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SWE2 AL NAEL YA WEAEF
A Mz A5AY AT7F Zasrh4)s).

Tumor necrosis factor(TNF)-related apoptosis—inducing ligand(TRAIL,
Apo—2L)v TEFIHARJIAHTNE)AIE ol £3F+= cytokine®]t}. TRAIL 281
el olnAito g FAEO] type O | #F @id 54 7HAH A3t
o &%, W, "Wty T % gExxAd ExHo] du6,7). TRAILS
obA| o] MelA o7 A FEAE A apoptosis) S =AW AAAF = =
s Ao YERA kol FdAR A Ha 9lth®). TRAILe] A#s}
FEAE H5FEFE, AXAEA FE  F84< TRAIL-R1(DR4),
TRAIL-R2(DR5)2} A¥XE H33E= F8A2  decoy  receptor
DcR1(TRAIL-R3), DcR2(TRAIL-R4) 12 al T84 TE&A <l
osteoprotegerin(OPG, TNFRSF11B)7} &A1gtt}h(9). TRAILS Al EAFE AL
ANEHg J2 2= WA TRAILe] DR4 % DR59} Z23sle] fas-associated
death domain(FADD)¥} §3%a1, o]ojA FADD® death effector
domain(DED)e°l| procaspase-8¥} procaspase-10¢] Z3}+s}lo] death inducing
signaling complex(DISC)7} @ Hol <#H A o™ (6), €435 caspase-8
9 caspase-109] ol& A EAEAM} FEE T TRAIL AlEAEA % 7]
A2 caspase A AXol wEk F 7FA typee® EFE 5 Sk
Caspase-8 % caspase-10°] =& o= X435 & type I Ax=
effector caspase®l caspase-3, caspase-6 % caspase-7 AT E E3}o] 1

EFZ=gol ges nAx| e QA HEZE FEH = WHHE caspase-8



2 caspase-10°] @2 FFo 2 A3 HE type O MEE A EAEA
Mg FTES 98] Bel-2  A¥Y  pro-apoptotic TSl BH3
interacting-domain death agonist(Bid)7} truncated Bid(tBid)Z &/ 3} =
o] MEZE=gols 53 WA A== AEAIAE FEErh(10,11). 25
AEFLS dHE DR49F DRSO do] gl =38kl TRAIL HAE&
Fvkar el k@), TRAIL A& =538t7] 913 WHo R WHAX
Zo| o]Alg YFrwl9 o TRAILY temozolomideE W& %
= 7R A A3 2lem(12), TRAIL
o} TRAILS W4 Hg=Z TRAIL 8-S F% 3t WS A
o

o] B oz AztE I 9lrh(13),
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2.1, M Eu|SE B Ak

U25IMG % TG AEZF+ 10% fetal bovine serum(FBS)Z 1%
penicillin-streptomycin< H7st Dulbecco’s modified Eagle’s
medium(DMEM) #jA]o|A 5% CO, , 37 °C XA wjYstA
Clotrimazole Sigma-Aldrich(St.Louis, MO, USA)dlA T35S
N-Benzyloxycarbonyl-Val-Ala-Asp(O-Me)fluoromethyl
ketone(z-VAD-fmk)¢} TRAILS R&D Systems(Minneapolis, MN, USA)
AN Tdske] A&
A =1eA & poly(ADP-ribose)polymerase(PARP)(1 : 2000), 3 cleaved
caspase-3(1 : 2000), ¥ DR5(1 : 20000= Cell Signaling
Technology(Danvers, MA, USA), & B-actin> Sigma-Aldrich(St.Louis,
MO, USA)ZHE T332 3+ procaspase-3(1 : 2000), & BAX( :
1000), 3 Bcl-2(1 : 1000)+ Santa Cruz Biotechnology(Dallas, TX, USA)

2 FH Fdske] AFEEATh

2.2, AWE MXE & AHA:

MEE 354319 trypan blueE 0.2% #7Fs & &4 (hemocytometer)

o zzte] AYe HyPdow 38
: 3



2.3. Colony formation:

U251IMG A EZ 6 well plateo] 4 x 10* cells/mL= F2A171 & TRAIL
3} clotrimazoled =W ZE 2447 A3 3 2-3YU 7t o2 HiAE A
skl 5% CO, , 37 °C oA vigsiith Al2E 7L g
de WA FH MEE A7 100% wHEE=Z 583 2AHAZ F 1%
crystal violet&H4 o= A thg FTHIFTZ 3H AFH F Hd2oA A

[ex]
ps

r-{u:

24. MEF7] 2 DRSS M 23

Aok A gt MEE Fste] A7 70% oA &= 4 °Coll A 303t 12
AstAch nA-E AEE 3000 rpmez 583 YA HElee] AEE 3
3} 1. phosphate buffered saline(PBS)Z F+ W A& 3 & AZdS =) A3}
%t Propidium iodide(PD8 <4 (2.5 mg/mL PI, 5 mg/mL RNase A, 0.1%
NP40, 0.1% trisodium citrate) .= M3EZ & FFA121 & 9W& 2dsie] 20
w7 REgAIATE o2 BD FACSCanto O FAIE  #47](Becton
Dickinson, Franklin Lakes, NJ, USA)E o]&3}o] DNA g&ko wlg}l A X
F715 A8kt DR5S Alxxd 4d #A4& %ﬁﬂ A5 3]st
3,000 rpmo. 2 5F7F Y4 EEsle] AEdS A AS & PBSE 3 H A
skl th 2% FBS7F 3Hr¥ PBSe| 1 @ 502 =
Aok 1ARbs]E Rk AT 3,000 rpm S 2 5% %ﬂ %i—a T T
S AAS 2% FBS7F H7Fd PBS=Z shH  AMlH et Fluorescein
isothiocyanate(FITC) &AE 2% FBS7F #7Fe PBS¢} 1 : 5002 3]4 3}
o] 30% HFZAIZ 3 3000 rpmoZ 5% A Bt As S Al A
thA] 2% FBS7F #7Hd PBS®E H--7 4171 % BD FACSCanto I A% &+
21 7] (Becton Dickinson, Franklin Lakes, NJ, USA)E o] &3}lo] DR59] A



2.5. Western blot #49:

HgFE AEE PBSE AlHT 5 3|etal Axgsfdsda dnd &
fEa AAA B Rt EELS o S

Tris—HCL, 137 mM NaCl, 2 mM EDTA, 10% Glycerol, 1% Triton
X-100), phosphatase inhibitor, protease inhibitor(Millipore, Burlington,
MA, USA)]E& 93 95 floA 162 vEA1Z & A4 Fefste] o
FoNs FHsATE Bicinchoninic acid(BCA)E#H A 4 7] E(Thermo
Fisher, Waltham, MA, USA)E o]&3lo] st e s=& SA
< 2+ 50 pgd ©HHE AES  TEY sodium  dodecyl
sulfate-polyacrylamide gel electrophoresis(SDS-PAGE)Z 7|9 &3 %
nitrocellulose membrane(GE Healthcare, Chicago, IL, USA)& wl &S o]
A At Nitrocellulose membrane< 5% skim milk7} ¥ 7 TBS-T-8 4
(20 mM Tris, 137 mM NaCl, 0.05% Tween-20)e 1A]%F o] blocking %
Immobilon Western(Millipore, Burlington, MA, USA)& o2 w33A]H

oM X-ray ZEo2 A3AZ F 54 @de] Fde AEskleh

M

2.6. Reverse transcription polymerase chain reaction

(RT-PCR):

MEel wjxE Aoy A7k PBS® 3 ¥ Az ¥ TRIzol
reagent(Molecular Research center, Cincinnati, OH, USA)E A}-&3}9
total RNAE &2lst%th. Total RNA 3 ngs cDNA 34 &AM-MLV
RT 5 x buffer, 10 mM dNTPs, 0.45 uL/mL RNase inhibitor, 0.3 pL/mL
M-MLV reverse transcriptase)(Promega, Fitchburg, WI, USA)¥ 50
pmol/ul.  oligo dT(Bioneer, WA, g=)E ol oA (reverse
transcription)ste]  cDNAZ &4 F C 1000 Touch Thermal

Cycler(Bio-Rad, Hercules, CA, USA)E o]&3l FHAAE FZ3A 5



2% PCR AZ< Ecodye Nucleic Acid Staining Solution(Biofact, t A, &t
)& #HI7FgE 12% agarose geloll 10%3F A7]19Es 34 GelDoc-It
imaging system(UVP, Upland, CA, USA)S ©]£3}4] messenger
RNAMRNA)ZA A=E sttt AHE3 primers9 71449 o
I 2t} DR6T forward : 5 - AAG ACC CTT GTG CTC GTT GT -
3, reverse : 5 - GAC ACA TTC GAT CTC ACT CCA - 3,
glyceraldehyde-3-phosphate dehydrogenase(GAPDH)= forward @ 5 - CGT
CTT CAC CAC CAT GGA GA - 3, reverse : 5 - CGG CCA TCA CGC
CAC AGT TT - 3 o|th

2.7. Small interfering RNA(siRNA) transfection:

U25IMG A EE 6 well plateo] FAAAZF H7F= A &2 WA & AH&st
of HZ3s 3 Lipofectamine 2000 regeant(Invitrogen, Waltham, MA,
USA)E o] 43t DR5 siRNAZ 50 nM9] s== 4 F9 sk 34
T 24X & A2 g A TRAILZ clotrimazoles 7 A 2
stal MEE st AE AlE 4 AFE 3 Western blotS Al &3k th
Scrambled control siRNAE Genolution(A %, dt=) 18]32 DR5 siRNAE
Santa cruz Biotechnology(Dallas, TX, USA)Z % G 3slo] AL83%

28. A5 A7 R AT AA:

A= EA 4L Microsoft Office Excel 2013(Microsoft, Raymond,
WA, USA)S Ab&sto] E4sath. 543 Aas Jd3 25942 %
7] sl FolAde ol s 24 3o ZA3E Student’s (—test®E

Aot pakel 0.05 PIwkd A9 Folstrha deekslvt.

J

Lo



3.1. Clotrimazole®] ¢]3F TRAIL % A|XAE Z7}

WRAEF AXEF UBIMG 2 TISG Al¥Eo A clotrimazoled] Al¥E5A4
FIE st 935Fe] clotrimazoles 10 - 40 M FE = 24A17F A €

o] AE AEES 3 A3l UBIMG 2 TI98G EFolA 74
(Figure 1). Clotrimazole®] ¢]J&] TRAILY A& S7MAZ2 & A=A
golstaral U25IMG 2 TG Al -

o ¢
25 ng/mL FER 24X G5 e WE A § 14 BEES FAsA

o}, 1 Ay F AE E5F TRAIL ©5 g9 v]sle] clotrimazole® H-&
2] Al AMEAPEo] HT H —257}?}% gl Fd3 T

clotrimazoles A2 Al T98G M Rt U2BLIMG AxZAA o sk 4
H7h Flso] UBIMGE 23ds Jdsdtt. UBIMG Al TRAIL}
clotrimazoles @5 & WE Agste] 33 Aujdoz AF 5 AL A
RAIL¥ clotrimazoles -8 A3 oA A=E

r 23 tH(Figure 2A&B). olAe] ZAIE=  Ho}
TRAIL ¥ = %F/]EE} clotrimazole -8 & Al AlxZAIEo] 78S g
& 4= 9tk TRAIL¥ clotrimazole®] & A Al Yelys AlEZF2
A4 &39= colony formationo = 2HQl3tith U251MG Al ¥ TRAIL
>

7} clotrimazole 8§ g 24X 7 3 ¥jAE wAstL dFU7F 5% CO

kel
>
Ll
(2
o2l
b
iIh3
X
f —

o|\
>

, @ 37 °C ZAoA wjeks A3 TRAIL @5 A& Xt} clotrimazole
& A Al AE Tl FsHA dAES e 4 A (Figure 20).

o] Ax}E=E Hol clotrimazoleS TRAILY A FAIE 32 Z=7A1Z2 &
)



3.2. TRAIL¥ clotrimazole ¥-& =]&ol o3t Al ExEA}L

ShAl MR A EF MAEFo|A TRAILY clotrimazole ¥-8& gl 93] 4
Bty A EALHo] A EXFEALRIX] ol H 12} pan-caspase & A A <1
z-VAD-fmkE ©]&3te] Ax AEE WstE gl U2BIMG Al E ol
TRAIL 25 ng/mL¥} clotrimazole 20 pM % z-VAD-fmk 50 uM<& 24417+
w5 e B8 A" ste] #st fdAvjAdoe=m wEd A3 TRAILS
clotrimazoles & A A Za® Alx ALl z-VAD-fmk A Al 3
212 e Atk (Figure 3A). ololA FAE EAVIE AEFIVIE AT
A3, TRAIL¥ clotrimazole®] W& A7 Al 34.7%= S 7Fgt sub G17]7
z-VAD-fmk *2] 2] 63%=Z #A3AthHFigure 3B). &d3 o=
TRAIL, clotrimazole ¥ z-VAD-fmkE g3t A ¥E 3433l trypan
blueZ @Msto] M AE ¢ WEE £AS A3 TRAILY clotrimazole
o] & A Al #Fadd AEL] z-VAD-fmk A2 Al FolsA 354
S gl th(Figure 3C). TRAIL, clotrimazole @ z-VAD-fmkE ¥ & A
2 slo] AEREALS] Feo ww Al PARP, procaspase-3, cleaved
caspase-39] WdALFS F2lstr] 98 Western blote HAlstA . 1 23}
TRAIL# clotrimazole ¥-8& *2] A cleaved PARP¢} cleaved caspase-39]
@ud wdo]l Frheglem oo z-VAD-fmk A# A F7HEAW
cleaved PARP$®} cleaved caspase-3¢] @z drgo] 7FA3S 29213514
(Figure 3D). o] A¥ES Hol U2BIMG A ¥4 TRAIL¥ clotrimazole
| A Al AeA vEbd AEAE A B AEAEAL R 9

[e] > S =
A9e AT 5 Uk

e e

e

ok

rob



3.3. Clotrimazole®] DR5 %& =7} &3

DR5%= TRAIL Adtste] AZAEAL Ale dddel] Fa3h o
Hnozw dHA Aol clotrimazoleo] 2]t TRAIL AXAE g3 719
DR57} #do] =4 ZAFeHS T Clotrimazole2 10 - 40 uM

AlZF A elste] DRS @Wd 2y HAE=E glstith. 1 A3 clotrimazole
T ofFEHo=®  DRbe Wl wbdo]l FUbelth(Figure  4A).
Clotrimazoled] 23] Z7}¥ DR59 whulad w&do] AA} 4=32d] o3t A}
A=A dolr 7] 98] RT-PCRE A3t th U251IMG A 2ol clotrimazole
= 2477k A )8kl DR5S mRNA®S] WstE XA 23, DR5 mRNA &
2 W3l7F gl th(Figure 4B). ©]E X} clotrimazoleol ]3¢t DR5 ]z

e F7hes HJAF 3 G AE E3te] DRS 2do #HE3S fFE ¢ AU
o} Wdo] FrtE DRS dwiEe Mgy 9d ARE dolH iz
clotrimazole 40 yM sE=% 24A]7F Z%j/]OPOq FAE X7 2 B3 A

) Zao H8Fe] clotrimazole A8 & DR5 A T wdo] Z71d
3+ol 3kt (Figure 4C). ©] A3E<L Ho} clotrimazolee] TRAILY #44
S S7HA17]1=d DR5 W F7kel #do] &S glgd 4 i

34. Clotrimazole®] DR5E &3+ TRAIL 44 <7 23

HS

A Ae AvtSo)A clotrimazole®] TRAILS #HFAS S7HA71E 7

| clotrimazole +% DR5 &d <717 ##Ho] l&A] ¢olH 12+ DRS
42 43S siRNAZ JAste] 1 &S g2l Bttt U2XIMG Al E
o] DR5 siRNAE gZAF9 &ta 2427+ & TRAIL¥ clotrimazoled W&
Aglstat. AA Fo dAujFd oz AEE #EI A3 DR5Y @do] oA
¥ &M TRAIL¥ clotrimazoles M-8 A2 Al #Asld Ax7t 3
2H1S BEYHFigure H5A&B). A ¥EAEAL FQo  whlzEel  PARP,
procaspase-3, cleaved caspase-3¢ =S ol Az TRAILYY

A

2

N



clotrimazole W& A&

caspase-39] @A o] DR5 siRNA°] 23] DR52] w3 o]

7+ 23 tH(Figure 5C). ©]
2] Al caspase A& £33
= A & F

rok
12

3O
=

Ol

i

ot F7Fe cleaved PARP % cleaved

AAHAS ol
Ad=5 Hol TRAILH clotrimazole &
AZAEA} 55 o] 7]Ae] DR57} 54
ATt

s
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120

100

80

Viability (% of control)

0
Clotrimazole {pM)

Figure 1.

U251MG T98G

10 20 40

Clotrimazole reduces cell viability in glioblastoma cell lines.
U251IMG and T98G cells were treated with dimethyl sulfoxide

(DMSO) in control and various concentrations (0 - 40 uM) of

120

100

Z 40t
20 F
10 20 40

0
Clotrimazole (pM) ¢

[}
=1

Wiability (% of control)

0

clotrimazole for 24 hr. The viable cells were counted by
hemocytometer using trypan blue staining. Error bars are
shown as means * standard deviation (SD) from three
independent experiments. * p < 0.05 and =*x p < 0.0],

compared with control cells.
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U251MG T98G

A
120
. 100
= =
= E
é E 80
e =3
]
=2 2 60
»;r. Fm
= = 40t
= =
© ®
< -
1] 0
Clotrimazole (pM) 0 20 40 0 20 40 Clotrimazole (pM) 0 20 40 0 20 40
25 ng/ml TRAIL 25 ng/ml TRAIL
Clotrimazole Clotrimazole
B C

0 20pM 20m 20 pM

25 ng/ml TRAIL
25 ng/ml TRAIL

Figure 2. Clotrimazole sensitizes glioblastoma cells to TRAIL-mediated
cell death. U25IMG and T98G cells were treated with
indicated concentrations of TRAIL and clotrimazole for 24 hr.
(A) Cell viability was measured by trypan blue staining. Data
are shown as means * SD from three independent
experiments. * p < 0.05, *x p < 0.01 and =**xx p < 0.001,
compared with control cells. # p < 0.01 and ### p < 0.001
were compared to the TRAIL plus clotrimazole treated cells.
(B) U25IMG cells were treated with indicated concentrations
of TRAIL and clotrimazole. Cells morphology were
photographed by light microscope (x 50). (C) U251MG cells
were seeded at low density into 6 well plates and treated
with indicated concentrations of TRAIL and clotrimazole.
After 7 days, the plates were stained with 1% crystal violet
and photographed.
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A 50 uM z-VAD-fmk B 50 pM z-VAD-fmk

58%

-

5.3%

Count
20 pM Clotrimazole
+ 28 no/ml TRAIL

20 pM Clotrimazole
+ 25 ng/ml TRAIL

Y

Pl

C D
120 # 20 yM Clotrimazole - + - + +
§1DO = 25 ng/ml TRAIL - E e
s B0t 50 pM z-VAD-fmk - - - - + +
E 60
&£ e PARP
=
£ 40
&
= 204 Procaspase-3
0 Cleaved
20 yM Clotrimazole - + - + + - Caspase-3
25 ng/ml TRAIL - - + + + = B-actin
50 UM z-VAD-fmk - E E ? i &

Figure 3. Clotrimazole enhances TRAIL-induced apoptosis in U251MG
cells. Cells were treated with indicated concentrations of
clotrimazole, TRAIL and z-VAD-fmk for 24 hr. (A) Cells
morphology were photographed. (x 50). (B) U25IMG cells
were stained with PI and measured cell cycle by flow
cytometry. (C) Cells were stained with trypan blue and
viability was measured by hemocytometer. Data are shown as
means * standard deviation (SD) from three independent
experiments. * p < 0.05 and ** p < 0.01, compared with
control cells. ## indicates p < 0.01 compared to treatment
with the TRAIL and clotrimazol combination treatment versus
TRAIL, clotrimazole and z-VAD-fmk treatment. (D) The
protein expression level of PARP, procaspase-3, cleaved
caspase-3 were measured by Western blotting. B-actin was

used as a loading control.
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B
Clotrimazole (uM) 0 10 20 40 Clotrimazole (uM) 0 10 20 40

DR5
oy
:

40 yM Clotrimazole

100 150 700 200 M0
100 150 300 250 300 50|

count

E
£l

FITC

Figure 4. Clotrimazole upregulates the expression of DR5. U251MG cells
were treated with clotrimazole for 24 hr. (A) Cell lysates
were separated by SDS-PAGE, transferred to nitrocellulose
membrane and probed with anti-DR5 antibody. [B-actin was
used as a loading control. (B) DR5 mRNA expression level
was measured by RT-PCR. (C) U25IMG cells were incubated
with anti-DR5 antibody and stained with FITC for DRb5

surface analysis by flow cytometry.
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04
SIRNA: SC DR5

20 pM Clotrimazole
+25ng/ml TRAIL ~

20 pM Clotrimazole
+ 25 ng/ml TRAIL

DRS&

PARP

— cleaved
B PRAF
A2k Procaspase-3
100
‘g Cleaved
G 80| caspase-3
o
2 80 F B-actin
Z 40
=
S 20Ff
0
20 pM Clotrimazole - + - +
+ 25 ng/ml TRAIL
SIRNA: sC DR5

Figure 5. Clotrimazole sensitizes TRAIL-induced apoptosis through
upregulation of DR5. U251MG cells were transiently
transfected with DR5 siRNA or scrambled control (SC)
siRNA. After 24 hr, cells were treated with indicated
concentration of TRAIL and clotrimazole for 24 hr. (A) Cells
morphology were photographed (x 50). (B) The viable cells
were counted. Data represent mean *= SD from three
independent experiments. ** p < 0.01 compared to the TRAIL
plus clotrimazole treated scrambled control siRNA. (C) DR5
was silenced by DR5 siRNA in UZ25IMG cells. After
transfection for 24 hr, the cells were treated with indicated
concentrations of TRAIL and clotrimazole for 24 hr followed
by Western blotting using corresponding antibodies. B-actin

was used as a loading control.
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Clotrimazole olm|th&A] A= ik A4, 114 9 7%
A= AFEETH(14). Clotrimazoles Xt 7 olelo A4 A4 Al
) Aol A3t ¥ AETEE At HE S Ed4E

Al W Aol kel VAT A Al adtel e &

1
=

o|N
lo

==

®
o

0,
U\l
P
>
N

o, ]
ATH25,26). H+ Hao] wEW clotrimazole®] ™S, HE, e I
Fob AEZFoA A dAaHRE Uede Aoz d8Ad o 1 7]
of thaljlA] wa A YA &rh(17-19,21,23). ClotrimazoleS SHA|E oA A=

|

F71 BA B AEADAE Rk, A due] ol2ad 4 B s
thAre] e A= 2gsvtay HaEo] A 24 clotrimazole 2]
7Hs e Kol 1H16,19,20).

TRAILS  I%be] vkt A oA s = FFIAARIAA LD
cytokine®.= DR5 F&A|¢t Agsto] AEd AEAEALE FEITH
TRAILS SFAIE O] MEAEALS FabstAvE A o= S0l 719 ¢l
of getAlZH FEHwa 9l TRAIL F&A & AEAYEA e &
o] Aojxo] 9+ DcRI1, DcR2: TRAIL WA A XA 3Ed o)
om A EAEAL ZH|Qle] EAJsk= DR4, DRS 2d F7F r%=+ TRAIL
23 S 3 TRAIL W71l #ofiviar <A ok TRAIL WA =
25 S 715 FAAY ZAF] AGAEA dHE AEFAF]l YEY
A Be AR w9 At TRAILS W& Ag ste] TRAIL WS
FE3= ol e AT BaEa 9lo](8,27-32), o] AFoAE g
T AQl clotrimazole®] WX A|¥EF oA TRAIL WA =55 T3 AxXAE
AVE SR A LdobE kTt

WRAEZ AEF U2BIMGOIA clotrimazole®] AlE54dS Eld 2
Ad Aol ol MESAol ofeA yEde Flssle
A Ael Al A ZAEAE FojA o SRS Sl

o} I OE WEAXEE AEF TG AlXd A= TRAILC clotrimazole

H

o
QS
(=g
.
3
jay)
N
=5
@D
ftlo
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= HE A Al AlxEAHo] FoHom Tttt o] Kol nEAEF
oA clotrimazole TRAIL #FA4S S7HA%S ¢ & Atk TRAILS +
2 caspase A4S T AEAEAE FESo dE A Jqukdl).
Pan-caspase QA A2l z-VAD-fmkE TRAIL % clotrimazole®} -8 =]
Al S Al Haskal, MEAEA FA TlEQl cleaved
PARP % cleaved caspase-39] @z Wddo] z-VAD-fmkEs 7 A&
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= Aoz AZEY. ¢go = clotrimazole®] TRAIL

48

& Aol

_17_



Clotrimazole A=A, W] o FAES dEazHE9 F4
Abgste] F2 oo A9y A4 5 A 4d A3 ASAR AEH
ATt FH<t clotrimazole ThEgH FAIEA A & ol 9lo

: AZFAA FaE AAE FToto] AEFVIE AAAA AlEAE

AFE FEdtthal Barg vk dth TRAILS T4 ARIAAIYG cytokine 2 2

type I |

o™ DR4 % DR59}
Eig=d

o] oAM= TRAIL WA SAEYA WEAEZFNA clotrimazole?]

TRAIL 74 S7Fa3 tisto] AFSAHE. Clotrimazoles U25IMG Al 3
ol  TRAILY AEAEE A RS F7HHoH, o FAdge

pan—caspase AAel  z-VAD-fmkE HE& Hg A

Clotrimazole §% 9|&X o2 DR5e oz
7} st o™ DR5 siRNAE ©]&3te] DR59 iz

TRAIL¥ clotrimazole W& *g &37F A=

PARP, cleaved caspase-3¢] @z wtdo] 7FAstgith o] AyE=2 Hol

TRAILS] WAS 7Hx WEAMEF M EFo|A clotrimazole®] DR59] &

=g §3ko] TRAILY #A+4de S7HA7I= Ae & & Utk

ftlo

o2
pop
_\3
N
o
k!

2 K
=l
[

Of

_18_



AR

. Rock K, McArdle O, Forde P, Dunne M, Fitzpatrick D, O'Neill B, et
al.. A clinical review of treatment outcomes in glioblastoma
multiforme —the validation in a non-trial population of the results of a
randomised Phase III clinical trial: has a more radical approach

improved survival?. Br J Radiol 2012; 85: €729-33.

. Affronti ML, Heery CR, Herndon JE, 2nd, Rich JN, Reardon DA,
Desjardins A, et al.: Overall survival of newly diagnosed glioblastoma
patients receiving carmustine wafers followed by radiation and
concurrent temozolomide plus rotational multiagent chemotherapy.

Cancer 2009; 115: 3501-11.

. Das S, Marsden PA: Angiogenesis in glioblastoma. N Engl ] Med
2013; 369: 1561-3.

. Ghosh D, Nandi S, Bhattacharjee S: Combination therapy to
checkmate Glioblastoma: clinical challenges and advances. Clin Transl

Med 2018; 7: 33.

. Verhaak RG, Hoadley KA, Purdom E, Wang V, Qi Y, Wilkerson MD,
et al. Integrated genomic analysis identifies clinically relevant
subtypes of glioblastoma characterized by abnormalities in PDGFRA,
IDH1, EGFR, and NF1. Cancer Cel 2010; 17: 98-110.

. Pitti RM, Marsters SA, Ruppert S, Donahue CJ, Moore A, Ashkenazi

A: Induction of apoptosis by Apo-2 ligand, a new member of the

_19_



10.

11.

12.

13.

tumor necrosis factor cytokine family. J Biol Chem 1996; 271:

12687-90.

Wiley SR, Schooley K, Smolak PJ, Din WS, Huang CP, Nicholl JK, et
al.: Identification and characterization of a new member of the TNF

family that induces apoptosis. Immunity 1995; 3: 673-82.

Ashkenazi A, Pai RC, Fong S, Leung S, Lawrence DA, Marsters SA,
et al.. Safety and antitumor activity of recombinant soluble Apo2

ligand. J Clin Inves 1999; 104: 155-62.

Itoh N, Yonehara S, Ishii A, Yonehara M, Mizushima S, Sameshima
M, et al.. The polypeptide encoded by the cDNA for human cell
surface antigen Fas can mediate apoptosis. Cell 1991; 66: 233-43.

Sheridan JP, Marsters SA, Pitti RM, Gurney A, Skubatch M,
Baldwin D, et al.: Control of TRAIL-induced apoptosis by a family
of signaling and decoy receptors. Science 1997; 277: 818-21.

Wang S, El-Deiry WS: TRAIL and apoptosis induction by
TNF-family death receptors. Oncogene 2003; 22: 8628-33.

Saito R, Bringas JR, Panner A, Tamas M, Pieper RO, Berger MS, et
al.: Convection—-enhanced delivery of tumor necrosis factor-related
apoptosis—inducing ligand with  systemic  administration  of
temozolomide prolongs survival in an intracranial glioblastoma

xenograft model. Cancer Res 2004; 64: 6858-62.

Almasan A, Ashkenazi A: Apo2L/TRAIL: apoptosis signaling,

_20_



14.

15.

16.

17.

18.

19.

20.

biology, and potential for cancer therapy. Cytokine Growth Factor
Rev 2003; 14: 337-48.

Sawyer PR, Brogden RN, Pinder KM, Speight TM, Avery GS:
Clotrimazole: a review of its antifungal activity and therapeutic
efficacy. Drugs 1975; 9: 424-47.

Crowley PD, Gallagher HC: Clotrimazole as a pharmaceutical: past,

present and future. J Appl Microbiol 2014, 117: 611-7.

Kadavakollu S, Stailey C, Kunapareddy CS, White S: Clotrimazole as
a Cancer Drug: A Short Review. Med Chem 2014, 4: 722-4.

Zhao X, Song JD: Clotrimazole induced apoptosis in human colon

cancer cell line CCL229. Ai Zheng 2002; 21: 630-5.

Meira DD, Marinho-Carvalho MM, Teixeira CA, Veiga VF, Da Poian
AT, Holandino C, et al.: Clotrimazole decreases human breast cancer

cells viability through alterations in cytoskeleton—associated glycolytic

enzymes. Mol Genet Metab 2005; 84: 354-62.

Liu H, Li Y, Raisch KP: Clotrimazole induces a late G1 cell cycle
arrest and sensitizes glioblastoma cells to radiation in vitro.

Anticancer Drugs 2010; 21: 841-9.

Marcondes MC, Sola-Penna M, Zancan P: Clotrimazole potentiates
the inhibitory effects of ATP on the key glycolytic enzyme
6-phosphofructo—1-kinase. Arch Biochem Biophys 2010; 497: 62-7.

_21_



21.

22.

23.

24.

25.

26.

21.

Furtado CM, Marcondes MC, Sola—Penna M, de Souza ML, Zancan
P: Clotrimazole preferentially inhibits human breast cancer cell

proliferation, viability and glycolysis. PLoS One 2012; 7: e30462.

Wang J, Jia L, Kuang Z, Wu T, Hong Y, Chen X, et al.. The in
vitro and in vivo antitumor effects of clotrimazole on oral squamous

cell carcinoma. PLoS One 2014; 9: e98885.

Adinolfi B, Carpi S, Romanini A, Da Pozzo E, Castagna M, Costa B,
et al.. Analysis of the Antitumor Activity of Clotrimazole on A375
Human Melanoma Cells. Anticancer Res 2015; 35: 3781-6.

Yuan SY, Shiau MY, Ou YC, Huang YC, Chen CC, Cheng CL, et
al.: Miconazole induces apoptosis via the death receptor 5-dependent

and mitochondrial-mediated pathways in human bladder cancer cells.

Oncol Rep 2017, 37: 3606-16.

Brugnara C, de Franceschi L, Alper SL: Inhibition of
Ca(2+)-dependent K+ transport and cell dehydration in sickle
erythrocytes by clotrimazole and other imidazole derivatives. J Clin

Invest 1993; 92: 520-6.

Tiffert T, Ginsburg H, Krugliak M, Elford BC, Lew VL: Potent
antimalarial activity of clotrimazole in in vitro cultures of

Plasmodium falciparum. Proc Natl Acad Sc1t U S A 2000; 97: 331-6.

Sophonnithiprasert T, Nilwarangkoon S, Nakamura Y, Watanapokasin
R: Goniothalamin enhances TRAIL-induced apoptosis in colorectal

cancer cells through DR5 upregulation and cFLIP downregulation. Int

_22_



28.

29.

30.

31.

32.

33.

J Oncol 2015; 47: 2188-96.

Wang SS, Feng L, Hu BG, Lu YF, Wang WM, Guo W, et al:
miR-133a Promotes TRAIL Resistance in Glioblastoma via

Suppressing Death Receptor 5 and Activating NF-kappaB Signaling.
Mol Ther Nucleic Acids 2017; 8: 482-92.

Das S, Nayak A, Siddharth S, Nayak D, Narayan S, Kundu CN:
TRAIL enhances quinacrine-mediated apoptosis in breast cancer cells
through induction of autophagy via modulation of p2l1 and DR5
interactions. Cell Oncol 2017; 40: 593-607.

Yang X, Li Z, Wu Q, Chen S, Yi C, Gong C: TRAIL and curcumin
codelivery nanoparticles enhance TRAIL-induced apoptosis through
upregulation of death receptors. Drug Deliv 2017; 24: 1526-36.

Jeon MY, Min KJ, Woo SM, Seo SU, Choi YH, Kim SH, et al:
Maritoclax Enhances TRAIL-Induced Apoptosis via CHOP-Mediated
Upregulation of DR5 and miR-708-Mediated Downregulation of
cFLIP. Molecules 2018; 23: 3030

Dilshara MG, Jayasooriva R, Molagoda IMN, Jeong JW, Lee S, Park
SR, et al:. Silibinin sensitizes TRAIL-mediated apoptosis by
upregulating DR5 through ROS-induced endoplasmic reticulum
stress—Ca(2+)-CaMKII-Spl pathway. Oncotarget 2018; 9: 10324-42.

Kuijlen JM, Mooij ]JJ, Platteel I, Hoving EW, van der Graaf WT,
Span MM, et al. TRAIL-receptor expression is an independent

prognostic factor for survival in patients with a primary glioblastoma

_23_



multiforme. J Neurooncol 2006, 78: 161-71.

_24_



Clotrimazole Enhances TRAIL-Induced Apoptosis

in Glioblastoma Cells

Kim, Su Gyong
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(Supervised by Professor Baek, Won Ki)

(Abstract)

Tumor necrosis factor (TNF)-related apoptosis—inducing ligand
(TRAIL) is a cytokine belonging to the TNF family that can selectively
induce apoptosis in cancer cells. TRAIL resistance is known in various
cancer cells, including glioblastoma, and numerous studies have been
conducted to overcome TRAIL resistance. Clotrimazole is an antifungal
agent that i1s used to treat wvarious fungal infections. It has been
recently reported that clotrimazole exerts anticancer effects on wvarious
cancer cells. The present study aimed to investigate whether
clotrimazole enhances TRAIL-induced apoptosis in glioblastoma cells. It
was observed that clotrimazole enhanced TRAIL-induced cytotoxicity,
which increased the expression of apoptotic proteins, cleaved PARP and

cleaved caspase—3. Clotrimazole increased the expression of DR5 protein
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but not that of DR5 mRNA. The combined effect of clotrimazole and

TRAIL was inhibited by treatment with DR5 siRNA, suggesting that

the clotrimazole-induced increase in DR5 expression was important for

the TRAIL sensitizing effect of clotrimazole. These data suggested that

clotrimazole can increase TRAIL sensitivity by inducing the expression

of DR5 in glioblastoma cell lines.
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