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Fig. 1. i Malignant teratoma (n = 62; male:female ratio = 14.5:1).

Cumulative survival rates of each pineal tumor were calculated by Cutler’s
method. Five-year survival rate of germinoma was 89.4%, while those of embryo-
nal carcinoma, yolk sac tumor and choriocarcinoma were 35.3, 37.5 and 58.1%,
respectively (table 4).

Discussion

The incidence of the pineal tumors according to the centralized brain tumor
registries varies from 0.4 to 1% among adult patients and from 3 to 5% among
children [7]. Especially germ cell tumors are very frequent in Asian countries
such as Japan and Korea [8]. The frequency in Japan is 5 times as high as in the
western countries. In the registries of the United States, germ cell tumors were
classified only into germinoma and mixed germ cell tumors, and the details of
choriocarcinoma, embryonal carcinoma and yolk sac tumors were not reported.
Even in Japan these tumors are rare, but 95 cases apart from 68 cases with mixed
germ cell tumors were registered in BTR] during 1984 and 2000 and survival
rates were calculated. Compared with pure germinomas, survival rates of these
tumors were very low, and especially those of embryonal carcinoma and yolk sac

Statistical Analysis of Pineal Tumors from BTRJ 9
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Table 3. Frequencies of pineal tumors by histology (BTRJ 1984-2000)

Male Female Total
Germinoma 542 . 43 585 (49.2%)
Pineoblastoma 51 50 101 (8.5%)
Pineoblastoma 41 24 65 (5.5%)
Teratoma . 57 4 61(5.1%)
Malignant teratoma 58 4 62 (5.2%)
Embryonal carcinoma 31 3 34(2.9%)
Yolk sac tumor 31 3 34(2.9%)
Choriocarcinoma 23 4 27 (2.3%)
Other germ cell tumor 60 8 68 (5.7%)
Glioma 42 ’ 35 77 (6.5%)
E;'moid 4 1 5 (0.4%)
Epidermoid 13 2 15 (1.3%)
Others 32 22 54 (4.5%)
Total 985 203 1,188 (100.0%)
Unknown 84 72 105

Table 4. Cumulative survival rates of pineal tumors (BTRJ 1984-2000)

Patients  1year 2years 3 years 4 years 5 years

Germinoma 486 96.2 924 91.3 90.3 89.4
Pineocytoma 77 95.4 89 87.5 87.5 841
F;iﬁe‘éz)lastoma 30 748 57.1 507 48.5 46.1
Teratoma 50 » 96.4 96.4 922 922 89.6
Malignat teratoma 41 84.2 74.9 72.8 70.6 70.6
Embryonal carcinoma 12 64.7 38.2 353 353 353
Yolk sac tumor 13 55.6 44.8 373 373 373
Choriocarcinoma 15 62.3 623 62.3 62.3 58.1

Rates are expressed as percentages.

10 Shibui-Nomura
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tumors were less than 40%. Although chemotherapies such as ifosfomide, cispla-
tin and etoposide and carboplatin + etoposide improved the survival, the latter is
still unsatisfactory.

Nationwide registry is important. It is a retrospective study and the evidence

level is not as high as it would be in a prospective study. But thanks to it we can
understand the global aspects of the tumors, especially rare tumors such as pineal
tumors. In 2008, BTR] started to register tumors online. The registration rate
is expected to be much higher, and most of the brain tumors in Japan will be
registered.
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Abstract Di ion of gliobl: 1a was once consid-
ered rare but is now increasingly encountered with longer
survival of glioblastoma patients. Despite the potential
negative impact of dissemination on clinical outcome,

A. Sato * K. Sakurada * T. Kayama
Department of Neurosurgery,

Yamagata University School of Medicine,
2-2-2 lida-nishi,

Yamagata 990-9585, Japan

T. Kumabe * T. Tominaga

Department of Neurosurgery,

Tohoku University Graduate School of Medicine,
1-1 Seiryo-machi, Aoba-ku,

Sendai 980-8574, Japan

T. Sasajima * K. Mizoi

Department of Neurosurgery,

Akita University School of Medicine,
1-1-1 Hondo,

Akita 010-8543, Japan

T. Beppu * A. Ogawa

Department of Neurosurgery, Iwate Medical University,
19-1 Uchimaru,

Morioka 020-8505, Japan

K. Asano - H. Ohkuma

Department of Neurosurgery,
Hirosaki University School of Medicii
Zaifu-cho 5,

Hirosaki 036-8562, Japan

C. Kitanaka (<)

Department of Molecular Cancer Science,
University School of Medici

2-2-2 Tida-nishi,

Yamagata 990-9585, Japan

e-mail: ckitanak@med.id.yamagata-u.ac.jp

however, molecular markers useful for prediction of dissem-
ination risk still remains ill defined. We tested in this study for
an association between the expression of stem cell marker
CD133 and the risk of dissemination in 26 cases of
(16 with di ion and 10 without dissem-
ination). The protein expression of CD133 was examined by
western blot analysis of tumor specimens, and the CD133
expression levels were quantified by densitometry and
normalized to (-actin. The results indicated that CD133
expression levels are significantly higher in glioblastomas
with dissemination (mean 10.3, range 0.20-27.8) than in those
without (mean 1.18, range 0.07-3.58). The results suggest that
CD133 could be a molecular predictor of gliobl
dissemination, and also give rise to an intriguing idea that
CD133-positive cancer stem cells may be implicated in the
initiation of disseminated lesions.

Tinhl.

Keywords Glioblastoma - Dissemination -
Cancer stem cell - CD133

Introduction

Malignant gliomas are the most common and intractable
primary neoplasms of the central nervous system. Despite
aggressive treatments, recurrence is inevitable and fatal in
most cases of malignant glioma. Recurrent tumors usually
arise locally close to the primary tumor site, but they
occasionally appear as disseminated lesions at sites distant
from the primary tumor [1, 3, 9, 12, 19, 23, 24, 35, 37, 44].
The incidence of disseminating malignant gliomas, which
was once considered rare [44], ranges from 8% to 27% [1,
9, 23, 24] and reaches as high as 44% in one recent report,
which could be ascribed to longer survival of the patients
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analyzed [17]. Given the apparent negative impact of
dissemination on survival of patients with malignant
gllomas [l 24], control of dissemination will have

ingly greater clinical significance as progress is
made in local control of the tumors. Understanding the
biology that underlies dissemination would help improve
diagnosis and of di inated yet

had evidence of dissemination documented on magnetic
resonance (MR) imaging during the clinical course. “Patients
without dissemination” were those who survived 12 months
or longer without any evidence of dissemination on MR
images taken during the course. Dissemination was defined as
the of an enh d nodule(s) and/or diffuse

h of'the lep 1 space at sites distant from

information on genetic and/or molecular aspects of dissem-
ination is still very limited [2, 15, 17, 18, 21].

The cancer stem cell hypothesis holds that tumors are
composed of a rare subpopulation of cancer stem cells
having the ability to self-renew indefinitely and initiate
tumor formation and of the other majority of tumor cells
having limited ability to divide and therefore incapable of
initiating tumor formation [25]. Recent studies have
documented existence of such cancer stem cells in several
tumor types including gliomas [10, 27, 34, 38], and the cell
surface antigen CD133 has been established as a useful
marker molecule for identifying cancer stem cells of gllorna
(glioma stem cells) [31]. CD133 is exp d 11}

(i.e., not contiguous to) the primary tumor location on T,-
weighted MR images with contrast enhancement. Patients
were treated according to each institution’s protocol, and
outpatlent follow-up was done at 1-2 month intervals. MR
were ducted at least every 2-3 months.

Clinical data acquisition

Clinical records including the MR images were reviewed for
each patient. We recorded patient age at diagnosis, sex,
pathological diagnosis, location of the primary tumor, extent
of surgxcal resection, and history of radiation therapy and

in glioma stem cells, and the CD133’r but not the CD133
population of glioma has been shown to retain the ability to
self-renew and, upon orthotopic transplantation into immu-
nodeficient mice, initiate formation of tumor that recapit-
ulates the characteristics of the original tumor from which it
is derived [4, 28-30, 43]. According to this cancer stem cell
hypothesis, the cells that give rise to disseminated lesions
should be “cancer stem cells” capable of initiating tumors,
since those cells are presumed to be individual (single)
tumor cells migrating away from the primary tumor to the
distant sites of dissemination. If this is actually the case,
then, it is expected that the proportion of the cancer stem
cell population within primary tumors would be a critical
factor determining the chance of developing dissemination.
In this study, in an attempt to identify molecular predictors
of di ination, we investigated whether the expression level
of CD133, which is expected to reflect the proportion of
glioma stem cells within a tumor, is associated with
development of dissemination in glioblastoma cases.

Materials and methods
Patient population

The subjects of this study were patients with newly diagnosed
glioblastoma multiforme (GBM) who were treated at the
neurosurgical departments of the participating institutions and
for whom snap-frozen samples of the primary tumor availabl

h py. The extent of resection was described as total
(100% resected), subtotal (95% <, <100% resected), partial
(5% <, <95% resected), and biopsy. The date of primary
di is, the date di ination was d d, final c
the date of death (the date of the latest clinical follow-up for
living patients) were recorded to calculate time interval
between primary diagnosis and dissemination (= timing of
dissemination) and overall survival.

Western blot analysis of CD133 expression

Samples from the main body of the primary tumors, which
were snap frozen in liquid nitrogen at the time of tumor
resection and stored at —80°C until use, were lysed in the lysis
buffer (62.5 mM Tris-HC1 pH 6.8, 2% sodium dodecyl sulfate
(SDS), 10% glycerol) and sonicated. After d ination of
protein concentration using the BCA protein assay kit
(Pierce), cell lysates were separated by SDS-polyacrylamide
gel electrophoresis (PAGE) and transferred to a polyvinyli-
dene difluoride membrane. The membrane was, after being
blocked in Tris-buffered saline with 5% nonfat dry milk,
probed with anti-CD133 primary antibody (W6B3Cl,
Milteny Biotechnology, 1:3,000) and then with an anti-mouse
horseradish peroxidase (HRP)-conjugated secondary anti-
body (Santa Cruz Biotechnology, 1:2,000) using Can Get
Signal (Toyobo). The membrane was also probed with anti-
B-actin (Sigma, 1:6,000 in phosphate-buffered saline-0.1%
Tween 20 [PBS-T] with 5% nonfat dry milk) and then with
an anti-mouse HRP-conjugated secondary antibody (Santa
Cruz Biotechnology, 1:3,000 in PBS-T with 5% nonfat milk).

for the following expression analysis have been obtained upon
informed consent. The subject patients consisted of two
groups: “patients with dissemination” and “patients without
dissemination”. “Patients with dissemination” were those who

4 springer

Blots were visualized on X-ray films using Immobilon Western
Chemiluminescent HRP Substrate (Millipore).

Developed films were scanned and band densitometry
was done using Image J (National Institutes of Health).
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CD133 densitometry results were normalized to B-actin. A
positive control sample (patient ID: D4) was always run on
each gel and used as a standard for comparison of results
from different gels.

Statistical analysis

Mann-Whitney U test was used to test for statistically
significant difference of CD133 expression and age
between two independent groups. Chi-square test and
Fisher’s exact probability test were used to examine the
difference of sex, tumor location, and initial therapies (the
extent of surgical resection, with or without radiation and
chemotherapy). Correlation of CD133 expression with
timing of dissemination and overall survival was assessed
using the nonparametric Spearman rank correlation assay
(correlation coefficient: 7). Two-sided values of P<0.05
were considered statistically significant.

Results
Patient characteristics
A total of 26 GBM patients were available for analysis in

this study, and their baseline ch istics are
in Table 1. Of the 26 patients analyzed, 16 were p

:ad
1zed

CD133 expression was observed in tumors from patients
with dissemination, ranging from very high levels to nearly
undetectable. In contrast, the expression levels of CD133 in
patients without dissemination were uniformly low: CD133
was almost undetectable in the majority of patients, and
was at most barely detectable even in patients with highest
expression (Fig. 1). We then quantified CD133 expression
by densitometry. Since inevitable inclusion of red blood
cells within the tumor samples made determination of
protein concentration somewhat inaccurate, CD133 expres-
sion level was normalized to B-actin level, an internal
control for protein loading. The levels of CD133 expression
after normalization to (-actin (CD133/B-actin ratio) were
remarkably higher in patients with dissemination (mean
10.3, range 0.20-27.8, »=16) than in those without
dissemination (mean 1.18, range 0.07-3.58, n=10). This
difference of CD133/B-actin levels was statistically signif-
icant (P<0.05, Fig. 2a), and the difference remained
significant even when the analysis was limited to adult
GBM patients with (mean 9.48, range 0.20-22.7, n=14)
and without (mean 1.18, range 0.07-3.58, n=10) dissem-
ination (P<0.05, Fig. 2b).

CD133 expression and timing of dissemination

The median time interval between primary diagnosis and
di ion (timing of di ination) for 16 patients

with dissemination, and 10 were without dissemination. Of
the 16 patients, with dissemination, 14 were adult
(>17 years old) and two were pediatric patients, with the
median age of 58.5 years (range 8-74 years). The location
of the primary tumor was spinal in one patient and
supratentorial in the other 15. Of the 10 patients without
dissemination, all were adult, with the median age of
54 years (range 44-74 yea:s) The location of the prunary
tumor was sup ial in all p without d

tion. In principle, both patlems with and without dissem-
ination received initial therapies consisting of surgical
resection, radiation therapy, and chemotherapy. There were
no statistically significant differences in age, sex, tumor
10canon, and the initial therapies (the extent of surgical

with dissemination was 8 months (range 0-107 months)
(Table 1). Dissemination occurred within 1 year after primary
diagnosis in 10 patients (62.5%) and later than 1 year in six
(37.5%). We examined whether there is any correlation
between timing of di ination and CD133 expression in
primary tumors, and found posmve correlation between the
two parameters (7,=0.67, n=16), whlch was statistically
significant (P<0.05, Fig. 3).

CD133 expression and overall survival in adult GBMs
with dissemination

To test whether CD133 expression in the primary tumor is
assoclaved with overall survival of patients independent of

hether or not accc ied by radiation and
chemothempy) between the two groups. The median overall

we examined if any correlation exists between
the two parameters among patients with dissemination. To

survival was 14 months (range 5-129 months) for p
with di and 29.5 ths (range 12-88 months)
for those without.

CD133 expression in GBMs
with and without dissemination

To investigate CD133 expression, we subjected samples of
the primary tumors from patients with and without
dissemination to western blot analysis. Varying levels of

exclude founding factors and conduct analysis on a
uniform group of patients, analysis was limited to adult
GBMs, and patients who were alive at the time of latest
follow-up were censored. The result indicated that there is no
significant correlation between the level of CD133/B-actin
ratio and overall survival in patients with dissemination (7=
0.55, n=10; Fig. 4a). When the patients with dissemination
were grouped into those who survived 12 months or longer
and those who survived less than 12 months, the mean
CD133/B-actin ratio was higher in the former group than in
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Fig. 1 Western blot analysis
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onto each lane
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p-actin
Dissemination
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the latter (13.9 for those who survived >12 months and 7.1
for those who survived <12 months), although the difference
was not statistically significant (Fig. 4b).

Discussion

In this study, to explore the possibility that CD133, a
glioma stem cell marker, could be a molecular predictor of
di ion, we there is significant
association between CDl33 expression in the primary
tumors from GBM patients and development of dissemina-
tion. The results clearly indicated that CD133 expression
levels assessed by western blot analysis are significantly
higher in patients with dissemination than in those without,
suggesting that CD133 protein expression may be a useful
indicator of dissemination risk in GBM cases. The findings
also prompt us to put forward a novel hypothesis that
CD133-positive glioma stem cells could be a potential
source/seed of dissemination.

We analyzed in this study, for patients without dissem-
ination, only those who survived 12 months or longer
without the evidence of di This incl
criterion was added for the purpose of preventing “poten-
tially disseminating cases (cases in which dissemination
would have occurred if the patient had survived longer)”
from being included in the group of patients without

4 wheth

+ -

D14 D15 D16 ND8 ND9 ND10

primary diagnosis and dissemination falls within 6-
12 months in the majority of previous studies [17, 24];
summarized in Ref. [39], which was also the case in this
study. We therefore expect that, with this inclusion
criterion, we could have substantially reduced, albeit not
totally eliminated, the risk of including p ially di

inating cases in the group of p ithout di i

As one potential drawback of this inclusion criterion, it is
possible that CD133 expression levels are low in patients
without dissemination in this study just because we have
selected patients with favorable prognosis, which may be
associated with low CDI133 expression. However, this is
unlikely to be the case for two reasons. First, no significant
correlation was observed between CD133 expression level
and overall survival when the analysis was conducted on
patients (adult GBMs) with dissemination, suggesting that
CD133 exprﬁswn may not bea prognosuc factor of overall
survival i of d ion (Fig. 4a). Of note,
when we dlvnded the patients with dissemination into two
groups—those surviving 12 months or longer and those
surviving less than 12 months—the CD133 expression
levels tended to be even higher in the former group than in
the latter (Fig. 4b). Thus, it seems unlikely that we have
artificially selected patients with low CD133 expression by
limiting the analysis of patients without dissemination to
those who survived 12 months or longer. Second, in line
with our finding, a recent study failed to show significant

dissemination. The median or mean time interval bety

CDI33 ext and overall survival

iation b
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Fig.2 A between di and CD133 expression in
glioblastoma patients. CD133/p-actin ratio of primary tumors from
patients with (dissemination +) and without (dissemination —)
dissemination. Bars indicate mean values. a All subjects (16 patients
with dissemination and 10 without dissemination) were included in
the analysis. b Analysis was limited to adult patients (14 with
dissemination and 10 without dissemination); *P<0.05

of 72 adult GBM patients [7]. Although another report, in
which a series of grade 2-4 astrocytoma patients were
analyzed, suggested that CD133 expression may be
associated with overall survival of astrocytoma patients, it
remains to be shown in that study whether it holds true if
the analysis is limited to grade 4 (i.e., GBM) patients [45].
Together, these observations are in support of the idea that
CD133 expression may be associated with dissemination
rather than with overall survival of GBM patients. It may,
however, deserve emphasizing here that association of
CD133 exp with di tion does not ily
preclude its association with overall survival. Given that
CD133 is a marker of glioma stem cells that represent only
a small fraction within the entire tumor, the association
between CD133 expression and overall survival would
become more apparent as the remaining majority of tumor
cells, i.e., the non-stem cell population, becomes better
controlled in the future.

@ Springer

Whereas higher CD133 expression is thus associated
with i d risk of di ination, the results of this
study also suggested that it is not associated with “shorter”
interval between primary diagnosis and di ination. This
could be naturally understood if we assume that the timing
of dissemination mainly depends on the time required for
formation of tumor mass, for which the intrinsic growth
properties of tumor cells, irrespective of whether they are
stem cells or not, are considered to be key determinants. In
line with this idea, higher MIB-1 labeling index has been
associated with shorter time interval before development of
dissemination in patients with disseminating GBM [17].

Recently, we have reported that nestin expression may
be associated with dissemination of central nervous system
(CNS) germ cell tumors [26]. Although it remains to be
shown whether cancer stem cells exist in CNS germ cell
tumors and whether nestin expression, presumed to be a
marker for multi-lineage progenitor cells [41], could also be
a marker for such cancer stem cells of CNS germ cell
tumor, the association of nestin expression and dissemina-
tion suggests the possibility that cancer stem cells are the
potential source of dissemination in CNS germ cell tumors.
Thus, the results of the present study, in conjunction with
this earlier report of ours [26], support the emerging
hypothesis that brain tumor stem cells may play an
important role in brain tumor dissemination within the
CNS. Although, in the present study, the exact identity of
the cells exg CD133 ins to be determined,
demonstrating the expression of stem cell markers includ-
ing CD133 by tumor cells in future immunohistochemical
studies would help further validate this hypothesis. In this
respect, nestin has been classically regarded as a marker for
glioma stem cell, and nestin immunohistochemistry has

120
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Fig. 3 Relationship between CD133 expression level and timing of
dissemination in glioblastoma patients. A scatter plot of time interval
between primary di is and di ination (timing of di

tion) in relation to CD133/B-actin ratio in 16 glioblastoma patients
with dissemination. Correlation coefficient, 7,=0.67, n=16, P<0.05

—172—



Neurosurg Rev (2010) 33:175-184

181

a

140
712 :
8
£
]
2 8
£
@ 6
T
o
8 nf, . .o

ol o

0 5 10 15 20 25

b CD133/p-actin

25

20
£ .
'i 15
§ .
510
8 .

—
H
0 .
<12 months 212 months
Overall Survival

Fig. 4 Relationship between CDI133 expression level and overall
survival of adult glioblastoma patients with dissemination. a A scatter
plot of overall survival in relauon to CD133/ﬂ—acnn ratio in adult
patients with di: ion coefficient, rs=
0.55, n=10, P>0.05. b CD133/B-actin ratio in adult glioblastoma
patients who survived 12 months or longer (>12 months) and less than
12 months (<12 months). Bars indicate mean values. In a and b, live
patients at the time of latest follow-up were censored from the
analysis. Consequently, a total of 10 patients were analyzed

been well established [8]. We therefore conducted a pilot
immunohistochemical analysis of our GBM samples for
nestin expression and found that the level of nestin
expression in tumor cells is indeed higher in primary
tumors from patients with dissemination than in those from
patients without dissemination (unpublished data, the
Tohoku Brain Tumor Study Group). However, the differ-
ence of nestin expression was much less pronounced
compared with that of CD133 demonstrated in this study,
with substantial overlap of nestin expression levels in the
two groups. This could be explained by the idea that nestin
is a less specific marker for stem cells than CD133 is, given
the recent reports suggesting that nestin expression may not
be restricted to stem cells [6, 20].

The results of the present study suggest that stem cell
marker CD133 may be a novel molecular marker for
dissemination of GBM. Our data clearly indicated that there
is little overlap of CD133 expression between the two
groups of patients with and without dissemination (Fig. 2).
Importantly, whereas the expression levels of CD133 in
patients with dissemination somewhat varied, those in

patients without dissemination were uniformly low. This
finding implies that, although low CD133 expression may
not exclude the possibility of dissemination, high levels of
CD133 expression may be associated with a high risk of
dissemination. Thus, CD133 expression could become a
useful predictor for selective identification of patients at
high risk of dissemination. On the other hand, some tumors
in this study disseminated despite low CD133 expression.
This could be explained by the recent observations that
there may exist a distinct class of glioma stem cells that do
not express CD133 [5, 16, 22, 40]. To date, several clinical
parameters such as young age, male sex, incomplete tumor
removal, multiple resections, ventricular entry, and prox-
imity of the tumor to the ventricular system, have been
suggested as possible risk factors of dissemination [1, 3, 12,
19], but their significance as predictors of dissemination
still remains to be shown. As for genetic and molecular
markers of dissemination, gain at the /p36 chromosomal
region [18], PTEN mutation [15, 17], and tissue inhibitor of
metalloproteinase 2 (TIMP-2) expression [21] have been
associated with dissemination. Although the significance of
these genetic/molecular markers as risk factors of dissem-
ination also remains to be established, they could become a
useful predictor, because the incidence of these genetic
abnormalities (/p36 gain, PTEN mutation) and the expres-
sion level of TIMP-2 in patients with dissemination were
markedly higher than in control patients. Both increased
TIMP-2 expression and inactivation of PTEN by mutation
are presumed to contribute to dissemination via promotion
of glioma cell migration/invasion away from the primary
tumor, an essential step in the process of dissemination [17,
21]. However, it would be intriguing to speculate that
PTEN mutation also contributes to dissemination by
increasing the population of glioma stem cells within the
primary tumors, given the observations that PTEN nega-
tively regulates the population size of neural stem cells
which are considered to share characteristic stem cell
properties with glioma stem cells [13, 14]. Aside from
whether and how these genetic and molecular markers are
involved in dissemination, these markers are expected to
help predict the risk of dissemination and their significance
as predictors of dissemination will be tested and verified in
future studies.

Currently, radiation therapy and intrathecal chemothera-
py are the major treatment options for disseminated lesions
in malignant glioma cases, yet their effects against
established tumors are nonetheless limited [32, 33, 36,
42]. Given the principle idea that therapy resistance of
tumor cells develop in a time-dependent manner [11], those
treatments would be more effective if delivered prophylac-
tically before disseminated lesions form discrete masses.
Thus, patients would benefit from prophylactic radiation
therapy and/or intrathecal ct herapy against di
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tion if we knew in advance that disseminated tumors would
eventually develop during the course. In this respect,
although the results of this present study need to be
confirmed in large-scale studies in the future, our results
suggest that CD133 could become a useful molecular
predictor to prospectively identify such patients at high
risk of dissemination, alone or in combination with other
dissemination markers reported to date.
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CC (2008) Stem cell marker CD133 affects clinical outcome in
glioma patients. Clin Cancer Res 14:123-129

3

oo

4

e

41.

Comments

Karl Frei, Zurich, Switzerland

In this study, the authors tested for an association between the
expression of the stem cell marker CDI133 and the risk of
d.lssemmanon in 26 cases of glioblastomas (10 without and 16 with

ination). The tumor speci were ined by western blot
analysis and the CDI33 expression levels were quantified by
densitometry and normalized to 3-actin.

'Ihe authors suggest from their dma xba! CD133 might be a

di of gliobl ion and that CD133-
positive cancer stem cells may be implicated in the initiation of
disseminated lesions.

This intriguing idea has to be taken with caution due to the
following reasons:

1. The study is only based on western blot analysis and no
immunohistochemistry has been performed to confirm the biochem-
ical data.

2. The western blot analysis was not done in a manner.

of an of this tumor. The CD133
expms-on was measured on protein level by westem blot. Dissem-
ination was defined as appearance of enhanced nodules and/or diffuse
h of the lep | space at distance sites of the
primary tumor location on contrast enhanced MRI.

The results indicated that significant higher CD133 level were
found in GMB patients with a disseminated tumor progression. These
findings imply that high levels of CD133 expression may be
associated with a high risk of dissemination whereas low CD133
expression may not exclude the possibility of dissemination.

Despite the recent surge of interest in CD133+ brain tumor stem
cells, the clinical significance of this cell population remains unclear
and with this study an mlemmng hypothesis is made. Striking

ids suggests a d; process of of CD133 positive
cells.

Since the amount of CD133 positive cells may vary in a process of
tumor progression the measured western blot data of the initial tumor
specimen may not represent the amount of CD33 positive cells during
tumor dissemination or during local tumor progression. In addition for
future analysis, in order to correlate the relationship between CD133
expression and clinical prognosis not only the quantity of CD133
positive cells should be taken into account but also the quality of
CD133+ cells in in vitro and in vivo model systems have to be
evaluated,

Since various regimens target local tumor control of glioblastomas
such as radiosurgery or local chemotherapy, disseminated tumor
growth is difficult to treat and predictors are important in order to
indentify thls subpopulation of patients and CD133 expression may be
one mol for prediction of the clinical course of a
glioma patient group.

Michel Mittelbronn, Frankfurt, Germany
In lheu' current manuscript, Sato et a] present CD133 as a
for gliobl: ion and suggest that
CD133-positive stem cells may be implicated in the initiation of
disseminated lesions. This very interesting finding might be—if
constantly reproducible—a useful tool for the prediction of glioma
growth and could impinge on treatment strategies. However, what
is not proven in the present study and probably unprovable to date,
is the open ion if CD133 lation in gliobl: is the
cause of di or rather a bystander effect or q
of other conditions within gliomas. The authors strongly favor the
hypothesis that the source of CD133 expression might be related to
tumor stem cells (although not provcn by means of immunohisto-
hemistry or FACS analysis). S I would like to pmvxde
some additional interpretation of the western blot data. CD133 is
frequently considered as a marker for neural, hematopoietic, and
brain tumor initiating stem or progenitor cells, however, the
distribution of CD133 expression in brain tumors has remained
controversial. CD133-positive cells not closely related to tumor
vessels have been d to reside in ds ding areas of
necrosis (1) These areas are mainly subjected to low oxygen

From cell it is known that cultured
glioma cells are capable to express CD133 when kept under
hypoxic without ii diately being idered as stem

cells (2, 3). Furthermore, emerging studies point out that anti-
anglogemc appmaches in high grade gliomas either lead to (l)

The number of 26 cases is low and the observed variability (five
megative cases in each group) high.

is through of other
genic fulom, (1) invading normal CNS tissue via upregulation of
matrix metalloproteinases-2, 9, 12, and sparc (secreted protein,

a Springer
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acidic, cystcine—rich) or even drive expression of critical genes

iated with aggressi i i and poor survival in
glioma patients (4, 5). Takmg into account the fact that glioma
cells upregulate CD133 under hypoxic conditions and that hypoxia
strongly leads to a more migratory phenotype, one could assume
that the findings of Sato et al. could more likely reﬂect a

y CD133 lation in more mi y or di
glioblastomas.
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Control of stem cell state and differentiation of neural /p! cells is for proper devel-
opment of the nervous system. EGF and FGF2 play important roles in the control of neural stem/progenitor
cells, but the underlying mechanism still remains unclear. Here we show, using in vitro primary cul-
tures of mouse neural stem/progenitor cells, that both PI3K and mTOR are activated by EGF/FGF2 but
that inhibiting the activation of either PI3K or mTOR alone results in only reduced proliferation of neural
stem/progenitor cells without affecting their stem cell state, namely, the capacity to self-renew. However,
significantly, concurrent inhibition of PI3K and mTOR promoted exit from the stem cell state together
with astrocytic differentiation of neural stem/progenitor cells. These findings suggest that PI3K and mTOR
are involved in the EGF/FGF2-mediated maintenance of neural stem/progenitor cells and that they may
act in parallel and independent pathways, complementing and backing up each other to maintain the

stem cell state.

© 2009 Elsevier Ireland Ltd. All rights reserved.

Neural stem/progenitor cells are the self-renewing, multipotent
cells that generate progenies such as neurons and glia and serve
as the common source of these fundamental components of the
nervous system [17,18]. In the early stage of development, neu-
ral stem/progenitor cells first expand their population and then
give rise to neurons and subsequently glia [11]. Thus, the main-
tenance and expansion of the neural stem/progenitor cell pool by
self-renewal, as well as the timing and mechanism by which neu-
ral stem/progenitor cells become committed to differentiation into
neurons and glia, are tightly regulated and critical to proper devel-
opment of the nervous system. The maintenance of the neural
stem/progenitor cell pool is governed by a variety of cell-intrinsic
and extrinsic factors such as Notch ligands and secreted growth
factors, and a large body of evidence now indicates that epider-
mal growth factor (EGF) and fibroblast growth factor 2 (FGF2) are
critically involved in the control of neural stem/progenitor cells
both in vitro and in vivo [2,3,7,12,19]. However, in contrast to
their well-established role in the control of neural stem/progenitor
cell, much still remains unknown about the mechanism by which
these growth factors maintain neural stem/progenitor cells. For
instance, it remains largely unclear which intracellular signaling
molecule(s) activated by these growth factors contributes to neural
stem/progenitor cell maintenance and how. Here in this study, we

* Corresponding author. Tel.: +81 23 628 5212; fax: +81 23 628 5215.
E-mail address: ckitanak@med.id.yamagata-u.ac.jp (C. Kitanaka).

0304-3940/$ - see front matter © 2009 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.neulet.2009.12.067

investigated the role of phosphatidylinositol 3-kinase (PI3K) and
mTOR in the control of neural stem/progenitor cell.

LY294002 and rapamycin were purchased from Calbiochem.
EGF and FGF2 were from Peprotech. Anti-Sox2 (MAB2018), anti-
GFAP (AF2594), and anti-Blll-tubulin (MAB1199) were from
R&D. Anti-phospho-Akt (Ser473) (#4098), anti-Akt (#9272), anti-
phospho-p70 S6 kinase (Thr389) (#9209), anti-p70 S6 kinase
(#2708), anti-phospho-4E-BP1 (Thr37/46) (#2855), anti-4E-BP1
(#9452) were from Cell Signaling Technology. Anti--actin (A5441)
was from Sigma. Horseradish peroxidase (HRP)-conjugated sec-
ondary antibodies were from Santa Cruz Biotechnology and
Upstate.

The mouse strain used in this study for isolation of neural
stem/progenitor cells was ICR. All animal procedures were done
in accordance with the Declaration of Helsinki under the protocol
approved by the Animal Research Committee of Yamagata Univer-
sity. Forebrain tissues from E14.5 mouse embryos were washed
in chilled sterile Hanks’ balanced salt solution (HBSS) with 0.6%
glucose and penicillin/streptomycin (PS), minced with scissors,
and incubated in TrypLE Express (Invitrogen) and 0.02% DNase
type II (Sigma) in HBSS/PS for 30 min at 37 °C. After being washed
with HBSS/PS, the tissues were suspended in a basal medium
(a 1:1 mixture of Dulbecco’s modified Eagle’s medium and F-
12 medium [DMEM/F12, GIBCO]) and filtered through a 70-um
strainer. The dissociated cells were subsequently cultured in the
neural stem/progenitor cell culture medium (DMEM/F12 supple-
mented with the N2 supplement and PS) in the presence of EGF
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