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Analysis of Tumor Cell Invasion in
Organotypic Brain Slices Using
Confocal Laser-Scanning Microscopy

Takanori Ohnishi and Hironobu Harada

I. INTRODUCTION

Organotypic cultures of nervous tissue, including
those of the hippocampal and cortical regions, have
been produced successfully with a simple method in
which brain slices are maintained in a culture at the
interface between air and culture medium (Yamamoto
et al., 1989, 1992; Stoppini et al.,, 1991; Tanaka et al.,
1994). In these organotypic brain slice cultures, not
only is the normal cytoarchitecture such as cortical
lamination and pyramidal cells preserved, but the
biochemical and electrophysiological properties of
neuronal cells are also maintained for 2 or 3 months.
By modifying this organotypic culture of nervous
tissues, we established a model for glial tumor cell
invasion with conditions analogous to those of normal
brains in situ (Ohnishi et al., 1998; Matsumura et al,,
2000). This model enables not only to quantitatively
analyze the tumor cell invasion in brain tissues, but also
to investigate molecular events in vitro (events actually
occur between transplanted cells and brains in vivo).

II. MATERIALS

Hanks’ balanced salt solution (HBSS) (Cat. No.
H9269), Eagle’s minimum essential medium (MEM)
with HEPES (Cat. No. M7278), p-glucose (Cat. No.
G7021), penicillin-streptomycin solution (Cat. No.
P0781), amphotericin B (Cat. No. A2942), propidium
iodide (PI) (Cat. No. P4170), L-glutamine (Cat. No.

Cell Biology

G5763), N-methyl-p-aspartate (NMDA) (Cat. No.
M3262), and agar (Cat. No. A5431) are from Sigma.
Dulbecco’s  phosphate-buffered saline, calcium-
magnesium free [PBS(-), pH 7.4] (Cat. No. 14190-250),
horse serum (Cat. No. 16050-122), and fetal bovine
serum (FBS) (Cat. No. 16000-044) are from Invitrogen
Corp. Culture plate inserts with a 0.4-um-pore mem-
brane, 30mm (Millicell-CM) (Cat. No. PICM 030 50)
are from Millipore Corp. Six-well culture plates (Cat.
No. 3506), 60-mm culture dishes (Cat. No. 430166), and
100-mm culture dishes (Cat. No. 430167) are from
Corning. The PKH2 fluorescent cell staining kit is from
ZYNAXIS Cell Science. C6 rat glioma cells and T98G
human glioma cells are from American Type Culture
Collection. For these cell cultures, Ham’s F10 powder
(Cat. No. N6635) and MEM (Cat. No. M4655) are from
Sigma.

III. PROCEDURES

A. Preparation of Brain Slice and
the Oraganotypic Culture

This procedure is modified from the method of
Stoppini et al. (1991).

Solutions and Instruments

Scissors (large one for decapitation and small one for
dissection of brains) ’

Microforceps with fine chips

10% povidone-iodine solution ;

Copyright 2006, Elsevier Science (USA).
All rights reserved.
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Phoshate-buffered saline without calcium and
magnesium (pH 7.4)

Microslicer with a sliding cut mode (possible to cut
nonfrozen fresh brains with a range of 50 to 1000 um
thick)

Culture plate inserts with 0.4pum-pore membranes
(30mm in diameter) (Millicell-CM)

Six-well culture plates (35mm in diameter/well)

60-mm culture dishes

CO, incubator

Culture medium: 50% Eagle’s MEM (Earle salt with
L-glutamine, 25uM HEPES, and NaHCO3), 25%
HBSS, 25% heat-inactivated horse serum, 6.5mg/ml
p-glucose, 100U/ml penicillin, 100ug/ml strepto-
mycin, and 2.5ug/ml amphotericin B. To make
200ml, add 96ml of a Eagle’s MEM solution, 50 ml
of HBSS, 50ml of horse serum, 1.3g of D-glucose,
2ml of a penicillin (10,000 U/ml)-streptomycin
(10mg/ml) solution, and 2ml of an amphotericin
B solution (250 /ml). Keep at 4°C.

Steps

1. Anesthetize a 2-day-old neonatal rat with
diethyl ether and plunge into a 10% povidone-iodine
solution.

2. Cut off the head with large scissors, remove the
skin and the skull with a small scissors, and take out
the whole brain quickly and place in a 60-mm culture
dish with HBSS.

Rat whole brain

Culture at the interface
between air and medium

6-well culture plate

3. Cut the brain vertically to the base, 1 mm inward
from both rostral and caudal ends of the cerebrum
with a blade, and mount on the stage of a microslicer,
which is sterilized with 70% ethyl alcohol.

4. 300-pm-thick cut brain slices and transfer each
slice onto a porous (0.4pum pore size) membrane of a
culture plate insert, which is placed in a well of a six-
well culture plate filled with PBS.

5. After aspiration of PBS from the outer well of the
six-well culture plate, add 1ml of culture medium to
the outer well but without covering the brain slice
placed on the membrane.

6. Incubate the brain slice at 37°C under standard
conditions of 100% humidity, 95% air, and 5% CO,.

7. After 3 days of the culture, replace half of the
medium with fresh medium twice a week. Reduce the
volume of the medium after the second change to
0.8ml so that the slices remain well exposed to the air.
(This is critical for long-term survival of the neuronal
cells.) (Fig. 1).

B. Assessment of Viability of Brain Slices

The viability of cultured brain slices can be assessed
by morphological observation, neuronal activity, elec-
trophysiological features, and production of bioactive
substances such as y-aminobutyric acid and neu-
ropeptides. Normal cytoarchitecture such as cortical
lamination and hippocampal structure is clearly

Cut on a microslicer

—

_Brain slice
\ (300 um thick)

Culture plate insert with
membrane (0.4 um pore)

Culture medium

FIGURE 1 Mlustrative procedures of brain slice culture. A rat whole brain slice 300pum thick is placed on a
porous membrane affixed to the culture plate insert and cultured at the interface between air and culture

medium.
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observed for about 2 months after the slice culture if
the culture condition is kept properly (Fig. 2). This
section describes the method used to assess the neu-
ronal viability of brain slices by NMDA insult that
can induce early and delayed neuronal cell death
(Sakaguchi et al., 1996).

Solutions and Instruimnents

100uM N-methyl-D-aspartate solution: Dissolve 1.47mg
of NMDA in 100ml of artificial cerebrospinal fluid
(CSF). Prepare artificial CSF from three stock solu-
tions, A, B, and C, before use. Stock solution A con-
sists of 18.12g of NaCl, 0.488¢g of NaH,PO,-2H,0,
0.932¢ of KCl, and 1.232 g of MgSO,-7H,0 in 100m]
of H,O. Stock solution B contains 2.22 g of CaCl, in
100ml of H,O, and stock solution C contains 4.62g
of NaHCO; in 100 ml of H,O. Store at 4°C. To make
100 ml of artificial CSF add 4 ml of stock solution A,
4 ml of stock solution C, and 91 ml of H,O and then
place the mixed solution under the current of 95%
air and 5% CO, to lower the pH of the solution.
Then, add 1 ml of solution B and 0.18 g of p-glucose
to the mixed solution (the final pH is 7.4).

4.6pg/ml propidium iodide solution. Dissolve Pl in a
serum-free solution containing 75% MEM, 25%
HBSS, 2mM L-glutamine, and 6.5mg/ml p-glucose
to a final concentration of 4.6pug/ml.

Fluorescence microscope with a tetramethylrho-
damine isothiocyanate (TRITC) filter
Steps

1. Incubate brain slices in 1ml of the artificial CSF
solution containing 100uM NMDA, which is placed in

the bathing well of a six-well culture plate for 15min.
Incubate the slices in PI solution for 1h to measure
early neuronal death or for 24h to measure delayed
neuronal cell death.

2. View Pl1 signals under a fluorescence microscope
with a TRITC filter.

3. As a control, incubate brain slices in PPl solution
for 1h or 24 h following incubation in the CSF solution
without NMDA for 15min. (Fig. 3).

C. Preparation of Tumor Cell Spheroids

Tumor Cells, Solutions, and Instruments

Tumor cells in culture and their culture medium
(Ham's F10 medium containing 10% FBS is used for
C6 rat glioma cells, and MEM supplemented with
1% nonessential amino acid, 1% sodium pyruvate,
and 10% FBS is used for T98G human glioma cells)

PKH2 fluorescent cell-staining kit

1.25% agar-coated culture dish (100mm in diameter)

Place 5ml of 1.25% agar solution on a culture dish and
dry under air.

Reciprocating shaker (usable in a CO, incubator)

CO, incubator

Steps

1. Grow tumor cells as a monolayer culture under
standard conditions.

2. Harvest the tumor cells by trypsinization, wash
twice, and resuspend in labeling diluent “A” (pro-
vided with the PKH2 staining kit) at a concentration
of 2 x 107 cells/ml (cell/diluent suspension).

FIGURE 2 Morphological pictures of a rat brain slice after 8 days of culture. Normal cytoarchitecture,
including cortical lamination and hippocampal structure, is clearly observed (left: macroscopic picture, x0.5;

right: phase contrast, x40).
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FIGURE 3 Neuronal viability of rat brain slices assessed by cellu-
lar uptake of propidium iodide (PI) without (upper) and with
(lower) treatment of N-methyl-p-aspartate (NMDA). Normally func-
tioned neurons can exclude PI and show early or delayed neuronal
cell death by NMDA insult, thus permitting entry of the PI into the
cells.

3. Add PKH2 dye to an equal volume of diluent
“A” to make a 4uM solution. Add this solution to the
cell/diluent suspension and mix by gentle agitation.

4. After incubating the cells at room temperature
for 5min, stop the labeling reaction by adding a double
volume of the culture medium containing 10% FBS
and four times the volume of FBS into the sample
tubes.

5. Wash the cells and resuspend in the culture
medium with 10% FBS.

6. Seed the labeled tumor cells (5 x 10°) into a 1.25%
agar-coated culture dish and incubate under continu-
ous agitation at a speed of 40rpm on a reciprocating
shaker at 37°C in a humidified atmosphere of 5% CO,
and 95% air for 2 to 3 days.

7. For the experiments, select cell aggregates with a
size of 150 to 200 um.

D. Migration Assay of Tumor Cells on Brain
Slices (Fig. 4)

Instuments and Molecules

Barin slices after 7 days culture

Tumor cell spheroids

Micropipette with a volume of 10pum
Molecules or agents affecting cell migration
Fluorescence microscope with a FITC filter
Color-chilled 3-CCD camera

Personal computer

Steps

1. Using a micropipette, take one spheroid of tumor
cells place on the surface of brain slice, and coculture
at 37°C under standard conditions.

2. Four hours later, apply 2pl of molecules in inves-
tigation directly to the tumor spheroid. Carry out the
application of the molecule once a day for 3 to 6 days.

3. To estimate the extent of cell migration, calculate
the distance between the margin of the initially placed
spheroids and the population of the migrating cells
showing half of the density (area) of the maximum
density of migrating cells from the tumor spheroid by
using computer images for which the original fluores-
cent pictures of the slices are taken with a color-chilled
3-CCD camera.

4. For this calculation, draw concentric circles
10um apart around the margin of the spheroid and
measure cell density (area of fluorescence-stained
cells) within each ring by an NIH image. Then, do the
summation of area of the cells contained in each ring
‘and plot as a function of the distance from the margin
of the tumor spheroid. Thus the distribution curve of
migrating cells outside the spheroid is constructed for
each brain slice (Fig. 5). The migratory strength of the
cells on the slice is defined as the distance (um) that
shows half of the value of the maximum density (area)
of migrating cells on the distribution curve.

E. Invasion Assay in Brain Slices (Fig. 4)

Instruments

Barin slices after 7 days culture

Tumor cell spheroids

Micropipette with a volume of 10um

Inverted confocal laser-scanning microscope with
FITC filter optics

Personal computer

Steps

1. With a micropipette, take one spheroid of tumor
cells tagged with the PKH2-fluoresent dye, place on
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glioma spheroid
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Co-culture with brain
slice
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FIGURE 4 Illustrative procedures of tumor cell migration and invasion assay in cocultured brain slices. A
tumor (glioma) spheroid is placed on the brain slice and is cocultured at the interface between air and culture
medium. For tumor cell migration, the extent of the spread of fluorescent dye-stained tumor cells on the
surface of the slice is measured. For tumor cell invasion, the spatial extent of the tumor cell infiltration in the
slice is analyzed by confocal laser-scanning microscopy (CF-LSM). d, distance; S, area.

50007

40007

30007

20007

1000

Total area of fluoresceni-stained cells

0 20 40 60 80 100 120 140 160 (um)
Distance from margin of the tumor spheroid

FIGURE 5 Construction of distribution curves of migrating cells
for a quantitative analysis of tumor cell migration in brain slices. The
total area of the labeled cells contained in each ring is plotted as a
function of the distance from the margin of the tumor spheroid.
(Inset) Concentric circles 10 um apart are drawn around the margin
of the tumor spheroid, and cell density (area of fluorescent-stained
cells) within each ring is measured by an NIH image. Distribution
curves represent L1-stimulated C6 glioma migration at day 2, day 4,
and day 6 after the coculture with brain slices. The migratory
strength of the cells is determined as the distance (um) that shows
half of the value of the maximum density (area) of migrating cells
on the distribution curve (see the distribution curve on day 6).

the surface of brain slice, and coculture at 37°C under
standard conditions.

2. To detect PKH2-stained tumor cells in brain
slices, use an inverted confocal laser-scanning micro-
scope with FITC (520nm) filter optics.

3. At the first observation, determine the level of
the basal plane (Opm) in accordance with the upper
surface of the brain slice.

4. Obtain serial sections every 20um downward
from the basal plane to the bottom of the slice (Fig. 6).

F. Quantitative Analysis of Tumor Invasion

The total area of PKH2-stained cells in each section
is calculated with NIH image software. The area is
plotted as a function of the distance from the basal
plane of the brain slice and the distribution curve is
constructed for each experiment. The extent of tumor
cell invasion in the slice is defined as the depth (um)
that shows half of the maximum density (area) of inva-
sive cells on the distribution curve.

IV. COMMENTS

1. As a source of brain slices, brain tissues from
mice and humans (obtained from epilepsy surgery) are
also applicable. In the case of rats, 2- to 5-day-old
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FIGURE 6 Confocal laser-scanning microscopic pictures of invad-
ing glioma cells in rat brain slices. At 24h after coculture of T98G
glioma spheroid and the brain slice, most glioma cells remain at the
top of the slice (Opm), while the glioma cells migrate extensively
within the brain slice (show the maximum spread at ~40 pm from
the top of the slice) at 72h after coculture.

neonatal brains are best. As brains from much younger
rats are smaller and more soft, it is difficult to manu-
plate the whole brain as intact slices. Brains prepared
from rats of an older age have a tendency to be resis-
tant to tumor invasion into the slices.

2. For about 4-5 days after initiating the brain slice
culture, several neuronal death and glial cell migration
to the bottom of the slices occur. After 5 days in culture,
the exposure of slices to PI alone without NMDA insult
does not elicit a detectable fluorescence signal. There-
fore, for tumor invasion experiments, brain slices after
5 days in culture should be used. Usually, brain slices
after 7 days in culture are used for any kind of studies.
At this time, the thickness of the brain slices is reduced
to about 200pum from the original thickness of 300 um.

Brain slices maintain their normal structures, such as
cortical lamination, and are functionally viable for
about 2 months after the culture, but it seems that the
best time for experiments is from 7 to 30 days after
culture.

3. To detect migrating tumor cells in the brain slice,
a tumor-labeling method using green fluorescent
protein (GFP) is also applicable. Once tumor cell clones
with persistent expression of GFP are established, their
use is of great advantage in analyzing the behavior
of the tumor cells because the GFP is transmitted to
the tumor cells after cell division. An EGFP vector
(pEGFP-C1, obtained from Clonetics Corp., San Diego,
CA) can be used to transfect and label malignant
glioma cells.
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Progress in glioma surgery: a role of navigation system
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A key to glioma surgery is to maximally resect the tumor without compromising neuronal functions. In the present
study, we examined effects of three different modes of operation in the patients with glioma on the tumor removal rate,
Kamofsky performance status, and the overall survival rate. Three modes consisted of no navigation surgery (A group),
surgery assisted with only Evans navigation system (B group), surgery with echo-linked synchronized navigation, pho-
todynamic navigation using 5-ALA and functional mapping with subcortical stimulation (C group). Introduction of
image-guided navigation in glioma surgery enhanced tumor removal rate without apparent deterioration of neurological
function. Furthermore, echo-linked real time navigation combined with other recent modality of surgical assistance (C
group) enabled us to maximally remove the tumor around the eloquent areas without compromising motor or speech
function. The present study did not demonstrated a favorite effect of the increased rate of tumor removal on overall sur-

vival in the patients with glioblastoma.

Key words: glioma, surgery, navigation, brain mapping, 5-aminolevulinic acid
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7 & id, StealthStation™ (Medtronic) & 8%
P2 W3 E Prosound SSD-5500 (ALOKA) #
SonoNav™ 7' —~ (Medtronic) =TV ¥ 2
&8, WHROVTNVI 4 ABEHEREFOH
BIZ—FK T HHRIMRI % 2213 CT B £ RERIC
BRLTERTBFEF—Va VYV AFLTH
D, hETy 7044 XF - FEFY~va
YERATERTY, 5.ALAIZ X % photody-
namic navigation T, 45 FE:EEG 1 KRR
12 20mg/kg D 5-ALAREOIRS- £17\, FHEHE,
HEF2—7& 9 10mg/kg DENIZRS 247
2. BHEXELLTHF X V5 VT Dviolet-
blue 6% AV, BEZiklow cut filter (cut
under 480nm) % 7. #iEHEE~ Y ¥ vy
L LT, EBEMERRICE L TIXSEP, MEP 1,
BB T MRMEVT 3 LT 500HZ 0D 5 S8 B ) 31
£ B BBEEEMLDEMGE= S ) ¥ 7 % fF o1z,
SEABICHLTIEETEERTEIC L 25888
Ty ¥ /0%, EETENETVERETRHR
Db EHEHEITo 4.

B R

EHEEBHFTIT AR . 68 £22%, BH#
80+21%, CH 90 = 11%EMETFEY -
axYATLANEAIZ LY ERICHBERZHEE
L7 (Fig. 1). ¥72, HHE0HAE2ABE,
ABETIZ, 100%FHiZLtED 5%, 90%kKiFED
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Fig. 1 Tumor removal rate in the three different

modality of surgery.

A: no navigation used,

non-eloquent area.
Three groups, A, B and C are the same as described in Fig, 1.

bined with 5-ALA fluorescence and functional map-

C: echo-linked synchronized navigation system com-
ping

B: Evans navigation only,
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Fig. 2 Percentage of the extent of tumor removal in the three groups as described in Fig. 1.
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group shows a mean removal rate and standard deviation.

3

The extent of tumor removal was divided into 100%,

99%, 90~ 95%, and less than 90%.

(Fig. 2).
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Fig. 4 Functional outcome evaluated by Karnofsky performace scale (KPS) in the three surgical groups.
KPS was determined at the preoperative status (Pre), one week after surgery (P1W) and two months after surgery (P2ZM).
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Fig. 5 Overall survival rate of glioblastomas in the three surgical groups, A, B and C.

eloquent area Tk, #¥RBOF Iy~ a ¥ —F, MEEELTSUEERICOVWT, &8
YRAFATHEERBEOM EIZAONLA,  TORE, #%18, HE24+ BDOKPS % ik
eloquent area M7 VA —<IZHL T, ¥Y¥ RETHL, WTFROBEEEEIZBWTHHH,
rsuF A4 AR - FEF—ay, By WHE QrH) T, BLAYERALNED -
7, SALAZHWIHETFES—Ta vk 72 (Fig. 4). ¥ 7zeloquent area (2[R o THEER
D, FHWMUEHB%ICETHMELZ (Fig.3). FHREATH, ETOET, MAKRTOKPSIZ
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EidroNnholz,

HHEEIZDOWT, FEEHOastrocytoma,
anaplastic astrocytoma DIEPIEAD o 72
728, glioblastoma 2DV T D RN %17 o 7.
EEOEFHMPRMBETAR 12048, B
B 1427 A, CE 1507 AC=ZHHICEE
LEFAONEY oz (Fig. 5). 727201, EE
BRI TOHM (TTP) 2h52E, CHTRR
E=ANY N Ib AN (WA

£ =

F)F—<FRKicBVT, BRFETFES
—varoEAR, HLACEEHRHEORL
ICHE L. BRSO NEHNEE 7 glioblas-
tomallBWnwTd, ;F¥F~3 a3 VHET T,
HENZECERHPTRLEE o7 B 51T,
EH R B EIEG O eloquent area IZFEET
HIEETIE, BEFETOFEr—Ya vicm
ATHEE~y VPR EATRERME, S5
PDEIZISCTRETRERETI LKLY, &
D RACHAEREE TR L A S IINAIT 2 B
Bl N s ISP AN

TYF—FEMFEr - a Y PREAEH
TR AOHERE, BHRNRBTOBEEOMBIER
HAZ LY, BB CHERATHE R intrinsic
tumor {2 L THEEE2 S T ICERICEKX
BREHT AL THY, ShF THL OEERF
BTFEF—va vy AF20HRENTE
72, LaL, RAOBREIHEEOTMBCEER
HUZ - TH U A brain shit TH Y, HFICEE
TRBER 2B - DOFH T,
LIFLIEF Y~ a v ORBERIBEHTE W
SELRINEL, ZTOREDO—DLLTH—
TUYMRIZEIZE YD, HPEBEEZT Yy 75— b
L, UTNFA L FEF—Saveffick
PBETOLNDY, BBEROETORELED,
—RIICERTHICIRBoTwERW, &RelkZ
nE ¢, BEHEDEHEE % StealthStation DY

ZERFETF—var) v 38, HhoBE

HHEBEENLFIETHHAOMRID 50

CTHRBLFRICHMSELZ 22X D, brain
shift (ZHRL T& 7268, ZOFEE, WELY
B O BB MM HEE TO brain shift i2%F
LTEEEICFEFRATHY, BEOBWEERKB
UL ooz, 72720, BHAEITTAICD
nT, BEREROBUIPFRIIRLZLHS

, THRBROFVEFEEROBBOBREL &
LIS BOBETH 5.

—F, REHOEE+*EEHFETOFEr—
vavoOXTHEHT LI LIIARTEET, BT,
HECWE CTERENEEOTHAMLINERE SN
%X )2k o TR, 5-ALA 2Bk
T, BICENS) A< TORE, BREMI
HicEL, BREEEORRIEECHATHS
310 772, EEREEAL T, WIRNZHS
REOFECHEEOEECH IR T, &
I, B L—F =54 F—FEHTHEA
N7 MVERY, BREHETO IRV T 1Y
Y IX O#HEELS S ERNICEEOEEZ N
BLTWA, UL, MIEEOLME LGS
MEEREIEETSER IR T RWZE,
7zlow-grade 7" 4 — < TiZ5-ALA {2 & % B
LREBMESREVWI LR Y, SBOREDY
BHThb.

EHHPLSETLErOEELRBEEZH T
HZEBIEETL ) A —<oHBICBNT
i&, SEP®MEP % ¥Olfle~ vy ¥ v 7 i
WPRRETHREZBERBM T s LiIcky, X
DZ2CBEREETHITICHEEEEDL L
WERERE o TWEY, 7=, SEFEE
DEFEICOVTIE, RETERZITIZLICK
D, BEEELR/NMNTIENIRERTWA.
EFE S D500Hz 0 BBEEBERANEIC L AHER
BRIV ITITED, VTN A LCEBREE
DRBEILRL, RIFeER2B. b, ik
B R E B L OMRRAME £ T 5 fiber trac-
tography 2RI O ICHV LR TV A A,
S, BRETESMEL L b, Hdhofunc-
tional navigation & L TDISRHIFE NS,

FWEBRBBROERICLD, BOICEELR
FLABRKEERMISTERIZ R, T2, BE
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WMEOM LR, 7Yt —~BEOEGTFRE
BEBL-LOBEEALNE—F, BENLGE
RbHs29, i, BEIS)F—< L TR
%\ glioblastoma Tix, BifE, BEOBME
LEGFHLEOBLPRBEERERESATYE
W, SROHTL DR TH, glioblastomallB
WTRHFOFMEBET V714 % b o THHEX
ZFmELTH, E4FRICEKREZERELE
Motz 7272, EFAOHIZIZRBHEREER
bALNELIICRY, 5%, SHIENEE
ByasZlickh, BMELAFROBPRER
AT HLERHA).

SEXM

¥ BB

) F—<EHIcBWTTFES~Tary . ¥
AT HAOEAIL, MEREZER) L RE
BHHELmE s g7, B, EBHLSES
7 CORBEEROBEEHMNIC I, BEEDHE
BExY) vy 89y rysudbAXF ¥ —
varvvAFar, RETHETY E VTR
myaZLizyh, REHERBELOOE
BWUATEEE ol T, REBMOES
Iz, 5-ALA 12 X A photodynamic navi-
gation FH THhH - 72. Glioblastoma B W
T, BEMUE L EGTFRICEOHEBIZA LI
ehrolzds, £BBITALERNTIIEEERR
I TOMESERET S ERSA LN,
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BUKF RS BT 2 AR )~ /BTy
%1k B %13 high-dose methotrexate (MTX)
BEHATALFRE AL RIEROERRH TH 5
EEZEZOLNBNY, HEDFHWOKE HHELI,
LFHRIEE O BRI OLEHEIZ OV TTH
22
@ Clinical Practice Guideline (2%, 60 % 2
72BRBORE, MEEIHEITARETHSL PR
hTwaD % (K1), National Cancer Institute
»HPDQ (Physician Data Query) Tif, ZDH
B LT, SHREREERE % & A 7 HEBEERD

National Comprehensive Cancer Network

¥

PECHEEWIEBMIILET > TNBY,

A. Memorial Sloan-Kettering Cancer
Center 5 O

2000 (2K E @ Memorial Sloan-Kettering
Cancer Center 7* %, high-dose MTX % & tp{b2
L+ RIS A5Gy 12 & A AR i 60 A
A& gigaseis she, MTX 1 35mg/m?
DFFRAE G % 28BS 51, MTX12mg O

RS D 2 BB 5 M, vincristine 1.4mg
/m2% MTX 8RN 5 &R B 2518, procar-

AU bLFE—b (Z23gm2) ERTIL
FRA T EHRIRET

RIFEIRE T H nILIREICIREY

BRI H 2 VI EEMRIICREER
HNIEHERIBENRS

& KPS = 40
Lird »o
ﬁ / Cer 250
* RFENEE

B || BHEZRRI
T—} %85 MRI
> KPS < 40
3 ™ it

Ccr 50

31

v

L5 45Gy (% /213 MTX LIS DILHER )

IRAERSE T & hISIRES (SRR G

BRRMIRE 5 2 VWA FREMRIISIRE £33
» h SRR IR S C FBE R ARRRST

thiR A RBME Y S NERERA A K51 >

®* 60 R H BB ORI EE R IR D AT RS RS 5.

(National Comprehensive Cancer Network Clinical Practice Guidelines in Oncology-v.

1.2003. http: //www.nccn.org/professionals/physician_gls/f_guidelines.asp#site % (%)
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bazine 100mg/m2» 7 HEWR%Z 1, 3, 5EHE®
MTX 8RNI 5S & R AT L, £ D% 45Gy
OEMIRE, PRI T £ 3g/m2 ? cytarabine & 2
HEE V) A7 ¥ a— IV THEEMTbR. 20
BEN/EHEREDL 3L L A0, FHSWZD
RRHETLRPoEBHBEA DT TH .
10 & A D EH TGS @ 474 7% > o 7B 57 22 )
Hy, FEPRMEIX70m (HiPH54~89i%) &8
HEWIZEALETHo 22 D0, 60 LT
ot ziro 721260 (FEEpRAE6T K, 60~
72i%) L OB EITo 7o, LA IEO K TR
EfTbh ko RO 10/22 (45%) (ZIE%
FEHA O NAETFIH FREIE 334 B TH o 729,
—HAL R R AT & HiAT L /SR T, E
BHBL1/12 8%) OATH-ZIZbdhbd
F, 1071260 (83%) 12 BISE AR AR I E AT
HL, ZLOEMIZEETRCL, SFELHF
BfEIE32H A L IEMEHEBI L RETH o7 §
LhbLEREIIBO IR OBRS RV &8
R I N, P Z DKL single institute 70 65
DLDTHBH, HBIZMTX % 25mg/m?iZ dose-
doWn L 7=V ¥ X T Radiation Therapy Oncol-
ogy Group IZ & % multi-institutional phase II
study & L THEAT S 4, 38 8 A A7 30T ) v L i
2407 A, HEMMRRE369 7 H, 60RO
HEAF I 9504 4 H, 60iKEL L TIZ21.8 %
H, EEOERMAEMEZ 5% 27207 &M
Bz,

B. {bLFEXBROMEHRIAS OLRMEICD
WT

BOATHRIREHIC & B BRUMEEEORE IR E
TERVWREZHMETHAL. TlE, woZDIl L
BELhwE &5 % 5H.

Massachusetts General Hospital @ 7"V — 73
MTX 8g/m2% 2 M EICCRICARBET, $5

W8I B ETHRYEL, CRAEKS I
LELIZ2MEEML 721k, & &id4BEE 11
FREL LTHE 35 L) i ClRm LR
LY, AR 1284 A,
LR R{EIZ 228+ 7 A, CR + PROER)
I3 74% T, LARERICERBY 217 o 7o
WL 2R TH -7, BIERIEHAZ ST 58
PANT, EAOHBBUILIFADRD TR, F/-
ZHIBFHIC & 5 study & L TIEMTX 5g/m? % 16
BHOBIZ 4B 5 L, vincristine, ifosfamide,
cytarabine, cyclophosphamide, vindesine DE
RAFRS-L, ¥5I1ZMTX & cytarabine O 8iEN
BELHALELY A VOBEPREESRTVS
A%, CR + PROZEZFIF71%, MHEAELIM D
RAE21 A H, AHFHHAPRESOTA L) ER
JHERTH o727, 60 EDFEBNIR > TAHAT
bEMEATHME P REL A H, AFHM PR
B3 HIATHE., TLIOLY X VI L HEM
R RBEREDRHE b Wi ST 505, HRERIC
BRI T LEBNL 161D o728, /-
PRI E 9%ICROTWS. S ICF o
BlZrhid, 60U EoER R LT,
MTX 1g/m2® 3B OERAES-1Z, lomustine
(CCNU), procarbazine, MTX #lEA#% 5 % #
b A4 7 Ve 6D BT HIEIZ Lo Tk
BLUMER, CR+PROEXF48%, WMIHEL
AR I 106 7 A, AT AP RAE L 143
HRTHo e WEENTVE9, EFOEHH
REE72REAEIBHELZNRLELTVREOKR
bbb 6T, HAROHED A VIIEST (mini-
mental state examination: MMSE T4 H Ll E®
BT) 2RDLIEFIL BN DA TH o/ DI L
Thb.

CINHIIF LT, {LFEREOA TR R
HEITRLDTHEZ EERBTL2B|MEDFELET
%. German Cancer Society Neuro-Oncology
Working Group @ study {Z, & MTX 8g/m?



% 2WEIC6 IS T 5 HIETHBELIHERE IR
EHLTWwAH, CR+PROEBRHIL3I51%TL )
o 72100 Z LIRS L A Massachusetts
General Hospital ® 7' )V — 712 X BRI 74% &
WRTELLLHBEBTH AW, BEFSHLMTX
OHGZ6BETICHRLAZLIZEELDTSH
HIEEZLNTWA., FlOstudy TITMTX 15
g/m? % 2 #4512 6 M 1T L, cyclophosphamide,
doxorubicin, vincristine, cytarabine Z#H ¥ 5
CFREOHK, 456Gy e EWICIRHE T L8 L
30.6Gy # &MICHRETT A H & DB T DI T
W3 W, 60 AMORES TIE, JEHREI2M
A5Gy BET25% TH - 7= DIZxF L T2 30.6Gy &
Ti283% (p=001) THolh, 60 LDIE
BICiIZnEERDD R o7z, Fi2, &6ELT
OEFRIIIREREIC L 22RO P27
2, TRECREZERLIEFICR-TAHS L,
13 1) 60 AR DFEBIIZ B\ TEMK A5Gy BB
DOIFEFERIZNLUTH o 72DIZFF L, 306Gy #
TIE60%T, T4bbH60RKRMDEMIZENT
WRPHRELHE L TERBERBEVMETTAE W)
b e oz, W60 LA L R I B T3 B
MR L B IEBEEROB VIR S Twin,

BT, EILEBEICBVTETERTHNIR
FHIBITAREE W) FMZ T Y AHERL
D0HBHEITHB. LHLTTORRMER
B I BTSRRI BRI T OBERDE
WTHENEIPIZODWTIZR/m SV HH 12D, 4
2, SHRIEERLHEBRREITIRENE ) 2
DWTERBYH A, ThEROIBORRETER]
- @ IFAR

C. iLLitA
1. blood brain barrier disruption

Neuwelt 512 & % blood brain barrier dis-
ruption (BBBD) % ffH L 7= ks e R M)

VIL. BMEE—3. iR M Y o5 181

YHBEERORABEEIH L DD TIEL WS, -
REZHBR THEBRLIHERMERIN 181,
2B T |2 mannitol (25%) % 4~ 10ml/second ®
T30/ (120~ 300m) BIRPES L 714,
MTX 2500mg % &k N#% 5, cyclophosphamide
500mg/m? & etoposide 150mg/m? % EHIR %S
L, ShZE2AMBATI LY A V% 4 BMEIC 14
1T o7z. CR+ PROEZHFIL48/56 (86%)13,
SHEEFFIL2% Loz EThHE. LoL,
EbAL L7 — 5 EHH T DNz phase study
HiTbnTwin,

2. hematopoietic stem-cell rescue &M L

7= high-dose chemotherapy

High-dose MTX A%E A S LK #2 R EM )
YOSEEORREATES LAY, LrLBEEA
FHMAREIZED LAV THITLTHH 5.
FIC, Ao R AEEXHMELT,
F iR o &) IS RIRGT & BT B 7201
%, hematopoietic stem-cell rescue & 7>
high-dose chemotherapy @ W REMEAHEZE X T
w5,

79 ADT7 N —71%, high-dose MTX &
cytarabine i2 & o THBE LT b S THERE
L72HEBl 8 5\ IZIERPES) T o 7o fl 22 41
235t LT, peripheral-blood stem celliZ & %
rescue & £/ L 7z intensified chemotherapy % 1T
STHEERE LS. BEIE T ¥ cytarabine (W)
Hix50mg/m? % 120 M2 Tk 5, 2HE»S
5 HEiX2g/m2o 3R 2T TS & 50mg/m?
ZI2FM» T TOREDW ) &, etoposide
(200mg/m2% 4 HRE) (2 X 5% (CYVE regi-
men) %17\, % ®#% peripheral-blood stem cell
ZERI, 361239 1EFR CILEREET-> TR
InAYH o 7235A | intensified chemotherapy # i
L. #OL YA VL, thiotepa (day-9#4 6-7
¥ T250mg/m?% 3 HMH), busulfan (day-6# 5



