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o

HRREBEZOEREZEL: Virchow &, BRORHEMTHO-HRBEBZOFEREANT,
TRTDFERITHMBOEEISERT D, LVSMMREEEMRILI. V) Virchow (&, #8310
EMN, MIEOREZORENRE, OWEMRRE (ES) OXFHEMNRE (Fk) @O%H
MRE (BEGE), 1278 ZKOREDORAI/HBOERICLSEVIBRE, REDESR
DEBLGOTVS. EREMHZICEVNT, 2FLANIILOEENFEEL, llROBEX, “—D
DN EFELEGT, HARMHICHIEIRZECL, ACLHREOHMBEZRERMLTULE=HITE, &k
EBVNIBENRBETHACELERFWVSIFETLLL, RBEEAVN\VEDERORBBBICERG XM
MELRE, BISHEICEEEST, BEEICEZEEZION. DFY, HBEORKKIE BLD
MREOEGFHFICRDELGCHREDRETHAILELSILYE, CLALEFHFICRATEGLDS, BRR2
FOXMISICHEGHRORAETHEDEE®, B4A0ME0, £FE#FLEAOMBEEOESR
THbd. "LERENDES1THo1-.

WRTIE, ENT/LZIZLS, RIEEVDT / LEBRIINBESNZGEY, NAA A TAITAUR
BfICKYIBEBRIMNSELCFORER, SHICEGFIOAVNIEOEES LUV ZTORKEEREITE,
AMBEERAENIREBMICERELTLNS. —AT, £EXADIVNIBELEEDZINEHEMHIN
TWAIENRWNEEATEY, BHEICKYVZENOD D FHRENFIHIN TSI ENBHALAICLS
TW3. £, BEEGRF/VITINIIAOHEMNSE, BAEHF-FIHEERICHIEICESE
EFLRESATHY, ? BESEGHBERICEELRIZESIELTEIATNS. LEEALT,
ERRNICE TR NIBLEDKEED FOMIKRERIT T H5-OICIE, HEKELTED-HKEE
BEANTAIREGS TS, BENHRRLTORE, #E, M- BRESLUVZBLGERRLGES
RRAICEDELIITAESLTLENEMRAT LT S/AZVRTEVIBE(E 1960 ERXMNSRENT
Wz RAPKRESRERBEOBEOMFRIC, DTILEBEZEOHEIVN\VEMNEMIT HIEIE, 1950
ERMNORESN TS, HMEOASALITHELTHEBEICEENRBOONDIIENRAKICTSA
DI, 1960 ERDEXETHD. ¥V RAITHIEE, ROTHEAV/VEICELT, B AL
[CHEVEEEENTEMICECSAIEN RV ZENT-. 1980 FRIZHST, NAMRIZIERIET
50, EEMBEEORIGHEDLLEVEIO—VIKORBENEILENT-. EDEHNREEICRIEG
THELDTHAIENELNERY, BEY—N—ELTOBBERENIO—XFyTEht=. ¥
1990 ERICAY, WAMROREMENELLIBE Y —H—TEEL ERIHADERE, FH
[CRWEDLYZLDIENBALNCES>TE. WETH, PAMBBEMBEICRIET AHMELD
BONDERFDN, PADBHOCFEZHICIHAIALEEDIC, BEADKALHATFIATLS.

WBEZZBH IO FOFRTH, BEUHIOHENEFTEENICEELTLALIFUE, Mlat
MRICHTHHEEFROERBICKEEAMLTE. LIFUOORNOHERIL, 1888 FITEY
(Ricinus communis) BFHEEDFIVNIEICHROKZBRESEIERADHAIZENA RN ZENT:



SETHD. Y LY, LIFUDRERIT, ZITHEBEMHELTITOAL. BHULIFUOADBEDIE,
TOBFEMHICEBLEBHOBRESLURENDEELLTOMAMBEICEFL, LYFBHARD
‘ENCEHFYEDLAAITONT, 1960 ERDOETIERONFHARFZFICLATEIN TGS
2f=. £ZAMH, 1960 & Nowell A%, 1242 A (Phaseolus vulgaris) LI F2 M/ Bk [E
READEAEEITHAL, UV RBROHRESIEEIT YA IVEROHIEEHRRLE. Y
512, Aub A%, ALFXEE (Triticum vulgaris) LOFVICERESHBEREOREEICESL,
BESHIEUDOHIEERETIE, VLIFUBER—RICHAEAVSELSIAoT=. 1980
12 Goldstein LIZ&kY, LYFUIE, “2 UL LO#FEEMELL, FMEKGEEZEEL, SHEE
BEEHEZNRIE, HABENIEEOAIHICLIEEEERICIZEIYEESNS, REZR
HEMUN OBEES IV VETHE EEESNT. Y 1082 &, Ashwell 5IE, H#SVF—2REX
IHICE D7 OTAORIVNVEEREMICKEE T3 N\ VEZHMRREICREL, BEEY
BIVKHAb—LRAZBRTHIEEALMIZLE. D COZENKBHMABYLIFUIZET S
HREDIHBETHAIENZS. BMEET, 28, HAE, RE, V1ILARELGEE, WIhiE#EET
NZERHETEIVNIVETHALIFUOLEDREMGHEERICER TS ENALNIZSATLS.
COEIZ, HBEOBEZEZLEISIETIRAICHRASNTELLIFUE, EE0EGHZDE
HIZBWT, SRICEFTIERD FELTHEDTONIEEOZITFELLTEESATNS. /KRR
M/ LBRICAST-S BT, LYFUTLAZAVEHBREBEEY—D—ORERLGE, F540—
LBFEFENZBEHOEMEATATNS. O™

LPRRETHEK, LIFUDOBEAEMZICETIAREZTo>TER. VO HII (Rana
catesbeiana) SRR DLIVFUIE, BLRONAMBEREL, TORENTOEIVNIERL
AVGVAVRTHESNDZEND, FROLTILEES ML VF > (sialic acid-binding
lectin ; SBL) £L T Kawauchi bI2kYFERSht=. ¥ SBL O£ FME, NAMMICHL
TIEEHLNSD, FOKPMOEEMBTEREDONGL, BKREVNEDTH-T-. EHIZEFD
BEAEEROERLID, TOHRKERIE STIBERTEIBEEZTINGVD, LFULEDTT
LWEBEETHEIVN\VETHRAESN, ThEel 7S —CERBLEZ7O7AKTIIBEENEBET
528, HAHIWVEHRBARELTII—ERNEBTHILICEYZTORENRBETHIEMND, SBLIC
LENAMEDERIE, MIEREOC7IBZECHEARENDOHREITERTIIDEEZALON
TW5. ZDtk, SBL X, 7S/BEEH 111 OV ILRYRTFRENORIEREMEL2/VE
THHIENALMIZRY, D FLT7I/BEIHISTOERNIS, BROUYKRXILT—H A 772
J—Aun—&, HRAMEZEETHENBELAIZE ST (Table 1). & 17

Table 1. Protein sequence identity between SBL and various RNase A superfamily.

Source Frog Bovine Human

Onconase hPR EDN ECP ANG
Name | SBL | ongy | RN35eA | (pnase1) | (RNase2) | (RNase3) | (RNases)
Identity - 49% 28% 26% 25% 25% 35%



YRROLT7—E &, ZDEIERIZ, YRXRILT—E A, T1, T2, H, L, 5L L P I731)—
DY ITITN—TFEFNUNDEDIZREEIND. 02D YIRRILT—F A 773 — A0 N—D %
BELTIE, #FEMN 14 kDa BELLEMN/NSK, EYSOUBREZHEMICRBLUN I 5EH
8L, &i# pH (X 7-8 THHIZERENHMDNTWS. 2V £-F0O#EERICIT, MEEEEZES
SDONTI/BEE (1 DDIVIUE2DDERFOU) E, 3 M5 4 DDOPRILITAREANEKRER
BIhTWS. 2 ZOAVN—IZBT AV NVEIR, FOTI/BENZEZREITH AR, 100% IS
HOWHRIMEZRTLOLHNIE 20% BELARIGVILDILHY, ZHRMEICEDH, TO=ZRE
EIZEWTIE, N RIFD a- NV IREED, B- NUILBEDRERE, SLAMGHELEATL.
SBL I&, ZOT7I/BREEH P CHIEEMEES 3 DOT7I/BEENRESIA TSI E (Fig. 1),

ENWATFOAKH] 1 NTPTINCNT IMDNNTY TVGGOCKRYNTF I ISSATTVKAIC TGYT. WMWY,
EDWLTFOKKHIT NTROYOCONIMSTNLF . . . . HCKDKNTF I'YSRPEPYKAIC KGI TASKNY. .

. . KETAAAKFERQHMDSSTSAASSSNYCNOMMICSRAL . TKORCKPYNTFYHESLADYQAYCSQKNYACKNGAT. . NCYQ

hPR (RNasel) ...KESRAKKFORQHMDSDSSPSSSSTYCNOMMRRRNM. TQGRCKPYNTFYHEPLYDYONYCFQEKYTCKNGOG. . NCYK
EDN (RNase2) KPPQFTWAOWFETQHINMTSOQ CTHAMQYINN. YORRCKNQNTFLL TTFANYYNYCGNPNMTCPSNKTRIKNCHH
ECP (RNase3) RPPQFTRAQWFAIQHISLNPPR CTIAMRAINN. YRWRCKNONTFLRT TFANYYNYCGNQSTRCPHNRTLNNCHR
ANG (RMaseb) ..CQDNSRYTHFLTOHYDAKPQ.GRODRYCESIMRRRGL. T. SPCKDINTF IHGNKRSIKAIC ENKNG. . NPHR

SBL ..LSTTRFOLNTCTRTSITP RPCPYSSRTETNY [CYKCENQ YPYHFAGIGRCP.
ONC ..LTTSEFYLSDC. . .NVTS RPCKYKLKKSTNKFCYTCENG APYHFVGYGSC. .

Rhase A SY STMSITOC. . .RETGSS. . KYPNCAYKTTQANKHI TVACEGN PYVPYHFDASY. . ..

hPR (RNasel) SN SSMHITDC. . .RLTNGS. . RYPNCAYRTSPKERHI [ VACEGS PYVPVYHFDASYEDST
EDN (RNase2) SG C. . .NLTTPSPONISNCRYAQTPANMEY I VACDNRDORRDPPQYPYYPYHLDRII. . . .
ECP (RNase3) S C. . .DLINPGAQNISNCTYADRPGRRFYYACDNRDPR. DSPRYPYYPVYHLDTTI. . . .
ANG (RNaseb) ENLRISKSSFDVTTC. . .KLHGGS. . PHPPCOYRATAGFRNVYYACENG LPYHLDQSIFRRP

Fig. 1. Amino acid sequence alignment of various RNase A superfamily members.

Asterisks indicate conserved amino acids for RNase activity.

BV 4 DOCRILIAREEEILDIEABHLNIZINTEY, FL-FO=ZRELELHDURIY
L7—+ A 73— AU N—|ZEEEILTWS (Fig. 2). £1-, EEOERFHICEALTY, EUSD

SBL ONC RNase A

PDB : 1bc4 PDB : 1bsr PDB : 7rsa

Fig. 2 3-dimensional structures of RNase A superfamily members.

VIEEBBRMBYRIILT—EiEEEDIEMNREN, ) SBL AYRXHILT—F A 73—
BT CEMNBALNIZHESTWS. 'O ChobnZeémd, SBL X, LYFUEME, URXHILT7T—EE



MEEHLELDEHEMIVNVETHY, BREREIOLIFUEVNIBERTLIY AL
(leczyme ; lectintenzyme) EFE[ER TLNS. 24 29)

DIRXOLT7—EIE, RNA DRBOAGEST, BIEOERHEBBLEERLGENZURETD
DA, FEIREZLED—DIZ EBEENHS. MESEFUHZLODILES/HRESNTLD YRR
JL7—EDHREELT, EEF (Aspergillus giganteus) HE® a-sarcin, #iE (Bacillus
intermedius) H3E® binase, Y [F 4= (Panax ginseng)] ¥ ® ginseng RNase
1, W4£4$E [E39H I (Rana pipience)] 3D onconase BEMNZEIFHNEH, 20 Thid
RXILT7—EIZKPREEFEIE, PAMBISERENHIIEDL, ZTOFEMN RNA 221 &
FTEHEVSHLWEFICEDIENS, YRXILT7—ELFHBBORMNAFICLGYFLLEFIN
TW3. EETH, FHROXRRIVRIILT—EOZFRRDM, BELFIFEEMEAWURIILT
—CERGEERGE, URRIL7 - OREBHEEICETIRAENABAISTHOATNS.

SBL &, LBDELSICLIFUERBSLVIRIILT—EERELDIENREINTEY, S5IC
ZTOMEREEIZOVTHEE SN, invitro T YO XBMKHMAE P388 g+ L1210 #aD
¥HE%, in vivo T S-180, Ehrlich & Mep T BEKAAMEOIEEZINGE T2 ENRES
nT3 "2 FELCOERMIE, SBL OIMBAREANS 7 LBEECHMERBLTEETIILY
FUEMETHBOAERFICBHELZRNAZABETHIVARIILT—EESELI BB T HLICEIYHE
BIndEEZLNTIVS. ®® SBL (LD DNA EHEEMETIRNAFIEIEELRS, “RNA”
EEREAELEHFLLVDADSARIELTORAN/FENS. — AT, TONESERAEFOMBZENE
BLRBELLGOTVS. AR TIE, SBL OEKICAZEZRIC, SBL OREZERAREBO®ZRAZ
Az BE—ETE, HEOEEMFEMEKIZHT S SBL DAMMEE LV EDEREF RIS
D2WT, EZETIE SBL FET7RF—YRIZEFH/PMEAEINLZADEEIZONT, EZETH,
EHTREMBICxTS SBL OF#MEL, SBL 8&U Tumor necrosis factor-related
apoptosis inducing ligand (TRAIL) IZHI+2HEEMREZEDNRICONT, FWMETIL, SBL
FETFRN—LRICEEERIZTIENRVEEINT Hsp70 I2TDWWT, T ZTNEFERT 5.
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-5

SBL (% Jurkat #ifalzcxtLIbaY R PREEFREREET S
NANR—EERERT RV REFET S

8 FF

WK, MAAFIDELIZERIL DNA OBEHETH>1=. MPAFDOERIL, EZREFKEPIC
ERLLTHEAINEFAFOSIVIRE—K (FILXILEE]) EEDN, 2229 Zh LK, 842D
RAARIDBERINTE. 20 HEUBICERASA TELRAARIEEIS, ZILFILIEEE, B
HE, KBERHF, FRAVAS—EHER, MNEEEGHFTICHETEHIENTESLN, Thbold
27T, DNABRICERTIERITHS. CNomMNARIDORERICKY, NAREBIIEERICESLT:
N, ZTOERENVEREICESEIMERACHEDREBRGLE L, EZREAICETHIRELGHREEELLTHE-.
21 HEICADE, T4 TLI747ERBARBHEELREZENET S imatinib ITRREIN D5 FIE
#EELd, 20 B #iRaIZ D A FIHT B cluster of differentiation (CD) 20 #428&T B EMAKT
H5 rituximab BEDMEAFAREINT:. 2 FhOoH FEMNELEOERICRONEESIC,
HROMAARIREARICEVNTIE, EEMEICHTEIEHETR/IRICEED, A ZEH
MiEERRTEDLSE, EYMFEHANXLEZEICLESIYBRMUGERORAREILHFIATLS.
32)

JRXYL7—E L RNA DMK EEMIET EERODBEITHS. VRXILT7—EFKRAGLE
MEHREZLE, RNA ORB DM, O, WEREAICH T LB HEE, BYOBRZHEEMHS
BRFHMEULECEEELTVS. 2 1 OADYRRILT7—ERBTIZESIC, MEHETE
HoOMRESYE RESEN REMFIEEAELRESATVS. ¥ HUERBEDIRIIL
7—E, URXHIL7—+F A (EC 3.1.27.5) *Y (&, BB EUZL ORI RESNEROD
JRRILT7—ETHY, FOFEMIE in vitro, *°27 in vivo *** A THREESNE. UKRXHILT
—CAICKIMESHFRAOHEICEZEODEENVETH 1=, BETEHELIYEEDEKE
DIVRXILT7—ERBESNTND. URXILT7—EITLYFESINLIMREBEDAD=XLIE
HURXIL7—EDMHBRE~NDHESLHMBRA~NDRYAHA, i) HiaE 01T, iii) #izrny
RXILT7—EBEES> /Y& [ribonuclease inhibitor (RI)] Mo>D[E#, HXUV iv) AR
RNA OB fE, D 4 RTYTHBHIEEZLNTVNS. BRTYTITETIMEIE, VJRXILT—
TOMBEMICTKELFEELEE5XLENMONATNS. 2 Y HFERAAFELTHEEFSATY



BYRXILT7—ED—FEIZ, onconase (ONC) m& 5. ONC (ZHIREE 1 K U B 1 5E HN &1 5E
HEE£ D&, *® tumor necrosis factor (TNF) ¥ EVOYRFULREDE R DN ABI BT
RERTIELENRESN, > BE, EMPRECENMIBERIAAICKHT SEERBRN
#ITRTHS. *° ONC [F a) Eb RI TR T ZEMBEMNELS, BLEUZTRTH, b) FREDA
mizHLTEMMZL DR, c) BMERICEAL, BRENTAHMNGESELHSLOD, EELEIE
ANHONZENEE, BEGRICE T MANRESATNS. ¥ Thd ONC OHRASAFIELT
DERAMEERITERIKFARE®, binase LEMBEEANROLIMDURIILT—EDHREICTEK
Y, O HBYRRILT—EDRERPURRILT7 —EERARERAVEHREFOREMENRE
EEICTHOATNS.

LHMEETIK, 9P HI)L (Rana catesbeiana) LY EBELI- 7ILEEEE S L I F > (SBL)
ST AMRETOTEL. LIFUEBRBSIVIRIILT7T—EEEEHELD SBLIE, YU RH
BWNEYHREAFEMABERAL invivo 8K in vitro ODERBAMASIREBEREZEODILEELRHH
nTWb. "2 SBL I& ONC IZXL 50 % BEM#HERAMZEZLSL, ONC ERHICER RI 2R T2
BRHEABENCEEHALMITHE>TLS. 'O LALAEAD, ONC ISIELIFUFEREABESA T
B ERE, Y7 SBL &£ ONC DH#EEIZIX, EVWA H I EMEAHS. Liao SIZkYEEESNT-
RC UARXHIL7—+F Ik SBL ER—HDFTHBA, *©*9 RC URXHIL7—EH ONC [ZHR, &
UESMEIGERYICHEBEEFSENREZTTEVSEKENRELASATNS. 9 —4T,
SBL OHREBERICIERETRHLG AN S, FebrBOFMBICHTLIEMEORETEF+5
THd. £CT, AETHE, EOErENFEHEZICXT S SBL ORESZERERETL, T0E
RAEFO@EITEITo1-

B RBMBEBIUERRAZX

1. ¥

SBL (&, BE$R " [CH-THBBRLELEDOE, 12 MM YU BEFHEEREK pH 7.4
[phosphate buffered saline (PBS)] IZ/&AfEL (¥IRE 200 pM) , EERIZEA L. Etoposide
(ETO) & & U doxorubicin (DOX) [ Sigma-Aldrich # £YBA L. TRAIL £ R&D
Systems #t KYBEAL, hX/N\—EBEH| (z-VAD, z-IETD, z-LEHD) (& Medical &
Biological Laboratories (MBL) #t &KYUBALz. KEMARILTOLEOZEFERALK. 1 B-actin
(Sigma-Aldrich #8), #iHR/8—+ -9 (MBL # &), #iHR/S—+ -8, HAR/S—+F -3 BLU
#i Bid (Cell Signaling Technology #t#!), i k2B L ¢, i ERK1/2 (pT202/pY204), #
ERK1, 1 JNK/SAPK (pT183/pY185), #n JNK/SAPK, $1 p38 (pT180/pY182) HLU#n p38



(Becton-Dickinson ft &) $i{k, Horseradish peroxidase (HRP) #Z# <™~ X IgG (Zymed
#HE) BXU HRP Z#ESE vk IgG (Cedarlane #H &) Hiik.

2. MRS

ErFEMTHREMER MR Jurkat #iig, ENMEM B M B IMAE K562 #ifd, Adriamycin (ADR)
M P #E2 /N EIBE FIE K562 #ila (K562/ADR), /A—F vk /8E Raji M8, &L UHT
BB MAE U937 M, RIAKRZEZHAFTERMRERtEt 4—FYH5Sh-tD%
A=, ChoDaE, 10 % FEEEVBIEMmE (BioWest # &), streptomycin (100
pug/mL), penicillin G (100 unit/mL) #&& RPMI 1640 fEih (B/KEZFEH &) #HLY, 37 °C,
iR, 5% CO, BT THEELE.

3. Total RNA Mt

SBL THLEL-#MAI%Z Trizol (Invitrogen #t &) (300 yL) # THRESFA4XL, 5 #EERT
MELf-. ZM#&, yO00KRILL (60 uyL) MZ, 15 FREEKESL, 2 »EIKER, 12000 rpm T
15 SRIED DL, EEIC, 47O LT7ILa—)L (150 uL) iz, 10 HREKEE, 12000
rpm T 10 DRELED S BEL-. EFEE T, FILIKRDIKERIZ 75 % TH/—J)L (150 pyL) 2%,
12000 rpm T 10 2 EEL D BL-%&, LFZET, BEZL-3 D% H,0 (40 yL) THEELT-.
Bont= RNA (1 ug) %, 18 % RILLTILTEREEL 2 % FHA—AHFIILICKYESRIKEIL,
IFTLTOIR (EtBr) TEBEHE, UV BHELTKEBEEHERL:.

4. WST-8 FytEA B LUV NV TIL—BHRHRAR

M EEINH RO BIE X, cell counting kit-8 (CCK-8, R{Z{b® &) #/AL), 1V AL
9330 aTILIZHRELNT o=, #IBEIE 2x10* cells/well 1245 &S 96 RTL—MiEFELT-.
Jurkat #Hf8(% SBL # 0.01~10 uM, ETO % 1~200 yM, DOX % 0.1~50 uyM (2% B K5I,
K562, K562/ADR, Raji &1 U937 #fIx, SBL % 0.0001~10 uM, ETO # 0.005~800
MM, DOX % 0.0001~50 pM IZZZALSEERFICMA, 72 BEBELE: (RERXIRNTRIE
ETRLE). &%, CCK-8 BRE/LYTIIC10uL X, 4 BERIGSE LR, <107 —
FJ)—4—T 450 nm &V 600 nm DRFEFBIFEL-. ICso (MMIIETEE 50% MFIT B
) (% GraphPad Prism 3.0 software Z HHLNTEHLT-.

MIEEEN) AT L —BRHERARICKYIEL. MAIE 2x10* cells/well 1275 &5 96
NTL—KRIZHEFELT-. SBL Lk, 0.25 % bRV T L —EFERERML, FEINI-HMI%E I
faELTEHRIL, MDD ERFREL.



5. DM REHE

SBL THELI-MMEZEIURE, PBS TH#HL, 4 % /ATHRILLTILTERT 15 HEEELEL
f=. ZM#% PBS T#k#%L, Hoechst 33258 (Wako #t&!) ##2E 50 uM [ZHEBES5(TMA T
#3411, Prolong gold antifade reagent (Molecular Probes # %) ZFHWTASAKHS
AIZIH UKL, Zeiss Axioscope 2 HILTEMER (Carl Zeiss 1 8) THEELT-.

6. DNA BT FE D ERE

SBL TALIEL-#EZ%, cell lysis buffer [50 mM Tris-HCI (pH 6.8), 10 mM EDTA, 0.5
w/v % sodium-N-lauroylsarcosinate] IZE& &L, JARXIL7—+ A (10 mg/mL) #iMAZ T 50
°C, 30 /3@, &5IZ proteinase K (10 mg/mL) /A T 50 °C, 60 #ELEL-. {Fohi:
DNA# 1.8 % Z7HR—RFTILEAVWTERKELT:.

7. 73XV OEEEIAVETOEDS YL (Pl) DERYAHDRIE

TrFIUVOEEE P ORYAHDBEIEIE MEBCYTO apoptosis kit (MBL #t &) Z ALY
-, #ifZEUN#% PBS T4 L, binding buffer IZ8 &%, fluorescein isothiocyanate
(FITC) - 7xF>2 VELU PI E#MAT 15 FEKRE S, FACScalibur (Becton Dickinson
#HE) ZHAVTRIELE.

8. HAN—EERDREESVHRAN—FEEEFOLE

AR I—E DFEMHBIFEIZIE colorimetric protease assay kit (MBL # &) #HU\f=. #ifa%E
In#&, cell lysis buffer IZB&FHL, KL T10 KRIRIESE. ZD#&, 12,400 rpm T 1 S fE&E
DREEL, EFEERBELE. BB DAV /NUEE%, DC protein assay kit (Bio-Rad #t &) [Tk
YRITEL, HFB®& 50 uL (1 pg/uL) ZAEL, FHERICFHAELI: 2 x reaction buffer (10
mM DTT 2&88) #S5E8FmMEk, £E [hR/X—F -3, -8 LU -9 IZ@LFNFh DEVD-para
nitoroanilide (pNA), IETD-pNA & U LEHD-pNA] % 5 uL (#EE 200 uM) finz, 37 °C T
2 BERIEE, KR 405 nm ICKBBRAEZBIELS-.

HR/N—E DEE X benzyloxycarbonyl (z)-VAD-fluoromethylketone (fmk) (£ AR/A—+F
BREH), z-IETD-fmk (HR/S—+-8 FREHI) & &Y z-LEHD-fmk (HZ/{—+-9 BEHI) 5
WTHTotz. FHR/N—EBREH (50 uM) (X, BRDOTRE— AFEFILE 30 KaETICH P
([l



9. VIRAVTAYTAUY

#fa% extraction buffer [150 mM NaCl, 1% Triton X-100, 10 mM Tris-HCI (pH 7.5), 5
mM EDTA (pH 8.0), 1 mM phenylmethylsulfonyl fluoride (PMSF), 1 tablet/10 ml
protease inhibitor cocktaill (Roche #1&)] ICFEL TCLMIBRZRER/-. FILART (S0
VRYT) ES HAHWIEHIAEEE S (X ProteoExtract subcellular proteome extraction kit
(Merck #t &) ZRL, 1AL I3V ZaTFILIZHVRARLE. ThEFhDEV OB EIL,
DC protein assay kit (Bio-Rad #t &) ICKYRIELT=. 2> /\VERA ML SDS-PAGE #,
polyvinylidene difluoride (PVDF) & (GE Healthcare #t &) IZEzEL, S5 5EL/-E% 5 % A+
LILFICEYERT BELEL. Z0O%, ZOE%E TBST [20 mM Tris-HCI (pH 7.6), 137
mM NaCl, 0.05% Tween-20]TH#E%EL, 1 RIEK (BFEMIVNIVEICHT H5K) ERESHE,
SHICEZRRE, 2 Rk (& 1 RUFKICHT S HRP F#E) ERIGSET-. kDR
BlE, TNETNERT 2 BEERIE 4°C T 16 BREToz. BELOXKRIV/N\VEIX ECL
Western blotting detection reagents and analysis system (Amersham &) #HU\THEE
L7=.

10. 2haVRYT7EEBLR (MMP) ET DR EH

MMP {ETFIX, 5, 50, 6, 60-tetrachloro-1, 10, 3, 30-tetraethyl-
benzamidazolocarbocyanin iodide (JC-1, AnaSpec #&!) ZAHWWTHRE L. EEMIIZ,
200 uM JC-1 %, #RRE 2 uyM (2D K5FmL, 37 °C, 15 RS-, Mgz EURL,
PBS Tiki%#%, PBS % &®&L, FACScalibur (Becton-Dickinson #t &) #H T, MMP ETF
45 JC-1 OEAELERELL.

1. HETFEOIE
ERERIE, FTHELZEERETTRLI.. BEERTEIE two-tailed Student’s t-#E, HLLIE
SELDHT (ANOVA) £ D Bonferroni BEIZCKYITLY, BRE 5 % #FAEEZHYEHIELT-.



B MR

1. SBL I ZFMHEMEZzSOHBOCrE MAE MRS LEREEINHERERT

ErBEmMFEMEICK TS SBL OMBETEINFHIIREZBALNICT S8, WST 7ytAIZLY
SBL MEBHMEOEFEEFREL, BLOMAIBICxTSH SBL D IC5 EXHEHELz. TDORRE,
SBL FAW I AToHRICXLMIEEINGIERZRL, €D ICs fEIE Jurkat MRIIZEHLY
TELIELME (0.15 uM) ABS M1 (Table 1). BEERTHLGN S DNA R EH| THS ETO
> DOX TIE P AV VEBARIRBFEMRICH T MRasSEALREHOonGE, oA, SBL &%
F it 14 D A £ IZBH R <IELY ICs0 B (0.36 uM) ERLT= .

Table 1. Inhibitory effect of SBL, ETO and DOX on the viability of human leukemia cell lines

[Cso (M)
Cell name Characteristics
SBL ETO DOX

Jurkat T-cell leukemia 0.15+0.07 2.09+0.78 1.10+0.71
K562 erythroleukemia 1.39+0.92 13.23+3.86 351+184
K562/ADM P-glycoprotein-overexpressing K562 cells 0.36+0.18 N/A N/A
uas7 promyelocytic leukemia 0.81+0.24 0.46 £ 0.09 0.34+0.27
Raji Burkitt's lymphoma 0.88 + 0.54 0.49 +0.04 0.28+0.19

Cells were treated with SBL, ETO or DOX for 72 h. ICs, is defined as the concentration which resulted
in a 50% decrease in cell viability. Each value indicates the mean + S.D. of three different

experiments performed in triplicate.

2. SBL [&#ifa RNA #4521, Jurkat fifEICx LIRS HEERIET S

SBL &, USSP UIEEBEMAURIIL 7 —EEREZLOIEABESATNS. '@ %) 22T,
SBL MMM TEEIC RNA 25T 50 ENKRET 5128, SBL LEHMMEMD RNA FHHL,
FHO—RSFILERKEICEYMAEA RNA DR BEBRELI. TO#E, SBL (2 uM) LE 3 B
&Y RNA OH@EABRESH, BREKEMICEML (Fig. 1A). &RIZ, SBL O Jurkat #iRaIZ
X HMBEEEEr) NI L —BRERKBRICKVBIELZESS, BRE 2 uM [THELVT SBL &4
24 BRI LIEN S, £z 48 BFREMEICELNT 0.2 uM LLET, ThZENEERHE, BEKRFNLHE
BEEMNEDHLNTE (Fig. 1B, C). E£f=, SBL (2 uM) LIB(ZKY, 24 BREA S IEE LA
FENEI SR MEHS N1 (Fig. 1D).
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Fig. 1. SBL degrades cellular RNA and inhibits cell proliferation of Jurkat cells.

(A) Cells were treated with SBL (2 yM) for indicated time and RNA was extracted. Then,
electrophoresis was performed on 1.5% agarose gel. C, control. Degraded RNAs were seen under
18S rRNA. (B) Cells were treated with (doted column) or without (filled column) SBL (2 pM) for
indicated time. Cell viability was evaluated by trypan blue dye exclusion assay. (C) Cells were
treated with SBL at various concentrations for 48 h. Cell viability was evaluated by the method
described above. C, control. (D) Cells were treated with (dotted line) or without (solid line) SBL (2
uM) for indicated time and total cell number were counted. Each value represents the mean + SD

of three independent experiments. *p<0.05 and **p<0.01 vs. control.
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3. SBL (& Jurkat #fIC7Rb—L REFET D

SBL [C&HMRABHICEAE I HAN_RXLEHLNCT S0, TTHHIC, MEKOHBEZEHN
Z1{b%, Hoechst 33258 R RICLYEELI-. TORRE, BEMNLT R AKRELTHLIZD
BES LU AID SBL (2 uM) I Jurkat MR TERZE STz (Fig. 2A). F£-REHKIC, FHH
BT7RF—ZADEALZNERELTHONDS, HEESE R~ ITLT- phosphatidylserine
(PS) 12593 7HELL V DS A, SBL ME (2 uM) 3 BERE A D (Fig, 2B), HR/—4-
9, -8 BEU -3 DEMALA SBL M 3-6 BRIEMNSEESNT (Fig, 2C). 5124/ L DNA
DL AR E R M CBEE -2 &M D (Fig, 2D), SBL @ Jurkat #B3I= < 2 E
&, PRF—RITEETHIENALM I oT.

A
SBL(-) SBL(+)
B
12h 24h 48h 72h
| 1 BN Ly
untreated } ’,: ' q ‘ ,}I }7‘7’7
el e
T H ] o] 30
: ST ol T3 o 2 aF
treated ) !H- : - .7;1 : ‘ﬂ’ c,L.: ‘1 :;

100 =
3 control

N SBL

Amnexin 'V (+) cells (%)




400

[ caspase-3
3 caspase-8
I caspase-9

300

100

Caspase activity (% of control )
1)
=}
=)

0 2 10 20 (uM)

Fig. 2. SBL induces apoptosis in Jurkat cells.

(A) Morphological changes of nuclei in SBL-treated Jurkat cells. Cells were treated with SBL (2 yM) for
48 h, and stained with Hoechst 33258. Nuclei were observed using fluorescent microscope. SBL-
untreated (left panel) and -treated (right panel) cells. Arrows indicate apoptotic nuclei. Magnification;
40 x (scale: 10 ym). (B) Time-dependent changes of FITC-annexin V binding and Pl incorporation in
SBL-treated Jurkat cells. Cells were treated with SBL (2 yM) for indicated time. Then, analysis of
annexinV-bound versus Pl incorporated cells was performed by FACScalibur. In lower panel, the
percentage of cells with annexin V positive was represented. Each value represents the mean £ S.D. of
three independent experiments. *, p < 0.05 versus untreated cells. (C) caspase activity of SBL-treated
Jurkat cells. Cells were treated with SBL (2 pM) for indicated time. Then, the activity of each caspase
was measured using fluorometric assay kit. (D) DNA fragmentation in SBL-treated Jurkat cells. Cells
were treated with SBL at indicated concentrations for 48 h, and DNA was prepared from the cells. DNA

fragmentation was analyzed by agarose gel electrophoresis, and stained with ethidium bromide.
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4. SBL FBT7RI—RIE ARN—E OFEHEITKTFL, BHR/AA—E-9 DFHILFTHR/AA—
Y -8 KYLRFEEEIND

SBLIZKYFEBEINDIHAN—EEHILDFEMERASNICT S0, hAN—EHREFZAL:
KBRETo-. ETOHAN—EIZHTEEERTHS z-VAD-fmk (50 uM) BILE(Z KXY, SBL
FEMREETEEICIGISN (Fig. 3A), £ DNA iRt E£ICIflSh iz (Fig. 3B). &IZ,
HRIR—F -8, -9 BLU -3 ZTNFIOHEMEEZHFEALAT (50 uM) TO, #HIFI/N4—2%D T
AR TOYTAUTIZKYBELT (Fig. 4B). TD# R, z-LEHD-fmk (hR/S—+¥ -9 BEH)
AILEICKY, DRN—E-8 DEMHFTEFICEAEESNT-. —AT, z-IETD-fmk (hR/X\—+ -8
FHEH) GILETIEAR/NA—F -9 OFHEIEEEFTINT, F-HR/N—F -9 OEMHILIE z-
VAD-fmk $L<[& z-LEHD-fmk RILEBIZE WV THLEEEZ (A oz, z-DEVD-fmk (hR/8—
¥ -3EEFH) EHAR/N—1F -8, -9 ELLDFHLICLEEZEZ LMo ThoDIeEMD,
SBL &, Jurkat #fEIZ L CTHRN—EIRFMLZETRF—RZFEL, TOR, hRNA—EEH
EDRT—FDERTHRN—E -9 OFHIENBIZTEIINLIENHLNICE ST

A B

48 24 24 48 48 (h)
SBL
z-VAD

Cell viability (%)

(h)

Fig. 3. SBL-induced apoptosis is dependent on caspases.

(A) Effect of z-VAD-fmk on SBL-induced cell death. Cells were treated with (striped column) or without
(dotted column) z-VAD-fmk (50 pM) for 30 min, and subsequently treated with SBL (2 uM) for indicated
time. Cell viability was evaluated by trypan blue dye exclusion assay. Control (black column). Bars,
mean + S.D. ***, p < 0.001. (B) Effect of z-VAD on DNA fragmentation in SBL-treated cells. Cells were
treated with or without z-VAD-fmk (50 pM) for 30 min, and subsequently treated with SBL (2 pM) for
indicated time. Then, DNA was prepared from the cells. DNA fragmentation was analyzed by agarose
gel electrophoresis, and stained with ethidium bromide.
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Fig. 4. Effects of caspase inhibitors on SBL-induced caspase activation in Jurkat cells.

Cells were treated with or without caspase inhibitor (50 uM) for 30 min, and subsequently treated with
SBL (2 pM) for 12 h. Then, whole cell lysate was separated by SDS-PAGE in 15 % gel, and subjected
to Western blot analysis using specific antibodies. B-actin was probed to demonstrate equal loading.

5. SBL [ p38 £& U INK DEMHILEFET S

HHEDIEFEEFOCHMIEEEEZRTIYWEIL, mitogen-activated protein kinases (MAPKSs)
DEREBIERITIENREIA TS, °) SBL MEHAIZH LT, extracellular signal-
regulated kinase (ERK), c-jun N-terminal kinase (JNK)/stress-activated protein kinase
BEUY p38 NEHRILESNEILED, TNELDERELATHD)VBELADOEEEZYIRST0
T4 IZ&YITo1= (Fig. 5). TD#ER, p38 DO HEFHMIAIEMEILA SBL (2 uM) WL 1 BFiE
gEaREINT. 512 INK OFEMED SBL 0 1 BE#EMEESH, 6~9 FFRRICRKE
Bof=. —A, COEBTIZENT ERK OFERIEFRHOoNGEASF=. ThibDIeMnd, SBL A
BEE#MS p38 LU INK BNEHEINEILICEIYTRF— AN FBEIN TS A REMEAR
®Eht-.
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Fig. 5. SBL induces activation of p38 and JNK but not activation of ERK.

Cells were treated with SBL (2 yM) for indicated time, and phosphorylation status of p-38, JNK and
ERK were determined by Western blot analysis. Expression of total p38, JNK and ERK was also

determined to confirm equal amount of protein loading in each gel lane.

6. SBL [ hR/N—+ FHLDO LR TIFIVFITEREZSIEECT

ARN—E -9 [FEPaVR)TREBIZEKDTRF—2RADAZVI—F—HAR/NN—EELTHONT
W5, CCTEEE ISPV TEEICSEALTERETo-. 7R 22O TOERITEINT,
SraVRYF7TIE, MMP OIETAEZEINS. SBL (2 uM) LEHMAEIZFH TS MMP %, JC-1
(MMP #E®HABR) ZAVTAEL-ECA, SBL L 12 BEZEMNSHEIKFHNG MMP &
THAMRINT (Fig. 6A). FRKIC, PR —2RBFICHEITEHIFIVRITEEDRIEZELL D,
B L cOIFIAVRYTHILHMBEADREIT, SLUVCDOUMIOL c DBTIZEDLS Bid D
e (&Mt Bid, t-Bid (EIFIVRYTICEE T D) A, Eh€h SBL UE 6 BEASERE
SN, SBL MEMRAICHTHIFaVFYTEENHER SN, SBL FE 7R XITEFAHSH
VR TEBEARN—EFRHILOEREAONIZT S0, hR/NN—F BEREFETICE TS
SBL MEMEOERFRESLY MMP ETZ#8 %L, =, TRAIL (TALET2—RBETT7HRL—
VAEFETDH) LEHMBS LY ETO (SFaV R TR TT RN I REFET D) LEMEL
LEE R L. R 7 RN— XFEFINIE 48 BRIZIZHE LT, z-VAD-fmk (50 uM) BTALER (&
TRAIL (5 ng/mL) Ik 2#faEMHZELCIMF LAY, SBL (2 pM) IZ&2MHSHITHEE S
(+3°, ETO (200 uM) [Z& L TH SBL LRBKDERAAE STz (Fig. 7A). RHRIZ, TRAIL [T&
% MMP {E T (& z-VAD-fmk BTLIBIC LY (CMF Shi=H%, SBL F/=I& ETO [2&D MMP
BT XM MG B E o7 (Fig. 7B). &I, TRAIL [2&% MMP & F TlE, z-IETD-fmk
(50 uM) BTALEE (L z-VAD-fmk ERBEEICHIH T 2IERMMN BRI A=A, z-LEHD-fmk (50 uM)
BB TIEIHENROONT, SBL F/21E ETO [2&% MMP {EFTIE, z-IETD-fmk $ 5L\ &
z-LEHD-fmk BifLE (L z-VAD-fmk TH 5N D L3LEFERH LN EM 1= (Fig. 7C).
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Fig. 6. SBL induces mitochondrial perturbation in Jurkat cells.

(A) Effect of SBL on MMP. Cells were treated with or without SBL (2 yM) for indicated time. Then, the
cells were stained with JC-1 (mitochondria selective dye), and analyzed using FACScalibur. In lower
panel, the percentage of cells with reduced MMP [lower right quadrant of each dot plot] was
represented. Each value represents the mean + S.D. of three independent experiments. (B) Release
of cytochrome C from mitochondria to cytosol, and Bid cleavage in SBL-treated cells. Cells were
treated with SBL (2 uM) for indicated time. Then, organelle and cytosol fractions were separated by
SDS-PAGE in 15 % gel, and subjected to Western blot analysis using #icytochrome C antibody and i
Bid antibody.
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Fig. 7. Mitochondrial perturbation occurs in advance of caspase activation.

(A) Effect of z-VAD on viability of SBL-, TRAIL- or ETO-treated cells. Cell viability was evaluated by
trypan blue dye exclusion assay. Cells were treated with or without z-VAD-fmk (50 pM) for 30 min, and
subsequently treated with SBL (2 pM), TRAIL (5 ng/mL) and ETO (200 uM) for 48 h. (B) Effect of z-
VAD-fmk on SBL-, TRAIL-, or ETO-induced loss of MMP. MMP were measured in the same method as
described in Fig. 6. In the lower panel, the percentage of cells with reduced MMP was represented.
Each value represents the mean £ S.D. of three independent experiments. (C) Effect of z-IETD-fmk or
z-LEHD-fmk on loss of SBL-induced mitochondrial membrane potential. Cells were treated with or
without each caspase inhibitor (50 uM) for 30 min, and subsequently treated with SBL (2 uM), TRAIL (5
ng/mL) and ETO (200 pyM), for 48 h. Then, MMP was measured in the same method as described
above.
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FEmE BE

SBL & BTk @Y, FRMEOHMOEZEMAUITEELZND, BaDrAMMERETS. &
HIZEADHAAMBBICKHLMEREEEEZRI A, EECHMRHESFHEE WI-38 © EEEMRBEE
A2 Met-5A ICIFHMEBMZERET (T—ERER), FLEBENRERMEF M HFW, EE<
AR HESF MM NIH-3T3/3, ° ERErHERaRBARMM HS-68, *Y EENLREZ—BH
F#f BHK-21°Y GEQOEEMBTLHEBEENROONLENIEMNRESL TS, SBL [T&
ZREEFESLIVHBEEMNE MEE 7S —ERETELILICLYEETINSIEMN S, SBL D
NABBBRECEAAMBEEOSCT7ILBNAFELTVSEEZOATNS. ») KR TIE,
SERTRAWLGNS ETO % DOX [EZHIMHMEICHESEZ RSGLN—HFT, SBL N Z A%
ravEcaoeranFEMEICEL s E RS IEEBHLMNICLT: (Table 1). KNAHIE®D
AT AL, BEIBEZL ODOEBDOREAICHLTHLEIDAZEADHY, TOHRILLH
MEEEIEN, NARBICETAIBMERELG>TLS. ZHIMEORRICEYFIMAAFID 2L
(XERKYE, HAWNIEHBREEDRALEY T, 2¥ Y (paclitaxel ¥ docetaxel), EVAT7ILA
B4k (vinorel bine, vincristine 4 vinblastine), 7> rZ4%4421)> (DOX, daunorubicin %
epirubicin), TERKZsOrFL > (ETO 4 teniposide) HEZFRBIZH LU, %% X HFERAIT P
#EAVIINDE D K5% ATP-binding cassette (ABC) transporter DB E B THEHEEZLNT
W5 O MEERERTURIIL7—ED—ETHSD PES (KBTI FILEFmMEn-E i
BURXILT7—EDEERR) &, EAAREKSHIT EHAE [ADR Mt MCF-7 (MCF-7/ADR)]
DPHEIAVKVEORBRERLIEIENRESATIDS. °Y AFFEICHLTIE, SBL LES
I EMARICE1TE P AN VEORBFICETHIFMEIASHIZHE>TLENED D, SBL
TP #AVNVEBRFEE K562 HifaIcxtL, TOHRMEKTHS K562 HifaKIYHLIEL ICs
ECHREBINTHHREZRL, PEIVANVEORBEEICH OO THRESEMNREZRTIENTR
BENT-. ChoDIeND, SBL NERAHASN TS DNA EERANARITRDLEHFLIVE
BEICGYSDAEEENHDIEEILOND.

THRE—2R(E, e, RE, FHEFERERCKVFESINIMBRLGE, RAGEYRRTE
ELREZESTOELRTHS. ) BSABRICBVTIE, 7R MY ROFEN VRN EEDE
HEZEZALNTWS. <MD, TRE—=2RDVTF LK, TRALETZ2—RBBELIES VYT
BETHEEINLIIENHMoNTEY, EE0DRBICEVTHLREMIZEIIIIVIZ—HRAN—F
ELTHIONDNR/IN—F -3 PEHIRSNZIETTRM—IRTOERANEZRESNS. *) 7R
DADETHICEVWTEHRESND, 7OYFUODEE, ROEMAL, XOLAYV—LBEETODT /LA
DNA OB FIEGEIFRBMHMLGETRF— ABRELELTIKHONTVS. KHARICEVWTEEIL,
SBL Itz Jurkat TIETPRM S RICHBULGREENSSIVELENETELIBREIND

20



Z&%RLT (Fig, 2). 1z, SBL I2&% DNA M A iElE z-VAD-fmk BILEICKYSELICHFES
N, ARN—EERKFEEDTRE— AN ETTHIENHEALMNEGE T

WD DIRMAFI® RNA EF1E (ribotoxic stress) 25| ITRAEHRILX, MAPK OFH
tEFETEHIENBESATINS. °" %2 Ribotoxic stress IZEL, He 5[, deoxynivalenol
(DON), anisomycin, satratoxin G (SG) *° ricin & ® ribotoxin MY RTH/OT7— M
B RAW 264 #BIZH VT p38, JNKs 8L U ERK £EMIL T 522 R L. ) %1, jnkl
HEUY jnk2 /99 F7kLT= mouse embryo fibroblast (MEF) #ifa% R \/==E&TIEL, ONC
DHAEEMEANBBIN, INK 55 ONC OMBBMEICEETHILARESA TS, °Y E51C
Fang bl&, =AY VBAXOMMEEETTURXILT7— MC2 A%, MCF-7 #IfICE WL TIX
p38, JINK & U ERK %, 2" Hep G2 #ifAIZ&H L TIX ERK & JNK ZiEMEL, ThEREE
FTET7RN—VREFETHIEEHALNIILTLS. ®° — 12 p38 B U INK DEHALIZT R
h— XRHEMIZ, %0 ERK OFHALIFRTREF—S M, FERBOCMBOBEIZL->TE
TRV RBEBICERTIENLCZTARLGATVSHDOD, °7 %% MpaEHERTURR
HJL7—EE MAPK EDBGEICEVNTIIWL O DEHLEBEBNR/ESIL TULVS. Costro BT,
Bk PES5 [ MCF-7/ADR [Zx LT JNK O R FEHALZNLITR—2REFEL, — AT
DMEIZEITSH ONC FET7RE—P X TIE INK OFEHIEREICEEALBOSNLGENIEERR
LT3, 9 KBFRICEVWTESE(L, SBL A ERK OUVEILIZFELLZLNLOD, p38 H&U
INK ML T HIEEBHOMNICLIz. 2D p38 B&LUY INK DFEMIE(E SBL AL 1 B &
LEEIN, SFAVFYTEENRZOONIBHFTLIVLEEESINT-. EEFIL p38 HEH
(SP600125) &V JNK FEEH| (SB203580) [Ck5 SBL DMBEEFENRICHTI2ELE
HLEA, SO EHE SBL ICLLMASHICEEE RSN > (T—2RKER). ChoD
ROEHELTELOAEZLN, SBL OHIBRE~DHEEHDVEHBRADERYAHBK
M MAPK D EMIEDREREIZLEY, SBL IZL5lilaE%IC MAPK OFEMIEIFXEELLGZVE S, F
fzI& MAPK O EHILEBEET LI THIRREZFETORBERBIFEINIGELEN
EZZboNd. SBL FETFRF—L RIZHETS p38 H&UV INK EHILDERITISEDKRIIFRERET
H5.

Wolf & Green bl&, TTVRZ—HWRAN—ETHEIHAN—E 3 &, (=T —F—HhAR/N—+
THDIHARIN—F -8 ZUIWL, FEMiLTHIEEBELMLTLS. 'O HRA—+F -8 DFEHRLE
Bid ORI EZESIEA L, truncated Bid (tBid) €4 /T 5. tBid [FMBEEADIFIVE
DT A~NEBBL, M7 RF—2RED Bel-2 773 —8V N\ VBEEMEERATSHIETINIAVRYT
S TR0 L c DREESIERIT. 1Y I5ITEUMOL ¢ DD caspse-9 DEHAL
ZHEEITHILICRY, #R, ARN—F -8 DFEMAELS VO L c DEFHEAGREEENITHRS
ARN—E-9, hRN—E-3 OFEBIICEYT R RO T FILDEEEFETHEVSHERE
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58,0 PRE=VRIZEITINRIN—EHRT—FDEHEN—EFEIhDE, TOVTFIL
HamIckY, hR/IS—¥ -8, -9 BLUY -3 FAENMNFMLSINDILITHD. — A, RRRORK
HEBEICESTIE, HFARUIMBIIERIDERGEENAREICHIBANHIA, ZDIE,
FRE—2Z2DTOERENT, HARBHLTED LT FILBBAGETEINERET RO
AL S. 22T AMBICEVTEE T, HEWHR/A—LEBH, MMP ETORERE
ML, SBL ITEYFEEENS MMP DETIZHT2HRN—EHREFOZEEZHEL, TRAIL
BEU ETO IZEYHEEEND MMP ETICH T 2NN HELLERFLE. ZORE,
TRAIL I2&% MMP {EF 1% z-VAD-fmk MIB(ZLYZL(CHE SN, SBL 2L MMP EF
[¥ ETO &Rl#, z-VAD-fmk BIALIB(Z L5 HEEZ (T4 >1= (Fig. 7A and B). ChoDI &I,
SBL Ik 2MMEFENRFEHR/NA—EDFHITRELET R RIZKYRIY, TOVY
FILBBICBVTRIFMIVRYZEEADRA—FTOERILLYL LR TRETNAILERLT
3.

AETI, SHEERS /U ETHS SBL A FIMEEMESTCELAOEFAIFEMMEICTL
MR TE IS S RE RS CEEBEONICLE-. SBL FETFRF—L AN T FILEHITo1-£T5,
ARNR—FOFEHITEKRELAVIFIVRY7EENRIDIEN RIS, SBL IZKEZ TR
AFEHRIZBNT, FESNBEABESL Fig. 8 IT5RY. SBL (FMBEREICHES %R, NAMA
WIZERY5AEN RNA 29835, T0#%, SFIVRYTREAZTEEINSHN, COTOERIZIE
P38 £ INK DEMAABEEL TV A TEENAHD. REMIZTRN— RO T FILIE, HR/S—
EOEMAICEYIERSN, PR —VADET, MBAEAEENINDIEEZOND. AETIEERE
BEM HR/NA— BEH, MMP BEREOHADEIZEYTRE— RO T 7L O MR
MAEREICH BT EERLT=. SBL &, AAAMAIZHL, RNA 24— yhETRINETHLATL
BN HFICEYTRN—LREZFEL, FLEHMEOTRCHADLOTRESNRERTS
End, BEHEASNS DNA BEREFICKDOIANAFELTHESNS.
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SBL

\
>

/

?
v
MAPKs
activation JNK
p38 ?
&_—
o V’
RNA cleavage

A Mitochondrial
= dysfunction
1 Amplification ® Cyt. c release
1 loop
1
1
. \
1 Apoptosome
: formation

apoptosis

Fig. 8. Proposed model for apoptotic mechanism induced by SBL in Jurkat cells.

SBL binds to cell surface and internalizes into tumor cells. SBL degrades cellular RNA, and this
ribotoxic stress triggers mitochondrial perturbation.

Then, apoptotic signal is amplified by caspase
activation, and leads cell death. Dotted arrow indicates the activation of caspase-8 induced by
activated caspase-3 reported by Wolf and Green. 70
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B_E

SBL FE 7R, RIZETH/INEAEAINCADEES

fobe

E5—f F

LR2FRECAVLNIREREN S, NAMBICHLTREF—LREFHTS. 77 7RE
—JRAFEEMGHERBEOKETHY, EEGSE EBOEESEHLIVITHFEMKRETICEN
TEELGREZE-TVS. PO E—BTHhRIESIZ, PRV REFHT IV FILREE
LT, SAEERE (TALET2—&K) * % BLU REMERE (SFaVFUT7EE) 2 Y 0
ZONBRBEBAELLAMONTNS. LAL, HEIZHEYESI—DO DK, /MNEHK [endoplasmic
reticulum (ER)] AL RABBAFEREIN, NARBEICETAHLMENELTEEZE DD LIIC
tof=. &

INER I, Ca®" OBFBANARSTHDELLIC, BEPRTA—LERH D EHESY /S
DEPRBEIVNIEDER - REEEZESHREANNEETHS. ERMBOERI/KVEDLS
WRENVEF, MNEBEATEARSAR, RIBIZEFNTILDEKIZEESh, D&, #
REZRBIHE MM (BENAOCTILART) ICHEESNS. MRNA ALEIREW-ERDRIRT
FRIE, BEEZL VNI BEICLEAOICEYLGERBEN RSN ILENHY, COTOt
RFTA—INTaoT"ERENS. PREIZEFETA—ILTAV T TR, BEMAMPOORILTAF
BEDOEBELSTEHLTHONS. NMNEERNTELLIA— LT T - Bhich=22 RV &L,
INEEREICKOTINDERALEESH, BELRHEMERTTRRIVINNVEELLS. — AT, H5
HMETELLIA—LTAVITENGVRBRIVNIENTELIELHD. COLILETREIVIINY
BXEE, AILRFT A immunoglobulin heavy chain binding protein/glucose regulated
protein 78 (Bip/GRP78) HE M /INEARL v RAOAVIZEB I IT+—ILTAVTEZITTERDIL—F
[CRENSD, HAHWIT/DEAEBEES NV E S fEHHE [endoplasmic reticulum-associated
degradation (ERAD)] IZkY A fEESNnS. CDKSIZ, IMNEETIE, MEERD ¥y ROVIZKDETH—
WTA42J & ERAD IZLBRBD 2 DOERICEY, 3N VBEDERERBEEENREIZEESA
TW%. INEERARLRIE, SO 2 DOERDNSUANBHEELER, MNAKEREIZTRTRE2U /8
DENEBLE-RKETHY, MAKIEID XSG AMLRIZHL, unfolded protein response
(UPR) ¢ (EN2—EDRIEY, ERAD AFDEEFEEZNLTHE T HIEMNHALMNILELT
L%, 8088

UPR [&, inositol requiring enzyme 1 (IRE1), activating transcription factor 6 (ATF6),
PKR- like endoplasmic reticulum kinase (PERK) &WL\5 3 DAV /NNVBEFEEELTLS.
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o 3FEDAVAVER, WTht/NEAKEICFETIEERIV/NVETHY, NIERET
DRBAVINVBEOERERMT 5209 —LLT, 61T, MR AD LT )L % #i R E Al
~NEETIAFELTHELTNS. ) —HT, BEDO/MEARXIRIZEY, UPR % ERAD T
LAV AN E@EIN B WNES, BERLEFRIVAVEE, MIEAINL AT RN —2 2D FE
[T&Y, MRS EHRENG. PMEAIN RIKEFERT RN A XLV T FLIEF, TR —D X5
B4 ERF C/EBP homology protein (CHOP/GADD153) ®7HRrk—L RFE M Bel-2 77
SU—BUNVE, IMNAKILGIFAVRYTADEENGALSVLDRAICIYIGESNDEEZ
SNTLD. % KRR RENLETRE—VRIE, ZIYNAT—IR 2 0—FoUy
7%, ) HERE Y BEDLK O DIFEER, bortezomib, %°) nelfinavir °®) [T REN B EFIE
DHEEADZXLIZEAETHIEAMESN, PMEERRANRZFEHNETEINABENFLLOE
BELTHBEIN TS, °7

E—BITBEVWTEEIZ, SBLASHMMMazEHENEraMFHRICHLRESERZ
RL, TN ARN—EERERETRF—2RITEDEDTHAHAIEEZHLMICL . Tz, TDBFEIC
BWT, ELLSFIVRYTEENLERODARUNLTREESILEFB R LML, SBL DIZET
HHMAEFEBS T FIVICETRALGREZ N0, RETIE, SBL FET7R P RIZEITH/NE
KAFLADEESEDHEEIZDOWNTRELT:.

EH RERMHEEIUERRAE

1. M8

SBL I&, £—F, £, £ 1 HICHKANF=AHETHABELI. Thapsigargin (TG; Calbiochem
&) (X, 3 mM dimethyl sulfoxide (DMSO) B&ELTHEALz. hR/S—E-4 HEH (z-
LEVD-fmk) 8L VA R/—+ -4 $ilkiF MBL #t £YEEALT-. $1 Bip/GRP78 k(T
Becton-Dickinson #t KU A L.
RARNR—F -8, -9 BLU -3 Hilk, BV &1 hR/N—E-FAREHF| (z-VAD, z-1ETD, z-
LEHD) I&, £—%, £8, £ 1 BIZHALDLERBEDLDERL=.

2. {paEE
Jurkat #ifE(E, F—F, FH, F 2 JBICHKR R AETEELE.

3. subG1 population D& H
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MpZEREIR%, PBS T#H%L, PBS ®&EKELLTz. BIEMA propidium iodide (PI) i&#%& [0.2 %
Triton X-100, 4 mM EDTA (pH 8.0), 20 ug/mL YRXIL7—+ A, 40 ug/mL Pl &%
PBS] #% &ML, §&©MIZ FACScalibur (CTHIfED DNA SE2ZRBEL. G1 E—o &Y
L4720 DNA 2E2% ¢ f#ild&H% subG1 population &A% LT-.

4. HTRRELTAYTAVY
DIRAVTAYTAVTIE, E—5, F2H, $ 9 BICHRR=AETITof=.

5. X-box binding protein 1 (XBP-1) splicing D&

Total RNA ¥t (&, £—F, 8, F 3 BICHR/-FETITof-. Reverse
transcription (RT) R I& ReverTra Ace (Toyobo #&8)Z# AW\ T{To71=. B#5t - total RNA
(1 ug) # template ELTHLY, PCR Fa2—7I(Z oligo (dT)42.15 1.0 pL, YRXIL7—+ free
HO #MAE£E% 13.0 uL &L, 70°C T10 IR EL=E, 1 L EXKAL, 5 x RT
buffer 4.0 yL, 10 mM dNTP mix 2.0 yL /%, 42 °C T5 A KRIELT=. RIZ, ReverTra
Ace 1.0 pyL (100 U) #iHmL, 42 °C T 50 7/, E5I299°C TS5 AEIRETHI&ITLY,
cDNA & i L71=. XBP-1 splicing I& Nakamura 5D AEICELTHHE L. °® PCR RIiGIE,
template cDNA 4.0 pL 2, BB R IHF % [10 uM forward primer (5'-
ACCACAGTCCATGCCATCAC-3"), 10 uM reverse primer (5'-
TCCACCACCCTGTTGCTG-3") & 1.5 uL, 10 mM dNTP mix 4.0 yL, 10 x PCR buffer 5.0
uL, Animal Tag DNA polymerase (ABgene #t#!) 0.5 pL (2.5U), H,O 33.5 uL] 46 uL %0
AZE% 50 yL &L, 94 °C T 30 #'fE, 58 °C T 30 #fd, 72 °C T 30 #fE%& 23 44U )LITLY
BigLf-. XBP-1 REORR LR ZHET L0, —8Z 1.5 % 7HAO—RTILERKTEK,
EtBr £&IZKYMERELT=. 1=, spliced form DEMZRET 56, BUD—TEEIZHIEER
B® [Apa L11.0 yL (10 U), 10 mg/mL BSA 0.25 uL] &ML, 37 °C, 90 4 MEI#IFR B &L
BETo7. HIREBRRGENE, 2.5 % 7HAO—XSILERiKEN%R, EtBr £BICKUREELL.

6. hANR—¥ HEFIOLE

HAN—E BEFOREX, £—F, 24, ¥ 8 HICHA=AFETTof=. z-LEVD (AR
—+-4 BAEH) [&, DNA i FEDEBZEIZH LTI 2, 10, 30 yM T, D EERIZTHS W TIE 30
UM TEALT:.

7. DNA i FiE DERE
DNA i L DB, F—F, FTH, 5 6 BICHKANF=HFETITo-.
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BROMEBREE, F—F, F2H, 5 5 BICHRAN=HFETIT .

9. 7xFL U V O#EELIAVIETAED D L (Pl) ORYRAHDBIE
TrRFIUV OEEEPI ORYAHADRER, £—F, F2H, £ 7 BITBENHFETITo -

10. MMP E T D #&
MMP ETDORH X, £—F, £, £ 10 BITHRANFHFETIT -

1. #EHFRINIE
MEtFHNEL, F—F, FITH, F 11 BISERRLFETIT k.

E=H R

1. SBL A3 Jurkat #IREICHE T, BREKFHNL sub G1 population DEMEAR/N—EDFE
ENBEIND

EEIE-FEITHWLT, SBL A Jurkat HREICHL TR —2 REFETHEERLIZ. JUE
METFILRBERLHICT B0, TTUHIZT SBL FETRMN—L RITHIFTET7HR— X%
ZLORFEBBEHREL. 7R AFICE, MEOZESITIATF DNA O R{EE, 7
Rh—L RIMEEREIENDBEROB A DHIFIZKY, sub G1 population &FE[EN 3, DNA &
EN 2N KYDLLGVHRERANBRESH, CASET7TRN P RDEEICHLIEEBINTNS. 7
A—H A AR —IZ&Y SBL LE Jurkat $ifadD DNA EEFAELI-ETA, BREIKFEMNL sub
G1 population QEMMARH SN, SBL MHE (2 uM) 24 BREER TIEH 22 %, 48 BE#E TIEH
44 % OHMBAH sub G1 HIZBFTLTULV= (Fig. 1). E=REIC, Mk AL R FEH]
(endoplasmic reticular Ca** -ATPase [AE#|) TH5 TG LIBIZHWLTH, BREKEMNL sub
G1 population DEMAEH SN, sub G1 HIZHBITLIE-MEOBIS(EX TG LIE (3 uM) 24 B
& TIEH 18 %, 48 BFfEE TIEH 26 % THot=. T, SBL AHE Jurkat HREIZHETEHHR
N—+ -8, -9, -3 DEMIEIIRILTAYTAUTITKYEELIZECSH, hR/IA—F -8 [F
SBL M3 3 KR &AL, HAN—F -9 [T 1 BEELLETNETNICHEELEREISTAVID
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BEinAEREINT. hR/N—F -3 DFHILIZEKS TOAR/N—+F -3 DFEDIE, SBL LI 24 B
EMEMNSEERINT (Fig. 2).

Counts

)
&
-
=
=
=
=
=2
2
y
&
=
=
=2
L

0 6 12 24 48  (h)

Fig. 1. SBL induces time-dependent increment in subG1 population.

Jurkat cells were treated with SBL (2 yM) and TG (3 pM) for indicated times. The cells

were washed once with PBS, centrifuged and stained with Pl. Then, DNA content was measured
using FACSCalibur. M1 range represents subG1 population (A),

and the percentage is indicated in the line graph (B). Closed circle, open square and closed

square represent control, SBL-treated and TG-treated cells, respectively.
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- - == - “b .- W | Procaspase-8

S0 58 2R B | Cleaved caspase-8

caspase-8

D A - — | Procaspase-9

B gp—— Cleaved caspase-9

caspase-9

caspase-3 - G w— — - J Procaspase-3

D e m—" na— —" — .

Fig. 2. SBL induces time-dependent caspase activation.

Jurkat cells were treated with SBL (2 uyM) for indicated time. Whole cell lysates were collected,
and activation of caspase-8, -9 and -3 was detected by western blot analysis. B-actin was used as
loading control.

2. SBL F/NRKRN RS T FLEFET S

SBL fEIZ kY, Jurkat #IRBIC/NIEBARNABLVPNMEERINAETRE—D XD FEESN
EOENERNDD, MEERASLADEREGS UPR OF—4vb, Bip/GRP78 E&U AR
N—F -4 DFERLEVIRZTOVTAVTIZKYEBREL, £f- XBP-1 mRNA OB EFH L
U XBP-1 RTSAL VT EDEK%E RT-PCR ZOHIBERLEICIYBRHLE. TORKRE,
SBL ¥ 6 BrRAIA D 48 BEREICA T T Bip/GRP78 MH M EFMNEESI, 24 BN D 48
FERICHITT, hRN—+F -4 OFRILERTTOIRN—E -4 DFEILIBESNT (Fig.
3A). XBP-1 mRNA &, /MNAKIRL ABEIZ IRE1 D YRXRHOLT—ERAAVIZKYRTSAOD
JE2115. COBRTSAL05EN%B 26 XYL AFF [nucleotide (nt)] 1> bBY D FEEIZIE
Apa LI Ui A hAFET 5718, PCR TiBiRE#E, Apa L I I1Z2&Y unspliced form ZHEL,
KYINESTEET &S HIET spliced form EDHFIERZICTHIEMNTES (Fig. 3B upper).
Spliced form & U unspliced form #& €7 XBP-1 ORITE(F SBL NIE(TKYEML A,
spliced form MHIRE (X, SBL W KYZEILLIEMN o1 (Fig. 3B lower).
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Bip/GRP78

caspase-4

p-actin

control TG

48 1 3 6 12 24 48 48 (h)

T e ey e St e e GIng

Snn cmd S SRR S -

Unspliced (inactive) form Y, 26ntsplicing

Spliced (active) form

PCR

257bp spliced form

283bp unspliced form

CAGCACTCAGACTACG TGCACCTCTG
GTCGTGAGTCTGATGCACGT GGAGAC

\L Apa Ll digest
257bp —> B spiiced form

155bp ST - —,

124bp =—TTT T —S ) unspliced form

TG
48 (h)

control SBL
48 3 6 12 24 48

1.00 1.29 1.37 1.79 1.28 1.48
‘ Apa Ll digest

Fig. 3. Activation of ER stress signaling in SBL-treated Jurkat cells.

2.60

Spliced form

Unspliced form

GAPDH

(A) Expression of Bip and activation of caspase-4 in SBL-treated Jurkat cells. Jurkat cells were treated with
SBL (2 yM) or TG (3 pM) for indicated times. Whole cell lysates were subjected to western blot analysis for
detecting Bip/GRP78 and caspase-4. *, non-specific band. (B) Digestion with ApaLl made it easier to discern
the expression of spliced and unspliced form of XBP-1. The scheme for distinguishing spliced form from
unspliced form of XBP-1 is presented. (C) Expression of XBP-1 in SBL-treated Jurkat cells. Jurkat cells were
treated with SBL (2 pM) or TG (3 pM) for indicated times, and RT-PCR was done by use of XBP-1 mRNA.
The total expression of XBP-1 was analyzed by 1.5% agarose gel electrophoresis. Products of RT-PCR were
subsequently digested with ApaLl for 90 min, to detect inactive or active form derived from XBP-1 DNA.
After digestion, the products were electrophoresed using 2.5% agarose gel and stained with EtBr. The total
XBP-1 bands were quantified by densitometry, and expressed as a ratio of the intensity of XBP-1 to GAPDH

(XBP-1/GAPDH).
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3. hR/I—+ -4 OFEMILIL SBL FET7R,N—PRIZEET S

SBL WFEFTBT7HRF—SZAADIMEERNLRADBFE2ARS =0, hR/IA—+F -4 BEH (2z-
LEVD-fmk) ZFALY, SBL IZ&YFBEINEZ TR XS NENENREILZ. TOHE,
SBL IZ&% DNA OB {ElE, z-LEVD-fmk MR E 10 pM LI L TREKXRENICHIFEIS A (Fig.
4A), F1= 30 pM 2BV TR DO FEHFFETLITHFISN iz (Fig. 4B). 51T, 7RFI Y V-
Pl RICEYT RN RMMEERHE L=, SBL WIBIZEYH 54 % OMBAN 7HREFIU V
LD DKL, z-LEVD-fmk (30 uyM) ZRTLEL M TITH 36 % &, HELZ 20 % B
L1z (Fig. 4C). LLED#HEREMN D, SBL ANFET H7HRE—T R, IMNEBAEIRLRIZEDHR
N—F -4 OFHENREELTWSIENTHRENT.

A

control SBL

(]
—
=1
e
=]

z-LEVD-fmk nM

=

Fig. 4. Participation of ER stress to SBL-induced apoptosis in Jurkat cells.

(A) Effect of z-LEVD-fmk on SBL-induced DNA fragmentation. Jurkat cells were pretreated with
indicated concentrations of z-LEVD-fmk for 30 min, and treated with SBL (2 yM) for 24 h. DNA
was prepared from the cells. DNA fragmentation was analyzed by agarose gel electrophoresis,
and stained with EtBr. (B) Effect of z-LEVD-fmk on SBL-induced nuclear fragmentation. After
pretreatment of Jurkat cells with z-LEVD-fmk (30 uM) for 30 min, the cells were treated with or
wihtout SBL (2 pM) for 48 h. Then, the cells were stained with Hoechst 33258, and nuclear
fragmentation images were taken. (C) Effect of z-LEVD-fmk on SBL-induced apoptosis. The cells
were treated with z-LEVD- fmk (30 pM) for 30 min, and with or without SBL (2 yM) for 24 h. Then,
analysis of Annexin V-bound versus Pl-incorporated cells was performed by FACScalibur.
Percentages of cells divided into lower righthand (LR) and upper right-hand (UR) quadrant are
indicated.
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4. z-LEVD-fmk [&, SBL [2&BHR/NN—+F -9 DFRAEESLVILIVF)7REFICEEAES LA

A DESIZ, FRF—V ROV FILEERBELTIE, TALETA—KEK, SFaV R 7HRIE,
ZLTPMBEARRNZABBENMOEN TS, Tt 3 BEDA=ZDI—F—HRAN—EIE, ThTh
-8, - 9B&LY -4 THEHESINTLNS. SBL NEIZKY, ThHDARN—EDFHIENRBOLONT:
(Fig. 2, 3). #2T, SBL AAFEIE7R,—VRIZ, EOBENBEMIZITESLTLSOMEH
SMICTHEMT, TNATAITHENLGEERZANT, SBL FEHT7 R RADEEFLEL
f=. TDO#ER, SBL (2 pM) 12k % DNA DT F1E(E, z-VAD-fmk (50 pM) DETRE(ZLYT L
([ZHN& &tz 1F A, z-LEVD-fmk (30 uM), z-LEHD-fmk (50 uM) D FTLE(IZ &> THEE (CH4|
S, [FEIFA—JLLANLETEBELEZ. ENITHL, z-IETD-fmk (50 pM) OHILETIL, #h
DEZFRIHEANLEMERIIEL, FEAEMFINROoNGEMN 1= (Fig. 5A). £f=, 7REL
Y V-PlEICKYEARAN—EHBFFHO7Rr—RMFEMRLELLEL-ET S, z-VAD-fmk DFT
MIBTH 36 %, z-LEVD-fmk BTLETIEH 19 %, z-IETD-fmk BTLETIE# 9 %, z-LEHD-
fmk BILETIEH 12 % QMM RMNROH SN (Fig. 5B). z-LEVD-fmk & U z-LEHD-
fmk I2&% SBL FET7 R XOBEENERIN-CEMD, ChHHEEFHID SBL ITXEHR
N—HEMHIEH LU Bip/FRP78 DHBE LR ICHTHEEEHMELI. TOHRE, z-LEVD-fmk
THILELZ-METE, hR/NA—F -8 OEHE/IIFI SN TN DIZHL, hR/NN—F -9 DF
H1El&, SBL DA ZWNIEBLI-BFERETHoz. —A, z-LEHD-fmk THILEL-MBTIX, HR
N—t -8 &£ HAN—F -4 OFEHEN/IIFI S TV, Ff-, Bip/GRP78 OHFJR ERIF, z-
LEVD-fmk E7z(&, z-LEHD-fmk RILEIZ k> THLIF S niE M o7 (Fig. 6A). E—ETIL,
SBL ME&WIraVRYTEEESITEIIEEHALMIZLIZ. TIT, z-LEVD-fmk 8KV z-
LEHD-fmk RTALERIZ&KY, SBL AFEFT S MMP ETFAIHIShE2MEMIE JC-1 #FHLTHE
L=. ZD#ER, z-LEVD-fmk, z-LEHD-fmk WFh DREIZHE L TE MMP E T FHIHE S h s
-1= (Fig. 6B).

Fig. 5. Comparison of effects of four caspase inhibitors.

(A) Effect of caspase inhibitors on SBL-induced DNA fragmentation. After pretreatment of Jurkat
cells with caspase inhibitors (50 yM for z-VAD-fmk, z-IETD-fmk and z-LEHD-fmk; 30 yM for z-
LEVD-fmk) for 30 min, the cells were treated with or without SBL (2 uM) for 24 h. DNA
fragmentation was analyzed as described in Fig. 4. (B) Effect of caspase inhibitors on SBL-
induced apoptosis. Pretreatment was performed as described in (A), and then the cells were
treated with SBL as described in (A). Analysis of Annexin V -binding and Pl incorporation was
performed as indicated in Fig. 4. Lower panel indicates percentages of cells divided into lower
right-hand (LR) and upper right-hand (UR) quadrant.
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control SBL
S N
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Fig. 6. z-LEVD-fmk does not prevent SBL-induced activation of caspase-9 and mitochondrial

membrane depolarization.

(A) Effect of z-LEHD-fmk and z-LEVD-fmk on SBL-induced caspase activation in Jurkat cells. After
pretreatment of Jurkat cells with caspase inhibitors (50 yM for z-LEHD-fmk; 30 uM for z-LEVD-fmk) for
30 min, the cells were treated with or without SBL (2 uM) for 48 h. Whole cell lysates were subjected to
western blot analysis using specific antibodies. The caspase-4 bands in the immunoblot were quantified
by densitometry and expressed as a ratio of the intensity of caspase-4 to B-actin (caspase-4/actin). (B)
Effect of z-LEHD-fmk and z-LEVD-fmk on SBL-induced mitochondrial damage. After pretreatment of
Jurkat cells with caspase inhibitors (50 yM for z-LEHD-fmk; 30 uyM for z-LEVD-fmk) for 30 min, the cells
were treated with SBL (2 uM) for 24 h. Then, cells were stained with JC-1 dye (2 pM) and mitochondrial
membrane potential was determined by FACSCalibur. The percentage of cells having intact

mitochondrial membrane potential is indicated in the lower pannel.
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FEmE BE

ARETIE, SBL FET7 R XADNEAERACNRAOBEICDOWTHRE L. DIEERM RIE,
AUONVEDHHRERERBEEEBBEBLONTIVANENERER, MNaARNEIZEEZIVAVED
ERELIKETHY, #MEIE UPR & ERAD IZKYINBERD I+ —IL T4V TV ITSUREHE KRS
BHIET, ANLRZBRELELSET S, (FEEBWMAICE TS UPR 1F, IRE1, ATF6 B&U
PERK @ 3 D /MAKEEBIV/NVBEEZERETS. IRE1 X I HEFERFIV/NVET, 2 EF
EBLVIUBIEIZKYESRIESNS. IRE1 OHBRERIEASUIE, VRXILT—EFELHY,
EHESINT IRE1 EZDOVRXILT7T—EEEICKY, RISV Y—LIEKFHTE XBP-1
MRNA DRTSA4L 0 5%475. XBP-1 [FEERFELTEHE, Bip/ GRP78 HLED T vROU A
XBP-1, ERAD RFDEEEFHETZEAMONTNS. PV ATF6 ZTIRDEEESL /Y
BT EEAVNVEOEREEMTHENMEEEICIYTILOKRISEES L, UIEZ(FERELES
nd. Uiz N Rin (MRREA) 257 AV EDOLONEERFELTHEEL, IRE1 LR,
SyROVY XBP-1 NEEEXHET 5. %Y PERK (X IRE1 LAARMZEZAE TS I HEERA /N
DETHAN, TOMBERRAVICFF—EEUEZETSH. VUBILLICKYEEILSNhT- PERK
X, 2OFF—EFHEIZKY eukaryotic initiation factor 2a (elF2a) ') E1EL, £AREIZEN
RMFZEYDRED T — LTV T BRERLSED. *® —F, elF2a DYUEILIE, &R
FTH5H ATF4 OBIRE LRESEHIENHON, ATF4 OEREFEEMICKY CHOP 4> ATF3
DERBMNAEFRTZH. 1027109

LEDELS% UPR BAERFDI5, NEKRDFL ROV THS Bip/ GRP78 ELU T vR0O
VDIEEEFEICEHD XBP-1 #1542, SBL IZ&Y UPR AFBEIN SN ENKRELIZESS,
SBL WL3E#%, BREKFHZ Bip/GRP78 ORI LA MNEESINT- (Fig. 3A). £f-, XBP-1 0%
HEFIE, SBL LHE#% 48 FFETROLNI=A, FEHEE TH S spliced form DIFMIFEBEH LN
tmot= (Fig. 3C). Bip/GRP78 H&U XBP-1 mRNA OHB EEMNBHLA=ZEMD, SBL
(&, Jurkat #EREIZXL, MEARMLRIZLKD UPR 2FETHIENRENT-. — AT, EFHER
XBP-1 mRNA OHRBEEFNBHLIAEN 2L D, SBL BNEFEET S UPR OV FILIGE
(X, IRE1 ZA GV ATEEME NS R S T-.

SBL A 2 kY, Jurkat I TIL, MNEERX ML RICEEET S UPR HEFEEIN LI EMNRSN
=M T, RIZ, SBL A Jurkat MRS L/INEAR ML AT RE—S REFET EHEMNITDON
TREILz. YORARN—F -12 OEMERAEKTH D HR/N—F -4 &, PEAXFLAETRE
—VRADAZVIT—E—ELTHIONRTWS. "% 1) hR =¥ -4 OFERILEIRELTOYT
AVTICKYBBELIZESSD, hRN—F -4 OFHEERTITOIRN—E -4 OFEVHIBEIN,
Jurkat #ii8ICE T, PMEERNAETRE—SADNFEEINEZENRE SN (Fig. 3).
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SBL FET7RF—SAANDIPMERRAIN ADEEZARSEMT, HAN—F -4 BEFTHD
z-LEVD-fmk ALY, SBL BFEFTET7R—ADMFShENEM R L. ZOHE, SBL
MNFEETSH DNA O F1ElX, z-LEVD-fmk ORTAEIZKY, REKFHICHIFINRHLN (Fig.
4A), SBL W EFEE T LHT7RE—D RICHARN—F -4 OFHEHABEELTVWSIIENATEINT. £
Tz, SBL ICKUFEEIN I DM F1ElE, z-LEVD-fmk BIAAEICKY FEFELICHFISH (Fig.
4B), EBIZ, 7RF Y V-PIRICKYBRELET R RO EIEH, z-LEVD-fmk BT LI
[C&>THEICHDLE. UEOKHERMD, SBL BNFEETEH7RN—RITHENT, MNEAXIL R
[CHESIDRN—F -4 FRHIENEELGRINEREZLTVSIENTERENT.

HRN—+ -8, -9 BLY 4 &, £ICHAR-KSIT, TNENTALET2—RK, SbaVRY7
BERBLV/NEBARIN ABRIZEDI TR —2RADAZVI—F—HRANRN—ETHLIIENHON
TW%. SBL WNEFEETEHTRF— AN, EDOBRBICEIYEBUKEFELTLWIDONERRS-0, 3 &
DHRIRN—EDEEHI, z-IETD-fmk, z-LEHD-fmk & & U z-LEVD-fmk Z AL THEBR T E1T
ofz. TOHER, z-IETD-fmk RILETE SBL FET7Rb—S RITHTHEEETZ Mo HY, z-
LEHD-fmk & U z-LEVD-fmk RILEBIZEVT7 Rr—Y ZRDOBWEEABES N, SBL A5
BILT7RM—PRIZEVWT, 3EDA=ZVI—F—HRNRN—ED55, HRN—+F -4 & hR/X—
Y -9 OFEHIENKYBRTREF—RIZEESEL TSI EA RSN T,

Cephalodiscus gilchristi ¥ ® cephalostatin 1 1%, Jurkat #il8IZ/MEKANL A ET7RE
—JREFEBL, FHEINFAR/IN—F -4 (FTRTIM—LFEERFNICHR/IA—F -9 ZFEMHIE
9 5 [apoptotic protease activating factor-1 (Apaf-1) DY I)L—rOT OO L c DREZE Y
BLLAL, DFEYSFIAVRYTEFICRELAV] ZEBMB N TNS. 07 &, TG %
tunicamycin HEDINBAERXNV RFERICEDTR—RITEWTIEK, hR/NA—F -4 [THRN
—F -9 DERTEMRIESIZIEAHMONTNS. % SBL FE 7RI RITBWVT, hR/S—
¥ -4 8LV -9 BNKYFEFELTLWAIENREINIEMND, SBL EZDLILRETT R—
DREFETEDOL, HAIWIEDMEAERRI RESFIAVRYTEENRIILTCT RN —REFET
BZOMITDONTHREILz. TR, z-LEVD-fmk 2RTNELI-MTIX, HR/\—+F -9 DFEH
{blx SBL B NIBLERETH>fz. — A, z-LEHD-fmk ZRIVELI-MBTIEHR/S—F -4 O
EHEEE S BICHE S TV (Fig. 6A). 2O ZEMND, SBL A Jurkat MIREIZHINT, R
N—E -4 &, hAN—F -9 DLERTERILEINSEZDTIEGL, AR/NA—F -9 OFHIEADAN
—t€ -4 DFEHALZHANICRETSIIENRESNT-. E—FEIZHELT, SBL LE Jurkat A
TIE, hR/IN—F -8 BHR/N—F -9 DTHRTEMRILEINSILEEZRVELTVS. ChboDls%
FEHDHE, SBL 2D Jurkat IBBDARN—EARYT—FIE, ARN—F 9 F#(= I —45—H
AN—FELT, hAN—F 4 HEHIEESH, ELICEDTRTHRAN—E-8 HNEMHILEINEIE
MRSt £z, HhRN—1 -8 DEFEMHIFE, hARN—F -9 BLV -4 OFHILITEKEFET S
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EDMDS, hRAN—1H -8 &, =T —F—HR/IN—FELTTIEEL Bid DYIEHENLI=7R—D
ARVTFILDERICEETDAIEEENEZOND. —AH T, Bip/GRP78 OHFKJ LR (L, z-LEHD-
mk BILE THIMFI SN A o1 (Fig. 6A). ZOIEE, MNEERALRADFEIZIE, bR
TEFIZKIHDAN—E -9DFHEEIEAELTWWENWIELEZRLTEY, SBL [T&SHI+aVFUT
BELNEAICNADFEEL, TAETNBILTREI TSI EN RTINS (Fig. 7). 2T
RIZ, SBL BFE T HIFAVFITEREL, MK RERERET HNRN—F -4 OBEFRER
958, MMP ETFIZR$ 5 z-LEVD-fmk OBSICDLTIRELT-. ZORKE, SBL THE
Shd MMP ETI&, z-LEVD-fmk BILEICk>THH#HI SN T (Fig. 6B), SBL LEIZKEIHR
N—F -4 OFHRILIE, SFaVF)T7EBICEFEELLGVWIENA RSN LLEDODIENDS, SBL &
B Jurkat #if@TIX, SFaVFYTEFENMEAEINZADOFEE TN TN MHMILTEIY, HRAN
—€ I MNAMZVIT—F—HRN—FELTEBRIESI, FHIESNEZAR/NA—F -9 AA—& AR
—¥-4 #FMHITHIENTEBINT: (Fig. 7). £z, SBL & TG #Lk#L1-15 &, SBL LWED
AH sub G1 HHICHITTHMBEMAZVICEMNHLT, TG LED A H Bip/ GRP78 D &57%/M
BMERN RAEERFELYARCEET S (Fig. 1, 2) SEHFET, SBL ABEMIC/IBEEINL R
7R REFETELIDOTEGVIELERBLTWSEEZLOND.

AEIZBWT, SBL FET7RM L RADADZXLEZIPMNEBERIANRAEIUVHRNN—EDFEHEE
[CERZHTTHERESLEBER, SBL (F/MEKRAN ABBRELVIFIVF)TREEBEVSIZDODRE
BEMIMICEMEEL, TRN—REFETEHIENTERINS. E—EITBWTESRL, SBL A
p38 HELUY INK MAPK ZiEHIL T 5 EERLEEA, CHETIZ, MAPK OEMIEX Bel-2 I7
SY—BURIBREDHD D FANEEIN RIZEELTVRENSHRELHS. 109110 5%,
oD F& SBL FENMNAFAN ADERERARDILET, SoLHEARFOFHAHLSH,
125D EHFIND.
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Mitochondrial Endoplasmic reticulum
dysfunction stress
®  Cyt.crelease ¢
'L UPR
Apoptosome Bip/GRP78 XBP-1
formation
¢ ER stress induced apoptosis

Caspase-9 —— Caspase-4

war N\ /

T < Caspase-8
piq @ Caspase-3

|

Apoptosis

Cell shrinkage
Nuclear and DNA fragmentation Cyt.c ; cytochrome ¢
Apoptotic bodies tBid ; truncated Bid

Fig. 7. Proposed scheme of various apoptotic pathways involved in SBL-induced apoptosis

in Jurkat cells.

SBL internalizes into cells, transduces apoptotic signals both in mitochondria and ER. Caspase-9
is activated in mitochondrial pathway, and precedes the apoptotic process. UPR is induced in ER
stress pathway, and then caspase-4 is activated. Activation of

caspase-9 contributes partially to activation of caspase-4.
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SBL [FEMHPRIEMBEICTRF I REFEL
TRAIL tHEENLGIMES/ERE®TRY

8 F

EUMPRER WIR BR, DRICHET S, FRERIACEETISZEMEOELESTHS.
" EZOELEAZ, TARRCADREITHIEEZLN TV, BNALDADZXLIZDNT
ERBALGRANS . T, TARRME, Bh-HRECRBD-0H, 2<DOEX HIC, BEEMOD
i, EMELTHERIATER. TARXM, #RPTREICOEY, R&EITERSIATERIL,
oI, BHEPREN 30 ~ 40 FELEVSRVWERHBZETREICES LMD, HRDEMFK
BEEIE 5% 20 FTRRTEMIZIEARATATHS. "2 ") HAFEICELTEHIN T
[$5<, BERHPREICKDEEIL 1995 F£I21E 500 ATHo71=A%, 2003 FIZ# 900 A, 2007
(2#7 1100 A, 2012 TlE # 1400 ALFEECHEMLTEY, '™ 5% 40 F£/HT 10 FAITEH
ZERBEEOATVS. " BEUGMEENERLELESSNIMEL, L2EE, RETREX,
FHBEZEOCRXOBEECENEZ R, £FHAMPRE, 5 FEFELNTIATL 1 X
W1 % UTE BOTFRABLBEERETHHEVWSIATHS. "0 ") BE, BADEMBEES &
UHBARDARDEERARETHRTHSD, TOEMENROoN, FRHEATLSDIL, 2004
£ 2 AICKET, RWT 2007 1 AICELPECTRHERTAREZTEHRAL AR
pemetrexed & cisplatin DFADATHD. oD EMhDL, BEMPREICKTE2HMEHIR
BEEZOMREIEFLLEOTLS.

DIRXOLT7—+E &, tRNA OREREETEBIRIILT7—E P 45, RNAI ##BI1Z&(+5 Dicer
BUNVBRESEIThEY, 22/ EI2&% RNA ORRE, eesAmGEEE- TS, 18119
Tz, G<HOOMRINFEIYRIILT—EELT, DV ERBEIRIILT—E A BEIFo N,
Raines [(TJRXIL7—+F A (&, 20 tHIEh TREFRESNEBRTHDILBRTWNS. *Y YR
XOL7—E AL 1) EMBEDOAFLES, 2) BEMNEGE, 3) ENFETHDL, HENEHTIE
LCRIASH, EVISUIBRBEMAUN, °Y 7I/BREIEZREEOEEN, 20 4008
DIF—NTa4oFBE ) ICEESTIBNEMENRSBESN TS, -, BRENI LIS,
NAMEE VIRXILT7—€ A TURET B, invivo, invitro EBLDEHICEVWTHHAEES
ERTIENBALMEL . P2 ChLDOBRIE, URRIL 7 —ENMEEEEFIEAVEBETH
REMZRETARVNDOM|RELLG SR, NAMRICHTI2BRRENMEVWGEDBERNH o=, L
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ML, TOEDOHET, NAMBERMICHEBSEEEZRTIRIILT—ErBESh TN, 29
Z®O—"2IZ, onconase (ONC) A% 5. *® ONC [&, EayH T /L (Rana pipiens) DM S5 8
SNFETI/BBEEN 104 HERAHFE 12000 DAV/NVET, EMESICERMICERL,
AUNRIBEROBESLVT RN —IREZFETS. 2 ') COREBERIE, in vivo BEU
in vitro A DEBHEZETIILICEWTIERASh TS, £, BHINGEERCKREERED
EXGRIMERAZERELGVILLHBEShTEY, RAERETHE, EHPREBZECHEONAIC
ML CERKEBNETHFTHS.

EHBEIINFETIZ, LIFUERBLITIRIIL7—EERZHELD SBL Y, BAOELEM
REBICHRL, SFAVR)7RESIVCINEEARN RENLETZ RNV RFEERICKYRES
MRERTEZHALHNICLE-. RETH, HatBEETHIBEPREMRICXT S SBL OF
MM ERE TS0, 3FEOE M D EEME (MESO-1, MESO-4 &U H28) & 1 FEDEEH
kM (MeT-5A) IS 9% SBL OHESER, BHEMBEBRELLVICZOHEABFICD
WTHERELT-. FLEMEDPREICHLTHRNGEREZER T S51-6, SBL & TRAIL LD HA
PRERHL, TOEMELEABFERTLE.

EH RERMHEEIUERRAE

1. #%

SBL &, 5—%F, 81, % 1 BITHRf=AATHAELS. 1 Bim, 1 Bik, #i Bax 8&U i
Bid #n{k Ik Cell Signaling Technology &Y ALT-. i GAPDH ii{AE LU Bid specific
siRNA (& Ambion &UBEALT-. ETO, TRAIL, 8LV EEHIAK [#1 B actin, iHR/\—+£-8, -9,
-3, #1 ERK1/2 (pT202/pY204), #1 ERK1, $i JNK/SAPK (pT183/pY185), #1 JNK/SAPK, #1
p38 (pT180/pY182) H LU #1 p38 Hilk] (FFE—F, £E_8, F 1 BICHDILDELERBDLD%E
FUL=.

2. MlREE

Meso-1 & U Meso-4 flifa(d, BILFEHRAN(FIY—RXtE2E2—&Y, £f= H28, Met-5A
#A2 (X, American Type Culture Collection KYBALzEDZ AL fz. H28, Meso-1 H&LU
Meso-4 #iRaIE, RPMI1640 it (B KSEH ) % MeT-5A MK (L, REEKZRF UYL
(1.25 g/L), LEMBEEERT (3.3 nM), ERAZLFYL (400 nM), 1> RS (870 nM),
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HEPES (20 mM) #&d Medium199 with Earle’ s BSS and L-glutamine (Sigma #t &) % H
Wy, B—F, F286, 5 2 BHICHRRE-AETEELE:.

3. aO0=—WMRk

SBL (0.2, 2, 5, 10, 20 uM) T 48 BELELI-ME%E, F) TSV NEBICKYEIRL, HEih T2
%% 1%, MESO-1, MESO-4, H28 £& U MeT-5A filaz#hZFh 5 x 10° 8/ mL, 1 x 10*
B/ mL, 1 x 10* B/ mL $&U 3 x 10* B/ mL 1225 &K3ITABLE. COMBEER (100
uL) &, ThZh 4 mL OEHICNZ T, 12 BEEEL:. LERER, 2 % NXSKRILLTILT
ERT 15 2BEEEL, 0.1 % PVRZILINAFAL YT 10 HEFEAELIz. J0=—I[, Quantity
One 4.5.2 (Bio-Rad) [Tk U#IZL, colony counter [CTEELT=.

4. TRFXIUV OFEEEIAVIAETOED D L (Pl) DBRYRAHDEIE
THRE¥IUV OEEEPI ORYAHADREE, F—F, F2H, £ 7 RISESLHFETITo .

5. 91 RAVTAYTAVY

VIRZDTOAVTAVT L, E—F, ETH, £ 9 BICHRANF-HETITo-.

6. Combination index (C.l.) D& H

EHGRAICEIDED, HRVDBTHINENEHTET B8, C.LEAWNE. D Cl. &
LUTOXTKDT .
C.l. = CsgLx/ ICx sBL *CrraIL x/ICx TRAIL
X % DEFEIFH S EZERTEEZ inhibitory concentration (ICx) &L7=z. CspLx & CrraiLx &,
SBL & TRAIL SFRBICETSH ICx THS. Ff=, ICxseL & ICx traiL I&, SBL H5LME TRAIL
DEFWNEIZEITSHICx THS. C.L.OEN <1 THRMR, >1 TERUIRLLGS. AMEIC
BT, 75 % OBEMHEHDRERTREEZRD (X=75), CL.ZHH L. fFRALEE, SBL O
REZ0.5uM T, HLLIE, TRAIL ®iREZ 1 ng/mL TEELT:. BIEIMFEZHRIT WST-1
assay #HWVTAIELT=.

7. MMP E T D& H
MMP ETOREIX, $—%F, 28, % 10 BIZRR=AHETTo1=.

8. siRNA Z AL\ Bid O FIRMNH
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siRNA M H28 fila~DE AL, lipofection ZIZ&KY{iTo71=. H28 #REIX 60 mm culture
dish IZ#8Z, 24 BREAIEEL=. 10 yM @ Bid ¥ EH siRNA (sense,
GGGAUGAGUGCAUCACAAATT, #1 sense, UUUGUGAUGCACUCAUCCCTG) 18 pL (#
= 30 nM) & lipofectamin 2000 10 pL £ Z 412 480 pL, 490 pL @ Opti-MEM Z#M A,
5 HEfMHER, TNoZESL, 51220 NHEBEL-. £0O&, MEEERZE Opti-MEM 5 mL
[CE#L, siRNA-lipofectamine AREEFEMITMA, 4 FEEEL-ER, TOMBEERIC
EfaL1-. 48 BfEE, MITIUNBICKIYMREZERLTEYGEEICESEL, 24 BREMNIEE
%, SOIZSiRNA ZEB ALz, EA% 48 BREEBELMBERRICAL:.

10. #EEHFRINIE
MArFHNEL, F—F, F2H, £ 11 BHITEARNEAETITo .

E=f MR

1. SBL [FEMMAEIRM LM EMGIERAZRT

IFENDEM (MESO-1, MESO-4, H28) S &KV IEE S KM (MeT-5A) IZxt9 % SBL D #ifa
EIEE S RE, a0 —BEGEIZKYRELE. ROEMEESKIU SBL (0.2 ~ 20 yuM) T 48
FrRALEL-MRZENENEUL, SBL FFAETT 12 BEEELE:. £O#KE, SBL LER
E 5 10 &Y 20 pM [2H1FHa0=—F K EIL, MESO-1 #IBIZE T, ThEN 70 %,
30 % BLU 5 % LT, MESO-4 #IBEIZHE LT, 20 %, 15 % KU 5 % LT, H28 #aIZH
WT, WFht 5% UTTHDIDIZHL, MeT-5A HIFETIE 90 %, 65 % LU 60 % ULT
Hotz. £z, SBL IZx T HREZ ML H28 > MESO-4 > MESO-1 > MeT-5A DJEICE M o1z
(Fig. 1A, B). 2O &ML, EEMAEITEMEMIRICLE R, SBL ITHERMEEFRLE:.

2. SBL (FEMHMBEBRMICTRF—IREFET S

EHdEREMRICKHT S SBL OMRIZENFHNEN TR 2 RADFEIZLDILONEN R
HET2k FAELUV OBAITOVTRELEER, H28 MERHEIC, MESO-1 LU
MESO-4 #ifI=#L\TH, SBL MLHE 48 BRIZALTRFL Y V BHEROEMARD L,
LBREEENICEHEERERAEML-. —H, MeT-5A il TIE, 72 BRILEBICEWLWTET R+
YV IBHMBEOEMIEESSNEM T (Fig. 2A). RIZ, H28 & MeT-5A MRIZH 50

43



control
0.2
2
5
10
20
(uM)
B 420 |
3 100 -
S 80 -
e
o
E 60 -
o)
= 40
o
[e]
O 20 -
0 .

MESO-1  MESO-4 H28 MeT-5A
(0.2, 2, 5, 10 and 20 pM)

Fig. 1. Effect of SBL on clonogenic potential of malignant mesothelioma cells and non-
malignant mesothelial MeT-5A cells.

(A) Cells were precultured for 24 h, then treated with increasing doses of SBL (0.2, 2, 5, 10 and
20 pM) for 48 h. After treatment, cells were washed with medium, and plated in 6 well plate
(MESO-1: 500, MESO-4 and H28: 1000, MeT-5A: 3000 cells / well, respectively). After 12 days,
the colonies were fixed with 2 % paraformaldehyde, and stained with 0.1% crystal violet. (B)

Assays were done in triplicate, and average of colony counts represented graphically.
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AN—E -3, -8 BLV -9 DEFHILOFREVIREIVTAVTAVTICIVBREL. TOHEER,
H28 #MIfIZHLNTIL, SBL MLHE 48 K& A DHR/N—F -3, -8 BLUY -9 OBEEFLFMHALAS
mhbontz. —7, MeT-5A #ilETIE, ChoDFERHLEERBOHONG,N > (Fig. 2B). L LDH#E
EM5, SBL AEMMIERMICT RN —CREFRTHENHLGA,IZE o= SBL FET7RE
—ADEREFEEBALNICTSEMT, Bel-2 773U—ICBT BT R—R{BHEAV/IVE,
Bax, Bid, Bim, Bik, Puma OFEREILEZVz XAV TOvTAUTICKYBHLI.. ZOHRE,
SBL 13 [2&k% Bax $&U Puma ORBED LR, Bid DLUEICKSFHLEIERDONEM T2
M, 6,12 BLU 24 FREILEBIZE LT Bik @, 24 8LV 48 FFRILEBIZELNTIE Bim OFIE
MERTBIERIZHT= (Fig. 2C). Ef=, SBL I H28 MAIZHLVT, MAPK O EMIEAED
SNENENELNITEH, TAETNDFHILATHLIIVBILAOREEYV IR0 TOYT
AT 12&YTo1=. ZDOFER, SBL A 24 BREIA S total p38 DIEMABRINT-. =, V>
Bt p38 BEU INK O#EmA SBL L 24 B, 12 BEASZAENEREIAL (Fig. 2C).
—7%A, ERK OYVEREIEL SBL AL 12 B E A LBV ERIZH >z ShoDIeh b, SBL A
EHMIERNICTRN—REZFETHIEARASHITHY, F-ZDOT7R—PRITELT,
Bim % Bik HE D Bcl-2 773 —22 /&%, p38 ¥ INK HED MAPK HEIE5 S alREM
AN Y (0

A
4 4 30
H28 * MESO-1
20
40 |
*
— & —
. 20 - 10 4
E
s | | ’Li
3 Ly = : l—-i
6 o, [ 0
2 24 48 72 (h) 24 48 72 (h)
2
5 MESO-4 7 Mersa
I= - -
® 45 . (] control
c 1 40 | M ssL
<
10 - . 20
NN | FI o rwm om
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H28 MeT-5A
c 24 48 72 c 24 48 72 (h)
-“’ e e i e
Caspase-8 | - -~ - .. —43kDa
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S D D & — 5D
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c 6 12 24 48  (h)

R ]
p-p38 W — — G -
P3Ba M e SaEe AR e
p-ERK1 P
p-ERK2 — -
ERK1 S S aae e G

p-JNK1
p-JNK2

JNK1

JNK2

GAPDH e s . e s

Fig. 2. SBL induces apoptosis in malignant mesothelioma cells.

(A) Binding of annexin V in SBL-treated cells (H28, MESO-1, MESO-4 and MeT-5A). Cells were
treated with SBL (5 pM) for indicated time. The percentage of annexin V positive cells was
determined using flow cytometric analysis. Data are expressed as mean + S.D. of three
independent experiments. *, P < 0.05 versus control. (B) caspase activation in SBL-treated H28
and MeT-5A cells. H28 and MeT-5A cells were treated with SBL (5 pyM) for indicated time. The
activation of caspase-8, -9 or -3 was determined by Western blotting. B-Actin was used as a
standard to ensure equivalent loading of cell extracts. (C) Effect of SBL on expression of
proapoptotic Bcl-2 family protein. H28 cells were treated with SBL (5 yM) for indicated time.
Expression of Bax and BH3-only proteins (Bid, Bim, Bik and Puma) was determined. Bands in the
Western blot were quantified by densitometry and expressed as a ratio of intensity of bands to -
actin (respective bands / actin). (D) Phosphorylation pattern of MAPKs in SBL-treated H28 cells.
H28 cells were treated with SBL (5 pM) for indicated times. Expressions of each protein were
detected by Western blotting. GAPDH was used as a standard to ensure equivalent loading of cell

extracts.
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3. SBL & TRAIL OH#AMEBIZFTR— XD ERICERTI2HEENNESHRETRT

RIZ, SBL OIMEBNENEEIND, MOEFIEOHFAICOVTDHEETEIT>T-. Fas ligand
 TNFa (&, BSAMIZx T 5B RENMEVNCEARESNTILVS. — AT, TRAIL [EZDER
HEOESEHoMMNARIELTHHFIN TS FTHAS. €T SBL & TRAIL DFHFALEIZLKY,
MAETEMEI S RO EEAEDOONENEN, WST-8 assay #AALNTHE L. SBL (5 uM)
24 BFRE$HL<IE TRAIL (2 ng/mL) 24 BEREI D BB NIE H28 MIBBDEFEIL, ThEh 66.7 %,
70.9 % THSHH, HHALERE T, 24.7 % FTETL, MEBBEHFSROZLVERNED
btz (Fig. 3A). £z, COGHAMEREDLN, HEMOEMZHET S8 C.l. #KH1-. SBL DR
E% 0.5 uM TEEHLLIE TRAIL DiEE% 1 ng/mL TEEL, #ALKEBE, ThEho C.I.
(£ 0.63L£0.68 &g, £EBLH 1 UTTHCEML, COMBIEERMTHASEHIBL
(Table 1). BEXHEEMABICENT, TRAIL £ ETO LD HRICE P MAEIEIMNH IR D BRI,
FRE—SRADBEICKZIENRESN TS, 28 22T, SBL & TRAIL OB RIZENTS,
FHRICTRE— ADREENZBOHONEINED, 7RFI2 V O#HEELE Pl ORYRAAHERETLT:.
FD#EER, TRAIL £ ETO O#AMNEERMEIC, SBL F/=1& TRAIL EMMEBZH A, #RMNE
THEELG7XRFIU V GHEREOEMMNAROON, FLIOEAE Met-5A HilaTIEROLONE
Motz (Fig. 3B). I, fFAMREBIZETH5HAR/I—F -3, -8 BLU -9 DEHILEHREILIZES
%, SBL F7=I& TRAIL BEMUEICHAN, fiRALETHR/NA—+F -3, -8 HLU -9 OELVEHR
NEAEBHLNT= (Fig. 3C). ThioDIEND, SBL & TRAIL D HF AR L5 HE T IEFEHD
FHRIK, FIRF—2XDERBICERTHZENBHELMIZHEHT=.
4. SBL & TRAIL O HRICKDT7RF—LZADERIE Bid ITEYUMRTEND

RIZ, SBL & TRAIL DHRAIZENT, EDQKSITLTTRF—LRADBBRMNFIEE SN HDH
ZEHLMIZT S8, CNETIC TRAIL EDHRABRIZOVTHESNTVWSHMREZLLICHRE

To1=.

Table 1. Calculation for the combination of SBL and TRAIL

combination index (C.I.)

SBL (0.5 uM) TRAIL (1 ng/mL)

0.63 0.68

C.l. values of >1 and <1 indicate drug antagonism and synergism, respectively.
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SBL - + - +
TRAIL - - + +
—57 kDa
Caspase-8 —43 kDa
~41kDa

_" —
Caspase-9 37D
- -_— - - a
. R e H —35 kDa
-

=35 kDa
Caspase-3
——— .

.
W =17 kDa

b =

p-actin (D S > <0:

Fig. 3. Combinatorial treatment with SBL and TRAIL shows synergistic cytotoxity.

(A) Cytotoxic effect of combination of SBL and TRAIL in H28. Cells were treated with SBL (5 uyM)
and/or TRAIL (1, 1.5 and 2 ng/mL) in combination for 24 h. The viability was determined by WST-
1 assay. Data are expressed as mean = S.D. from three independent experiments in triplicate. *,
p < 0.05 versus SBL alone. (B) Binding of annexin V in combination-treated cells. H28 or MeT-
5A cells were treated with SBL (5 pM), ETO (50 uM) and/or TRAIL (2 ng/mL) for 24 h. The
percentage of annexin V positive cells was determined using flow cytometric analysis. Data are
expressed as mean + S.D. of three independent experiments. *, p < 0.02 versus TRAIL alone. (C)
caspase activation in combination-treated H28 cells. Cells were treated with SBL (5 uM) and/or
TRAIL (2 ng/mL) for 24 h. The activation of caspase-8, -9 or -3 was determined by Western

blotting. B-Actin was used as a standard to ensure equivalent loading of cell extracts.



Bortezomib (&, #ifafE L ®D TRAIL DL tT42—T#H5 death receptor (DR) 4 HEXU 5 D
RMEBFEMSE, TRAIL DRZHZEARTIERESATNS. 2 %0 22T, H28 iM%
SBL (5 uM), TRAIL (2 ng/mL) Z B3 LI HALEL, DR4 LUV 5 ORBFELLREH S
NEDNENVIRZALTAYTAVTIZKYRELI:. TORER, ROsT4Ta0bA—)LELTAL
f= bortezomib #{E, HMUESIUHRALE, WIFNRICEVLVWTIERROLFIERHENEH
o1= (Fig. 4A). Chi>DZEMD, SBL & TRAIL DHAIZED TR — RN EHEIZ, DR4 B&
V5 DRBIIEBELGVWIENRALMIZLEST:.

TRN—VRATHLNDINIVRYT7EEDEEFEELT, MMP OETHIEIFLNS. F£f-, TRAIL
&L ETO OHRAMEBIZKETR—RXTIE, SFAVRUTZ7EENEETHLIZENTEINATLS.
129 22T, SBL & TRAIL DB AMBIZEZT7RA—LRIZ, SFAVRYTABEETEHED,
JC-1 ZAVTHRIZTo=. TD#HE, TRAIL & ETO O RMEBERMEIC, SBL E£i=[
TRAIL EMHMMEB(CH A, $tALET MMP E THEOEMAREH SN (Fig. 4B). TRAIL &
ETO OHAMEBIZLKAIFIVF)TAERT RN RITE, HFENGUMEZTHILETERL
3% Bid DFEMHIENEETHEIEMNBESA TS, ?? 22T, SBL & TRAIL D #fRMEIC
&b, Bid DU, 4G4 HLEEHRIENROONLINED, TSN SO full length Bid D HIR%E
DIRBAVTAYTAVTICEYBEL:. TOHR, TRAIL £ ETO OHRALELELIC, SBL F
f=1X TRAIL BB (IC X, Gt FHAIET Bid Y DE@RARH SN i= (Fig. 4C).

RIZ, GrRAPRICE TS Bid FHELOEZMZHALNIZT S8, siRNA ZALT Bid D H K
ZIMHL, SBL (5 uM) &V TRAIL (2 ng/mL) 24 BERMELT- H28 HIBAD 7 RFL 2 V D
BEZAEL. 512, hRN—FE -8 DFEHRIEZEVIRZLTAVTAUTICEYBELIZ. 20D
R, siRNA [2&Y, Bid OFEBROMFINERSNE, SBL & TRAIL OHFRLE(IZLET R+
UV BERBOEMNIEOONEMN>T= (Fig. 4D, E). 1=, Bid OFRRM&EIZLY, hAR/X
—t€ -8 OFEMALFIME ST (Fig. 4F). ChoDER LY, StRABRICE VT, Bid OiFE ML
MEETHSIE, SHIZEFDFHILITHAR/IN—F -8 DFEHLICEASLTWSIENRTEINT:.

51



T 1T 1

1.00 0.85 0.89 0.81 1.44

DR5 ----‘

1.00 0.69 0.77 0.61 1.61
BT s i s o
SBL - + - + -
TRAIL - - + + -
Bortezomib - - - - +
- Control - SBL
5 f} 21 ;
E“‘e' b 928 EN.C_‘: _,--'r‘ 916
w_ 3 i T_ 3 A
2 e 3
%! - Jr;q 12 %1 . 3.4
10° 10" 102 10° 104 T100 107 102 10% 10t
FL1-H FLI-H
8 TRAIL SBL + TRAIL
= ?:: ‘::
[ . . - 3
Q ) . o ﬁ ;.
g :N—] ﬁ Ic:i = ‘;g%
5| 3¢ o onn BG L =
- o Tty - o ()
g | 2 o) 3
8 2 e e S Yy ki
o 10° 10" 102 10% 104 102 10" 102 10° 10?
FL1-H FLI-H

CCCP
-
27
l")°'
zo |
ﬁ (=3
i'LF.-u
21
DQ-
= ey e
10 10" 102 10° 10?
FLI-H

—_—  »

Green fluorescence

52



SBL - + - -
TRAIL - - - +
Etoposide - - + - -

Bid wes SN S——

f-actin U D SEE. SEEE S —

Bid
Control siRNA

Bid ey,

B-actin  ANEG—

70
Il Control

60 [] Bid siRNA
50 -

40 -
30 —
20 -
10

Annexin V positive cells (%)

SBL - + -
TRAIL - -

53

+ +



Bid --_ - - -— - 22 kDa
1.00 - 09 - 058 - 029 -

— e . E— —— .. ot sy — 57 kDa
Caspase-8 - — 43 kDa
y = % —41kDa

1.00 098 1.22 1.12 068 0.82 0.45 0.76 (57 kDa)

B-actin G G G S G S — 42 kDa
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Fig. 4. Mechanistic analysis of synergistic effect of SBL and TRAIL.

(A) Effect of SBL on expression of DR4 and DR5. H28 cells were treated with SBL (5 uM) and/or
TRAIL (2 ng/mL) in combination for 24 h. Expression of DR4 and DR5 was determined Western
blotting. Bortezomib (10 nM), known to up-regurate DR4 and DR5, was used as positive control.
Bands in the Western blot were quantified by denditometry, and expressed as a ratio of intensity
of bands to B-actin (respective bands / actin). (B) Change of MMP in combination-treated H28
cells. Cells were treated with SBL (5 uM) and/or TRAIL (2 ng/mL) for 24 h, and then exposed to
JC-1 for 30 min. Change of MMP was determined using flowcytometric analysis. The percentage
of cells divided into lower right-hand (LR) quadrant and upper right-hand (UR) quadrant was
indicated. (C) Bid-mediated synergistic effect in combinatorial treatment with SBL and TRAIL.

Bid cleavage in combination-treated H28 cells. Cells were treated with SBL (5 pM), ETO (50 uM)
and/or TRAIL (2 ng/mL) for 24 h. The cleavage of Bid was determined by Western blotting. B-
actin was used as a standard to ensure equivalent loading of cell extracts. (D) RNA knock-down
of Bid. H28 cells were subjected to two sequential rounds of transfection with Bid-specific
siRNAs or vehicle (control). Bid expression is almost abrogated by the specific RNAi; there is no
effect on expression of actin. (E) Effect of RNA knock-down of Bid on apoptotic facilitation
between SBL and TRAIL in H28 cells. H28 cells subjected to two sequential rounds of Bid
specific RNAi were treated with SBL (5 uM) and/or TRAIL (2 ng/mL) for 24 h. Percentage of
annexin V positive cells were determined using flowcytometoric analysis. Data are expressed as
mean + S.D. of three independent experiments. p < 0.02 versus control transfected with vehicle
(*) or TRAIL alone (**). (F) Effect of RNAi knock-down of Bid on caspase-8 cleavage facilitated
by combination of SBL and TRAIL in H28 cells. H28 cells transfected with Bid-specific siRNAs or
vehicle were treated with SBL (5 yM) and/or TRAIL (2 ng/mL) for 24 h. Bid expression and
caspase-8 activation was detected by Western blotting. Bands in the Western blot were quantified
by densitometry, and expressed as a ratio of intensity of bands to B-actin (respective bands /

actin).
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FEmE BE

AETIE, SBLAMEDOEMRREMEIC LHIEEINGEHREZRL, —AT EERKH
KMEICKHLTIEZDMBEZRIBVNIEEZHSMNICL (Fig. 1), FLZOHRIE, 7R DD
FEBICLDILEEZRLE. F—F, EZEBSLUVINFETITHONIZENTILNS SBL DEEMNLE,
SBL &%, NAMRZEIRKMLG, RNA Z3—7yhELEFHLOLWAFICEFTA2MAARIELTIGHATE
HEREEN RSN,

ZRIGHABREE, BEFREICRSYT, 2<OEBEICHIIERMAFTED—DOTHD. EXZE
ELGSFRABFEOLONEASH, TOFRIE 1) AENROLR, 2) ERMEESOER, 3)
FZXROEAERLVICKIEMEROBRLEENAZEITONS. KETIE SBL & TRAIL IZ&56:RA%N
RIZOVWTHRE L. TRAIL 1, RESTFTILOFEEEDLT IS, AAMIRBRNIZTZREF—X
EFEILHIENDERBEINEYAMNAUTHS. TRAIL DEIL, DNA SEHEHF], KETRE
FHAHANIPIREAERGE, GtRICKVIERTAZEAHONTEY, ERPREIZENTE, £0
GRAMESBRESATNS. 1201 B0\ DRA ZHTZE//O—FLHEETHSD
mapatumumab A%, JE/NAREMAAPCERDF O NEREIZHTIHBIRNAFELTHSE
SNTWEHE, P TRAIL LZDREKREI—F YRELEMEAEBHIZITHOATNS. BE,
TRAIL FZEIGHRABE~NDILAZEMNELT BROEFEOFHRADENLEICHASA TS
M, ZOHET, bortezomib %> a-tocopheryl succinate (a-TOS) I, #iEE £ d DR4, DR5
DHREEFEMSE, TRAIL DBRZIUHEZERIELIEMNRESA TS, 22 B0 B 27,
SBL Ff=I& TRAIL B¥MEL LT rAMNIEIZETS, DR4 EDR5 ORBELEMELIZE
ZA, ROTF4TarvbO—)LELTHL: bortezomib <, WFhDMEBIZENTE, DR4 &
DR5 MFEE LR ITRHONEM T (Fig. 4A). TDEAD, SBL & TRAIL DHERIEICHL
T,DR 4, DR5 OHXBRAMIBEELLNIENAREINT-.

Fas UAVER INF BEDHAMAMV I, BREICHFETHIIBRICHEELT, NHNEMRERIC
FYTRF—VREFETHEAHMONTNS. ) ZREDUAVREFNIZH T IZREDRE
&12&Y, death inducing signaling complex (DISC) MM EIY, hR/N\—+F -8 DFMH1E
AFEING P 20k, FUBHARN—F -8 X, MBEOBHEICLYZDOEL>-REKIZTY
THLEEETS. Y —DiF, FRHEARNA—F -8 AEEMITHRAA—F 3 HBEDITIVE
—HZAN—EEFHETIRETHS. °0 £5—21F, FHEHX/—+F -8 ' Bid ODYIH%E
NMLTERaVRYTEEEZERL, ARN—F -9 OFEMRIER, T7293—HRNN—EZEHLLT
ZRBETHD. PO Chnk, WHABIZBERICE>THESN TLSNRBELEA, BTE QBB
B<HIRRIE Type [ #ifE [SKW6.4 #ifE (E B U/ ZFEREHEK) v HO M8 (EF T2/ E)
HE], REBORBIEGHEMIE Type I #ika [Jurkat £> CEM #ifg (EFEHUD/A\FERERM
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/)G E] ERFIEN TS, Gerwin LIZKYBISn-EMPKREMBETHS M28 #HikaE,
TRAIL A ETBT7RE—V RV TFILIC, ShaVRYT7E Bid NEELZREZFE->TWSIED
5, Type I #ifaTHAEEZLON TS, P KE(ZHWT, SBL & TRAIL DHFRIZEZHEEM
MREEINH S ROEFICOVTHREL::. TOHEEMHRETRIN—2XDREIZCEDZIDTH
BIEMNTRESN, TOBE, SFAVRYTEENTEL TV SIENBAS, A ST (Fig. 3, 4B). F
f=, SOTRF—RD AT, Bid FHEEDEREELD, TADNARN—F -8 FHILLEDTR
F—S RO TFIVDREICEELGEHEELTVDIENTE SNz, KEERICALz H28 MIZH
LT, Bid SEHEED1E®RA TRAIL FE 7R — XZRESE TSI EIE, H28 A Type I #
RICHOBINHILEEZERLTVSEEZONS.

BREWNZ &I, Abayasiriwardana 5(%, 28S rRNA IZ#4& L, BERZEMEET S anisomycin
M, ribotoxic stress #FEFTHREICENT, Bim #NLEIFMAVRYZ7EEORERTEZ3IE
RE£CL, TRAIL LD BFRAMBRETRTILER VL. 2O, Bim OREILIZ INK AAEFE
FTEHAREMEREL TS, %) £, Nikrad 51%, FRTF7Y—LBEH THS bortezomib A3,
DR M EFDEMIC, Bik BLU Bim OHRBLEFENLT TRAIL LD HRIZEDTREF—T R
MBS THERELTVS. Y KAEIZH UL TIE, SBL M H28 MMIZE LT, Bik & U
Bim OB EFMEHEINT-. Anisomysin (&, INK & ERK DEMHLZFEL p38 DOFE ML
FFBELEWIELNRESATLSDIZHL, SBL TlE ERK TlE#< p38 H&U IJNK AVEMIE
SNTVRHIENTSN. ChoDHMBEMD, BHORKOHFHRARICENT, Bel-2 773 -4
NIEXR MAPK N ZDHERHMRICEELGBETZE->-TLLHAREENEZOND.

LEDIEZEBFER, SBL & TRAIL OHAIZKYBEESNLTRIN—DRBRICEAL, FESHh
HEAMF%Z Fig. 5 ICTRLTz. BHAICKSA 7R =2 AD BRIV TEE, hR/A—E-9
DEML, TT7VF—DRN—EDEFHILZNL, EHITHRN—E-8 LU Bid DEMELHIIE
MEINnd, TO—&EMD amplification loop DiEMHILIZ&SEEZEZONS. F£1- SBL ITKYFEESH
B57HRE—=RTTFILIZ, Bik ¥ Bim 5LV E JNK © p38 A ELTWSAIEEMENHS. &
M SBL & TRAIL OHRAMRIT, AAMRBIRMICBERINGZE, FIOISIGERBFICE
BARBENINETIZHEWVWIELRENDS, SBL & TRAIL OHAKEE, BEHDPEEICHT I8
WBREREICRYRBREEEZOND.
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Fig. 5. Proposed model for mechanism of apoptosis amplified by SBL and TRAIL in H28
cells.

SBL catalyzes cleavage of cellular RNAs, and increases expression of Bik and Bim,
phosphorylation of p38 and JNK MAPKs. On the other hands, TRAIL activates DR mediated by
death-inducing signaling complex (DISC), which is formed by recruitment of Fas-associated death
domain protein (FADD) and caspase-8. Caspase-8 activates Bid. These two signals induce
apoptotic “amplification loop” (thick line) associated with mitochondrial outer membrane

permeabilization and caspase activation.
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ENE
SBL FE7Rr,— X (X Hsp70 DFEADICKYBEESN S
£—H F

HAEXEL DAL RITHL, B3y IL AR RESIEERIL, TCTREEIOEBFEYICE
5FET, BEMATHELEMITRESATVEI—EDRIIVIFV/INIE (Hsp) NFEBEID. Ch
5 Hsp EAFoyROVTHY, MEEOESGERECHEEBICEVWTEEZELGTRIZELTLS.
42 Hep &, RRLRBEIZEBEN S stress-inducible type &, BEMD constitutive type
“HEAICKANINS. BEOHRET, &£1& Hsp MBEDFEMNLGHEENRASHIZHEYDDOHS.
Hsp70 Z731)—IZI&, stress-inducible type T#% % Hsp70 *° constitutive type THYMRE
PR/MRIZBEL TS Hsc70, /MNaKIZHEET S BiP FAEFENSM, I, Hsp70 773
—HHBEICFEZEICAELTVWAEVWSBKREVNRENZHEIN TS, Hsp70 [£ JNK DF
HALEIMH T HILICKYTRE—LREMFTHE, D HBEINBH AT LIV RIED
apoptotic protease activating factor-1 (Apaf-1) &AL, Apaf-1 I27BHR/N—+F -9 N Y
IW—brENBDERETEHILICKY, TRN—=SROTFLENMGITEILBENRESATNS.
" —F, Hsp70 7 Rb—L RERET HEWNSHELHY, Liossis B, Hsp70 A% Jurkat T
HAZIZH VT TCR/CD3 4> Fas/Apo-1/CD95 THASINS TR —L REEETHILEHEL
T3, " Hsc70 FMMEICREL, BENBAN ATICEVWTERABITTEIENAL,IS
HBoTWBA, M) I5(c, MEREICLHRBEL, BLLLET4—0FEREERATIENSHES
mENTWS. 7149 %4 Hsp70 &Y Hsc70 ICEAL, TASAH#BERED glycosphingo-
lipid-enriched microdomain (GEM) F##ZELBAZELHLMIZEATINVS. 190 19D

SBL (&, #EmTHRABY, BLONPAMBEZEEL, TORKETORIVAIEOHLY
DAVEFTHEESNS. 1= SBL [2&5 P388 MDD BRELSSUVMBEEMGERE, MEEY
FUS—ETRINEBTEILICKYEBETTLHILGEND, PIBSHMIMBIELICRELTLNSL 7O
BUIRYEBLETA— (SBL LETF42— ; SBLR) DHEAEMNEZEZALN TS, 612, REDHEN
5, SBLR ' GEM [ZHEHETHEVNSAREMELTBINTNS (F—4%%%K). XETIE, SBL 5
B7Rr—LRIZHITS Hsp DA 5%, GEM TOERBENH/ESN TS Hsp70 KU Hsc70
[EBELTHEEL.
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B RBMBEBIURRAZX

1. ##

SBL I, £—F, £, F 1 HITHKAN=-AETHABELE. il SBL B EAHAREICH L
T, BERICHEWL SBLZOHFICREFHLTEON-EDEFEHAL. 1 Hsp70 KU Hsc70
IR (L Stressgen #t KYBE A LT-. Fluorescein isothiocyanate (FITC)-conjugated goat i
rabbit /K (& Cedarlane #t M5B ALT=. Quercetin [£ Cayman Chemical Company #t A
BEYBALT.

2. MRS &
P388 MiIBIIHIAKRZEFXMEMERAMBERE L 4 —LVYitESh=-10Z AL, #RIE, £
—F FIH, F2EICHERR-AETEEL::.

3. hAN—E-3 FHDBIE
AAN—E-3 FHEDRERX, F—F, FZH, 5 8 HITHEAHFETTo =

4. SBLR, Hsp70 & U Hsc70 M FHIFHEER

SBLR #EDEHE D=6, P388 #ifa(= SBLEMZ, kT 30 RS E =%, 1 SBL #1
KEMZ, )k T 30 P RIG#, FITC 28 goat #1 rabbit IgG fifkxEmMZ, kT 30 2/
RIGEET=. Hsp70 &KV Hsc70 DB DK H =8, P388 MifEIZ#1 Hsp70 #uiK, $1 Hsc70
mkZEmMA, )KpT 30 FfEREE, FITC 23 goat #1 rabbit IgG fifAZMA, )K$ T 30 &
MRESE. Rib#%, PBS T2 E%%L, FACScalibur ICKYZENEFNDEXL T FILERTE
L7=.

5 HxREVIAvTFoVY
DIARAVITAYTAVTIE, E—F, 28, £ 9 BICHRR=AHETITof-.

6. RT-PCR %
Total RNA Ot &, F—F, B E, 5 3 HIZHB Rz AETITofz. RT-PCR j&(& Hsp70
HEUY Hsc70 BEFHEM primer RV, &, £, £ 5 BICHKN-FETITo1=.

7. )RV T I —BRHERER
FINRDT IV —BRBRERE, B—F, E2H, £ 4 BICRANHETITo .
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8. DNA BT F1E D ERER
DNA BT LD EERIX, £—F, FH, F 6 HICHRRF=AETITo=.

9. MEtFRINE
Mt FHNEL, F—F, FITH, 5 11 RISERFETIToR:.

F=HE MR

1. SBL M3 P388 MBIZE LV THR/A—+F -3 AEMIESND

E—FE(CHLVT, SBL (& Jurkat MEBZICXL, ZODEHE- WL, TREDL V OFEE DNA
D FIEZESIERIL, TR, REFETEH2EEFRLI:. AETIE, SBL @ P388 ITxtT 57
RE—SZFEYDREHR/NA—F -3 OESILEIERICHEL-. DEVD-pNA ALz AR/N—+E-
3MEMBEDHER, SBL NEIZKY AR/NN—E-3 DFHENFESN, TDFEMIL 6 BRERE
[ZEWTHERKELEST= (Fig. 1). SOTEMD P388 M TIX, SBL I 6 BERRIZT R, — R
EITHICASIENREINT:.

1.0 -

0.8—

0.6

0.4—
0.2—
0
0 3 6 9 (h)

Fig. 1. Effect of SBL on the activation of caspase-3 in P388 cells.

OD 405

Cells were treated with SBL (2uM) for indicated time. Caspase-3 activity was examined by use of DEVD-pNA.

2. SBLR, Hsp70 & & U Hsc70 I P388 #MifafE LICHET S

FE—ETHRAf&SIT, SBL BAAMBOBEREICHES®, MEANICIRYAEH, HlasHs:
TTEEZLONTHEY, TOMEBE LIZIE SBLR OFEMNTEINTINS. 22T, MBED
SBLR, Hsp70 & U Hsc70 DHE|ETIO—H A b—A—F—[TKYBEL. TDHEE, P388
MARIZE LT, SBLR, Hsp70 £& U Hsc70 DETHRIBEMNEH ST (Fig. 2).
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Fig. 2. Flowcytometric analysis of heat shock proteins on P388 cell surface.

SBLR (A), Hsp70 (B) and Hsc70 (C) on P388 cell surface were analyzed by flowcytometry using

respective antibodies (dotted line). Solid line indicates control cells for each experiment.

3. SBL Bz kY, #MIBBED Hsp70 HX U Hsc70 A#EMT 3

Hsp70 &Y Hsc70 QMR EDFEMNBALMITHE27=2EMD, RIZ, ThoDBEMN,
SBL MEICXYEILT I ENEREIL-. fMila%d SBL TLER #HiazlR, MRESLUVKE
DIZHEL, TRENIZEITS Hsp70 KU Hsc70 ORBEZ VT RALTAv T4 T IZ&Y A
ELz. TOHRE, BEESO Hsp70 HIWE (X, SBL LI 6 BFEZICHELT, ROLEabO—
JLICEENR 34 % DFEILNBOHLN, TOHRBKELIZEMLT= (Fig. 3A). — A, MIlBEE > TIE,
Hsp70 &Y Hsc70 WFAIZEWNTH, NER 3 KHICEVWVT—BEOLEFNEBHLN, £
BEAICHELTS 9 BELEICENT—BRO LEARHONT (Fig. 3B, C). CHIEMD,
Hsp70 &Y Hsc70 O BFE(E, SBL LEIZKYEILTHIEMNHBAL. BRI LIS, AR
N—E -3 OFHIENEISERIC, MEEES D Hsp70 8L U Hsc70 DRBENRTKELD
CEMBHELA IS

- Membrane " Cytosol - Nucleus
2o <4 o] Lo &
w© T ©
1 14 14
""‘_
o
o o (=]
0 3 6 9121518 2124 0 3 6 9 12 1518 21 24 0 3 6 9 12 1518 21 24
Time (h) Time (h) Time (h)

Fig. 3. Distribution of Hsp70 and Hsc70 in SBL-treated P388 cells.

Each fraction (A: membrane/organelle, B: cytosol, and C: nucleus) was extracted from SBL-treated P388

cells. The levels of Hsps were detected by Western blot analysis. Hsp70: solid line, Hsc70: dotted line.
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4. Quercetin [X Hsp70 O HBEMFIT S

SBL OiIfEBEL, Hsp70 KU Hsc70 OEFREBHLHNIZT 5718, Hsp70 D HKIBRERF D
SHLHIENESNTLVS quercetin TRV -EBZ1To7=. Quercetin [&, Hsp D5 &N (2B
BESEHIEMNBESNTNEISHR/AFIEEMT, B avVEEBRF [heat shock transcription
factor (HSF)] D —HT#H5 HSF1 O DNA ~D#EE £, H5L L HSF1 ORBEERL S
%Z&ET, Hsp70 O mRNA LR L THOREBEMFHITIIEA|/ESNA TS, '°? Quercetin A
I P388 #iEIZH TS Hsp70 KU Hsc70 MFEEZ RT-PCR EFEvz X270y T4>
JEICKYBREBLIZET A, quercetin L 12 B &Y, Hsp70 mRNA O FE I (E# 60 % #HAL,
ISI2AVIRIBL AL TS 50 % ORLMNEBHSNT= (Fig. 4). —H T, Hsc70 O FKE (<%t
9% quercetin MELZ(L, mMRNA LR, AU RIBLALWThICEWTHEED OGN T=.

R4E BEEEEEENAE NN
Eo.a— § & 06- § I
0.4- § S 22_ \ §

Fig. 4. Effect of quercetin on mRNA expression and protein level of Hsp70 or Hsc70.

Cells were treated with quercetin (5 pM) for 12 h. Expression of Hsp70 (black column) and Hsc70 (dotted
column) at mRNA level (A) and protein level (B) were determined by RT-PCR and Western blot analysis,

respectively.

5. SBL @ P388 fila~D#E &L quercetin MFEEEZ (TN

Quercetin JLE[Z kY Hsp70 DHEBETMNEHLNT-D T, RIZ, Hsp70 O FEIRF A SBL
DHEEICHEEZRIZITHEMNREILI-. Quercetin DB TS SBL OfEEHEI0—Y
AA—E—FFHWNTEELI=EZS, quercetin MBS LUVRMLEHMBAIZH VT, SBL DESHEIC
ZIEBEHLN ATz (Fig. 5).
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"
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Fig. 5. Effect of quercetin on binding of SBL to P388 cells.

Cells were treated with (bold line) or without (dotted line) quercetin (5 pM) for 12 h. After
treatment with SBL and #i SBL antibody in the same way as described in materials and methods,

the cells were analyzed by FACSCalibur. Control, thin line.

6. Quercetin (& SBL ICLPIEBEIRBBEEIES

RIZ, Hsp70 O FEBFBAP A SBL DREBHRICEEEZRIFTINEMNMERFT L. P388 MfEIC
RIZd SBL OHMEEUS VTR —CRFEHRITHT S quercetin DFEEZE, MV TIL
—EBREERAEBRE (X DNA BTAIEOBERICKYREILIzEZ A, quercetin ALIE(Z XY SBL
BEHAEDRTEE LU DNA BHeDiHEIAZEH LT (Fig. 6A, B). ChbdD e, SBL
[CEBMEBHRICENT, Hsp 70 NEBRL KRB ZE-TL LA RERA TSN,

A B

120

100—

o)
o
1

[0)}
o
|

IS
o
|

N
o
|

0
Quercetin —_— - +
SBL - + —

Quercetin
SBL -+ - o+

Fig. 6. Effect of quercetin on SBL-induced cytotoxicity.

After pretreatment with quercetin (5 pM) for 12 h, the cells were incubated with SBL (2 uyM) for 24 h.
(A) The viable cells were counted by trypan blue exclusion assay. (B) Agarose gel electrophoresis of
DNA extracted from SBL-treated P388 cells. * p < 0.05 versus SBL alone.
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FmE B

NAMRICH L THESEEZRTHEDOVRIILT—EIEL, RNA ZEMITTHENIHLLE
FICEVREBHBERERTIENS, FIRRNARIELTHFEIATLS. F—ETHRRELSI,
DIRXOLT7—HICKYFEINIMEEED AN LI, i) URXILT—F OHMBRE~D
HELHMIERA~ADERYIAHA i) MRE~DFIT iii) MM ribonuclease inhibitor (Rl) ™50
B8 iv) #EEN RNA DL, DRXATYTNLLHEEZEZLONTEY, CNORRATYTIZEITEHR
RIE, VRRILT7—EOMBBHICKRELEEEE5ZDIEHHOATNS. *? SBL ® P388
BIZHIHREFHESLIUVMBRESE BEEZTIF—ENETEIETHEEINSGIENHS
MZENTEY, 27 SBLOC 7oAV RIBL T I—~DOHELZORYRAH(E, SBL DHE
BNRORBICEETHHEEAON TS, SHITRIEDHMEMNS, SBLR AHfAERE D
GEM IZHEHETHAREMENTEIATVS (T—2RER).

AKETIE, GEM IZFEETBHIENHESNTILVS Hsp70 H& U Hsc70 D, SBL IZ&KDHHfEHE
DNE~ADEEDOTREMRICOVTRELE. EFHUHIC, Hsp70 KU Hsc70 DRBERELT-
R, Chid>h SBLR EREHEIC P388 MBS EICRELTLAIEMBALMITHE-T= (Fig. 2). £
f= SBL MEMMICHE ITHMEDOMBABEEZHREL-ECS, SBL FET7RM I IANETHIC
ADERIZ, #MifaE T Hsp70 &KUY Hsc70 NELLEMTHEVSEBKENMREF- (Fig. 1,
3). RIZ, Thi Hsp AHEEERIIC SBL FEMMBEICEHE TS50 EM, Hsp OFREREMFIT 5
EDRHENETSR/ARIEEW, quercetin ZRAWEERICKYRE L. Quercetin M3 P388
MABIZHE T, Hsp70 DA A mMRNA LRJL, BUNRIBLRILEBICHRSINTE=H (Fig. 4),
COEBHTIZEWNT, SBL @ P388 fMifAIcxt 3 oS HICEILIE%A o1 (Fig. 5). Hsp70 [ A4
FILiE, BB (L O-FEEE N- FEF LT ILaHY I (O-GIcNAc) D A2 &Y Z D #E RE A Fil 1
ENBHIENRESNTISA, Hsp70 BARDALTARAVNIETHLIEVSHREESDECHE
Ly, 1931 T 5T EIE Hsp70 BRI SBLR TIIEWIEERBLTWEEDEEZOND.
— AT, quercetin [2&5 Hsp70 O FEIRFA (L, SBL FET7RF—RDHFIZS|IEHII &
MEALHAIZ7EY (Fig. 6), Hsp70 A SBL OMEBHEMRICEEICEAS I HRRERMEATRBRINT.

Hsp %8, #IZ Hsp70 773U —ICBL, ZhohBADOHBRIELLT4—LHBEERALTLS
_ERHLNTHY, $IZ Hsp 70 KU Hsc 70 (£ CD14, CD40 &% 5L X toll-like receptor
D73 —EHMEERTAIEANHALMZEh TS, %) KRNI EIZ, Guerrero &
Moreno &, Hsc 70 A GEM L T integrin aVB3 &E A AR ZER AL T rotavirus DLt T42—&
LTHREL, VAL ADMRE~NDEBELHMBANDIRYAAICEE S HAREREZHREL TS,
158) REFE TIE, Hsp70 OHKBFH AL SBL OMME~ADRESHICEEL5240\A, SBL &
B7RM—2REMHETEHIENBALSNCHEST-. LBDEY, MEBEEEZRTIURIILT—ED
HMEANDORYAAPLHBE~DETLEED, VRXILT7—FIIHT5ME0RZHEICEEES
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Z5H5ZEMD, Hsp70 (&, P388 fifEfE LIZH VT SBLR &filoh DR THEEHAL, SBL DOH#
ANORYAAPCREICEASEL, SBL D7 R —RAFBEMRICELEZRIITAIREEAEZTZS
5. Hsc70 DHIRIL quercetin LETHRAE T, TOHEERBITIXITAHEL =D, KRHARICHE
[+% quercetin RLEBEHET TIE SBL D7 RE—AATZELIZIEIMFSGEMI2EDDE
Hsc70 % 4ULME D Hsp A SBL DHEEEICEIE T HaIREMELHY, ChoZxBHoMNITTHILET,
SBL OHESZMR CHMEZEREICELIMENERTHENPERFIND.
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ABETIE, SBL OEERICA~NDEREMEZERT HEZBERIC, SBL OMESERICONT,
FTOEMME, FRABFLELVICHOEFEOFAICOVTHRETLTE.

E—FETE, HEOErEMRMBKICHT S SBL DA LUZDOERA#FIC DL THRE
Li=&l%, SBL A SHIMEESCBAOEAMFEMAICH L THIBEEERTENBALAIC
#of=. SBL FETFR,—LRADV T FILBIAD, TOEREEELLT, SBL IMAMBREIC
WALEEZ MYAFEHh, HEERNTRNA Z28L, TO®&, ShaVF)T7OREEZ5IEZEIL, &
BMIZ, DRNR—EHRT—FZEFMHILTE. ChE5DIENDS, TRE—D RV T F LA RSN,
HMREICESELFEINI. S5IT, 2OTOEXIZIE p38  INK DEMHENBEELTLNS A
N RBINT.

FZETIK NAUBRERICEITAEMNELTIBELZEDL/NMNARXNAD, SBL FETRM—Y
A2 HEEICDONVTHRELE:. ZO#HR, SBL (&, /MNEARXILRIZLD UPR #FESTHIL
DBREN, FLARIN—F -4 OFHILIZEDNEEINL AT R— REFETHIENTE
Shtz. SBL FET7HRF—RICHTH/NEERNZOBEEIZOVTHRETLIZKER, SBL A FE
TETRF—RITEWT, SFaAVRYTEFLNMEAEIN AT ENENRILTHEFEINSIL
NRENtz. Fiz, TRF—=2 ROV T FIVBEZEIZBEWT, SRaVRYTEEIZKSIHDR/A—F -9
DFEHAEDN, —EHHAR/N—F -4 OFHLITEELTWOSAREEAREENT.

FE=BTIE #AMESECTHLIBMHPREMBIZNT S SBL DFMEEL, SBL LU TRAIL
[CETHHERHNMERENRGOVICZEOERABFICOVTHRELE:. ERPRESLIVEERK
MEMEZAN-EEMNS, SBL AEMHMEERNICT RN 2 RZFRITHENTENT. &
5(2 SBL & TRAIL OHAICKYHEEMNTREF—RAFENRMNB OO COHFABRIZEN
TIX, SFaVFYTEE, hR/N—E-9 OFMHEIE, hRN—F -3DEFHILENL, EHITHR/N—
+ -8 5LV Bid DEHIAEN BRSNS LD, —FED amplification loop DFEMHILIZKSIEN
REINT. F1z SBLICKYFESNSLT7RMN— X TFILIZ, Bik % Bim H 5L E INK
p38 NEEL TS A[REMEMNRENT-.

FEMETIE, GEM ICHEETIIENHESN TS Hsp70 KU Hsc70 A%, SBL DHiES
DRICERIFTIEEICOVWTHERIILI-. TOHE, Hsp70 8K U Hsc70 A%, SBLR LE#IZ P388
HMRELEICRBLTVWAIENBALANICHRY, £z SBL FE TR XNETHICADERIIZ,
HAE D Hsp70 XU Hsc70 BNELLEBMI HEVSEEKFWVRREE B, 7=, quercetin I
&% Hsp70 MFERE (L, SBL ) P388 #MMAIC T 2HEEMICE{LES XL, SBL FE7
A= ZOMGIZEFIESEITENASAITAY, Hsp70 A SBL OHES S RICEZICEEL
TWAAREMEMN T ENT .
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BEMELIREBNIZEELTWSSH, LYFUETOREEEFENICRBTLEEN S, FR
BEY—N—DRRY—ILPCEHELGEANDEANHAFINATLS. Narimatsu 51E, LYFUY
AT S5T714—, REFHEE, LIFUOTLABNEOREEMTRMZICAL, FHaAA R
EBOFRI—N—RZRBIFERRLTLS. °° 1% Ff= Chen DI, HREI(TRELI=HER /S
VEDEMEBZHENLGE/VA—FILRAT, FEHEEHEVSIENELLERELIFUT
O—J THRETREVNSHLOZHEZHRELTVS. % &5, HOOHESATLWSLIFY
THD, AVAFTNIV AR, YRUXLIFUIE, ThodF—ro7—C—ICEAEL-RESRER
ERTEND, AAFIELTOREEEARESATINS. 102109

HMREELIZEWNT, S7IVEERIE, 8%, MEEOHEIVAN\IVBEHOERETRIFIZAMENTEY,
DFDALITAA—avp, RE-REALBEICEELRIZE- TV, " HREEOEELEE
ENADHEHED—DTHADN, FITOTILBEOELRT GBROERHEGEOESREICEZICEAD
STWBEEZLNTWS. "0 RETH, NMAMBREDOS7ILESREN, BAADEBLE
BETHEVSIBE®, CELVTILBEEMETIARIVCaALIFUE, NABBOETE LR
BOMEIZSATIRANLENTINS. "0 SBL OLYFUERICEALTIE, REFRALALS
WA, LFVICEDEEREERGEDERNS, NAMBADIEEIZIE, >TILEEED O- #&
EREEOBENTEREINTEY, 2 Thht SBL D EMMMBRECEASLTLAARELELH
5 MAARINDIGANEFINTOBIIRIILT—EDOHNAMMBERMEICELTIE, 1) NAHM
ARETE, S7ILBORBECLYREERISEML, EEEIVNIVETHLIIRXILT—E
DEEESHBEINBILE, 9 2) PAMBAOTILSAOERIZKY, YRXRIL7—E O HBERN
MENEEMBEEESCE Y BEAFTDBRENDEREADAREMELTHRESATINS. L
ML, ZTOEMIEIBALSHICE>TEDLST, SBL DAAMBBIREDANDXLEZRANZTEHIE
M, URXIL7 —CI &P MBORE - - HEAREORBICKERIOALENE,NHS. 20

HMRESHELDOVRXILT7T—EE ZOHLWEFICKIRESNRMI L, NAVBRBE~ADEHA
NEfFEN, HETHHRIRIILT7—EZ2RRTIMRLENEZRDT TN TEY, KR
VACHE LS URRILT—E, T =AY EEYRXILT—E MC, Y Eau A TILEk
amphinase ' HEICHEEFEEARWNEEA TS, £, #1 CD 74 ik, # human
EGFR-related 2 (HER2) ifAL AR XILT7—HE#RMEIE L ETHEDNAMBICR T 58
REZEOEIETIHAL, Y BBAVTFLEAMTEIECEY URXILT—E DM
MABEEELSE, ZOEAEEBSEIAR, 'Y SSICFEFMBE7 LISV ERESE, B
EDRMBADEFEEHCIETEYHEEMNICEERZERSELIETIMELRE, VY BHFD
BIEFIZ-AUNVEIZRMEZEREL AAMREREHIVEHEBEELHZEBRTLILIEG
AUONVEEER, BMEFAVNVEDEREZAADIHARLBEAICTOATLS. 2DELSIZ, YRR
IL7—ERFFHBRRPARELTEHHFESINSG— AT, TOERAKRE, HICHAMBZERMES, UK
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XRLT—EEMICED RNA U1k, EQKSICLTTRN VRV T FILEEETEHILICHED
DOMIZDONTIE, KEBRTSVIRYIRELGH>THEY, BRI RERETHS.

AARIZENT, LIFUERESIVIRIIL7—EEHZHELDOZHERIVNIEBETHD
SBL (&, ZFIMHEMBEEESLEAONAMBICHL, BEEMREBRMGRESSREZRL, Ch
FTHLLONTES DNA EERERIZKD S, HILLVADPAFIELTICATESATREMEAREE
Ntz Ffz, BEITAREL, BHAENPALLTHEMELDOEF > TLLIESEPRIEICKLT,
SBL [EBINMAMEBHEZTL, &5IC TRAIL EQHENLAHADNRLEREINEIELETHS.
ANEBIZHTIETOFEBICRONEMEEIC, FLICHRENLBIREEMASADAEEEDL
HFENTER. EFIE, LIV AL (SBL) OMEBAN=XLIZTDONT, HBEYMEMIZSSIZE
MICEMBTEHEICKY, LIFMLELYRETHIMEOBEVRNARIELTHATESLSICT
ZHMEIEEL, BWAE, TLTREERICHEZST, PATELL ALLICEMTESILEHFKRT S.
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APREZXTIRICHEY, RIGHBELIHIEE, HEREZHYTIL-EE,

CH — i B ICROLDIYBRBRALLEITES.

-, HREA, #MBEEZHBYELLEYERSE Bl EHA R 2oVICHEFET B 28 %
[CRCBEBHBRLETEY.

BRGLHHBE, EREGEAHEBHETEEEL BT W—8D IR ITRBEBBLEFET.
ERTHBTRELWICHEHBAZEIREEL M M E8IR CRBBEBLETET.
ABMRICTHATREELE: BER R BB GoVICHBERARFTE-—RBELIUS FREAFHE
ARICECRHBLETEY.

BRI, AHRITBEVT, Re#HBBZBYEL-ESER-Z2R-8 T BXITRBEHOEE
®LFET.
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