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Abstract: Glioblastoma multiforme (GBM) is the most malignant World Health Organization grade IV brain tumor. GBM
patients have a poor prognosis because of its resistance to standard therapies, such as chemotherapy and radiation. Since stem-
like cells have been associated with the treatment resistance of GBM, novel therapies targeting the cancer stem cell (CSC)
population is critically required. However, GBM CSCs share molecular and functional characteristics with normal neural stem
cells (NSCs). To elucidate differential therapeutic targets of GBM CSCs, we compared surface markers of GBM CSCs with
adult human NSCs and found that GD2 and CD90 were specifically overexpressed in GBM CSCs. We further tested whether
the GBM CSC specific markers are associated with the cancer stemness using primarily cultured patient-derived GBM cells.
However, results consistently indicated that GBM cells with or without GD2 and CD90 had similar in vitro sphere formation
capacity, a functional characteristics of CSCs. Therefore, GD2 and CD90, GBM specific surface markers, might not be used as
specific therapeutic targets for GBM CSCs, although they could have other clinical utilities.
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Introduction

Glioblastoma multiforme (GBM) is classified as World
Health Organization (WHO) grade IV brain tumors. They
are the most common and most malignant tumor of the
adult human central nervous system. GBM patients have a
poor prognosis with the median survival of approximately
below 1 year [1]. The poor prognosis in GBM patients is
mainly due to the resistance to standard therapies, such as
chemotherapy and radiation [2]. Recently, stem like cells were
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reported to increase the GBM resistance to chemotherapy and
radiotherapy, and expectedly caused GBM recurrence [3-5].
In the nervous system, stem cells have the properties of
self-renewal for expansion and maintenance [6]. These neural
stem cells (NSCs) are differentiated into neurons, astrocytes,
and oligodendrocyte in nervous system development [7].
However, the sub-population of NSCs with tumor initiating
abilities could play a major role in GBM development. In fact,
cancer cells displaying NSCs properties and tumor-initiating
abilities comprise a small proportion in GBM [8, 9]. Cancer
initiating cells known as cancer stem cells (CSCs) especially
represent a subpopulation of cancer cells, and are responsible
for the maintenance and growth of tumors. Recently, CSCs
were identified in various cancers such as some leukemias,
breast cancer, gastric cancer and brain tumor [10-13]. These
GBM CSCs closely resemble normal NSCs that they share
the properties of self-renewal and differentiation [14, 15].
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However, CSCs are distinguished by increased proliferation
kinetics and abnormal differentiation [12, 16-18]. Moreover,
CSCs may cause relapse and metastasis by giving rise to new
tumors.

Therefore, the specific therapies targeting CSCs is critically
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required to overcome therapeutic resistances of GBM.
Unfortunately, currently little is known about specific markers
of CSCs. Although the protein levels of the CD133 cell surface
marker determines success or failure of in vitro culture and
in vivo tumor formation, they are also expressed in normal

Table 1. List of 242 cell surface markers in BD Lyoplate Human Cell Surface Markers Screening Panels

No. Marker No. Marker No. Marker No. Marker No. Marker
1 CDla 50 CD43 99  CD89 148 CD152 197 CDw327
2 CD1b 51 CD44 100 CD90 149 CD153 198 CDw328
3 CDh1d 52 CD45 101  CD91 150 CD154 199 CDw329
4 CD2 53 CD45RA 102 CDw93 151 CD158a 200 CD335 (NKP46)
5 CD3 54 CD45RB 103 CD% 152 CD158b 201 CD336
6 CD4 55 CD45RO 104 CD95 153  CDl6l 202 CD337
7 CD4v4 56 CD46 105 CD97 154 CD162 203 CD338 (ABCG2)
8 CD5 57 CD47 106  CD98 155 CD163 204 CD340 (Her2)
9 CD6 58 CD48 107 CD99 156 CD164 205 abTCR
10 CD7 59 CD49%a 108  CD99R 157 CD165 206 B2-uGlob
11 CD8a 60 CD49b 109 CD100 158 CD166 207 BLTR-1
12 CD8b 61 CD49c¢ 110 CD102 159 CDl171 208 CLIP
13 CD9 62 CD49d 111  CD103 160 CD172b 209 CMRF-44
14 CD10 63 CD49% 112 CD105 161 CD177 210 CMRE-56
15 CDl1la 64 CD50 113 CD106 162 CD178 211 EGF-r
16 CD11b 65 CD51/61 114 CDI107a 163 CD180 212 Fmlp-r
17 CDl11c 66 CD53 115 CD107b 164 CD181 213 gd TCR
18 CD13 67 CD54 116 CD108 165 CDI183 214 Hematopoietic progenitor cell marker
19 CD14 68 CD55 117 CD109 166 CDI184 215 HLA-A,B,C
20 CD15 69 CD56 118 CDl112 167 CDI193 216 HLA-A2
21 CD15s 70 CD57 119 CD114 168 CD195 217 HLA-DQ
22 CD16 71 CD58 120 CDl116 169 CD196 218 HLA-DR
23 CD18 72 CD59 121 CD117 170  CD197 219 HLA-DR,DPDO
24 CD19 73 CD61 122 CD118 (LIF receptor) 171  CD200 220 Invariant NKT
25 CD20 74 CD62E 123 CDI119 172 CD205 221 Disialoganglioside GD2
26 CD21 75 CD62L 124  CDI120a 173 CD206 222 MIC A/B
27 CD22 76 CD62P 125 CDI12la 174  CD209 223 NKB1
28 CD23 77 CD63 126 CDI121b 175  CD220 224 SSEA-1
29 CD24 78 CD64 127 CDI122 176  CD221 225 SSEA-4
30 CD25 79 CD66 (a.c.d.e) 128 CD123 177  CD226 226 TRA-1-60
31 CD26 80 CD66b 129 CDI124 178  CD227 227 TRA-1-81
32 CD27 81 CD66f 130 CDI126 179  CD229 228 Vb 23
33 CD28 82 CD69 131 CD127 180 CD231 229 Vb8
34 CD29 83 CD70 132 CDI128b 181 CD235a 230 CD49f
35 CD30 84 CD71 133 CD130 182 CD243 (p-glycoprotein ) 231 CD104
36 CD31 85 CD72 134 CD134 183 CD244 232 CD120b
37 CD32 86 CD73 135  CD135 184  CD255 (Tweak) 233 CD132
38 CD33 87 CD74 136  CD137 185 CD268 234 CD201
39 CD34 88 CD75 137 CDI137L 186 CD271 235 CD210
40 CD35 89 CD77 138 CD138 187 CD273 236 CD212
41 CD36 90 CD7% 139  CD140a 188 CD274 237 CD267
42 CD37 91 CD80 140 CD140b 189 CD275 (B7-H2) 238 CD294
43 CD38 92 CD81 141 CD141 190 CD278 239 CD326
44 CD39 93 CD83 142 CD142 191 CD279 240  Cutaneous lymph. antigen
45 CD40 94 CD84 143 CD144 192 CD282 241 INT B7
46 CD4la 95 CD85 144 CDl46 193  CD305 (LAIR-1) 242 SSEA-3
47 CD41b 96 CD86 145 CD147 194  CD309
48 CD42a 97 CD87 146 CD150 195 CD314 (NKG2D)
49 CD42b 98 CD88 147 CD151 196  CD321 (F11 receptor)
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NSCs [11, 15, 16, 19, 20]. So, the critical goal of therapeutic
development for GBM patients is to identify the specific
targeted markers for GBM CSCs that are distinct from normal
NSCs. Thus we performed this study to identify the specific
cell surface markers of CSCs distinct from human NSCs as a
GBM therapeutic targeting markers.

Materials and Methods

Primary cell culture

Surgical specimens were mechanically minced and placed
in enzyme mixture solution containing papain (10 unit/ml,
Sigma, St. Louis, MO, USA), DNase I (0.1 mg/ml, Roche,
Mannheim, Germany), and D,L-cystein (4 mg/ml, Sigma)
for 15-30 minutes at 37°C. Dissociated cells were cultured
in DMEM/F12 media with % B27 (Invitrogen, Carlsbad,
CA, USA), 1% penicillin/streptomycin cocktail (Invitrogen),
epidermal growth factor (50 ng/ml, R&D Systems, Min-
neapolis, MN, USA), basic fibroblast growth factor (50 ng/
ml, R&D Systems) for neurosphere culture. Alternatively,
adherent culture was performed with above culture media
with 0.5% fetal bovine serum (Invitrogen).

In vitro immunocytochemistry analysis

For immunocytochemistry (ICC) analysis, both 682,
779, 464T, and 5327 cells (3x10° cells/well) were cultured
on Nunc Lab-Tek IT Chamber Slide System (Thermo
Scientific, Waltham, MA, USA). The cells were fixed by 4%
paraformaldehyde, permeabilized in 0.5% Triton X-100, and
then blocked with 1% bovine serum albumin (Santa Cruz
Biotechnology, Santa Cruz, CA, USA). Primary antibodies
against Sox2 and nestin (Upstate/Millipore, Billerica, MA,
USA) and Alexa-flour 488 dye-conjugated secondary anti-
bodies (Invitrogen) were utilized. Nuclei were stained by 4',6-
diamidino-2-pheylindole (DAPI, Invitrogen).

In vivo orthotopic models and tumor formation analysis

For tumor formation, we performed the intracranial injec-
tion using anesthetized BALB/c-nu mice of 6 week old. To
establish these orthotopic models, the each cells of NSCs
and GBM (2x10°/5 ul Hank’s balanced salt solution, Gibco,
Eggenstein, Germany) were stereotypically injected into the
left striata of mice (co-ordinates; anterior/posterior, +0.5
mm; medial/lateral, +1.7 mm, dorsal/ventral, -3.2 mm from
Bregma). For tumor volume measurement the brain slices
were fixed in 10% formalin/phosphate buffered saline, and
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embedded in paraffin. And then the paraffin blocks were
sectioned into 4-pm sections, and stained with hematoxylin
and eosin.

Cell surface marker screen analysis

Cells were characterized using BD Lyoplate Human Cell
Surface Markers Screening Panels (cat no. 560747, BD Bio-
sciences, San Jose, CA, USA). The panels contain 242 anti-
bodies and correspondent isotype controls in three 96-well
plates, and the staining was done according to manufacturer’s
instruction. Two hundred forty-two antibodies for cell surface
marker screening were listed in Table 1. The incubation with
primary antibodies was done in a concentration of 0.5 pg
per test, and secondary antibodies were used species-specific
Alexa 647 (Invitrogen). The measurement was done using
flow cytometry, BD Caliber & LSR II @ SNU fluorescence
activated cell sorting (FACS) room, and data analysis was
done by using BD Bioscience (San Jose, CA, USA).

Limiting dilution assay

The cultured cells were enzymatically dissociated into
single cell suspensions, and seeded into 96-well plates with
various seeding densities of 20, 50, 100, 200, and 500 cell per
well. After seeding, the plates were incubated at 37°C for 2-3
weeks. Wells without sphere formation was analyzed, and
tumor sphere frequency was calculated using the Extreme
Limiting Dilution Analysis (http://bioinf.wehi.edu.au/
software/elda/index.html). The P-value was determined by
chi-square test compared with control group, and P<0.05 was
considered as statistically significant.

Results

The stem cell markers were overexpressed in both nor-
mal NSCs and GBM cells

We have previously established the culture method for
human multipotent neural cells, as well as the sphere culture
method for retaining the stemness of GBM cells [21]. Surgical
samples from temporal lobe epilepsy patients were cultured
under the neurosphere culture conditions without serum.
Subsequently, the NSCs, 682, and 779 were identified to
express stem cell markers by ICC. The results indicated that
stem cell markers, Sox2 and nestin were detected in NSCs,
such as 682 and 779 (Fig. 1, two left columns). Furthermore,
we previously reported that GBM patients-derived cells from
surgical specimens were cultured in neurosphere culture
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conditions without serum for CSCs [20, 22]. The GBM cells,
532T and 464T were also confirmed for stem cell markers
at the protein level. Sox2 and nestin were clearly detected in
532T and 464T cells (Fig. 1, two right columns). We addi-
tionally showed that Sox2 and nestin were predominantly
expressed in nucleus and cytoplasm in both NSCs and GBM
cells.

Sox2

DAPI

Merge

Nestin

DAPI

Merge
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GBM cells but not NSCs, generated tumor mass in or-
thotopic brain xenograft models

We injected animals with NSCs and GBM cells that retain-
ed stemness, and identified subsequent tumor formation.
The mouse brains injected with 682 and 779 NSCs did
not generate tumor mass (Fig. 2, two left columns, upper
panels), but 464T and 532T GBM cells generated tumor mass
within the brain (Fig. 2, two right columns, upper panels).

Fig. 1. Sox2 and nestin were highly
8 ghl)
regulated in both normal neural stem
cells (NSCs) and glioblastoma multi-
forme (GBM) cells. 464T and 532T
GBM cells, as well as 682 and 779
normal NSCs were stained by anti-
Sox2 (uppcr, grcun) and anti-nestin
(l()\\'cr, grccn) antibodies for immuno-
cytochemistry. Nuclei of all cells were

stained by DAPI (blue).
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Additionally, we observed cell proliferation in all fixed mouse
brains by tissue staining with the proliferating cell nuclear
antigen (PCNA) antibody. The result showed that the tumor
cells generated after injection with 464T and 532T were
stained with the PCNA antibodies (Fig. 2, two right columns,
lower panels), but the mouse brains injected with 682 and 779
were unstained (Fig. 2, two left columns, lower panels). Active
proliferation of the tumor cells only generated by injection
with 464T and 532T GBM cells.

GD2 and CD90 were significantly overexpressed in
GBM cells than NSCs
Differentially overexpressed stem cell markers in GBM

cells were identified by staining 779, 682, 464T, and 532T
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Fig. 2. Glioblastoma multiforme cells
unlike neural stem cells generated tu-
mor mass in orthotopic brain xenograft
models. Hematoxylin and eosin (H&E)
and immunohistochemistry staining
for proliferating cell nuclear antigen
(PCNA) expression were performed in
representative whole brains of the or-
thotopic xenograft. Bar chart summary
of average staining intensity of PCNA
in 3 randomly selected hot spot regions
(*P<0.05).

cells with 242 cell surface markers antibodies. The results
obtained in 682 and 779 NSCs cells, or in 464T and 532T
GBM cells were displayed in Fig. 3. All data were normalized
to the average value with buffer solution. We selected 11
molecules including GD2, CD98, CD91, CD90, CD81, CD59,
CD57, CD56, CD47, CD151, and CD146, which showed
positive expression of >50% in 464T and 532T GBM. The
11 selected molecules were quantified by fold changes to the
corresponding average value of NSCs. The results showed
that the protein levels of GD2 and CD90 were increased 10
fold and 9.8 fold respectively, in GBM cells than NSCs (Fig. 4).
However, 9 molecules, i.e., CD98, CD91, CD81, CD59, CD57,
CD56, CD47, CD151, and CD146 had significant differences
of positive expression in GBM cells compared with NSCs.



Submandibular and sublingual glands

Anat Cell Biol 2015;48:44-53 49

“1zea> W

Fig. 3. Cell surface markers of 242 kinds were analyzed in normal neural stem cells (NSCs) and glioblastoma multiforme (GBM) cells. 464T (B)
and 532T (D) GBM cells, as well as 682 (A) and 779 (C) normal NSCs were stained by BD Lyoplate Human Cell Surface Marker Screening Panel
containg 242 antibodies. All cells were counted by flow cytometer BD Caliber & LSR II. Data were analyzed by BD FACSDive software.
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Fig. 4. Positive expression of GD2 and CD90 were significantly in-
creased in glioblastoma multiforme (GBM) cells than neural stem cells
(NSCs). BD Lyoplate Human Cell Surface Marker Screening showing
high regulated markers of >50% were selected in GBM cells, and ana-
lyzed with the expressed changes in NSCs. Data was expressed by the
fold changes of each value in GBM cells as compared with NSCs for
the selected 11 markers.

GBM cells with or without GD2 and CD90 had similar
in vitro sphere formation capacity

Cancer contains its own stem cells for maintenance and
expansion of the tumor. CSCs generate tumor by self-renewal
and differentiation into multiple cell types, and comprise only
a small proportion of cancer cells. Recently, sphere culture
was introduced in various stem cell researches including
nerve and prostate [23, 24]. Sphere formation is especially
excellent to enrich the CSCs subpopulations. We performed
limiting dilution analysis by measuring the frequency of
tumor sphere formation to identify the self-renewing capacity
of CSCs.

Firstly, to determine whether the overexpression of GD2
and CD90 in cancer cells have characteristics of cancer stem-
ness, we performed the cell sorting of tumor cells with or
without the protein expression levels of GD2 and CD90,
respectively in 464T GBM cells. The results indicated that
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the cells with or without GD2 and CD90 were 10% and
5%, respectively, in 464T (Fig. 5A). We then immediately
performed a limiting dilution assay using these sorted cells for
sphere formation. The cells with GD2 were not significantly
different compared with the cells without GD2 (P=0.073) (Fig.
5C). Additionally, the cells with or without CD90 were also
not significantly different (P=0.165) (Fig. 5D).

Discussion

GBM comprises 55% of primary brain tumors, and it is
well known as the primary malignant brain tumor [25]. The
prognosis of GBM patients is very poor, and recurrence is
common [1, 2]. According to recent reports, one of the causes
of GBM recurrence may be CSCs with self-renewal potential,
which exists as a small fraction of GBM. CD133 cell surface
marker-positive cells, in comparison to CD133-negative cells,
were shown to contribute to anti-cancer drug and radiation
resistance in several studies on brain tumors. Singh et al. [11,
19] showed that the FASC sorted CD133-positive cancer cells
drive tumor formation, but CD133-negative cancer cells fail to
generate tumor mass in mouse brains. These findings suggest
that CSCs have a critical role in tumor formation, as well as
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tumor recurrence by increasing resistance to strong external
stresses. Many researchers have recognized the importance
of specific markers of CSCs for tumor-initiating cells target
therapy. However, CSCs share properties of normal NSCs,
such as long term self-renewal and the ability to differentiate
into the various neural cell lineages. CD133 plays a critical
role in tumor formation and resistance to various stresses in
cancer cells, but it is overexpressed in normal NSCs, as well as
CSCs. So, we attempted to identify specific markers that are
differentially expressed in CSCs as compared to NSCs in this
study. In this study, we identified that GD2 and CD90 were
significantly increased in GBM cells than NSC cells (Fig. 4).
GD2 disialoganglioside is a sialic-containing glycosphing-
olipid, which is expressed primarily on the cell membrane,
and restricted to neurons in normal tissue [26]. However,
high expression of GD2 has been found in neuroblastoma,
melanoma, bone, small cell lung cancers, and soft-tissue
sarcoma, as well as brain tumors [27-32]. In addition, GD2
is overexpressed in the malignant tumors and exhibits
molecular and functional properties of CSCs in breast
cancer cell. Battula et al. [33] reported that ganglioside GD2
was identified in breast CSCs and promotes tumorigenesis.
According to their research, the GD2-positive cells isolated
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by FACS sorted steps formed 2 fold higher single cell-derived
mammospheres as compared with GD2-negative cells.
Moreover, the in vivo limiting dilution assay to determine
the tumor initiating potential of GD2-positive cells was
used for identification of tumor generation by sorted GD2-
positive and GD2-negative cells. GD2-positive cells generated
a maximum 5 fold more tumor compared with the GD2-
negative cells. Their results suggested that GD2 is a marker of
cells capable of initiating tumors at a higher frequency than
GD2-negative cells in breast cancer. So, this overexpression
of GD2 is taken notice as a therapeutic marker in a wide
spectrum of tumors [34, 35]. Currently, several GD2 targeting
antibodies have already been developed and studied by many
researchers for molecular targeting therapy, and are in clinical
trial for neuroblastoma and metastatic melanoma [36, 37].

CD90 is a heavily glycosylated, glycophosphatidylinositol
anchored cell membrane protein. It is already known as a
major marker for human stem cells in liver CSCs, as well
as various CSCs, such as hematopoietic and mesenchymal
stem cells [38-41]. According to recent studies, while CD90
is hardly expressed in the normal brain and most low grade
astrocytomas, it is dramatically increased in high grade (WHO
grade III and IV) glioma [42, 43]. Thus CD90 is reported
by Yang et al. [40] that it is a unique surface marker for high
grade glioma CSCs. Yang et al. [40] reported the significance
of CD90-positive CSCs in liver cancer. They showed the
sorted CD90-positive cells from 6 HCC cell lines, i.e., HepG2,
Hep3B, PLC, Huh7, MHCC97L, and MHCC97H generated
tumor nodules in nude mice. Conversely, the CD90-negative
cells from all cell lines did not induce tumor formation
in mice. Their results that CD90-positive cells positively
correlated with tumorigenicity, revealed that CD90 is a
potential marker for liver CSCs.

These many reports strongly suggest that GD2 and CD90
may be the potential therapeutic targets for CSCs. In addition,
we also obtained the results that GD2 and CD90 may be
the potential specific targets for GBM CSCs, because they
were prominently overexpressed in GBM CSCs (Fig. 4). So,
we performed in vitro experiments to determine whether
cells sorted with the GD2 and CD90 antibodies had the
characteristic of CSCs since the method was particularly app-
ropriate to observe the characteristics of cancer stemness at
the single cell level from heterogeneous GBM patient-derived
cells (Fig. 5). To elucidate our theories, we choose the limiting
dilution analysis to determine the frequency of cells with
a particular function that were present in a heterogeneous
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cell population. However, we could not find that GD2- or
CD90-positive cells have in vitro sphere formation capacity,
a functional characteristics of CSCs distinct from NSCs (Fig.
5C, D). As the final outcome, this study indicated that GD2
and CD90 cell surface markers were highly expressed in
GBM cells in contrast to NSCs, but did not have a particular
characteristic of GBM CSCs. Therefore, we think that the
specific overexpressed GD2 and CD90 in GBM cells might
not be uses as critical therapeutic targets for GBM CSCs,
although they could have other clinical utilities.
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