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Fig. 1. Inhibition of growth factor-mediated activation of PI3K and mTOR by LY294002 and rapamycin, respectively, in neural stem/progenitor cells. Neural stem/progenitor
cells derived from E14.5 mouse embryos were cultured in the absence of EGF and FGF2 for 24 h and then stimulated with the growth factors in the absence or presence of

the indicated concentrations of LY294002 (A) or rapamycin (B). Cells were harvested 30 min after the growth factor sti ion and ji toi

analysis for

phospho(Ser473)- and total Akt (A) and for phospho(Thr389)- and total p70 S6 kinase (B). Representative immunoblot images (Left) and results of quantitative densitometric
analysis (Right) of 3 independent experiments are shown. The graphs show the means +SD of relative expression levels of phospho-Akt (A) and phospho-p70 S6 kinase (B)
compared to their levels in the presence of EGF and FGF2 but in the absence of the inhibitors, which were arbitrarily set to 1.

and FGF2 (20 ng/ml), to enrich neural stem/progenitor cell popula-
tion. EGF and FGF2 were added to the culture medium every day
unless indicated otherwise. Under this culture condition, cell aggre-
gates known as neurospheres were formed within 2 or 3 days after
seeding, and neurospheres were mechanically dissociated and re-
seeded at 3-4-day intervals. After 4 or 5 rounds of this passaging
procedure, the cells comprising the neurospheres (i.e., passage 4
or 5 neurospheres; Supplementary Fig. S1A, a) expressed Sox2 but
no or barely detectable level of glial fibrillary acidic protein (GFAP)
and BlII-tubulin (Fig. 3, lane 1; Supplementary Fig. S1B). They were
also capable of generating neurons, astrocytes, and oligodendro-
cytes under the differentiation culture condition (Supplementary
Fig. S1A, b-d), indicating that neurospheres at passages 4 and 5
are highly enriched in multipotent neural stem/progenitor cells.
Neural stem/progenitor cells were maintained by culturing in the
neural stem/progenitor cell culture medium unless otherwise indi-
cated. To induce differentiation, dissociated cells from passage 4 or
5 neurospheres were cultured in the differentiation culture con-
dition (DMEM/F12 containing 10% fetal bovine serum and PS) for
defined periods.

Neurosphere formation assays were carried out according to
Yoshimatsu et al. [20], with some modifications. For the pri-
mary neurosphere formation assay, passage 4 or 5 neurospheres
prepared from E14.5 mouse embryos as above were completely
dissociated, and the dissociated cells were suspended in the neu-
ral stem/progenitor cell culture medium containing EGF/FGF2 at a
density of 5000 cells/ml. Aliquots (200 1) were transferred to each
well of 96-well plates. The numbers of primary neurospheres were
counted after 3-day culture.

For the secondary neurosphere formation assay, cells cultured
in the neural stem/progenitor cell culture medium containing
EGF/FGF2 at a density of 2.5 x 105 cells/ml in the presence or
absence of inhibitors were collected and, being washed once with
the culture medium, mechanically dissociated and resuspended
in the neural stem/progenitor cell culture medium containing
EGF/FGF2 at a density of 5000 cells/ml. Aliquots (200 ) of this cell
suspension were then transferred to each well of 96-well plates,
and the numbers of secondary neurospheres were counted after
3-day culture.

For cell growth and viability assays, cells were plated in the neu-
ral stem/progenitor cell culture medium containing EGF/FGF2 at a
density of 2 x 105 cells/ml and cultured for 3 days. The cell number
was then determined using a hemocytometer, and cellular viability
was examined by the dye exclusion method (0.1% trypan blue).

For immunoblot analysis, cells were lysed in the lysis buffer
(10mM Tris-HCI [pH 7.4], 0.1% SDS, 1% sodium deoxycholate,
0.15M NaCl, 1 mM EDTA, 1% protease inhibitor cocktail set IIl [Cal-
biochem)]). For the analysis of phosphorylated proteins, cells were
lysed in the lysis buffer supp d with phosph inhibi
(20mM B-glycerophosphate, 10mM NaF, 0.1 mM Na3VO,). After
determination of protein concentrations using the BCA protein
assay kit (Pierce), cell lysates containing equal amounts of protein
were separated by SDS-PAGE and transferred to a polyvinyli-
dene difluoride membrane. The membrane was probed with a
primary antibody and then with an appropriate HRP-conjugated
secondary antibody according to the protocol recommended by
the manufacturer of each antibody. Blots were visualized on X-ray
films using Immobilon Western Chemiluminescent HRP Substrate
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(Millipore). For densitometric analysis, developed films were
scanned and band densitometry was done using Image ] (National
Institutes of Health). Densitometry results were normalized to total
Akt for phospho-Akt, to total p70 S6 kinase for phospho-p70 S6
kinase, and to B-actin for Sox2 and GFAP.

Statistical test for difference of means between two indepen-
dent groups were done using two-sided, unpaired Student’s t-test.
P values less than 0.05 were considered statistically significant.

Previous studies indicated that PTEN negatively regulates pro-
liferation and self-renewal of neural stem/progenitor cells [8,9].
Since PTEN counteracts the function of PI3K, we expected that PI3K
pathway activation by EGF and FGF2 may play a role in the main-
tenance of neural stem/progenitor cells. To test this idea, we used
neural stem/progenitor cells derived from the forebrain neuroep-
ithelium of E14.5 mouse embryo. When neural stem/progenitor
cells were stimulated with EGF/FGF2 after 24 h starvation, the PI3K
pathway was activated as indicated by the increased phosphory-
lation of Akt (which signals downstream of PI3K) (Fig. 1A). We
then examined the effect of inhibiting this EGF/FGF2-mediated
PI3K activation on neural stem/progenitor cells using a PI3K
inhibitor LY294002. In neural stem/progenitor cells, LY294002
inhibited PI3K in a concentration-dependent manner: it inhibited
EGF/FGF2-mediated PI3K activation down to the basal (unstim-
ulated) level at 5uM and almost completely at 20 uM (Fig. 1A).
We next tested its effect on the growth and survival of neural
stem/progenitor cells. Significant growth inhibition and marginal
reduction of viability were observed when cells were treated with
5uM LY294002 (Supplementary Fig. S2), suggesting that intact
PI3K activity may be required for full proliferation and survival of
neural stem/progenitor cells. We also asked whether the activation
of PI3K by EGF/FGF2 is required for maintaining the stem cell state
of neural stem/progenitor cells per se, i.e., the self-renewal capac-
ity. For this purpose, we conducted neurosphere formation assay
to monitor the self-renewal capacity of neural stem/progenitor
cells [7,13] and also checked the expression levels of the stem cell
marker Sox2 as well as the differentiation markers such as GFAP
(astrocyte marker) and Blli-tubulin (neuronal marker) [1,4,10,20].
Contrary to our expectation, LY294002 neither inhibited formation
of primary and secondary neurospheres by neural stem/progenitor
cells (Fig. 2) nor altered the expression levels of Sox2, GFAP, and
Blll-tubulin (Fig. 3, lane 2). These results suggested that neural
stem/progenitor cells maintain their capacity to self-renew even
under a PI3K-inhibited condition. Of note, these experiments were
done at a concentration of LY294002 (5 wM), which had minimal
negative effect on cell survival, since reduced viability could cause
artificial reduction of neurospheres in the absence of reduced self-
renewal. Nevertheless, the failure of LY294002 at 5 wM to inhibit
self-renewal was unlikely to be attributed to its incomplete inhi-
bition of the PI3K activity, since LY294002 failed to reduce the
expression of Sox2 even at higher concentrations (Supplementary
Fig. S3A) where it completely blocked the activity of PI3K (Fig. 1A).
Thus, PI3K activation by EGF/FGF2 appeared to be required for the
growth of neural stem/progenitor cells but may not be essential for
the maintenance of their stem cell state.

Recent studies demonstrated that combinatorial inhibition of
PI3K and mTOR inhibits proliferation and survival of glioma cells
more effectively than inhibition of either alone [5,16], suggesting
the possibility that PI3K and mTOR could function independently
and complement each other with respect to the expression of cer-
tain phenotypes. We therefore surmised that a similar relationship
between PI3K and mTOR might be operative in the maintenance of
the stem cell state of neural stem/progenitor cells and examined
the effect of inhibiting mTOR alone or in combination with PI3K
inhibition on neural stem/progenitor cells. As shown in Fig. 1B, the
specific mTOR inhibitor rapamycin efficiently inhibited the acti-
vation of mTOR by EGF/FGF2 at 10nM and higher concentrations,

which was monitored by the phosphorylation status of Thr389
of p70 S6 kinase (downstream marker of mTOR signaling). We
therefore tested the effect of rapamycin at concentrations between
10nM and 50 nM in the subsequent assays. At 20 nM, rapamycin
significantly retarded growth and marginally reduced cell viabil-
ity, suggesting that mTOR is also required for efficient proliferation
and survival of neural stem/progenitor cells (Supplementary Fig.
52). We then tested the effect of rapamycin on the capacity of
neural stem/progenitor cells to self-renew. Similar to LY294002,
rapamycin had no apparent effect on neurosphere formation (Fig. 2)
and on the expression levels of Sox2, GFAP, and BIiI-tubulin (Fig. 3
and Supplementary Fig. S3B). Thus, the results suggest that mTOR
inhibition alone, though sufficient to inhibit the growth of neural
stem/progenitor cells, does not affect the stem cell state of neural
stem/progenitor cells.

Given that inhibition of PI3K or mTOR alone had no effect on
the stem cell state of neural stem/progenitor cells, we next exam-
ined the effect of blocking PI3K and mTOR at the same time.
Concomitant use of LY294002 and rapamycin inhibited, though
modestly, the formation of primary neurospheres (Fig. 2B). Because
the combination of these inhibitors also caused small but sig-
nificant reduction in the viability of neural stem/progenitor cells
(Supplementary Fig. S2B), it was formally possible that the inhi-
bition of primary neurosphere formation was secondary to the
reduced viability. However, strikingly, inhibition of neurosphere
formation became even more pronounced when the cells treated
with the combination of the two inhibitors for 3 days were sub-
jected to secondary neurosphere formation assay in their “absence”
(Fig. 2C). Thus, the results strongly suggested that the 3-day treat-
ment with the inhibitors irreversibly compromised the capacity of
neural stem/progenitor cells to self-renew. Consistent with this
idea, Sox2 expression apparently decreased after 3-day combi-
natorial treatment with LY294002 and rapamycin, accompanied
by parallel increase of GFAP but not Blll-tubulin (Fig. 3). Fur-
thermore, whereas treatment with either LY294002 or rapamycin
alone only reduced the size of neurospheres (but not the forma-
tion/number of neurospheres) in line with their negative effect on
neural stem/progenitor cell proliferation, concomitant treatment
with these two inhibitors caused neural stem/progenitor cells to
adhere to the culture dish and extend cellular processes, which
is a morphological alteration characteristic of differentiating cells
(Supplementary Fig. S4). Altogether, these lines of evidence sug-
gest that neural stem/progenitor cells exit the stem cell state and
become committed to differentiation into the astrocytic lineage
once both PI3K and mTOR are inhibited but not when either is
active.

In this study, we investigated the mechanism by which neural
stem/progenitor cells are maintained by EGF/FGF2. Using neural
stem/progenitor cells derived from mouse embryo forebrain, we
demonstrated that both PI3K and mTOR are activated by EGF/FGF2
and that concurrent, but not individual, inhibition of PI3K and
mTOR effectively reduces the ability of neural stem/progenitor cells
to self-renew, making them committed to differentiation into the
astrocytic lineage. Notably, we also observed that the activities of
PI3K and mTOR drop sharply when neural stem/progenitor cells
were induced to undergo differentiation in the differentiation cul-
ture condition in the absence of EGF/FGF2 (Supplementary Fig. S5).
Together, these results suggest that activation of two independent
intracellular signals by EGF/FGF2 - one through PI3K and the other
through mTOR - may play a crucial role in maintaining the undiffer-
entiated, stem cell state and that the maintenance may be achieved
in a complementary manner by the two independent, parallel sig-
naling pathways.

It remains to be shown at the molecular level how PI3K and
mTOR complement each other in maintaining the stem cell state
of neural stem/progenitor cells. However, intriguingly, we found

= 1'79—



118 A. Sato et al. / Neuroscience Letters 470 (2010) 115-120

in the course of this study that the phosphorylation status of 4E-
BP1, another well-characterized substrate for mTOR in addition
to p70 S6 kinase [14], is regulated in a similar manner to the
stem cell state in neural stem/progenitor cells. In sharp contrast
to p70 S6 kinase, whose phosphorylation at Thr389 was clearly
inhibited by rapamycin alone at 10nM (Fig. 1B), phosphorylation
of 4E-BP1 at Thr37/46 was only partially inhibited by rapamycin
even at 50nM (Supplementary Fig. S6). However, when neural
stem/progenitor cells were treated with rapamycin concomitantly
with LY294002, which alone similarly inhibited phosphorylation
of 4E-BP1 only partially, 4E-BP1 phosphorylation was dramati-
cally reduced (Supplementary Fig. S6). This result suggests that,
at least in the neural stem/progenitor cells used in this study, inhi-

bition of mTOR alone may not be sufficient to efficiently reduce
phosphorylation of 4E-BP1 and that PI3K can maintain 4E-BP1
phosphorylation in mTOR-independent manner. This is appar-
ently at variance with a previous work demonstrating that either
rapamycin or LY294002 alone was sufficient to inhibit phospho-
rylation of 4E-BP1 in HEK293 cells, which was consistent with
a model of linear signaling pathway leading from growth factor
receptor through PI3K to mTOR [6]. Thus, the mode of regulation
of 4E-BP1 phosphorylation by PI3K and mTOR may depend on cell
type, and the results of this study suggest that a parallel rather
than a linear signaling pathway model may be operative in neural
stem/progenitor cells in which PI3K and mTOR function in a com-
plementary manner to phosphorylate 4E-BP1 (Supplementary Fig.
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$7). Given this similarity of regulation - parallel and complemen-
tary regulation by PI3K and mTOR - of stem cell state and 4E-BP1
phosphorylation in neural stem/progenitor cells, it is speculated
that some molecule(s) regulated similarly to 4E-BP1 (or 4E-BP1
itself) is likely involved in the regulation of the stem cell state of
neural stem/progenitor cells.

Previous studies using Pten conditional knockout mice clearly
demonstrated increased self-renewal capacity of PTEN-deficient
neural stem/progenitor cells [8,9], suggesting the possibility that
supra-physiological activation of the PI3K pathway may have con-
tributed to the increase of self-renewal capacity. Nevertheless, to
date, whether and how PI3K is involved in the regulation of the
stem cell state of neural stem/progenitor cells under physiological
conditions (e.g., in genetically unmodified neural stem/progenitor
cells) has not been demonstrated and therefore remains largely elu-
sive. One reason for this apparent lack of demonstration may be the
redundancy of regulation we have disclosed in this study—parallel
activation of mTOR could mask the phenotype change that would
otherwise become manifest after PI3K inhibition, thus making it
difficult to delineate the potential involvement of PI3K. Indeed,
in one study [20], treatment of neural stem/progenitor cells with
LY294002 failed, just as in our study, to inhibit secondary neuro-
sphere formation, in line with the idea that transient inhibition
of PI3K alone is not sufficient to inhibit self-renewal of neural
stem/progenitor cells. On the other hand, another study demon-
strated inhibition of neurosphere formation by rapamycin [15].
Although the effect of rapamycin on the expression of neural stem
cell markers remains to be shown in that study, the results are
essentially consistent with ours and together support the idea that

mTOR plays arole in the maintenance of the stem cell state of neural
stem/progenitor cells. A major and important discrepancy between
the study and ours is that rapamycin alone was sufficient to inhibit
neurosphere formation in that study but not in ours. Presumably,
the most simple and plausible explanation reconciling this discrep-
ancy may be that PI3K was not sufficiently activated in the neural
stem cell culture condition of that study, rendering the stem cell
state largely dependent on mTOR. In support of this idea, EGF and
FGF2 were used at relatively lower concentrations in that study
than conventionally used [7,13).

In conclusion, we have revealed in this study not only that
PI3K and mTOR activated by EGF and FGF2 contribute to the
maintenance of the stem cell state of neural stem/progenitor cells
but that they do so independently of each other and in a comple-
mentary manner. Our findings thus shed a new light on the novel
regulatory mechanism of neural stem/progenitor cell maintenance
and could help understand how the fate of neural stem/progenitor
cells is controlled during development of the nervous
system.
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Abstract Di: ion of gliobl 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,
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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
glioblastoma (16 with dissemination and 10 without dissem-
ination). The protein expression of CD133 was examined by
westemn blot analysis of tumor specimens, and the CD133
expression levels were quantified by densitometry and
normalized to P-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 glioblastoma
dissemination, and also give rise to an intriguing idea that
CD133-positive cancer stem cells may be implicated in the
initiation of disseminated lesions.

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
gliomas [1, 24], control of dissemination will have
increasingly greater clinical significance as progress is
made in local control of the tumors. Understanding the
biology that underlies dissemination would help improve
diagnosis and treatment of disseminated tumors, yet
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 glioma
(glioma stem cells) [31]. CD133 is expressed preferentially
in glioma stem cells, and the CD133" 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 dissemination, we investigated whether the expression level
of CDI133, 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 available
for the following expression analysis have been obtained upon
informed consent. The subject patients consisted of two
groups: “patients with di ination” and “patients without
dissemination”. “Patients with dissemination” were those who

@ Springer

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 app of an enh d nodule(s) and/or diffuse
enhancement of the leptomeningeal space at sites distant from
(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
outpatient follow-up was done at 1-2 month intervals. MR
examinations were conducted 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 surgical resection, and history of radiation therapy and
chemotherapy. The extent of resection was described as total
(100% resected), subtotal (95% <, <100% resected), partial
(5% <, <95% resected), and biopsy. The date of primary
diagnosis, the date dissemination was detected, final outcome,
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 determination 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 dary antibody (Santa
Cruz Biotechnology, 1:3,000 in PBS-T with 5% nonfat milk).
Blots were visualized on X-ray films using Immobilon Western
Chemiluminescent HRP Substrate (Millipore).

Developed films were d and band densi y
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: r;). 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

coad
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 ion somewhat i , CD133 expres-
sion level was normalized to B-actin level, an internal
control for protein loading. The levels of CD133 expression
after normalization to B-actin (CD133/B-actin ratio) were
remarkably higher in patients with dissemination (mean
10.3, range 0.20-27.8, n=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

in Table 1. Of the 26 patients analyzed, 16 were 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 years). The location of the primary
tumor was supratentorial in all patients without dissemina-
tion. In principle, both patients with and without dissem-

dissemination (timing of di ) for 16 p

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 dissemination and CD133 expression in
primary tumors, and found positive correlation between the
two parameters (r,=0.67, n=16), which was statistically
significant (P<0.05, Fig. 3).

CD133 exp and overall survival in adult GBMs

ination received initial therapies consisting of surgical
resection, radiation therapy, and chemotherapy. There were
no statistically significant differences in age, sex, tumor
location, and the initial therapies (the extent of surgical
resection, whether or not accc ied by radiation and
chemotherapy) between the two groups. The median overall
survival was 14 months (range 5-129 months) for patients
with dissemination and 29.5 months (range 12-88 months)
for those without.

CD133 expression in GBMs
with and without dissemination

To investigate CD133 expression, we subjected les of
the primary tumors from patients wth and wlthout
dissemination to western blot analysis. Varying levels of

with dissemination

To test whether CD133 expression in the primary tumor is
assocmled w1ﬂ1 overall survival of patients independent of

we ined if any correlation exists between
the two par among p with di ination. To
exclude confounding 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 (r;=
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 Dissemination

+ -

of CD133 expression in primary
tumor samples from
glioblastoma patients with and

DI D2 D3 D4 D5 D6 D7

D8 D9 ND1 ND2ND3 ND4 ND5 D4

without dissemination. Primary
tumor samples from patients
with (D1-D16) and without
(NDI1-ND10) dissemination
was analyzed by western
blotting for CD133 expression.
Actin blots show the relative

D10 D11 D12 D13 ND6ND7 D4

N ——

amount of protein loaded Dissemination
onto each lane
CD133
B-actin
Dissemination
CD133

actin | s MNP R 9|

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 CDI133, a
glioma stem cell marker, could be a molecular predictor of
dissemination, we investigated whether there is significant
association between CDI33 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 findi

+ =

D14 D15 D16 ND8 ND9 ND10 D4

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 casc in this
study. We therefore expect that, with this inclusion
criterion, we could have substantially reduced, albeit not
totally eliminated, the risk of including potentially dissem-
inating cases in the group of patients without dissemination.
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 CD133 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
CDI133 exp may not be a prognostic factor of overall

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 dissemination. This inclusion
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
dissemination. The median or mean time interval between

survival independent of dissemination (Fig. 4a). Of note,
when we divided the pati with di ination 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 p without di ination to
those who survived 12 months or longer. Second, in line
with our finding, a recent study failed to show significant
association between CD133 expression and overall survival
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Fig. 2 Association b di and CD133 expression in

glioblastoma patients. CD133/B-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 24 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.c., GBM) patients [45].

Together, these observations are in support of the ldea that
CD133 exp may be iated with di ion
rather than with overall survival of GBM patients. It may,
however, deserve emp g here that association of
CD133 expression with dissemination does not necessarily
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 expressnon 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 dissemination. 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 determi 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 exp g CDI33 1 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
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Fig. 3 Relationship between CD133 exp level and timing of

d.lssemlmmon in glloblaswmx patients. A scatter plot of time interval
b is and di ion (timing of dissemina-
tion) in relation to CD133/B-actin ratio in 16 glioblastoma patients
with dissemination. Correlation coefficient, 7,=0.67, n=16, P<0.05

— 188 —



Neurosurg Rev (2010) 33:175-184

181

a

140 —
2 120 :
-]
Ein
£
H
@ 60
€ 4
& . .

. . . *
0
» 5 10 15 2 25
CD133/B-actin

25 — j

20
s .
B 15
-3 .
3
a1
a .

—
5
0 .
<12 months 212 months
Overall Survival

Fig. 4 Relationship b CD133 level and overall

survival of adult ghoblastoma patients with dissemination. a A scatter
plot of overall survival in relation to CD133/B-actin ratio in adult
glioblastoma patients with dissemination. Correlation coefficient, r,=
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 di ination (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
p with di ination somewhat varied, those in

without di ion were uniformly low. This
fmdmg 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 predi b 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 mactwatlon of PTEN by mutation
are presumed to contribute to d
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 prophylactlc radxatmn

therapy and/or intrathecal ch apy against d

ion v]a tion

@. Springer

—189—



182

Neurosurg Rev (2010) 33:175-184

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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predi of an of this tumor. The CD133
expression was measured on protein level by western blot. Dissem-
manon was defined as appearance of enhanced nodules and/or diffuse

of the lep | space at dist: sites of the
primary tumor location on contrast enhanced MRI.

The results indicated that slgmﬁcaut hlgher CD133 level were
found in GMB patients with a di d tumor progr These
findings imply that high levels of CD133 expr:msion 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 interesting hypothesis is made. Striking

ad ic process of exp: 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
CDI133+ 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 uus subpopulation of panents and CD133 expression may be
one mol for ion of the clinical course of a
glioma patient group

45. Zeppernick F, Ahmadi R, Campos B, Dictus C, Helmke BM,
Becker N, Lichter P, Unterberg A, Radlwi B, Herold-Mend Michel Mittelt Frankfurt, Germany
CC (2008) Stem cell marker CD133 affects clinical outcome in In their current manuscript, Sato et al. present CD133 as a
glioma patients. Clin Cancer Res 14:123-129 for and suggest that
CD133 posmve 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 impi on However, what
Comments is not proven in the present study and probably unpmvable to date,
is the open ion if CD133 up lation in is the
cause of di ion or rather a by der effect or q

Karl Frei, Zurich, Switzerland

In this study, the authors tested for an association between the
expression of the stem cell marker CD133 and the risk of
dissemination in 26 cases of glioblastomas (10 without and 16 with
dissemination). The tumor specimens were examined by western blot
analysis and the CDI133 expression levels were quantified by
densitometry and normalized to B-actin.

The authors suggest from their datx thal CDI133 might be a

p 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 quantitative manner.

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

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 proven by means of immunohisto-
hemistry or FACS analysis). Sut ly, I would like to provide
some additional interpretation of the western blot data. CD133 is
frequently considered as a marker for neural, hematopoietic, and
brain tumor initiati stem or p i cells, h , the
distribution of CD133 expression in brain tumors has remained
controversial. CD133-positive cells not closely related to tumor
vessels have been reported to reside in pseudopalisading areas of
necrosis (1). These areas are mainly subjected to low oxygen
concentrations. From cell experiments, it is known that cultured
glioma cells are capable to express CD133 when kept under
hypoxic diti without i diately being idered as stem
cells (2, 3). Furthermore, emerging studies point out that anti-
anglogemc approaches in high grade gliomas either lead to (l)
thro! lation of other p
genic faclors, (1) invading normal CNS tissue via upregulauon of
matrix metalloproteinases-2, 9, 12, and sparc (secreted protein,
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acidic, cysteine-rich) or even d.nve expresswn of critical genes

iated with 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

dary CD133 up lation in more mi y or di
glioblastomas.
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BHERE - SRIEHEE : RrscsE R L

BRREE : 2006 £F 1 B & b RO % B3, HETEN ORHEEDOEM TH > 72, 2007 4 1 ARB K HEHER
ORI L, EEEM 225, AI/HEMERELZIRMS N, YRHREN L ko7,

IRZIMERHR : BB Z L & LARORRIEOBUE S X CA MRS 2 580 72, TUBIRRE- 558 37
B SiEho T,

SENRAAR : HEIC AN, FANL & OSEE 0 BE IR shuk o .

EHRRFR : ABERs CT ¢ 38 B3 IE - O Ml Vi8R 12 high density @ mass lesion % 2%, # 1 HHET W ©
R L T/, WERICIZFRIRD iso density area #78®7-. Bone window T3, BED T EZF L H & CT EHHE L,
—ERic ARG L% Z 543 high density DI 2RO (Fig. 1),

MRI T3, T1 #IEER T iso intensity 7> 5 P+ low intensity, T2 ¥aHMHE#, FLAIR T low intensity, PIEIC iso
intensity R I RRY 2B 2. FEAREEZEHEL T 325 6 o2 ER MR BE5REOELEZD 6
Tedpodz, FREBGREAEER T, HEREENIC low intensity TH o 7z, WEDEPEIC & 5 IESEME D/KFE % B
Fo. A F Y = A3E MRI CIIES R IC—IREY S h B0 2 B 723, 2 OMOKEST I X 5 2 @R
3B ab o7 (Fig. 2), BINERE CRBEIR X 2 MEOEPEE R0 72038, WS bz EEEE feeder 13580 5
Nhipoic,

Plane CE (+) Bone window

Fig. 1
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BREEBOEFMICHELIEETH 5. WEICHE
W% b, CT T high density 27T 2 & A& BfisfEAS
AN ZE 52 %3, MRI T2 #EFIEH T3 low intensity
ZRL, ¥ PREFRRREERO NBEVLI L6
AU & E 2 5 T PEEERFAE L low intensity & &
LTk, MaEESMEGEE L E 2 oh, BENEHC
— R KA & B3 PR OMEY O FEN TS
Ihs b, FHIVME (teratoma), HHIER (dermoid
cyst) 7 EERNERICE T Nk,

iR
T 1 M 53 foramen magnum %8 2 55 1 FME £ O

JELTw3Z &d 5, midlne skin incision, suboccipital

* D ARM, - BE
Fig. 3

* kAL, — B, B2
Fig. 4

craniotomy + &5 1 ##ff laminectomy C¢7 7’0 —F L 7=,
JEENE I EBETHRESEbO THVEETH S
To. PRI RISy & BE 2R, BB
CEEbIL: (Fig 3), BB O ARG LB b h 3 Ml
HEDESTITIE, PICA 6\ feeder DFADIAR & 41
7z, Feeder % BEHIAWIE L, @AM T BRIl # e 0, A
R A L e,

RIEHEREAIPT R

SREEAER L L, ERERTEED S 25 RN
&, BT E U ORMEERS SRR, WE, B - B2,
BLXOEKLORD 67z, HE R RAMEIEED S
lsho7z (Fig.4).
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Table 1

__Authors. __ Journal Year No. of cases Location ~  CT density
Sanchez-M, et al. J Neurosurg 2006 1 CM High
Layadi, et al. Pediatr Neurosurg 2005 2 CM Low
van Calenbergh, et al. Surg Neurol 2005 1 4th V Low
Caldarelli, et al. J Neurosurg 2004 8 CM: 4 cases Low
Ciurea, et al. Surg Neurol 2004 1 4th V Low
Neugraschl, et al. Eur Radiol 2002 1 CM High
Our case CM High

CM : cisterna magna, 4th V : forth ventricle
Table 2
| ha e . MRI A -

ook i gt Wt R s i
Sanchez-M, et al. A 16-year—old male High Low Microbleeding
Neugraschl, et al. A 73-year-old male Mixed Low Intratumoral hemorrhage
Our case A 16-year-old female Low-iso Low Calcification

Usual dermoid High Low

FRIEESHT - FERZEERA dermoid cyst

— i B B O B 3B, BRIAAIRBEN
[t iy, FRREUEERTH 2, BEOTR, KB
e roEEONBRENbTEEER L EHTE
5. WL CHEREER (epidermoid cyst) %, BEFT#ED
LR EN BT, KoM ESEE R, B
B39 ¢ BB IC IR O keratin B 2 AT\ T, B
MIXPIIRAIC B CEIRDSS b, HEERE (pearly tumor)
LhwbhTwes, AE (teratoma) 13 =HIEMRMD
BEWA» o 2 2EETH D, KERELEMMESS
R, HRRAHER, s © oMo MRE s iEE 23
3. ZNENOMEMHDLL T 2HE LRI EEE
BH Y, HHAFHE (mature teratoma) & F MG W E
(immature teratoma) & \2birzd, REZBE IR
3%, WRERESFEE TSRO BRI 5.
BB SREPBONRTRZRBL 2 EMBHEDT,
CNOHRTIRFVE E DEFNETE e, MICHEE IR
2, BAEHEO—f L LTaoNE I EhHD, HE
DWICHEET 5 2 L 03D 5. HICHEEFORAFHIET
13, WM L BRI VEO KRBT E D5
EBLIELIETH S,

FED

FFERZ, SEEABEOTTYH 0.1~0.7% & HE
ELTRENTHD, EFHICECREL, MNiv o
FEFICALND &) REbsd 599, FEAETRALIL R
FLMREEEDS e, N L CERE BRI, VB

PO, HEBREE, BHs SCFFEL, PEDE
WCREES 5. MBI RE O SEEEMORATH
L EEZSN, R LT 2 KRR (con-
genital dermal sinus) 28 LR EGHT 5 2 LMo h
T 52, IEG T S 2 2 SRR L BIER,
BEREIZRR D Sde otz B ICTEAE L - B
DG, HEOLMEBML 2 BWETHAIETD
HU299DY T AFEFI O & 9 12 CT L high density T
B o 1L, RERZEDHTH 3HTH -7 (Table
1).

—MRE I SE R BERLE, CT T3 low density, MRI Tl
T1 #FHE T high intensity, T2 #MFHHEi# T low inten-
sity 277 & Wit TWw 3, CT T high density %7K L 72
3Bl OmRAT R, TR Z KT 5 L (Table 2), fi
D 2REFTIRFEARENICEBEARDERL TS
h?9 iU kb CT Lk high density 2 2L b D L H
Z BN, SEORESTIE, EEP LIRS THEK
b %% C EARBRRAEORABYTH Y, Thd
CT T high density & L CHRMBIR 2 &R 2R L %
FHREEZ ohl,

WREE LT, 2RHMcTRIBTTREL E X o h,
AR, LEREARN RV EEL SN TR S,
HREW L FRRIC, WEYORE THIFEAIER chemi-
cal meningitis # 29 % Z £ 215 %, BEELERHHR
BB ATA0A FREPERE INTWw S, FERT
1F, SFbEcHER D X3, Mk hVHFEEL T
ToKHEIE, BEME, HERLERL .
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A New Intraoperative MRI System in Brain Tumor Surgery
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Summary: Background of Study: Extensive surgical removal of brain tumors lengthens life expectancy. As dy-
namic changes, such as brain shift, can occur during surgical procedures, intraoperative MRI is an important tool for
safe and maximum resection of tumors. In July 2008, new operating room equipped with an intraoperative high-field
MRI (1.5T) system, neuronavigation, and fluorescence diagnosis system opened at the author’s institution, Yamagata
University Hospital.

Methods: Preoperatively, 3.0T MR studies, including morphological study, multivoxel MR spectroscopy, tractogra-
phy and functional MRI, were performed. If the tumor was located in or near an eloquent area, we performed MEP
(motor evoked potential)/SEP (sensory evoked potential) monitoring and/or awake surgery using cortical and subcor-
tical stimulation. Intraoperative MRI was performed after total resection or to obtain updated information on brain po-
sitioning during the removal of deep-seated tumors.

Results: Using this new suite, we have safely treated various brain tumors, including gliomas, metastatic brain tu-
and pituitary ad
traoperative MR images contributed to improving the tumor resection rate and overall results.

mors, meningioma Gross total removal was achieved in over 70% of malignant tumors. In-

Key Words: Intraoperative MRI system, Brain surgery
f& F #& #&: Achieva 3.0T (Philips) Signa 1.5T (GE), Neuronavigation (Brain Lab)
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fMRI % Diffusion Tensor Imaging 7% & D #7 L\ B2 #f
EOEKIZE ) NEEFHOFEZ L VRBIITHI L
HUREL ol EBHFREMCHETFR2LOE=S
Vv BV RHCTRRKBORE2EHZR S 2
LRI REE LREEN ISR TR e E 2 5
N2 BMMBEIBIEIC L 5 T optimal ZIAETH 5 & ik
ENB L) oTETVE, BEFES—Ta vy AT

IR EEER AR [ © T990-9585 LTI
I AR ETE 2-2-2]

AREERDWEBROHAIC L 2MEROBLESRALR
TV 575, brain shift LEE KD EEBOMEEOMED H
D, MEPICIEREICERATIES, FHMELILRT A 2 L IdEE
Thh. 2008467 H, YFT 1.5 7 AFMHFH MRI ¥ AT A
(1.5T MRI (GE), neuronavigation (Brain LAB), #s#3%
W - 47 I B B 4% BB FL400, FL800 (KARL-STORZ)
W F AT B M (Leica), MRI - CT &f Ji3 operation table
(MAQUET)) ¥ A LADT, A7) V=¥ bFiliY
AT LEETDERABEBRIIOERET 2.
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