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It is well known that ceramide forms corneocyte lipid-bound envelop in skin to protect from external stimuli. In order to
clarify the other physiological role of ceramide, neurotrophic factor biosynthesis and secretion from Swiss 3T3 fibroblasts
were examined. C-2 ceramide and C6 ceramide potently augmented the secretion of neurotrophic factors from 3T3 cells,
determined by the differentiation of PC-12 cells when they were cultured under the conditioned medium of 3T3 cells with
the ceramides. Sphingomyelinase and phosphatidylcholine-specific phospholipase C, which produce endogenous ceramides,
also elicited the secretion of neurotrophic factors from 3T3 cells. Stimulation of cannabinoid receptors is known to produce
ceramide through an activation of sphingomyelinase. 3T3 cells express CB1 and CB2 receptors, and the stimulation of
the receptors in the cells by Z-arachidonylglycerol resulted in the secretion of neurotrophic factors. Sphingomyelinase and
phosphatidylcholine-specific phospholipase C stimulated the NGF and IL-6 mRNA expressions, which were inhibited by
GF109203X, a protein kinase C inhibitor. In addition, C2-ceramide activated the phosphorylation of MAPK/ERK, p38 MAPK
and JNK. These results suggest that ceramide may have neurogenerative and/or neuroprotective activity in peripheral
tissues including skin by a mediation of the secretion of neurotrophic factors. Therefore, the drugs, which activate ceramide
biosynthesis, inhibit cramide degradation, or activate ceramide-mediated cellular signaling pathway, may be useful for
neurotrophic factor secretion. The neurotrophic factor secretion would contribute to the protection of skin from external

stimuli by forming the functional systems of the tissues.
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2.1. HHfaiEE

HRHEFEMTaE Swiss 3T 3 Mifitix 5 % s RiiE (fetal
calf serum, FCS). )= ¥ (50 unit/mL) B LA b
L7 <43y (50 ug/mL) MLz F VR 3488
A —=ZNVAAF4 %25 (DMEM) %M\, 150mm O F 1
v ¥ 2 TRk L 72 Y, 3T3MINIE. 37C T, 95% air-
5% CO, TRIFIL72A4 Y FaX—F —mTH#L, A7
4 LE3-4 HIER T L 72, PC-12 Mgl 10% FCS.
5% <IiiE (horse serum) 3 & O LilHrAME % a
L7z DMEM H, 150mm D74 v ¥ = THUE L 727,
PC-12 #ifigix. 37C T, 95% air- 5% CO, TM L 724
VEAN—F—hTEEL, ATFT4 YL 3-4HEET
L7z

2.2. HEXREERFOFBEEDAIE

3TN % 4% 10" il /mL ®#£ T 0.5mL 224 7
IVT L — MIEL. RiEEFER T 3 H MR L2,
0.5% FCS &4 DMEM (ZiE# L. WA N C 2 HEEHE
L720 —7J5. PC-12 #ifai% 4 x 10 “fl /mL O#%fET 0.25mL
FTO4 T TN T L — MIHEL, 2 HHBELE. AT
17 N RS 24T 5 72 3T 3 MR 1iE (0.25mL)
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PC-12 MBS () 28 1X-70) % Vv CIREE
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2. 3. RT-PCR

3T3MME (4% 10° cells/well) % 6-well DF 4 v ¥ =2
W&, MEDOAT 4 A T2 HEE L TH, S, FCS
FEIHLVAT4LATLIAMBELZ. M, ok
RNA 5% fih L7z, WG R X > T cDNA &
L. ZNEKTAEFMNLTPCROF 7L —bhEL
720 PCR BUGBIZ 94C T2 BB L7z > 7 vz, 2%
a2 94T T30, 7=—1) 7% 56C T30, MEX
% 72C T 20 ATV, ZoH A L& 16-30 \IRE Y KL
Too 5N 7- DNAWIFIZ1.5% 7 70— A EXIKE) %17
STHEEL, =F Vv a7ux A FIZTYME, ToN
Y ROk EEE (FASIIL Toyobo) 12 & - Thitsk
L7:", Nerve growth factor (NGF) 122w Tl &~
2754 <— (CTTCAACAGGACTCACAGGA) B LW
T vFr s AT54<v— (GTGCAGTATGAGTTCCAGTG)
RV, A 7 —uaAf x> -6 (IL-6) I22WTiE, k¥ X
79 4 <— (GAGGAGACTTCACAGAGGAT), 7> 7+t
YAFF54<— (TCCTTAGCCACTCCTTCTGT) #/H
Wize By FE A4 FEEE (CB) 1220w Tid, CBI (&
VAT T4 <— 1 ATAAGAGGATCGTCACCAGG. 7~
FE o A754~<— 1 AGTTCAGCAGGCAGAGCATA)
BIXUOCB2 (A5 ~—: AAGCCCTCGTACCT-
GTTCAT., 7 Ft v A7 4 ~<—: AGGCACAGCATG-
GAACAGAA) Wiz, el DO -T2 F
Y@ cDNA 3 RT-PCRICEoTHIEL (R AT T4
~— 1 AGGGAAATCGTGCGTGACAT, 7 vFt v A7
9 A4 <— : TCCTGCTTGCTGATCCACAT),

2.4, 9IRH>TAvTA>T

Ml (2 x10°cells/well) % 12-well D7 1 v ¥ 2124k
& HEDOATATLAT2ZHHEEEL TS, FCS%H
THVAT AT AT HEEEE L2, W TRIs L 7221k,
500uL oY > 7 N3y 77— (75mM Tris-HCL 2% SDS,
15% glycerol, 3% 2-mercaptoethanol, pH6.8) T/t %
I L7z 7 NE BT THHMERL, BTV
N B EEME S 11% D587 )V % Jiv T SDS-
PAGE #17o 720 KB TH, I FIA - b T RXT7 7
—%E (ATTO) Z v, FvH» 5 PVDF i (Immobilon;
polyvinylidene difluoride, Millipore) ~% ¥ /327 & % iz
B L7 5K TH. PVDF iz TBST (Tris-buffered
saline; 10 mM Tris, 100 mM NaCl, 0.05% Tween 20, pH

7.4) \22%BSAZMA27ayFR 7Ny 7 7—I12X0

ST 2 BRI LB 72, TBST THtif#, 7avy F o7
v 7 7 —"T500 A ML 72— kPifkE £ v FaxX—PL
72 (4C. overnight)o H\w7z—&PifkiZ. Pt phospho-
p42/44 mitogen-activated protein kinase (MAPK) #HifA,
$t phospho-p38 MAPK $ifE. #t phospho-]NK $ifkd =
iTdh b, TBST THkifth, 7Ry F 7Ny 77 —T
1000 FAICAH ML 7278 —F F ¥ ¥ — VGRS ¥ 1gG Pt
R A v Fax—1L7 (i 2. {b¥EFumil
Fo MeHWT, N=FF ¥ —VEREIZINAELML
R RALFFHIE 7 4 VA (Hyperfilm ECL. Amer-
sham) 1ZEOESETHRIBLZZY,
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FERTA5wE N5 L3, PC-12 Ml IZIEEMN 7451t
ERTIENC B, I N O—VDOEERE LT, NGF®
AEAREFIESELZEFMONTVE TOTF A4 vV FF—
¥ C OEMALIE PMA © 120 W THRE 2 M A 720 Z DREE,
3T3MMEOREFERFIC PMA 22 B o72b D MHEL,
PMA %Mz 72b O OFFE R PC-12 Mg % i < /b 8
72 (K1),

AREBZZHAWT, €5 I FOEHIZOWTHE 2Nz
720 ZOKER, C2-£F I F23T3MME & HITHEEL
7R BB IR BN T E TR B Y. PC-12 Ml
2 b7 (M2). FMEREMADIC6-12T 3 NI
HADOLNLIEND, £T 3 P o TRMEEHN O
TEHAZERATEVEAL S, MRS AR T 0 4 A ATt &
MBI EDPHEESNTZ, BB, C2-F3I FRC6-LF
I NEZEEPC-1I2HMBIC/EH S TY. BEMNLSLIX
D HNIR o720

3.2. ARMEEZ I NICL2HBERERFIMICEK
3 EHREOMEFEE
Wiz, WD S I FoOEGHRERESEDL A7 1~
TIT)F—BERATZ7F IV VEFERWEIAKRY
IN—¥ C%&ITIMME & BITHEL, ZoRELEERT
PC-12 M8 DR #%1T o720 €T I FOESK 2 EHET
5EEZ2bNb, ZOORFNIIE3TI ML S DM
RENTOFWEMAEL, FOHE PC-12 Mo 51biE
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MHERDRIT 2 Y H v F Y4 FE4EEKICIE CBL 2R
R& CB2 DO L. HHAIEE & ISR HAATE
THZENREINTHE Y, PR OEHIZ OV TIE
% OWFFED B ENTVEH, KB A2H v FE /A F
SEAROAEBN R ERITOWTEAH R ELSE V., H v F Y
A FZHEREGLERZL, 142 v 27 AMP 2 &
FHEMDFRD SN TWBD D, fl. T OMINAPIEHTSE
WCAT7 4TI F—EDHELEAT 51T I FOARD
FEELEEHZHSTVWAZ s s Y, 22T, 3T3
MICA v F e £ FZBEEIEIL T2 0Erx13 L
DITHE L7225, CB1 B XU CB2ZA/AE HI123T3
B L TWA Z DRV SR (M4A), 512,
NIRPES ¥ 7 4 RZBRHIEEECH % 2-arachidonylglyc-
erol (2-AG) 1%, 3T3HNIZVEN L CHiE2E R+ D450k
AR L, ZOREE RiEh TR EE L PC-12 M D TEREY
Mt &R Lz (M4B). %8, 2-AG X PC-12#
DML Z EIRIE SR S hh o7,

3.4. E7IFRLZHBRBERFOEGTFRR
3T3MiEs X O PC-12 Ml & v 72 fhE R - & 4t

4 ST3MRICHIBHCFE/ A RSEEORBE2-75
FRIILTU+EO—-IVIZ &S T3 ML 5 DERRERFH
WA & B PC-12 RN AL
A:3T3#B2D CB1 &£ U CB2 ZRANFE % RT-PCRICL -
TNz MBEL T, TNSDOZREDERIMON TS
NG108-15#B2 (NG) #FH\ 2o NI XF—E> T T -2 8L
TB-7UF 5BV, B:3T3MIREEMIEFET @ &
SUV2-7SFRZIWTYE—IL1IOUMTFET b) THEEL
LEERW-EED PC12 MO AMEER, X4 —IL:50 ums

M5 3T3MAAICHITBR T >dITVF—tH
SURZXT77F IO AFERRIKYIN—EC
I2& % NGF £ £ U IL-6mRNA &= F51H
3T3 iz % GF109203X 7 (A) IEFA T ()
DEHET, RN (ane 1) X T4 >T3ITY
F—+t 0.5U/mL (lane 2). xR 77 FIal >
BRIKR AR /N—E C 0.2U/mL (lane 3) H&
U'PMA 100nM (lane 4) & &HIC 3BEREEE L.
NGF & & V' IL-6 mRNA % RT-PCR THE#T L /=5 /)
YXX-—ELTI-2E LT B-TIF RV,

< 270 bp

~< 465 bp

<467 bp

T 5 MR AL OMENC L D MlENCInL 72k 5 3
RIS N T O LS 2 RHE L. #hFie o BaEm s
PALZ G ST LVRIBE NIz, £ 2Ty 3T3 AR
2B B IR N T OB IR TR W TR 2N A 72
(H5)s WHMEDET I FERBMEEEZ EDBMSNTHY
BATAYITIZYF—¥BIORRAZ77FINa) ¥
R AR AR 78— CI3#HFH % NGF mRNA OFH %
L, ¥, A v —04 %> -6 (IL-6) mRNA 0%
HFE L& Lz SOEHEZTar A v ¥+ —EC
FHEH D GF109203X 12 & o THZEICIH Sz LA
5Ty €T3 FIZMERERTORETRAZNLI2AES
BONENER 2 AT 5L & DT, TORKKIC PKC OAE
T5IEDRBEINTz, FIH R EORMARKICB T, M
Fat T 3 KoM AMROMEER 2R L. #iEr 2
NSRS 2HEEHIDOEEZ LN,

3.5. 7 IFDEHREER

ZZT, MBSz I RIZk-oTED L) &
AR S AR R DG L S L5 22D W THET 2 2
72. & <12, mitogen-activated protein kinase (MAPK)



773IV—095 %, pd2/44 MAPK, p38 MAPK BI U
INK DY) Y BALIZOW TG L7z (M6). TORH. C2
t 7 3 Flidp42/44 MAPK, p38 MAPK BX ' JNK O
) B GISEIT I ENHONITR o,
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MR 2R T %) Y IREIE. TOREKRTH51E0 D
T3 7% L, MRS HIEEROLE R EHEESFE LT
WARICFAHEIN TS, flziE V VIREOSHRE L
T RIELEVCHGT AT IXF N/ TurRy rs5 09
YHEOEREHY R AKY =¥ A, MIEN Ca® iR
FHABIXRBEITA Y =) VIREERRN A AR S
—ECY, g52a) ) VIREZ ST B AR AR 28—
£ DY RFK AR =¥ C OIFEVEREHERE T &L Vi
BaRHT2LE2EREZERDVAONTVWS, Thbb,
HERZE T 2WHED, B—L&kEZ2H> TWbD TS
L BBOBRREEZEAELTWALDEEZ LN,

YVURED 12 LTHONTWAERAT 4 TIL)
ORBWTH AT I NOAEFNRBEDS, B EREROM
TERERRIC & o THMR ORI & B2 8 % EHIC5TF 5 2 &2
2T, MBEHNOERZ NI L2, MgRkiEICELZ 5 2
L EMEKRIFBIZE > THONI R0 T bbb, &
7 3 FITITHREREZR T OAEW - 5 OREER S D |
ZOX T I FOERIE. BEMEZ EORMICBT 2 ik
BEREMERRIC AR E 2o TV A D EHEESND, R
TAYITIT)F—EBRERAT 7 F IV VIR AR R
RV 8—+¥ CIZX % NGF mRNA %3512 PKC ORE
HTHH GF109203X THESN/Z2Z & X ) PKC OATE
NEZONDLN, ZOEMIZES I FAEPKCTA Y 74
— D95 PKC-L DIFMALZFIZ R T VI D &
—%T 5, —H. I I FIZIZEWWICHNIEZ &R T 5
TARM=IVZ2ZFI&SREIL, M2k LToONT Y 2%

BHTHEHOH A EDMENTED Y, KiFEICB W
Td. JNK % p38 72 £ ® MAPK &AL AR S iz,
INOORERIT. BN EERREHERFICBVTH, 73
FEEEABREHEZHSTWEILDERBTIEHDTH S,
L72AoTy £ 7 3 FOfLhidfh & LCORMHESD 5wt
ZOMlifEi% % 2 584, £ 3 FAGALHERHIImE %
FHEE LB, T I FOESRZIET 28y, 5z
BT 23, X 5120 T 3 FOBRIZESR & T 5 %
WERFEL, Tho2bhiE LTHWS &, X0 R
R BEBEE B S LB TS 7 B W REEDSRIZ S 7,

5. # #&

BB T 51T 3 FAZF ORI THES
WEND &, OB LY 5 2 2R H D 2
LD, FRICHMBERE ISR E L G 2 D MRREN T O &
HRICHT 25T I FOEHICOWTHRE Z M 72, #
MESFMINaRE 3T 3 M/ Rtk C2- 5 I FB LU C6-
I I FERIMLTEET S L, MREFVMETH S
PC-12 #5L 32T OB ER LIz A7 4TI T
V)P —¥BIOKRAT77F I VR KR AR 78—
Y CZ3T3IHMIEHSIECHIIEAES I FERInNX %
5L MRERERTOAEEK - SWAMRES L, ENIZX
5>TPC-12135Mb L7 ¥ FE A4 F (CB) 244K
Wiz T I FOAEGREZTIERITIEPMON TS,
3T3AMMEIZCBl BL U CB2 ZAMERNBHEB L TwDH T L
% RT-PCREZH VTR L7z NN CBZH k7 I
ZAPMNTHBH2-TIFFZAZY a— )it 3T 3 MM
ER LTk RN oA - 2WE5lEEI L, PC-12
Mlaz b &8 A7 4 v ITITYF—EREFAT 7
FINa) VIR AR Y =¥ CIEINGF BLOIL-6
mRNA QW EBEEITWARL, ToOEHIE7Ta s 4 %
F—¥ C HEHED GF109203X 12 & o THWEg S iz —h.

C2-cer (50 uM)

0 10 30 60 120 240 (min)

P_p42/44

<< 44 kDa
_'q << 42 kDa

s | < 38 kDa

P-p38

P-JNK

<< 54 kDa
- << 46 kDa

K6 C2-tF3 KFIZLk3 MAPKEHD U CBALRID

BT3MAZICC2-£F I KE0uUM /MU 7274, 240 n £ TREMICH TV T L. 2D CE1E
p42/44 MAPK (P-p42/44). ') B8k p38 (P-p38) H &V VEMEINK (P-UNK) 27 I X470y T A
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+ 5 3 FOMBATEHREERICOWT MAPK o » 1L
EMEF L7z 2 A, p42/44 MAPK. p38 MAPK BXU°
INK WIho) YBALROS D IEEL L. EOEHREED
—#IZIE MAPK 7 A7 — FoEHIEZEZ 5N b, Dk
DFERID, £ 3 FIZIENGF 213 Lo & ¥ 5 ks
WY OEEWK - 3WORAEVE DD 5 2 L ABH SR -
720 2Ot T I FOMEHIE. ERMMELE EORMIIBY
DA R CE R 2 EH Ao T b b0 LR S L,
T I FIIREREARIIER S NS I 2 FHEEOI &
EBDIT, I O REMERE 2 S B L TV 2 W REEDR
@iz,
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