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AC: adenylate cyclase, ACh: acetylcholine, aCSF: artificial cerebrospinal fluid, ALS:
amyotrophic lateral sclerosis, ANOVA: analysis of variance, cAMP: cyclic adenosine
monophosphate, ChAT: choline acetyltransferase, COX: cyclooxygenase, dbcAMP:
dibutyryl-cAMP, DMEM: Dulbecco’s modified Eagle Medium, ECL: enhanced
chemiluminescence western blotting detection reagents, EP: E-prostanoid receptor,
FBS: fetal bovine serum, IPHC: isopropyl homocholine, LDH: lactate dehydrogenase,
MAP2c: microtubule-associated protein 2c, MEM-NEAA: Minimum Essential Medium
non-essential amino acid, Mg-ATP: adenosine 5’-triphosphate magnesium salt, mPGES-
1: microsomal PGES-1, MTT: [3-(4, 5)-dimetylthiazol-2-yl]-2, 5-diphenyl-tetrazolium,
Nav: voltage-gated sodium channel, PGE: prostaglandin E>, PGES: prostaglandin E
synthase, PGH»: prostaglandin H», PI: propidium iodide, PLA>: phospholipase A>, RA:
retinoic acid, RIPA: radioimmunoprecipitation assay, SDS: sodium dodecyl sulfate,
Tris: tris(hydroxymethyl)aminomethane, TEA-CI: tetracthylammonium chloride,
TTBS: Tween Tris buffered saline, TTX: tetrodotoxin, VAChT: vesicular acetylcholine

transporter.
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PGE: Z MK THD EP 1L, 4 DDV THXATRIHFIEL, WT b G #2 3 7E 4%
SRR THDH(27), EP1 (X, Gq /3 7E e L | ZD{EMALIX, phospholipase C %
iEPEALL | inositol trisphosphate 52 AR Z N L7 MR Ca?' R EED FHZ 5| &z T,
EP2 KON EP4 1%, Gs #2734 L adenylate cyclase (AC)Z{EMALEH, flllia
A cyclic adenosine monophosphate (cCAMP)% 5H-&H 2%, EP3 1Zi%, SR AT T4
N LT CRIBDRRDT AV T — LW PEAEESN, T ATl a, By D 3 DDFF
TEMHRIESILTUWD(27), EP3a KT EP3B 1. Gi Zo /AR Z KK THY . AC
DOIEPEZIHIT D52 THIN cAMP 2B S5, —75. EP3y Id, Gi Z "7 E KD
Gs Z/XVE DM G LIBETHIENRESNTEY, WETD G FUTEREMIC
IVEALT 27D RET DT T NEZERRLDOIZL TWDLIERHALNIZINTND
(38)e ZDEHIT EP (FH T HA NIV BI DL T F MR TR L35, £72. M
oM OFEFIZE ST EP OV T XA T ORENRE — 2 BB D LD, PGE: 1TE
AT MBI IE U CERRIEREZ R T LB 2L TND(27),
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DIEIED AL OMEECTEREDOIREAN AL /b AT D&, EEARDE Ik 24
EE—ARORWEN RN E T 2(39), BRI IT. Mo MRS U S - ik (s
WB AR L, ZOREBRE 5ICE X GIlIEKIZE 2 BRI, R D R
EWE E L oM~ E A5 25 (40), £72, BHRZZE Ll 5RIT, F20 TR R
ZERL LT AL, Z ORI, B A R 2 A B O R M fa s D = 2 — e~ D 434k
DL O OESEL THWLIL TV S (41-43),

PGE; (I, 2N ETIT, FE~ TV AFMBIRM R =2 —1 2BV T EP2 2TL T
PR ZE R RARET H2L(44), KTy MNEE =2 —r U BREREMf ND7/23 1238
W, EP4 Z L TR ZEi M B2 R THZEUS)BHEINTWD, —F T, A=

DIIARARE DD PGEy 28~ 0 AHHFE I Il i Neuro-2a DR IEE 2 1B S22
EHHEIILTND(46), ZDEIIT, PGE2 1T, MR DRIk L THIK T2 1EH 23
WEINTODET TR MIRROFEFICEIVEE 572 EP 7 ¥ A7 S Be D alREtEn
BWo | EERMBRERIL. BOET2MaEICRFT20ERHLEEZBND,
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PGE2, Dulbecco’s modified Eagle Medium (DMEM), [3-(4, 5)-dimetylthiazol-2-yl]-
2, 5-diphenyl-tetrazolium (MTT), phosphatase inhibitor cocktail 2 & T" phosphatase
inhibitor cocktail 3 /¥ Sigma Aldrich JY . fetal bovine serum (FBS). penicillin-
streptomycin (10,000 U/mL) A& OF propidium iodide (PI)IX Thermo Fischer Scientific X
Y. butaprost, sulprostone, PF-04418948 & TF L-798,106 /X Cayman Chemical £V, 7
IR P ES A (dibutyryl-cAMP: dbcAMP) 13 5 — = L XS 4L LV | lactate
dehydrogenase (LDH)-Cytotoxic Test Wako |3 & L7 A /L AF0 i 3k 4L L0 |
enhanced chemiluminescence western blotting detection reagents (ECL) (X GE

Healthcare Biosciences &Y, complete protease inhibitor cocktail (% Roche LD AL
Teo ZDOAMDFAIITE £ 7 A LFEATRR NSt K0 Rl el B 2 g A L7z,

2. fEHPTA

anti-EP1 rabbit polyclonal antibody. anti-EP2 rabbit polyclonal antibody. anti-EP3
rabbit polyclonal antibody. anti-EP4 rabbit polyclonal antibody (&, Cayman chemical
£V, anti-caspase-3 rabbit monoclonal antibody /% Cell Signaling Technology &Y. anti-
B-actin mouse monoclonal antibody (% Sigma Aldrich XY, anti-rabbit-IgG-HRP }& T}
anti-mouse-IgG-HRP /& Santa Cruz Biotechnology JViE AL,

3. il K5 5%

NSC-34 /&, Dr. Neil Cashman (University of Toronto)& Vit 5-X417-, NSC-34 (%,
10% FBS X T 100 units/mL penicillin, 100 units/mL streptomycin %7 ¢ DMEM %
T, 5% CO2, 37°C., IR T THEMIE R L7, R TIL, & 7L —FIWAKDIZ
12,500 cells/em® THEFEL | 24 WrfHEE 3 L 7oA Rl A L E L 7o, ABFZEICH1T %
B TOFERITIE, 5~ 15 B OMRE HV,

4. HM i HE5E O AR
FHAOEEFEIL, MTT {EICEVFEMU 72, BERALERKR T1% . MTT 25 L H(MTT Of&




IR 250 pg/mL)IZAZHAL | 5%CO2, 37°C, AN T 3 KA FaX—R& | ApkL7z
TPt R L A LS D720 MTT & ###7 (50% N, N-dimethylformamide ., 20%
sodium dodecyl sulfate (SDS). pH 4.7)Z /%, 5%C0O,, 37°C, NE5A4 T CT—Hp1
FaX—hL7z, ¥/ L —RJ)—4& —(SH-1000Lab, Corona Electric){Z VW
(AEB K 570 nm, ZIPEK 655 nm)ZJELIZ, FLEREO MTT %, HLERO
WA 100%E L TR LT,

5. PR S (R = AR H O R

PR 2B R A IR O FEATT I, Oda HOFFEE@TICHES TT o7, AEEALE R T .
ALFEZZ B BE(IXT1, Olympus)x W T L, TEEZ& I 50 EOMAnZ RN LT, %
WU DI S | Fig. 1 ITRLIZIDICER D MAARD 2 5 DL E ol o2 fif#% 22 {f
ALl Z0E| 5 TRLE,

S0

Fig. 1 Neurite outgrowth assay. Representative microscopy image of typical
differentiated NSC-34 cells. Black lines indicate cell soma lengths. Red lines indicate
Neurite lengths. Arrow heads indicate neurite-bearing cells.

6.l A 155 5 1 oD B A
HIOAS M, PT Y & OF LDH {EIZKVRHm L 72,
(1) PI %0
ARILALE LT 30 S RNCEFHIFIZ PT (FEIREE 25 pg/mL)ZIRIML, A F2X—h
U7z ALERE T 15 BT LORTHIIS A L | 81 3230 a0 e BN 8% (1X 70, 01ympus)%ﬁﬁb\
THRE UTe, MBS 3300, A0 22 BB 50 & I AE 2 (TR IR L 72 50 8 o i
(7% PI B HEMIRL O FIA TRLT,
(2) LDH £
AREEALE A T %, oo B 50 pL 2LV L —hMCB L, HIEF > M(LDH-
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Cytotoxic Test Wako)Z VT LDH &z HELT, HEF Y rOT mha/LIZiEw,

LDH F 3% 50 uL IisANL | 45 53R CTA o F aX—kLH#%., 0.5 M HCl % 100

ul Nz, s EEIREL, ~(27a7L—R) —& —(SH-1000Lab, HITACHI)IZ XV

%‘ér“(/ﬁl TEW S 570 nm)Z I E L7z, LDH &I, 0.2% Tween-20 & ALiE L7 Al
DO EE 100%E L TR L,

8. Western blot £

PRERALE L T, M@ % radioimmunoprecipitation assay (RIPA) buffer (150 mM
NaCl . 1% nonidet P-40 . 0.5% sodium deoxycholate ., 0.1% SDS . 50 mM
tris(hydroxymethyl)aminomethane (Tris)-HCl1 (pH 8.0) . 1% triton X-100, 5 mM
ethylenediaminetetraacetic acid , complete protease inhibitor cocktail ., phosphatase
inhibitor cocktail 2, phosphatase inhibitor cocktail 3) CIE[Z L | handy sonic (UR-20P,
TOMY SEIKO) CHREY T A A LTz, 4°C, 10,000 x g T 10 /iU, 5507z i
TR LT, #2737 FE&IX, bovine serum albumin %A% % —K &1L T Bradford @
JF1E(48) TIT o7z, XU /X7 IRFEDY 1 mg/mL 127255912 4 x sample buffer (250 mM
Tris-HCI (pH 6.8) . 10% SDS . 40% glycerol , 20% 2-mercaptoethanol . 0.04%
bromophenol blue) 2 OF RIPA buffer # W THRL., 5 AR LI-bOEY T Ll
L7ce WUTZVNTIRF NV ERHRL FL— 2/ —BOX " VEZE e oI
TNET TFI7AL, BRIKENEZT o7z, KB 7%, BIN 7 AXER5 25 1& (Transblot SD
Semi-Dry Transfer Cell, BioRad)Z H VT, semi-dry buffer (48 mM Tris, 39 mM
glycine . 20% methanol, 0.001% SDS)I(Z &V, A7 L (Immobilon™-P Transfer
Membrane, Millipore)|ZHEE L=, ZD%, AT L% 5% skim milk %7 Zr Tween
Tris buffered saline (TTBS: 20 mM Tris-HCI (pH 7.6)., 137 mM NaCl, 0.05% Tween-
2004, |IRT 1 KM R%&E 7=, TTBS TPEH L7=1% . anti-EP1 rabbit polyclonal
antibody (1:1000) . anti-EP2 rabbit polyclonal antibody (1:1000). anti-EP3 rabbit
polyclonal antibody (1:1000). anti-EP4 rabbit polyclonal antibody (1:1000) %7z /% anti-
caspase-3 rabbit polyclonal antibody (1;1000)& 4°C CT—H#t St 72, 3 H, TTBS T
P+ L, anti-rabbit-IgG-HRP (1:20000)&E27EC 1 R KOG SH, ECL 2L H
72, & D%% . anti-B-actin mouse monoclonal antibody (1:2000)E=iE T 1 Kff, WKIZ
anti-mouse-IgG-HRP (1:40000)&=E{R T 1 FFf] S H, ECL IZX0 w72, 55
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AU7=/3 R4, Scion Image (Scion corporation) CHEATL 7=,

9. HEELFHIMEE
IV, A AR R 2 R T R ERR R TR LT, A B ZEREITIE. 2 B
TlE Student's t-test &, 3 #ELL LTI one-way analysis of variance (ANOVA)D 1%

Dunnett’s test & L</% Tukey’s test &\ 7=,
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. Rk NSC-34 128155 EP O3 HL

FEHE 24 BEM 12 O NSC-34 (28115 EP D% Bl% western blot 1 CTHiFTL7=(Fig. 2),
EP1 /5 EP4 £ TORTOY T HAT WAL RTEL AL THREL TODIENRESN
TWAVYT AR ANERT T 7 ara— L THW, RIFFEICBWNTH, w7 A
R TIXAETOY T HXAT ORBANED LN, ZHIZxL T, NSC-34 Tit EP2 K
EP3 OIEBLNRBOHILIZA, EP1 LN EP4 DR BUIFR O LRI -T2,

NSC-34 PC.

EP1 (42 kDa)
EP2 (52 kDa) e—

EP3 (53 kDa) s s s
EP4 (52 kDa)
B-actin se———

Fig. 2 Expression of EP receptors in undifferentiated NSC-34 cells. Photographs
show representative western blots of EP1-4 in undifferentiated NSC-34 cells. Mouse
hippocampus lysate was used as a positive control. B-actin was used as an internal
control. Representative data from three separate experiments are presented. P.C.,
positive control.

2. PGE, J O EP {EH) 323 f B Al |« Je 13 P 2

PGE, K OV EP {EBI 323K 43b0> NSC-34 O HIAEHEHE I K IE T 5B 2OV, MTT
EE W THREL7=(Fig. 3), PGE> (1-100 pM)% NSC-34 |Z 48 BFHLEL-EZA,
MTT {30 B R ARSI Lz, £7-. 100 pM PGE, L& #ifo> MTT i, 58.7 +
2.7%T, vehicle ZLEMINE(99.8 £ 4.3%)E kL T, AERED Tho7z, EP2 /FE)3E
T % butaprost (1-20 pM)DALED | 2 AL FRIIC MTT fEZ A S 20 pM AL{E T
58.6 = 3.5%F TR L7z, EP1/EP3 {EEIFK T&H 5 sulprostone (1-20 uM)i%, 10 uM
V20 uM AL T, % 2 80.1 £ 1.2% % TN 82.2 £ 1.4% F T EH 7,
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Fig. 3 Effects of PGE2 and EP agonists on the proliferation of undifferentiated NSC-
34 cells. Undifferentiated NSC-34 cells were treated with various concentrations of
PGE», butaprost (an EP2 agonist) or sulprostone (an EP1/EP3 agonist). After 48 h of
treatment, the proliferative potential of the cells was evaluated by MTT reduction assay.
Values are indicated as percentages relative to non-treated cells in each case. Each value
represents the mean £ S.E.M., n=4. **P<0.01.

3. PGEy M U EP YRS AN AR FE (- o F 3 o %8

MTT fEOH 13, AR HEFERE DA R I KD E DI 721 T MilfSEIZ LD
AR AL DD B T D AT REME R B D, £ 2T, PGE, X TN EP {EBh3EIZ LD MTT fi
DO ZHI B FE DB 53 B0 P1 YR IZ XV FT L 7= (Fig. 4), NSC-34 (Z H20»
(300 uM)% 4 RFALE L2 A, FEM I Z 3 PI B E e @l siv, EoHA 1%
44.8 £ 4.9% CTh-o7=(Fig. 4A), 2D PI Yt 5eff% HN T, PGE, AL 23 KT 95 2%
MatLi2EZ A MTT EO A BB 378057~ PGE, (100 pM)ALEREIZIS 1T D PI
BRI DOEI A 1X, 1.8 £0.8% T, vehicle ZLERE(1.8 £0.5%)E[RIFEETHY, PGE, AL
EIZ&D PI BHMEMBE O, BlE&N7el 7= (Fig. 4A), [AEED ST, butaprost
WLiE K O sulprostone AL{E A3 SEIZ JF T B OV THIRF L 72, MTT JEO A &
7R T AR B A7 butaprost M O sulprostone @ 20 uM AL {E % D PI [HPERI I
ZI 2.0 £ 0.7%& X 3.5 + 0.6% T, vehicle ZLEMIIE & LR L T, A B2 ZLITRO L
N7/ o 7= (Fig. 4A), £7-. PGE> (100 uM)LE X, 7R — A LT+ THD
caspase-3 DIEME{LIK cleaved caspase-3 (17 kDa)DFE B % M IF S/ -7 (Fig.
4B), EHIZ, PGE; (1-100 uM)ALEIZ L D250 LDH B &I OV TRETLTZ,
PGE, AL{EMALIZH517 % LDH g &1% . i K Th 5.3 + 0.8% T o7 (Fig. 4C),
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Fig. 4 Effects of PGE: and EP agonists on the viability of undifferentiated NSC-
34 cells. Undifferentiated NSC-34 cells were treated with PGE:, butaprost (an EP2
agonist) or sulprostone (an EP1/EP3 agonist) for 48 h. (A) Representative fluorescence
microscopy image of typical PI staining in each treatment group. A photograph of
undifferentiated NSC-34 cells treated with 300 uM H2O: for 4 h was also shown. Graphs
show quantitative analysis of PI-positive cells, expressed as the ratio of PI-positive cells
to 50 cells counted randomly using phase-contact microscopy. Each value represents the
mean = S.E.M., n=4. Scale bar indicates 50 um. (B) Photograph shows a representative
result of Western blot with anti-caspase-3 antibody in control and 100 uM PGE;-treated
cells. (C) Effects of PGE> on LDH release in these cells. Values are calculated as the
percentage of released LDH relative to cells treated with Tween-20 for 48 h. Each value
represents the mean + S.E.M., n=3.



4. PGE, X% O EP {EE)FE D ik 22 L fif [ 1 MU F 3 B2 %8

NSC-34 (ZBWT, PGEy & EP {EHI#E) | =2 —n LD EBSAIIEIE TS
PR i RS KT TR BRI OV TR BT L 72 (Fig. 5). A7 HR 22 B SR BL22 1 L5 i
DIEREE LD, PGE, (1-100 uM) 48 HFEALEIZLD | AR I O K 3 HEgR S iz
(Fig. 5A), &R EEIZIIT AR SE A R Ml i DI 5 13 PGE2 DR EERAFHIITHIINL |
100 pM T 71.0 + 4.5%FETEL7=(Fig. 5B), Butaprost (1-20 pM)ZL{EZL~ T, [
FRICHR ZEE O & AMBLERSIU(Fig. SA). TOFIE TR ERFHITHIAL, 20 pM T
30.0 £ 1.8% Cd>7-(Fig. 5B), — /i T, sulprostone (1-20 pM)ALiE V20 uM {2
TH IR LI BIE SR> T (Fig. 5).

I, PGE, DR ZEE M EAEAIZ BP MW R IFE T B2 5L 7= (Fig. 6). fif
FHZEBATREE DBLEL TlX, PGE2 (100 uM) B CRE O BV iR 22 (i K 1%, EP2 by
HTHD PF-04418948 (80 uM)D ff FHIC k0l XiL7=2%, EP3 EW K CTHD L-
798,106 (60 pM)DOf FH Trxfl &> 7=(Fig. 6A), 7235, A 3B M 1L, #0
Ja R B 72 2 RILRR D B e n o 72 (Fig. 6A), MRS M EHIROFI &% R 7
EZ A, PGE2 (100 pM)IZ LY 66.8 £ 7.2% £ THENNL 7= 4 % 22 & i 5= M i 1% . PE-
04418948 (80 uM)DHEHIZED 14.5 £ 2. 7% F THZEIZHHIS =23, L-798,106 (60
uM)DGF I TiX, 57.8 £ 6.1% CTH B ZITRD LR H -7 (Fig. 6B),
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Fig. 5 Effect of PGE2 and EP agonists on neurite outgrowth in undifferentiated
NSC-34 cells. Undifferentiated NSC-34 cells were treated with various concentrations
of PGE,, butaprost (an EP2 agonist) or sulprostone (an EP1/EP3 agonist) for 48 h. (A)
Photographs show typical phase-contact microscopy images of cells subjected to the
different treatments. Scale bar indicates 50 um. (B) Graphs show quantitative analysis
of cells bearing neurite, which was expressed as the percentage of cells bearing neurites.
Each value represents the mean £ S.E.M., n=4. *P<0.05, **P<0.01.
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(A) Vehicle PF-04418948 L-798,106

(B)
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0 -
Vehicle PF-04418948 L-798,106

Fig. 6 Effect of EP antagonists on PGE:-induced neurite outgrowth in
undifferentiated NSC-34 cells. Undifferentiated NSC-34 cells were treated with 80 uM
PF-04418948 (an EP2 antagonist) or 60 uM L-798,106 (an EP3 antagonist) with or
without 100 uM PGE: for 48 h. (A) Photographs show typical phase-contact microscopy
images of cells treated with describing agents. Scale bar indicates 50 um. (B) Graphs
show the rate of neurite-bearing cells. Each value represents the mean = S.E.M., n=3,
**P<0.01.
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5. BEBIEE cAMP 7 v/ AN HIREEE 5 K O 22 kL (i Bl M F 3 B

Gs # L /BB Z IR THD EP2 1%, IEMHALIZEVAIIEN cAMP @ LR %25 &
fZ9, £ZTC, BEEME cAMP 7127 Thd dbcAMP A3, NSC-34 il il 4 5H K Of
TR ZE R R AT T B DV TR AT L2 (Fig. 7)o 7 M HI SR O bR sl i 2 OV
FERTBEA I D =2 —a ~D MBI H WS TS 1 mM dbcAMP (50) T 48 i L
ELZAMAO MTT fii%, 94.1 £ 3.6%C. vehicle ZLEMAZD MTT fE(100.0 + 4.9%)&
IR T o7 (Fig. TA)D (ARZBAMEG I W TRl —m i oMz o ok
L7zLZ 4, vehicle ALEHIALTIX 701 = 113 fHTH-7-DITHKI L, dbcAMP L& HHfi T
1% 493 + 87 fEl THY . dbcAMP ALIEIZ LA Bl 23788 H 4172 (Fig. 7B), dbcAMP
ALE AR D PI BGTEFBE OB A1, 2.3 £ 0.5% T, vehicle ZLEMIAL(2.0 £ 0.4%)ED[H]
IZZEITBO BN > 72 (Fig. 7C), £/, dbcAMP ALE (LD, 22 B Mg n sl s
FL(Fig. 7C). ZDEIE 1%, 29.8 + 2.4% T, vehicle LLEAMAL(6.0 £ 0.9%)E i LT, A
EICHINU 7= (Fig. 7D).
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Fig. 7 Exogenously applied cAMP analog facilitates neurite outgrowth from
undifferentiated NSC-34 cells without affecting cell proliferation. Undifferentiated
NSC-34 cells were incubated with 1 mM dbcAMP for 48 h. (A) Graphs show the effect
of dbcAMP on MTT reduction activity in these cells. Values are indicated as the
proportion relative to non-treated cells. Each value represents the mean + S.E.M., n=4.
(B) Graphs show the effect of dbcAMP on number of cells counted in phase-contrast
images in these cells. Each value represents the mean + S.D., n=4. (C) Photographs
show typical fluorescence microscopy images of PI staining cells following the
treatment with dbcAMP. Graph shows quantitative analysis of PI-positive cells,
expressed as the ratio of PI-positive cells to 50 cells counted randomly using phase-
contact microscopy. Each value represents the mean = S.E.M. Scale bar indicates 50 pm.
(D) Photographs show typical phase-contrast microscopy images following the
treatment with dbcAMP. Graph shows the percentages of cells with neurites following
the treatment with dbcAMP. Each value represents the mean + S.E.M., n=4. **P<0.01.
Scale bar indicates 50 pm.



2-4 BE

R JE 11 25 & D e B X 2 AR O 1k & F i < AR ZEE o i R
PRIEATEEAE I 22 & = 2 — 1 o~ DI BV TR EAR A RZ2ER TH 5 (51,52),
ZIVE TIZ, PGE X EP1 OIEMEALZ ST LT, ~ 7 A Mk ES Al j o HE5H 2 {72
THIENHEINTWVD(53), Lo L. PGEy 23N A BK A AR o B FE 12 KT 9
WRBIZOWTHEHARAREETH oL, AUFZEIZIB VT, PGE AE X, MTT fE %
B EEARAERICIAD S /722, MIBsEDIEEE CTdH 5 PL B EMifn & OY LDH g H &
MY ole, £72, TR P = AFETKRF TH 5 cleaved caspase-3 ¥ >
N7 BEORBEMEB D R oTz, > T, PGE EIZ XD MTT fl D
Dix, MBI LD O TIEZR <, MEEMMHEI O R THLZ LW LN E
mole, BT, PGEy 1T, MR 245 1k SE 27200 Tk < | IREKFIC
PR 22 i R Ml B DS 2 NS E 72, LA EXY ., PGE, X, Kb ER) =2 —n
ATBRHI AR O NSC-34 DRI iEZIHIL . £ NUThi< == —r U RO EL L E 5 &
BT b ER F LR TN BN LR T,

INETIC, Y RETIIVVAFMET —2—n KO =a—a KI5kl 7z
NSC-34 |28\ T, EP2 xRN EP3 NZ L /X7 EL )L THRIL TNHZEZHEL T1D
(31), AHFFETIL, R{ED NSC-34 128115 EP ORBLEZMRFIL, v~ T AT HiESE) =
a—nrema—a I b L7 NSC-34 ([2—£LC, EP2 &Y EP3 AR HL T D
ZEERABLINILIZ, £ T, PGE2 I L DM s A 1 il S Vv g 2 R AEFH 25 EP &
T DG ERRFI LT, EP2 fEEI3K T D butaprost 1X. PGE, & [RIEE ICIE ERIFAII
HIRREE il A ) S8 2SR M B AR OB A 2 BInS 2, 2Kk, EP1/EP3 1E
3 TH D sulprostone (%, EP3 [ZxF L TP A7~ 358 JE 60 FH (54) T UM 14 il <o fif

ZERL R B AT ST e o Tz, F72, PGEy 1282 4% 2 i 1= i i o> B
EP2 K3 TH D PF-04418948 O ML > THEICHHIS /223, EP3 HKFETH
% L-798,106 O Of FH Tl3smbl S g »7z, LLEED | PGE2 (IZ XL DM G FEH ] K O
PRZERE R REAEAIL, ZIC EP2 2 L TCWAIENRHLI LR o7z,

Gs XL GBI DOZRIKTHD EP2 1, HliE%E2%75E AC ZIEMELL., Ml
N cAMP O EFHZF|ZEZT(27), ZALETIZ, dbcAMP 23, T~ RO FhRE 0 g
K OFFRR AT D = 2 —a ~ Db & FE T 5N MAEZIN TN D(50), Fiz,
AL cAMP O b5 13, FHHEE % ORI EE R B 2O Z8(55), HEETY
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MEH) =2 —m Al THRERMEEZREST H2EG6) 1N RESNTVD, 208D
(2, HIEN cAMP @ EF T, =a—ar ~O bR 22 i R Ok L CE B A E
ERICT ZEDRHBNITIR o TD, ARAFFRIZEWTH, T bR O i K OV
AT D =2 —a ~DEIZ DI TSR E THS 1 mM dbcAMP (50)D
ALE X MTT fEOIK FIERBD N2 ->T2b D0 | SO Z A B2 L, #4
e EMnOE A% butaprost (20 uM)& FIFEE ETHINEE7-, L EXD, NSC-
34123517 % PGE O EP2 DYEPEAZ A L 72 il o 384 58 00 ) B OV R 28 2 i R A A LTI,
HHLN cAMP @ _EFA-NEEF2ZENRBINT,

PGE: I&. EP2 DIEMEALZ ST L TH & ~ U AR AR #h Rl = = — 1 o D g 22 fh
RaRETL52L44). KT EP4 OIEMHALZ LTIy MER == —m AR R AL A i
ND7/23 OMREEMELZRETLIIL@S)NRESNTVD, ZRHOMIZBITS
PGE, \[ZL M2 M E/EH X, dbcAMP 12X TRABICHBEIND 1T TRL, AC
FLEE D DT cAMP O FifEi2d5 protein kinase A (260 ¢ AL ERKZ AT 22LT
SEARITIE R T HIL(44,45) 005, cAMP O _EF-NZOERICH DA 5El %2 Bl T
DIENRBIILTND, — 7. NSC-34 12315 PGE2 IZ R DMk 2 i fif & A I PF-
04418948 OOF AIZEVIZIT 52 2 ITHH| S 417223, butaprost & ¥ dbcAMP (25> Tid5e
BRI BLENR DTN, EP2 OIEFMEALIFA R ZEE M R AE IR LRy ksl %
RETHOD, EOMEMEHIRT DI ORI BAFIET DARMEN RBSND,
PGE: I, protein kinase C X nicotinamide adenine dinucleotide phosphate oxidase 2 72
EOREFRL N BICHER G T HIE T, EP FERFEMICZOEEREME T8
(57,58) 13 H AT SN TERY ., EP JERAFHIREEE S & 07 EP2 LS D43 LFA B IO
TABSORIRHABUETHHEE 2 HND,

KEAZFLDDHL, PGEy 13, ) =2 — AR RAL A NSC-34 (28T, EP2 &l
WMLT, BRI =a—ar ~DO b Zih 8T 52N HLN R T,
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2-5 /NFE
NSC-34 128\ T, EP ®FEH. . & (N PGE, & OB L&) D BB A2 T e\ 2 ka5t
L. U T omm A zET,

1. EP2 X TN EP3 OFENFED LN, EP1 N EP4 OFEIIFER TXeh o7,

2. PGE I, B ERTFOI S EE FH 2 L, ARt Ze it 2 R SH 7,

3. EP2 {EE3K TH % butaprost 1E, I EAKAFRIIC IR Z NI L sk e 2 i RS
w7,

4. EP1/EP3 EE)3E T 5 sulprostone (%, FiE R L Tlid, MO EBIZRHEZ KT/
NoTo

5. PGE2 (2 XDk 22 i fif KM a o Fl-& oL, EP2 #EWr3ECToh % PF-04418948 ™
FERICEDINHEI S =23, EP3 I3 CTH D L-798,106 O OFFH TlII#I S e h 7=,

6. B iEM cAMP 751227 Cdhsb dbcAMP 1X, MTT flICIZ 2L RIS/ o7208 .,
A EEHE A BN L ., R E A RS,

PLEXY . PGE> 1%, EP2 Z/ LT, Kb D NSC-34 OHAFEZINHIL . #R 22
VER 2 R ZERHABNE 2572, F72. PGEy D==a—u bR EER 21X EP2 DI
MALZ A LTZHEN cAMP @ EF 23D 72Kt — B 59 22 N RIBR ST,
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B

Prostaglandin E; [ZXVRREEZ MR L7 NSC-34 D
EE == — RO
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3-1 FFi

o, R ER AR AL O R BB A A A R k- SN D, E# =2 —n
HERRIZAENEITL Bl =2 — e U HIEEMIE S RA ZIXLDET DA s 7
Vo T DR R ZT AR O B L | R K OBPIR S A R 9528 T, EE)
Za—nr~tifbd 5(Fig. 8), mibL7-#E# = o —nmi i, HEENN O FR A
acetylcholine (ACh)& A+ i HHRE D M2 & D AR R 2 1% CHERERY 72 B == —1
NERET D (52),

Differentiation Maturation
ChAT |
Synaptophysin
MAP2c MAP2c Marker
proteins
Islet-1 Islet-1 Islet-1
HB9 HB9 HB9 _
@ ) @ ) @ = ) Action
< ; { ’ Mtial
Proliferation Proliferation X
eee Acetylcholine
Neural Motor neuron Immature Mature
stem cell progenitor cell motor neuron motor neuron

Fig. 8 Expression of marker proteins and acquisition of functions during motor
neuron development.

BIEETIC, EH) =2 —a O34 - LICBE 53T 2O R TR RES IV, D%
FNEOWTHIREA SN TV D, HEH) = = — 2 2 FiTBEHE IR 23 /e J8 D i 92 & | B
BINTTHD HBY K Islet-1 OFEN EHLUIZLDHH(59), ZNHDOERE N 11T, F
BEDMM D=2 —ra ~D G LFHEIZE G352 VB ORI MG T HZL T, i)
Za—n BRSO A TS E5(60,61), HBY <0 Islet-1 (2L /LA H#ETTLIZE®
iEE = —u T, WUNE A X 7328 microtubule-associated protein 2c
(MAP2c)DFEELA EH-U, ZHUTKV IR K ORHIR 22 O R AMEESILD(62), Fiz,
HB9 KO Islet-1 &, TOREBZHERFLIITHILE T, ACh G EER THD choline
acetyltransferase (ChAT)72E DU AEENEREAEIC B T 22 7 E OB E I
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RS- L ., JE# =2 — 1 ZHERE AU I AR BA S 5(63,64), ChAT IZEVA k&= ACh 1
EE =2 — o DR R ICIFE TS synaptophysin 72 E DA L /7B IZ LA Rk S
D/ - BREEN, EE# =2 — 0 OMBIEEN S TR EN5(4,65), 20D
JOC, BH = —ar ORAITITF A DX RIE O BN ER N E 52
ERBLNICENTND, ZNHDHF L RV ETEE) = a—a ~O 53U EE K OV A
DAEALFHIRIEREE L THWHILD(66),

—a—RYOBEREHRFZHREOOELE O THATRENENM L, FIMEZTHZETAED

s PE DN D BN AL T D, — WIS BNV BN, B3 5 Ia 5t oo 7
KIFEFT NI AT ¥ 2L (Nav) Z BRI O S 52 THEUDEBEME LIk > TR
ARIEL . WSRO KM ~EBIFETHZETACh OHIZB 59 5(4), ZD7= {EE)E
MLDOFANL, EE) = =2 — o OMBTEE) 2 SOk 35721 T 0 (b O LT B R0 Al
FE 2R3 5 SR B PR R R R L L TH WD AL TN D(66),

B IR LIZESIT, PGE, X, NSC-34 IZBW T, =a—ul kDAL THD
MR REM EAFETLIE0NHALNI o7z, L L, PGE2 IZXVIEREA L L= NSC-
34 OEFH=2—m ELTOHMEEROKRAKEITAAREETHD, KETIL, PGE:

XD RZE e A i R L7- NSC-34 OB == —n L TONEE K OV R E 2 175
T D7D EE = a2 — e R B AR BT K OV R FIE ISRV RIL .
RA JLiED Y& LR LTz,

26



3-2 ERFGIE
1 fi FH A

PGE> 13 B b % L3RRS 4R XD choline chloride M U neostigmine methyl
sulfate , adenosine 5’-triphosphate magnesium salt (Mg-ATP), tetracthylammonium
chloride (TEA-C1)!/% . Sigma Aldrich XY, DMEM/F12 & U8 Minimum Essential
Medium non-essential amino acid (MEM-NEAA) (100x), Hoechst 33258 (X Thermo
Fischer Scientific 20, RA K& O tetrodotoxin (TTX)IE & &7 A /L AF0 el gk XS4k
FOMEA LT, ZOMORIEILE “FITHELC T,

2. (EAGUA

anti-MAP2 rabbit monoclonal antibody /% T} anti-synaptophysin rabbit monoclonal
antibody (% Cell Signaling Technology &Y. anti-HB9 mouse monoclonal antibody %
Santa Cruz Biotechnology V. anti-Islet-1 rabbit monoclonal antibody (&£ Abcam J¥,
anti-ChAT goat polyclonal antibody IZ Millipore XVEEA LT, ZDMOFIAILE — &
IZHEC T,

3. il 5 3%

MEACES 1T, 56 —mICHEC -, MR I, 558 7' L — FIWAKI) F£721% Poly-L-
Lysine % T2 —RL727 v =(Corning)IZ 5,000 cells/cm® THEFEL, 1 HEFEL
AMAEIZ PGE, F7203 RA ZALE L, #5E L7, PGE, L& CTiX, PGE2 (30 pM)Z i L 72
10% FBS, 100 units/mL penicillin, 100 units/mL streptomycin Z 7 ¢ DMEM (Z, RA
ALE TIL, RA (10 uM)Z L7 0.5% FBS, 100 units/mL penicillin, 100 units/mL
streptomycin, 1% MEM-NEAA %#%&#¢ DMEM/F12 &8 LTz, TDO#%KIE, 2 ~ 3

R B R A LT, AFZEICR T2 TORRICIE 5 ~ 15 UH Ol
T,

4. AR TS E A E O REAM
B EICHEL UfTo T, MR ZEBEMEE# 1X . IXT70 (Olympus)!iZ i-NTER LENS (<A
sy MERSH)ZEEL . iPod touch (Apple)lZk» CTHRELT-,
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5.l oo s 25 Mk oD FTATG

AR BE M 13 Hoechst 33258/P1 Y44 )2 OY LDH JEIZLVEHlL 7=,
(1) Hoechst 33258/PI %&t4

ARIRALE R T 30 4y ETIC Hoechst 33258 (FSIEE 25 pg/mL) MO8 PI (FLIEE 25
ng/mL)Z WAL 7z, 7'V — NN O BE 12 87 i 70 55 HUS 22 #L | 48] 7 8w O BN 8R
(IX71, Olympus)z FHWCTHREZ Lo, MRS 5 3213, Hoechst 33258 5L I k4
% Pl G PEMIIR OEI A TR LT,
(2) LDH £

B EIZHEL TITo T,

7. Whole-cell patch-clamp %
Whole-cell patch-clamp %1%, Shiozaki 5D FiEIZHEL TITo72(67), sWFEALERK T
% 55 HA N TJiX# 5697 (aCSF : artificial cerebrospinal fluid) (136 mM NaCl, 5 mM

KCI, 2.5 mM CaCl;, 0.5 mM MaCl,, 10 mM HEPES, 10 mM glucose, 12 mM NaHCOs3,
pH 7.4HIZAHLT=, F7=. Na™%FRE L7z aCSF 1%, NaCl #%5 &= TEA-CI [ZEH#L

NaHCO; #BrETHILETIERM L=, ¥ T AEM(5-9 MQ)IEL., DMZ-Universal Puller
(Zeitz-Instruments) & W CTHERKCL . WER A2 AN LM N R (150 mM KCl, 10 mM
HEPES. 2 mM Mg-ATP, pH 7.2) Ciifi7= L7z, 7 AEMOMII~DT 70 —F X, fif
FHZEBMEE(XT1, Olympus)BlZE F CTIT o7, BONTERIE F1%, BALEESRME T
Tl¥ L/M-EPC-7+ patch-clamp amplifier (Heka Elektronik). 7& ¥t [& & &4 F TlX
Axopatch-1D patch-clamp amplifier (Axon Instruments)Z H VT ME L . DigiData
1440A analog-to-digital interface (Molecular Device)Z /LT 10 kHz C7 4 /L& — L7z
#% . pCLAMP Y7 h7 =7 (Axon Instruments) TE =4 — itk T 21772, &2TD
FLEkIL. 30°C TiTo7-, Fig. 9 {Z whole-cell patch-clamp 72D [X J OVFL &% DAL

BB 2R LT,
(A)

Fig. 9 Diagram (A) and

phase-contact microscopy

image (B) of whole-cell

patch-clamp technique.

electrical stimulation

Record

Grass electrodes
Cell
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8. Western blot £

BRI TIT o7, 5% skim milk 2 & ¢ TTBS T blocking SN7-AV T L%
anti-MAP2 rabbit monoclonal antibody (1:1000), anti-synaptophysin rabbit monoclonal
antibody (1:1000), anti-Islet-1 rabbit monoclonal antibody (1:1000), anti-HB9 mouse
monoclonal antibody (1:500) /% O® anti-ChAT goat polyclonal antibody (1:500) T —Mt /<
JeSH 7=, BH, TTBS Ty L. anti-rabbit-IgG-HRP (1:20000)F7-1% anti-mouse-
IgG-HRP (1:40000)&5 T 1 RIS SE, ECL IZXV RIS HT, £ D%, anti-B-
actin mouse monoclonal antibody (1:2000)& =R T 1 KFff, ¥KIZ anti-mouse-IgG-HRP
(1:40000) &= T 1 RIS SHE, ECL [ZX0FESH T2, 5573 RiX, Scion
Image (Scion corporation)% FH VN CTHENT L 7=,

9. ACh Dl K OVE &

FEF I ~ & 72 ACh D EIE, Auld HD 5 HE(68)IZHEL TITV, D E &L
Kiguchi HDH{EONTHEL TT o7, BARRNICIE, BRI E K T, MIIZ choline
ZEDAFE D7D, 55H1% 10 uM choline chloride } T8 100 nM neostigmine methyl
sulfate Z & T aCSF (500 pL)IZASHAL | 37°C., 5%CO02 i F TA L F2_X—hL7Z, 60
D% CEREHLOVERAREARHL, O 10 oA FaX—hl1z, ¥ —L DO
% 100 pL Z AN L, 4°C, 10,000 x g T 10 /M@ OO BEL7-% ., EEEH LTy~
YRV TFa—TIZBL, BT ELT, T E RIRERICE > TELIZHEL
-80°C TIRAELTZ, o7 id, WEEHEY)E ToH %5 isopropyl homocholine (IPHC):%
#{E A L, HPLC system (HTEC-500, Eicom)~{EA L7z, > 7 /L HdD ACh (%,

carbonate buffer (50 mM KHCOs;, 1.1 mM decanesulfonic acid . 0.13 mM
ethylenediaminetetraacetic acid, pH 8.2)Z B #fH&L | it 150 uL/min T, Eicompak
AC-GEL column (2.0 ID x 150 mm, Eicom)Z fH\W\/=Wifl 7o~ 7T 7 4 — 2 XD 43 BEL
72o YRUNTC, acetylcholinesterase M UX choline oxidase & & Tefi# & 77 . (AC-ENZYM
I1, 1.0 ID x 4 mm, Eicom)% VT, ACh Ol bk F a2 A kS w7z, ARk L7 8z
bAKFIT. Ag/AgCl #5FEMmEL . AeBEMICHNEE+450 mV 2252 EI28D
ALLEFBEICLDERZERALFAINTRE L, 'L, DBV T LM OBERE DT
AlE, 33°C THW=, o7 vH@ ACh &I, % F > ACh (250 fmol) & O IPHC
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(250 fmol)DHFE L LI L TR L-% ., MERFH TH T M-/l Ei L - THE#ELL
776

10. f gt Ay LB
VR, PR AR YRR 2 R TP AR ERRE TR Lo, A EZEREITIE. 2 B
ClZ Student's ¢-test ., 3 FELL_ Tl one-way ANOVA D% Tukey’s test Z V72,
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3-3 R
1. PGEy ¢ UF RA (2 K548 58 e {5 il i oD #% 5 28 {1

PGE2 IZ L DTEREFHIZ I ALEREE M Z | ZNETHEHIN TS RA ICRD1EH LI
i L7~ (Fig. 10), N AHZZTA% S Tlx. PGE2 (30 pM)ALE 3 H#% T snx
RO, 1 HENDEREE M E MO HENRD LT (Fig. 10A), £7-. PGE:
(30 pM)ALE 7 R 21T, MAASEDRNFES L, MlaDO 7 L —hER 2D O K FE D B 22
7= (Fig. 10A), 22T, MR EMEMBROB G ER&LIZEZA, PGE ALiE 2 H %
B — LU RO HT2(59.8 £ 1.8%, Fig. 10B), RA (10 pM)ALEEEIZFBUNT
H, ALiE 1 B DIFREEE RO LT A, PGEy ALEREEL (T B | LB 7 BRI
WTHAMAE D7 L —MEE 26 O K EEHIBZE ST MO INbEEO bR T
(Fig. 10A), F7=, RA AL TH AR 248 (& Al AR O B & 1T R K F RSN L7223
QLE 2 H ORI EAIROEAIX 34.6 £ 1.1%IC £, PGE, © 2 HALERE
(59.8 £ 1.8%)ERIFEE DEI A7/ FTIZ 7 HRIZEL72(55.5 = 3.5%, Fig. 10B), —
75, vehicle QUEREClid, AR ZEBEMEI COBMBITHB W T, A& 7 B E T, M
L—NERICH S L EERFIRAFANICEIN L7208 IBREOZELITERO LT, JaLED
A MIEZ RS | R ZEE LR OB > 72(Fig. 10B),

PR 22 L i R i O EI A S RIFR L CTh - 7= PGE: ALiE 2 A% X O RA MLiE 7 A4
DOMIREFEIZ-DUNT LDH £ K& OV PI Y |2 KM ET L7 (Fig. 11), PGE, #Li&E 2 H % D
> LDH it &1% 0.7 £ 0.3% (Fig. 11A), Hoechst 33258 F5 i (20 i ) (2 k4
% PI Bt (FEMAR) DO EI A 1% 0.6 £ 0.3% (Fig. 11B)THY ., MakBkicis T, g
FEITRO LRI o T, £o, RALE 7 H# 123175 LDH it &1 5.1 £0.8% (Fig.
11A)% . PI B PEME O E 513 0.9 £ 0.4% (Fig. 11B)Z /<L, LDH A&, PGE, &L
A & e LT T A A R LI 00 EOEAITAERLO TIE e oT,
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Fig. 10 Effects of PGE: and RA on neurite outgrowth in undifferentiated NSC-34
cells. Undifferentiated NSC-34 cells were treated with vehicle (EtOH), 30 uM PGE; or
10 uM RA. (A) Photographs show typical phase-contrast microscopy image in each
treatment group. Scale bar indicates 50 um. (B) Graph shows quantitative analysis of
cells bearing neurite, which was expressed as the percentage of cells bearing neurites.
Each value represents the mean £ S.E.M. (n=4). *p<0.05, **p<0.01 vs. vehicle-treated
cells at same days. #p<0.05, ##p<0.01 vs. RA-treated cells at same days.
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Fig. 11 Effects of PGE: and RA on the viability in undifferentiated NSC-34 cells.
Undifferentiated NSC-34 cells were treated with 30 pM PGE> for 2 days or 10 uM RA
for 7 days. (A) Graph shows the percentage of released LDH relative to cells treated
with Tween-20. Each value represents the mean = S.E.M. (n=4). (B) Photographs show
representative fluorescence microscopy images of Hoechst 33258/PI double staining in
each treatment group. Scale bar indicates 50 um. Graph shows quantitative analysis of
PI-positive cells, expressed as the ratio of PI-positive cells to Hoechst 33258-positive
cells. Each value represents the mean £ S.E.M. (n=4).

o o,
Il
O N A O ©
L

2. PGE, WLiE i M O RA AL E S B 1 DI BNV BN O 21k
PGE, F7-1% RA WL{B |2 V=2 —u B ICJBREZ L LT~ NSC-34 OEX T FM7

R D023 5728 MR ZEE M R MaOE| A N FRFRE Cholz 2 AMO PGE,
WLERAE, 7 HRE O RA ALEHIRE, OV 2 HROD vehicle AL MR IZ 31 AIG B EAL
DA % whole-cell patch-clamp VEIZKY ELEGFRFTL 72 (Fig. 12), 150 ms O FrfeREfH]
T 100 pA T2 EF T AWM ER SNV AR T-LZA, PGEy ALE G & Y RA AL
B T, Wb SRR 22 TS BY BT OB SRR ER S 72 AN vehicle AL E IR IZ S
WL, IRBVEBAL O R AEITFRD B N2> 7=(Fig. 12A), F7-., #1O TRV B2 F 4
S DDA EE T (BB I )1 . PGEL AL{E Ml id Tl 1) 262.5 £ 55.4 pA T,
RA SLE ML D14 525.0 £ 92.4 pA IZx L, AERIE T 2RO SN (Fig. 12B), PGE>
RLIE A K OF RA AL E A IZ 3T BIME RIS &L » CREGk S LR B AL ORI
DWW, BEEN ., B — 7 BN & OIRIE A ff A L 7=, PGE, 4L {8 Hiia o> B E FE AL 1T
28.6 + 3.6 mV (Fig. 12C). E"—Z7ENLIX 14.2 + 4.5 mV (Fig. 12D). K OIRENEIL 44.7
+ 0.8 mV (Fig. 12E) TH 72Dkl RA LMl o BIEENX-32.9 £ 5.9 mV (Fig.
12C), B'—27&ENLIL 12.8 £ 6.4 mV (Fig. 12D), H I DOIEIEIX 41.7 £ 6.9 mV (Fig. 12E)
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Fig. 12 Generation of action potential in PGE:- and RA-treated NSC-34 cells.
Undifferentiated NSC-34 cells were treated with vehicle (EtOH) for 2 days, 30 uM PGE:
for 2 days or 10 uM RA for 7 days. (A) Images show representative action potential
traces recorded by depolarization current pulses of 150 ms in 100 pA steps from a
holding potential of 0 pA in each treatment group. Graphs show threshold current (B),
threshold potential (C), action potential peak potential (D) and action potential
amplitude (E) in each treatment group. Each value represents the mean + S.D. (vehicle
n=14, PGE2 n=16, RA n=12). P < 0.05. N.D. means not detected.
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3. PGEy ALiE M Ko O RA AU{E e 36 1) 2 B AR A7 A A BRI D 25 Ak

TEBEVEAL O FE AL, MR EOBAAKAFNEA T F v RN EI LTeA A AL
FoTHELDLAAE (;m@ﬁé'jwbﬁgfiﬁé(m) FZ T IRENENMNORENBO LI
7= PGEy ALE ML K& OF RA AL E I IZ 36 1T D BEALARAFIEA A > F v RV H R DA A
TR DR % . whole-cell patch-clamp ¥EICLVRFI L7 (Fig. 13), fFFENZ-80 mV
ELL-100 ~ +80 mV Z+10 mV T2 LH-$ A7 v 7RO W o3 WAL/ SV 2% A %
& vehicle ALEAMIL, PGE, ALEMAL KL N RA ALEMILOWNT AOMIEIZIB N TS,

BAAKATFYEA A T v RN Z N LIZBRN ~ DA 2 i A& 7~ 3 N [ L3 Fe kS
?M‘:(Fig- 13A), B— /LB RREE TR L 72 BR IS Ridk SN IR D BR A B THDHIK

&IE, ZNE I vehicle JLE MM TIZ ) 1.81 + 0.1 pF. PGE2 L& ML TliE 1)
3.4+ 0.2 pF. RA ALEMAL TIZ Y 3.1 £ 0.5 pF TH-7=(Fig. 13C), ZZ T, ZNbHD
AR DEZS B T M Z BT D E A AR MEL U725 S . PGE: ALE Ml i D & — 27 B it 5 JE
1%, 494.8 = 84.2 pA/pF L7820 vehicle AL{EMINE D 224.0 + 42.9 pA/pF LKL T, A
B KGR B 7= (Fig. 13B), /2. RA ALEMEOY — 7B E X, 393.6 +
85.4 pA/pF THY, vehicle EMILLVEEINL 7228 A EZILFR O LR -7 (Fig.
13B),

RIZ, =a—niZ D ENARAFNEA A B D FE AL LI B EEAL DI K OB
(e B E 7 Factor TdhD Nav (70,71) D 52OV THRETL 7= (Fig. 14), PREFENMZ
-80 mV &L, -100 ~ +100 mV Z#+2 mV T2k 4 |12 LH A0 —7 4RO il 53 MR FEAL
INIVAZEINZT=EZ A, vehicle ALE G, PGE, L ffE & O RA ALiE A O W3- D
AR CTH N E B L& SN2 (Fig. 14), TIZ T, MM ENL SV A% 0 I LN %
e, NImE B A EFE sk L TOOIREE T, Bk A Na'ZFrEL7. aCSF IZZ&1{kE
HLZAH WTHORIZENTH, NIAEEIROERRIE RN O IV (Fig.
14A), F7=. Nav EWRETHS TTX (1 uM)E & Te aCSF T LIZHED . &2 TOM
JZHWWT, NREEROR L, TRIZH KL (Fig. 14B),
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Fig. 13 Increase in inward currents in PGE:- and RA-treated NSC-34 cells.
Undifferentiated NSC-34 cells were treated with vehicle (EtOH) for 2 days, 30 uM PGE:
for 2 days or 10 uM RA for 7 days. (A) Representative inward current traces recorded
by depolarization voltage pulses from —100 mV to +80 mV in 10 mV steps from a
holding potential of =80 mV in each treatment group. (B) Upper graph shows current-
voltage curve recorded by depolarization pulses in each treatment group. Lower graph
shows the peak current densities of each treatment group. (C) Graph shows membrane
electrical capacitance in each treatment group. Each value represents the mean + S.D.
(n=18). P < 0.05.”"P < 0.01.~
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Fig. 14 Effect of Na*-free aCSF or TTX perfusion on voltage-dependent inward
current. Undifferentiated NSC-34 cells were treated with vehicle (EtOH) for 2 days, 30
uM PGE:> for 2 days or 10 uM RA for 7 days. Ramp current were recorded by
depolarization voltage pulses of 100 ms from —100 mV to +100 mV (insert panel).
Baseline subtracted by fitting the linear portion between —100 mV and —60 mV to zero.
Graphs show current-voltage curve with or without Na*-free aCSF (A) and 1 uM TTX
(B) in each treatment group. Each value represents the mean + S.D. (n=18).
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4. PGE, QL& il i Je O RA ALE M Z 38 T Dot~ — I — D F 7 B HEBEAE,
=a—nr Ot~ ——"T, /LD Y B BE DI BN T DU NE Z s
B MAP2c KUY, A BMBNORBE NN T 20 F T AN R0 E
synaptophysin D% /X7 3¢ Bl % western blot {EICKVFIL7Z, MAP2c DI HL X
JUVE, vehicle ALER A Z 100%& 3 5E, PGE, ALiE ML TIE 184.9 + 26.5%., RA MLiE
A TI 185.2 + 0.9%&720 PGEy L& K& T RA ALEIZ IV A ZIZHEINL =23 PGE>
ALIE K TN RA ALEIZ LD 22T O BV~ 72 (Fig. 15A), £7=. synaptophysin D FEH
LoULd | PGEp ALE MR TIE 171.9 £ 6.1%., RA ALERIALTIX 206.7 £ 46.7%&E720)
PGE, L& £721% RA RLEICEVA BITHMUIZA, WALE MICH ERZTRO 62
o7z (Fig. 15B), RIC, HBHj =2 —n  Fr i)~ — I —Z N\ EIZOWT, Hl#j==
— R R EEE R K OV AU B 5 85 B K F TH D HB9 M N Islet-1 DFEHL
ERFTLTZ, ZORES, HB9 OFHL ~ULid, PGE, ALE Ml AE T 338.7 + 39.6%., RA 4L
&AL T 328.4 £ 73.6% (Fig. 15C). Islet-1 (%, PGE> ALE M T 140.5 £ 8.3%., RA 4L

[EHIN T 164.9 + 14.6%&E720 (Fig. 15D). MAP2c¢ K OF synaptophysin D35 & & RIEEIC
PGE, L& F7- 1% RA ALEIZ L HH BB MARD HALIZ A, L& IS A B 72 221358
OO DT, —J5 . EE =2 —a OB O I BN T2 ACh & kl%
ChAT DF L /_7ERBIL ~/VIL, PGE, ALEAALT 202.7 £ 26.4%, RA AL{EHIfL T
145.6 £ 6.1%& ., MALE 612 vehicle ALE DA EITE AL 7223 (Fig. 16), ChAT 1%, I
RO 4 ZRE LT EZR) | PGEy LE M O FEHLL ~L 73 RA ALE MG E L T
BRIZED -T2 (Fig. 16),
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(A) MAP2c (B) Synaptophysin
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Fig. 15 Expression of differentiation markers in PGE2- and RA-treated NSC-34
cells Undifferentiated NSC-34 cells were treated with vehicle (EtOH) for 2 days, 30 uM
PGE> for 2 days or 10 uM RA for 7 days. Photographs show representative results of
western blot of MAP2c¢c (A), synaptophysin (B), HB9 (C) and Islet-1 (D) with B-actin as
an internal marker. Graphs show the relative densities of bands on the blots estimated
quantitatively using Scion imaging software. Each value represents the mean + S.D.
(n=6). P < 0.05, ""P < 0.01.
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Fig. 16 Expression of ChAT in PGE:- and RA-treated NSC-34 cells.
Undifferentiated NSC-34 cells were treated with vehicle (EtOH) for 2 days, 30 uM PGE:
for 2 days or 10 uM RA for 7 days. Photograph shows a representative result of western
blot of ChAT with B-actin as an internal marker. Graph shows the relative densities of
bands on the blots estimated quantitatively using Scion imaging software. Each value
represents the mean = S.D. (n=6). P < 0.05, P < 0.01.

5. PGE, L& il Jo OY RA ALE A2 3515 D ACh AU RED KR E

RAER) =2 —a OHERE THD ACh DIUHREIZOWTHLINIT D720 B E K
H~?D ACh fit &% HPLC {EIZKVHIE L7, Fig. 17A ITRLIZEDIT, B ALE /O
BERENOMBL oY 7 A O TORFFRFHA 11.80 min ICHNEEDE THD
IPHC (2 13k 28— 2728 (R FFIFRTR 13.30 min (2 ACh [ZHI SR T A8 — 7 B H &S
72, ACh FE¥E % AV CTHIE L 72 IPHC & ACh O [ FE kb &0 LL#g ) 545 AL E Hl il O 1%
TR D ACh BEEZH ML, &~ OB OMAE CIEHEL L% ACh i ELL
7=o PGE, ALE A5 ACh it & 13 45.4 + 20.4 fmol/1.0 x 10* cells T, vehicle
JLEHIREL D 16.8 + 2.7 fmol/1.0 x 10* cells J O RA ALEHIALD 3.13 £ 3.0 fmol/1.0 X
10* cells SHEBEL T, AREICHINLI=(Fig. 17B), RA ALE M50 ACh i &I
vehicle ALE ML LV IKME CThH o728, MALEMICA B Z2ITFR O bR > 72 (Fig. 17B),
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Fig. 17 Release of ACh in PGE:- and RA-treated NSC-34 cells. Undifferentiated
NSC-34 cells were treated with vehicle (EtOH) for 2 days, 30 pM PGE: for 2 days or
10 uM RA for 7 days. (A) Representative HPLC chromatograms (Red: IPHC, Blue:
ACh) of each treatment group. (B) Graph shows the ACh concentration normalized per
1.0 x 10* cells in each treatment group. Each value represents the mean = S.D. (n=4).

P <0.05, 7P <0.01.
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3-4 BE

RA 1T, EB) =2 —a > OIEAEITMAEIR T T F V551 THY(72). iPS a5 EE) =

2=y ~OGEFHER T L THILHINTWA(7,73), 72, RA (3, M E5EEE
FfoidEfh == — 2 RiBKHARER O NSC-34 (BT, BEFEAIIHIL ., iR 2eiid R4
AL E#H = — RO~ S EAZENHREINTND (12,13,74), &
SO L —H LT, AFFETHARDELD NSC-34 12 RA ZALE T HZ LTI, HIfEEY
BT & B P AF ) 7o AR 28 i R MR SRR &7z, 22 CL RA ISR DAk 28 e fif
FBAER &S B THLNE/ 2572 PGE: (XD EAEH 2R Rt L7 &
25,2 HIFOME T, PGE2 1T, #hfE 2SR RANEDS 59.8 £ 1.8%IZ72 7= DITHFL |
A 1T 34.6 £ 1.1%ThH-o7, £72. RA L& 7 A% ORISR MR MEOEI & 1%,
PGEx ® 2 HALEL[RIFEE Tl oTz, ZORE, i AL E ML I 35N Tl FFE O 75 B XFE9
bivginolc, LA ELKD | PGEs 13, RA JVHIIHIC NSC-34 == —HUERDIBREICES
BHZEDRHGNEIRSTZ,

PGE, LEMNIZIWTIE, L& 7 & THMBZEDFHFLENBO LT, HHF5E
X, BEIC =2 — U kR IT b L2 NSC-34 (2% 9% PGE, DML EAE A A2 HEL T
BYUE)ALE 7 BROMIAEIL, ZOWMEIC—ETDHDIELEE LN, ZIVETIZ
7 Mg I H SRR R i M I L2 e LT AR SEE &2 7" ciliary neurotrophic factor
(75)05, FMREE R ENE A& 15 EM IR IR 1 Bep il ~ — 1 — 2 VB DR BIEFHEL |
Lo ALFE SR 2R3 28 (76) BN SN TS, PGE: b, FIAEF T~ MR 2T —
TUTHIIZ B W CErilild~ — 7 — 2 T E O BLA S T 5 L &G I la HE 5 A {2

ETHERZRTZEATBRHRESITEY, PGE: B LFHEEERLHE T 528
BINTIR D DB D, REFFTIZIVNT, PGE, AL 3 HRZIZEBW T, ML AHZEBMEE I
FOBE THIRENTFEIN TNDLEITE ZIIWNITHED DO T ALiE 2 A% LR
L. AP 22 i B ORI AR HDZ e 0, B L EER 2B 595 A
BEMEIC O W TR EILTER, L)L, PGE LB 13, 3 H H LAME, MM B 5l /E 2§

TR 7T BRICIFIZEETOMBNIIZEST-280 0, W biFEEHEZRL
TWD ARV EE 26D,

INETOHEIZE T, RAT2 BFRLEIZI =2 — 4RI L2 NSC-34 13,
R OB R AEFFIEE CHOIE B BN 2 AT DHEVIFEEFF O NS T
WAH(14), ARAFFETIL, RA MLE 7 B %D NSC-34 IZB W T, IHBEN BN ORENEDD
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Nice EREMEOBENEZETH0LEITHDHP, 7 HH D RA LEZIZFEO LT IES)
AL DB IIE, BEH(14)D RA 72 REALE TIEFRO LRI T2l /3 MAH 3 FR D B AL,
L0 AR BB O & R L= 20D, RA MLE 7 B OMIEIX, 72 Bk L
LT IV L T = 2 —m VER I CTh D rREME DS RIS VT,

IEENVENL I, PGE, ALEAMIZIZE W TH, RA AEMIAEFERICFEO DIV, PGE, b7
KA FHIREEL A T0=a— L bSE 28R HBNEIR5T72, PGE, AL{E
ML RA L@ MR E DR T, BEEN, B — 2B & ORIEIZEITRO LT, [k
DIGEBNENL DTG/ — L Z R LIS, WAL E O R T, {EBE)EAL DI AT 27 R
EEIZENED LIV, RA AEMALLY PGE, LB MALD 7 3 BARWMEZ R LTz,
INETIC, vV REF =2—m BN T, 8-11 HEwD~T AD B E T D V-1 534
300 pA THDHDIZXFL T, 43-68 HlnD~T AD ML F-5)03%) 110 pA THHZ
EMHAE SV, BB EWBIEE R N8 T2 ZEMRASNIT 5T DH(78,79) A

JEIZIBUNT, PGEy ALiE MR Fs T 2B EE R IL, RA ALE 0 ia o> BR i 78 it & b L C |
ZOMNAEICH DL, vy A EE =2 — B W CRREk SN B BRI M E A
ARLTZZED, PGEy ALEMIFEAY RA ALEAIfLE Bl L T, BB F AT R E D
BEWVEE) = a2 —a A~ L TWAIERALN LR ST,

bR iPS MDA b LTz =a—m T, S b OEITO BT E Y MY Na™if

([ H R D BB AFIEA A B BN R L, T B 3 A7 00 56 22 OB AN B AN %
ZENRHE ST A(80), £7-. BN ES MR kR OEE) = o — o 21T DIEB) &AL D
AT, TTX Lo TREBICHEHETHIENREIINLTND(73,81), ZNLHDHEFEIT
Nav 2/ L7-HIEN Na' it AOH KA, B = o — a2 OB G BN B D3 4
(DT B Je e T DR R L TV D, REFTRICEB W T, ALK AR A A i
1%, Na™ZBrZEL 72 aCSF 2V ME TTX &5 £ aCSF OB IRICEIVERITH R L2 8D
5. PGEx AL{E M e X OF RA ALE M I 31T DIE B BALOFE AL, £ Nav 25
THIENHOI LR Te, Fio, BAARTMEA A BIR O E 1L, vehicle ALE M &t
L C, PGEy ALE AL I3 A B2 KARO BV A, RA AL Hi i C i e i 12
HWESTZEDD, PGE: LB M D B A PR B 72 BCREE S RA AL E ML LD mv 2 &
DB LT ST,

PR~ — 1 — D F R E R BURATIZ IV EE) = 2 —a LT L EE R R
EZ AL FRNCRGEL T2, =a—u O3k~ —1—THY | /(b B O 14
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DI NERE B X 3 MAP2e L OB BEMNSHIN T 527 2/ jafsis o 378
synaptophysin O¥EELiX, PGB, ALi&E Al 2 OF RA ALE MR I Z 35T [RIAR BE O8N A3
ROOLNTIZZEND, EHIZ=a—r NI EL TWALZER LGRS T, ZIETIZ

A IZEoT=a—a BRIZ B L7 NSC-34 128V, iEB) == —a  Fif B AL o
R ¥ HEAT 1L 2 O DER G K TH D HB9 KN Islet-1 23FEHLL TWHIEMN
WE SN TWD(13), AAFZETH, PGEy AUE M K& O RA ALEMIIIZ ISV T HBY K&
O Islet-1 DFEH LA FEO B, MEEFICEDTRO ORI 2T END | AL E M
EHICEF =2 — NI L CWDZENH LR T, EE = o —a L CTORERE
()72 B 2 Ll 3D~ — T — L R L LT B = o — 1 O R BB P S R B
PEINL EE) =2 —a Oa U AREIPERERE DR IEZ KB4~ % ACh &Rkl ChAT
DPLAHIITND(T), ZIVETIT, RA iEIZE > T=a—u8RIZ55{kL 7= NSC-34 |
BWOTH, b DOHELTIZLEV ChAT O mRNA L UL N4 528 (12), RA ZLiE 7 H
ZITIBUWT ChAT BH N TEL L TRBIL TWAZE(IT)RME SN TWD, AHFSE
2BV TH ., RA KLE ML D ChAT DZ /373 BLL ~ LI vehicle ALE ML & L g
L CHEIZHEMUZ28, PGE, EMIOFHL ~ )L L0 AEIE ) >7, UL EXD,
BRI LT Tl ~— =2 XIEOFRBUFENT B PGE, WLiE
AL OER =2 — > ELTORRAE D RA AEMALLY S W ERALMN o7,

ZNETD invitro =a—0FT VO REAEIZ DWW TIL, BV EAL DR AL MR 4y
fb~—D—DF L EFRBUNL LM WS TN 2(66,82) 08, ABFFETIL, Z
BITNA T, BEREFHM OO &> THD ACh i BEIZH B L., 8558 #K T > ACh EDHIE
#1772, RA LEMIFEHD ACh B, vehicle LML E L C, A E T
2N D DWW T DB AR LIZ DXL C, PGEy ALE M50 ACh figH &l
vehicle ZLEM & LE L T, A EICHINL7-, BLEXY | PGE, ZUEMciE, ACh fitit
REX A T OMERNRER =2 —r ~E0 L TWAHZ LB LR T,

AL ZEFHE L2 NSC-34 (28 W\ T, U7 A/MMa~D ACh k259

% vesicular acetylcholine transporter (VAChT)? mRNA L~ L3, AL 8 HEE T,
KL DHIL L g L TR L 72 W EN SRS TWD(12), ABFFEIZIBVT, RA 7
HALE ML Z 3T, ChAT I, vehicle ALEMI LD EFHLTWZIZh bbb g i
RLEA LD ACh B, AERETROONRhoTc, ZThbaB 2 b e,
ACh OHHIZIE, VAChT MMAbh Dk F 2R LTS, ACh it &Lz
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PGE; L& M TlX. VAChT OFBLREENNL THODRTREMEDN B 2 Hid, PGEy ALiE
fal RA AL T, ACh JHBEICEDR o o ZEILIER IRV L ChH D, =
OFFIZEALTL, 4%, FEMZRBRE DA RETH D,

AREEFEDDHE, PGE, 13, NSC-34 2B W T, i kRHWLNTE RA L0, Gl
IR RAIEAZ R T 28, L OREREN R EB = o —r L DR 2 T 2 L0 i AE
DWW~ LS E LT ENHALNE ST,
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3-5 /R
PGE IC DR B2 £ L7- NSC-34 DE# = 2 — o U Ktk 2 B A 2R O
EALFRIIZ RA ALE DA LEERL . L F O R A5,

1. PGE, ZLiEAfRIX. 2 HIEC, RA ALEMIE 7 H HERERE O EMEEAEZ
~LTz,

2. PGE, LB, RA ALE MM L g L C AR W BIME B R CIE BN B 2 R AT,

3. PGE; ML IR D ENARAFMEA A I L1, vehicle AR ML L LIEL T, A E
[ZHER L7228, RA AL{E ML 0O BB i 2 B 13 B e B o 72, £7=. NSC-34 (28
W CRLERS NI ALK A7 A A BRI, NatBfRZE L7z aCSF LT TTX 25 L
aCSF ORI L TERITIHER LT,

4. MAP2c, synaptophysin, HB9 K& 8 Islet-1 OFEELL ~ L OHENNIE, PGE, AL il iz
J O RA ALE AR CRRD LIV, W ivh R RN L 7=,

5. PGE, WLiE {23517 %A ChAT OFEBIL ~ L%, RA WLiEMIfE DR L~ L L L

THEIZHEMU,

6. PGE, JLiE Ml HESFR I H ~D ACh g &iX. vehicle ZLE ML K& O RA ALiE Hl
fal b U CHEICHEEMLU7Z25, RA ZLE a5 ACh it &1, vehicle L&

& FERR L TH BRI E RSl

PLEDOFERED, PGE2 1X, NSC-34 1B W T, IERMHWHALTE RA LKL T, #

W ZE AR RAE 2R L FEEROEE) =2 —a A X VWME W BEE R IS L5 1%
BENMORAES ACh ZA K O T 2 REM 2B = o — o v OFRFEE A T2k
RE DO @m WAL~ LS ELZEDR B ER ST,
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AWFIETIE, RO EE) = 2 — v S EEFREIE A ML T 572 | Biicle bk
KFDREZHEL, HB) =2 —r AL AIE NSC-34 (23T, PGE, DiEH) =
2— R BIZ RIETRHEEZRFL, LT O A=, KPS0 RO ZEE Fig.
18 IZRLTz,

1. PGE2 1%, EP2 2/ LT, Kb NSC-34 OH#FiAINH L . R EE M EFEAZR
TZENALMNE 2T, 72 PGEy D=2 —a S AR EVE R 21X EP2 D5 M:ALA
I LTZMIRN cAMP @ _EFH 307l — R 59 22 L0 RIB & iz,

2. PGE2 1, TERHAWHNTET RA SELHRL T, 22 iR 22 i RAEH 2R L | 2B
DIER = 2 — 2 AN MEW BB I OIS BY BN O F AR ACh A R UK
T DHERER R BB =2 — o DR EZ A T 2L AE O Em WM~ bS5
EDBBMN RS T,

ARREHE T, PGEy 23, Hj = o — 2B W T, LB SR - L2 b &)
(ZU, ZOFFERE N ORBEDmENE, RA JOBENTZGEERK 1 L7225 "l Reth &R
LD THDH, AFFEOKEEA ., iPS MG T2k, i =a—a
W T D AEERERO B2 RSN,
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