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(B55)
AP: amyloid B-protein
BDNF:  brain derived neurotrophic factor
BSA: bovine serum albumin
DAB: 3,3'-diaminobenzidine tetrahydrochloride

DAGK: diacylglycerol kinase
GFAP: glial fibrillary acidic protein
MAP2:  microtubule associated protein 2

MAPK: mitogen activated protein kinase

MEM: minimum essential medium

MK-801: dizocilpine((5R,10S)-(+)5-methyl-10,11-dihydro-5H-dibenzo[a,d] cyclo-henten-
~5,10-imine)

NF-xB:  nuclear factor xB

NGF: nerve growth factor

NMDA:  N-methyl-D-aspartate

NO: nitric oxide

NOS: nitric oxide synthase

NTR: neurotrophin receptor

PBS: phosphate buffered saline

PI3K: phosphatidylinositol-3-kinase

PIP: phosphatidylinositol-4,5-biphosphate

PKC: protein kinase C

PLC-y: phospholipase C-y

PLC-3:  phospholipase C-6

RT-PCR: reverse transcription-polymerase chain reaction
SHC: Src homologous and collagen

SIN-1: 3-morpholinosydononimine

SNOC:  S-nitrosocysteine

Trk: tropomyosin receptor kinase
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HiRT v b ER17-19 HE) 22 hNLVE Y —)b (40-60 mg/kg ip) CTREEEL . 37
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PHNBEL 7o R EICEEAFE L TV AEaEY rty P2AWTETHY BRW .
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Par.-ary bR MEEELCHEBERETISSRERME (B L -EM (5
THIME) % 48200 8L BT L 7o BHELL 7oA B (Mg + o Mife) 1239 5
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TR L7z,

Y558 FE |3 Microcomputer Image Analysis System for Bioscience (Imaging Research, Inc.,
St. Catharines, Ontario, Canada) # §\V TENEND 7N —FT2000D =2 —0 Y % flEL
720 TNENDFERIT arbitary units & L TR L2, FRENDERIIBWVTS56H/5— 2
') v 7% T means = SEM. %1872,
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BEMIET 70y - H5AKRESFAF-HNTIEENDHEPES /Ny 7 7 —H Tk
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LTHW (EBEME Ny 77 —ICEB LUESE & L THV 2, 10mg®DH > 7V %
WT8-16%DKR) TN INT I R NVTSDS-PAGER T o7, = btV T — R |ZEE 4,
PLPLC-8 —KHUR (1:5000) T4 TCICBVWTI8EMA Y Fax—FL, 7Ry MI#F
D1 0.1% Tween 20 & & A7TEPBS (TPBS) TikiE L 7=, YA F VB8 L 7-H 7 ¥ F1gG
(Vector Labs) T 1WA > F 2X— } L., TPBS Tk, 7TET ¥ - ¥ F ViZ#HE
&4 (Vectastatin ABC kit; Vector Labs, Burlingame, CA) % RILS¥7:, M AEEHET
T2, DAB B L USBE LAE Y sS4 TH#aL L7,
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KR THWRERLTOB) THS,

4 — 7" )V EEHh T Nissui Pharmaceutical Co. (Tokyo, Japan)?* &, MK-801 I& Research
Biochemicals International (Natick, USAY»* 6, 7% I Y BRF b ) 7 A ld Nacalai Tesque
(Kyoto, Japan)7* &, Ne¢nitro-L-arginine B & UFNMDA I3 Sigma (St. Louis, USA)» HHEA L
2o
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ERELBRBEOLINDETEEEDH E LT,
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BEEP IR OME s MEZEE 2 T L., = 2 — 1 R D200 kDaD MFESRAE ¥
> 237 23§ AUk (Labsystem, Helsinki, Finland) T4+ % V) | $iiglial fibrillary acidic protein
(GFAP) Pufk (Dako Corp., Santa Barbara, CA) TIIFF LM o7, DI LI GFAP
FEDT7 A a7 ) THAKAOMRERICBWTHFEL TV AVI LERLTWS,

Fig. 1-1 BX U'Fig. 122127 v PRBEE =2 —0 Y IBIFH 7V 5 I Y RROMEENE*

Fig.1-1 Glutamate-induced neurotoxicity and the effect of glutamate on PLC-$
immunoreactivity.
Cultures were photographed after typan blue staining followed by formalin fixation (A, B)
and immunostaining with an anti-PLC-9 antibody (C, D). A,C: Untreated cells (control).
B,D: Cultures were exposed to 100 uM glutamate, followed by incubation with glutamate-

free medium. Bar = 50 um
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PGSR I 72 (Fig. 1-1B), TEMRERE Fig. 12 13R L7, MlaEREE L
5 I CBROBEN S0 M UL E THEIKA L7 (Fig. 1-2A) o NMDA SHEAEOIEHET
HBHMK-80LE N Y I VEEEABUET S 2 LI ) BELEEER R L7 (Fig. 1-
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Fig.1-2 Neurotoxicity induced by brief exposure to glutamate.
Cultures were treated with glutamate for 10 min followed by incubation with glutamate-
free medium for 24 hr. Results are given as the mean = SEM (n=5). A: Dose-response
relationship of glutamate-induced neurotoxicity. *P<0.05 and **P<0.01 vs. untreated
cultures. B: The effects of application of MK-801 (10 uM) and application of N“-nitro-L-
arginie (N-Arg; 300 uM) or Ca2+ removal from the incubation medium (Ca free) on
glutamate-induced neurotoxicity. MK-801 and N-Arg were added to the glutamate-

containing solution. *P<0.01 vs. glutamate alone.
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2mM D Ca* AAEET BB AT 100 MO 7N Y I Y ERTI07MRE L7212, 24
{4 Fan— 452010k )EELMISEHIERE SN MIBSED S Ca> 2 Bk
FTAIEIILENIFITEEIIT VY 3 CERMEEEIG 2 N (Fig 1-2B). MA TNO
HYNY LU BREBICHE LT e o) PEBLPIIT 57000 Br INOEH
B EDREE CH A Neniro-L-arginine® 7 v ¥ I EEMEFEME I T HERZHRET L /2.
NP-nitro-L-arginine (300 uM) {3 100pM D ')V % 3 VERIZ X DR SN A B85 Z W55 L
7z (Fig. 1-2B) o AV 22T OEEFMNE Z 2N ENEMOME TITHBEFEICEE
WERIZE S HhoT,

B *
5 i c
:; 50 i— ;//;/ £
g 40 vz > .
g 40 - =
= ¢f’:’ y//% s o -|-
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® 20F %4/" ,///4'{/4 f/% o ;/ * 7
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Fig. 1-3 Effects of a brief exposure to glutamate on PLC-3 immunoreactivity.
Glutamate exposure was done by the same method as that described in Figure 1-2.
Immunocytochemistry and the assessment of staining intensity were done as described
in Mathods. Results are given as the mean + SEM (n=5). A: Dose-response relationship
of the effect of glutamate on PLC-8 immunoreactivity. *P<0.01 vs. untreated cultures. B:
The effects of application of MK-801 (10 uM) and application of N{'J -nitro-L-arginine (N-
Arg 300 uM)or Ca”" removal from the incubation medium (Ca free) on glutamate-induced
PLC-3 immunoreactivity. MK-801 and N-Arg were added to the glutamate-containing
solution. *P<0.01 vs. glutamate alone.
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Fig. 1-1. Fig. 1-3 3 X ('Fig. 1-4 [ZPLC-8 DRIBFUSHEIIHT AN ¥ I VBEOMEE
RL7: 3y bO—LD =2 —10 2 TIEPLCS DRERICEILED - 72 (Fig. 1-1C), £
AR T ) MR ERITIFEALETI O D o7 ) THREIEE ST R
EHREftEO gy ra— b EEE oM, IO D -0 Y TOEENF—RINED
EENEEILIAZVDTHAILERLT WS, V7 I VEEATREG LS
VT PLC-d D RIE R IR ERITAIICHEI L - (Fig. 1-1D) . $FICHilg B X OgEied®
EREBESNT100UMD 7V Y I VERIIEEREEE -2 -2 Y iIZBWTHIIREDIR
HERDLDT, TREDFERIZHMELEN L PLCADRERIGHEOEMOEREDBEZ R
By A2LNDTHAS (Fig. 1-1) TNW 2, FAFHMBIEICESC L WEEDOI VY I VERE
ETOPLC-S DRERMMELMET L, BEAMEE =2 -T2/ IIB8VT, 25uM DY
VE I UEER I05ERESE L COEELRHBAEFREORTIIBRES N2> o7 (Fig. 1-
2A)o L2*L, PLC-SORIERIGHIGEEIIEML 72 (Fig. 1-3A)0 25-200uM D 7V 5 3
YEEOEREEREIC X N IBEKTERNIC PLC-O O EE RIS EEEML 72

Vg I EEIL B PLC-6 ORIERICEDEMAPLC-S DEDEIMIL 5 b DA, X
EROFAHIZL APLCIOMBEHNENICL 20002 RETH720II. 2 b H—
VBIUZ LY I VERILEBHEIIBWTA L/, 70y hafTol, V5 I VERIRSC
MRS EICPLCSIBENEE L LRFR LN (Fig. 1-4), 7V ¥ I VERILE L -
HHES T b RS T D PLC-d Dkl ij’r’fELtiﬁ‘o 7= (Fig. 1-4)o

H e DEBEKETTCRAMEE = 2 - X IIBIT 570V 7 3 U BAEERIINMDAS
BEAENTAIELEERLTELZOT, NMDASBEOEEN NS I VEEIZE 5 PLC-S
DEIEFIEMED ERICHEEL52 208 h B L. NMDASAEROENETH S
MK-801 12100 pM D 7'V & I Y BEIZ & 9 355 S5 PLC-S O RIEFUCTEDIEIN % JiH| L
7= (Fig. 1-3B)o V7 I VEEHEHIE AN I 7444 D ORAFRE L TWHDT, KA
N Y I UEICE APLCSERIEBT AN T L4 4+ AKFEETRE L, ALY
Y LA G RBELLEMTA > Fa~— | LABEITPLC-S DRIFERIGHEIL R R HD
T AEMICIED 07T A EBEEIZ T b ol MRBMEIZAN D T APEEL R
WHREETZ NS I VEERRST AL 22— O VD PLC-S ORERTENIEMS BHE
Nahor: (Fig 1-3B)o 7% I YERISHR S5 PLC-S DRERTAEDHINEINO &
B E O JRER T3 5 Ne-nitro-L-arginine iZ & » THHE SN/ (Fig. 1-3B)o W& T
OEFEAMNEB I FNFNERONE TII PLCS ORERCEICEEE L RITS 2 ) o
72
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(9 9)
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Fig.1-4 The amount of PLC-J in the cytosolic and membrane fractions in control
and glutamate-treated cultured cortical neurons.
Rabbit anti-PLC-8 antibody was used to detect a 85 kDa protein in the cytosolic and
mambrane fractions of control (non-treated) and glutamate (50 and 100 uM)- treated
cultures. A: An example of the Western blot in the cytosolic fractions of control (0) and 50
uM glutamate (50)- and 100 uM glutamate (100)-treated clutures is shown. A 85 kDa
protein band recognized by anti-PLC-0 antibody is shown (**). B: The Western blot was
quantified by scanning densitometry in the cytosolic and membrane fractions. The PLC-
& content in the cytosolic fraction ( ll) was significantly increased in the glutamate-
treated group compared with the control (non-treated) group. The PLC-0 content in the
membrane fraction ([]) was not changed in control and glutamate-treated groups. Bars

show the SEM of 4 separate experiments. *P<0.01 vs. controls.
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RO NS I VELBROBIES - 2 — 0 YEIEEICNMDASEERE4THZ L
RGP LT SN AN AL F yOBRFICL Y IV I EEMESEITH
ENTre TOZEEMBENIN T TILLF L ORADPZOWBBUROEELZERTH 5
TEEFEL TV, $70, NOAMEEEDEIRE % HEZE T2 5 Ne-nitro-L-arginine 757
VE I UEEMREEEEIH L. o LIt D EERBNEE - 2 — 0 Y IZBVTNOY
TNE I VEBHESHDOATFA Ly THAIEETRBE LTS, INODFRITLIE
DL L —F LTV 5[14, 15, 19-21],

7Y T —IRIZB VT PLC-§ D REL M IIHREHRELSL. EARTOEREE
SR EREB I — O LV OEBEICEEL TV A7, ILPLCSIMATHERE SN
7 ARESHE ORI Y THRETERE SN AL IZZIRETH - 72[8, 9], MR T
PLC-§ & ¥ ™ OB IEMEDHE 4 T2 iR EESE 1B 5 W L O OB AR THE
LTWadEWSHEPRNE. A/ ¥ b=V VEIREBREN Y 7 IVEE L il BB
HEEIIEBELTWAIEETL TSNS LNV PLCIDEELERIIINLD
HAGROTBESL FN S DHBEAOLBORBICO S LR EBEORBEETHLC
ERRIEL TWwWh,

EEOMHEE L TWAER T VEFR CIRIMERSFHEEILIIZ CER oW L
Hirn b L IR ERLZIEE TR SN, FN5IIHPLC-OHARCHEETH - 72(7,23] &
NEOIE I MEESET AR NAFOT VYN, T —ROF b B VR TTREZ
TP T VBB 0D Lk, RO EERT 2 ONEES L 3T ERL
EORBIL PLCSO ERIARESMETLOER CESTHIEEZMERELTH S
CEETJLTVWADODLS LI, BELZPLCSDERD AN Z AL EHLNIIT S
YR EEEELOREENH T ATEORBIIEETH L0 0 Lk,

Ty I EIREEAMEE S 2 — O VI B THIEEORER & 42 ) (PLC-3DRIER
SO FREFB|ERI L, FRBHOBED /LY I YETIHBEKTFRICPLCSOD
EERIEEEEE L7, 2 b —BIUFVY I VEREHRTOA L/ THy b
SHACE D Ny 3 EIC X A PLC-O DRERIGED LR EE S O PLC-S DED
FRIZEALDOTH Y. BT L TVWAPLC-S ORERICHNEIZL 5D OTER
W EDEES IR o e IESE S S HBESEANOPLC-S DREBITHE NS I VB
MEZICBE SN dohs, Fby 3 VERHMERD CHIEE~PLCS e BEof S,
BEOGEEREELEINSERONS LGV, L) 0L EEER % PLCS DRER
B2 — 0 OB E COHEICETNTRELLTHIINVY I VEFE= 2 —
U 3E & PLC-§ D EEda i oI5 & gt v 27 A4 & > DFrE & NMDA
SR T & 5 MK-801 DIRINC X o TIMHI SNz, SN 5 3 U EEEEEPLC-ID R
eta i DL NO SR EEE N EH Tdh A Ne-nitro-L-arginine |2 & o> TH I SNz, 2
6 DR IINMDAZEEOFBHELIF I EHL AN T T AL+ Y DRALE o T &R
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CENBENOEEIZLY PLCS DRBELEUIEINT LI L2 REL TV b,

TNV IVERCE A2 — O OEEOBIZPLCS DRERIENF LA THE AN ZX
LIZDNTIEV L DDEZL LD PLCIEIPIP,B LI URA 7 4 Y T I XIIx L TR
HEFEELT TR T £BNENT TIL, PLCSDO 2% ) OEDPIP, LiEE L TAERED
KL LAEA T vy T3 ) Y EEFEESLTHESNKETEICESLTWA[24]. 7
W IVEBBEIINIILEAL T PN VIREREOWM A EEELT A ZERE X
NTHBYPRS]V PP, O LA TA v TIT) Y OREOEIZL > T, PLCIDRER
EDPEEL TS LR PLCSDEENIEINLTWADNPS Lk, £/, 7
IVEERIEOBRELLTCTOF 7 —FILLA0BERIHL TWA DI PLCODER
PHREZ o TWBEDHE Litevy, T YNA T —ROMREEE 5BV TPLCS DR
EFEEIZLERALTBY, /4, BEFEHIZBWTEELL TWRWIZ EIFIEEICHBIRE
V23], 2 DT EIESMHOMEICBW TN Y I VBB L/ EERREE 2 —T iz
BOWTHRIBED AN X LPFEET LI EERELTHAPLCIDERBDOIEFEL A =
ALETEET DR 2RV LETH 5,

INFTTCOEBEIMEE =2 -0y TBOIBENICL Y, V5 3 VEESAARRIEIC
EBANTTLE LEA T =) YR 7 VEEOBE IEEEDT VY
12—k CHADEBIIBS LTV AT RENRIBENRLRE6 I NI T LILLS
HREEHMRI I CAON TV AR REEROBETE(ERIIT AL TS
Vo FRAIL R CELMREREEDRRHORRE T, FcAFA /P F FA#HIEELT
WATRESEBLUPLCSDERE L2EB/VMREBORAE LMBRTEOM A I CEE &S %
RIZLTWALAIELHRBR L, F7TAHALNS L) ZHRERBROBEYOEE L) VB
{LIZEEIEBILLAPLCICE A 7UF 4 vy 3+ —FOERLIcL 20 THL70 L
T, TOHICEHLTOEERIIET AR ARV LETH S,

TIOA4 FREA(AR) OREBREORBAET VYA 7 —ROBWEIIB.L0 2 &E +
FoTwhlIBENTETWA28l ARRFOMANEARL Ty, L L Thye
Sa— I L TRERFH LB X FEOILEATRENTVA[9,30]e 2 HDORE
Foa—uRTFFFOFFF_ 77 IO LMAICL > TRERELTWA
BOl ARDATH FFF U FEEFET/OLITLLE AT EN, Ly I VBoKE
LD FFF R BEEEEEELL, FAKA 2 F FREEEE B %5 ( PKC
DEHAL DTSRI TBIARBEHERET A LD FVIBFEICB W TIZA pIIEER
Mo — O CERERTEOLMATARE VY I VEEIZE WA A V> 4 4
FUEELRBIUHRTEZEET 532, 3B HLREVREDI LY I VEEOHEET.
BEEOALDLLGEFTEREOARIZLABHIEE7 VYN T —RIZB W TaE %
FRAFA ) F FORBEERBLI 7074/ X3 F—Y¥OmBILL 322 —0 > DiEE
ODEREEIICELZDS Ly, Lo TAREBML LRI VY I VBOFEETIZBY
5 PLC-S DRIZEFICHENDEBIE L HREIAVLETH 5,
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o=
I RmERERF (BDNF) [TLHD
JIVE X BRSO FIEH

Za-0 a7 4 EIHERERTFEET 77 I —OEKTHY . WEKEET
(NGF) . fdH k@5 ZERF (BDNF), =2—1T h T 7 1 ~ -3 (neurotrophin-3: NT-3) 3
=2 —0 0747 -4/5 (NT-4/5) DE TN AB[34,35]o NGF IZTTRAHEHERD, L
‘fﬁa%#u,aﬁﬁa’% MR SICER L, COET PRI, EREDHR, MEDEY

HOEWMTIRET S, TF=I13126000TH 5, EHRATHEE LEHTANGFIE T (M
ETHIMELEETHL, LIL, v RABETHRZEONTDABRIIZEIIHFELT
B, 2IHho0BREICI VEEHEROEIER LS FLNVTRHRALTWLET
EELFEE TR L TEL[B36l. FOHE. AR =2 — O X OEF L ERME 23R
ERFELT7FiE VBEINTW/2BDNF i, 1989 F 127 > TZ D cDNAEFIA Y
O—=—r7&N, #FOT 3/ BEFIHPNGFDT 3 /&EE?U&EJWFEI’H&%jW‘_ & ¥
&l o237 Ik EohiT e LTEIEFOREIMTHNNT-3, NT-4, NT-5#°
FEREN, INHOETFIENGF EHEEFELLTBY, #NEFNL LT OELR B1EH
AT MNTZ a2~ IfEBT 5,

Za-a a7 4y 77 ) —OFFEENIR) IOV TS OMREEIZL o TIT
HTEY[38,39]. FOHE NGFHEHORERIZLELREE IHILT 2 HHMENTIR & |
O EEEALELTAREHNENTR O 2BENEETAILFHLDNE R 57,

BB NTR 13 trk (tropomyosin receptor kinase) EZFEMIC L W R SN, 14 FTD
BEEEES SR Ty y 3 —EHERE b b, A YA Y REARL BT T2
VrEF—FRISHREIBLTWA, sk7a My IV E BT o EROA 2
=Ttk DANVEFLNERBEOFOL X F—E F AL Y ESOEBRICHIET ST
UbF>rad—rThid, GEFMENTR DR TIINGFZBAETH 5D TrkaA PEWICER
EN7-[40)0 EHLEN/TRARFES AT —2BRT A LELOLNT VS, TKADE
BIZHEWT, TkA L BV R E $ 5 TrkB & TrkC AR W TR S hu7z[41, 42), Trk
Tr3IN—d, FOFULrFF—E AL VIZBVWTHERAE RS, MRS
WTIEBL L7223 VP MEER B A H L EAONA Tk 7 7 3 — (I ¥TH5-a—0 b
0742773 —OfFEFRALL N-HR, TIRKAIINGFZEE L LTHREL. TikBid
BDNE., NT-4{2%F 4 2 S84k, TkCIENT3 12T 5%/ EKE LTEH LTSN TS
(Fig. 2-1) o Trk 7 7 3 ) — OB ikinsim A4 71 ¥4 ¥~ a yge Bo L~
THANH N TV B[43]0 TrkA DEIRIT, NGFICEMHMHRE, Tab b, K TITAERE
R DGR, B MEETMERAE, EETHEE R, A REORE ST
FHL. PETEPEICEEEL T 5, TrkB, TrkC I ERRAEE 2 PR R DL
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NGF BDNF NT-4/5 NT-3 NGF BDNF NT-4/5 NT-3

extracellular

5

cell membrane

llll 'ﬂl

" intracellular
TrkA TrkB TrkC p75-LNTR
High affinity receptors Low affinity receptor

Fig. 2-1 Ligands for high affinity and low affinity neurotrophin receptors.

WHEIIIZRIB L TWh, 2 ThH, TkBIIFER - KWMEE - T8 - 85 - #1K - Vi
% EBITAERNE . TKCIEE - KIEE - Mo BT AERIE

EBAENTR (p75-LNTR) (3 5-FB75kDaD— K & 55, — k& £, p75-LNTR
1€ tumor necrosis factor (TNF) &K 7 7 3V —D—E8 TH 5, p75-LNTR iZ BDNF %° NT-
3, NT-4/5 20T 5 LBEBOEBAMZTEME L THRETA I EPFHERINTWS, pT5-
LNTR (IR, MEHE. fiMERGEO 3 ) A EEiEmMiEs &, NGF InET A1
FIZZETICHEELTYS, L, DAY NS4 2 BIREAZ L, BBTiIESE
MEZAETERT A DR VPIS-LNTRD =2 — O Y IZBIT A5 HFEIIIARRO A1 E
Vi,

Tk7 7 3 —OFERICI) a2 —0 b7 1 OB 7 F VEEERE OB
ZH ATV S [44, 45], NGF O Trk SEEOH SR Tk HHOF T Y ) LV ELE3
ERITLEDIT, TKICHESLIZRAKRY/N—~FECy PLCy), FRAT7FINA)
¥ b—-3-FF—+E (PI3K) *° SHC (Src homologous and collagen) ZEH % 1&H1Ld 5,
PLC y , PI3K, SHC &M % L Dif L IZ GTPase Bt EH (GAP) 2 Ras AT % 4
L TRas DIEH L Z 5| 2R I, Ras DIFEMEILIE S HICRaf-1, MAP ¥+ —¥, S6FF—
Y. ERK G E—EOE)) V- AL A= FF—YEFEE LT L, cNOLDOFF— Y DiEH
{LoFERIEZ, B EAONEBETREREZEMNE TR LEIONLD, FOAH X LI
FIEAETH S,

WILEOMBERIIFOEF 2 —0 b2 7 4 VLS KTELT WD, MR RIC
BT, BDNFB L UEH A1 BDNF ZEAETH 5 TrkB O mRNA 13 KIMEE B & U
ETRLSLHEFELTBI[46,47.BDNFIEARMEEN = 2 — 0 > OEF HRET B [48]0
S0z, MEMIZ X Y FRE SN MEMAIEIT LT BDNE P REEH+#2Z LAVR
MeENTETVW5A[49], .
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TNE I VEBREERO LD IVEREENREEZED X ) 2HEROEBIIL(ESLT
VA0, 50l BEERMEE 2 — 0 v icBWT, ¥ 3 VEEIEINMDA SR HIlE4
HZEIIZXDHIEAND AN T LAHAETIERIL, FRICL ONODELE2F &S
To NOREFEOMICIEE L, @Y AL 7V Y I VEOES Lo/t Ls| &
®2Z9[19,51-53]0 K LT, NOWKBEEICB W INMDAZEREZNTHI VY I
BRHEBEEICBILIEERATA LY ThHb,

L2 LA S ., NOVESE T 5 WM BT 2 BDNFOZREIZOWT ORI H T
DENTWiRV, DEIICEESO LV —FIlL T, BEEAREE =2 —OiZBw
TBDNFORIMLEIZL ) 7V 7 3 VBRSO LTREERZ IR LI EeHEL
7215410 ERROH R IMOTFFEE & b HiE S L7z(55, 56, b DOFFFE & IEFERAYIC,
Koh5 idfxi . BDNFALEIZ L D MERFICLDFIZRBIENATR M- ATEFH SN
BH.TNE I UEMREIIERINS 2 L e RE L1257, £ 2T, FREIIFEELRA
FE=2-Or%ZHWBDNFO VY I YEMESEITTAERZHLNIT 5 EHB
THEEIT o724 FE. BDNEANMDAZER L AT HI VY I VEBMESEHINT 5 0HE
DR EEEREZFEOIELTRB L, 3510, 20EEREERPNOFERAEFMEIITT
AHEMERICESL LD THAZ EHRHE L7,

RBRGE

(1) PR EANEE =2 — 0 ORE L
#1IEERAE (1) KHEL,

(2) 7 3w EEEEOFE
BIEERAE (2) KHAL.

(3) TkBOF L ) Y ERILOHIE

B 2 — 037 CTRENEM, BDNFERE SNz, 4 ¥ F 2N~ 3 V&,
Btk XELD . HIALIE PBS Tk L7z, F 0%, Mg ZKE TICHED, lysis buffer (1%
NP-40, 50 mM Tris (pH 7.4). 150 mM NaCl, 1 mM Na,VO,, 2 mM ethylenediaminetetraacetic
acid (EDTA). 20 pg/ml aprotinin, 1 mM phenylmethylsulfonyl fluoride (PMSF)) TH[&LL
770 20,000 X g T 105 ELE L L7zt 20 LiER ¥ 737 & (150 mg protein/100 ul lysis)
?ﬁﬁttoﬁ%%%d\ﬁﬂmB%/ﬁﬂ—fwﬁﬁélﬂmfﬁmb\4@?4%%
Kt &4, % D% Protein G-Sepharose #iiiL. 5124 CT—RRESELH I LI
DFT o770 1B N/-BIELIEYIL, lysis buffer |2 T 3 EEEERZ., PAAFF Y /mﬁ:
(Upstate Biotechnology, 1:1000 dilutlon) kA4 L/ 70y PERICELL, RA KT
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IRERIGEE RO DN FOBEIEM ATV AFyF T —F
B0 AA TR, NIH image % F VT L 72

(4) HE

FFETHWAREELUTORY TH A,

A — 7 IVEEHL, MK-801, V% I »EEF I 1) ™7 4 N%nitro-L-arginine 3 & UFNMDA (3
E1EELFRLCLODTEHWVA, 1+ /w43 »ECalbiochem 5, 3-
morpholinosydononimine (SIN-1) ! Dojindo 7%, HERSEEF b ) 77 4 i3 Nacalai Tesque 7°
5B A L 72, reconbinant BDNF {3 human BDNF % I — F L 72 ¢DNA % & {r recombinant /3
Fo2OVANAE I AT b LI-SR1IMEBE AVTEREL

S-Z PRV ATA Y (SNOC) dLei bDHEICL o THRHELK 6. Thbb, K
WEBLAL-VATA L HEEEF MY A2EETORES L. FOBRICEREZEED
05N&EZBHE)IZIONDEREZMA 2. IDBERDEES SNOC & LT 100 mM & &
&L%ﬁLtﬁME@ﬁ@ﬁ%%JﬁﬂMﬁﬁ%ﬂﬁm#g%ﬁ?—%mﬁLtﬂmc
BRCTIIHRBOETERIEIEZEL 2,

(5) F— ¥
FI1EERNE (6) KA L,
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RERER

18 EBAMEE=-—1—-AYICHEIFTATrkBDEMEICHT S
BDNF DR &

BDNF2SEAETAZ L I2L ) TikBOEHILIZECY) v BRILZxE S, FEWNL L 7 FIL
A {EET BHI[58,59]0 TIAZ TRy T4 VIV EERMEE=2 -0 IlBIT5
TrkB DHEIRB L U'BDNFIZ L B G s T L& 2A, BEOFRGTEE L =2 —

A
Cont. 10min 1hr 24hr
16k —> | Tk
97.4k —>
B 10000

5000

Trk phosphorylation
(% of control)

Cont. 10min 1hr 24hr

BDNF (60 ng/ml)

Fig. 2-2 BDNF stimulates the tyrosine phosphorylation of TrkB in primary cortical
cultures.
Lysates were immunoprecipitated with anti-TrkB antibody and subjected to sodium
dodecyl sulfate-polyacrylamide gels (SDS-PAGE), followed by immunoblotting with
anti-phosphotyrosine antibody (A). The Western blot was quantified by densitometry
(B).
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O BN TTRBYFERBLTWAS Z LM I N, DWT, BB EiiEinz
% F\v T, BDNF (60 ng/ml) D5 10576 24 BEOFHEATTKB DT O > 1) VR
{LEBELZESA, TIRBD ) Y EE{LIZ 109 F TICRAKIGEL, £DRIIBDNF DS
BEICKELTRI L (Fig.22) STOFRICI)AREE= 2 —H X iZBWT TkB
PEIELTEBY, BDNF DHF5ICL DIFEAIBIERISNE I EITRENT,
BEEOMEL CEEAMEE 2 —O Y IZBWT.BDNFAS 7R F— Y A zIflT4 2 &
LM ENTETCVLGTFI T BEL 2OV IIBIFATH -V ADET N
ELTHWLRTWAILIEREIZT % BDNE ORRERE Lz, BERMNEE = 2 —
O % 48BROMBRECBT I LD TRV AHOZ 2 -0 VEPFRIN
(Fig. 2-3) o BDNF (20 3 £ U760 ng/ml) % 48 BERMERREHISHRMT A I L2 ) 7K
P =Y ABROZ 2 -0 YR E R (Fig 2-3)0

80 |- e /*_*
540- % ?
1

\@\
\@\

Serum deprivation

Fig. 2-3 Effect of BDNF on serum deprivation (SD) in cultured cortical neurons.
Cultures were incubated with serum-free medium for 48 hr. BDNF was added for 48 hr

to serum-free medium. **¥P<0.01, compared with SD alone.
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Eofi SIS UBRAESEORF

Ly 3 EE (100 pM) DAEREIESIC L Y BIEEMIESFEE S (Fig. 24). 7
VI UEERESMEIT, NMDA SEMKETEO MK-801 (1uM) B & UNO SREEER
3 () N*-nitro-L-arginine (300 puM) % 7V ¥ 3 VEEERBRGTHILITLD El = n
Fro BHIT, LY I VBRSSO Car EREET AT LI o TH I NVY
I UEMEESERIE SN, SO L LY, UATO#E L —H L T, NMDA & F
FATAEINY I UEHEELIINOVNEELREH LR LTWA I EATRINT

20 |- ?é // ZZ
: ann
Q),)( N //71:00 Q?e,i/; /I/‘.q/b

Glutamate (100 uM)

Fig. 2-4 Effects of MK-801, Ca2+-removal from incubating medium and N®-nitro-L-
arginine (N-Arg) on glutamate neurotoxicity.
Cultures were exposed to 100 pM glutamate for 10 min followed by 24-hr incubation
with standard medium. MK-801 (1 uM) and N-Arg (300 pM) were added to the glutamate-
containing medium. In Ca?*-free, Ca2+ was removed from the glutamate-containing

medium. **P<0.01, compared with glutamate alone.



B3 JINSIVEEMERENMEICXT S5BONFOREHER

Fig. 2-5 127V ¥ I BR#EEME (2359 5 BDNF (60 ng/ml) DIEFE(EH o B f5] % 7
L7zea v ba— )b & LTHWAELBMAZIZ N ) S TV —TIIEALERBEBEIN o
7z (Fig. 2-5A) 0 7V ¥ I Y EE¥E S5 IS X D MIREOTREDIEF ICELTH L L b IS it/w&“
DOFREAS N ) IR T —THBINT-Z &N D, MEEHRIIEDFRE S N7-Z & A HERR
N7 (Fig. 2-5B), BDNF (60 ng/ml, 24 FFfE) h’—fﬂifﬂ]ﬂ@@ﬁ'“a‘o;viﬁ+ %ﬁ%%
K\ & % H o 72 (Fig. 2- 5c> BDNFﬁﬁL% L7ARaIc Vs I Y BRERG LIEZA T
Vg IV ERMAEENEIE (29 S 7z (Fig. 2-5D) o BDNF (2038 X 1860 ng/ml) 13,
1 BFE B L 24 B#Fa%ﬁuh%; &0, BERENICOVSY IV EEMEEME L IE L 7
(Fig. 2-6A) o —F . 7V % I VERE DRIFX 5 Tid, BDNFIIREER L RS o7,
5T, 10505 24RO FE TR SRB L Z X THRET L7 & 2 A, BDNF 3% 5k

Fig. 2-5 Hoffman modulation photomicrographs showing BDNF-induced protection
against glutamate neurotoxicity.
Culture fields were photographed after Trypan blue staining followed by formalin fixation.
A, B and C show non-treated, 100 uM glutamate-treated and 100 uM glutamate- plus
BDNF-treated cultures, respectively. Cultures were exposed to 100 uM glutamate for 10
min followed by 24-hr incubation with standard medium. In C, the culture was pretreated
with 60 ng/ml BDNF for 24 hr prior to glutamate application. Calibration bar = 50 um.



HZU(?» LTy 3 EEmiEsEE % 30H L7 (Fig. 2- 6B)o OIS TLEELRR
EEAFBEINSD VLY 3 U EEMESEAESIIAET 5 IR 4 EFERORMESD
‘JA‘ET%Of;o

100 — 100
B | HZ = " %
80 | u 80 | " 1
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> 60 I Al 60 H ;
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7
20 H 7 7%
% r
0 Z
Q )’ 6, <
‘ %, 0@/ %, %, 5 "%
%
Glutamate + BDNF
(60 ng/mil)

Fig. 2-6 Protective effct of BDNF against glutamate neurotoxicity in cultured coritcal
neurons.
A, BDNF prevented glutamate neurotoxicity in concentration-dependent and time-
dependent manners. Open column: control. Filled column: glutamate (100 uM) alone.
Dotted column: glutamate plus 20 ng/ml BDNE. Hatched column: glutamate plus 60 ng/
ml] BDNE. BDNF was added to the glutamate-containing medium without pretreatment
(simultaneous pretreatment) or added to pre-incubation medium prior to glutamate
exposure (1-hr and 24-hr pretreatments). During pretreatment, BDNF was not added to
the glutamate-containing medium. B, BDNF prevented glutamate neurotoxicity in time-
dependent manners. Cultures were exposed to 60 ng/ml BDNF for 10 min-24 hr prior to

glutamate (Glu) exposure. **P<0.01, compared with glutamate alone.
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EAGT ANV OAAA/ TATELUNORF—FEREEFMHECHT
% BDNFO&HREER

BDNF DR EEHBFE T RANLBNT, WV T Ll F /71T DAF /T4,
NO F+—®SNOC 5 & U'NO & IEHERE ¥ R ICA R T 5 SIN-1 DEEIIN T 3R %
BE L, BBEIMEALVY TAAT ) 74T ThHEAF /<4 2id, V5 IVERE
AN 2 -0 EE5|SEIT (Fig. 2-7) [51,6050 14/ %A ¥ YFHE=-2—1 /5L
ERRRRSY A v 2 LRk 35 & U Ne-nitro-L-arginine D3% 512 L ) FI) S 5%, NMDA %
BROBELECTRPEBL ST R, IOILEAF /v Y P EEBES P OH L
S AEARE|ERI L. NODEERELTWAI EFRLTViA, BDNF (208 L U
60 ng/ml) iF, 4B OFMEIZE Y 44/ 74 ¥ L FREMEEMLIIH L2 (Fig. 2-7)0
NO FF—& LTS =raV AT (SNOC) & SIN-1%Fv272[61,62]c SNOC B &
U'NO & iEMEEE % FER AR T 5 SIN-1 OERMESIZ L Wil FE s n (Fg.
2-8)o BDNF % 24 BFRARTALE § 2 = £ 12 & D SNOC B & UF SIN-1 FFE MR 0] =
7z,
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Fig. 2-7 BDNF prevented neurotoxicity induced by ionomycin.
Cultures were exposed to ionomycin for 10 min followed by a 24 hr incubation with
normal medium. BDNF was added for 24 hr prior to application of ionomycin. **P<0.01,
compared with ionomycin alone.
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Fig. 2-8 BDNF prevented neurotoxicity induced by SNOC(A) and SIN-1(B).
Cultures were exposed to SNOC (A) or SIN-1 (B) for 10 min followed by a 24 hr incubation
with normal medium. BDNF was added for 24 hr prior to application of neurotoxins.

##P<0.01, compared with neurotoxin alone.
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FHFEMAZIED BDNF 22545 Z L2 X iifl s iz ChoDFERIT, 7 v FEFHE
KEEANEEMER BV TBDNFOERARZERTH L TKBIVEH L TBY, £
DEFEFEEVEF B TwE I LEZRTLDOTH S,

BEAMEEMEMRICBYT, EFMO 7V Y 3 VEERSICL D EESHEEIEE
PRERINT, V5 I VEEMESM L, NMDA &I ED MK-801. NO 4 REEX
FHZEZE 0> N-nitro-L-arginine DX 512 X D IRl & sz, F7/2, V5 3 VEEIR 5B CHIRS
BrCa* e BrELIZBEL 7V Y I VEBMESHEIHI SR, o DERIZ. HHE
EDINITOHMEL—HTLHLOTHY, EHEROS VY I VEEHESIZL ) NMDAS
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Fig. 2-8 Schematic representation of presumed mechanisms of the protective effect
of BDNF against glutamate cytotoxicity mediated by NMDA receptors.
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BDNF " EOBRBEIER LTV T 3 VEEmEEG CREER L BB T 20055 L
720 TOFERBDNFIZ /A ¥ I Y ERMEEME IR T 2720 Ch VT L F )
7 4 7B LUNO F+ —0iEEd b0 L 72 NOIXEHEEFE & Fn L TONOO & &2 b
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ENODEEE S5 5 V7N OFEWIIWT 52 MO LEET 5 2 L IC X D REE
RArRERTHEEZEZL OGNS (Fig. 2-96

B AR 2 B AEMAR 12 51T A BDNFO MR REIER O A 71 = XL EAHTH 555 47
EEHOFER I BDNFLERICH 2BREOBRILELR Z LA 6 {5 2 OHIRE I R
BETTFOEHRS LAIZEEFEEDEOEHOREVHES L TWwHO0 D LRV, IO
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27



E3E
R EREEF (NGF) IT&3
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NGFLBDNFIZZa—B hO7 4773 —0O—BThh PiEmMERE L UG
BOEFRHIIESE LTS, FRLFNO =2 —10 07 4 Y IZEBHAESERTH
% p75 EEHMEDHFEN 2 Tk SEMEKEHEIEH T 5[38], —=2—0O PO 7 14 & Trk
Ty IN—bpls EHEEGLIZR, FNENERS/{ERHZRIZL. Tk 7 7 31 — 13418
DEFIZ, Fhpls PHBEBICAET LI EFRBETATF— VP ERINTETWS,

NGFOEBMEZEMNRTH 5 rkA mRNA ORI HRR TIIRE MR, Zmmit
2, PHEMERTEFHEEZICEBELTREALTE Y, DIRAZERICLSEIISH LT
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ST EVIREN SN L ZIEREOMBRBEICBIT 2B 2 — 0 TidTrkA S
EHRLTBoTpI30APERL TV HHEIIENGEITHBEORRIZ: 5 Lk sh
TWABET T2, T v FHEFRBEEREPGRB L4 7> Fut 4 b OIS
A NGF & p75 £ OMEERAPEES LT3 LI MELHH[68], D DRI kA
PEBL T2 WHIRICB W TIINGEY pI5 2 ML CHIRESRET L LB o L %
TETHLDTH D,

L Leho, 4 BITMLD 7V — 7T H NGFIZ kA mRNA DI L T Wkl
REDHIAT I V% 3 ERFEMEMIE LN T 5 Z L ATREN T E TV 5[43,69,70]0
MO DHERIEINGFOIEAD ) bMFEFML D 3L LA MEREERICpISHPEE LT
WHLZETTRETHLDTHDH, NGFAMEREFAEARBETAZLELTEL TV ARFE
Bbbh, e, AN T ADOBESTHERMMEEREI L THBREES L UKlE
B0 2NGRIZ L o> TRES D L) JE71, 72 RRIMEES O 71) > g
Za—OYDIMEBERMIAEL NGFILL o THRESNL LW HHRELHL[73]), b
DFEFNIFEAERO— 2 —0 VI L TEFRERF &L L ONGFA @ ¢ & & % Riet
5LDTHAHD, NGFORERH A=A LB LTRHT hES N TV,
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ZXLEBOLMITAIE, BLU. BDNF EORETHA, ZI T, NGERZLF 3
VB RENEERE pS SEA L HERET A LIZEVIMFI LS &, 2512, BDNF
BEBRNESERTHD THB # L TREEEA T LA EAH LM L,

REAE

(1) MHEBABEE =2 — 0 v OFH LS
#IEREFE (1) TFL,

(2) 7% 3 2 ERARE O FE
£IBEERAE (2) LA,

(3) Tk »F ) YE{LOBEIE
E2EERAE (3) KR L,

(4) MAPK ") Y EE{LOHlE

BEZ -0 33T TRENZHRE, BDNFb L{IINGFERE SN, 1 v F =
N—3T 3 R, BRI EY , MAZIAPBS Tk L7z, 208, Mgt ks TICED,
lysis buffer (1% NP-40. 50 mM Tris (pH 7.4). 150 mM NaCl, 1 mM Na3VO4\ 2 mM
ethylenediaminetetraacetic acid (EDTA), 20 pg/ml aprotinin. | mM phenylmethylsulfonyl fluoride
(PMSF)) THu[#A{k L7z, 20,000 X g T 1043 [@=-0s L 722, $1 phoshphoMAPK Jifk (New
England Biolabs, 1:1000 dilution) 2 &5 4 4 7 70 v M BAFIZME L 72, phosphoMAPK |-
RIERICEERFOY T DN FOBESEA AV AFxFTara—FIZHDA

ATEf%, NIH image % Fi\V> TREAT L 720

(5) RT-PCR

Total RNA {3 Isogen (Nippon Gene Co., Litd, Osaka, Japan) = AV THERIZ L il L7,
i L 72 total RNA @ 9 5 2 pg & & A 72 UL L Superscript I {Life Technologies) %
BMLEEERICZT)ZEIICL ) DNAZRE L, BONITEHEEEDO I B 1 mi
FAWT ukA, kB B L P p75 123§ 245 &M% 75 4 ¥ — T, Taq DNA polymerase
(Perkin-Elmer, Branchburg, USA) # BWTHIE L 72 A7 77 4 v —EFIILLTOE Y
T b, trkA (359 b.p.) :5'-CGTGGAACAGCATCACTG-3' (> R§l). 5'-
CTTGATGTGCTGTTAGTGTC-3' (7>F X A§), trkB (945 b.p.
) :5-ATGTCGCCCTGGCCGAGGTG-3' (t ~ A§f). 5-GAAGTGCTGGCTTGGGGTTG-3'
(7 > F % » A$H) op75 (663 b.p.) :5-GAGGGCACATACTCAGACGAAGCC-3' (- ¥ A §H) |



5" GTCTATATGTTCAGGCTGGTAACC-3' (7 > F+t > Z44), PCR LT O RIGE&MFT
#7 o720 preincubation. 94°C. 1 %3 denaturation, 94C. 30 #; annealing. 607C. 45#};
extension, 72°C. 1%730%5; 304 4 # b, PCREYIE, TF ¥ Y L7071 FEHI% T
HO—ANDTVTERKEL .

(6) ¥*7 3 FEDHIE

T I FEOHEDRICMEE =2~ b a7 1 TRE L-Fk, PBS T2 EESEL
7mo B A KIS T IZE 8, chloroform:methanol=1:2 (v/v) THEE:2ME L, F I F
N & F 5 chloroform/E % JE 12 FV> 72, diacylglycerol kinase 3 & UF [#P] -y-ATP Z I R,
25 C. 30 G RIL & 272, RIGZHCIO, # v TELE L7z K2 HARE I LBoE
DIl L. N, T8 L. chloroform:methanol=95:5 (v/v) (BB L TER /U~ 7T
74— X D8 L 7o BRI (3 chloroform:methanol:acetic acid=65:15:5 (v/v) & AV 72,
TOH Y PNVICFEELET I FRIZT Y 7LOEEE ATP OHEE» LETE L 2,
A—bFTPFTTT 4L D ARy PEAHRIEL, €73 F [PP] -1 CERICHEST
HARY FEREED, BBV IFL—Ta vy — Il 0 STEEEEE L,
DAGK7 vt A IZBAL T . Watts 5132 D7 vt A DEEEIFZV2E LI EREL
72[74]e FOWMEDFTIZ, NHFEHEL LTHWZC20+F 3 FO 1) YERLOEMAA
b NAIB R IR L7225 AT I B W CTIEPIEEED ) Y ER{EOBMEEE S L d o
2o L72Eo T, RFRICBITADAGK 7 v AL o THBN/-ET I FDY ER{E
DIENMIEETH L7 I FOREDEILERBL TWEEERT,

(7) &

AW ETHWHREILUTOBEY THS,

A =7 IVEEH#, MK-801, 7'V % I »ERF b ') 7L Nenitro-L-arginine, NMDA, 1 %
/w4, SIN-1, HAEEEF F )74, BDNFBIAUSNOCIEE ], 28 LFALb D%
Fv>7z, Cycloheximide (3 Wako 2* & | anti-p75 antibody (anti-nerve growth factor-receptor, rat,
Cat. No. 1198645, MC192) (3 Boehringer Mannheim 7* & B A L 7> reconbinant NGF {3 human
NGF % 2— F L 72 cDNA # & ¥ recombinant /NF 2097 A VA% S5 2722 b L7
sf21 Mg e B TIER L 7o,

(7) 77— 78
EZ1EEBEHFE (6) IZFL,
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RERFER

F1H NS BEMESEICHT D5 NGFOREER

BERMEE =2 — 1 2|28V INMDAZBEREMENERFM O 7V & 3 Y EBRILE X
) FFFH SN MEFE LN T 2 DT, NMDASHAEA TV Y I VEEMEERHICEE S
XENZRIZLTWEEERLNTWVA[20,75], B2EIZBWT, 100pMD 7V % I VR

A B

Fig.3-1 Hoffman modulation contrast photomicrographs showing NGF-induced
protection against glutamate neurotoxicity.
Culture fields were photographed after trypan blue staining followed by formalin fixation.
A, B and C show non-treated, 100 uM glutamate-treated and 100 uM glutamate- plus
NGF-treated cultures, respectively. Cultures were exposed to 100 uM glutamate for 10
min then incubated for 24 hr with standard medium. In C, the culture was pretreated with

60 ng/ml NGF for 24 hr prior to glutamate application. Calibration bar = 50 um.
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EI0GMRG L. 20%K, SV I VEBEEELVERTUREA » F2 -5 2
EAZX NBEELHMRIESHEE SR, o T, RAFSEOWMEIIBNT, TOLEED
TNY I rBRWEEETH VS I LIC L7, Fig. 3-1A-CIENGFIZ L 5 7V ¥ 3 U ERAE
BHEIIGT 2 REEHOARFIL R L 72 EWHBLEFETE, PRV TV —TEE S
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79
Fig. 3-2  Effects of NGF on glutamate neurotoxicity in primary cortical cultures.

A, NGF prevented glutamate neurotoxicity in a concentration-dependent manner. Open columns:
control. Filled columns: glutamate (100 uM) alone. Dotted columns: glutamate plus 20 ng/ml
NGF. Hatched columns: glutamate plus 60 ng/ml NGF. NGF was added to the glutamate-
containing medium without pretreatment (simultaneous treatment) or added to pre-incubation
medium prior to glutamate exposure (1-hr and 24-hr pretreatments). After pretreatment, NGF
was not added to the glutamate-containing medium. B, NGF prevented glutamate newrotoxicity
in a time-dependent manner. Cultures were exposed to 60 ng/ml NGF for 10 min-24 hr prior to
glutamate (Glu). **P<0.01, compared with glutamate alone.



NAHMEFIEEALBES G o012 LT, vy 3 8B (100uM) % 105 B#%
545 LI N EBEINDZHWEMBEEDERICEMLAZ L oMESEITRE SN
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—77. NGF (60 ng/ml, 24 )D& DIF S I OEFRICEB 2 BIT S 2h o7,
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vEERZREEIOT L TR RERR E R T II4BR ORGP LETH LI L
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Fig. 3-3 Effects of cycloheximide on the protective action of BDNF (A) and NGF (B).
Cultures were exposed to 100 pM glutamate for 10 min then incubated for 24 hr with
standard medium. Cultures were pretreated with 60 ng/ml BDNF or NGF for 24 hr prior
to the glutamate application. Cycloheximide was added to the neurotrophin-containing

medium simultaneously. **P<0.01, compared with glutamate alone.
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EoHi ANPUAAMA) 74T HELIUNORFT—HBRMEEMEICHT
%5 NGF DR EER

FVE 3 BRSNS T ANMDAS AEIINMDAZBED 1 4 » F v AV E ST
TAHMERANDHI LY T LRAZESE LTV, EOIEEAMEE -2 -T2V IIBlT
ABENIBWTHN D Y AKE L TEE SN/ NOPNMDA ZBEHZz N TAH7 VY 3
CESTRRE N A R A AN BRA AN I LA F /) T AT ENOFF—I24L 5
TEEHHRATE 124 B NGFOREER 2 e L7z, 20 2 E12 L ) NGFOMEREEM A
HEALD—HIESNE,D L,

HNIILAF ) T+ T THAEAF /<A (03uM) ZRMEE -2 —1T X210
SEEG L, TORUBEAF ) v S EETRVERTA ¥ FaX- T H I
L) MREFEOEE LRI RO NI (Fig. 3-4)0 14/ ¥ A L VT O 24 FFHATIC
NGF (20-60 ng/ml) ¥Rk SLTHBL I &IZL N 44/ w4 ¥ U FRAEEHITRTE
LIl St (Fig. 3-4)o RIS, HAIINO FF—2"F%ET 5 HEIIxT % NGF OfF

T i
/
20 | %

lonomycin (0.3 uM)

Fig. 3-4 Effect of NGF on ionomycin-induced neurotoxicity in primary cortical

cultures.
Cultures were exposed to ionomycin for 10 min followed by a 24 hr incubation with

normal medium. NGF was added for 24 hr prior to application of ionomycin. **P<0.01,

compared with jonomycin alone.
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AERS Ll A4 /AL OBELRAKICS Y A7 4~ (SNOC, 10uM)
% L < 1% 3-morpholinosydononimine (SIN-1, 10 uM) ® 105 B D5 HE, NO FF— D&
FN TRV CUBEA > F 2~ T2 LI VEZRHEEFRORTIER
57z, NGF (20-60 ng/ml) i% SNOC FHHMEFMIT L CRE2REFEREZERLL
(Fig. 3-5)0 ¥ 7. NGF |3 SIN-1 FEMFHMICH L THBRERFIICHREFEREZERL
7> (Fig. 3-6) L7275 T, NGF OMEEEERII P4 { & —HIINO OMEFEOR
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Fig. 3-5 Effect of NGF on SNOC -induced neurotoxicity in primary cortical cultures.
Cultures were exposed to SNOC for 10 min followed by a 24 hr incubation with normal
medium. NGF was added for 24 hr prior to application of SNOC. **P<0.01, compared
with SNOC alone.
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Fig. 3-6 Effect of NGF on SIN-1-induced neurotoxicity in primary cortical cultures.
Cultures were exposed to SIN-1 for 10 min followed by a 24 hr incubation with normal
medium. NGF was added for 24 hr prior to application of SIN-1. **P<0.01, compared
with SIN-1 alone.
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NGF (3 & BIEZ RO TrkA L IERBHEZER DO pI5S DM 5 IZ4HEET 5, NGFIZ X 5
HEREERHZH  TWARBER LY RET A7-OIIEERMEE =2 -0 IZBIT5
Za—B b7 4 CZHEROERIZOVTIRET L7, BEAKMEEMBE,»SHAE SN
RNA (ZtrkA, kB, p75 DEEEMDSHEET 50 E ) D E NS 72D IZRT-PCR # AW T
a7 L726 Fig. 3-713RT & 9 ICukB B L Up75s DFEIBIIFER S N7-H%, ukA DREIRITHEE
SN oz,

PEtEATER & L THW 72 PC12 flifZ 12 B> TIZRT-PCR % Fi\» T trkA DREIEATEE SN 7=,

L72HSo T, BERKWEE =2 -0 I2B1F5 ukA DERORIMNEIFHICL AMETIE
TWEEZLND,

Fig. 3-7 Detection of neurotrophin receptor mRNAs.
RT-PCR was performed on total RNA isolated from cultured cortical neurons (CX) using
trkA-specific primers (A), trkB-specific primers (B) or p75-specific primers (C). As a
positive control for the detection of trkA mRNAs, RT-PCR was performed on RNA isolated
from PC12 cells (PC). In B, as a negative control (NC), the RT reaction was performed
without RNA.

TkEBEMM -0 a7 4 VZSBERII) T FOBEEBXOERILICE>TFO S
YD) YEBALDEIERIEND T EFHOENT WA, BEAMEEMEICBW =2 —
OrO74 Lo TTkDEEILENDE D E ) DETERT HERICBWT, 413 Tk
FoNrDFRL ) YLD A LTI — AR R LT, BEAMEE -2 -0 it
NGF (60ng/ml) & L < {Z BDNF (60 ng/ml) T/x S N7-HRRLE S 7z, W5 OMAEEA
PRI, PUTk BURIC K D RIBLFES L, JURAFF UL UHfETAL /70y F &R
720 C-lIATIUKRIZETO Tk Y 72 7 A% f8ik L CRIZLMET 2 DI fFH SN 7, Fig.
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Fig. 3-8 Effects of NGF and BDNF on the tyrosine phosphorylation of Trks in primary
cortical cultures.
Cortical cultures were treated with 60 ng/ml NGF or BDNF for the period indicated. Cell
lysates were immunoprecipitated with anti-Trk antibody and subjected to sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), followed by immunoblotting
with anti-phosphotyrosine antibody.

3-8 127" EM D X9 2, NGF (60ng/ml) % 105575 24 b5 L - Tl Trk DY >
BALIIFE SN o 72 FEBHYIC, £ 2ET/RLA LS IZBDNF (60 ng/ml) 1105 F
TICRAMEIGET I E2ELTRD ) Y BLAFIERI SN2, TkOF TS V1) VB
TLIZRERIKAFAY 128D L 722, BDNF%5-0 24 Bt I TEO LR 3HHEL. S5
DFERIIEERMEE = 2 — 1 |2BVT, BDNF Id Trk SHEOERL 2B 2k T
25, NGF 3 Tk ZBELMEMER L 2 W2 EATRENT,

Trk ZEEDEEALIIHR 4 2 TR OIERIZERE 2 151t T 5. 2 OH 214 mitogen-
activated protein kinase (MAPK) #£% b & F 1L 5 [76], Tk Z 2K E T T 2 MBS T
EHANGF BLUBDNFIZL o TR EN TV ANE ) 2R T L7012, Fxid
MAPK D) Y BALERES L7 BBEAMEE =2 —0 128w T ) U EL S TiERAL
L 7= p42/p44 MAPK I3 BDNF (60 ng/ml) D#%5-1%8 5 212 L& L7 (Fig. 3-9) . BDNF &
($B 5 2128 7% > T NGF 13 p42/p4d MAPK ) Y BE{LIZ LB & ¥ h 572 (Fig. 3-9),
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Fig. 3-9 Effects of NGF and BDNF on the phosphorylation of MAPK in primary

cortical cultures.
A, Cultures were treated with either 60 ng/ml NGF or 60 ng/ml BDNF for the period

indicated. Lysates were separated by SDS-PAGE and subjected to immunoblotting with
anti-phosphoMAPK antibody. B, The western blot was quantified by densitometry.
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BIEIOFRIIFERAREE = 2 — 0 V281 ANGFO R R E(EH A S B S5k
TabHTKAZNT S DT iz::bn,?_’%T LTHY, BKREMESEERTH 5 p75s 2E5HE
PEELREALZRL-LTVAEIENEL NS, PI5SA »e-{i\i)"é_?%NGF@?)l/& I e
MREEITT T A REERICES LTWA I L &R 7010 Hp7shiEn e 2 ik
& L 72(Fig. 3-10) ZDHFIZLEI OHE Tp75 2 /v 5 NGFOM’E%%F_H.ETZ-) & AR
énfu%m]o FLp75 otk (10 pg/ml) T24EERETIHRS T4 2 L OHTIIMIAO L TEER

WCEEES A hdolz, L LS, HpTsiifks NGF (60 ng/ml) % FEIZIZ5T 5
TEWEYN NGFDZIVE I VERMEEN W T 2 REEAISTS IR S ni, 3E
12, RO FETHERS LT H BDNF (60 ng/ml) OMEEEEREL LRI LAZTT
Holie TNHDOFERIIPTIS ZEMEINGF OMBREERICEEELFATREL LT
AlLaeRTHoDTHb,
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Fig. 3-10 Effects of anti-p75 antibody on the protective effects of NGF and BDNF.
Cultures were exposed to 100 uM glutamate for 10 min then incubated for 24 hr with
standard medium. Cultures were pretreated with 60 ng/ml NGF or BDNF for 24 hr
prior to the glutamate application. Anti-p75 antibody (10 pg/ml) was added to the
neurotrophin-containing medium. **P<0.01, compared with glutamate alone.
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Fig. 3-11 Stimuiation of ceramide production by neurotrophins in cortical neurons.
After treatment of cortical cultures with 60 ng/ml NGF or BDNF for the period indicated,
lipids were extracted and the amount of ceramide was quantified as described in

Experimental Procedures. *P<0.05, compated with control.
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Fig. 3-12 Effects of ceramide analogs on glutamate neurotoxicity.
A, C2-ceramide prevents glutamate neurotoxicity ina concentration-dependent manner.
Cultures were exposed to 100 uM glutamate for 10 min then incubated for 24 hr with
standard medium. Cultures were pretreated with C2-ceramide for 24 hr prior to the
glutamate application. B, Dihydro-C2-ceramide (dC2) did not affect glutamate
neurotoxicity, whereas C6-ceramide afforded neuroprotection. Cultures were exposed
to 500 uM glutamate for 10 min then incubated for 24 hr with standard medium. Cultures
were pretreated with ceramides for 24 hr prior to the glutamate application. **P<0.01,

compared with glutamate alone.
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