioma. These cell cultures proliferated as 



tumor-sphere in serum-free medium and were tumorigenic when injected intracerebrally in 

nude mice (data not shown). To determine whether oxygen tension affects CD133 expression, 

cell cultures were maintained either at 20% O2 (“cell culture normoxia”) or 3% O2 (“tissue 

normoxia”). Under these different conditions clear differences were observed since cell 

cultures contained a higher percentage of CD133+ cells under 3% O2 compared to 20% O2

(Fig. 1 C,D and Fig 2 A,C,E,G). Analysis of CD133 expression by quantitative RT-PCR 

confirmed FACS data (Fig. 1B and Fig 2 B,D,F,H). We next investigated whether these 

results can be extended to commercial glioma cell lines obtained from ATCC. For this 

purpose experiments were performed on two widely used glioma cell lines (U87MG, ATCC 

HTB-14 and U138MG, ATCC: HTB-16) which have been established and maintained in 

serum-containing medium under 20% oxygen for many passages. Although these cell lines 

can be adapted to serum-free culture conditions and grew well as tumor-sphere, they did not 

express detectable levels of CD133 (data not shown). This suggests that selection of CD133
-

cell populations might have occurred in these cell lines during their propagation under 20% 

O2 in media containing serum. Thus, prolonged in vitro passage of glioma cells in standard 

cell culture conditions could lead to the outgrowth of CD133
-
 cell clones with profound “de 

novo” genetic and/or epigenetic changes [9]. Indeed, cells have evolved several mechanisms 

for counteracting oxidative stress, and it will be interesting to determine whether over-

expression of enzymes involved against oxidative damage (superoxide dismutase, glutathione 

peroxidase,  aldo-keto reductase…) occurs in 20% O2 compared to 3% O2. This observation 

raises again the question on the behaviour of such cells when they are injected to induce 

experimental tumors and are therefore challenged by lower oxygen tension. In this regard it is 

note worthy that U138MG (ATCC: HTB-16) cells are described as non tumorigenic 

according the ATCC catalogue.



Our results are obtained by culturing cells under 3% O2. As discussed in the Introduction, this 

so-called “hypoxic” condition are considered as more physiological than the 20% oxygen 

tension used in traditional tissue culture. Indeed, oxygen tension in the brain is about 3% 

[10,13] and should be even lower in tumor tissues [17]. However, we are aware that oxygen 

levels displayed by incubators do not exactly reflect the oxygen tension at the cell level which 

depends of several parameters such as the depth of the medium, and cell density [11]. On the 

other hand, culturing cells as neurospheres could generate a pO2 gradient from the periphery 

to the centre of the neurosphere resulting in a lower oxygen tension within the core of 

neurospheres. Likewise, we cannot exclude some possible biological effects which might 

occur when cells cultured in 3% O2 were exposed to atmospheric oxygen tension as a 

consequence of cell passaging. Hence, our results need to be interpreted being aware of these 

potential limitations.

In conclusion, our data are consistent with several data reporting the deleterious effects of 

using traditional tissue culture conditions with 20% oxygen on the phenotype of normal stem 

cells [11,15,16]. They are also in agreement with the recent report that low oxygen tension 

increases CD133 expression in medulloblastoma cells [18]. Moreover, they suggest that 

current “hyperoxic” cell culture conditions under atmospheric oxygen (20% O2) could be one 

of the parameters involved in the decrease/disappearance of CD133 phenotype in long-term 

brain tumor cell cultures. 
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Legend to figures

Fig. 1: Cells from human glioblastoma, grow as neurosphere, and have increased CD133 

expression under 3% O2.

A) Glioblastoma  cells growing as nonadherent neurospheres.

B) CD133 real time quantitative RT-PCR. Real-time PCR reactions was carried out with 

SYBR Green PCR master mix(Qiagen) as described in Materials and Methods. For each 

sample, gene expression was normalized by the relative expression of the housekeeping 

gene :-actin (ACTB) which showed a stable expression in any conditions

C) Flow cytometric analysis for CD133 expression of glioma cells cultured under 20% 02        

(green) or 3% O2 (red).  CD133 monoclonal antibody was CD133/1 (AC133); non-

specific negative control antibody is in black.

D)  Flow cytometric analysis for CD133 expression of glioma cells cultured under 20% 02    

(green) or 3% O2 (red).  CD133 monoclonal antibody was CD133/2 (293C3); non-

specific negative control antibody is in black.

Fig. 2.



Cell cultures were established in serum-free medium from two additional glioblastoma [(A,B) 

and (C,D)] and two anaplastic oligodendroglioma [(E,F) and(G,H)]. Cells were grown as 

floating “neurospheres” and were tumorigenic when injected into nude mouse. 

(A, C, E, G): Flow cytometric analysis of CD133 expression. Cells were cultured under 20% 

O2 (green) or 3% O2 (red). CD133 monoclonal antibody was CD133/1 (AC133); non-specific 

negative control antibody is in black. Similar results were obtained using monoclonal 

antibody 293C3 (data not shown).

(B, D, F, H): CD133 real time quantitative RT-PCR. Real-time PCR reactions were carried 

out with SYBR Green PCR master mix(Qiagen) as described in Materials and Methods. For 

each sample, gene expression was normalized by the relative expression of the housekeeping 

gene :-actin (ACTB) which showed a stable expression in any conditions. 

[A,B]: glioblastoma; [C,D]: glioblastoma; [E,F]: anaplastic oligodendroglioma; [G,H]: 

anaplastic oligodendroglioma. All experiments were performed at least in triplicate.
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