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Anti-tumor effect of new compound, 127, through the induction of apoptosis

Ki Hwan Baek, M.D., A Lum Han, M.D.", Sae Ron Shin, M.D.", Chun Mae Jin"',
Seung Taek Yu, M.D., Young Wook Yoon, M.D., Jong Duk Kim, M.D. and Du Young Choi, M.D.

Department of Pediatrics, Family Medicine*, Zoonosis Research Cenferf, Wonkwang University School of Medicine, Iksan, Korea

Purpose : We screened more than 350 compounds with an endoperoxide ring structure in search of an anti-leukemic drug
and found that compound 127 (c-127) could induce significant cytotoxicity in HL-60 cells, In this study, we investigated the
molecular mechanisms of compound 127-induced antitumor activity on HL-60 cells,

Methods : HL-60 cells were cultured in Rosewell Park Memorial Institute 1640 and cell viability was measured by MTT [3-
(4,5-dimethylthiazol-2-yl)-2 5-diphenyltetrazolium bromide], a tetrazole assay, Apoptosis was assessed by a DNA fragmentation
test. Apoptotic machineries were determined by Western blot analysis.

Results : C-127 could induce a cytotoxic effect at 24 h and apoptosis at 6 h, which was demonstrated with MTT assay and
DNA fragmentation test, respectively, The apoptotic effect of this drug was caused by the activation of the intracellular caspase-
8,3 activation, the cleavage of pro-apoptotic Bid, and the increase of c-dJun expression accompanied with JNK (Jun N-terminal
kinases) phosphorylation, On the contrary, it increased the expression of anti-apoptotic Bcl-2 levels, leading to the induction of
the induction of anti-apoptotic effect, Taken together, the present study demonstrated that c-127 was a potent inducer of
cytotoxicity on HL-60 cells through apoptotic mechanisms, which included the activation of caspase family, the regulation of
Bcl-2 family, and the activation of JNK signaling pathway.

Conclusion : Our results suggest that c-127 has a strong antitumor activity through the regulation of various apoptotic machi-
neries on HL-60 cells, The compound may be utilized as an effective and potentially therapeutic drug in leukemia, (Korean J
Pediatr 2009;52:696-700)
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Anti-tumor effect of new compound, 127, through the induction of apoptosis
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1. C-1272M2} HL-60 MIZ= HHQ

7124 <Ql F+Z= endoperoxide 25 7FA 3L A& c-1272FA]
(CopHig0o, =4 314.3771) % Y& Q7tokn}t fghujglo) A 3}
A4 FHEAH(Fig. 1). HL-604 £ 5= RPMI 1640 (Gibco BRL,
MD, USA) BlAE ¢]83}e 37T, 5% CO.9 ¢4 & ¥ =
Aske] COp wWig7] WolA Adz=zdol wpe} c-127% A 2ste]
AAFsF AT

2. M= MEE £F

AE AEE AL AE MFT4-well plate)ol HE(x
10° AEF/mL)E 1 mLA #3ke] 12417F o4 CO, AIE Hl

7] Qbell A FPAIZ F Aol Fagh Alekg A3 vk, MTT
)

)

€95 mg/mL in PBS)S wl¢Fe HF532 1/10 A #7tat
At} 4A7 F 10% sodium-dodesyl sulfate (SDS)7F E38h#
0.01N HCI &4 100 uL/well& H7Fato] AE Al of3) FA
¥ 2 formazans S A2 the 33 2 A(ELISA reader,
Molecular Devices Co, Sunnyvale, CA, USA)Z o]-&3}] 570

nm TPgelA FRES S4sec

DNA #4d d4& xAFeh7] 98 genomic DNAFE
Wizard Genomic DNA purification kitZ ©]-&3}t3tt. c-1279]
AHele AEZ 5839 nuclear lysis buffer (100 mM NaCly,
40 mM Tris—-Cl, pH 7.4, 20 mM EDTA, 0.5% SDS)E % 7}s}
o NEZE e F RNaseE 37ColA 58 Az]3le] RNAE
A, dud g gFLAoR Tugs AA slow
isopropanol 7ol 9J3t4 &5¥ DNAE 70% olghgol A3
g F Ay AxV|2 Azl 7]l TE 958210 mM
Tris-HCI, pH 8.0, ImM EDTA, pH 8.0)% 7}5t] DNA pellet
S &8 ¥ 260 nm<}F 280 nme] el A spectrophotometer
(Beckman, Du-7 Model, Palo Alto, CA, USA)E o] &3} &
HEE FA%] DNAE A @33tk DNA 5 ugs 1.5% aga-
rose geldlA A719E(B0 V, 2A7HS AAS ¥ ethidium

bromide® @43t} UV 5 ofjolA] DNA #4& #2313

4. Western blotting

MeFE Al c-127S 94 Al A ol Esto], A}
7hE HBSSZ 23] A&kt Aozl AlZs A 9438 9(50
mM HEPES pH 7.4, 150 mM NaCl, 1% deoxy-cholate, 1 mM
EDTA, 1 mM PMSF, 1 ug/mL aprotinin)® 4ColA 30 &
OF ukg- AJZATh 1 v 13,000 rpmoll A 205 94 Helske]
2 M T dE BCA &9 ol&sle] wuldg Aot
o] Ao (e 200 ug)e 2Xsample bufferet 4]
100°CollA 5% %<l Foll 125% SDS-PAGEE Aldskich 2

71950l B gelel @ AL semi-dry WHOE A0 ¢
$1 W49 0.8 mA A& 2A17F Z )0 nitrocellulose mem-

brane ol ©]FAIA T} Nitrocellulose membranes blocking
buffer®t ol Al 1A17F ¥H-3A1A HIEo14 FAAGES AAA
Aok FAstaa she A 001%S Tween-200] =3
3% skim milkel 1:1002.% 3]Aato] AFelA 3417 §k-g- A7
% o]x}aA| anti-rabbit IgG conjugated horse-radish pero-
xidaseS 1A1ZF 2] 3 ¥ enhanced chemiluminescence kit
(ECL kit: Amersham, England)& AF&-3}e] ECL Z&°l =&
AT

2 1

1. C-1270] 2|8t HL-60MZQ| MEZITAIRE

WA 1279 AE 54 Yoty fste] FRE Pt
UM AP F AE AEEE 33 & A% 55 EHoR
AL AEZHo] ZAasArhFig. 2A). ol AELEA o] AELA
Frol o WA EA dotry] A8 c-127% FTEE 28
o] 6A17F A 3 st Ay}

% DNAE FE319 A7195S A ¥
1

DNA &4 d/°] 10 umolA & HJAh(Fig. 2B).

CC22H1802
Mol. Wt: 314.3771

Fig. 1. Structure of c-127.

- 697 -



KH Baek, AL Han, SR Shin, et al.

M Con 1pM 10uM

100
2 —s
s 80
H
5
L b]
3 60 2000bp
§ 10 - 1000bp
g 20 | 200bp
=
control 3 10 50
A Concentrations of c- 127(uM) B

Fig. 2. C-127 induced antitumor cytotoxicity in a dose depen-
dent manner through apoptosis on HL-60 cells. Cells were
exposed to different concentration of c¢-127. Cell viability was
measured by MTT assay. Each point represents the mean=
S.D of three independent experiments. Results are presented as
a percentage of viable cells relatives to that in target cell
alone (A). And genomic DNA was extracted and separated on
1.5% agarose gel. The ladder pattern of DNA fragmentation
represented the apoptotic death of cells (B).

Caspase_s _‘_ 22 KDa
Caspase_s _ - 19 KDa
¥~ 17 KDa

Control 1 uym 10 um

Fig. 3. C-127 facilitated the activation of caspase-8, 3 on
HL-60 cells, which was performed with central roles of apop-
totic signaling pathway. HL-60 cells were treated with diffe-
rent concentration of c¢-127 for 3 hr, and the expression of
caspase 8, 3 was analyzed by Western blotting using the
corresponding antibody.

c-1279] AIEIAL FEO] FAFATIAE 1]
A LA AEDAL FolA A FEA

5} Ho] AT E ALS= caspase-89] HHAHLEE do}
L 1IAZE AE F ZA L1, 10 pgmol A AWEHAl Zots)
Ak, E3 AL €1 AEIAL AR sl A&
2o "4l 98-S Fl= caspase-39 FAHE GA 327 A
2 ¥ 10 pmolA 57k tH(Fig. 3).

3. C-1270] Bcl-2 family &Astol| 0|x|= L&

C-127¢1 9|3+ HL-60A¥2] MEAL F%o] Bel-2 family
o] #e o5 dolr 7] 93, western blots Al@3ste] =1 U
AEZE dolr gttt I A} A EAALS Z218=(pro-apoptotic)
Bid #4(cleavage)< A& & A3t
MEIALE A 8F=(anti—apoptotic) Bel-2%
@ol 10 umelAX #A3] F7kst A rhFig. 4).

% 10 umol A S7FskalaL
A2 3ARF =

BID

Bel-2

actin

control 1 um 10 ym

Fig. 4. C-127 regulated the expression of Bcl-2 family. HL-60
cells were treated with different concentration of c¢-127 for 3
hr, and the expression of Bcl-2 and BID was analyzed by
Western blotting using the corresponding antibody.

P—JNK

c—Jun

actin

control 1 um

10 ym

Fig. 5. C-127 induced the JNK phosphorylation and the acti-
vation of c-Jun on HL-60 cells. HL-60 cells were treated
with different concentration of ¢—127 for 3 hr, and the expres-
sion of JNK phosphorylation and c-Jun was analyzed by
Western blotting using the corresponding antibody.

4. C-1270| JNK QIAtstet c-Jun&ol DIXl= A&

C-1279l o3t AIZIAMTEC] INK 3o o] & &<lstr] 9
3lo] INK ¢14F8}s} c-Jun@d S =4 3 A3} 10 umcﬂw Ry
ZF7Vate], o]Eo] 127 AlE 1At BoS & = YUAHFig.
5).

= AR B 2
Qo WAL S8 WEAQ Wzkaye] ALH Ao ofd)
#ye] 37} 99

o}, olH AT+ 3 AH/Z camptotheca
brevifolia=5-¥] paclita-

A,

acuminata=+5-¥] camptothecin, taxus
xelo] 7NkE]o] TRk Qtell Al ALE-E 1L
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Artemisia annua L (ginghao) Q&S FA7] AFEE F=
HZFa MO R Golth 93] X5 & ARE-Ho] gomn 1972 A
E49 F398Ktraditional chinese medicine) 258 A ZE
wal]o) X g okA s T2 g:o 2 o] ARZEE artemisinin
o] FZ&wo] wetElel g ALE HYoH.
A9l artemeter, arteether, artesunate’s-©| 7125 o]
S HolE wlgloldd &3 7} S ® oYz} 3
o] 8 wAgths Aoz e AbgEgon!t
, AAA A Al (antiangiogenesis), &
upolel 2 xIw, WA T Gt o]l Hiarxo] Al
o] 74t > ¥ artemisinin® 1 FEA Q] o]¥l FIE F
# endoperoxide moiety 3ol o3 WAet=H!" P B oo
/\].S_E] c-127= dR _Q_y}o]:u]. Okz‘slq]é‘l—oﬂ/q 81—/146]— 3507]]9,]
endoperoxide T-Z& 7[7 B2 F sz AALEel 93] Ad
ArE B8 FdEAUE ' Be® FHHA

Artemisinin®l] 213 @+ E 3= 199513 NCIQ) Al g3 gt
B gt FHEYom” o

)

Y, HEY, M%& z; y

o]F artemisinin
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7-9, 11, 12). o]E ﬁLoLiﬂ}

nACE)
xﬂMﬂ EH?SH A%Zd.zi AE EA4S 595 DNA ii‘ﬂr

A719% 43S Sl DNA #4 #4S ddste] AxaA
i

Caspaset™ cysteine protease family® cysteine residue”t
o] aspartic acid residues?] Th WlES Adst= &
H 5A4E A o, Ao REE E843F JH(zymo-
gen)® FAIstH oje] A5l o) &d3t Hol wjopAydt
< Ao Wye I4HQ AERALS dFves 2dgth
Caspases™ prodomain®] T3¢} 7%l W} caspase-1,4,5,11,
12,13,149] ¥9FT, caspase-2,89,109] N-terminal adapter
domaing 21 3lo] 3H%e] caspases &3t T 5 UE AE

TAF AlZ(apoptosis initiator group), N-terminal adapter

o

offt B

domain®] $1+= caspasae-3,6,72 43+ (executioner group)
2 FFIAT Caspase-82 914 AMEIAL H R A
847 wlZ sPgelA  death-inducing signaling complex
(DISC) ol A &7d3) wo] thg w9 Caspase*3,794 a4 st
8 ol Bel-2 familyE 283l 982 st T3 dua
o]t} Caspase-3+% protease cascade<] 6}‘%}01] A skl AlE
JAF Aol Bl 4Ee e 9 3 2424 DNA
ot ~Ed e BdAfHAe] 4% J)sHAd Fa%
poly (ADP-ribose) polymerase (PARP)T A& E3)5le] A
LAt #e] 0P AR5 127 A F caspase-8, 3
o o] mFE Fhste] o]5 o] c-1274 o AME A Fa
sHA 2Ag3S &

A = AT
Bel-2 familys Wl AEuAl ARo] A0 e 4=
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gote MEZ=eole] o RIS Akl AEILAL T
S Bodshd], AEIAE FRX8H= o= BAX, Bel-xS,
BAK, BOK, BIK, BAD, BID 5°] 1o AlX3ALS ojA|ete=
T2 Bel-2, Bel-xL, BCL-w 5©] #al g™ 25). Wang 5%
= s o2 artesunate 7o & W

3l Bel-2& #4:3bal Bax® $7HS Rl 6}915}. ZW«%%
c-127¢] MAEIAF] AF Bel-2 familye] #HHAAES dolE A
7}, A EZIALE X8 Bid £ (cleavage)©]
7} 2] AEDALE JASHE Bal-253 Wdo] F7) dlo], FAl
of MEIAL =9 A ke S doFS & F AN
=3

JNK-2 ERK (extracellular signal regulated kinase), p38%}
sk MAPK (mitogen-activated protein kinase)oll Z3h+ of
L o] Aol EAste X}ﬂ** J—’x‘:‘?%‘ AranE, &d, o
3+ 9 Al (anisomycin), S4 2 (heat shock), &, cera-
mide, TNFa %59 D}oh‘z li Aol ol 243t ¥t
INKY Fd 982 Mz F2, 23}, ¥3(transfromation),
A ol s AlEEFZE B A (cytoskeletal integrity)S 38 oh
AL 2o #d3ti=dl, c-Jun, ATF-2, Elk-1,
p53, c-Myc & HARRIAL ¥ ol Bel-2, Bel-xL, paxillin,
MAP 59| BldALQIZ ] Qlatsta o] fol ey JNK*C*JUH
AR AEZF A7t &5 A0z el NEXIAE
2 8 4 9oy AA Eig=
velopment) A A AE F2ou) 7315 £33 & 5 95 9
HaF A, ARG 1279 Aol 28] INK 14tske} c-
Junddo] F7kete] c-1279] 9% A} %E Al ol59] &
A7t dolE S & F Aoy AEE ARE WY AsiAe
olEel gk oAl AFot AA AY Fo F/HAI A F
Q3 RoR Al Hr)

A A& endoperoxide ring TZE 7F artemisinin®l Al
A A=A 350 F T AEAANE B8 HL-60 9EW Al

FFol A FaTE B c-1279) AT TAN] 3 AEEY

N
N
)
?_l,
2
o
J: 0

3 AEY Az

P(normal mammalian de-

F

< Zlaton, 1 A #4883 71HO% caspase-8,3° &
33k, Bel-2 family?! Bid ¥4, JNK 14t8be} c-Jun@do] 3
qe-S & 4 ATk Artemisinin =7 A F2Fgo] A
< AAE 1y T 7] WEY Xm0 ALREE oFAle
o FEFg 2 A5H &I (synergistic effect), F-Z-8ol 1|
= 9% Sl g ge Oﬂ:rLE T MR W EY A=A

W ootel et gt glgol gEA Ak Axk
7topul ket gto A 34 ¥ 350¢9719] endoperoxide

H : Artemisinin= SIA] gk F-zHgo] H1 Iz
g%

2 %

ring %% 7H artemisinin F=AS A HAL o] HL-60A)
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