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17-AAG
AA
ACER
ASAH
BSA
C1P
CERK
CERT
CHO
cPLAa

D-erythro-MAPP

DMEM

EGF

ERK

FBS

GA
GF109203X
G06976

HBSS
HEPES
HPLC
HSP
IL-1B
LDH
MAPK
MEK

NBD
PBS
PDGF
PKC
PMA
PP2
PPMP
S1P
SDS
SFKs
shRNA
SM
TLC
Triton X-100
U0126

BEEESR

: 17-N-allylamino-17-demethoxygeldanamycin

> arachidonic acid

: alkaline ceramidase

: n-acylsphingosine amidohydrolase

: bovine serum albumin

. ceramide-1-phosphate

: ceramide kinase

: ceramide transfer protein

: Chinese hamster ovary

: cytosolic phospholipase Aza

: (1S, 2R)-D-erythro-2-(N-myristoylamino)-1-phenyl-1-propanol
: Dullbecco’s modified Eagle’s Medium

: epidermal growth factor

. extracellular signal-regulated kinase

: fetal bovine serum

: geldanamycin

: bisindolylmaleimide

: 12-(2-cyanoethyl)-6,7,12,13-tetrahydro-13-methyl-5-oxo-5H

-indolo(2,3-a)pyrrolo(3,4-c)-carbazole

: Hank’s balanced salt solution

: 4-(2-hydroxyethyl)-1-piperazineethanesulfolic acid

: high performance liquid chromatography

. heat shock protein

- interleukin-1

. lactate dehydrogenase

. mitogen-activated protein kinase

: mitogen-activated protein / extracellular signal-regulated kinase

kinase

. 7-nitrobenzo-2-oxa-1,3-diazole

: phosphate buffered saline

: platelet-derived growth factor

. protein kinase C

. 4B3-phorbol 12-myristate 13-acetate

: 4-amino-5-(4-chlorophenyl)-7-(t-butyl)pyrazolo[3,4-d]pyrimidine
: D,L-threo-1-phenyl-2-hexadecanoylamino-3-morpholino-1-propanol
: sphingosine-1-phosphate

: sodium dodecyl sulfate

: Src family kinases

: short hairpin RNA

: sphingomyelin

: thin-layer chromatography

. polyoxyethlene (10) octylphenyl ether

: 1.4-diamino-2,3-dicyano-1,4-bis(2-amino-phenylthio)butadiene
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1-Butanol

Acetic acid

A23187

Anti-B-tubulin antibody (T4026)
Anti-mouse immunoglobulin G antibody
Anti-rabbit immunoglobulin G antibody
[®H] arachidonic acid
Benzylpenicillin potassium

BSA

Calcium chloride

Chloroform

D-erythro-MAPP

DMEM

Doxycycline
ethylenediaminetetraacetic acid
EGF

Ethyleneglycol tetraacetic acid
Genistein

GF109203X

Glycerol

G06976

H.0,

Ham’s F12

Herbimycin A

human ceramide kinase cDNA
Leupeptin

LipofectAMINE

Methanol

NBD-C6 ceramide

Phenylmethylsulfonyl fluoride
Phorbol 12-myristate 13-acetate
PLUS reagent

PMA

Potassium Chloride
PP2

PPMP

Sodium orthovanadate
Sucrose

SDS

SU6656

Sorafenib
Streptomycin sulfate
SU6656
2-Amino-2-(hydroxymethyl)-1,3-propanediol

2.

AR EHRASH

AR EHRASH

: Sigma-Aldrich

: Sigma-Aldrich

: GE Healthcare

: GE Healthcare

D A M ET A

: AAEEKRKEH

: Sigma-Aldrich

D A MET A

D A M ET M

: Calbiochem

: Sigma-Aldrich

: Sigma-Aldrich

: BMZAEERARAT

BT AE]

: LKT Laboratries

D AR T S

: Sigma-Aldrich

: Sigma-Aldrich

: Calbiochem

C AR EHRASH

: Sigma-Aldrich

C AR EHRASH

P E-= MK S HEENELRE

: Sigma-Aldrich

. Invitrogen

D AR EHRASH

 FRERZREREZHARR EREMILERE
R =R M

D A ET A

: Calbiochem

: Invitrogen

: Sigma-Aldrich

D FI M ET M

: Calbiochem

: Enzo Life Sciences

AR EHRASH

D A MET M

P FIMETERASH

: Calbiochem

oy i

: HAEEKRASH

: Calbiochem

D AR T MR A



Triton X-100
U0126

PcDNA4TO-Src

pcDNA4TO vector
PENTR4-H1-shRNA for c-Src
PENTR4-H1-Luciferase
pcDNAS3.1-myc-His-CerK

D FAET AR

: Calbiochem

TIARIR

D FERZRFREZHATE
C FEREZRFREZHAT
C FERZRFREZHAT
F FERZRFREZHTR
D BMREICTER

SFRREDFERRERME
SFHRREDFERERRME
SFRREDFRERRME
AT HREDFATERME
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RI4VTREBIFRTAVIBREZEREBERICELOBEORMKHTHY. VO VEE
B.OLRATO—-LERICHREZ BT AT ERBERD THD, AT4VIBED—
FEThHtS3F (ceramide; Cer) [XEEMICERIN, B FELTEERT1Y
JEREE LR T, I3T > (sphingomyelin; SM) D&ERKIZFIRAEND, —AT. X
T4 OBEISHRERN T FILVEER FELTEMEET AEELGAEEEH N FTHAH
EDBALMIHESTETLYS (Ogretmen and Hannun, 2004; Futerman and Riezman,
2005) , ESIRIE. MO, TRF—2 REWST=ZLDOMBAAD=ZXLIZENT
BEELREER-L.EBLDOBEELRINTILVS (Ogretmen and Hannun, 2004;
Baumruker et al., 2005; Futerman and Riezman, 2005; Hait et al., 2006; Lahiri and
Futerman, 2007; Schenck et al., 2007; Zeidan and Hannun, 2007), 53R (%/M &
KIZEWT, BYUNILER LSV R T2 53— I2&D L) E/NLERA )L CoA D
mERLEEFAELT de novo A3 (Hait et al., 2006), &R EN=tEF3FIE,
TJNDEB~AGEIN, KEBLDEIIFEZEHEORTVTREDEESFELT
TJIILOEETHEECRIRI) D EDOBEENMT ESNBERICEESND,

Cer (X7 )La—RFmMIZKY S ILad )L£S2F (glucosylceramide; GlcCer) A%, X
T4VdITY U EREBERICKYRT42TII 2 (sphingomyelin; SM) [CZE#Sh,
HREICETEISH D (Futerman and Riezman, 2005), #IBAR® Cer LARJLIK, BE
KETIE—FDKEEZRDLIICHIFEIN TS, LHAL. ABRNSDRIBPORI X,
{51 &£ LT tumor necrosis factor-oA° interleukin-1p (IL-1p) ELNot=H A FhA U FIE A5,
LR AR - IRBHEEIZEY . SM MKPBEERTHIRAT(IAII)F—EDFE
N ERT D, FTNICKO>THEKRED SM DMK ELTTEL ., MR Cer LARJLAH
=L . D RMe. PR X BRAE LV EZRIGESIERE T (Radin, 2003;
Taha et al., 2006), — A T. Cer LNI)LZE DA RIZHIEHT 5B LFET S, Cer [,
GlcCer &REERICEKY . UDP-F )L a—AMDS ILa—REEE 5N, GlcCer &1
%, GlcCer (&, tuiEHID ZHIM 4B 59 % (Gouaze-Anderson and Cabot, 2006;
Liu, et al. 2008) [Zh, AT VALV RBEDSHICERBER I THIEE AR DR S
LB, AVITVAVRE. HREROBE. a0 L85, S kME (BFR. VML
RIGE) ITRTHZBRARBEELGEDEEFEMEER T L, Cer TTDHEMFTFT—ET
HBtSIFFF—+ (ceramide kinase; CERK) IZ&k->THE&E!) v Et{bEh (Sugiura,
et al., 2002), #52K—!)f (ceramide-1-phosphate; C1P) &7%i% (Pettus et al.,
2003; Lamour et al., 2007), C1P [FIm 7R — RIERAZRI IENMOEND
(Granado et al., 2009) [EM. T IL—T IV A FRRKY/8—+ A, (o-type cytosolic
phospholipase Aza; cPLAa) DiEMEZENHLI=TAaY /AREE~DEE (Pettus et
al., 2003, 2004; Nakamura et al., 2006, 2010) %>, ¥ R ~#HRa o Rt 8 H1 { #E
(Kumada et al., 2007) %& . RIE-REAODESENHRESN TS, F£f=. Cer l&. &
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534 —+ (ceramidase; CDase) IZ&kYNI/KAfiESH ., A7s>T2 2 (sphingosine;
Sph) &HEBERERAEEE LS, Sph (X, RO TLoFF—EEEENSEEXT—F
[CE->THREYVEEILEZRZT. R740TP 20— 1)U B (sphingosine-1-phosphate;
S1P) &%%, Sph [ZI& Cer ERIFRIC, HRARREEOTRF— R{BEERDH DA,
S1P [F#(C, KRR E. 7R —RERAZELD (Maceyka, 2002), KA LD K57
Cer i &T DR T4V TRBRBBREIZINTNORIGEBSERICEK>TEHIC
HEMSM TN (Fig. 1),

CDase [FHIBAR DR T+ ITREEEEEZIMNZ HZENZIES M, SIP ZEMSESHET
MRS T FIVERET T 5EEEE D, AL REMEEICE LV TERE CDase MEMEM
FERIORSHRBHICES TR RFEICHL T Cer £ 029 5F THIMMIZEK
Z& (Mahdy etal., 2009) 40, ErFFEIEEMRICELTT LA CDase A S1P &
A% RIBTUNHKBICLLMATEEIH T SHIE (Xu et al,, 2006) LEMFHESN
THY.CDase [FEKICHTIEZMT IO—FDENEELT H—RAFELEHEYS5E
DELTERSNDDOH D, LHALIEBEAICHITA2ABROMEIIHEVEALATELT,
EMRIEAN=X LD ZLILASMELESTULVELY,

APETIE. EHBFE (7-nitrobenz-2-oxa-1,3-diazole; NBD) 12 Cer (Fig. 2) %
RAWT. ZOREMEERB /OIS S5T1— (thin layer chromatography; TLC) I2&
Y, DEE- BT EAEEMHILL. COAEZRAVWTEIINMCHEER O 175 451
WIBORERALTEAMT-, £ 1 ETIX. CDase. CERK OJFEMALS T FILICFOS VB
IEABEETBHZEERLT=, E 2 ETIL, heat shock protein (HSP) 90 FAE#IT#H 5
geldanamycin (GA) RUZFD7 A7 DES3IFRB, MEESHICRIZIHRICD
WTHREE1To1=. % 3 EIZHLVT, CDase, CERK DEMIES T FILICEALTKRYEE
M RETE1TLY, CDase M55 7 /LA E CDase &, CERK D iEMIE EFRIZ cSrc A

FETHILERLI

Sphingomyelin
(SM)

Sphingomyelin
synthase
Glucosylceramide

Glucosylceramide wCeramide <« Ceramide-1-phosphate

(GlcCer) (Cer)  ceramide kinase (C1P)

7
// H Ceramidase

L-serine + palmitoyl CoA
Sphingosine « Sphingosine-1-phosphate
(Sph) sphingosine kinase (51P)

+
Free fatty acid l
S1P lyase

Phosphoethanolamine
+

hexadecenal
Fig.1. Metabolic pathway of sphingolipids.
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(A)

/
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HO = “CyzHyy N ?
HN
L O )\ )
C6 ceramide NBD
(B)
o 0 3
HOWCBHW HO—P_OWCBHN
HN\”/R (lg' HN\”/R
(0] o
Ceramide Ceramide-1-phosphate
(Cer) (C1P)
OH OH
: ,C,’
HOWCBHH HO—T—OWCBHZ
NH, NH,
Sphingosine Sphingosine-1-phosphate
(Sph) (S1P)
OH OH ﬁ ?H
HO@OWCBHZ \N+/\/O—T_O/Y\/AC13H27
OH HN\/R yd O HN\/R
lg g
Glucosylceramide
(GlcCer)

Sphingomyelin
(SM)

Fig. 2. Structures of NBD-C6-Cer (A) and sphingolipids (B).

has six-carbon fatty acid.

NBD-C6-Cer contains NBD (7-nitrobenz-2-oxa-1,3-diazole) as a fluorochrome and Cer which



RER7FE

1. HifaES

ErfARE LM% AS49 HMIlE. EFFEHEHARMEKE Hela @S LUV
HeLa-LynAC-HA #if&81d 10 % fetal bovine serum (FBS) & & U 100 U/mL penicillin, 100
ug/mL streptomycin &> Dullbecco’s modified Eagle’s Medium (DMEM) ZFHL\ T,
95 % air — 5 % CO,. 37°COEH T THEELIz, CHO-WLIA (F¥ M1 =—X/N\LRZ—HE
FEH#IRg#k CHO-K1 @ PAF S BRFBFEIRIREZEMK) (L.10 % FBS KLU 100 U/mL
penicillin, 100 pg/mL streptomycin & ¢ Ham’s F-12 Z AL T, 95 % air — 5 % COa,.
ITCHEHTTHEE L, IVMEIBREBRGEMEEME% PC12 MiAX,. 25—7
va—kT4via (Type IV collagen, BD Biosciences) [Z#&FEL. 10 % FBS & & 100
U/mL penicillin, 100 pg/mL streptomycin Z&#¢ DMEM ZFLVT. 95 % air — 5 % CO,.
BT CHEHTTHEELE,

2. MRE~NDEIZFEA

HREEIBIEL . 24 BERE1&(C LipofectAMINE PLUS Reagent (Invitrogen) ZFULY, X594
—ZHN% 3 B 37°CICTAUFaR—hL1z, BEnFEAR 48 BREEEZTL. 7yt
’ﬂ:HEJL"f:o

3. MRAICEHITHRT1 T RRERBEIERIE

12 well plate (Nunc) IZf&EfELT-#ia% 0.1 % bovine serum albumin (BSA). 10 mM
4-(2-hydroxyethyl)-1-piperazineethanesulfolic acid (HEPES) pH 7.4 #&{ Hank’s
balanced salt solution (HBSS) T 2 [mEl#%L. NBD-Cer (10 uM) # &4 HBSS % 150 uL
L. 37°CT 30 ELEL THBRICEASE -, LER. HBSS T 2 B34 L Tl
[CADTULVALY NBD-Cer B ELT=#%. HBSS 300 pL IZT 37°CTA > FaN—kL THIRE
N NBD-Cer X #EtH 1=, NBD-Cer Z— ERFREIXHISE1=1£. cell scraper [Z&kY#lifz
RS EmEULT-, lEE#H (Z(X Bligh & Dyer i% (Bligh and Dyer, 1959) L\ f=, [@]
IR;& DS 200 pl %, chloroform : methanol = 1: 2 MR & & 750 uL ZMZ TRELIERE
BERESE -, )KL TEE®R. chloroform 250 pL, 7K 250 uL ZMZ T+ ZRILTVY
RAFBHIETHYUTILHFD NBD-RT4VIREEZKEEARETHRETEHICESE., TOD
% 4,000 rpm, 4°CT 10 AR DL TKEEERBIZELICHBEL. KIBLBEHETNIT
NEREL =, FEILIzKEE LU EREEZZ N Z TLC plate Silica Gel 60 (Merck) [Z
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20~40 uL 7754/ L. A& #IZ 1-butanol : acetic acid : water =3 :1: 1 (v/v) IZTER
L. BRAZOTL—txREZLI-&. REALLZIL—FORFEREIZ 0.125~4 pmol @
NBD-Cer #/ EiZ#ELL TRKRYML. NBD-R 74V TRED RS LU EEEE
LAS-1000 (FujiFilm) [CTH® LED (E&: 470 nm) [CTHIESEHRHLz, REEEZD
E 2 MM Imaged (National Institutes of Health) 2L TTo71=,

4. in vitro CDase assay

6 cm dish (Nunk) IZf&#EL-#2%. )k_E T phosphate buffered saline (PBS) 12T 2
[E]3%:% L. 200 pL lysis buffer [25 mM Tris-HCI, 2 mM ethyleneglycol tetraacetic acid.
40 mM KCI, 10 pg/mL aprotinin, 10 pug/mL leupeptin, 0.1 mM phenylmethylsulfonyl
fluoride] & THEREZ cell scraper ICTRAEAIEEYRL . K EICTEE REFROES 5 7 x
7 @ (10 #4>2—s3)L [ [E) 75F T whole cell lysate L1z, Z® whole cell
lysate 50 pL % reaction buffer [30 uM NBD-Cer, 125 mM sucrose. 5 % glycerol, 0.01 %
BSA (20 Z pH #&&#|&L T, 125 mM acetate buffer (pH 4.5), 25 mM Tris-HCI (pH 7.2).
25 mM Tris-NaOH (pH 8.8) OWLZ\FhhE &L, IRE L whole cell lysate ZRELT=ED

RIERE] 150 L &BE L. 37°CTLIHRA Y FarR— o 1o Fa2R—I . 22 (200
uL) IZ chloroform : methanol = 1: 2 ME& & 750 L ZMMA TEESLIRIEEZBHEIE -,
K ETEE . chloroform 250 pL, 7K 250 pL.5 N NaOH 10 uL #2E#/MmZx T pH % 10
FEEICL (NBD-EEMAEEIS—HSBERD pH M 7.2 Z FESENERFENEHBAIZRS
t=8). + 2 IZRILTYHI AL, 4,000 rpm, 4°CT 10 HELEDLTKBEAEIBICTESIZH
BEL71=. /KHICEFENS NBD-IEIIBAZ A HARICHE 37 51=8IZ, FoM1=KF8 500 pL 12
chloroform : methanol = 86 : 14 MEER (AHHEDEALLERLIELI-HD) 264 uL M
Z.EBIZ5 N HCIZ 10 pL BBERML pH Z 4 BEIL-LOZENL . BE-MHE2 %
7oz (CDEHT NBD-BEIAERIXIZIX 100 % B HABICIEITT 2B ERERLTLVS), IRE
L7-FEH#+E% TLC plate Silica Gel 60 I1Z 50 uL 7754L. EE#%IZ chloroform :
methanol : 25 % ammonia solution =7 : 4 : 1 (vv) ICTERLT-. BRZOTIL—rERA
FL-%. BRLE=TL—rORERENIZ 0.125~4 pmol @ NBD-Cer 5 ER1Z#LL TR
RYLL.NBD-R74VTBEDHAS LUNEIRLEZE LAS-1000 IZTHE LED (RE:
470 nm) [CTHESEHEE L, RHER O EE/MEHTIE Imaged #ALVTITo 1=,

5. Western Blotting

5-1. 7L
6 cm dish [Z 3% 10° cells/well &2 &5 IHIRa%EIBIEL 1=, 24 BRI . LipofectAMINE
PLUS Reagent (Invitrogen) ZRLY, XO2—ZRMN#& 3 Bl 37°CICTAUFa~—kLT=,
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BIZFE A% 48 BfEEEL . RIPA lysis buffer [150 mM NaCl, 50 mM Tris-HCI, 5 mM
ethylenediaminetetraacetic acid. 1 % Nonidet P-40, 0.5 % sodium deoxycholate. 10
mM NaF. 10 mM disodium pyrophosphate. 0.1 % sodium dodecyl sulfate (SDS). 0.1
mM phenylmethylsulfonyl fluoride. 10 pg/mL of leupeptin, 10 pg/mL of aprotinin, 1 mM
NagVO, Z& 4] AL cell scraper ITKYEIURLT=, BURLI-BAZEQD—T—42—T4°C
(2T 20 S REGEFLI=%. 4°C. 15,000 rpm 2T 20 HREBEDL. EFEY U TILELEZ. T
TS5A4AY> 7 IV Bradford iEI2 &Y R /8 E% 30~50 g IZFAEL . laemmli buffer %
A THRRELT,

5-2. SDS-polyaclylamidegel electrophoresis / 55 / t#&H

HL 7% 5 S EE % . SDS-polyaclylamidegel electrophoresis (4 % stacking gel /
10 % running gel / EEME 80 V) %1TL). polyvinyldene fluoride f& (Bio-Rad) [ZE5E
(EER 0.1mA) L& . 4CT—BIAvF I Lz, —RIAZERT2HEIRIGSE.
tris buffered saline with Tween 20 (Tris-HCI 40 mM, NaCl 145 mM, pH 7.4, Tween 20
0.1 %%&d) TS5 2/, 2 [E#%%LT-. horseradish peroxidase 1Z&s - Z Rinlk%
FBT 1~2 BRI S . tris buffered saline with Tween 20 (Tween 20 0.1%% &%) T
5 41, 2 [El%%L1=. 1 cSrc #ifk (Oncogene Reserch Products). i) EIEFOS
hixk (FEXRZEXRZREZEZHARR HFHRREMEARE=RME). up-tubulin ik
(Sigma-Aldrich) #— X 7R —7 . horseradish peroxidase i~ > Ak (GE
healthcare) Z=X7A—7J &L . Enhanced chemiluminescence kit (supersignal west
pico chemiluminescent substrate; Thermo Scientific) ALY, b FIt%E LAS1000
FAUWT&ELT=,

6. [*H]- arachidonic acid (AA) %8I E

24 well plate IZ#ifa% 2 x 10* cells/well &%5&5(2#8HE L. 2 HIZ[°H]-AA % DMEM
(0.1 % BSA Z&L) IZ#ML. 0.033 pCilwell &b L50% 16 BfEIS~ILLT=, PBS
(0.1 % BSA Z#&%) 0.75 mL T 2 [E3%%1 (12 DMEM (0.1 % BSA. 10 mM HEPES, [BE
#|Z &) 300 uL/well THIALEL . %LV T DMEM (0.1 % BSA, 10 mM HEPES, BEEH! /
F7I=RrEET) 300 pl/well T 30 7RI LIz, £ 200 L ZEYiEiD (8,000 rpm, 2
min) %.Z®0OLEEFE 150 ub /N4 F7ILIZFHBL. B A ZFE [2,5-diphenyloxazole .
1,4-bis-(5-phenyl-2-oxazolyl)benzene Z&¢] #MZ. *H DREHEFEERE O FL—
AV hOUA—IZTRIZELTz (count A), £z, EFEIUREDTL—KMZ SDS (2 %) % 100
uL ANZ T 170 rpm, 15 B EDIRESIZKHBRIZICER YT TIEML, ZD5% 50 pL
[Z&FEND °H OMEHEMEEREL=(count B), Bonf-EMNS, REIZKYTYHEIhT=
AAZEHLT-,



AArelease (% of total) = (EFITHERELI-RETEM / BRRYUAENIZBEHEM) x 100
= {(count Ax 300/ 150) / (count Ax 200/ 150+count B X 200/ 50)} x 100

7. lactate dehydrogenase (LDH) w88 E

LDH &8 MAIFE & cytotoxity detection kit (Roche) ZRULNTITo1=, EWHIHE. 24
well plate D& £ 200 pL Z#EYR. &[> (4°C. 8000 g.3 7[) L. ZDLBEFEER
B 5&ELT=, 24 well plate (25 >T-#R81Z( 0.2 % Triton X-100-HBSS % 500 uL AIZ T
BRRRE S ELT-, MES2ED HBSS [CT 4 FICHFRL. €D 100 pL & Reaction Mixure
100 pL % 96 well plate [IZANZ T 25°CT 30 #fll. EHX TFICTIoFa_—kL71z, 1 MHCI
50 uL ZMA TRIGEELESEE. ¥4/ TL—M)—F—%FLV T ODs, nm ZHIFEL
f=o CMFF. background control (0.1 % BSA #&d DMEM, 0.2 % Triton X-100-HBSS)
DRFEELRFRICAEL. FESF O LDH FEEMEL-, Fonf-MEMENoRKIZK
YimELT- LDH OEI&ZHEHL . MiaESEDEZREEL-,

LDH i®i® (%)= L£F®® LDH/ (Li&EH D LDH + #FEN® LDH) x 100
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F1E TLCEZAW-tEIIFREMOBRE EDHEIL
-vanadate [Z&AFOL VY UEBIERBENLI-EIIF—F., EI3IFTF—EDEHEE

1. Fif

Cer LZDREYITHIBRNTEEZLAEIEAZTT (Gomez-Mufioz, 2006; Kitatani
et al., 2008; Hannun and Obeid, 2008), Cer S Z DK EM X R EICRAE T DI ENMD
. BlELTPLA 0D EHALE N LT SFFUBOBE S, 704 x5 F—E20
FEES|EFHRITEMNTREINTLVS (Mitsutake et al., 2004, Chalfant and Spiegel,
2005; Nakamura et al., 2006, 2010), Cer (& 4 F@D R BEEERIZ LYK BISh 5, CERK
[Z&Y CIP MNEA S, CDase IT&Y HEtRERAEE L Sph AEA SN, Sph (RT3
DoxF—HIZKY SIP £#iB, RT4VTAITY LU A—EIZKY SM A FLadiLt
FERUA—EIZLY GlcCer NEESN D, Cer BEEMEDMAZAL R ILIEINLDEE
RICKYEEFICOFO—ILEN TS, Cer RBBRDEFEHEZEET S1=HITLNDHM
DFEEMAVLLNRTEY ., KKAVLLNSFED—DELELTERAARIOTNT TT4—
(High performance liquid chromatography; HPLC) AZIFfioi., #IE4ZH (Hayashi
et al., 2005) *EEZEH mass T (Mano et al., 1997; Yoo et al., 2006) % E(Zk D&
HNTHN TS, HPLC FERETHEMEOSV D BN TIEETHHH . BEIEITK
T HHMME - BBUENKREKELGLIRBYZRBFICHETEGVI L HEBR- DI LLE
MTHAZLLEDEMIHD, RHEAEELT TLC EELLFIASNA TS, TLC FR
ECHEELFETHY. BLECALLN TS, TLC IZBLT YC L THRETHZH I
~EBZRNTHREZ1T55EEMHS (Sugiura et al., 2002; Graf et al., 2007, 2008;
Boath et al., 2008), COEEFEFTESHRETHLIN . EELNSMTHLH R OEEFIE
NEMTHDIEVNI R ARPRBEADRZEEANDBBERLZEDRELH D, EETIE.
SHICEELGFERLLTHABRSIN-EEZRAVTOME. FE 0RO R
FRETAHAENALLNSELSIZIE>TET- (Hayashi et al., 2005; Graf et al., 2007,
2008; Boath et al., 2008; Don and Rosen, 2008), &t - EE D EHEM -T2, i
SHFRENZD, RARTIE. Cer KBZERIET H-HICENIEETHS NBD THEHL
f=ix%R4EH 6 M Cer (NBD-C6-Cer; NBD-Cer) AL, TLC ZZE AWV THREZTO1=. S
BV TLC JEZ LT Cer REMZERET HTET. 4 DO EER Cer RBIERD
EMERBFICRET HIENTFRETH D,

BNV BEDOFAL VKRR UBILEN L=V T FILIZE T, A LGMBRALEEER
MEIEEN TS, Orthovanadate (NasVO,; vanadate) &, FOL U VB EEESR
DIEEHFITHS (Huyer et al., 1997; Bhattacharyya and Tracey, 2001; Taniguchi et
al., 2007) NF TV LLEMIIERRGEE DRBICHENHDHZENTBRINTLND
(Sakurai, 2002; Heneberg, 2009; Thompson et al., 2009), Vanadate [Z&kY . 5 rEF
HMIZEHE TS CDase DEFMZE LFIEDHELIHE (Nikolova-Karakashian et
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al.,1997) NH 5N CERK fthd Cer (KHEERIZX I % vanadate DFIRIZBAS M E
BoTUWVEMoT=, AR FBEFD TLC ZZHRERL. EMmEHAME AS49 MIlBE KU Fv
A=Z—RANLRES—IEMRE#% CHO #ifaIZFH LV T, vanadate JLI8[Z&->T CDase IZ
&% NBD-Cer R#MTHDkFESH 6 O NBD-##A5 s (NBD-caproic acid;
NBD-cap). CERK [Z&% NBD-Cer X#i#)T#HS NBD-C1P DELEEN TN T NITHE
§ 5 &% RLT=, Vanadate [2&5 NBD-C1P E4£ T (. human CERK (hCERK) ®
BE|FEIRICL->TINEL. FAL X F—EEEH herbimycin. genistein [Z&>THIH
SNhf=, £f-. A549 #ifE(ZFH L T, vanadate [IZ& 5 NBD-cap DEL E L. genistein [Z
Ko THEEICIFIESN T,

2. #ER
2-1. CDase [2&% Cer X #1#. NBD-cap D& H

AW THL V= NBD-Cer [& CDase [IZ&Y . NBD-cap & NBD THEi# S TL ALY Sph
(29 fEEh B, Silica60 FL—rZERLf= TLC %I2&Y ., NBD-C1P, NBD-SM &Lvo7=
NBD &t &¥&ELT NBD-cap L=, UATEHRESN TLVS (Meyuhas et al.,
1992; Destandau et al., 2005) &5IZ. NBD-Cer [EEHIBIZDOAHHBITT HH.
NBD-cap @ 95 %[d/K#E~#4TL1= (Fig. 3A), NBD-Cer & NBD-cap [F&4(Z Rf {EA
%9 0.9 LIELILTLSA. ZD 2 DDILEMITBFBEDENICEHIELKEEZ S BEL
THRHETDIETRANTHIENTES, RIZ, H L (XENMEMEEY AS49 #Mia% 10
uM O NBD-Cer TREL-FFD NBD-{t E¥Z&t&H LT (Fig. 3B, Table 1), #H L7
BEEIEFZEHEZEZITL. B, KBIZHBEL-E&. ThThd i TLCIEICTEKY Cer £
HMERE U, B, KHBICEZEN T RIHEDEGLHIEEL 3D ARYEOFEER
SNz, NBD-cap. NBD-C1P # &L ZNZ 1D NBD-IEEMD AR VL&, LUEIDHE
[Z&kBRIESLURIRT HhCERKRIZ—DHIBE~DEA | KEEEFIOERALZEIC
KHEBEZHUFEERAVTREL ., fign>MmHE LT~ NBD-cap ® Rf {El& NBD-cap
DIERD RIEE—E LT, FERIHD AS49 HIFZIZNBD-Cer YA FH R BISE1-I&.
NBD-GlcCer, NBD-SM, NBD-SM, NBD-cap D E4£ = (FFRREKFRIIZEEML, 60 4
ZICIX 30 R EDEEEDH 2 FE&%oT-, LHL. K5 60 7EFETD NBD-C1P D
AEFBRERBRRLUT. BLIIFERBIZDLETHo = (Exp. | in Table 1), NBD-SM,
NBD-GlcCer (%, §EIFERNITo-HERIZEVLTIE. ZBHERIICHE -RELE-RE
D 95 NLULEAZENTNEEATEITLI-, RIZ. F < (X A549 #iia% NBD-Cer T 30
PEITNILL. Cer EEFRELVN\YT7—TiHkiHF#E. Cer RBIZDWVTHRETILT= (Fig. 3C.
Exp. Il in Table 1), CO#5E8R. NBD-Cer TSR JLLT= A549 #ifaTI&. BFREMKFRIZ
NBD-Cer M= 4 L. NBD-GlcCer, NBD-SM A\#EsnL = (Fig. 3C. Organic
phase), 30 F DS JLEREFIZ, NBD-cap [FEESN TS (20 pmol/well, Exp.
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| in Table 1) A SRNILZRITHEFELEZ-ERZROMIETEIZEAERBEEINGHI>T- (Fig.
3C. 0 h. Aqueous phase), CHIESN)LED 30 7 [EIZ4E S = NBD-cap (F#ERa4}
[CHHESIN ., ERFICEVRYBRMIMI=-OTHIEEZALND, SNILEDMBETIE
NBD-cap M BEEHKFRICEAE SN TLVSAY, NBD-C1IP DEALFEFEIZLETH 1=,

2-2. vanadate 0 A549 #ifa. CHO #faI=$(+5 Cer (KB T B R

F R (E. A549 HIRAD Cer KRB L TELZSISECTHEZRRLI=. 10 MM D
vanadate SLERICZK-T, RIBE 1 B, 2 BEITO NBD-C1P MELEMEML,
NBD-cap IZDWTHFH#E 2 BiETEmMAA#SNT- (Fig. 3C), vanadate Fli##% 2 B
D EE =T NBD-cap & NBD-C1P MESEMNKECEF L. NBD-SM DEALHIHISH
f= (Exp. Il in Tablel), &< DT o=EHTIX. LIFIDFHE (Boath et al.,, 2008; Don
and Rosen, 2008) L[4k, #9 80 %M NBD-C1P A /K#E~AF#ITLT=, Vanadate (&
NBD-Cer & NBD-GlcCer M EIZIEKRELGEILE 5 RGN >T-, vanadate 12&5D
NBD-cap. NBD-C1P ME4T# (L vanadate MEREIZ{K#ELTL V=, Vanadate % 5
mM. 2 mM FLM=EED NBD-C1P DEAE(X. 10 mM TRWWHELERLTERE
65 %, 11 % Tdho1-, Vanadate LI 30 571 . 60 9% D NBD-C1P ElIZhZh
6.2 = 2.0 pmol/well (n =5) .8.7 %= 1.5 pmol/well (n = 3) Tdh-o7=H. vanadate %
FRAUWEWNMES X 30 7. 60 R ELIFEAERB T HIENTEEA ST (Fig. 3B)
F71-.60 4fE NBD-Cer ZR#BISE-H S D NBD-cap DELE=IIERIHTIE 55.7
pmol/well, vanadate SLIEEE TlL 72.2 pmoliwell THo1=, LLLDHEER LY. A549 #Ria
# vanadate TALEEL1=%1Z NBD-C1P. NBD-cap DEEENFAET S EMNTEINT=,
100 nM 4p-phorbol 12-myristate 13-acetate (PMA). 0.5 mM H,O,. 100 ng/mL
epidermal growth factor (EGF). XU D EYD G FAIZL>T NBD-Cer DA 3
[CKRELGEIIEHADNLEMNDT= (data not shown), RIZ, F A4 [ThDMBIEIZHITS
Cer RE#IITX 9 % vanadate DFEEITDVNTHRHRT - (Fig. 4). A549 HMEEREHRIC.
NBD-Cer T2 L1- CHO #i2IZ& L T, NBD-GlcCer, NBD-SM. NBD-cap D EXEE
MEREIRERMIZEEML= (Fig. 4A), 10 mM O vanadate TURIEL-HE . LER 2 FF
A2 ULVT NBD-cap DEEEMNKIGIZEF LTz, NBD-cap DEAEITNER 1 FFHE
DEATIXEELELEEEBMNIIASNEMN>T= (Fig. 4B), —A. vanadate L2 k-
TNBD-C1P MEAEI(L 1 B LINICERE L EMERLT= (Fig. 4A. Aqueous phase),
control 3T NBD-C1P EAEMNENTH o=, vanadate NEH% 1 BERETO
NBD-C1P EEAE% 100 %L TEREEFEDHT- (Fig. 4C), NBD-Cer % 1 BB
18, ERIEEED NBD-C1P MEAEIL 10 £ 5.4 %, X# 2 BfE#%& D vanadate
IBEFTIL83.8 + 5.4 % Thol=, Vanadate [Z&SNBD-C1P ELEDTTHE L. FIHE
1512 10~20 2ETEIEE IS, 1 RIS KR EL>T= (Fig. 4D). Rl 15 2HE.
30 #RAIZE1+5 NBD-CIP DE4LEIZFNEN 68.0 = 17.6 % (n = 3).88.6 +
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6.9 % (n = 4) THoT=, Fig. 4A TRENT=&LSIZ, vanadate FIFH TGS (T HE
1 BREILANTO NBD-C1P E4E E X EMN TH o7, D-erythro-MAPP (X5 14/7 )L AT
CDase MEEH|ITHS (Bielawska et al., 1996, Delgado et al., 2006), 30 uM @
D-erythro-MAPP L& 9 % Z & T, vanadate [Z&k 5 NBD-cap M E A FTHE L 50 %i2E
fislEc iz (Fig. 4E), D-erythro-MAPP LEIZ XY, 2 B #&IZ NBD-SM DELEEH
BMAMERD 126 = 6 %ITHEMLIz (P < 0.05) A, NBD-Cer. NBD-GlcCer,
NBD-C1P DE4S=ICIIBEELEEEXE AL oz, D-erythro-MAPP LEFIZH T
vanadate Z# L TH.NBD-GlcCer, NBD-Cer LRJLIZEEX 5 Z Iih o=, GlcCer
ERERAERTHS PPMP 20ET HE. KB 2 BFFEI#&IZH T4 NBD-GlcCer D E
HIZIRXELITELL (Fig. 4F), control #dM 105 + 1.1 %&%E>f= (n = 3.P <
0.05), PPMP #LEE[Z kY, NBD-SM D E4 £ vanadate FELE D control D 1.2~
1.4 &2 L=, PPMP LB EEZFH VT, 10 mM 0 vanadate Z#t A3 % & NBD-cap.
NBD-C1P DEX£EMNZNZ N vanadate BB D 1.7 {5, 3~4 fF(ZtEML 7=, A549
ML B4R, vanadate MLEEEE TIER Bk 2 BRI OB =T NBD-SM OEANFHL TS
ERIMAHSNT=,

2-3. hCERK Z B | F#IREE1- CHO f#fAIZH(+5 Cer L35

LIRTH < (. hCERK RNU42—%#EALT- CHO #ii8 (hCERK-CHO #if) TI&.
hCERK M2V /INJELANILTHERSEBFHL,. CIP LRNILANERTHIEERLS
(Shimizu et al., 2009), hCERK-CHO #if@ Tl&. NBD-Cer T 30 @5~ JLLF-Hifa+H
M5 NBD-CIP AR TE, Z0%MEE 2 B A Fa—23>F BEKIEL C1P
EETENHLNT- (Table 2), hCERK-CHO #if2 Tl 30 2 d NBD-Cer DSAJL
E 1% Tl& control #lfa & LEEXL T NBD-GlcCer & NBD-SM LA JLABEIZETLTULV
M2 A FaR—2 3 F I TIETRNILRTERD 2~3 F&7G>f-, 2l control
ML EHRGZ L RIRTHS (Table 2), F7=. NBD-cap LA JLIE hCERK-CHO #ifa Tl
control #fELLEEL TRIEIZIE T L =, hCERK MBE|FIKIZKY. vanadate 12&5D
NBD-C1P E4 58S h 1= (2 hr, Figs. 5A, B), h\CERK-CHO ##&(Z vanadate L8
T oM RBMEELRNILDZELE Fig. 5C [ZRLT=, NBD-GlcCer LA JLIE
vanadate JLEEAVELMZEE D 55.0 + 5.1 %&7AY . control vector B A EEEEL T
K24 LT (P <0.05), NBD-SM IZDUL\Tl& control CHO #ifA & FE4%(< vanadate
IR (ZKY R AMERI M A DN, FBAIEIE control vector &AM E LLE L TRELMER
NHLNT=, —H. vanadate [Z& 5 NBD-cap EAE FTHEER L. hCERK B A [C KB FE
%2 TH M of=, vanadate [Z&kY) NBD-cap D E 4 =& control #ifETIX 136 = 14 %
(P < 0.05) &7%Y . hCERK-CHO #if8TlX vanadate (&Y 139 £+ 7 % (P < 0.05) &
Hot=, RE THSNBD-Cer D DIEICDLTIEhCERK DB A [CKBFHEEEZ (T
21z, CERK [& Ca*-HILEDaUVIZKYFERILESNDIEA B R GHIREIZE LV TR
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BEhTLVS (Sugiura et al., 2002; Mitsutake et al., 2005; Shimizu et al., 2009),
vanadate X NLEEE Ca® B EFEMS A ENEHOMBEICE L THREIN T
L\% (Tornquist et al., 1998; Kim et al., 1998) A%, ABFZEIZHLVT A549 HIRE Tl
Ca” BEMNLRIEHONEMN DIz, CNITLBTEAEE TRE SN 1= R 51
fa L929 R THH#EE (Taniguchi et al., 2007) &—29 %, hCERK EAfIIADRED
*—hERLVT Ca*" . NBD-Cer FHEH T TRILZE{To1KE. vanadate IZ&Y CERK
DEENLERTEHEVSFHERBLFONTLS (data not shown),

2-4. vanadate [2&5 Cer RBIZEILIZETHFO X F—FDEE

LI 4 &, vanadate [C&YBIFRISNDRIGHHIEADOFOL Y FF—EE ML
ML TSI EERLE: (Taniguchi et al., 2007), #C T2 BOFOL X F+—EBAE
#l. herbimycin & genistein OENEIZDNTHRETLT=, A549 #IRRIZH VT, 10 uM FF=
(% 20 uM @ herbimycin LI (2 k> T, vanadate [Z&5 NBD-C1P 4 (L 70 %Ll EHT
#lEh, 20 uM genistein [Z&>THIEETIEIHWAEELGIIFI RN H# 5N (Fig.
6A, B), FEEHIMEEIZH LTI vanadate [Z& % NBD-SM EANF X5 |ERISh i
M1z (data not shown), HEERZFELVZ&IZ, vanadate [2&% NBD-cap EAEITTHIE
genistein JLIBTHEIZHFISN =AY, herbimycin TIXBEELINFIRE RSGEN T
(Fig. 6C), BIHDHERE A CHO HEIZELNTE/ LN TLVS, Vanadate [ZX B
NBD-C1P EEATTHEIL. herbimycin ALEEIZ &> T control A D 25 %IEEICETHAL.
NBD-cap [Z2ULVT I herbimycin TlE#4i< genistein IZ&Y R BI%E (30 %F2E) AE
MEMNHDNT-, Vanadate [2&% NBD-CIP & NBD-cap O 7 4 (X, extracellular
signal-regulated kinase (ERK) FAEXIT#HS U0126 MIEIZKL->THFIENIz (data
not shown), A549 #ii8. CHO #i#8(Z#& LV T, 10 uM NBD-Cer, 10 mM vanadate. & &
U D-erythro-MAPP. PPMP. herbimycin &WVof=RiEREFIIZL>T, DEKELNE
% 4 BETCEEHRETREINGN o, BEYPLIELTo-T1y>alliEEL TV
(&, ELEDIHFED 95~105 % TH>1=,

2-5. in vitro IZ# (15 vanadete L E(Z Xk CDase [EHE D TTE

R, F &% cell-free M in vitro &#12FH VT vanadate LB L1-15E D CDase ;&
HIZDWNTREIZ1T o= AMETIEIT O RNEFEOEMIBEBE D Z AL, ChlK
HEMRREE D DIF5H AS49 Ml LYEFL CDase ;EEERLIzIzHTHSH, 10 mM
® vanadate # R ISERITHEMT SE. RERD pH IZBEH 5T CDase iEMEIFRECL
FL1- (Fig. 7)o RIS&HIZ genistein ZiHNMNT HIE T, vanadate DEEICEEHLT
CDase ;&% (FHIHEIEht= (data not shown),
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Fig. 3. Separation of NBD-Cer metabolites by TLC and NazVO,-induced formation of
NBD-cap and NBD-C1P in A549 cells. In panel A, solutions containing NBD-Cer and NBD-
cap were divided into organic and aqueous phases and analyzed by TLC. In panel B, A549
cells were treated with 10 uM NBD-Cer for 30 and 60 min in the presence of vehicle (none, N)
or 10 mM NagVO, (vanadate, V). Then, the lipids both in the cells and the buffer were
extracted and divided into organic and aqueous phases. The lipids in both phases were
analyzed separately. For quantitative analyses, indicated amounts of standard NBD-Cer were
spotted on the upper area in the plate after the separation with TLC. In panel C, A549 cells
were labeled with 10 uM NBD-Cer for 30 min, and then the washed cells were incubated with
Cer-free buffer for 1 and 2 hr in the presence and absence of 10 mM NazVO,. The data are
from a typical experiment. The quantitative data are shown in Table 1.
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Fig. 4. NagVO,-induced formation of NBD-cap and NBD-C1P in CHO cells. In panel A, CHO cells were
labeled with 10 yM NBD-Cer for 30 min, and the washed cells were stimulated with 10 mM NazVO, for the
indicated periods. The extracted lipids were divided into organic and aqueous phases and analyzed by TLC.
The quantitative data are shown in panels B and C and are means = S.D. for the indicated number (n) of
independent experiments. The data in panel B were expressed as a percentage of each metabolite without
Naz;VO, treatment as the control (100 %). 2P < 0.05, significantly different from the control value. The
amounts of NBD-C1P in panel C were expressed as a percentage of the value at 1 hr after NazVO,
treatment, since the amount in the control cells was limited. 2P < 0.05, significantly different from the value
with NazVO,. In panel D, the labeled CHO cells were stimulated with 10 mM NazVO, for the indicated
periods, and the amount of NBD-C1P was examined. In panel E, cells were labeled with NBD-Cer with and
without 30 yM MAPP for 30 min, and then the washed cells were stimulated with 10 mM Nas;VO, for 2 hr
with and without MAPP. The upper panel shows a typical experiment. The quantitative results are shown in
the lower panel and are expressed as a percentage of the value at 2 hr in the control cells. The data are
means *= S.D. for 7 independent experiments. 2P < 0.05, significantly different from the value without
Naz;VO,. P < 0.05, significantly different from the value without MAPP. In panel F, cells were labeled with
NBD-Cer with and without 10 yM PPMP for 30 min, and then the washed cells were incubated with and
without PPMP for 2 hr. The represented picture is from a typical experiment.
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Table 1. NBD-Cer metabolism and NasVO,-induced changes in A549 cells.

Exp. I. Intra- and extra-cellular metabolites (pmol/well, n = 3 - 5)

30 min 60 min
NBD-Cer 760 — 1420 [3,000 pmol] 1050 — 1290 [3,000 pmol]
NBD-GlcCer 50.8 -67.4 118 — 143
NBD-SM 45.4-78.3 102 — 149
NBD-cap 14.3-25.7 40.6 —55.8
NBD-C1P 0-23 18-21

Exp. Il. Metabolites at 2 hr after stimulation (% of control, n = 4)

Vehicle 10 mM NazVO,
NBD-Cer 100 (33 - 60) 104 = 12 (29 -71)
NBD-GlcCer 100 (48 — 123) 97.3 = 11.8 (53— 146)
NBD-SM 100 (44 - 88) 71.0 £ 8.1*(33-72)
NBD-cap 100 (7.0 — 24) 161 + 16° (10 - 33)
NBD-C1P 5+ 2°(0-1.2) 100 (1.1-3.2)

In Exp. |, A549 cells were incubated with 10 pM NBD-Cer (3,000 pmol/well) for 30 and 60 min, and then the lipids both in the
cells and in the buffer were extracted. Although the calculated sum of the indicated metabolites was 1,000 — 1,600 pmol, the
amount of NBD-Cer on TLC plates was likely to be underestimated since it was much greater than the standard used. In Exp.
I, A549 cells were labeled with 10 uM NBD-Cer for 30 min, and the washed cells were incubated with or without 10 mM
NazVO, for 2 hr. The data were expressed as percentages of the control. The data for C1P were expressed as a percentage
of the value with NazVO, since the basal amount of C1P was much less. The absolute values (pmol/well) are shown in
parentheses. Data are means + S.D. for the indicated number of independent experiments. ®P < 0.05, significantly different

from the control value without NazsVO. (NBD-SM and NBD-caproic acid) or the value with NazVO4 (NBD-C1P).

Table 2. NBD-Cer metabolism in hCERK-CHO cells.

Control vector Vector for h\CERK
Transfection 0 hr After 2 hr 0 hr After 2 hr
NBD-Cer 100% 35.7 = 4.7 95.0 £ 7.0 575 £ 10.2
NBD-GlcCer 100% 269 = 5 56.9 + 18.9° 115 *+ 35(204 = 15)
NBD-SM 100% 251 = 14 41.8 £ 11.1° 116 = 45 (273 = 33)
NBD-cap 0 100 % 0 62.4 + 12.1°
NBD-C1P Not detected 100 % 200 - 350

CHO cells were transfected with the control vector or the vector for h\CERK. The cells were labeled with 10 uM NBD-Cer for
30 min, and lipids were extracted from the washed cells (0 hr). In some experiments, the cells were further incubated for 2 hr
before the extraction (after 2 hr). Data for NBD-Cer, NBD-GlcCer, and NBD-SM were expressed as a percentage of the value
in control cells. Data for NBD-cap were expressed as a percentage of the control value at 2 hr after incubation, and data for
NBD-C1P were expressed as a percentage of the value in hCERK-CHO cells. In parentheses, the metabolites in
hCERK-CHO cells are expressed as a percentage of the value before incubation. Data are means =+ S.D. for 3 independent

experiments. ®P < 0.05, significantly different from the value in control cells.

-18-



(A)

o, _Contj _hDERP-(l-
C1P o -
(B)
= 300+ a y}
‘2 E 200 | %
22 %
100 } 1 %
0 1—--—//% %
Na,vo, — + — ¥
(®)
bl T
88 T
%% 501 W% 7/ %
hCERK — + =— + — +

Fig. 5. NBD-Cer metabolism in hCERK-CHO cells. CHO cells were transfected with the
control vector or vector for hCERK, and the NBD-Cer-labeled cells were stimulated with 10
mM NagzVO, for 2 hr. In panels A and B, the amount of NBD-C1P was analyzed. Data in panel
A are from a typical experiment. In panel B, quantitative data are expressed as a percentage
of the value in hCERK-CHO cells. In panel C, the amounts of NBD-GlcCer, NBD-SM, and
NBD-cap were expressed as a percentage of each control value without Na;VO, treatment at
2 hr. Data are means = S.D. for 4 independent experiments. 2P < 0.05, significantly different

from the value without NazVO,.
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ap < 0.05, significantly different from the value
without the inhibitors.

S 300F a Fig. 7. NagvVO,-induced formation of NBD-
‘E’ I cap in vitro. CDase activity in crude cytosol
8 3 7/ fractions from mouse brain was measured at
S 200+ T / the indicated pH as described under Materials
= 3 % T % and Methods. The assay mixtures were further
© T T / / supplemented with and without 10 mM NazVO,.
E 100 - /// / / The formation of NBD-cap was expressed as a
L / / % percentage of the control value at pH 6.5. Data
g / / / are means * SD. for 4 independent
S o % % % experiments. 2P < 0.05, significantly different

Navo, — + - 4+ - 4+ from the value without Na;VO,.
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3. ER
3-1. TLC JRIZ K AEH D Cer REMORFHRE

AHRICKYBoNT-FERE Fig. 8ITRLTz, BAETHAHNBD ZHLV= TLC IEITHE
IAEnt=AiEELTRIBASN TS (Graf et al., 2007, 2008; Boath et al., 2008; Don
and Rosen, 2008), AR THD TLC EZMNMEBN TS RIE. SM. GlcCer, C1P. caproic
acid (Sph OxtE¥ELT) D 4 FEDEEL NBD-Cer X3#i¥1&. EE THS NBD-Cer
DN EZREFIRHETELIRTHD, SHIT. TLC TL—MINEIZELL TRRYE
L7z NBD-Cer #5tIZ. 4T )ILh D& NBD-Cer BLUZTDRBEMELZEETHEN
AIRETH S (Table. 1), RRHEIZ&>T Sph. SIP DEH FUHEANNDBHED
HEERETHIEIETEGLM, CDase DEMFRIERIGETHAEIEIKRELGF AT
HDEVWZD, £ SNz NBD-cap [LEPCMICHAENANEBMEINDZD. AT1V L
D NBD-cap EFAIET HEVLSEELLAET CDase [GEHEBET HEMNTELD
T 5, Sph. SIP Z B TEDH =L TO—TELTIL. NBD &&4(Z Cer D sn-1 HZI<
TILXILEEZEE>T- NBD-Cer NERATHDEEZA LN S,

AKTLCHEDRRAD—DELT, RHFEMD Cer BV ZDREYERIE TEHELIEN
E(FoNbd, LOMDIBEIZH LT, PMA 1 H0, I2K> T, Cer REBINZEILTHIL
MRENTULVS (Verheij et al.,, 1996; Becker et al., 2005) A%, §[EFK < M 1To1=
NBD-Cer Z AWM =7yEEICEWVWTIE. ShoDRIBIZLS Cer RBELITBRTE
TEhof=, >T. COFETEYRIHIZLYRNENE SM ORENSIETEIINSILT
4 U7z Cer DFEIZLSD Cer REMIDREBICITBELTLVEWNEEZ BN S, CERK (Van
Overloop et al., 1998; Sugiura et al., 2002), CDase (Delgado et al., 2006; Mao and
Obeid, 2008) Zz& 1= Cer R#ERICH T HIEEREMIIBETVILEHORSITK
79 %, EoIZ NBD £ Cer KB EERZEAD Cer DIFEAMEZEILSET- (Tani et
al., 1999), NBD-Cer ZRWNTHELNI=T—ADHERICITIEZHLSVLELH D,

3-2. vanadate [Z&% CERK, CDase O ;&4 1t

PRIZES Immunoglobulin E 2B ADEBICKY. HAEFAS U FF—EDENE
IEMBIERIEINS, Y AMAK(ZH LT, CERK [ Immunoglobulin E 2 RADZEE(IZ
FELERIESN BT EMNERE SN TS (Mitsutake et al., 2004), LHL . F & A& SR
Y, SETIZ CIP EEAFOVUYUEBILIZIKTET AN XLIZE->TEIERISND
ELVSEEDIHHLIFZSN TV, AREICHULVT, F 4 (X A549 #iiE, CHO #HIEED
M A 28HLV T, vanadate [Z&>T NBD-C1P, NBD-cap M EAETTHELLYS 2 DDERAD
BIFRISNSIEERH LI, 20 2 BOMAZ#KIZH LT, vanadate (&% NBD-C1P
FEEAETTEL herbimycin IZ&>TREHIHEI STz, —A. vanadate [Z&5H NBD-cap &

-21-



A TTHEIZR L TIE herbimycin IZ&AHIHIZER ERSNGEM>T=A, genistein [ZKYHI
FHHSNT= (Fig. 6), CHO #REIZHLVT, vanadate (Z&kY. KliE#Ek 30 2 THD
Cer REIMELEICHEFE5X 5L CIP DHDEETENSIERIShT=, LH
L.hCERK Z @RI~ CHO A TIL. NBD-Cer TINILERIZAIFELT- Cer
RBMNZEILLTLV = (Table 2), hCERK DEAIZKY . vanadate [Z& % NBD-C1P D E
=AML, NBD-cap DEAE(XEILLTLVEMN ST (Fig. 5C), i T, NBD-C1P
EEAENBD-cap DEAIFMILLI-EBRTHOIENRE SN, Vanadate H1 5V D fix
DT —LIZBWTIEEERNGIEER) U BIEBREZFRELTEKCLERET S
H|EHHS (Shinghal et al., 1993) A, FYRFRESR—FEHW=ERICELNT,
vanadate |& C1P BB LEERDEMHZFIHILELELSHREDLH S (Boudker and
Futerman, 1993), A ZE (&L VT vanadate (£ NBD-Cer DEYIAA IZFEE 5 2 Hh
S71=h%, vanadate ([EFRMERIZEWVTHIEAD SIP MEZHETHEOHBENH S
(Kobayashi et al., 2009), A ZEIZH VT, hCERK BEAMEDKREDS F—rEALV=E
ERIZHLVT, vanadate [2&Y CERK OEMMN ERTEHEVSEERMNEFLNT- (data not
shown) Z&Mis, vanadate [TKYFIEFFEI SN S CLP EHE L. CERK [Z&k% NBD-Cer
M NBD-C1P ~DEEDEHRICLDIELDTHDHEEZLND, Vanadate ZRALVIED
NBD-C1P E4AIL. Rl 30~60 NMTITSh—IZET S (Fig. 4D) H'. Il
NBD-cap Z&L D Cer KBFMARBUKFHIIEMERITIDEIEELSD, BE.
CERK DEMIEAL IA— A3 DR EMIZ Serr P BROVEIENFTELTLSED
HEHNHS (Chen et al., 2010), > T, MERNIZE T CERK [V ERIEIZK>TE
HHIEESN TS ATREEAE Z 5 b, NBD-C1P DiEMICKYEE THSH NBD-Cer [&
B9 SH5H . NBD-C1IP A EIFHIRIAICEYAENT- NBD-Cer EEELELTIEEIC
LIELN =8 NBD-Cer DEAIERRIENTNSEEZON S, §# 1% CERK JEEIZH
T5FOLVYUEEE CaT VT FIILDBEEIC OV THERFATINENH D,
NBD-Cer [& CDase =&Y Sph & NBD-cap 2 i B A, CDase (& &G0 = pH
[k YEETE CDase. H114 CDase. 7JLh % CDase M 3F& (a5 (Bielawska et
al., 1996; Nikolova-Karakashian et al., 1997; Mao and Obeid, 2008), A#ZEIZH LT,
NBD-cap D EX£ (L vanadate IZKYIEML., SiE/7ILAHJHE CDase BAEFITHS
D-erythro-MAPP IZ&>THlEh = (Fig. 4E), vanadate [< 2 AfXEE DM E
B 5>z ALV in vitro REHIZE W THLHRZRL. vanadate ICEYHE, 7IL A I
B TCDhaseFHEMAKRECERLT: (Fig. 7). TLUSF—1EER TH S A, AS49 #ifa
#FHAULV-EERT. B4t CDase FAE#IT#HS N-oleoylethanolamide (Delgado et al.,
2006) 12&Y. vanadate MDA EEIZE1 5T NBD-cap DELEMNFISNDELSHER
MBS TLVS (data not shown), Vanadate (F5yFMRICE TR, PHEEHT
TO CDase j&4# ERSE-LDHELH S (Nikolova-Karakashian et al., 1997) 5%,
vanadate [Z&kYEM LSS CDase DAATIEEREZHASMIZIZE>TULVAL, EH.
DR TIEMRIATEG O o=, Rk I 55 3FITT CDase DEMFIEHZSSIZEEMIC
BRETLT-. ABAZE TIL. A549 #ifa. CHO #ila &% 1<, vanadate IZ& 5 NBD-cap D E4L
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JUE X genistein [TXYNKIES =AY, herbimycin (E$hBRZERSLEHh21z, —A.
vanadate [Z&% NBD-C1P M EAFTE (X herbimycin [Z& YK ELHNFIEN =, Zhu 5D
;e (2009) ITENIE, SVEBERMARIZH LT, Bt CDase (X IL-1BZEELY (M
AVREYTRIRZ 30 SELRICFAS VY UEBIEE N LIz T FILICE>TEMES
. COIEEIE genitein [CE>THIHRISN S EMN RSN TULVND, S, IL-1BIE SV T
HERRIZH LT genistein (25 uM) BEZ1ES T FILIZKST CDase [EHFBARIES
(Nikolova-Karakashian et al., 1997) C&EMRESNTLVS, Vanadate [CkEHFAI Y
VERAES T ILHY CERK [CXLTEIERITIEMIE CDase 129 53D EIFRLLLHD
S (KA AN

3-3.vanadate & /| EDIFEEIZH+5 NBD-Cer R D451

CHO #RAIZHE LT, NEMD SM LAJLIFLEEMEL. GlcCer ZE8L X7 THEfE
BLANIE SM @ 10 %FEETHY. Sph, CIP LARNJLIL Cer D 3 WUTTHS
(Fukasawa et al., 1999, 2000; Hannun and Obeid, 2008), &REAZLIZH LN T, A549 #
fig. CHO #ifa &% vanadate AL R 2 BRI D BF s (235115 NBD-cap D&M IE NBD-SM
DBV EHE-T=H. NBD-Cer E L UMb NBD-Cer DR BIMEICIIEEEE X Hh of-
(Table 1. Figs. 3, 4)o YFFHIBEREDS R — E AWK T, B, 7ILHUMEHET
NDRAIT4IAZITF—EFE X vanadate [ZE-THERINT . TLAEFOHIHIER
MRESM 1= (Nikolova-Karakashian et al., 1997), > T. vanadate (&% NBD-SM
B L NBD-SM SRDEADIZESLDTHY . NBD-SM D FEEHEIZL DL D TIX A
WEEZLND, B A TR A DERENLIE vanadate 1285 SM SREBROEZEDH]
FEADATREMEZEHERR TERZLVAY, NBD-SM DEADIETILCEEIZEWLNTT—IILEh
f= NBD-Cer DB EILICLDLDEEZ NS, Cer [& Cer EiEA /39 (Ceramide
transfer protein, CERT) (kB ZER&/NAEEITLDBIBD 2 BIBICKYTILCEEBA
XS, SM, GlcCer ~DE M ITHNSD (Fukasawa et al., 1999; Boath et al.,
2008), Cer MB5®M SM, GlcCer DA Al CERT IKF 4R ER ., IHKFHEREEAIZKY
FlEEh TSI EA CHO #IfE (Fukasawa et al., 2000; Hanada et al., 2003), COS
#HAE (Boath et al., 2008) TEHEINTL VD, LA LEMS . CERT JEKFED SM &R
[ZDOWTHEHOHBIZE T 5MEMNEEINTLVS (Lamour et al., 2007), CERK IZ&
% C1P MEA.IL. CERT IZKUMSV ATV OEEIZHE SNz Cer T—LhBIThh
5D AS49 HiIRZESOH-BHOMATRIN TS (Lamour et al., 2007) AY,
COS #if8TIX CERT I2&% Cer 7—ILIZIFKBFELLEWNERESN TS (Boath et al.,
2008), > T. CERT M#% EZx S 1= Cer KFHZ DL\ TILMfRTE. HH UL (THEREDIY
T4LaAVITE O TRGD RN HDH. AAFITHE LT, hCERK MEAIL NBD-C1P
LARJILEEFRESHE . NBD-SM, NBD-GlcCer LR JLZEFADSHET- (Table 2), RN HE
MGraf 5IZ&kYEINTEY (Graf et al., 2008), CERK FI8 (& NBD-SM, NBD-GlcCer

-23-



LRILEFDSHETLVS, NBD-GlcCer DERE. AL THL = PPMP 4> tamoxifen
(Graf et al., 2008) IZ&>TRET %L, NBD-SM DELEMNIEMT S EH CHO #AfE.
COS #ifa TENENTREINT LS, 7ILAUE CDase D5%. D-erythro-MAPP B &4
T#&5 alkaline ceramidase 2 (ACER2) 4> ACER3 [FTIILUEEICHELTLNS (Xu
et al., 2006; Mao and Obeid, 2008), A% T. F < (& vanadate LIk 2 BFREIZH 1T
A NBD-cap (KLU NBD-C1P) EEA(X, NBD-SMDELEF D F LV, hCERK D
27T NBD-cap DL ARILEF DS EIz, LEROBELHLDOEHBREHETER
%&.SM, C1P, GIcCer, cap (Sph ORIE¥ELT) DEAEITxXT S NBD-Cer T—)L
([FIRIZLTH 5T . CDase &8 71= Cer RBEER D EM (I NBD-Cer T—ILEEDHT=FI
FATREZE Cer MEICFNETNEEESZTWSEEZLND, KHBIR 1~2 BREIZHIT
% NBD-GlcCer ME4. =L NBD-SM &L TLNS I &AY AS49 #ifE. CHO #iiaZx Al =
EEMSRSNTz (Table 1. Figs. 3, 4), BEREWNZ &IZ, CHO #2235V T CDase &
MAPP THHEY 4& NBD-SM D EA E(FEMNT SHH. NBD-GlcCer [ZTDWTIEELE
9. hCERK &I &+ %& NBD-SM [ NBD-GlcCer KYHLFEEIZH AT S (Table 2),
HERDIEBTHAR=LSIZ, PPMP TGlcCer &R FHET 5L NBD-SM = (FiEMT
%, >T.SM AkIEfthd Cer REIBBDOILBEEILDEELXHRRTHLIICHEER
2TWAEEZLND,

\ +/\/O. o ?H
'—/N O"F{\O/Y\ACHHU
HNE/\/\/\NBD
NBD-C6-SM (O)
T Herb > Geni

H H - OH H
Gle~~ O‘P’\
O CisHzr HO CiaHzr g © CiaHz

HN\H/\/\/\NBD < HNY\/\/\NBD e HNY\/\/\NBD

(o] (o} (o}
NBD-C6-GlcCer (O) NBD-C6-Cer (O) NBD-C6-C1P (A)

Geni —' l P Na:;VO4
H
HOE/\/\/\NBD Ho/ﬁi”“c H
+ et 137 %27

NBD-Capro (A) Sphingosine

Fig. 8. Metabolism of NBD-Cer and summary of NazVO-induced responses. NBD-C6-Cer,
NBD-Cer having a C6-acyl chain; NBD-Capro, NBD-caproic acid; Herb, herbimycin; Geni,
genistein. The indicated NBD-Cer metabolites were recovered into organic (O) and aqueous (A)
phases, respectively, under our conditions. Treatment of cells with Na;VO, stimulated formation of
NBD-C1P and NBD-Capro, which were mediated by CERK and CDases, respectively.
Na,VO,-induced formation of NBD-C1P was markedly inhibited by treatment with Herb, but the
formation of NBD-Capro was inhibited by treatment with Geni, not by with Herb.
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% 2 E HSP90 BEE#I geldanamycin (GA) RUZFD7FHO45 M
TSI, HEESHCRIE TR

HSP [Z#ifa N ES 3y I0EERE. R, T2/—I)L FHBRR. TS/BFERGED
ARVAEHTICEOINERIZHREN ERLTHRZRET 22/ 0BO—EHTHY.
DFRAVELTHEET 5, U\ VB DREILPEIE. SRT+—ILTA2TFN
VEDBERIUSEIZCASTA2IEAMONTLNS (Pratt and Toft, 2003;
Wandinger et al., 2008), HSP [FErMNOKIGHE . BRLGEKRLLGEINF->THY. #ik
DBERIZEVTERICKBREIN TS, HSP 7731)—0 1 ETHS HSPO (Ll
BIZIFE—#RIZFEFEL. cell division cycle protein 37 4> FK506-binding protein 52 &L\
I DFRAVEGRALLGH S VAT ORIV NGB ELLS T FILIZIEE
LCHEBET B AICWABDRFELTTT/OV= B (ATP) (RFRIIZEIK, GA LU
FDFEKTHD 17-N-allylamino-17-demethoxygeldanamycin  (17-AAG) (% .
HSP90 M N RikIZHFTE T S ATPase RASUIZHEE L. ATP IKFHDIERATHL v R
AVHEREZHE T H_ETHSPIO DISAT UMV NI EDFEHRIL - TR EILES R
Z5IERIT, ERF. MEEH - A M0 LT -EILICEAHLLIMiERN T+
IEERERF (RAREKA2/\E ., Raf J731)—, Src family kinases; SFKs7%E) &
Wot=ZLDAV/INIE M HSPIO DUFAT UMD EMNFEIIENTEY . HSPIO [H
EHFIZK>T.HSP J73)—DHJ, SFaUF) 7 OMER S, MilaNT Y FILinER
ERE.LBTEZEMEHMBEESEANSI SRS S (Pratt and Toft, 2003;
Wandinger et al., 2008), ZMD &M, HSPI0 FEEH| T IERI~NDERKIG AN FS
NTEY.CA DE-HEHZERBLI-FERTHS 17-AAG DEMIXT HEERHMT
N TLVS (Neckers and Workman, 2012), Fig. 9 [Z GA, 17-AAG DEEE TR,

SYhDEITHE BkEEMREMIETHS PCL12 HldhEEaLmiERHMAICHL
T.GALZED HSPO EEFIZNIBT HET, —IRENIZ 2 DDEAL A NS, HSP
FEXZ=EE (10 nM~10 uM) THWAIET, HSP HEFIZDOHL DI L5 HEE
EEADFEIR, HELU reactive oxygen species (ROS) BEERIEENLI-fRa[EE 4
DA HND, —FH.EEE (nM order) TRHW L, B RENLTIERAETRT
(Sano, 2001; Lu et al., 2002, 2009; Kim et al., 2003; Salehi et al., 2006; Clark et al.,
2009) CEMFRESINTULNS, LMLEA S, HSPI0 [HEFIA MR LTI D KLSIZHE
KT BERETRTEBIZOVTIEBALMNEGE > TV, £f-. vanadate, H,0, %HE D
NERRIBIC LB MAEPEEEAICx 35 HSPO0 FAEFIDFEIZ DLV THRIZASI LR
STLVELY,

Cer FEELMAEZTHERFDOUVEDTHAIENZLDMBETHREINTILNDS
(Posse de Chaves, 2006), $iiEDEMIIZH VT, 17-AAG LB LD MR S

IVREH EZHALIIGRIC, Cor EABRICL>THIRRENSISESNDEDHRS
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MN&5 (Walker et al., 2010) , Ff=. GA (TR 74T FF—HEHERIEDHAIZEK
ST EBEHREICEVWTA— 7O —%5IERIT ELV>THELH S (Beljanski et al.,
2010), LA LAANS, HSPO0 FEEHIAY PC12 MifBIZHE L TESIFR BN EILESIEiE
CIMESIMIEASIMELE>TLVEL, AA X PCI2 ilgZ S DM THRES 4
HFELTELZENHSBN TS (Doroshenko and Doroshenko, 2007; Kurosawa et
al., 2009; Nakamura et al., 2012), AA (X ZHGRRIRICK>TELESIN DD, RIBFIKTEF
7R AA AT cPLAIZE DT ENFONTLNS, cPLA 0D EE(E ERK ZHED
mitogen-activated protein kinase (MAPK) [Z&3U2BEEXS Ca® (Z&->THIfHIEN T
V% (Hirabayashi et al., 2004), Z & AR . vanadate, H,0,[2&% ROS &L %<
M4 FILIE mitogen-activated protein / extracellular signal-regulated kinase kinase
(MEK) - ERK #RENMLIzZESINh, MEK OEEIZZDLEFRIZHD Raf LD MEK
F—HIZkYFHEEN S, Raf 773 —  MEK 773—[ZBTHLKDOHDHF .
EGF Z2&{KIX HSPI0 DISATUNIVIRVBETHDIIENHMONTLVS, - T,
HSP90 FEEHIIE PC12 HIRAICE LT, ESIFH® AA EAZELSEHIETHIM
BEUHETRELTVSAIREMSELAHS. AARICENTHAIX, 1) HSPI0 FAEH&
vanadate. H,O, Z AL T ®D PC12 MIRRIZH 1153 F K. AA release D Z k.
2) EFNFETEEMIES% HeLa HIRBIZXTL HSPOO EEFIZNIELI=FRD AA release [
X9 HELE. D2 RICDOVTHEZ1To7= (Toyomura et al., 2012),

2. &R
2-1. PC12 #faI=H 1+ A A% . LDH JFiEIZxtd 5 HSP [HEFI D&

PC12 #if2IZ 2 uM O GA £ 35L&, NIEZ 6 B¥fE (data not shown). 24 BFfHE
(Fig. 10A) TIIHIRERREELIESIFRISNGEMN Tz, £z, 2 uM D GA % 24 B5fE 0
H95HILITkoT, MfaiEE (Fig. 10B). MiaE4DIEETHS LDH REELELLE
5lERIIEMoTz (Fig. 10C), 10 uM D GA # 24 BRI &, EEMEIX
control M 92.3 + 3.1 %&iGY  ENTEHANEFELGRDAALN (n=6,P <0.05),
LDH @84 10~15 %&7iiotz, GA ZHEIHMT 10 nM~1 uM THLULV=15& . LDH R,
MREELLICEEEZF5 RGN o1, GA DT TR THS 17-AAG % 2 uM THUWV=15
&. WiE% 24 BT LDH JRid. MiigiEE LT .5 uM, 10 uM TRWIEEIC
(FIEBE ML EFNEFN 70~90 %, 40~60 %&Ao1= (n = 3),

RIZ.GA BLLIF 17-AAG i DFIHEGRALIZBEDEEICTDONTHEETL,
Vanadate %#EDFAL VRV EREIAERIIEL. PC12 MifaZz S0 MR RMEBOAEREFIC
FEEBZHIENRESNTLVS (Zheng et al., 2000; Gerling et al., 2004), 1 mM D
vanadate # 18 BfELIES HLMATDRIREESIERI SN oF= (Fig. 10B) A5
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mM 2BV -S4 EEMEKE 75.1 + 11.2 %EiEo= (n=5.P <0.05),2 uM D
GA &1 mM O vanadate 269 5&. BAELMATRIBE (Fig. 10B). LDH j&i# (Fig.
10C) MF|EFFRIEINT=, 2 uM D 17-AAG & 1 mM O vanadate ZHfAL-HEEIZHLY
THRBERDOMEETH LS EDENAHSNT- (data not shown), GA 10 uM B fhiniE
[ZHBLTIE. EFHBEEIE control M 92.3 + 3.1 % TH-T-H\. vanadate ZHHT 5
CETHEERERETAAONTE, AL vanadate A 5 mM DIBE. EEHBEHIL
control ® 32.8 = 7.9% (n=5.P <0.05), 10 mM DiF&E(F25.7 = 8.1 % (n=5.
P < 0.05) &#ofz, £=.50 uM D HO0 BB THMREERE RO SELMN. 2D
ISEIEX 2 uM D GAEHAT A ETHBEIZAELT: (Fig. 10B), H,0, (=&Y LDH
REMBIEFRIINED., GA OHRAICKYETS4S LDH JRBEDTTEILA NN Tz
(Fig. 10C), 10 uM @ GA & 50 uM D H,0, 23 % &, LDH iR IE 40 %L E&fio
12,100 uM M H.0, [FEM TRLVEZSERZHG. EE#MiaiE 103 = 23 &
%Y (n = 4.P < 0.05). LDH j7i&I& 40 %l EDEZETRLTz, CHIEFH LKA LIAETIZRL
-$ERE—BHT S (Shimma et al., 2003), 1 mM @ vanadate &&HI1Z GA £LLIZ
17-AAG % 500 nM. 1 pM TRW=15E. EE5NREICEVWTERIEEDMEEESE
ISEDTTENRONT-, Thin 2 FEDOEEHA|Z 10 nM~300 nM O LLEHERE THLY
f=F&(Z. vanadate. H,O, OHMIfEEZERN L PCL12 MifEZFHELSHFERIE. SEID
HRDREFCBNWTIEI/EIIEMNTELG M STz (data not shown),

2-2. PC12 $faI=& 1715 HSPO0 FEEHIIZ& 5 NBD-Cer BN ZE L
AFZE THLV= NBD-Cer (£ &t 8if#&R(IZ LY. NBD-SM. NBD-GlcCer. NBD-C1P,

Tada et al., 2010), #1&IZ. F < (X PC12 #if2(Z 5 uM ® NBD-Cer % 37°CT 30 5
FRILL. Cer ZEFRNATA I LTHEFELIZFED NBD-Cer KEMDMEAL NI)LE
ATz (Fig. 11.0 hr)o INILEFREID 30 723fEIZT PC12 #ife THE AL 7= NBD-GlcCer
ZIE. 2 uM D 17-AAG T 16 BfERTLEZ T TULVIFEITE LT, control #lifE (XL
TEHEITEADLTL: (Exp. I, Table 3), —74 . NBD-Cer, NBD-SM £ (& 17-AAG LI
DEEICKDZEILEN>T=, NBD-cap EEEIZITELAEMASI=H, NBD-cap &4
BREBRESICHENANREHEINST=60. 30 2 DSN)LEERFIZEE SN - NBD-cap (£
FICEOTHRINDI=HTHDHEEZLNS (Tada et al., 2010), K=, SN)L& 1 BERE
KBS =15 E D NBD-Cer (KDL TIRET LTz, EE THS NBD-Cer EIEREAL.
NBD-GlcCer. NBD-SM. NBD-cap I£#&nL7= (Exp. Il. Table 3), 17-AAG LLEE(Z XY,
NBD-GlcCer MEAEILFDPLE=N, D RKBMEICEEEEZDHEITEI ST,
17-AAG LIB%1To71-15 & D NBD-Cer £ (& control LLEE L TEZ LMERIAH DN T=-DF
B TEGEAI ST, 2 uM D GA EEITHHZEITHE L TEHEFRIZ NBD-GlcCer DiE 4
NHLNT= (Exp. lll, Table 3), GA E1=[F 17-AAG F IR JLERME S KM HERBE I28H 0
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TARMLTHLE R ITAONEMNOT=, 5 MM D vanadate ZR/MT BE, ENTIEHDH
HEZ NBD-GlcCer DEAEMMRESNT= (Exp. I, Table 3) LD D, EEEETH (XS
DEMNKEL Exp. lll (Table 3) IZHWTITHELEME XA SEMN 1=, PC12 #IET
(¥ 17-AAG. GA [Z&Y. vanadate [Z&% NBD-GlcCer EATTETHNIHEI ST, PC12
HREIZH LT, 5 mM D vanadate #HLVHZET NBD-cap A =(E 1.3~1.5 {FIC1E
AL 7=, vanadate [Z&k % NBD-cap EEA JTEE L. 17-AAG. GA LE(Z K-> TS h 1=,
Exp. lll (Table 3) IZHLVT., GAZHULV-EE® NBD-Cer, NBD-SM £ (& vanadate D&
T|ICKDEAEILGEMoT= (data not shown), NBD-C1P D E4 £ (& vanadate D FH #&(C
BbHodEHERBELU T THI

2-3. AArelease [Zx19 5 GA DR

Fim Tk _1=&512. AA REHE. PC12 #ifazx & Z<DOHEEICHS L THRRES
SEICEAELTWNAIEAMONTIND, PC12 MIREICH LT, EVRIENENGED
AA release [%.2 uM D GA L% 18 BfE{To-m &1L AA BBRYAAED 1.3 =+
0.2%. fTHIEWNGEEIF 15 = 0.2%ELY . GANEDFRBIZLSEZEEHDNGEM D
f= (n = 3), £=. 5 mM ® vanadate BIHMIET(I AA release [E5|FRISNT (1.7
+ 0.2 %). GA LRALTEE LIEA NG DT (1.8 = 0.2 %), LLRTOFZEIZH LY
TH 4%, vanadate £1=I% H,0, & Ca** 14/ T+ 7 Thb A23187 =T HLET.
CPLA; DEMIEENLT AA release NEIEFEIINSHIEERLT= (Taniguchi et al.,
2006, 2007), PC12 #HREIZ 2 uM D A23187 # 1 BfE1MLIE I 5 & HELL AA release
DEMMNERDHBNT=, Vehicle D AA release hA 1.3 = 0.2 % THAHDIZH L., A23187
BYRALIETIEX 5.0 = 0.4 % (n=3.P <0.05). vanadate & A23187 ## 3 %& 20.3
+ 0.1 % (n =3.P <0.05) &hgot=, GAZHfRALI-ZE . A23187 IZ&5 AA release
(EEETIEEIN >3O DIENMERAH SN T=-H, vanadate & A23187 #HALI-GE
[ZHI1TH AA release [CIXEEEEZ LMoz (Fig. 12A), 1=, LRIOMEFEFE. 1
mM @ vanadate [Z&% AA release [, A23187 DHEICEEbH LT BIEfRIShiEm -
f= (Taniguchi et al., 2007), 100 uM H,0, & A23187 Z#f L. 1 B/ > Fa~—3
VL5 E D AArelease (£§9 15 W&o f=h, GALIEBZEZTHo>TLEELFXE X i o1,

RIZ. HeLa MifZIZH+5 AArelease IZx9F 5 GA DEZEIZDLNTHETL =, HeLa #
f281Z 5 mM O vanadate ZE M THU/-15& . vanadate & A23187 Z#HAL-HZE& LD
[Z AA release [E5IEFEZSNiEh 1=, HeLa HIABIZE LT, PMA & A23187 ## L
=IZEH LY EGF & A23187 Z#HfRALIZBEIZE LT, cPLA 0D FEHIEZ LT AA
release MEIZFRRCEINDENHMEZEIZEWLNTREINTLV - (Matsuzawa et al.,
2009) 7= . vanadate DR HYIZEN LD EMRHE ARSI &IZLT-, HeLa HIfRIZ 2
uM D GA # 18 KRS 5L, PMA/A23187 12k AA release [E—ERHIFHIS4HL.
EGF/A23187 [Z& % AA release (X522 (Z#lEIS 1= (Fig. 12B), Sorafenib B2 D
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Raf A%, HeLa #if8IZ#1F+% cPLA, 9+ L71= AArelease IZE 5L TV EAHI-TULNS
(Matsuzawa et al., 2009), 5 puM O sorafenib % assay DHIIZ 30 K EKE5 T BE.
PMA/A23187 IZ& % AA release Z &7 BIIZHIHIL 7=, sorafenib SL&E7EL D control T
X381 £ 23 % (n = 5)THo=DITXL. sorafenib ZALV=IHFEIZIE 232 £ 25 %
(n=4,P<0.05) EFEIZHIHILT= (Fig. 12C) , Hela #if2(=xtL. 5 uM sorafenib L
BE(ZHZ 2 uM D GA % 18 BRI ALVH &, AArelease [ 141 £ 8 %&7iY. sorafenib
BHNIGE LYEEELIIHENREEZ Rz, PMA/A23187 JLEE . sorafenib ALIBAEE(C
|G EE 100 % (n = 5) £F 5, sorafenib DAEEMTHWV-5EE 134 +
23% (n=5) THof=. PCI2 MDD L3I, 2 uM D GA ZEIMTRWTE. fiagfsge.
MRS (CEEE 529 . GA 24 B (Z 50 uM D H0, ZALM=IEE . H.0, D
HEEE EE®R I (data not shown),
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(A)

Fig. 9. Structures of (A) Geldanamycin and (B) 17-AAG. Geldanamycin is in a structure of a
macrocyclic lactam related to ansamycin antibiotics. 17-AAG is an analog chemically derived
from GA. 17-AAG is a less toxic and more stable analog of geldanamycin .
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H202 Na3VvO4 H202 Na3vO4

Fig. 10. Effects of GA on cell morphology and on NagVO,- and H,O,-induced cell
detachment and LDH leakage in PC12 cells. (A) Cell morphology was observed at 24 hr
after 2 uM GA treatment. Similar results were obtained three times. In (B) and (C), PC12 cells
were treated with 2 uM GA for 6 hr, and then further cultured with the indicated reagents for 18
hr. Numbers of cells attached to dishes (B) and LDH leakage (C) for 24 hr were determined.
Data are means = S.E.M. for the indicated humber of independent experiments performed in
duplicate. 2P < 0.05 and ? P < 0.05, significantly different from the control and the value
without GA, respectively.
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(A)

4 2 1 Standard

® o NBD-Cer (pmol)
—
NBD-Cer > W B s - -
NBD-GlcCer » - - .-
NBD-SM »  § ! '
17-AAG — + — + - +

Ohr 1hr(None) 1 hr (NazvVO,)
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Fig. 11. Effect of 17-AAG treatment on NBD-Cer metabolism. PC12 cells were treated with
vehicle and 2 uM 17-AAG for 16 hr, and then labeled with 5 uM NBD-Cer for 30 min. The lipids
in the labeled and washed cells were extracted (0 hr), and divided into organic (A) and
aqueous (B) phases. The lipids in the two phases were analyzed separately. In some cases,
the cells were incubated with and without 5 mM NazVO, for an additional 1 hr, and then the
lipids both in the cells and in the buffer were extracted. For quantitative analyses, indicated
amounts of standard NBD-Cer (0 ~ 4 pmol) were spotted in the upper area of the plate after
the separation by TLC. Data are from a typical experiment, and the quantitative data are

shown in Table 1.
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Table 3. Effects of HSP90 inhibitors on NBD-Cer metabolism.
Exp. I: Labeling for 30 min (n = 4, %)

control 17-AAG treated
NBD-Cer 100 % (34.4 = 2.8) 99.0 = 7.9 (33.9 = 1.0)
NBD-GlcCer 100 % (5.33 = 0.69) 81.1 £ 6.7¢ (4.34 = 0.86)
NBD-SM 100 % (5.70 %= 0.94) 41.8 = 11.1* (5.4 = 1.03)
NBD-cap (<0.1) (<0.1)
Exp. II: Incubation for 1 hr after labeling (n = 4, fold)
control 17-AAG treated
NBD-Cer (—) 1 fold (66.8 = 8.9 %) 1.09 = 0.10 (73.2 = 12.0)
(V) 1.06 = 0.10 (70.0 = 7.5) 0.92 = 0.04 (66.7 = 5.6)
NBD-GlcCer (—) 1 fold (223 = 13 %) 0.77 = 0.09* (174 = 32)
V) 1.16 £ 0.05° (258 =+ 20) 0.86 = 0.08 (192 * 26)
NBD-SM (—) 1 fold (116 * 4 %) 0.94 = 0.10 (106 =+ 18)
V) 1.04 = 015 (117 %= 12) 0.89 = 0.11 (100 %= 10)
NBD-cap (—) 1 fold (2.32 = 0.31 pmol) 1.01 = 0.04 (2.07 = 0.28)
V) 1.28 = 0.04* (2.40 = 0.61) 1.04 = 0.07 (1.91 %= 0.59)
Exp. lll: Incubation for 1 hr after labeling (n = 3, fold)
control GA treated
NBD-GlcCer (—) 1 fold 0.73 = 0.05%
V) 1.33 = 0.19 0.84 = 0.23
NBD-cap (—) 1 fold 0.87 = 0.07
(V) 1.55 = 0.21° 1.16 += 0.25

PC12 cells were treated with vehicle, 2 uM 17-AAG (Exps. | and I1), or 2 uM GA (Exp. Ill) for 16 hr,
and then labeled with 5 uM NBD-Cer for 30 min. The labeled and washed cells were incubated with 5
mM NazVOy, (V) or vehicle (=) for 1 hr. and the NBD-Cer metabolites were analyzed as described in
Fig. 11. NBD-Cer metabolites were analyzed immediately after the labeling (Exp. I) and at 1 hr after
incubation with NagVO, (Exps. Il and Ill). In Exp. |, the amounts of NBD-Cer metabolites were
expressed as a percentage of each metabolite without 17-AAG treatment, and the data in parentheses
were expressed as pmol/well. In Exps. Il and IlII, the data were expressed as the fold-increase of each
metabolite in control cells without NagVO,. The data in parentheses were expressed as a percentage
of each metabolite in control cells before 1 hr incubation or as pmol/well. P < 0.05 and °P < 0.05,
significantly different from the control values without HSP90 inhibitors and without Na, VO,

respectively.
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Fig. 12. Inhibitory effect of GA treatment on
release of AA in HelLa cells, but not PC12
cells. PC12 cells and Hela cells were labeled
with [3H]AA in the presence of 2 uM GA for 18
hr. (A) PC12 cells were stimulated with and
without 5 mM NazVO, in the presence of 2 uM
A23187 for 1 hr. The absolute amounts of AA
released are given in the text. Data were
expressedas percentages of the respective
value without GA, and are means = S.E.M.
(B) HelLa cells were stimulated with vehicle, 10
nM PMA plus 0.1 uM A23187 (PMA/A23187),
and 20 ng/ml EGF plus 0.1 uyM A23187
(EGF/A23187) for 30 min. (C) HeLa cells were
treated with 2 uM GA or 5 uM sorafenib for 30
min, and then stimulated with vehicle, 10 nM
PMA plus 0.1 uM A23187, and 20 ng/mL EGF
plus 0.1 uM A23187 for 30 min. Data are
normalized as percentages of AA release
without stimuli from control cells, and are
means = S.E.M. In (A) and (B), 2P < 0.05 and
bP < 0.05, significantly different from control
values and the values without GA, respectively.
In (C), 2P < 0.05 and PP < 0.05, significantly
different from the control value and from the
values without GA and sorafenib, respectively.
¢P < 0.05, significantry different from the value
with sorafenib.

Fig. 13. A proposed mechanism of the
MEK-ERK-PLA2a pathways stimulated by
EGF and PMA in HelLa cells. Bold lines show
the pathways proposed in our study. Normal
lines show the pathways proposed by other
investigators.



3. BEX

AMEIZKY, PCL2 MIZIZ GA. 17-AAG % 2 uM TUEF & ChoBEMNE TIE
HIREHEE O LDH RRICHEEE 5 % i o1=4%, vanadate, H,0, 12k A HIREES 4%
ZILESELHIENREINT, PCL2 il S0 EHOmERMiaEZRAVV-HRIZE
WTEHRESIN TS (Sano, 2001; Kim et al., 2003; Clark et al., 2009; Lu et al., 2009)
KIIZ.HSPOO FAEHIZ 5 uM L EDRETERIE 5L, HSP [BEFI Bk CTHIAEES
HZERLTz. — A HSPIREREEIZDONT L nM SR ET oA EDREEIZHLY
THHRESTEHLENCHMRZRET HERERT ZEF G o1, GA ZHIRAIZ 1 uM
LT T 12~16 BfEMLIES H&. HSP70 I ED HSP 773 —DHIB LR %E5I1E#8T
EVSEHREMNHY (Lu etal., 2002; Salehi et al., 2006). #ERELTEIER ML RIZLSH
RafEEE RIS 5 (Sano, 2001; Romero et al., 2010) &LVS5$R&EAY PC12 #HAEI
BWLTLEEINTULVS, PC12 fifa I KE E1SH LT HSP70 OFRIREAEML . Hfz
EEURBANDEENELRTHIENHESNTEY (Romero et al., 2010). AL
HSP 2V /\OZELAR)ILDEWNS, HIFBIZHFET D HSP 22/ 0BEH T 24T DENIZK
ST HSPI0 FAEFIZX T HREZHENELLTLDAIEERLEZ 5N D,

NEBREBIZK>THIREAN Cer LRILA LR T HE TR —I X MIRRFEMNS|IEEIE
N5, >T Cer REERZMEEIT 5L THIRAIZ Cer NEFEL. MARES A 1A
Ehd (Bejanski et al., 2010), 17-AAG (ifERaEMlatk HTC116. ERT 2R MRRICE
WT.Cer T FIILENLTHIRRREFS IS T ELVIFREHLHS (Myung et al., 2009;
Walker et al., 2010), —A. Cer &I &Y, S1P [EHAzEE/ER. 7R —2 X1EH
%Y (Posse de Chaves, 2006), AEARIZH LT, F 4 I1E HSPIO HEFIZALVS L.
vanadate MDHEIZEH 5T NBD-GlcCer DEAEMNFADITHIEER L, F-.
vanadate IZ&kY. Sph [ZxET 5L &EWTH S NBD-cap DELEMTLHET HH . HSPIO
FEEXIZLYIZD NBD-cap EAITTEMNEESINSILEEZRELI: (Table 3), Saito 5
(2005) (&, LD D HBERMABIZE T, T2/ —ILIZKYBISEISNSHHEEF
0V, GlcCer LANILAE DT B EEFRLTLNS, DFY, Cer A GlcCer IZZEH#iSh,
CerEMEAZE., HBULVE GlcCer ZDH1LDIZKYHRREERAMNRINDETREENE
AbNd, #E>T.PCL2 HifEIZ HSPOO (B ERIZEASE IR DOMAEZ (L. S1P 4
GlcCer [Z&BHRREFEL T FILDRFFEA, Cer DERBICKH>THIEFR SN TIVSAIRE
HAEZEND, EF SN S NBD-GlcCer 4> NBD-cap Dt xt = &, Mz CSR)LEhtz
NBD-Cer ZIZXLTEFNEN 15 %, 6 %EADEUN =8, HSP0 FHEHIICKDINLD
RO ERERDIZEKY NBD-Cer NEMLTH, ZOEMEEITRIEINTLEST
WAAEEMLZE Z 5N 5, HSPI0 BEE#IZ 1 mM vanadate &AL T 24 B 0ELT-
B, MRS E/EA. LDH RO - MifafEE 4 Ex sz (Fig. 10) . K
W32 Tl vanadate [Z& % Cer (B D ZEILIZBIL Tl vanadate # 1 BB L-15&
DEALIZR> TR EIZ1Tof=H8, Cer RBIDZE LA vanadate IZ&SHEESIERHDH
HICEEEE5ZTVWSAREENH L EEZ NS, HSPIO [T KL MIRAFEE/E A ISk 47

DOFIVEBBRPEELTHNAIENTEEIN TS (Kim et al., 2003; Clark et at.,
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2009), HSP90 FHEHIWIEZIToI-HRIZH VT, Cer RBDEINEDKSLTEES
BEZ50MNEL TR DORMAKZEINTIND,

AA KL, PC12 #ifaZz 8L Z2<DHREBIZHEVT. HREZEEA~NDES IS
L TLV% (Doroshenko and Doroshenko, 2007; Kurosawa et al., 2009; Nakamura et
al., 2012), HSP FHE#IIZ&Y ROS B EAE I, cPLA oD EMILE N L TAAEEHN S|
Ef &N B (Taniguchi et al., 2006) Z&AY, PC12 #MifaZ SO -k LK LMl THRES
TS (Fukuyo et al., 2008; Clark et al., 2009), 4 [E1F < [& HSP90 [EE #|% PC12
IR IZALE LT=FE D Cer KB D ZELZRLT =, CIP X S1IP % ED Cer X #¥IE cPLA
DEHIICEAHDZENRESNTEY (Hirabayashi et al., 2004; Nakamura et al.,
2006), HSP90 FREFIN R MASFEZ{ERIZ AArelease A IS LTS RIREMEMNE Z
bifz, LALGNS, PC12 #IfEIC GA WEZEITITEITEL-T basal KEHE KLU
vanadate/A23187 JLIERE®D AA release [L&EHIZELMNBISHIEINE I >T=. —A.
HelLa #if2(C GA WIBZITO=IRIZ. SHEBRIHIC LD AA release [FiRAD LTz, Sl
HeLa #AZIZHLIT GA IZ&Y HSPI0 DUSA TR\ THhSH EGF ZBK. Raf
BEDFLDBIZEISNI- R THALEEA DN, GA EXREDIEAZHRETETLS
EEZND, T, PCI12 HIfEIZHE1T5 AArelease (X GA IERZETHHEEZ LN
B, CDFERIZKY., PC12 #IREIZH LT 1) cPLA0-AA #RE&IE GA (CXkDMREEE /£
FIZIZBE S L TULVELY, 2) vanadate DB EIZEH 5T, cPLA oD EHEIEIX GA [2X5D
EREIFIIILTLVD, SEATRIBSN Tz, A23187 [CE- TSNz AA 12K% 24 B
BE&EDOERICDONTIE, PC12 #Hfd. HeLa fifaE 4= A23187 BRI K> THlifaE&E
EREDHMBEZTERNLRNSIZOH. RETTEEH o7 (data not shown),

EEEDELSIZ, HeLa HREIZHLNT, GAZEHASE S & cPLA R ERIZ & D AArelease
(FiiFIEntz, CNIFEFMEZMREICEVLWTHRESNTOSHERE—HT 5H(Szantd et
al., 2002), Tucker & (2008) (&, T RTIAT7—IIZHBNTAHHFBIZLYBIEFHET
ENB cPLA oD EHAIE A, HSPO0/p54 FF—EHEERICE - THIEIESHh, GA LY
FlENDHIEERLIz, CNODHR L, SRIFE AN BEHBREZHETEZDHE. cPLA
DEMFREITILTD HSPO0 DIEAIFHAEICKYELSIENRIEEINS, HeLa #l
RRIZH 115 cPLA 0D EHALRR IR (E V7K EH 3 BYHFHET S, 1) EGF ITKYEMIES
% Src IEIKTFRI. sorafenib JEREXZHERZER. 2) PMA ITKYEMHIEESNS Src #4rL.
sorafenib JERZHDEER. 3) PMA IZ&YiEHLEIN S sorafenib BZHEDIFRE. D 3
BYUNEETAHAIENEAREICEVTRESN TS (Fig .13, Matsuzawa et al.,
2009), RIAZEIZH VT, GA ALEBEITITET EGF I2&%5 AA release MIXIEFELITHE
kLT=, Fl-. GA WIEEITST LT, sorafenib EOHEIZEEH ST PMA [2&5 AA
release HLHNF STz, GAIZKY HSPI0 V5473220 TH5H EGF IR, Src 7
73—, Raf 773 -G EDHEMNEIEIEh S (Pratt and Toft, 2003; Wandinger
et al., 2008), > T. HeLa #ii2IZ GA ZRL\5ZLT. 1) EGF LET2—nm @A L.
EGF IZ&% AA release MM, 2) Src 7731)—H KU sorafenib JERERZMHED MEK
kinase # D9 F (A-Raf 5&) MBI BIETPMA IZKBRENIFHIShT-EEZD
ns,
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% 3E Src (4B CDase 8&U CERK D FE &4z DL THH&ET

1. &5

CDase [FR74 O BERBERED S5, Cer & Sph LEMEE MK RS HEER
THd,CDase [FELIFEBEKICO—FINIzH T2/ THN 5 IEEFEL. IEERATOHE
HEERIEETE pH 1LY . FNEFNEEM CDase (JVY—LIZBE. £ pH: 4.5), if
CDase (¥ifafE(ZBHE. =& pH: 7.0). 7J/LAE CDase (/MNEAKDOTILCEBIZHIE.
Z i pH: 8.5~9.5) M 3 FEFHICHFEESNS (Mao and Obeid, 2008), 5 F&FEDH T 24
TDORAERIFEEE CDase Y 1 #E%E (n-acylsphingosine amidohydrolase 1; ASAH1), &
# CDase A% 1 #&%E (ASAH2), 7/LAUtE CDase A 3 #&$8 (ACER1~3) THY.
ACERL1. 2. 3 [EZEWNIHRERY THS, CDase £, SIP DRIERAF £/ T 5L THEE
NDRAIT4TREEREMAS&EEE->TLVS (Muramatsu et al., 2002), B4
CDase [CBWWTIEREBELEIFDEEERDOEENEERESNATEHY. BE CDase %/
wOTIRLI=Y O RITRBEBIEELY (Lietal, 2002), ERZHWLTHEE CDase DX
BIIBERESAVI —LEND—DOTHS Farber BDRRELEHZENTHNOTLNS
(Muramatsu et al., 2002; Park and Schuchman, 2006), Farber J&IL&EARNIZ Cer HY
ZEHETOHERET. TLBKRERELTHETDORERICKSREACEEES. WEDREIC
FOEENEZE(FoN, BIELTHEMFLEEILEICELH R THS (Fujiwaki et al,
1992), &5(Z, CDase [ZHIAZAIZHLNT Cer DA E SIP DIEMEIESLETHIREN
DU FIVERE T HBELEF D EMTLREMIZHE UV TIXEE M CDase DEMEN 2+
Yo RERICRSHRBAICKD TR XFE(CHLT Cer 27T 5L TN
BIIZE< (Mahdy et al., 2009), E£=H114 CDase (. FYLBEAY XD LMRIZH T
ATAMRRRREREICKYFRIEESA ., TR D RERZL0TERELGDTLNS
(Forster et al., 2010), EFFESEEMARICH ULV TIE, 7ILAYU M CDase H' Cer 53 fiEL
S1P EA %R CETHIMIREEIC K HMASEEINFI TS (Xuetal, 2006), ChioDIE
M5, CDase [FEBKICHTIEFNTIA—FDENEEAT I —RAFELYSDLD
ELTEBSINATWS, LML, ENMIEITS CDase DFEMHIHAND=XLIZDNTIER
BAZ S A E LY, CDase (& 1960 £ #OIZSYRMDHE RN SFDFENRLEN
BABHEIN TV D, ZORDFREKIEIRVEIRBAETH -1 (Gatt, 1963; Yavin and
Gatt, 1969), ZD#% . KE®D Moser 5IZ&>T, Farber mDRERBEZFNIYY—LT
Cer OHRHZEE-TL\SEEM CDase THAHACEMNTHESNT- (Sugita et al.,, 1972),
1996 FIZ[FEFDEE™E CDase D7 I/BRZREBLS&EO—FERTFDERGLEER S DAZER
MSET LTz (Kochetal., 1996), CD%ETvtDEM CDase HEMEE™ CDase & EITHE
NEWNIEARSN (Li et al,, 1998), IR7E TIES v MNE EMARIE B RMEHRICE LN TY
AbHhAUIZEYEET CDase MFALUERED) VB IEZF>TEMIET HZE (Zhu et
al., 2009) NERESIN TS, LML, B A bAIUHEEME CDase ') U ERIE T HEAKHY
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BANZXLE LIV VBRI ERGLIEZBAS M ERS>TULVEL, 1% CDase w7 LAY
CDase [FE 1 CDase R D% 10 FRICFER SN (Sugita et al., 1975; Slife et al.,
1989), 3 BN EIIF —ED—RIEEIZITHRIMEN L, BLRHHILETFHMOEILL
3D EEZLNTINS, TYMARBIZE WLV TH M CDase 7 ILAYM CDase & IL-1B
4> platelet-derived growth factor (PDGF) RE DS A AL UICKH>TEMEIEML. £
DEMIEMA genistein THIZ NS EMD, FAVVDVERIES T FILOBEE A RE
I TLVA (Coroneos et al., 1995; Nikolova-Karakashian et al., 1997), £1=7 /LA
£ CDase I& Ca* (& VYEMMEMT HEMNMESNTLNVS (Mao et al., 2001) A%,
BARMEEERERFEREZBASHELO>TOVEWD, AAERICEWLWTE LRI ENFE
AR MRk Hela MIMEH LV EMGRE LR AS49 MREZRAL. 7ILAHUMK
CDase D;EMRIHD LRIZ SFKs D53547KEE cSre NFEHET S L. FIDFEMN
%'Jfﬁﬂli:hif?)l/ﬁ') 4 CDase DEMHIHEFELTHRESINTLV: Ca®zxil.
A BRERKREMNLEHERTHRINTNSIEER LT,

CERK [X.ATP M5 Cer ICUVEEEZEEL, CIP ZEK T HBERTH S, C1P (&,
CPLA 0D EHZE N LT/ /AFEE~DEES (Pettus et al,, 2003, 2004;
Nakamura et al., 2006, 2010) +°, YAl DAEER{EHE (Kumada et al., 2007) %
ERERGEDEEERTHRENZLBINTEY. FUILF—ABEOENIZLLIL
HEAFIN TS, CERK DEMEIZIZ. hILED )M Ca¥ oy —ELTHEET S
ZENTRENTLVS (Mitsutake and Igarashi, 2005) AV, SE#A7%E M SIS (KBRS A
[T TULVEW, RBERITHE LT, A549 HiRBICRL T SU6656 ZNET HET.
NBD-cap 2+ TZ< NBD-C1P D&M EMNFEAD T HENRESIN ., S5I2NBD-C1P #E
A E(F cSrc DBFIRIE LU shRNA LEBIZKYZhENITTE-FIESh I b,
HIREL X)L TO CERK JEME®D LRIZ cSrc BN EFEET DAl REEMN RSN T,

2. ¥R
2-1. NBD-cap DEX£IZxT 5 SFKs [HEFIDZE

F9 . A549 #lifaIZ SFKs DHFEMBAERITH S SU6656. PP2 =LY, Cer KBIDZE
EIZDNTHRETILT=, SUBB56 MEEM 5 uM, 10 utM DIFEEFNETNIZHINT,
NBD-cap DEAEMNKEH AL, EETHSD NBD-Cer DEMEMLT=H. NBD-SM,
NBD-GlcCer DEXEICHELRERIEEIFEIINGEA oI (Table 4), NBD-cap D 2
42X NBD-Cer &EZDHKBFMEEHET-2KD NBD ED 2~5 % THoI=, 1=,
SU6656 IZ&Y NBD-C1P D EEEM A LT, NBD-C1P M EA £ SU6656 LD
FEIZEHLTIEREIZDLL,. 1~4 pmol THDT=, 10 uM D PP2 % A549 FHRZIZFLY
5&. NBD-cap 1& 75.0 = 14.2 % (P < 0.05.n = 3) &%V, control I L THEIC
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B LTz, D NBD-EAMEIZDULVTIE, NBD-Cer A% 101.2 £+ 2 %, NBD-SM A°
101 =+ 4 %, NBD-GlcCer #¥90.0 £ 6.3 %&ixY ., FELELFIE OO LIS,
#€>T. CDase IZ&% NBD-cap (Sph Oxt&#&LT) DEEMD SFKs L TEIER
CENTNABIEMNTREEINT=, 10 mM D vanadate Z A549 #IfEIC/ERSE D& Kk
XMDE 1 ETRLIZKLSIIZ.NBD-cap DEAENTTHEL . NBD-SM DEELNFI ST
(Fig. 14), 10 uM ) SU6656 ZLIEF %L, vanadate [Z&5 NBD-cap DELTTHENE
EICHIHESN =AY, vanadate [ZK>THIHIE - NBD-SM D E £ I3t L T, SUB656 (&
FEH 521 h oT-, D-erythro-MAPP (5 14/7 )L A% CDase DEEFITHD
(Bielawska et al., 1996; Canals et al., 2011), 30 uM @ D-erythro-MAPP ZRL\5 &,
NBD-cap DEL£E(E. vanadate ZALVEMNS1IHE . AWVBEELICEEICHIGIE
fL (P <0.05), ZhZEhDiHE D NBD-cap EEAEE (& control #0) 78.3 + 4.6 %, 107
+ 4 % (n = 3) &fgot=, RIZTFK 4 X SFKs PHEHIE vanadate #HRAL-ED
NBD-cap EAEICDOWNT. thDHMlEKERAWNZEICONTHHRE L, 22 TIE
HeLa #fif2. CHO #fif@Z AL =, HelLa #RRIZEH LT, SU6656, PP2 & 10 uM THM
W9 HE.NBD-cap DEAEIFHEICHGIESNT- (Fig. 15A), 10 mM @ vanadate
Z#FALV\5& NBD-cap DEAEIFEEICITHEL. SU6656. PP2 69 5& NBD-cap
EE=sFIHEINntz, CHO #iRIZHE L TH. 1 ETRLI=ELSIZ, vanadate [Z&Y
NBD-cap M ELEFTENH DN, vanadate 12&5 R (F SFKs BEEHFIIZ&Y NFEISh 1=
(Fig. 15B), HelLa #Hfi@ (data not shown) . CHO #H@ (Tada et al., 2010) IZHLNTH.
vanadate D HEIZEH ST . 30 pM D D-erythro-MAPP [Z&Y NBD-cap 0 & 4]
flent-, ChoDiERM o SEALV: 3 EOMKICHEVT, 1) SFKs [HEFIRZ
HDRIERIZEO>TNBD-cap DEAEMNEIEFTHEIIN TS, 2) vanadate [ZKYF|EFFIE
715 NBD-cap O 4 JTTHERZERIZ SFKs A5 L TLVA, 3) vanadate [Z&k4 NBD-cap
EEETTHET D-erythro-MAPP IZREAZ D S 14/7 )L A E CDase LTSI EAR
nt=,

AR K512 A549 #E(ZFHULVT, 10 uM D SU6656 Z LT3, vanadate I2&Y 5| E
I - NBD-SM ELEHNHIIZIEEEE S A>T (Fig. 14), HeLa fifgIZEH LN T,
10 mM @ vanadate ML 5 &, NBD-Cer, NBD-GlcCer DE4A=(CELEEZSHTL
#<{.NBD-SM D EEEAFEALT- (Table 5), 10 uM M SU6656 Z AL \=#IZF T
% NBD-SM E & 214, vanadate I # 1T o735 48 Tl control 3D 73.4 = 7.3 % (n
=4,.P <0.05) THY. vanadate EBZTHENO-IHEIZ/FONT-98.8 = 6.2 %L
LB L THERIFIAA SN Tz, SUGE56. vanadate #FFAEETO NBD-Cer LAJLIK
125 + 14 % (n = 4) THhY. vanadate EIRNEE D 131 + 18 % (Table 5) LLL#R
LTEELGERFROHoNGMN o, LLEDFERKY . HeLa #ifa. A549 #RZIZHLNT,
vanadate I1Z&% NBD-SM EE 4 {I (& SU6656 FERRZMETHY . MAEA NBD-Cer LA
WIZIFRFELLGO I EMNTRENT=, CHO #HIRZIZH LTI, vanadate [Z&Y ., NBD-SM &
FEETEHGLAINGHERIZRLT- (Tada et al., 2010),
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2-2. Hela #lifa, CHO #if8IZF(+5 cSrc MiEE|FEIRIZ&S NBD-cap EAETTE

HelLa #if2(Z cSrc ZBEIRITIE S5 AENLURIHEILSNTEY (Kuga et al., 2007).
SEMEE Lyn (LynAC-HA) ZRIFFEIFLHEMNTES HeLa Mgy 0—> (HelLa-Lyn
cells) AEHENTULVD, cSrc ATR—DJEAIZELY . cSrc DR /INILANLTOREE
HEFZEL (Fig. 16A). HelLa-Lyn #if28% doxycycline TAUEFT A ETEEE D Lyn HAF
HEEINDEFEZELI-(Fig. 16B), cSrc ZBE|H IV HeLa M TIE.
vanadate DEEIZEH 5T . cSrc DIBF|FKIRIZ KLY NBD-cap D E £ EM TTHELT=(Fig.
16C), —A . EME Lyn OBE|FBEITo-#METIL, vanadate DFEICEAH ST
NBD-cap MEEEEZTN TN D control BT LTERILEIFEIShGMofz, RIC
CHO #RaIZH VT, cSrc RYZ—DE A (XY, cSrc DA /INILAR L THEMERESE
L (Fig. 16D), NBD-cap ME4A £ (L vanadate DHFEIZFEHSTHELEMAZEDHS
fuf= (Fig. 16E), A549 #ii8IZ cSrc-sShRNAZE AT H&. cSIc DA /INILRIILTHDHF
NI SN B EEHESELT- (Fig. 17A), cSrc-shRNA DB A 2KV, A549 #ifEIZE
(15 cSrc HIHWE (L 43.4 = 9.3 %E% o= (n=3. P <0.05), NBD-cap DEEEIZD
LTI, control #RBIZR L CTHEEGBLBRA#5NT- (Figs. 17B, C), vanadate I1Z2&%
NBD-cap FE&£IZDULVTH cSrc-shRNA [CKYFEICHIFEIS =, NBD-Cer, NBD-SM,
NBD-GlcCer LR JLIE cSrc-shRNA [ZKBZERITBIESH_SNEHh o= (data not
shown), SU6656 MIBZEITo-HIRTHRLONIZFERD LI, cSrc-shRNA B AL
A549 #EREIZFHLITE, vanadate [2&% NBD-SM EERADICIEFEE 52 T o1,
Vanadate fLIE#% 7= A549 fifE#E KU A549-cSrc-shRNA #if2 TD NBD-SM E4£ 2
(X, FNhFN 0D control MREEEIZXL T 83.2 = 3.8 %,68.5 + 10.2 % THhHot= (n =
3). LEDFHERKY. MIFENTO NBD-cap DEHXE LJRIZ SFKs M55 Lyn TIEAEL, 4
15<&d cSrc NFET D EMNREENT-,

2-3. A549 fifa% AL - in vitro I2E(+5F7ILAY) % CDase j&EHIZxt9 5 cSrc D5

SFKs ZEMHIED EFRICHFD CDase DY T FATERET 51012, £ 1% A549
HMBOKREDR—IERLV: in vitro CDase assay #BEEEE&#H (pH 4.5) . Sk
(PH 7.2) . ZILAHEHE (pH 8.8) TENENITSE T, SFKs NEFEL TS DITE
DEE pH MO CDase MEFT=, SU6656 NEZIToI-MaMoERLIzAREDR—F
DEFFEIE. TNEFNhD pH [ZHI1TS control BEIZXLT.pH 4.4 TlX 91.0 +
10.1% (n=3). pH 7.2 TI£ 103 =+ 11.5% (n=4). pH 8.8 TI£45.0 = 4.9% (n = 3.
P < 0.05)&75Y ., ZILAVEIZEWT O A B EGIIH A AN T=(Fig. 18A), CNbDEE
EhH 5. SFKs D TFRICHFETET S CDase 7 /LA CDase THAHAEMNRESINT =, 3
1858557 LA CDase (ACER1~3) &, Ca”IZkYEMILT BT ENRE SN TL
% (Mao and Obeid, 2008; Canals et al., 2011), 7 /LAY CDase T2\ T, SFK %
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NUF=EMRIEE Ca?IZ& DB ML ITMILTLDD M., HAWNIE—AIZLSEH LA EE
M9 dHETHALERNITLOMNEFHETH S, £ T, FAFSEID SFKs [Z&% CDase
FEHDOERICONT Ca”BENEDLIIHEEEZINERIGRD Ca® BELEERD
ETRELE, ZO#HRE. 7ILAYUMH CDase DEM(E Ca® D EEKFHICEML. 2.5
mM [ZBWNTEFILE: (BXFMEE Ca”ELDIBED 377.0 = 70.8 %) A, HEAEI
SU6656 #ALE L =D 7 LAY CDase DEEREM L Ca” BENNThDIFEETH
IETLTL = (Fig. 18B), i£d. none IZx9 % SU6656 MEHTILDOTILAYHE
CDase EMDE|&IX. Ca® BEA 0 mM T 47.2 + 114 %, 05 mM T 614 =+
23 %.1 mM T 724 + 142 %.25 mM T 63.2 *+ 13.4 %.5 mM T 62.8 +
13.9 %THY. Ca> DEFEAET DA M SFKs FREIZLD T ILAYME CDase FEEDETD
EEEEFT/NEHof=H, SFKs FAEICEDEEMFA Ca” NEVWRTHEIY, #HI

Ca” BEMNT+DIZEET IR TLEEEZAE TV, COEHLD SFKs 12&ET7ILAHY
4 CDase MEMZEL I Ca®' &2 FHLRBEIF B DOH A THEINTLDEIRES
Mf=o RIZ, HelLa fRZICHE LT, MEBE#BSEH T TACER2 DFEBEMNFEINLELS
HEHLHD (Xu et al., 2006) Z&H S, A549 I THRIBRICTILAHUE CDase D F
WFEMN|ERISINDAREENEZONT=, ZZ T, MBEHEBEETICEITETILAY
4 CDase MEMEIZDULNTH&EI%E1To7= (Figs. 18C, D), Assay HillZ 24 ErfEm;&E+4:8
EHTTEELE AS49 HIRBOREDR—FEAN. EREFTo-ECA MF (—) &
BT TEBELESE T, MF (+) OBEICHERTTZILAYM CDase &4 Ca” 3k
FHAETTH 136 %12, Ca” EHE FTIFH 1.58 &Y, WFThiFABIZERL TV,
E>T.A549 IR THLRFRIZTILAYUE CDase DHFEIRFEMNF|EFIINDA[HEEMN
RIEENT-,

512, A549 HEREIZ cSrc MBEFEITE LUV cSrc-shRNA ZEBA LGS ZTNENAD
RESHR—FEEEL, CA@BEETHELVIEFETIZHEITS in viro TOTF LAY
CDase D&% FRA~1=(Fig. 19A, B), TD#ER. CaCL ZWELILEMEED T ILAHE
CDase ;&1fI1&.cSrc EAMBEERAW=Z &L control D 141 £ 7 %.
A549-cSrc-shRNA #ifaxRWLV=15&(F 76 £ 9 %&iof=, CaCl, IEFEHE T TD
control #if@% 100 %&9 %&. CaCl, AT S&. control #ifaE ALV-I5&(F 151 +
16 %IZ., Src B A% ALV=15 S (X control A 179 + 4 %, A549-cSrc-shRNA
MEEZAVEEAE121 £ 9%EAY., WThDBAIZELTHCa”IZ&bT7ILAUMK
CDase EMHD LRI RENT-, LEDFERM L. SFKs [2&% CDase DEMEHIEIE

Ca” BEIZL2HIMEFIERFHUEHRR THESNTLEIENBRTE SN,

2-3. NBD-C1P M EA£IZ*T S SFKs [HEFIDFE

AMEIZH VT, A549 #REIZxIL T vanadate ZELI-[FIZ CIP DEEMN LR T
5 &, vanadate & SU6656 ##fF9 5 & T, vanadate (&5 NBD-C1P DA EM
BALTEEAREEINI: (Fig. 20A), > T, ML NI)LTOH CERK FEMHED LRI
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SFKs W FE T DA REME AR S T-, F7-. Vanadate [Z&% NBD-C1P D EAE T (L.
protein kinase C (PKC) BRZE#| G66976, GF109203X &AL V=1E&(ZH L THINEIE
fu (Fig. 20B). SU6656. G66976 ZHif i & NBD-C1P MDEEIZR L TEo% 51
#hB%RLT= (Fig. 20C), #Mif2(=$H(+5 CERK & SFKs DBERZEEIZFARNS1=0IZ,
A549 #RE(Z*L cSrc MBEIFHIZE XUV cSrc sShRNA RN =/ 995 D %1721
[ZNBD-C1P DEA=ITDOWVTHEEFTo= (Fig. 21), ZDHER. cSrc DBEE|FKIR
#17-o1-1B& 1% NBD-C1P DA E (X vanadate JEALE 2 T control BEED#FY 1.42 &,
vanadate JLE# Tl control #IRAD$Y 1.7 fE&iY . WTFhDETEHEHEEL NBD-C1P
LANIILDERNASNT-, —F. cSrc-shRNA [Z&B/v958 % T8 & TlE.
vanadate JEJLE # T control DY 0.52 &, vanadate ALEE TIE control D $Y
0.47 fE&EY . WIFNDETEEEL NBD-CIP LRNLDFD A HERES NI, £, Lyn
DBEFHEEITo>=MEIZIX NBD-CIP OEMEICEILITH NGNS (data not
shown), COEMNS., #IRAL AL TOH CERK DEMHIHEIZIX SFKs ABESL. cSrc A
PIKEBLBENDIENTESINT,

-41 -



Table 4. Effect of SU6656, an inhibitor of Src, on ceramide metabolites in A549 cells.

Vehicle (8) 5 uM SU6656 (3) 10 pM SUB656 (5)
NBD-Cer 100 % 127 + 11° 159 + 26°
NBD-SM 100 % 105 + 9 102 + 12
NBD-GlcCer 100 % 105 =+ 2 109 =+ 8
NBD-cap 100 % 67.4 + 13.0° 44.8 + 10.6°
Total 100 % 109 + 12 115 + 7

A549 cells were labeled with 10 uM NBD-Cer at 37°C for 30 min, and then washed cells were further
incubated for 2 hr. SU6656 at 5 uM and 10 uM was further supplemented in the assay mixture. The
lipids both in the cells and in the buffer were extracted, and divided into organic and aqueous phases.
The lipids in the two phases were analyzed separately. Data were expressed as percentages of the
control, and are mean *= S.D. for the indicated number of independent experiments shown in
parentheses. P < 0.05, significantly different from the control value without treatment with SU6656.

Table 5. NazVO4-indused changes in NBD-Cer metabolism in HelLa cells.

Vehicle NazVO,
NBD-Cer 100 % (29~65 pmol) 131 + 18
NBD-SM 100 % (24~53 pmol) 62.6 £ 8.5°
NBD-GlcCer 100 % (22~48 pmol) 90.3 = 17.2
NBD-cap 100 % (1.0~4.1 pmol) 157 = 9?

NBD-Cer-labeled HelLa cells were incubated for 2 hr with and without 10 mM NasVO,. Data were
expressed as percentages of the control, and are mean = S.D. for 8 experiments. ®P < 0.05,
significantly different from the control. The absolute values (pmol/well) are shown in parentheses.
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Fig. 14. NBD-Cer metabolites in SU6656- and NazVO, -treated A549 cells. A549 cells were
labeled with 10 uM NBD-Cer, and then the washed cells were further incubated with vehicle,
10 mM NazVO, (V), and/or 10 uM SU6656 (SU) for 2 hr. The amount of NBD-cap (A), NBD-
SM (B), and NBD-Cer (C) were expressed as percentages of the respective control values
without stimuli. Data are mean = S.D. for 5 independent experiments. 2P < 0.05, significantly
different from the value without stimuli. °P < 0.05 and °P < 0.05, significantly different from the
value with SU6656 and from the value with Na;VO,, respectively.
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Fig. 15. Inhibition of NBD-cap formation by cSrc inhibitions in HeLa cells and CHO cells.
NBD-Cer labeled HelLa cells (A) and CHO cells (B) were incubated for 2 hr with 10 mM
NazVO, (V) in the presence of 10 uM SU6656 or 10 uM PP2. Formation of NBD-cap was
expressed as percentage of the control. Data are mean = S.D. for the indicated number of
independent experiments shown in parentheses. 2P < 0.05, significantly different from the
value without inhibitors. PP < 0.05, significantly different from the value with Na;vVO, in control
cells, respectively.
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Fig. 16. Amounts of NBD-cap in cells overexpressing cSrc and active form of Lyn (Lyn-
AC-HA). In (A), HelLa cells were transfected with control vector and the vector for human cSrc,
and further cultured 48 hr. In (B), HelLa cells transfected with the vector encoding active form of
Lyn (LynAC-HA) were stimulated for the indicated periods with doxycycline (Dox) for the protein
expression. Expression of cSrc and LynAC-HA was confirmed by Western blotting with anti-cSrc
and anti-HA antibody, respectively. A lower panel in (A) shows amount of B-tubulin as a control.
In (C), HelLa cells overexpressing cSrc and LynAC-HA (doxycycline treatment for 14 hr) and
control cells were labeled with NBD-Cer, and then the washed cells were stimulated with 10 mM
Nas;VO, (V) for 2 hr. In (D), CHO cells were trensfected with the vector for human cSrc, and
further cultured for 48 hr. In (E), NBD-Cer-labeled CHO cells were stimulated with 10 mM
Na;VO, for 2 hr. In (C) and (E), NBD-Cer labeling was perfomed at last stage of culture with
serum. Formation of NBD-cap was expressed as percentages of the values without Na;VO, in
control cells, and Data are mean = S.D. for the indicated number of independent experiments.
ap < 0.05, significantly different from the control. PP < 0.05, significantly different from the values
without Na;VO,,.
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Fig. 17. Amounts of NBD-cap in A549 cells treated with vector for cSrc-shRNA. A549
cells were transfected with control vector and the vector for cSrc-shRNA, and further cultured
48 hr. the protein levels of cSrc and B-tubulin in typical experiments were shown in (A). A549
cells treated with the vector for cSrc-shRNA were labeled with NBD-Cer, and then the washed
cells were stimulated with 10 mM NazgVO, (V) for 2 hr. Data for NBD-cap from typical
experiments are shown in (B). Quantitative data in (C) were expressed as percentage of the
control value, and the data are means = S.D. for the 6 independent experiments. 2P < 0.05,
significantly different from the control. PP < 0.05, significantly different from the values without
NazVO,.
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Fig. 18. CDase activity of homogenate fractions of A549 cells at different pH conditions.
In (A), homogenate fractions were prepared from serum-starved A549 cells treated with 10 uM
SU6656 for 30 min, and CDase activity in vitro was measured in the buffers having the
indicated pH values in the absence of CaCl,. Data were expressed as percentages of the
respective control values without SU6656 treatment. 2P < 0.05, significantly different from the
value without SU6656. In (B), homogenate fractions were prepared from serum-starved A549
cells that were treated with vehicle (O) and 10 uM SU6656 (@) for 30 min. CDase activities at
pH 8.8 were measured with the indicated concentrations of CaCl,. 2P < 0.05, significantly
different from the values without SU6656. In (C) and (D), A549 cells were cultured for 24 hr
with and without 5% serum, and CDase activities with and without 3 mM CacCl, were measured
at pH 7.2 and pH 8.8. Data from a typical experiment are shown in (C), and quantitative data
were expressed as percentages of the values without CaCl, at pH 7.2 and pH 8.8 in serum-
starved cells (D). 2P < 0.05, significantly different from the control. °P < 0.05, significantly
different from the values without CacCls.
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Fig. 19. CDase activity of homogenate fractions of A549 cells overexpressing
cSrc and treated with cSrc-shRNA. Homogenate fractions were prepared from
A549 cells treated with the vectors for cSrc and cSrc-shRNA. CDase activity at pH
8.8 was measured with and without 3 mM CacCl,. Data from a typical experiment
are shown in (A) Quantitative data were expressed as percentage of the value
without CacCl, in the control cells (B), and are means = S.D. for the indicated
number of independent experiments. 2P < 0.05 and PP < 0.05, significantly different
from the control and from the values without CacCl,, respectively.
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Fig. 20. Effect of SFKs inhibitors and/or PKC inhibitors on NazVO,-treated A549 cells. A549
cells were labeled with 10 uM NBD-Cer, and then the washed cells were further incubated with
vehicle, 10 mM NazVO,, and/or inhibitors for 2 hr. Effect of SFKs inhibitors (A), PKC inhibitors (B),
and SU6656 and/or G66976 (C) on NBD-C1P formation were expressed as percentages of the
respective control values without stimuli. Data are mean £ S.D. for 5 independent experiments. 2P
< 0.05, significantly different from the values without Na;VO, in control cells. PP < 0.05, significantly
different from the value with G66976 and NazVO,.
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Fig. 21. Amounts of NBD-C1P in A549 cells overexpressing cSrc and treated with cSrc-
ShRNA. A549 cells treated with the vectors for cSrc and cSrc-shRNA, and further cultured 48
hr. the protein levels of cSrc and B-tubulin in typical experiments were shown in (A) and (B). In
(C), A549 cells overexpressing cSrc were labeled with NBD-Cer, and then the washed cells
were stimulated with 10 mM NazVO, for 2 hr. In (D), A549 cells treated with the vector for cSrc-
shRNA were labeled with NBD-Cer, and then the washed cells were stimulated with 10 mM
Nas;VO, for 2 hr. Quantitative data were expressed as percentage of the value without Na;VO,
in the control cells (E), and the data are means = S.D. for the 6 independent experiments. 2P <
0.05, significantly different from the control. °P < 0.05, significantly different from the values
without NazVO,.
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3. BER
3-1. NBD-cap EX£IZxt9 % cSrc DL

CDase I1Z&Y . NBD-Cer IE Sph & NBD-cap (24 fifsh 5, A549 #ila . HelLa #RE(Z
BT, EYRBEEIT>TLVEL basal IKEETD NBD-cap DEAE (X, SFKs BHER
SU6656, PP2 IZ&k> TSt 7= (Figs. 14A, 15A), vanadate JLIBIZ kY, A549 #ifE.
Hela #ii2. CHO #2880 T NBD-cap DELEMNTTHEL ., CORISIEHHE/7ILAHIHE
CDase FAEXITHS D-erythro-MAPP [Z&->THNIEHT -, #fEIZ#H1T5 CDase &
SFKs DEFRZERIZIARST-HIZ, SFKs [TBT B2/ \VBED—DTHS cSrc DiEH|
RBAETOEOMED R T+ TBE R BN ZITo7=, HeLa #lifa. CHO #ifaIZ Src
#REIRIFEIESHE. vanadate LIBDHFEIZEHH ST NBD-cap EAIFIEKXLT- (Fig.
16), —A. Tet-on VAT LIZ& B HeLa-Lyn AC-HA #faZFALVT, HeLa #ifEIC Lyn %
BEIFEFSEIHFEICIE NBD-cap EEEICEILEBIEFEIShGM o= (Fig. 16),
A549 #HREIZ cSrc-shRNA #& A 9 % &, vanadate DA EIZEH 53 NBD-cap EEE
(ZHNFIENT=, ChoDEER M D, D-erythro-MAPP B2 4E D CDase ;&4 H SFKs DS
5 Lyn TlEAELKDHKES cSre 2K TEIZHIESh TS ZEATRENT=,

5 uM, 10 uM M SU6656 LEZ1To1- A549 #HiiE%E 2 BRI BS 5L, NBD-SM,
NBD-GlcCer LANJLIXZEILLIEM>T=H, NBD-Cer LU EFLTULV = (Table 4),
NBD-Cer E DML, CDase I2&Y NBD-cap [CH SN B ENFI=1=OFFEEZDL
N5, CORBRBREIRTTIRERBITHL T SU656 H' CDase LIS+ DK H
BERICKDBIRICIEFEEEZ T CDase BEDA#ZF1LHDHZET. NBD-Cer DN
H LU NBD-cap DiEbEH=6LIZZEEEKRLTINS, CDOEHN G, SFKs DORE L
f8AT CDase NWMEIK AN X LEFEEINZA 5 EMTREINT=,

3-2. ZILAYM CDase i&4I& cSrc [C&>TEDHIHEZITS

CDase [ZIE—RIEENELBZ Y TALTH 5 EELET S (Mao and Obeid, 2008) =
EM5, SFKs [Z&% CDase [EMEHIERRKICDONTAV NV E R FLARNILTORETEST
SIZHT=2Tl& SFKs DT 5 CDase DHITIALTDREEZITILENHS. 5 &
$¥80 CDase (. E5# pH [CkYEE ™ CDase 1 3., F114 CDase 1 &, 7JL A% CDase
3TEICHFEINSD (Mao and Obeid, 2008), 7 /LA E CDase I TDH T AL T X ELY
[ZRERT THA=6. £ ITHEARED R—FEHL = in vitro CDase assay Z1TLY.
SFKs MEELTWVADIFXEDEE pH O CDase HDOMNEKY AL T EITLI-, T DS
£ .SU6656 WEZITOI-MICTHERLIZRED R—MTIX. pH 8.8 TOERFMEN

EITEALTULV: (Fig. 18A), —AT.pH 4.5 % 7.2 TOEREMEIL SU6656 ALE
DEEICE > THELGERILIFIEIEFEISNGI o=, CNODFERMD., SFKs DRI
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FHET S CDase [E7ILAUME CDase THAHABMNREES I, Tani 5 (1999) IL.in
vitro CDase assay 250U T, NBD E®DDULVi= Cer [E7J)LAY) 1 CDase. H1% CDase
DIEAZZITRILLELHH., B CDase DIERAIEZ(FITKGEHILEEREL TS, i
> TH < H NBD-Cer ZHWNTITo=MAETIL. pH 4.5 [2F(+5 CDase DiEMHIFERK
NTHEBEDFEEIYBIENERHON DA, SUG656 ILEICKYERFMIIFEEZIT
TEM o1z, F% CDase [EiEHZERT pH OIRALLEMLENCENHESNTEY., ErME
BUZLDEIZEVNVT.pHOIZBWWTH pH 7.4 DIBEDFE NEEDOBREEERT
EQERESINTLVS (Mitsutake et al., 2001; Olsson et al., 2004; Galadari et al., 20086,
Ohlsson et al., 2007), > T4 [E pH 8.8 £H TIZHL THEoMN 1= CDase ;EHIZIEH
HESIA—EDFEEHLEENTODAEEELH D,

3 BO7ILAYME CDase [F£T Ca®'ICkYFEEMNERTIIENRESNATIND
(Mao and Obeid, 2008; Canals et al., 2011), #% CDase [ZDLVTIZER (Ohlsson et
al. 2007). Y™ R (Tani et al., 2000). Sk (Mitsutake et al., 2001) 1Z&LVT Ca** A
SEHIZHFELLOENSIRESN TLVSA, BB CDase DEMAS Ca?t =&Y 2 1552
ELERLE-EDHELHS (Galadari et al., 2006), FZ T, A549 iR RES R—FEA
LY. pH 7.2, pH 8.8 [2HUT Ca®* & FMLI=FED in vitro TO CDase ;&FHFBIFELT-
(Figs. 18C, D), #D#ER . SEFK A M1To=FERIZHLVTIX pH 8.8 TlE Ca®Iz&kV
CDase j&EMEMERLT=AY, pH 7.2 [TELVTIX CDase ;& DB K IFBRINLEH o1,

SFKsIZ&2I T FILECa™ D 2 DDEMALEFIZKS T LA CDase DEHLEM
(FHIZLTLEDA ., —ADFHIEDRBEFICE>THALEFT EOMNEIFHATH S,
ZIT.H4IESED SFKs (245 CDase SEMHEDEILIZDONT Ca”'BEMNED LS
EEEEZ N ERGRD Ca” BEEIRYMRETIL (Fig. 18B), ZDHEE. SU6656 %
WEL-HMBEXRDREDR—MIETET7ILAE CDase DERIEHEDETIE.
Ca*HETDAMNELETOESLINE FELEEZEDD. ED Ca® BRETLEMED
MENHSNT=, CaZ DEELEVNEH TEHEZ., T Ca”ITLdFH LR EE
LIETESERIEE, LAY 1% CDase IZHLVT, SU6656 M7 LAY CDase i&EH%
BETFESEZIEICHELESME Ca®chbFRLICHEELESUNBTHIEE TR
LTS, RIZ, A549 H#IREIZ cSrc MIBEIFIRE LU cSrc-shRNA ZEBAL-IZE TN
FRORESHF—FEMEEL. in vitro TOTILHYHE CDase DEMHIZHT S Ca> DE
Z(ZDOLVTHRETLTz (Figs. 19A, B), ZD#ER. cSrc EAMAZALVIHAIX Ca® D
AEIZEH ST control #EELEEL T CDase &4 IXIEML . A549-cSrc-shRNA #lAE
ZRAWISAIE Ca> DAEEIZEHST control MifELYH CDase EM TN ST,
WIFho#HiiEE AW -IEAIZBLTE Ca?Iz&b7ILAYHE CDase [FHED LR MRS
N, LEDERMN S, SFKs [Z&5D CDase DEMHIHIL. Ca® BEIZLAHIHE&(FIE
REMEHR THRINTVSENECRIE STz, A549 HIREIZ Ca®' (4 /747 ThHD
A23187 ZRULV=EERIZHLVTIE NBD-cap DEXEE(XIEMLAEN>T= (data not
shown) =& . RTEMED Ca® [Z 7L A CDase DEHILIZ+HEFEELTLNSAAE
HEMNEZOND, HE>TTILAY M CDase [T cSrc 2 LB S M TFEET B
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EERBLIZCLIZEREZLEERLHDEEZOND,

F7ILAY)HE CDase D535, ACERL [EREDHITEVWHEBRAALNLZDITHL.,
ACER2. ACER3 [FMELETIEFR A RHEMIC/REICHRIAL TLVS (Mao and Obeid,
2008), In vitro [ZFHLVT, ACER2 [ C6:0-Cer ZEL%<M Cer ZREFTDHDIZHIL.
ACERL1 (X7 LAY C18 KYH5EL Cer #8839 . ACER3 X C20:4-Cer D &L57%
TEIFNRH Cer 2:ZIRMIZHZL . BaF0REH Cer 40, C6:0-Cer D K35 LNT U ILEHE
B Cer IFREBELEVWEDTREITESNTLNS (Mao and Obeid, 2008; Sun et al.,
2010; Hu et al., 2010), AMETHEANEFELEL TRV -DIXRFRE 6 D7 ILEER
D Cer THAHCEMNL, R7YEARICEWTGERZAIELTWNS7ILAHE CDase (&
ACER2 IZ2&%3DTHDHETRMEENS, ACER2, ACER3 [FTICEEBIZRELTEY
(Mao and Obeid, 2008; Sun et al., 2010). 7= cSrc. Lyn £ HeLa fifgIcEWLTa LY
HEE~NDBEMNKESINTLVS (Kasahara et al., 2007; Obata et al.,2010), CDase |
DNWTIEHAMAMVIZEDFHRIEDARESNTEY., FRLVUVEIEL T FILOEE
MRBEN TS, BitE. FETO CDase JEMEIZDOWT, Sy MT#ifa%E IL-1BT 45 &
BB B &(2KY., invitro [ZHEWT pH 5.0, 7.2 TO CDase jEENE KT LD R
£ (Nikolova-Karakashian et al., 1997), Zhu > (2009) (&. S vrEERHAIC
IL-1pEFEL YA VIBEYEIERSIEHIET 30 2 LINIZELE CDase M EMH I
MY BEFRELTLNS, Franzen 5 (2002) (&, F11%E CDase A PDGF [2&kY PKC %
NLTYUVERIEESNSD pH 7.5 ITHBITABEREMEIE) VBRILICESEEEZ (TR L,
SYRBAG XY LHIZHE LT vanadate NERFHICEEEEZ G o=2E&MD,
FAOLVURRI7A—EIEIEELTWVEWI EFHRELTLNVS, LML, —A T Coroneos
5 (1995) (. A5 F) L#HREZH LT PDGF/vanadate ZLE 3 5& pH 7.4 1251+
% CDase jEM#IERIEHEHREL TS, CNLD|MEMND, BEME. F14 CDase A4t
BRBI K> TRIBFEMHEESIERITIENTEINS, 7ILAUME CDase 1220
T4, SYMIFHIAZ IL-1p T45 N3 B &, Fi-[Fvanadate ZALVHZE T, pH 9.0
TO CDase EMMNEKRITHIEMNHESIN TLVS (Nikolova-Karakashian et al.,
1997), SYRBEAY X LHIKEIZ PDGF E£1=(X vanadate # 1 BfE{EASE 5 &, pH
9.0 IZH1+5 CDase ;EEMNLFEL. £1- PDGF. vanadate ##tH3 %L T PDGF @
MENSGITEBINSZENTHRESNTLVS (Coroneos et al.,, 1995), §EIRHIN
f= cSrc I2&KBI T F LT ILA 1 CDase ZREMIZEDKSHEHTEMEIELT DM
[2DWTIETREATHAM., 7ILAY M CDase M) UERIESNEMEMNZDNWTIXSEE
HLTUKENHDEEZOND,

HeLa #ifEICH LN T, MiEHESEHE T TACER2 ® mRNA #IRE LU ACER2 EHED
EEMNBIEFRIINBENSHE (Xu et al., 2006) HdHBIEN B, A549 M THRIF
[Z7ILHUE CDase DERIBFENSISHEISNEINEFEITol=-. TORER. MiFH
BEHT T4 BREEEL- AS49 HIlBDREDS R —ITlE, MEFZ ST HEh THEELT-
BEITEERTTILAY M CDase ;&4 IX EF L TLV: (Figs. 18C, D), fiE>T. A549
RTHRIRICT LAY CDase ORIFENSISHISNDATEEMEA RISz, LK
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DHDEMIEKRICHS VT ACER2 DEBII ERLTEY., SIP DiEMENLTHEDE
FEHEICHEEL TS (Xu et al, 2006) EFREFSNTND, £z, TILDEEICEINT
ACER2 1 Sph BE&ZEKIEHILIZKY. . BL AT DRI NGISh ., HERE1E
EHEEESNDENSHENHSD (Sun et al.,, 2009), MEEFENNFIShEIEZKY
EHROEENMEESNDIEEZOoND, HOT. BEIEIHEL., BEREBREIZEST2L
ENEFHIRO—DIZ ACER2 MHEI EANEENIDTIHELIMNEEZLNS,

3-3. CERK [2&5 C1P FEXIL cSrc /L TLVS

A549 H#ifEIZxIL T SU6656 Z#AEF S T. NBD-cap =1+ T4 NBD-C1P D AR
ENFLTIENREINT -, HoT. MELNILTOH CERK EHD LRIZ SFKs H\fF
ETBHAREMEA RENT=, MIABIZH TS CERK & SFKs DEZRZEICFANZE=0HIZ,
A549 #REIZxtL cSrc MBEIFKIFE KUV cSrc-shRNA 2B =/ 958 D %1701
[Z NBD-C1P DEEZE(CDWVTHIART= (Fig. 21), TDHER. cSrc DBE|FEIREITo
-5 & 1% NBD-CIP WA M E L vanadate O FEICE OO T HEIZIE KL,
cSrc-shRNA [2&KB /903 % T-1=15 & Tl vanadate O FHEICEHLT
NBD-C1P B EIZHE D LIz, 1= Lyn OBEIFKITEEITo1=FEIZIE NBD-C1P DA R
EIZEkITHBNEMN ST (data not shown), CDFEMNS. FIFELNI)LTDHD CERK DF
P41t _E5R (% SFKs NEAEL. Lyn TIX4K cSrc BV LK ELEFNDEEFH-IZREL
T=o B1ETHRARF=KSIZ, NBD-C1P D E A [ vanadate [CKYEXL., FAL VX F—
FREEH| herbimycin IZ&Y &S5, CERK (. 7T/ =V BEN S Cer 2V VB
HEEHBL. CIP 245K T %, CERK MEMALIZIX, HILED UM Ca® oH—EL
THE535Z& (Mitsutake and Igarashi 2005) %& . Ca>* MBS E R HEMNLEh
TWBH, FHEEDFMTHEEBIZBALNEL>TULVAEL, CERK [F2V/\ VB S HIBETE
[2H T HEERISEREEIC 2 #FRDE) U EENUBIESNEIEN SO TNSH, 2D
JUBRAEZFEELTE CERK FHEICIXEEN GV EA|ESNTLIS (Chen et al.,
2010), > T. AT TREN = vanadate [2&3 NBD-C1P MEATHEIL. CERK D
EED)UEBEIZEEEDTIERWLNEEZ 5N 5, Vanadate [2&5 NBD-C1P MEAETT
# L. SFKs FAEHI SU6656. PP2 [CKUNKISNHIEMNRENTEY (Fig. 20A). F
f= PKC PAE#| G66976. GF109203X [Z&L>THHMHISNEEVNSFERNFELNTILNS
(Fig. 20B), SU6656. G66976 Zfif i3 %5& NBD-C1P M E AT L T4 5131 R
ZRL71z (Fig. 20C), AHE THRLONI=FER (T Tl cSrc. PKCHE D &LSIZ CERK D
FEHEHELTOAOMNITRBETH DD, in vitro IZE 15 CERK SEMEAIE LR A
RIBSE - CERK ZHWAIETH =7 CERK FMHIHHEEEMRBAT AN TES
AIREMEA BB,
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AMFEIZKY, NBD-C6-Cer #AHNT. T X EH 4 BORBEYE TLC % IZKYRE
[ZH BRI A ENEIL SN, RRHEIZK>T Sph. SIP T 5 &ETE
#ULVAS, CDase DEMFREARECTHACEIEIKRELFATHSENZ S, KREZEE
FALN, LAY CDase MEMHIEID LFRIZ SFKs ($FIZ cSrc) AFHET HEMNRSE
Nt=. &5z, 7ILAYECDase [ZHBULVT. cSrclc & BEHHIEER FChETHRE SO
TW=Ca? DB EICREFELHR EFHILTLEENTRENT=, LA CDase [
BT 2 DLULDOEHFIESMAATEET IIEERELICEEREREELHDHESE
ZAbNd, Ti-. MEBERBEEIZKYTILAME CDase DEMETFTHEMNSIEFHEIIhBE
ZRLIZ, COIEN G, BEENMEELIREREREBIZE LT EFHRIRO—DIZTIL
HtE CDase MDHIREFNEEN. SIP OEMENLTHEOAE - EBIZEET S
AIREME ARSIz, 7ILAUE CDase D55, ACERL (XEEMBDOAITHNFEEN
#HbNB (Mao and Obeid, 2008) Z&4°, ACER3 (XA faflRK 4 Cer ZRIRMIZHAEL
(Huetal., 2010), AR THANEBEELLTRHWV:-DIX C6 7V ILEEZHED Cer THD
ENL, RTIEARICEVWTERZRELTLNADIEX ACER2 THAHZEMNTRIEEINS,
SR AVINJELANILTE ACER2 DRI EFNEZTNOINEZHERTHIIELNDEL
EzbNd, F£f-. CERKIZDUL\TH, SFKs FEEH. cSrc DBREIFKBE LS /vIT O
Z1TL). CERK JEMERIFD EFRIZ cSre NEET HEIRE SNz, CERK EMHE(L PKC
FEEFICE>THEHSINDEWSTERNFON ., SFKs [HEHI. PKC AEFIZHATS
& CERK EMHICx LS 5HRERLIz. AR THON=FERIZITTIX cSrc.
PKC MED &KS1Z CERK DEMZEFIEIL TLNADMIITREATH DA, 5% in vitro 128
(+2E B EORRAMNVEREBEE - CERK REXTAWNDIEIZLY ., $it-% CERK &
HHHEEORBEANEEND,
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