2 HESOES

#F AL—00 - TFF F54

ECoic

BELIE, NRETIEROBELZDOVRAI 77 29— AHT L LB,
ZORADPTCLEORBEZORENBIEL T 20 2R, BAEEL FHE
MRBEMTHBLERLS. HEFOLYN - BRETIBRICEOTYH, HRe
T3REHETOMADFCLOBEREL, LOLILBEELLBD LV
i, EhOTEERZMERTHY, ZOMBES LICHBOBEIMTHONT -
W3S TOBETRA, Thbb, bAERERNT S0, &8
RS S, ZNICRLEATIHEOBOLOERBRNL TV L) ER
Lo TwEbIITHS, ZLTEOLDIZIE, ZORBOBEDHHRIW

CEehh, WRICHo TR, REOHAREBICOLWTOWEBRBSEATH 3,
BREEORERRICOVWTRESFED S VB WA RHENRLEEINTVREY, B
EETOLZ 3, W 2hOREBEERBLSLCIRIAMLBEEHEL TV 3 Y
DIRAEVEFLS, '

2.1 MESOREER

2.1. 1 'mﬁ¥ﬂﬁﬁﬁiﬁﬁﬁﬁ%
2.1. 11 REHEIESE (neurofibromatosis)

neurofibromatosis type 1 (NFI) ik, BREFEEEREE T 5RET, 3,000
~4000 Al L ADRERL ENTH D, RYOMEREE, LB IEH,
café-au-lait spot, WHEBEL &R HE L T 5. ZhUcHL, BHAKR LA
DFE & B b 3 neurofibromatosits type 2 (NF2) &, FIUREWEHIE,
IRHE, HEBEREERET S, HFORMLBET I 17q11, BFiX 22q11-
22q13 Lich 3 L S T3,
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2.1.1.2 Li-Fraumeni fEfR2¢

A, BAHE AR BhagBEicrogdEgnssel, BElcT
bRk 17p13 Eich B TPS3 LEnTw 3, TP53 1% OBEER L O
ErBElENTEY, BRATIEMABRBEOREDOERD 1 2L EN T3,

2.1.1.3 #5a4Em(LIE (tuberous sclerosis, TS)

fEEERE(GIE 1, BAEEIS, subependymal giant cell astrocytoma, KIAES
B R 3 EME L, REEREFIIREH 16p13 BLU9g34ich 5 L
BHLCWw3,

2.1.1.4  von Hippel-Lindau

von Hippel-Lindau #R i B G AERERE 2 L, AR - B - FHOHEKR
o iEEEREL, B BRI BRI EN LR T 5, TEEOR
BoBaMizE:zr2attTs. RERETFIZ P25 LENTV 3,

2.1.2 TUF—vIcHITHBIZFRE

BHfaBoRECEOTHREFNLERSBHI N WS, 7, KM
Baos & BATNIE I LT 5 KR T TP53 & & U PDGF % £ OERMLETH
BLEh, 519 BRANREHE, RBEEFOERICE ) BEAEENE
Bickh, 100BREEFREODRELET, BHHE (glioblastoma) ~ELL
TR HDEEZSNTVS, Z0 k) ICEMEESEREEWL CBFE

© 2% 2 Ty —B# & secondary glioblastoma & FEIEN 545, ThickflL, o
D& BT EERCBHME (primary glioblastoma) b&HEEL, Zhb ik
EGFR, MDM2, PTEN, pl16 2 X £ JI0BEFRELZMHEI LI hTw3 (X
1) [1]. BEHEEICE VT, TPS3DORFEIZ 30 ~40%ICED SN DART,
TP53 DA T BHIREOREIC OO TORHBEFAETH D, BOBERDLH
EbEIoNS, '

TVF—22gD, HEFORKRBEFOBREIR TR, BENRED

- BETEROY, CLAEFELOFTHRTOBENKELLIRRLH S
[2,31.
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SMeBEMRE F£/=3 arTEa

‘ . ‘ EGFR
P53% R (>65%) . 198 (~40%)
PDGF-A,PDGFR-«a BRI 3 (~60%)
BFIFEI (~60%) | o

MDM2

EfinaE | 1418 (<10%)

LOH 19q(~50%) ' MR B (~50%)

RBZE 5 (~25%)

P16 & % (30~40%)

Eﬁ?lﬂiﬁiﬁlﬂﬂﬂi LOH 10p & 10q
LOH 10q | ~309
PTENZER (5%) - PTENZER (-30%)
DCCH I % (~50%) RBZR
PDGFR- a 1815 (<10%) -
ZRIENB IR ' —RERBFE
(Kleihues 2000)

1 SHRREFRRICLS /YA —<vDBHE( (Kleihues 2000 & b #ZE) (1]

2.1.3 RER¥F

BUERT & L COREFORE L 0WHELBGEENTEHE N TV B HDIdE
WEBRS, BROWE BMELTOSEETRER, BEM, sie)y, 7=
2=, BEA, GRITL, BLAYE=—LEOEEb, B0 SWRENL
BEEDIE L 2 v [4-6], Chici L, BATRBEHERESORELEDLD
TEREMEAR, BT, T EERE R M o U SR ) st AT
WieENTEY, BERDHIETRERICTY A —~, HHRE MHEEELR
EMEREL TR LBHREIh T3 [7,8]. £/, MRHAOEMRICTT
SEMADORHED, BOTV A —2REOFERICZ>TBELEIZGNTVS
[9,10]. —%, BERDMTICEET 5 FEICRBEPCHMRESHT L L
IWE»S, BRI HEFOBRBRMEESNTY S, ThICBEL T, £F
YROE L ORFEREY» 6 RET 2 ERIRSNERE O REIC D dt 3 EREL
BHREINTEY, BAKBLTHEERAEVRIBEENTHS, THUIOWTYH
REMLEEETEHEINTE ST, BRATRTENZEREHLTVL 2R
HLHB (1) LoLihs, 83 THEETHoMARESERARKRE
HUEM T BERICH D, FlRREMSDEC L ATMHBIELH 3.
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2.2 RESOEFAE

BN 3 MESOREREICOVT, ERARFRBIATES T,
HREDOREREEMNAT 5 2 Lo\, Central Brain Tumor Registry of the
United States (CBTRUS 2004) iz khig, REICE T} 3 FEMEREE O F &
RBAOI0OAABLYERM 141 A (REER 68 A, BEBE73AN) TH
b, BEITE, BEIBIA KEMIALEATED, EF LSV
[12]. KEI T, = D{lIC Surveillance Epidemiology and End Results (SEER),
National Cancer Data Base (NCDB), The North American Association of
Cancer Registries %z EOREBRES H1dh 3. XN ORERE I LRERICH D,

ZOEHD1DLLT, 1970 RO CT A% + % 1980 £ D MRI D3k

BRBIIRBEOYURIEZ 53 [13], EFERICHIMEADOE L v 0Bk Y
YRETHYD, HIEEREEIEHS NBE, ERERES L OB HEEC
BoTw3, oM, LKE, WENE TEGREZ L ORNIEEE LT
Vw3, £, ARB LUEREOBBBIEML TWADY, EEOEME L
TR OFEHD 1 2Th 3 [14].

2.3 hufEE2EH (Brain Tumor Registry of Japan)

.10

2.3.1 fB@REE

EPSIc & V) 3 RIBBHERTIC D v TiE, 1974 SIS BRL S Nl RIS 2 EgEat
FRASICIVRBENT VB, 1977 E0E | EIORAETREBLOR, REET
I2 11 BOWMEENHTERTED, BF Db D 2003 £ 9 A Nuerologia
medico-chirurgica @ supplement & L TRIICTHFT SR, Sl £
& 300 4 b ORIHEESRHER & D 1969 FEBUR, EMBE &k % 4,000 ~ 5,000
G, GFF 98,647 PINERINTED, BERE, £ERREEEBITIL
ENTw 3 [15]. 1984 ~ 1996 FEDFEH 51,818 Blic2WT, BLIEEDE
bDIRTY A —2?D27.3%C, HEEIE26.2%, TEFERE15.2%, wHERNE

104%DENIE TS (3B1), £, FEJLICEERHRETSE, »

DT TV A =2 03BD Sh o208, 1992 LTI, MEBOBEEIS
B %o Tw5, FMACHAB L, 1SBRRBONRTIRIY A —<h57.5%
B ER D, Bo-CHEMEE 15.4%, EHEWHE.0%, HEFEE2.0%
EoTEY, BRALE»RYEEBRRLoTHS, £, TORM LEOER
HETROLEEDOH S D IIMEE 423% T, T/ YA —<269%, TE
FEIGIE 10.1%, #ERE 7.1% Ch D, THICEHEY VB 6.7% D5V T Vw3,
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#1 BIBLEGHIC L 2 SEMEBOBE (1991~ 1996 FHEEH) [15]

M (B

245 <15 15~ 69 70s
AL 271.3% 57.7% . 243% 26.9%
fngE 26.2 - 2.0 26.2 42.3
TEARE 152 1.9 17.2 101
MR - 10.4 -1 11.8 : 7.1
FLEE AL 3.5 9.0 3.3 1.6
i DIDA | 29 0.4 2.6 6.7
i L7 04 2.0 1.0
SRS R - B 16 1.6 1.7 0.5
I 2.8 154 2.0 0.0
 20ft 8.4 10.5 8.9 3.8
&t 100.0 100.0 100.0 100.0
(n=51,818) (n=4,070) (n=41,653) (n=6,095)

AU L CBTRUS Tit, U4 —22453% L 2bOTHEENREL, h
WCRBRERE 29.2%, MEEEIE 7.9%, TEMEIRE S9% T W3,

VA —2DORTOBER, BEFR (glioblastoma) 3B %< 32.4% %5
W, HvTEMIEE (astrocytoma) 27.0%, BERERMAE17.2%, ZR
BEESS%LE>Tw5Y, INHEMICL--TZOHERKE(RRY,
15 RAMmOMRTIE BMIEED202% % SO 30N LBERIZSA4%ICT
FF, THISHL 70 R EOERE TR, 59.9%BFETH S, MM
DAPLEZTHRMEDO TV A —vDFRIRELO TR LNTFHRENS
(& 2).

2.3.2 FEaw

1984 S0 5 96 EFTOF—F 15, R ERIERIES O £ %
T (F2A-1). BEBEZOBREE—2ELT, BRZECHVEETHY,
B 1411 LB S (R 24), ook U BAMEE TR B i 1.15:
P &g E D, 30RABELS J0RRICEL, I0BREIBICLI 1o
DE—2hH% (K2B), BHREEHEER, -0 =E0hENELETHY,
Backhid 1.27 1 1 L BEELT, FHI/HTH S0 RAD 5 60 ﬁﬁb: E—7
AT (H20). chonihs b EERIED S RURERMIQE ZT,

11
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®2 MWEHEEHINC LB EES ) A — < DFBE (1991 ~ 1996 FEEIAEH) [15]

£ (R)

245 <15 15~ 69 0s

B8 32.4% 5.4% S 350% 59.9%
E i 27.0 ' 29.2 28.4 ' 4.1
SRTZAL M B A8 17.2 8.7 18.9 204
ZREEE 5.5 C12.7 43 12
BRI EZ RERE 0.6 0.1 0.8 0.5
X | 2.9 6.9 2.3 0.2
BRI LXRE 0.9 2.7 0.6 0.2
IR B ILEE 1.2 2.9 0.9 03
E 4.0 18.3 0.9 0.1
DD Y A — 8.3 13.1 7.9 3.1
&t 100.0 100.0 100.0 100.0
(n=14,418) (n=2,650) (n=10,132) (n=1,636)

BHEAN L BL L TRTFRR AN S, ZREBER, 0RREE—2L
LT, 2L HEETIRBEIE L, 2hbBERTECE LD, 2ETkiE
g1 ¢oTws (K2D), LKIE MEBINARCSVERTH
258, LRBTIRPELUEZIZL S 12072 ET5(X2E,F). BEEEL:

28 LEMIRSVWEBTH B, IFRHEMIE S0 RRDL S TORRE TEL 9T

12

3 (H2G). HEMEY 1:1.3 LLEICETS(, 508855 60 BRI E—
sdh5 (K2H)., TECREZ, 20REICE D IFRERPELIBL S,
SHETRTBREICR o TOVBH, FIVE v IRESTEERIEE 50 MRS 60
BRIC1OODE—7%RTOHTHD, 20 AR>S 30BRRICHTTHOE—2
i, KEEEGRE LA 25V BEETEFBECTHS Z Litbhr 3 (K
2I1-K). BB, BEREOMMLTw3BH®Y v EBoERITERT (B
2L). ChbEBEOBHKICS <, BRIIZ13:1°h5.

2.3.3 EBERIEEREFIETF

BESF B WTRBOBETCAVLINTVLS TNM BERBETE XN Tk
W, BEXzEFCOREE AN, ERIZBERTCHAZLOMTEERL, B
HickoTHBET3 2 L%, 2RUcHL, BHEEOBAWE, 20 RHic
RREINZLLTHPRIEDPEOELVWEE L5, MBS T, HGnk
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# male
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#3 MESLEGIC L 3 SHMIEKO 5 FERBETE (1991 ~ 1996 EREEH) [15]

FERI % 14 2% 34 4 % 5%
E#iai 1,573 89.6% 79.7% 73.8% 70.9% 66.5%
SRR B 1,066 67.6 43.0 32.2 26.4 23.4
BER 2,125 552 - 196 114 8.8 7.0
= J 152 95.3 918 871 83.8 82.0
B S R 43 87.5 84.7 75.0 7 68.2
paBE 6,367 979 . 96.6 95.7 94.8 93.7
AN F— 5,751 73.3 51.9 44.4 40.9 38.1

FENRBEACTFROBENTHELZ LIS, B3 CSEMERORMRER
BETT. HRED S EFEFN BTN THEOICHL, JYI—<2&FTR
38.1%ThHbhH, CDHb, BHEETIX 66.5%, BRAEEMIEEIZ 23.4%,
BEERT70%Tchs, .

REEE R Lo BEEE T, BRI ERNCEH T L ChEiEes s
EWTES, UL, YYA—OFRIcHEELSASETF L LT, F1H,
BCEER, 4EE, 1O performance status % KT 5T 3 [16-19]. &
SIAFTFHYRICLD, BEBIARIC nitrosourea ROCERER 2 068
TBHIET, FROWBELAONS Z LBER SN [20], WIESSEHT
ik pEFERCHRARLEARAONSG, £FER~OHFFEeELB LT, ¥
FYRVRANE L TREFIFROBEHT, Level VEELTA 523, HF
Flegke L-RECH S0, HBENEHEREWEEZ S [21].

2.3.3.1 £

TYF—<DEERESOREZR/ES LABKETIs2EA%Z > TV 5,
EHEE T 60%BEDOTIGEFERY, 70 R TIX40%, 80 BRATIE 30% B
TRETT S, 2428 () RETE, SSHkBELZzAB EoMIcERE
ARSI, DE6S Bkt L 2, 75 Mskiie 20blE, 85MRML 2
NBLEDZNEFNICHERENH Y, BMBECR I0RELTEICERE:R L
TEFROETHAGNS (K3). Thik, BME BEREEMIEE
BHFEOTARTIKAET2EETH D, BEED SV 4 — < i BBew Bk
E{FHRRRTHBLEEZ B,

15
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3 HRBA, FiwAlsEEFR

2.3.3.2 (fii&f performance status

IR @55 78 & O performance status % B9 REE L LT, Karnofsky scale &
Eastern Cooperative Oncology Group (ECOG) MHERAI LT 558, MIER
SEEEH T ERBEE S MIER, ABRERDA, RIER, HEAEGE B
WEE, BIE RPREEO 7RO TR L Tw 3, RREESNR
JUBESNIT TR 1% U TOESITHB7%H, M4lchs RS
McofsfFmte R, BT, MSERLEREROMICERENAS
Nighot=h, BEAEEMRES L CBFECEZOZRREC, BEEE
CTORPEROEEEEZRLTwS, £/, BiiltES & REAERMIE
T, BRER:EEROBICERENA SN, BERPHALZHEDTHE
DEEZTRL TS,

2.3.3.3 FilEHE

NS ¢ b FAIc &M e R GETTECH S, L Ladts, MK

LB ) BIERIEFERICB T AHREELOTREVY, WiRCREZ S -

THHT 3 L ETAETH 5, BFERE TR, CT® MRIIICTERAIT
W 2T A 6 B om B ECEFOBEMSAGN, RIIOMOBRE 2R
FBLAEERE T2 L kRETH 5. BIETI, FEE=F Y v IR FHES -
YavoREBILL), BECLMPOERARICHEELEHT A LITES L)
ISl o T &2, BEIRTEOMEE® b >HEBIC R L BB kAR R S
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Sk | SRR 2

~—&—  BER
3 FHBRETE

—¥— BHmRE

4 BRATERIC L B V) A —<DEER

ZMAZZLTERY, M5V A—-<OHENOEFEDHREZRT. B
BT S0% M & ER L ORICEREDR\ND, TSBIEHICE D 50% LT
DIGH L EBENH S, X5 ICEHEMNERICON, TNENEEEEZL-T
EEROLABAGNS. ROBEEORVBFETY, FHGLTRICKIET
FEOBY b5, BEMEEMRERS XCEMEETE, 75% % T
DEHTRZAMUT EBRENMNLRL, S5%OWHICEY TSHUTOMH LE
BEELOLIICRSE, SV A—<iiiR, SMORELRETH 505, WK
HWBRKBROFHHZH S & LB FHROWBICOLNELDEEX S,
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5 FRMHEK LS Y Y4~ LR

HhYIc

INIRE DBERIAR ZHEZ L T = DICiE, HBELRTF—IEEDD LT,
BROILEFVALRDOE T vV LMUBRERET > T (RERH S, &
nicx L, BEPHEHE, BEOBEKND T — 7 DBIT» 6, *ORBORE
2EID, BMRBBEEEZROTHZEILWILDTHS, H5BRERENES
DFEEEEZ OO L W) HEEZEHET i, KREZRESBEL 4503,
FIoBoNBRIEITFHEEABL 2H5DTHY, EbHTERELREHRE
BLAICRELTNBLEIONS,
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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), r-glutamine (Cat. No.

Cell Biology

G5763), N-methyl-p-aspartate (NMDA) (Cat. No.
MB3262), 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-{im-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. :

I11. 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 0.4pm-pore membranes
(30 mm in diameter) (Millicell-CM)

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

60-mm culture dishes

CO, incubator

Culture medium: 50% Eagle’s MEM (Earle salt with
L-glutamine, 25pM HEPES, and NaHCO3), 25%
HBSS, 25% heat-inactivated horse serum, 6.5mg/ml

p-glucose, 100U/ml penicillin, 100pug/ml strepto--

mycin, and 2.5ug/ml amphotericin B. To make
200ml, add 96 ml of a Eagle’s MEM solution, 50ml
of HBSS, 50ml of horse serum, 1.3g of p-glucose,
2ml of a penicillin (10,000U/mbD-streptomycin
(10mg/ml) solution, and 2ml of an amphotericin
B solution (250 1/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

o

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-pum-thick cut brain slices and transfer each
slice onto a porous (0.4pm 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

Culture plate insert with
membrane (0.4 um pore)

Culture medium

FIGURE 1 Tllustrative procedures of brain slice culture. A rat whole brain slice 300pm thick is placed on a
porous merrbrane 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 Instruments

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, 0.488g of NaH,PO,-2H,0,
0.932g of KCl, and 1.232 g of Mg50,-7H,0O in 100ml
of HyO. Stock solution B contains 2.22g of Ca(Cl; in
100ml of H,O, and stock solution C contains 4.62g
of NaHCQO; in 100 ml of H,O. Store at 4°C. To make
100ml of artificial CSF, add 4ml 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 1ml of solution B and 0.18 g of p-glucose
to the mixed solution (the final pH is 7.4).
4.6pug/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 4.6 ug/ml.

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

1. Incubate brain slices in 1ml of the artificial CSF
solution containing 100puM NMDA, which is placed in
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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 PI signals under a fluorescence microscope
with a TRITC filter.

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

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 200pm.

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 2l 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
10pm 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

Co-culture with brain
slice

Invasion

Migration

FIGURE 4 Tlustrative 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.

(wm?)
50007

40007

300071
—o— Day 2
20007)) |\ ) —— Day 4
| —e— Day 6

Total area of fluorescent-stained cells

0¥, o

O O ye=
0 20 40 60 80 100 120 140 160 (ym)
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 10pum 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).

E. 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 200 um from the original thickness of 300 pm.

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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