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Development of Anti-dementia Drugs Related to Neurotrophic Factors
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Neurotrophic factor-like substances and inducers of neurotrophic factor biosynthesis have enormous therapeutic
potential for serious neuronal diseases such as Alzheimer’s disease. Here, we discuss about the pharmacological effects
of scabronines and S-eudesmol as promising candidates of leading compounds against the dementia. In addition, we dis-
cuss about the signaling pathway of nerve growth factor and cyclic AMP in order to seek the signaling molecules as tar-

gets of drug development.
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FhakBE=HS EEbNTnws a3 MEdE= 12—
OCAHFICEELTVWS. 9 2000 MEEE=
2—O A NGF EZHTHhH5 I &n5, NGF 7z
EDOMRERERT 2T IVYNA X —IHOREHLE L
ThRATsRANEBZONZ. LELABRS,
NGF 72 EQRER T I &mP T > NIETH O,
KD 685 L Toimk—KBEM z2 Mg diciz &
NEBRNIZEITLRW, 20D, RIvITFUN
J— EORESNHD, NGF ZDH D % EHKN, &
LTIHAT A ZERFIEEFICR#ETHS. Lido
T, #HlrANS7—&L T, 1) NGF #0DEH
ERTES TS ORFE, 2) NGF /2 & O
RRBRTOEGKZEES ® K0 THOLEY
DFFE, 3) NGF OIEMIRERE ZEME L S 8 5K
STFEDILEMORFERENEZ NS, T I T,
EFID, 2)ITHETHEYE KRR SIEIA L
BRLUZ. ZOHE, #H7E 0w Y (Sarcodon
scabrosus) MO HEEINEZHM T IV A RT
HDBAHTOZHENT ) 7 /B W T NGF 72
EOMREFBRTFOEGREZMRESED L,
7z, Bt BEEEI Nz -2 —F AE—)LITEKD
AL D& T )V Td % PC12 Ml D 3L 351
FEZIN, 1D, VU THRICHB W THREER
TORENFYINDZEE2HEHLE 22T, 2
NSOILZ— 7 IR 3EBEE 2R D LRt O RARHKD
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Fig. 1. Chemical Structure of Neurotrophic Factor-like Compounds and Neurotrophic Factor Inducers

LEMZEHRIGHAT S ZE2HMEL T, FOHM
ISANZZALDENZIT> 7. T 51T, 3) D NGF
DIEHAGERR L 2 BRI LT 2 ) 2 R
%7=%, NGF OfER M, % epidermal growth fac-
tor (EGF) KUY 1 271U w27 AMP (cAMP) #Ii#%
DG LB U ad 6 3 EMlic et U 7=,

2. ZAT7O=FEHOERAN=XLOEN
EESISFYIITHARY TRICET 5T
B4 0wy (Sarcodon scabrosus) 5 HEEX N7
TN IA RTHBAHTOZ2 AKRDG
(Fig. 1) OEWHHABZIT> /.57 Z0F 7 3134l
BHIERBTEMENZHDTHD, HNITLEHEAHMN
WM< EBRICITEI RN, £, TOUPNBIEAN
TOZHEEBEYMODTINR A RTHSHILIR
ZUMEMNBICHEEE SN T W, Y T ORI
MonTWiholz, I TET, £E537U7
MO EF LM TH S 132INL E T A bOvA
M—<HlEZFM L T, A h7 0z HEOMRE
KT DOAEGRIZHT B A2MmF L7z, 1321N1
flz 270 FAE T T2 HEBEL T, 208
EEEZEINLZ. 51T, RobmiREsT )Ll
Td 3 PCI2 flifld 2% @ 1321IN1 fifld D 52 Ligh
THEEL, TOREL (FReimMmE, s %
BRLE WA 5 &, 132INL {5 Ok
S KT O EHEE DD, PCL2 fiigd 3t
ZREBECLENAT Y vEA 2170k, ZO/RE,
AHTOZ A KRG THFL 7~ 132IN1 fijgo
B FIEIC K D PCI2 il D B RERY 43 L33k 3 &
N, AATOZREITX DS OMREEERTF O
SPININSEE IR I N D T EARB I N —F,
PCI2 fifaZEHEA 7O VETHIBL THIRE
Wi fLiIAeNRho 7z, I T, HHAENR
LR T TdH D NGF D&, HTdd %%

& % reverse-transcription polymerase chain reaction
(RT-PCR) U\ enzyme-linked immunosorbent as-
say (ELISA) #ETHIELZEZ A, A ATO= >
A N Gz & D 132IN1 fifZIiZ BT 5 NGF Oz
THRENFEIN, NGF ¥ N7 G Db e
KEFENIRE SN D ZENHS MRS 2. Fiz,

EFOWIH AN T O S EEAREER L Z DI
PEEeRELE TOME, A HAT7O02GDATF
VI ZF) (ME) fkick v (Fig. 1), NGF KO
A7 —01F> -6 (IL-6) 72 &EDHRKEEEKT D
AEHERR, SN EIn, ToE EEICLS
PCI2 {0 /b2 X 5IZAE X B/ (Fig. 2(A) &
U2(B)). 5, AAH7O=> G-ME THlIEL
T157= 132IN1 il D 558 115 %2 NGF fhfiyifk &
A2FarR—bTHZEITLD, PCI2 HlED L
NS TIR S BNERICHH SN ENG, Z
DiHEIZ NGF 235 L TWwa Z &R I gz,

RIZ, EFEIZIDOAH 7O GME ZHWNWT,

132IN1 HiiEIZ BT 2 #RE R E R T OB R T
BOANZALEFMICHRH Lz, PHI 1/ > h—
WaERWE L —Y—FERIZXD1 /> b=V >
EEORBEIRZRE LA, X AhTOZ >
G-ME 3N —=)ViEse o1 /> b—I)LU Vg
BRI 2 R ERIE L, Z oIHIERE
7a51 >FF—+ C (PKC) FHEHKD GF109203X
WWEOHELE 512, 27022 G-ME IZ
&£ % NGF KW IL-6 O &5k, 47 W12 i 1E F
BRAL R 28 R 2 B 35 A W S0 R i A 15t ot
FOEENT. 1974 EREHAE TN, K
JERFIAE R, FRFRLIE L
BHEEFREME 7 AL, BAZN
RELESFERINIZEE (DC1/PD) & T,

2005 4F 4 A X D BIK%. ek RTT, R
F—, BER, I T WLFE) RE.

NEAEARR
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Effects of Scabronines on Neurotrophic Factor Biosynthesis via PKC

(A) 1321N1 cells were cultured in the presence of scabronine G (100 um) or scabronine G-ME (100 um) for two days, and the conditioned media (CM) were
collected. PC12 cells were cultured in the scabronine-conditioned media or DMEM containing NGF (50 ng/ml) for additional two days, then the morphological
changes of the cells were observed. (B) 1321N1 cells were cultured in the presence of scabronine G or scabronine G-ME for 24 h, NGF concentration in the media
was determined by ELISA. Scabronine G significantly promoted the NGF secretion compared with corresponding control (*»<{0.05, n=3) and scabronine G-ME
significantly enhanced the NGF secretion compared with scabronine G (fp<{0.05, n=3). 1321N1 cells were incubated with scabronine G or scabronine G-ME for 4
h, then NGF expression was examined by RT-PCR. (C) 1321N1 cells were incubated with PMA (100 nm) , scabronine G or scabronine G-ME for 30 min, then cells
were homogenized and fractionated to cytosolic and membrane fractions. The PKC-a and - in these fractions detected by Western blotting.

GF109203X iz kil aniz. 2o &
5, —HOHBKIZIZ PKC O RBEI N, 7
Z T, PKC OiEMELRIZEI & Z % PKC DR
BiTEmLMIXD0EETTZAY T 0y METH
REEZA, ZH 702 G-ME IZ X D conven-
tional PKC o D JGEZ LIZ A S Nz o 720, a-
typical % 1 7 ® PKC{ O EBIT AR I N /-
(Fig. 2(C)). X5z, 132IN1 MO BEFIKR % A 7
7 HO=> G-ME THli# L T PKC { DEBIT A
HaINn, "OAHTOZ>GMERE hYaYE
+> b PKC¢ DWEMZ invitro T LR S SR &
M5, Ah70=> G-ME X PKCCICEEEHRL
THEMMSE S 2 EMNMSRBEINZ. RIC,
PKC{ FiRDLT7 =7 % —T, #RERFERT DI
B % H9 5 REWN 7RG KT NF-«B IZD W T
AU, REREEROTIASY > 70y MEICK
0, 257 10=> G-ME | NF-xB OiE M LEFIZ 5]
ERIEINDZZDOEBIT KR -kBa O 57 % (L1
THIENHLNIIR ., Fie, LER—F—T—
7wl AIZ& D NF-xB Qi EREEZ2E R L
& ZA, AHhTO= GMEIZZTDEHEENE

BFEICERX®RZ £/, AAT7O0=2 G-MEIZ
£ % I-kBa O 73 fR{E#EE AL, GF109203X 12K D
BEKFEICIHRH SN ZZ En5, NF-«B X PKC
CIRTERNCIE LS N T, MRRERT OB 2/
HELTWS ERBIN., BE, SSICHMARAD
ZALZOVTHRHNHTTH 5.

7=, B %7 ® Marcotullio 5 D7 )L — 7
W&, ooy EEMoF 7 a (Sarcodon cyr-
neus) MO A AT O HERKDOT T H >
BEAT DTN A RO IVRA 2 HED
XN /= (Fig. 1) (Planta Med. FIRIH) . 43# 513
INS—EHD IR A ALEY DOEIIENEZMREF L
FeRER, AA 7O U EFRERIC 132IN1 Mg H
\J % NGF EZ T ORBFEEMANHE SNz CR
FERT—F). ISITHEKEN LT, PCI12 il
)V AA VETEEIB L EZA, —HoiI)L
A RN IHMEFEEREH T2 2 LR S
Nz, ZOEMRIZA A7 O ETIIMRI NN
EbDTHD. AHhTOZHEEDI A HEEFE
Lo 78 D BBERDILGMTH S0, T 5 Ot
DEREEICK > TEHEMANET 5 DIFHRHE
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W, B, EESII—HEODTIVR A ROBIEE
AR ORGET 21T > T 5.

S, AN 7O EEBRKGHT I3 Mk L
B TCEBRSRBRWEERNS S, AHTOZHD
ER)nTFEEDNS aPKCLIZIEF & XITHHEL
TWa/ew, 50, ME&TIEA 7o 24
XD ENSRHAEOMBRENGI SR IIND T &
MmEZoN, BMEHORERER SRS ZENTREEIN
%, LEnoT, D EHMANOBITIELHD T
EWEKIOBFENLEEND., BT, AT
FHIZEK D IL-6 DAEBHMEESIN/ZL DI, PKC-
NF-kB D& MR ERRBENIRE 2 IR AIEEY 1 N A
CHORRZFET L ZENTHINS., 205D
HOZ IR AE o0 U CTIRERMICHERET 2T B &
B—1, FHBERIIERIGZEKRNTHTE, HEIE
LA BEZSND DT, XVEM in vivo 12
BIZAIHEBRFA L TWL ZENHETHD. &
272> T, 7 AU 5@ Danishefsky & D 2)L—7
W&o TANT B> G-ME OL2EmRNR SN,
MOEFESNAM LU =2 0EEEROEREI /X
N9 5%, 2EBOZAHT 0= OIS RN
I NIUL, invivo DEBRMNAREIC/R S S G S
n5.

3. p-A—TFTRE-NDOERAN=XLDEN

B- 1 —F A —IVIZE I (Atractylodis lanceae
rhizomas) IR EMSHEINZEAFFTIRT
b5 (Fig. 1). BEfIEkE R Mkt /s & OEEL
FlZHR T 2EETHD, HHHERESGEERH SRR
TERBREDRENRD B, Fiz, f-1—F AE—IV
DAL=V RFEMERADE NS SNTWS, f#i
Z1E, B- 1 —F X E—)LAH Nat, K*-ATPase 1% %
ZHIHIT S 2 &0, 10 BRIV T aF %Y
TFIILaY rREEOTOYy hH—ELTHERT S 2
EDNREINTVWS. D XI5, g-2—FZXAE—)
MU EIEHENSOT7EF IV VFEREN T
J—=)V7 2 > OpiZE, MIENAND Ca2t i ADH
flzfk> THET S ZENRBEINE. 2 - 1—F
AE—INORMEEKTH S - T—F XA E—)LIE, P/
Q ¥ A T DEMAKAENE Ca2t F v IV ZHHIT 2 2
EHHISENTNG. 1D Z DX D fakk & a3 BIER 2
ZRLIENS, EFHIPCRHMEDDLINVES Y Y
4 —<#iflg (C6-BU-1) ITBIF3 - 1—F AE—
IWOERZRE Lz, TOME, g-1—FXE—

IV PCL2 MifE DL REM 78 3 278 L, & /- C6-
BU-1 il 2» & O #fE K38 K D fr T FEH % (2
T5Z2E2RELAZDOT, ZOFMBERAN=ZX
L fgi Uz @

FTHOIC, f-1—F AE—)L T PCI2 i %
RS 2 &, BEKREFENRBRENILMENEI S
XNz (Fig. 3(A)). 51T, ZOMMEIZBWT,
B-1—F ZE—IVZIA /¥ b=V VIRE ORH
[als 2 (2 < & (Fig. 3(C)), ZDA /¥ h—JLY
> BEE DIKIR AR AT IR FRIIC, —i
PEORIRIN IV S T LRE LR ZGIER I T &N
oMoz (Fig. 3(B)). /2, Bk
CULAE > 70y MEIZKD, PCI2 filgD 1k
Rz 25| % S extracellular signal-regulated
kinase (BRK) KUk & 7oA 7 > F v I 0RE
EWME DG RREEFE DB & fl# T 5 cyclic AMP-
responsive element binding protein (CREB) ODE5
EHiLEEZA, f- 1 —F AE—)LIZ ERK KO
CREB 0 >tz & &I2fEit L7z (Fig. 3(D)).
FNS0YU CBILIEHRA Ty FIINA ) T b—IVEE
BER AR )N—1t CHEHKD U73122 THIHIS N
ZENS, B-A—FAE=INNRAKRY)N—F
C ZiEM{b X ¥ T, ERK T CREB O > fig{t %
JLEL TWAB Z ENRBEINE. 51T, PCI2 M
fliz ERK 54—+t (MEK) FHZE# D PD98059 T
ATLEES 5 &, B-1—F XA E—IITK 2 LHEE
FiIMH TNz &5, ERK OfEMELH PC12
AL D MEITHERA R D EHFEI N 5
2, PHI- 7 ) ZEx 71U > 2R 0ALER 7 PCI12
Mz p- 1—F AE—)VHET 5 &, ZOMIEN
CaXt JEE EFIZHES [PHI- J)IVIEXTYU > D50
WINTUEL 7= (RAEERT—%). T7abb, p-1—
F A E—)VIZHIZ PCI2 fifd DI EN 7 /0L 2 B &
297210 T <, MR AE O FTHEE A &2 B
I EMNRBINT.

—77, C6-BU-1 fffifid & OF 132IN1 #ifiZH 1T,
- 1—F AE—)VIIMIFIN Ca2t JRE LR 25 & i
Z LT, NGF, IL-6 XX glial cell-derived neuro-
trophic factor 72 EDBELETHREZFET L &N
oMo/, L Lans, PCI2 i &3 R
720, C6-BU-1#ifldTiX, -1 —F A E—)LIC&K
LRAFRYN—F COEMHAIIHRINT, £
7z, @ Ca¥" LA ISMs NS D Calt A%
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Fig. 3. Effect of f-Eudesmol on Neurite Outgrowth in PC12 Cells and Its Signaling Pathway

(A) PC12 cells were cultured in the presence of S-eudesmol for two days, then morphological changes were observed. (B) After fura 2 was incorporated to the
cells, they were stimulated with $-eudesmol, and intracellular Ca2* concentration [Ca?* ]; was measured. (C) After the cells were labeled with [*H]-inositol, they
were stimulated with S-eudesmol for 10 min. The inositol phosphates were purified by anion-exchange column and the radio-activity was measured. S-eudesmol sig-
nificantly promoted the accumulation of inositol phosphates (*p<(0.05, n=3). (D) The cells were stimulated with NGF (50 ng/ml) for 5 min or S-eudesmol for in-
dicated periods, then phospho-ERKs and phospho-CREB were detected by Western blotting.

HSRVICB/KROST, Nakbor /> h—)L3
U 2 RARIHEK 2-APB IC K B B % < 21T
oz GRX¥ERT). 972bb, C6-BU-1 M
T, B-A—FAE—I)VNIFAKRY )N—F C IEK
FIIC Cat Eli# R SR I T H DO EHEE I NS,

PLEDwIZRIZED, -2 —F A E—=)LIZZ VT
I BN THESEER T O G RZ (R ES & 25—,

PCI2MifICOEREAL T, /MbaHFEsEs 2
EEREHUE ZAh7ao EP - I—FTAE—
W, TnTNRiz o EH A = X LT NGF 73
EOMRRBRTFOBLTFHRBZREEL THD, Z
NS DALE WG HE TS AR R 7 O FE Bl T A
BT 5720 OEBZAHHEEL L TWINnbEH
ThHIENRBINL. T8I, AATOZH
KO- 1—F AT —)VISHREERTFOEGRE
RET2EERDY — RMEEMEL TH, SHOM
TOFENFRFENS.

4. NGF KT cAMP (C & % ERK EM{E A H =
R L DRMT

AR U7z & 512, NGF 13 4 72 i iz ic B w»
T, TOETE, oMb, BEZREESIES. /2, M
faN cAMP B FH 267 5 T AMEHEYE LK
HEASKIZEK U NGF BRORNFD 515 2 &n%
V). NGF 75 E DK ER T cAMP 1T X D &
ftEN % ERK 1F Lt O RICEBx&kH 215 72
TR <, RO T EE O, FEEEE DT
EREICOEELSMBENBEED 1 DTHS. 2
T, %13 NGF KU cAMP 12 X % ERK DiEMEAL
DIEMIREZEHED > T TN FICAED Y —7 y ~
Z3RD T, FEAIC ERK OIE ML HERS 2 fihr L 7=
PCI12 fifldic BT, EGF {Z—i&ttd ERK DiE
P2t U TR 5l % (2 S & 5 — %, NGF %
TGP MEK O BIFEHIC X 0 ki) 7% ERK O{E
PG EE I SN THIIBDOMENFER I NS I &
Mo, Fg72 ERK O ML BT E 153 T
HBDIENMENTING, 1510 F 2350 O AT
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INTWVDED, ZDXD 7 ERK OIEMELDEA W
WKL T, 2 OMIREDRE SN2 OIFBLIREE
WHSRTHS. EGFiZzoFoy > F5—tRl%
HhRoECY b EREL, She Grb2 /2 ED
TETY—=F NI EH NI Ras T 7> X7 L
I F RZHUEHERF (GEF) T& 5 Sos 2/ L C,
BKAHrTFEGHYINIVETHS Ras Z2iEMHEL &
%. {&EMAL E N7z Ras 1Z Raf (Raf-1 [ Of B-Raf) /
MEK/ERK & —#®D MAPK 51 Z 77— R Z&{E (L9
%, U,L, ERK 2\ —EiEHRIEI NS &, ERK &
L<IFZERK FiiZ7 =7 % —® RSK IZ &K% Sos
DU >k, MAPK R Z 7 7 ¥ —Y OIE AL,
RasGTPase IH /L& > /)N 7 12 & % Ras D AIEL
72 EDkE 2 IsREIC XD, HENFEIC Ras-ERK
ST TIT/8%. D —, NGF 3% D TrkA
FOT>FF—ERZHEAKZEZNL T, EGF DG
L [AERIC Ras/MAPK 1 27 — R & —il 12 iE 1L
g5, LML, NGF OE&EITIE, TrkA N AF v
T4+ =V RE NI EEL THARET 5 FRS2 X3
ARMS E2H8T 5. 351, ZOEGKIITY S
Y —FTH5DCk-LEyrTEGHY NN VE
RapIGEF @ C3G »3#& L C, Rapl 2% L9
% . 7719 NGF 12 & D {1t = 117z Rapl |% B-Raf
LHEA L, 51T MEK 2/ L T ERK 2 HEET
%. Rapl OARJEHALD A B = X LFFEMICIEH S
MZENTWARWA, Ras DB EERERD, Rapl
DIEHALIZIER ICFH MR DO TH 5729, Rapl
Z4r L 72 ERK OFEHEALIZR 0 Fifiisd 0 &z
%. F7-, EGFIZX 5 Rapl OiEMH{tiZ NGF &Lt
L CHEEICHNDHDTH 272D, EGF T Rapl
ZIr U e Fifi 78 ERK G AL S VIV 2 rE T &
720, 1 cAMP 13 PKA K ERYIZ & 2 WIL IR
IZ Rapl Z2iEMALT B2 ENHMENT NS, T Ok
B30 EEI R ERK B 2RISR LT,
PCI2 MifdZ L E I D EMTE2.20 22
T, Z#13 NGF % EGF % cAMP Jlii 054 & L
L7/ 5, ERK OFFRIEMEMICE S92
Rapl OIEMEALEEME Z MBI L 72 2V

PCI12 fffifiid Z NGF THIHE T % & Fifify7s2 ERK O
EHAENFERINED, SrceFOs > FF—F 77
2 J— (SFK) ODOHZ#E# PP2 THiILEH T 2 &,
ERK {& AL O Kt 2 E R AV I Hidil S 17z (Fig. 4
(A)). BIRZRNZ &1Z, cAMP #IiiC &% ERK @

TGS PP2ICK D KB BHIflE N/l &ns
(Fig. 4(A)), NGF & % WX cAMP iZ & % Rapl &
It U 7= ERK O EHz#E 1213 SFK OIEENSLET
HDHIENRBINTZ. RIZ, Ras D2 pull-
down 7 v A I THIEL=E I A, NGF Ui riC
EGF 13 &EH 565 < Ras ZiHFMHAL L 7228, F0DiE
HALIE PP2IC XD IFEAEREEZ T RN =,
F7z, cAMP |3 Ras 22 <{EMHt Lo/ —
7%, EGF I Rapl OE MLz < Bl & 2 X 7a/p
o 72753, NGF 3% 7 Rapl DMLz 5 =ik
Z L7, %72, NGFIZX % Rapl OifM{kiZ PP2
THEEFICHHI SN (Fig. 4B)). HE, For1
>FF—1t A (PKA) # SFK OHT%H Src Z &R
My Bk L, FoFOorFF—EiEZ ki
LTS ZENHEINTNDS. 2 ZZ T, PKA
FHEHE H89 THIfL Z AL L /=& 2%, NGFIZX
% Rapl OIEMEALIZ PP2 O & & FARICHIHI S N
7= (Fig. 4(B)). 7z, cAMP % Rapl OiEMA(t %
BlER L, ZTOEMELIZRIZD PP2 [ TX HB9 IZ
K 0EEITHEL (Fig. 4B)). LEXD, NGF
X cAMP 1% PKA ifi TN Sre 241 L C, Rapl #
LT 2 2 EAURB I N,

% Z T, NGF X% cAMP Fisic5 &z h
HEHEEIND PKAICELD Src DU P EEALIRIZ
DWT, ETHICFHMICHE L. PKA A Src 2l
DU HREEE) CBET A ENE LA LN
TWBMN, 2 ZOEMNRERIIAHATHD. EE
IZPKA 23 Sre & U Ll TWaAMMES )%, Src
Piika F W= ek & U > Bt PKA LB bk
ERWEOIASY 70y MEZEAGDE THNT
L7=. ZTO#E%, NGF TH cAMP OEE&TH, #
Wre 15 2 — 7 IR KA 78 Sre & U > 17 3%
HoU CRRENED SN (Fig. 4(C). LaL,
EGF O HIX Z O RISNED 5 Nis/in> 7z, Src D
HEU CBALELL (Fo > d416) OV CEELIZZE
OFOT > FF—EEEOIWREERS, T
T, U AR R Sre Hifk 2 AW T Src DiEME %
EZHYTLEZA, StccY 2 1TDY VR
fEOFZ A LT—AELSHIRTHEDIZ, FOT >
416 OV > LR D 57z (Fig. 4(C)). %z,
NGF K Uf cAMP H#12 & % Src VU > 17 L UF
O3> 416 ®Y CEEEIE, PKA FHEZK H89 THIH]
XNz Tabb, PKAIZELD Srct Y > 17 M
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(A) PC12 cells were stimulated with NGF (100 ng/ml) or forskolin (10 um) /IBMX (100 um) (F/I) for the indicated periods in the presence or absence of
PP2. Then, phospho-ERKs and total ERKs were detected by Western blotting. (B) The cells were incubated with NGF for 30 min or F/I for 20 min in the presence
or absence of H89 (10 um) or PP2 (10 um) . Rapl activity was determined by pull-down assay by using GST-RalGDS as a probe. (C) After the cells were stimulated
with NGF, EGF (100 ng/ml) or F/I for the indicated periods, Src was immunoprecipitated. Then, Src phosphorylation was detected by Western blotting by using
phospho-PKA substrate antibody or phospho-Src (Y416) antibody. (D) The cells were cotransfected with empty vector (Vec), Src WT, SrcS17A or SrcS17D and
Flag-Rapl, then the cells were stimulated with NGF for 30 min or F/I for 20 min. The Flag-Rapl activity was examined by using GST-RalGDS and anti-Flag an-
tibody. (E) The cells were cotransfected with empty vector or SrcS17A and EGFP, and the cells were incubated with NGF or dibutyryl cyclicAMP (0.5 mm) for 24
h. Then morphological changes in EGFP-positive cells were observed. Percentage of neurite-bearing cells was expressed.

DY BN, ZTOoFOT FF—YEEO ERO
RUF—EB5>TNWAZENRBINS. 51T,
Src O PKA ITK 2 U VEALEfI 2 RIESE AR
& (SrcS17A) ZFWT, Rapl N ERK D&% %
BIELZ. ZOS, SrcS17A OBREFEIZL D,
NGF U cAMP 12 & % Rapl OiEFMHALIZIEIT 5E S
HIEl - (Fig. 4(D)). %7=, NGF Fli#ic &
% ERK O{EALIX, #3% 30 7 T SrcS17A 1T &
DI S N0y, RIS B TIIHEEZ TR
7=. 9725, NGF fliED5E, PKA IZX S Src
DY) > #ALIE Ras Tld7x <, Rapl 241 L 7= ERK
DIEMALITKRETH D T ENRBINSE. 51T,
cAMP |2 & % ERK DOif (b ® SrcS17A OB FIFEH

WCEOHMHI SN ENS, cAMP FIHK S,
PKA/Src/Rapl 24 L T ERK 2MiEMEfbE s 2 &
WS MR- /=. 51%8IFI PKAICLS Sret >~
17THREDY DBANSEDLDITLT Sre dF O
PUFF—BIEEN ERT 00, Z0U CEEALES
fL73 B 2K E DIEHMIRED T ORE G EAL & U THRE
TEIMBREDHRESEZEZHRFAL TWS FETHS. £
7z, Rapl i3MIMERE, MRP/NMERE, )L 2%E,
EEAMAITICRET 2 I ENRE SN TSN,
PCI2 il iZ BN TIE, MEICIXZE LA ER/RER
9, KES DRI/ BICRTES 2 2 EAHS
NTWS. 2 —F, Srcld NEKENI Y ZAF @ik
fiz21F, MEEE FICHEL TWa, NGF » %
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Fig. 5. Diagram of Putative Signaling Pathways of NGF and cAMP to ERK Activation

WiE cAMP 12 K& D PKA 247 L TiEE(L X 72 Sre
& Rapl 3, EOXHBTHREENLUHENEMZ
FTEHEMIZDONTH, HKEZFSEIATHS.
m%IZ, Z%E#F1E NGF X cAMP #ili#ic &> T
SlER N5 PKA O Src DY VL DA E
IZOWTHEF ZMA . PCI12 fifdld NGF %
cAMP FIFIC K D BIR RN iFE I N D Z &
5, £9, TOMeEEMNLEEROEEE L.
MEK [H &% PD98059 {77E F C, NGF Xi¥ cAMP
% 24 Be1T S & PCI2 M O 43 (b AS B 12 31
flan=ZEMnS, ERK 25D bicB 5 L T
WaZENERINZ. UL, SFK [HFES PP2
1% cAMP FFEME D o3k 2 HIf L 7243, NGF i
KBHMEITH L CRFEEAEFE Lo Tz,
SrcS17A & GFP ##:FEH I H7/=D 5, GFP [
JLZDOWTZEDREEZBRELILEZ S, cAMP #
WIZ K% PCI12 M D LI B 1T HI /i & 7z 78,
NGF T X5kl EAEMBEI SN N> 2
(Fig. 4(E)). DAAMIC, EHS DT ) — T3 AIEM
% Rapl O@FEIFHICTL D, NGFIZL 2 PCI2
FEDMEIE IR SN/ Z EZ2HEL TWa RN, 20
SEOEREHFDETEET 5L, PKA/Sre/Rapl
/ERK D155 ERE T NGF 12 X % 7L/
LTHhEs T LHRATIIRWI EREZLLNS,
L7/ L, NGFIZX% Rapl 41 L /= ERK DAL
(B35 MAE) 21 PC12 Ml D kit U T is
AR THDEDOHKT2MEDDHD, 1619 5%
KON EENSD. NGFIZX-> THEML
XN Rapl DF DD ABEEEFITDONTIL,
Rapl 728 Nat ERZ#FEH T H T &, £/, transin
D& D 7 I A R T ORI ST 5
ZEMHIENTWVNS, 2 58 MR D (ks ic

B % Rapl OEENZOWTEEMICKRETL T F
ETH5.

DLk, ABFZETH SIS N7z NGF KU cAMP
12K % ERK {&VEL D IE AR ER I % Fig. 5 1TRL
7z. ¥ 513 NGF O E MR ERE Z cAMP KU
EGF O &G i Liam o et L T&E LD, 20
%%, Rapl 241 L 7= ERK OIEMELIC cAMP 0D}
HEHBEOANZALNGEHET D ENAHIN
. 5%, WEMINHATEZ2EMEMAET 5K
2, iSO T cAMP/PKA #i& 2151k T &
X BEaFHREOEY, HIAE, 74I)IAaY
JIREBESIND T T DIVEES 7 T —BIEMHALIE T
RARYIAT T —EHEER ENZEDH 754
ERVEB/AHIENEZLNS.

5. BHYIC

HEEIC BN, TIVIYNAI—HREDEAN
PERRHIE 1T KT B4k 2 728 L WIREEN 2RI
ERICIRESIN, BWRABRNMTODNTWS, &5
<, FRATRFIS 2 MER 2 FrDEY & EE A5
DRELEEWEENGHBIER LB > T EEDbN
%, TOEYREO—EEL T, AHFEO LS Inl
FERBRTZ2FH LB OERIBHANERINT
EREZFREL TN ELES, THIEEZICEST
REREVTH 5.

HE AMEOZATOZVEE I - 11—
T AE—IVOWFEL, HILKFREB LT ITRH
REAB R F 0 Bl N oy T AW S E B IC T b
F L7z Kih EHEZTROCHEEELTL/ZS-
7= HHEIE B B ORI BRI 2 02150 TR
<BHLHLU ETFET. £72, NGF OIEHAISEENE
ORI A L T NIV AT A L AKRER—T LW
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