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Introduction
Cancer Stem Cells (CSCs) have been identified in several 

malignancies, and a variety of experimental approaches have 
been initiated to analyze their properties [1]. Comprehending the 
unique properties of CSCs is a high priority for researches aimed at 
elucidating the molecular mechanisms driving tumor initiation and 
for the development of therapeutic strategies specifically targeting 
CSC population [2]. Recent advances in stem cell biology, cell 
signaling, computational technology, and genetic model systems have 
revolutionized our understanding of the mechanisms underlying the 
genetics, biology, and clinical behavior of cancer [3]. Among these, 
flow cytometry technique can be applied for the isolation of CSCs by 
recognizing the CSC surface markers such as CD133, CD44, CD24, 
and CD15 [4-6].

CD133 is the most commonly used glioma CSC marker for 
studying aspects such as in vivo-tumor formation ability [4]. Although 
the function of CD133 remains unknown, it has proven useful in 
several other solid cancers such as colorectal cancers [7]. However, 
several reports have suggested a less clear distinction between the 
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Abstract
Introduction: Flow cytometry is used for isolating Cancer Stem Cells 

(CSCs) by recognizing their surface markers such as CD133, CD44, CD24, and 
CD15. Although several CSC markers are helpful to identify CSCs, it remains 
unknown whether these markers can be used only when freshly derived from 
surgical tissue specimens or even after long-term exposure to the in vitro 
environment.

Material and Methods: We established and evaluated 8 glioma cell lines 
from glioblastoma multiforme tissue specimens. Flow cytometry was used to 
analyze the stem cells, glia, and neuronal- and cell-adhesion molecules at the 
following time periods: (1) within 3 months of tumorsphere culturing (primary 
analysis), (2) between the stage of dissociated single cells and subsequently 
developed spheres at the same passage period (passage analysis), and (3) 
3–36 months after primary analysis (mid/long-term analysis). We also evaluated 
the differences in the surface markers after differentiation following serum 
addition.

Results: The primary analysis of the fresh surgical tissue specimens 
revealed different expression patterns, especially for CD24 (5–99%) and 
CD184 (3–40%), with higher expression levels for CD44 and CD146. After 
sphere development from the dissociated single cells, the CD54 expression was 
elevated with epidermal growth factor receptor (EGFR) degradation during cell 
passages. After serum addition, the CD133, A2B5, CD24, CD56, and CD184 
expression decreased, suggesting the potential of these proteins as stemness 
markers. At long-term analysis, most surface markers were found to be stable; 
however, the expression profiles of several markers differed among the CSC 
lines.

Conclusion: Glioma CSCs maintain stable expression of stem cell markers 
even under long-term in vitro propagation. Our results may facilitate identification 
of novel cell markers for application in the diagnosis and treatment of gliomas.

Keywords: Glioma; Glioma stem cell; Flow cytometry; CD133; Cell 
adhesion molecule

abilities of CD133+ and CD133− cells to form tumors [8,9]. Several 
strategies have been used for the identification of CSCs of gliomas 
and other cancers such as colon, prostate, and lung cancers. For 
example, CD44 has been identified as a potential breast and prostate 
CSC marker [5,10]. Moreover, the expression profile of CD44 also 
identifies the astrocytic progenitors, and most gliomas express this 
marker [11,12]. High CD24 expression level helps identify transit-
amplifying cells as well as differentiated neurons, and CD24 is also 
required for the terminal differentiation of neuronal progenitors [13]. 
Furthermore, A2B5-expressing glial-restricted precursor is capable of 
generating oligodendrocytes astrocytes and gliomas [9]. CD184 is a 
chemokine receptor involved in Neural Stem Cell (NSC) migration; 
it has been implicated in the invasion of gliomas and metastasis of 
pancreatic CSCs [14]. Moreover, several CAMs are also involved in 
gliomagenesis [15,16]. However, it remains unknown whether these 
markers are useful only when used immediately after derivation from 
surgical specimens or even after long-term exposure to the in vitro 
environment.

Patient-specific CSC lines are a powerful tool in the study of 
CSC biology that can be exploited for the development of therapies 
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targeted at specific patients. However, CSCs may adapt differently 
to the prevailing culture conditions or may reflect the intrinsic 
genetic fluctuations typical of tumor cells [17-19]. The isolation 
and manipulation of CSCs may introduce artifacts under in vitro 
conditions at primary analysis, long-term analysis, and under in vivo 
microenvironment [20]. Alternatively, CSCs may be reprogrammed 
in long-term in vitro culture settings or may dedifferentiate in vitro 
from a more differentiated cell type in response to certain signal 
transduction cascades [21]. Therefore, to address these issues, it 
is important to characterize CSC lines from different patients at 
different time periods.

In this study, we evaluated several surface markers obtained from 
surgical tissue specimens and glioma CSCs derived from patients 
by the neurosphere assay [19]. We compared the surface-marker 
dynamics at the following time periods: (1) within 3 months of 
tumorsphere culturing (primary analysis), (2) between the stages of 
dissociated single cells and subsequently developed spheres (during 
the same passage), and (3) 6–36 months after primary analysis (middle 
to long-term analysis). To minimize the influence of artificial in vitro 
effects, long-term analysis was performed at least twice and their 
results were averaged. Because CSCs can differentiate in the presence 
of ideal compounds such as retinoic acid, bone morphogenetic 
protein, and serum, a better understanding of the makers expressed 
in differentiated CSCs will be useful in CSC biology [18,22]. With 
this perspective, we evaluated the surface-marker differences after 
differentiation following serum addition.

Material and Methods
Cell culture 

Tumorsphere culturing was performed as described previously 
with some modifications in the medium. We used Dulbecco’s 
modified Eagle’s medium/nutrient mixture F-12 (DMEM-F12; 
GIBCO-Invitrogen, La Jolla, CA) supplemented with penicillin G, 
streptomycin sulfate, B-27 (GIBCO-Invitrogen), recombinant human 
FGF-2 (20 ng/mL; R&D Systems, Minneapolis, MN), and recombinant 
human epidermal growth factor (EGF; 20 ng/mL; R&D Systems) [19]. 
The cells were cultured in HERA cell incubators (Thermo Electronic 
Corporation, Asheville, NC) at 37°C, ≥95% relative humidity, and 5% 
CO2 with 20% O2 conditions. Prior informed consent was obtained 
from the donor patients. Our study was approved by the Medical 
Review Boards of University of Pittsburgh, University of Virginia, 

and Gifu University School of Medicine.

Flow cytometry
For flow cytometry of the surgical specimens within 2 h of 

tumor removal, the tumor tissues were minced by a surgical scalpel, 
incubated in Accutase (Sigma-Aldrich, St. Louis, MO) for 20 min 
under 37°C and washed; the cells were then dissociated in phosphate-
buffered saline (PBS; 3X) to remove the cell debris, and titrated in 
PBS. The cells were then passed through a 40-µm strainer (Falcon, 
Oxnard, CA) and resuspended in flow cytometry buffer consisting of 
PBS with 0.1% fraction V of bovine serum albumin (Sigma-Aldrich). 
The sphere cells were mechanically dissociated by a 5-mL pipette 
(Corning, NY) and then passed through a 40-µm strainer (Falcon). 
For long-term analysis, we used clonally expanded frozen-cultured 
X01, X02, and X03 sphere cells at different time points [18,19]. Briefly, 
the cells were diluted to 1 × 105 concentration with 50-µL aliquots for 
each analysis. For surface-marker analysis, we used antibodies against 
anti-human phycoerythrin (PE)-conjugated anti-human CD184, 
CD44, CD24, CD15, PDGFRa, CD54 (or intracellular adhesion 
molecule-1, ICAM-1), CD56 (or neural CAM, NCAM), CD146 (or 
melanoma CAM, MCAM), CD166 (or activated-leukocyte CAM, 
ALCAM), EGFR (BD Biosciences, San Jose, CA), PE-conjugated 
CD133/1 (AC133) (Miltenyi Biotec, Auburn, CA), and purified 
anti-human A2B5 (Miltenyi Biotec). Antibodies were titrated using 
appropriate dilutions and incubated on an ice bath for 60 min. 
The cells were then washed with the flow cytometry buffer, and the 
secondary fluorescent-conjugated antibody for A2B5 was added at 
appropriate dilutions and incubated on an ice bath for 60 min. For 
intracellular staining, the cell pellets were incubated with 0.1% Triton 
X-100 in the flow cytometry buffer on an ice bath for 10 min and then 
washed with the flow cytometry buffer. Sox2 (R&D Systems) and bmi-
1 (R&D Systems) were used for intracellular staining. The stained cells 
were washed once with the flow cytometry buffer, resuspended in 500 
µL of the same buffer, and evaluated by the Coulter EPICS Cytometer 
(Beckman Coulter, Fullerton, CA). Appropriate compensation and 
isotype controls were used in the experiment.

Immunofluorescent staining
Immunocytochemistry of CSCs was performed as described 

in a previous study [23]. The following antibodies were used: anti-
nestin (rabbit pAb, 1:200; Chemicon, Temecula, CA), anti-CD133/1 
(1:1; Miltenyi Biotec), anti-β-III-tubulin (Tuj1; mouse mAb, 1:200; 

Sample-ID Alternative ID Diagnosis WHO grade
Marker Expression (%)

CXCR4 CD133 CD44 CD24 A2B5 PDGFRa CD15

0917 GBM IV 1.0 4.8 98.4 11.8 12.7 21.9 2.2

0815 GBM IV 1.4 1.1 90.4 1.1 8.6 0.6 1.8

0626 GBM IV 2.0 1.7 67.4 0.8 7.1 1.3 0.9

1203 X04 GBM IV 16.4 1.7 98.5 98.4 1.1 0.5 1.4

0320 X06 GBM IV 23.5 3.2 97.6 96.5 1.5 0.8 0.2

0408 X07 Gliosarcoma IV 15.6 5.6 98.9 92.5 0.1 1.1 0.2

0609 GBM IV 2.2 1.9 76.5 16.2 8.2 19.1 2.3

0630 GBM IV 7.9 2.5 89.8 25.2 6.2 4.2 0.5

Table 1: The values indicate the percentage expression of surface markers. Abbreviation: GBM, Glioblastoma multiforme.

Numbers indicated % expression of surface markers.
Abbreviations: GBM: Glioblastoma Multiforme
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Chemicon) for neurons, and anti-glial fibrillary acidic protein (GFAP; 
rabbit pAb, 1:500; DAKO, Glostrup, Denmark) for astrocytes. 
Visualizations were performed with Alexa fluorophore-conjugated 
secondary antibodies (1:1,000; Molecular Probes, Eugene, OR).

Statistical analysis 
The differences among the various surface maker expression 

patterns were evaluated by Student’s t-test. p < 0.05 was considered 
statistically significant.

Results
Glioma CSCs and glial/neural linage markers of freshly 
dissected brain tumors and primary-established glioma 
CSCs

All experiments were performed with malignant-glioma derived 
CSC lines from freshly resected surgical specimens [19,23].  Our 
culture system allowed the isolation of clonogenic cells from the 
human brain tumors and that these tumors contained multipotent, 
long-term self-renewing, population-expanding cells that satisfy 
the defining criteria of CSCs [1,4,18]. We analyzed the expression 
patterns of surface markers CD44, A2B5, and PDGFR-a for glia, 
CD24 for neural cells, and CD133 and CD15 for stem cells on fresh 
glioblastoma multiforme (GBM) specimens by flow cytometry. The 
CD184 expression was also analyzed because it is extremely important 
for tumor invasion. High CD44 expression was observed in all 8 cases 
and high CD24 expression was observed in 3 cases (1203, 0320, and 
0408) (Table 1). The cells from all 8 GBM samples formed neuronal 
sphere-like aggregates within 2 to 7 days of culturing. The sphere-
like aggregation of cells from cell lines 1203 (X04), 0320 (X06), and 

0408 (X07) increased continuously, while the cells from the other 5 
samples became adherent and lost their proliferative capacity within 
3 months of culturing. X04, X06, and X07 could be passaged and 
amplified by resupplementing with fresh medium twice weekly. 
Interestingly, in these 3 cases, the CD24 expression was nearly 100%, 
while the CD184 expression was higher than that in other cases (p < 
0.01). No correlation was noted between the CD133 expression and 
cell amplification.

After sufficient amplification of these 3 cases, we analyzed the 
expression patterns of several surface markers. We also analyzed 
the established glioma CSC lines X01, X02, and X03 and the newly 
established GBM sphere cells X08 and X09. Moreover, CD56 as 
a neuronal marker and CD54, CD146, and CD166 as cell-surface 
markers are expressed in glioma/cancers. In addition, we found that 
the EGFR expression was expressed in immature astrocytes and was 
essential for astrocyte development. EGFR was also frequently over 
expressed in high-grade glioma cells. The stem cell markers Sox2 
and bmi-1 that are highly expressed in glioma CSCs were analyzed 
by intra-cellular staining method. All cases revealed high expression 
levels of Sox2, EGFR, bmi-1, and CD146, while the expression profiles 
of CD133, CD44, CD24, and CD56 differed among tumors (Table 2). 
Although CD15 has been reported to be a glioma CSC marker, we 
detected only few CD15 cells in this study [6].

Marker changes between dissociated single cells and 
subsequently developed spheres and differentiated 
glioma CSCs

The in vitro environments are different inside and outside of the 
sphere cells during development [24]. Therefore, we first evaluated 

Case ID TCGA Data

Marker expression (%) X01 X02 X03 X04 X06 X07 X08 X09 % Expressions of cases

Glioma CSC Marker

CD133 4.9 2.6 9.3 2.8 3.6 4.6 1 1.5 81

CD15 (SSEA1) 0.4 1 0.4 0.7 1.5 1.3 0.1 0.5 2

Sox2 (ICS) 97.4 92.1 91.3 97.2 95.6 97 98 92.1 96

Bmi 1 (ICS) 64.6 52.1 42.5 53.2 44.2 40.1 56.7 36.2 30

Glial Marker

CD44 (HCAM) 88.2 9.7 94.7 94.5 99 98.3 92.5 81.4 98

A2B5 6.5 9.2 12.1 4.3 9.3 1.2 11 5.5 N/A

PDGFRa (CD140a) 0.8 0.5 0.7 0.3 1.4 0.8 1.1 0.7 15

Neuronal Marker

CD24 7.4 99.8 46.5 97.1 99.2 97.2 85.3 7.7 N/A

NCAM(CD56) 89.4 95.4 57.4 43 57 38.4 63.9 31.7 80

Others

CXCR4 (CD186) 40.9 15.1 51.2 10.1 10.5 9.8 7.3 7.5 97

ICAM-1 (CD54) 97.8 89.7 91.1 39 65 47 38.7 23.6 50

MCAM (CD 146) 96.2 89.2 76.5 98 92.1 88.7 61.7 64.9 89

ALCAM (CD 166) 23.5 69.7 59.8 41.2 35.8 68.6 67.2 61.8 63

EGFR 53 64.2 39.1 47.7 52 51.7 36 37.3 75

Table 2: The values indicate the percentage expression of surface markers. Flow cytometry data were collected within 3 months of amplifying the cells. The TCGA 
data is given in the left panel. The numerals indicate percent positive cases from the database.

Abbreviations: ICS, Intracellular staining; TCGA, The Cancer Genome Atlas; N/A, Not applicable.
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the marker expression patterns of dissociated single sphere cells prior 
to the addition of EGF and 72 h later for the developed sphere cells. 
The dissociated sphere cells, mostly in single-cell suspension, formed 
spheres within 24 h, and their size increased (Figure 1A). In addition, 
EGF concentration was decreased (data not shown). As expected, 
the EGFR expression decreased after 72 h of culturing (Figure 1B). 
Although most of the surface markers were expressed in similar 
levels, the level of CD54 expression was increased, but it returned to 
the original after addition of EGF and after dissociation during the 
subsequent passage in all cell lines.

In the serum-containing differentiation medium, the sphere 
cells differentiated and developed into neurons and glia, expressing 
both neuronal and glia markers (Figure 2A). Analysis of the markers 
on the differentiated cells revealed reduced CD133 expression after 
differentiation; this observation is in concordance with that of a 
previous study [18]. The A2B5, CD24, CD56, and CD184 expression 
also dramatically decreased after differentiation, and the CD166 
expression increased (p < 0.05). These data suggest that A2B5, CD24, 
CD56, and CD184 may be glioma stem/progenitor cells and that 
CD166 may be a differentiation marker.

Marker expression patterns of long-term-cultured glioma 
CSCs

To avoid any potential surface-marker differences between single 
cells and developed spheres, long-term flow cytometry was performed 
after dissociating the spheres and prior to adding EGF. Repeated 
characterization of the cell-surface phenotypes of sphere cells from 
X04, X06, and X07 by flow cytometry revealed that the cells remained 
stable up to 6 months (Table 3), while the bmi-1 expression was 
found to be increased in all 3 cell lines. Similarly, repeated evaluation 
of X01, X02, and X03 cells revealed that they remained stable for up to 
36 months (Table 4). Surprisingly, in X01 cells, the CD24 expression 
dramatically increased after 12 months and further increased after 
24 months of culturing. In X02 cells, the CD44 expression gradually 
increased in 6–24 months. However, the CD24 expression was 
decreased after 6 months. Interestingly, the self-renewal ability of 

X02 cells after 6 months of culturing was 3-times greater than that 
of the early passage cells (data not shown). On the other hand, no 
differences were observed in the X01 cells in terms of morphology, 
self-renewal ability, and tumorigenicity after intracranial injection 
[18].

Discussion
Although the molecular biology aspect of cancer has been 

extensively studied, there is a lack of understanding of its cellular 

Figure 1: The time course of developing spheres and surface-marker 
differences. (A) Dissociated single cells formed spheres within 24 h. Bar: 
100 µm, (B) Surface maker differences between dissociated single cells and 
subsequently developed spheres after 72 h of culturing. The sphere cells 
were mechanically dissociated and analyzed. N = 3, *p < 0.01.

Figure 2: Glioma CSCs differentiation following serum addition. (A) Nestin 
and CD133-positive sphere cells (left panel) differentiated GFAP-positive 
glia and Tuj1-positive neurons. Some cells showed GFAP and Tuj1 double-
positive cells. Bars: 25 µm,(B) Bar graph shows the marker expression 
patterns of the undifferentiated sphere cells and differentiated cells. N = 3, 
*p < 0.01.

X04 X06 X07
Marker expression 

(%)
3 

months
6 

months
3 

months
6 

months
3 

months
6 

months
Glioma CSC 

Marker
CD 133 2.4 2.8 1.1 1.8 1.8 2.8

CD15 (SSEA1) 0.2 0.2 1.2 1.1 0.7 1.1

Sox2 (ICS) 95.6 97.6 96.0 91.3 97.5 98.0

Bmil (ICS) 55.7 81.8 54.2 86.0 36.1 44.5

Glial Marker

CD44 (HCAM) 97.3 86.8 98.8 88.9 92.7 86.4

A2B5 4.9 7.7 6.4 12.2 1.9 1.8

PDGFRa (CD140a) 0.4 0.6 1.1 0.6 0.9 0.9

Neuronal Marker

CD24 93.5 93.5 97.0 97.4 91.0 85.3

NCAM (CD56) 48.6 44.0 61.9 64.7 34.8 50.0

Others

CXCR4 (CD186) 12.7 6.3 11.6 13.7 10.2 10.6

ICAM-1 (CD54) 40.0 32.2 53.7 46.1 24.3 23.5

MCAM (CD146) 97.5 88.7 93.9 84.9 79.4 56.6

ALCAM (CD166) 54.2 75.4 40.2 52.7 61.3 38.6

EGFR 30.9 43.2 66.4 59.7 55.6 67.8

Table 3: Marker Expressions in Middle-term Cultured Glioma CSCs.

Abbreviations: ICS: Intracellular Staining.
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biology; for instance, the recently proposed cancer hierarchy and 
heterogeneity theories based on stem cell biology [1]. Stem cells 
occupy the top of the developmental hierarchy because they possess 
the ability of self-renewal and initiate development of all cell lineages 
in the corresponding tissues [25]. Stem cells divide to produce 2 
daughter cells, of which one remains a stem cell and hence retains the 
self-renewal ability. The other daughter cell forms a progenitor cell that 
undergoes expansion and further differentiation to form mature cells. 
Because cancer develops as a result of unregulated self-renewal and 
differentiation, understanding cancer heterogeneity is fundamental 
to the understanding of cancer cell proliferation [26,27]. In fact, GBM 
displays a rather heterogeneous cellular composition, as indicated by 
the term “multiforme”; it exhibits phenotypic heterogeneity as it is 
composed of cells expressing both undifferentiated and differentiated 
markers [28]. In this study, clonally derived CSC lines from an 
individual patient expressed stem/progenitor markers such as CD133, 
CD44, CD24, and A2B5, which suggests that each tumor contained a 
fundamental type of stem and/or progenitor cell. However, the degree 
of differentiation and the types of cells produced were different for 
different tumors, which suggests a fundamental difference among the 
progenitor cells of different tumors [26,27]. 

Glioma CSCs express unique sets of molecular markers. Several 
stem/progenitor markers such as CD133, CD44, CD24, CD15, 
A2B5, and PDGFRa have been utilized for the identification and 
characterization of both normal stem cells and CSCs [4,6,11,12]. 
CD44 is one of the well-studied CAMs in cancer research, with a 
possible role in gliomagenesis [11,12,29]. CD171 (or neural CAM, 

L1CAM) is required for the maintenance of glioma CSCs [15]. 
However, very little is known about the possible role of other CAMs 
in gliomagenesis. In this study, we hypothesized that some CAMs 
expressing cell surface markers may be involved in the characterization 
of glioma heterogeneity. Thus, we selected CD54, CD56, CD146, and 
CD166. In fact, with reference to The Cancer Genome Atlas database 
(TCGA, http://cancergenome.nih.gov/), the expression of CD54 was 
detected in 50%, CD56 in 80%, CD146 in 89%, and CD166 in 63% of 
the GBM patients (Table 2). Furthermore, CD54 is associated with 
glioma invasion and several cancer prognoses [16]. In this study, the 
expression of CD54 ranged from 23.6–97.8% in the primary analysis, 
and the expression profile remained stable in long-term culturing. 
Interestingly, the CD54 expression increased with developing spheres, 
indicating the contribution of heterogeneous sphere environment in 
CD54 expression [24]. Neuronal lineage-restricted precursors can be 
differentiated and isolated via CD56 expression; this molecule is a type 
of neuronal marker such as CD24 [30]. Although no correlation was 
found between CD24 and CD56 expression in the sphere cultures, 
the CD24 expression decreased dramatically, while the CD56 
expression was intact after differentiation following serum addition. 
These data suggest that CD24 and CD56 markers play different roles 
in neurogenesis and tumorigenesis. CD166 is also associated with 
malignancy in breast cancer and melanoma [31]; its expression 
differed and increased after differentiation, suggesting that CD166 
may serve as a differentiation marker of stem/progenitor cells.

This study had certain limitations. In the primary cell culture, 
the cells from 5 of the 8 human tumor samples generated poorly 

X01 X02 X03

Marker expression (%) 3-6  
months

6-12  
months

12-36  
months

3-6  
months

6-12  
months

12-36  
months

3-6  
months

6-12  
months

12-36  
months

Glioma CSC Marker

CD 133 5.0 4.1 6.4 2.3 6.7 2.6 7.4 5.3 2.9

CD15 (SSEA1) 0.2 1.1 ND 1.4 0.8 ND 0.3 0.3 ND

Sox2 (ICS) 85.3 ND 93.2 94.0 ND 96.3 86.0 ND 91.2

Bmil (ICS) 78.4 ND 78.6 69.1 ND 72.3 59.2 ND 65.4

Glial Marker

CD44 (HCAM) 90.4 87.4 100.0 11.5 42.1 93.5 96.0 91.9 99.9

A2B5 8.7 3.0 11.8 23.3 11.2 10.8 18.8 5.9 9.5

PDGFRa (CD140a) 0.2 ND ND 0.2 ND ND 1.5 ND ND

Neuronal Marker

CD24 10.4 7.1 61.9 99.3 73.8 11.0 37.6 43.9 43.9

NCAM (CD56) 92.4 99.8 73.4 92.1 96.0 90.2 65.9 54.2 61.0

Others

CXCR4 (CD186) 44.0 29.3 41.4 16.7 30.5 20.3 50.4 32.7 41.9

ICAM-1 (CD54) 96.8 95.6 95.0 94.9 89.4 81.1 96.6 94.5 73.3

MCAM (CD146) 90.8 91.3 89.8 83.6 92.1 92.6 89.5 94.2 41.2

ALCAM (CD166) 16.4 14.7 30.4 71.4 88.9 68.4 68.7 77.9 38.6

EGFR 47.1 44.0 42.0 57.0 58.0 42.0 61.0 44.0 46.0

Table 4: Marker Expressions in Long-term Cultured Glioma CSCs.

Flow cytometry data were collected between 3-6, 6-12 and 12-36 months after amplifying cells. Between 3 to 6 months, data were collected once. Between 6 to 12 
months, data were collected twice each 6 months and averaged. Between 12 to 36 months, data were collected twice each 12-18 months and averaged. Numbers 
indicated mean % expressions of surface markers. Abbreviations, ICS: Intracellur Staining, ND; Not done.
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expanding spheres, because of which we could not serially passage the 
cells growing in the suspension sphere culture. It is also possible those 
CSCs are reprogrammed during culture or that they dedifferentiate 
in vitro from a more differentiated cell type in response to certain 
signal-transduction cascade(s) [17,19,21]. Presently, we cannot rule 
out the possibility that transformation and dedifferentiation of more 
mature brain cells may contribute to tumorigenesis. It is intriguing 
to speculate whether specific growth factors can force lineage-
restricted tumor stem cells to differentiate via different pathways. It 
is important to study this aspect further, because understanding the 
molecular basis of unregulated self-renewal of cancer cells will allow 
designing of more effective therapies. Moreover, it is important to 
study human specimens for studying CSCs, because CSCs derived 
from individual patients may facilitate better understanding of the 
origin/proliferation of various cancers.

In summary, we demonstrated that the established sphere culture 
method can preserve stem/progenitor marker expression even after 
3 years of culturing. Our results also demonstrate the heterogeneity 
of glioma cell lines that may be involved in the differentiation/
dedifferentiation of CSCs in vitro, there by laying the foundation 
for further CSC studies aimed at clarification of their roles in the 
development of malignant brain tumors. A detailed understanding 
of the heterogeneity of CSCs will enable better understanding of the 
tumor pathogenesis and better designing of effective therapeutic 
strategies. In addition, to resolve the different surface-marker 
expression patterns among cancer patients, flow cytometry can 
be used as it allows characterization of more than 20 fluorescence 
labeling. Thus, specific combination of cell surface molecules may 
enable characterization of CSC heterogeneity or CSC hierarchy in the 
future.
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