ARG i

HARFEARI O E AT
Vol.1 (2013) pp.64-68

AISE 50 Al 4R LB RFFE Sl & GRFIRFZD) DF7EHis

TRAIL/ 7 UIVAIL T 4 RIZE D AT /) —IBEO BRI

BARRSAY, NIFEEEY, FEH 8P,

A (i) EE?, B OB, keeT?

TRAIL/diallyltrisulfide-induced apoptosis in human melanoma cells

Yoshihiro SUZUKIY, Mayumi MURAI*?, Shigeru NISHIDA®,
Miki SUZUKI-KARASAKT?, Chisei RA”, Toyoko OCHIAT?

EE5

Tumor necrosis factor (TNF)-related apoptosis-inducing ligand (TRAIL) &, TNFH%1 ~ i1 > X —
IN—=T 7 I —DOOEDT, H MY RN—AZ2FET ), FRERGEHRCIZIFEEALE
R RSN ENSEEENNPIT A E L THEHEINTWS, LALRERS, EEEAE (X
7 /—<) 13, TRAILIZH L THEFMEERL, if:TRAILE;’Z%‘I‘%’ﬁH]H@%7”5‘{?@5@%’6?&%‘@7&%
595, LMo 7T, AT ) —<DOTRAILICK 2 E%NE#EICIE, ZOEPIMEZM#RT 5 XD
IRHNOOEHMNMNET, TOHTIENORRE &3 %U@ﬁfﬁ%ﬁ‘ﬁl\\ut&)bﬂfbﬁé EEHESIT=

ZIRTDOEDTHLB2AMAATIEM T VILZILVT «+ B (DATS) 7't NEMEA T /) —<HillE
DOTRAILEZMEZEH L <EEL, ZOERICIZ/MEEKREZN Uz 7 R b — IR 2 E 3 7 1% E|
ERETZEEZMASNMI U, AWFFEOREIE, DATSOMMICE DB S ) —<Id T 2 H 7=
72 TRAILIBRE DRI D s Z ENiFEI N5,

1.1FUBIC

EHREAE (XT/—<) RIS EmEE ok
5L B BRORERIEICIEE Y TH O
i 3 T ¥ % %Y # 1y, Tumor necrosis factor (TNF)
related apoptosis-inducing ligand (TRAIL) |, TNF
YA MIAA=N=T7I)—=DVOEDT, H»
HIRIZ T R b= A ZFET 27, B ERHHIN

IZIRIE E A EBEERI BN &0 5 EEHRINEPT
ArFELTHIfFEN TV,

TRAILZ, death receptor (DR) 4/TRAIL receptor
(TRAIL—R) 1,DR5/TRAIL-R2, TRAIL-R3, 3L U TRAIL-
R4S 5", DRAP L UDRSIE, WEHELEH
TY R B =2 ZXZFET 25 DICA AR death do-
main ZHIEANICH T 54, TRAIL-R3 3 & U'TRAIL-
R4IZENSNERICELIF—HRML TNWD 720
Lﬂ%&ti% TBHMN, TR AZEFET
=750, TRAIL 12, extrinsic pathway 35 & OF intrin-

sic pathway Z 6L L T7 R b — 3 X & FET
5, LinLiais, BIEAS /—<id, TRAILIC
U THEPMEZRL, T/TRAILEZ MM S
B OBE TP 25T 5, LN, B
AT )= DTRAILIZ L 2 BRI EEIZIE, D
I Z RS 5 KO IREA O HANBLET, 20
TR OERER E A ORFNERITRD 5N TN
%,

T UINZIT 1 K (DATS) &, ==V 0DR
K[ DV EDTHLHEA A TILEMTHD, J
V7 SERNEAE, mISERR AT > B R OKRIGA M7
Rh— 22BET 5 ENBEIA TS
U7» L7275 5 DATS O TRAILIEHIE A 5 7 — < il
IR BAEMEEIRIZEAEA SN TR, A
7t Cld DATS gl £ /2 IZ TRAILGFFI O E R A 5/ —
SRR I 9 B USRI R & R Tz,

1) HARKRAEE A BEREE R 0Tl fsE - 7 LILF—%5%
2) HARKZEAN e 5 5 bt K R 47 B

3) HAKEE A — B H FLF7 E

$AA AL ¢ suzuki.yoshihro@nihon-u.ac.jp



TRAIL/ 27 VIV AV T 1 RITK D AT J —IBE O ELHERIRSE

2. M ERE

ERAT ) —THIEMEBIOEFE MAT /P
N DR, MRLFE O M, Caspase-3/7/1275 1L,
I RO RY FEEMEE, YIS T0y T«
SV, PROFHELEZT N CER 0k icBT

o7,

3.ER

TRAILIZEL B E b AT/ —<Hifd DO % cal-
cein-AM/EthD-1 a2 HW CTHIE L 7z & 2 5,
TRAIL B K U'DATS I HM TIT A375 (X 1A), A2058
e (K1B) Itz 1z & A EFEEL o 2
N, PERS % CERE SNBSS Nz, — 7,

A375 cells
&ifila  FEHERE

A

Vehicle

TRAIL
(25ng/ml)

Cc

Melanocytes

4R E4ARR
(Calcein) (EthD-1)

X1

Apoptotic cells %

EHEE M AT /P4 hTIETRAIL & DATSIZHA T
HHFATHEEAEREBEZ G M > (K1C0),
[F 4 D s B /% annexin V/ Pl B EIC &L D 7 R
M= ZHETHHESN (K1D)., DR DRFE
7IAZANE/ 7 O0F =)L HURIZEMT, BEKTT
BT RN =3 22787 570, HiDR4ATIKIZHE
MTRE TR —2RAZ2IFEALEFEL Mo
DATS Zftfl9 % &, PiDRSHUEK, HiDRAHUAD
THTHMRMICT K b — > 2hmEnz’,
DATSIZ & % TRAIL O #fl it 8 @ 54 58 %0 R 1%, 71 A
IN—TIEHE 2R DOAEHTH % zVAD-fmk I K D 1F
Fe I HIHIE N, caspase-8 EIRAYFH X (z-IETD-
fmk), 7% 5 NIZ caspase-9 N A EHI (zLEHD-

B A2058 cells

4iElE MR

DATS TRAIL TRAIL
100pM  25ng/ml  +DATS

Vehicle

72h

(A-C) A375#fiL (A), A2058#lifl (B), EHERAT /¥4 bk (C) 28T ¥ > /N—AF1 RICTLZE, 25ng/ml
TRAIL 3 & T8100 0 M DATS B, & /2135 C24efi 1 > F a2 X— L7
EEthd1 ToERAEL, SOUBEMEICTHER L . EMILI calcein-AM THAIZ,

L& & BrE%, M % calcein-AM
FEMINEIE Ethd-1 TR EICENZ

NP8 X%, Scale bar = 100im. (D) A375#iff & 245 7L — McEE (1 X 10%/well), Fit&FEEICUEEL 72,
iz 7 %= F 2 > V/PL B Y4412 FACSCalibur THIE L, CellQuesty 7 b =7 Tt L7z, 7 *F >V

PRz Y R b —> Afilm & L.

n=3-9, **p<0.01; ***p<0.001.



ARG i

fmk) THWHIFZIRS R SN EKRT75%) DI
%t U C, caspase-3/7:#RIIFHEA] (zDEVD-fmk) @
MBI R T E D HIZHh > 72 (RA50%) 7, 3
Fa2RUT7REOBEG %X 5ICHET 5729012,
TRAILAUE#% I ha > RY VBN (AVm) & cas-
pase-3/71E M 2 M & L 7z, TRAILIZ AU DX~ &
caspase-3/71&G 1t & IR AR FRY, REfKAZRYICH
B/, UL,nL, TRAIL (25ng/ml) 728511 > F =
N—2a>TR7AR M= 2FEFEALEHML
Mmo7z, TRAILEDATSOHFH T, YHRE— A &
MBI L T, 88WAVLDLR & caspase-3/7 DG AL
mash”, 3512, HiDRAHIKIZHMNTIZ cas-
pase-3/7TiEME, AVUalTIFE A EEEL G XN,
P DRS HL AR 13 32 FE 4K 77 19 | caspase-3/7 1% 11k &
AVn® i 53FR % #58 U 72z, DATSIZ HLA Tl cas-
pase-3/7ih M, AVl & A EEEE G Z /NN,
TRAIL, #iDR4 4§t /&, HFIDRSGFL /K 1T K % cas
pase3/7TIEHE(L, BXKAVaD i/ B L 7-°,
I 512, caspase-3/7TDIEMEALZEY A& > T 0y
T TETHNZEZA, 2405HA > F 2 X—
a3 >, TRAIL (100 ng/ml) 755 TNZHI DR5 Hifk
13 BT caspase-3/7D 70ty > >V EFEL -
DIZHLT, PRI —= A EAHBEL T, DATSIZH
M Tldcaspase3/7D Tt w2 T EFEL R
Mo =73, TRAIL, HiDRSHIIKRIZ &K 5 capsase-3/7
O Ity R L7, DATS & TRAILAS
INFLAR Z b L A R © & % unfolded protein re-
sponse (UPR) 5| ST EIMEMB DI,
Z D4+~ — 71— GRP78, XBP1DFH % N7,
TRAIL, 735 DNZHiDRSHiIRIZXBP-1 DFEH % 7%
L., DATS & @ fif i T, GRP78 D J¢ Bl iy L,
XBP-1 0B3RS Nz (K2A). —7, HiDR4
FURIZBEMTHDATSE O THIF LA EHEE
RSEMo e (HM2A), £-BEa> ~o—)los
T H—F 2 (Tg) TILGRP7T8DFI T L /=
B, XBP-1FEIITEE N A S N> (K2A),
£7-, T2WFHEIALEE$ 0 DATS & TRAILIC & % 7 R
k—3 13, caspase-12 ERNAIFAEH| (2-ATAD-fmk)
T < Ml XN 727, caspase-4dJZER A HEH (z
LEVD-fmk) TikiEF & A EMGI N>~ (K
2B) . caspase-12 BESE1EPEIL, TRAIL B CHE KT
1), RERMEFERICEML (X3A), DATS & DB
TR A SNz (M3B). HiDRSFUKRITIRIEKTT

FYIZ caspase-12 Z 3L L, & DO1EHIZDATSHtH
TR I N/, FiDRAFUKITHIH Tl caspase-12 &
AL U7sin o 7245, DATS & OOt CH B 7aiE Mt
fEmBlsEINzMN AT /51~ TIETRAIL
DATSIZ Bl T ff FH TH caspase-12 DIEMEAL 2 35
BULIam-o7 (K3B). E7z, 24KHIALEEH D cas-
pase-120 0t v > > ET LAY T Oy y
T4 7 T#HND &, TRAIL, HiDRSHiAIZE
Tcaspase- 120 70t w3 > 7 ZFEL, ZDIEH
I3 DATSIZ L DRI N7=2%, FTIDRAFURIZHAL T
HDATS E DB TH caspase- 12D 7Ot v > > 7
EGE NS

DATS (100uM)
GRP78 -f::'—"'::-:.:»---.-‘

ey <« XBP-1s
XBP-1

oy T T —

Practin D e e - - — o o o

<« XBP-lu

B
80
E
2
3 60
o
L
=
S 40
a
o
-9
< 20
[
Inhibitor (10 uM) - - - C3/7 €12 ca CAll
TRAIL (25 ng/ml) - + - + + + + +

DATS (100 pM) + + + + + +

72h

M2 (A) A3l 267 7L — bk & (1 X105
well), 2545 @ TRAIL, 1/ g/mli DR5/DR4 Hifk,
BE U100« M DATS B, & /=135 T37°C, 24
BERLER L 7=, B> TIVDE 2N E 28 st
TIWZTSDSARY 7Y LY 2 RFIVBERIKETH
Btt%, PVDFEICHRE. L 7z, PVDF# L ® GRP78 £
723 XBP-1 2 BR TR Lz £7/2, &9 > 7
WDE NI ENE—ThHs I LE2HRT 520D
12, PVDF I 2 K¢ B HT B -actinPifA T 70— 7
L7z, (B) A375#iln% 24X 7L — M E =, 10 M
D % B % # (2DEVD-fmk; C3/7), zATAD-fmk
(C12), zLEVD-fmk (C4), % 7= zVAD-fmk (C All)
A K C25ng/ml TRAIL, 3 & 181001 M DATS B
M, FEIW ST, 37°C, 72K > F aX—T 3
DU, 7R F T OV/PI T B L 7, Yt i
13 FACSCalibur TH|%E L, CellQuestY) 7 k™ = 7
TENT U7z 7 2 F 2 O V-IGMERIEZ 7 R h—2
ZHE U7z, n=3, ***p<0.001.



TRAIL/ 7 UV ZIV T 1 RIZK 2 AT/ —IaH O HEINFE

A ES
K
°
o
K
= 80
2
G 60
?
< 40
Q
@ 20
Qo
]
S0
TRAIL (ng/ml) - 100 - 25 100
24h 72h

100

75

50

25

0

TRAIL (100 ng/ml) - - + + - - +
DATS(100pM) - + - + - + - +

Caspase-12-activated cells %

A375 Melanocytes
24h

M3 (A) A375fifinZ 24T L — Mk &, 25 £7/213
100 ng/ml TRAIL C37°C, 24 £ 721372 1 >
F 12 X — 3 3 > LU /= Caspase-12i% % 1t %
CaspGLOW Fluorescein Caspase-12 Staining Kit %
F W» TFACSCalibur THIE L, CellQuestY 7 k
7 o 7 T U 7=, n=3, *p<0.05, **p<0.01,
***p<(.001, (B) D,E) A375fldE/~II AT /A1
%2477 L — MZEE (2 X 10°/well), 100 ng/
ml TRAIL 3 X 7100 « M DATS §ipl, & 7213 5
T, 37°C, 4B/l 1 > F aX—=Ta >l 7
Caspase-12 3t £ {t % CaspGLOW Fluorescein
Caspase-12 Staining Kit % f] \> T FACSCalibur il
FE L, CellQuestY 7 bW = 7 THM L /. n=3,
*p<0.05, ***p<0.001.

4.8

AWZE ThhbIUL, DATSHE kA5 J —<H
FIODRENT D TR b — X EBWT 5 2 & &R
U7z, TRAILIZESMIL DS T R b —3 2 & 58
U, MM eLsnn, DATSICE ST
K= 2B EEMBRERN TS 2 Z EAHE SN
Tz, CNSOWEEHLT, EHERAS
J 4 FTld, TRAIL, DATSIZEMCHAA TS,
FEACHIAEEFERT, AT/ —<HMlaDHIC
BRMNCIER T 2 2 EAURS Nz, DATS/RED T
UIVRY 2T 1 RIEABNRT VAT 5 A b ==,
RISTIRE, KNS, LYl nEE O
BRI Y R = REFEETHTENTNETIC
MEIN TS, ZNs0METIE, 10—100uM

@ DATS 13 24 R LAN T3 7aMifasE 2 45 L, 50
UMARE CRERMAEZEZHET 2, ZHUIHL T,
AT THALZ2TO AT /=< Ti3100 uM
DATS TN L THIFHW TR b= X (<
20%) ULMBRINBNWIENS, AT /-7
DATSIZx U THIEPIMMETH D 2 EAVREI Nz,
DATS Iz & 2 fIRIFEDFHE " %o, #ii i liea 1 3517
% TRAIL 7% 41 #l J1 56 © DATS 1= & 5 #1320 5™
1213 intrinsic pathway NEE TH 2 EEZ 5N TV
5, AW TR I N7 DATS O TRAILIZ X % 7 7R
k— Z HEERZEN BT B intrinsic pathway 23B5- L T
V7273, caspase-9 <P caspase-3/7 D R F RH 2 &l 3
DATS T & % TRAIL R 2 524 12 Hifi L 7s -
7228, 2 a2 RY TEBA O & caspase-3/7
EHAE TR =2 2 EBTUBHBE LN/
ENS ZORBZTTE T TIRABAWESZ SN
%, intrinsic pathway I2 &% 7 7R h— 3 2 DiEE T,
PERDILFRIEDERANZALELTEZLNT
W, AT/ —=<MbEEER S NTTRAILICH
Wit TH 2™ Z &3, intrinsic pathway % B4
L0 TIE, AT —<ICE oMz 55 T
ERNVWENDIBZETFFT D, AT/ —<Hifdics
WTHWY R b= XA ZFET 2201203, ok
ZIN— ARV N E BB &2 /=9 2 LavR
B X 7=, & Z T, extrinsic pathway <° intrinsic path-
way IR OT R =T ARKICERHLZ, TR
WDORZ, [KEEFHE, /NIKNDOEWS >IN B DH
&, WV T LRAFZE S ZAOEN, @EIIRIEE
BERPEAETR EITKD/NEARD X L A1, IREa,
ATF6, PerkIREDANL At 2P —FITL>T
BAIEN, ¥ ONTEBERDIKT, &2 INT B R
DfEiE, GRP78/Bip/2ED > v X2 ¥ 2 )N ED
7 ED A b L RS R UPR 2355 S N TE
HWEEHREDS ET D, LML, /IMEEKRZA KL AN
UPRICK 2 IGHREZ A D &, TR M= AN
FExns™, XBPUIDRSERZET v L ¥
L—2ard®, 7RI ZAZERIEL LN
BEINTND™ 25, KPR TA T/ —<HikIC
BWTTRAILAXBP-1 215k L, DATSHAZ %
WIS B2 ENIOTHL N LR, 51T, /D
fafkZ2 M3 27 R N— 3 AR CHEE/REE Z R/
'd‘caspase—lst) OGN REINZ, UEDS,
DATSIZ, DI a2 RY 7RI TR,



ARG i

IR B L A& > THESND T & b—3 2 #%
B ZTEMEL LU TTRAILOZN R 28T 2 2 EAVR
3= gl

5. %55

AWFFLTIFTRAILIZE 2 b AT/ —<HifdD

7R b —3 A% DATS /35 L,

Z DN RITIZ

INJAR AT U7 72787 7R b — 2 A AR 7)Y B B
ThdIzWoNT Lk, 5%, DATSOHFHIC
KBENEA T ) —<ITHT 2 #7272 TRAILIG ik
DRFBIT DN 2 ENHIRFFEND,

b))

2)

3)

4)

5)

6)

7)

8)

9

Xk

Yerbes R, Palacios C, Lopez-Rivas A. The therapeutic
potential of TRAIL receptor signaling in cancer cells.
Clin Transl Oncol 2011; 13: 839-847.

Wang S. The promise of cancer therapeutics target-
ing the TNF-related apoptosis-inducing ligand and
TRAIL receptor pathway. Oncogene 2008; 27: 6207-
6215.

LeBlanc, HN, Ashkenazi A. Apo2L/TRAIL and its
death and decoy receptors. Cell Death Differ 2003;
10: 66-75.

Das A, Banik NL, Ray SK. Garlic compounds gener-
ate reactive oxygen species leading to activation of
stress kinases and cysteine proteases for apoptosis in
human glioblastoma T98G and U887MG cells. Cancer
2007; 110: 1083-1095.

Kim YA, Xiao D, Xiao H et al. Mitochondria-mediated
apoptosis by diallyl trisulfide in human prostate can-
cer cells is associated with generation of reactive oxy-
gen species and regulated by Bax/Bak. Mol Cancer
Ther 2007; 6: 1599-1609.

Xiao D, Choi S, Johnson DE et al. Diallyl trisulfide-in-
duced apoptosis in human prostate cancer cells in-
volves c-Jun N-terminal kinase and extracellular-
signal regulated kinase-mediated phosphorylation of
Bcl-2. Oncogene 2004; 22: 5594-5606.

Busch C, Jacob C, Anwar A et al. Diallylpolysulfides
induce growth arrest and apoptosis. Int | Oncol 2010;
36: 743-749.

Suzuki Y, Inoue T, Murai M et al. Depolarization po-
tentiates TRAIL-induced apoptosis in human melano-
ma_cells: Role for ATP-sensitive K+ channels and
endoplasmic reticulum stress. Int | Oncol 2012; 41:
465-475.

Murai M, Inoue T, Suzuki-Karasaki M et al. Diallyl
trisulfide sensitizes human melanoma cells to TRAIL-
induced cell death by promoting endoplasmic

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

reticulum-mediated apoptosis. Int | Oncol 2012; 41:
2029-2037.

Ashkenazi A, Pai R, Fong S et al. Safety and antitu-
mor activity of recombinant soluble Apo2 ligand. J
Clin Invest 1999; 104: 155-162.

Powlny AA, Singh SV. Multitargeted prevention and
therapy of cancer by diallyl trisulfide and related Alli-
um vegetable-derived organosulfur compounds. Can-
cer Lett 2008; 269: 305-314.

Lee BC, Park BH, Kim SY et al. Role of Bim in diallyl
trisulfide-induced cytotoxicity in human cancer cells.
J Cell Biochem 2011; 112: 118-127.

Shankar S, Chen Q, Ganapathy S et al. Diallyl trisulfide
increases the effectiveness of TRAIL and inhibits
prostate cancer growth in an orthotropic model: molec-
ular mechanisms. Mol Cancer Ther 2008; 7: 2328-
2338.

Balch CM, Buzzaid AC, Soong SJ et al. Final version
of the American Joint Committee on Cancer staging
system for cutaneous melanoma. J Clin Oncol 2001,
19: 3635-3648.

Dimberg LY, Anderson CK, Camidge R et al. On the
TRAIL to successful cancer therapy? Predicting and
counteracting resistance against TRAIL-based thera-
peutics. Oncogene 2012; 14: 1-10.

Dyer M], MacFarlane M, Cohen GM. Barriers to ef-
fective TRAIL-targeted therapy of malignancy. J Clin
Oncol 2007; 25: 4505-4506.

Hersey P, Zhang XD. How melanoma cells evade
trail-induced apoptosis. Nat Rev Cancer 2001; 12: 4-6.
Breckenridge DG, Germain M, Mathai JP et al. Regu-
lation of apoptosis by endoplasmic reticulum path-
ways. Oncogene 2003; 22: 8608-8618

Boyce M, Yuan ]J. Cellular response to endoplasmic
reticulum stress: a matter of life or death. Cell Death
Differ 2006; 13: 363-373.

Liu H, Jiang CC, Lavis CJ et al. 2-Deoxy-D-glucose
enhances TRAIL-induced apoptosis in human mela-
noma cells through XBP-1-mediated up-regulation of
TRAIL-R2. Mol Cancer 2009; 8: 122.

Hitomi J, Katayama T, Eguchi, Y et al. Involvement of
caspase-4 in endoplasmic retidulum stress-induced
apoptosis and a beta-induced cell death. J Cell Biol
2004; 165: 347-356.

Morishima N, Nakanishi K, Takenouchi H et al. An
endoplasmic reticulum stress-specific Caspase cas-
cade in apoptosis. Cytochrome c-independent activa-
tion of Caspase-9 by Caspase-12. J Biol Chem 2002;
277: 34287-34294.

Nakagawa T, Zhu H, Morishima N et al. Caspase-12
mediates endoplasmic-reticulum-specific apoptosis
and cytotoxicity by amyloid-beta. Nature 2000; 403:
98-103.



