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Induction of Apoptosis by Cisplatin, Heptaplatin and Sunpla in Human Melanoma
(SK-MEL-28) Cell Line

Su-La Choi and Pyung-Keun Myung”

Lab of Clinical Biochemistry, Research Center for Transgenic Cloned Pigs, College of Pharmacy,
Chungnam National University, Daejon 305-764, Korea

Abstract — A wide variety of cancer chemotherapeutic agents have been shown to induce programmed cell death (PCD,
APOPTOSIS) in various tumor cell lines in vitro. cis-Malonato [(4R,5R)-4,5-bis(aminomethyl)-2-isoprpopyl-1,3-dioxolane]
platinum(II) (heptaplatin), which is a new drug approved by KFDA in 1999, in a novel platinum-based antitumor agent with
clinical potential against stomach cancer and the 3rd generation of the cisplatin, This study was performed to know how
heptaplatin and cisplatin and sunpla (mixture of heptaplatin and mannitol) affect on SK-MEL-28 cell line, and how they
induce the apoptosis. At EM analysis, the morphology of the cell was changed by treatment of the cisplatin, heptaplatin and
sunpla. Apoptotic body formed around plasma membrane, and chromatin condensation represented in nucleus. This phe-
nomenon is one of the characteristic of the apoptosis. The DNA of SK-MEL-28 cell line truncated by cisplatin and sunpla
treatment was identified on 2% agarose gel electrophoresis. TUNEL assay was performed to know whether SK-MEL-28
cell die as apoptosis or necrosis by cisplatin, heptaplatin and sunpla. At this result, fluorescence intensity increased accordi ng
to increase of time and concentration. Therefore, it was identified that cislatin, heptaplatin and sunpla induced apoptosis. Fas
expressed on SK-MEL-28 cell membrane by cisplatin, heptaplatin and sunpla was identified by using flow cytometer and
the expression of bel-2(anti-apoptotic gene) decreased according to increase of concentration of the cisplatin, heptaplatin and
sunpla. Cisplatin, heptaplatin and sunpla induced apoptosis against SK-MEL-28 cell line, and the apoptotic mechanism was
identified as Fas-mediated apoptosis and decreased bcl-2 expression.
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Apoptosis Y7172 =20 23l olrjE AT AL A L)
2=, B2 Fgao] i) fEE A= 2l s gl
thD Fast apoptosisE f-53H= HEZQ F8A 24 Fas7}
anti-Fas-antibody$} Z3231AL, Fasell E012Q Ligand9} 2
RYE SAEE TAEY BAEY = kst Axaddise
25215 (death signal, apoptotic signaly’} =8 TH26D o] Fas

L

= apoptotic signal2- 238} intercellular domain¥} trans-
membrane domain, Z12]3 A 7§2] cystein-rich domain® = *

o] 9l om® Fagoll o] uiZlHEE M EEL(Fas-mediated
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apoptosis)?] 7)&o] FHZoj Wwz) utegA ek

EA apoptosise} TR FEFAL Mz Zo] A7
o)A Qlth. 53] Fas/FasLell 2J8) %% apoptosis?} T E
AR FoM 21 7153 o] BEA Sle 3] b2 F
AR 1) hel-2 F7R= 9 312K proto-onco-gene)E
HAZRE 937 o Fxeks 28 apoptosisE HAIE1] Al
IFHE PIAA e o ARk e s 5 Qe 718
g 277 A9 bl-X,, bag, mel-1 52 FAX7}
bcl-2 familyS AT L, olE ALY E AFARH o
g3t} TF AgAY o)F AES Fshe bax -k}
bcl-Xg, bel-Xp, 2811 bak 58] F82R= bel-2 32k} bel-2
family®) apoptosisE AABR= 7150 tiete] Hitse 28-2
g0 24 apoptosisE HWeh= o7 AdHA Qo B o
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Foll A= 1999 FUAEIFQ] sunpla7} d=1912] AR oF
E2A 7k vt Qo &) AAIRC R ohd oF 5%°] HlEE
AAsta e Rl gt YLAE sk Hstel AR
A Z2) melanoma(SK-MEL-28) ti o= detAlZ d&A Q)
gk 71 Ao g o1E A AMgo] AFET e cisplatin} 1
9] A 34t} 13HEQ] heptaplatin 78] T YHE3 ZgE o] #|
Bo] gelZ 7E0R sunplaZt AEF7)(cell cycle)?] GZ/M1E
AANZOZA TR thgt detaAE dozle BRI v
71 3}3HEE0] SK-MEL-28 cell oAl apoptosis® =302 &
oF 5HE doglEAE S| Slst AP Ee] FHEHARH.

SEEE

Alek, 719 % 2171

AREEF T 5oF A E5Q1 SK-MEL-28 Al E= A8k 74
oA Boktol A8l o s, AEH]¥A] AHE-EE RPMI-1640
B =], fetal bovine serum(FBS), penicillin-streptomycine, pho-
phate buffer saline(PBS)t= Gibcool| A, cisplatin® Sigma©i| 4}
heptaplatin® sunplas A7AAEAEZ AN Fadol ARSI
t} CO, 7EAE Q7l2ollA Felsto] ARESRAL, 11 2lel A
L9 Aok A ZHjkE Ak = SFAI0RS ARSI Al
¥4 A% hematocytometerE ©]8-3te] F8-d 0] H(BHS,
Olympus optical Co. Japan)© & F2kslo] AAEKICE. 5 ml flow
cytometery& tubet Falcon #2052% AH8-31%13, TUNEL
assay$} Fas expression ¥4 Fguisty <Feighe]
FACSCalibur(Bectone&Dickinson, USAyS o]&3ld FAZ &
A o AAIEI).

MI=Zulet

AZufokg wiR2A 56°ColA] vzl B2AsE 10% FBS9}
penicillin-streptomycin 100 unit/m/¢] Z3-¥ RPMI-1640 |
7y AHEE e, AEeE BE F5el el 37°C, 5% CO;,
7} &A=+ CO, incubator(3546 S/N 25401-3156, Forma
scientific Inc., USA)YZ ARg3lo] wiokalgitt, Ao sl
& AT wieksla g alE 2AAEkA M2ial 1X Trypsin-
EDTA -£4(Gibco)2.Z CO, incubatorel| 4] 2%-7F HkeAlZ &
AZZ wolWt. 71 F gaResi] AEE Adstr sjst
o] RPMI-1640 ¢hdulx|= F-fh & Alhulek 3F7u ddel
ARESISIT

XXIgin|Zol| 2/st apoptosis &

Cisplatin, heptaplatin 723 sunpla® #F5 %7} 100 pMo}
A 22l 24x1710] At F HIEE PBSE AXSIAL trypsin-
EDTA 9% 2188 AXE 22 ¥ ohA] PBSZE 13 AHs|

F TR AAEEA AEde WY PollE AEEAE

2.5% glutaraldehyde(0.1 M phosphate buffer pH
do] AnA 3t 1 ¥ QA 4FL9 (01M
phosphate buffer pH 7.4)0.2 A&3t3 THA] 1% 0sO,0ll F-3L
Asle] gEAo g At BEREL 33 THTE Y
1 ALY 47&% €5°A]7)1 propylene oxide® X]$et ThE
epon Z3+=(polybed 812 kit. Polysciencerl #F)= ZL H|E-
A(Epon 8124+DDSA): B (Epon 812+MNA)7} 4:620. %
AT 9 Tofd 3 A5 B e AH EE5E ARBISH
(polymerization)& 37°C, 45°C & 60°CollA] 242+ 12413F,
b 2 48A7HS AAEISIT ARrE E5S 242t 3~5714
152 Agsle] xebdRslo) felzhe FAse] 2 B35S
Hog A7 F2t BE7HA vHEst ok 0.5 um F71E
¥} AES Th5o] 1% toluidine blue® BAEHla F3hEn
AFola] A8 FAREES V1FOR Tl BANES A
z] BE-E A A% F diamond knifeE ©]§3sto] 344
silver-goldtor® & ¥.ol3= 60~80 mmenRpE ZUHHH-E
o] gridsoll H&Ac). o] T ARG L He-g H2JEA
AEZOET e Audh AETEET) B 3R
©OF 2% uracyl acetateo]] 25%-7F AR AlA A FHTE
A8 & 7422713 A 1% lead citrateol] 627+ BAAIA
A W Azsle] B AE )4 Hitachi H-600yS A3 7}
529 75 kVelA BRIt

lo

ol
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DNA fragmentation0ll 2{gt apoptosis 2+t

2x10%702] MZe) cisplatin®} sunpla® FHZF5%7} 0, 5, 10,
£0 783 100 uMe] Al Hzlek $ 3rzto] AuA HEE Hl
ofsle] wijkl S FEEE RS 50ml tubeol] &7)31 Hedh

ALZFoe Axg ey wokth dade 3 - A4
2 wya AZAAEE PBSE FHdhd AowA RF

eppendolf tube® HZTE ThA] Ailwe] g $ A5l weja
AZAAE] 50mM Trs-HCIpH 8.0), 0.5% SDS, 10 mM
EDTA, 783 50 pg/m/ proteinase K7} L &= o), &= &
40 piE 47veked AIZES 37°ColA 10A13F B2t lysisyit, 19
& thA] 05 mg/m/ RNase AZ 20w ¥ 37°ColA 1072t &
oF wjekabHE A RNAS AAZC o] 348 AXAl dojd
DNA 40% sucrose$} 0.25% bromophenol blue 12|31
19%(w/v) low-melting point agaroseS E¥3h= 10mM EDTA
(pH 8.0y& 70°CollA] =of s &4 10 wE 3%t = 05 g/
m] ethidium bromideE E3EH= 2% agarose gelllt} loading
310 55 mAClA 1AI7E 3084t 7|95 sl

TUNEL EAAIH
Cisplatin, heptaplatin 78] sunpla® #&F&%7}+ 0.1, 5, 1
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2 10 puMe] FA AzlsiA 2441703} 4817 FF A)ZPE R
wjokst 3 Fel AIRPEE BAIRE 50ml tubeoll MEE wiokst
G S B BOoT AR OZ AEE 35l
o, Ad4EE] = A 25 HEa golgle MEZAEES
PBSZ A|2&}HA] FACS tube® MEE FATE ThA] YAEE

3k & JolQle AW E el 1% paraformaldehydes 1ml %
I AE HoliA 15% 5 A FTE 233 70% ethanol 1
& Y2 20°CollA 24713F Bt FolruA] AEE TYAIZT
23 AELS PBSE AHala faEe & dolgle AEEA
=°] 0.2M sodium cacodylate(cacodylic acid), 2.5 mM Tris-
HCI(pH 6.6), 2.5 mM CoCly(cobalt chloride), 0.25 mg/m/ BSA,
5U terminal dedeoxy nucleotidyl transferase, Z2] 3! 0.5 nmol
dUTP-biotin(biotin-16-dUTP)E &3¢ &9 50 wE YAt
37°ColA 30%%r W3 F PBSE thA| Aol Jaia]sloy
e Al FAE) THA streptavidin-FITC 1pge} 0=
PBS 100 wE il =24 3027 X3t} 1 - PBSE
HEE M2l oFA] PBSE 1ml A2 £ flow cytometer®
Shi=

a ot

T

M= E™9| Fas Wal &5

Cisplatin, heptapltain 7212 sunpla®] HZ%%7} 0, 1, 10 2
23 100 pMe] HA AT 2443 F trypsin-EDTA £-9)
2|2 wojd AEE FTEEE 50ml tubedll okt A4EE
T S vgn AEAAES PBSE AlEEIT FACS tube
2 FA oA AR F AEHHEC] anti-Fas-FITC(anti-
CD95 FITCOE AlE9 20 e ¥ar of 7 A2elx 3027t %
gk & PBSE thA] MlEsly 2 MEHEE T78l] {3
20 ug/ml PIE Yol W] ¢ T flow cytometer® Fas®] THAL
A3t

RT-PCROJ| 2|8t bel-2 fMXle} whsl X

Cisplatin, heptaplatin 782 sunpla®] #FF%5%7} 0, 1, 10 1
T 100 uMo] A 3t 3 647 TR uhkst 6x10° AL
£ PBSZ &332 1X Trizol reagent® HIEZ wlojwi), o] £
Fel- e tube® £V 50 W CHCLE #H7bsha 15% 4t
vortexdt Foll G-3-9olA 3083 WAk 28|31 4°C, 12,000
pmelA] 1527 A4Ee] 3 & 45AE o2 713 e. tube
2 27|31 E20] cold-isopropanots: 2o] 7PA AlolE & 4°C
of| 4 2217F F_b WASISITE BhA] 4°C, 12,000 rpmef| X 1587k
HARY 3 T AEAe AAS D FHAE 75% cold-ethanol
£ 7F8ka, 4°C, 12,000 rpmellA] 158 3¢ AAEEs] HAd
=°l DEPC-D.WE 3715F § Aol 1087 £80] =0 F
Stk DEPC-D.W 998 u/¢} 2 u RNAS Z&3}9] 260 nmejl A

spectrophotometer® FHEE M & o] T4T Floll 408 I3l
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A RNASEE ARBIGILE o] RNAZE E018)& e. tubes 75°C
oA 1083 GA2J3lal RNASE T 3pugel A HAg v o
A} &4 (reverse transferase) 1, 2.5 mM dNTP 4 pl, 5X
reverse transferase buffer 4, random primer 1, 0.1 M
DTT 2 W= ¥3 DEPC-D.WZ A7} 20 W EA @511 37°C
ol 1A17E A7 cDNAS 3H4313ct 1 5 ¢DNA 3/
%} Taq. Polymerase 0.15 pi, 10X Tag, Polymerase Buffer 3/,
25mM dNTP 2.4 pl, 10pmol specific primer 1< 23
DEPC-D.WZ ¥ 30w ¥+ 3¢ ¥ PCRE 583131t} PCR
o] 2732 94°CollM 3% B<F cDNAS 93] BiIAIZ] & 94°C
ol 13, 55°CellA] 18, 72°Colld 13 30%2] A0 353
W5 3 w5 o)A B-actin F-AARe} bel-2 FHAE 72°CoA
5B7b o) WA & 1% agarose gel? A7]19%31] B-actin}
cl-2 -F7z1e] BHeS BR159ir), B-actin® oligonucleotide A1E
< sense oligonucleotide”} 5-GTGGGGCGCCCCAGGCACCA-
3, antisense oligonucleotide”} 5-CTCCTTAATGTCACGCAC-
GATTTC-30]™, bcl-29] oligonucleotide AU sense
oligonucleotide”} 5-CACCTGTGGTCCACCTGAC-3, antisense
oligonucleotide”} 5-ACAGTTCCACAAAGGCATCC-3°]tt.

o

dEZEn { o

EM ARSI

AEF 55w & AZelA] ofe] YRFEo] WrolA| AL o]
ozl 9iAREo] ZH(membrane)ol) o3 E2 Aoixw A
o] x3h= AlEE2] 228 (phagocytosis)yell &Jl] AEMAAl He
2173 <2l apoptosiset AEE Zed 7o) FZHA HskellS
W AZ7FH ol T gl A8 5 Qlo] Mt WARE L
ol X7} vigkEn J8j1 npRte R Fo)] fYE] M}
HaElo] EAEE necrosis®VZ 3 ol 7RI 5 Qe AL
AE Bokg S50 24 7153t} WA heptaplatin?} sunpla
of o8 #59 SK-MEL-28 Al¥2 %-2°] apoptosis¢! Al
necrosis?l A& #Ql3}lH, cisplatin®l] 2]3) apoptosis® 2 A
o] Yol vlwapr| S AR ARE 3 EAE B
Stk I AR, oS Ak &2 AAEE SAF ARl
E7421 Acket go] Mx2] FH AP e, 1 L
ks8] Zkgolzl Hutow Feimo] IR, vlw A wizele A
= Aoz vehgth ik Fx|AY HiAF 5
o] ME A7|#E0] o] Kol= vhd, cisplating A2gh Al
3 apoptotic body2kal & F° Qe 22 Yrlso] AlEet 2
of 7o, 329] chromatin T 5] 9J3Ith Heptaplatin
7 sunpla® #2l3 MEIME apoptotic bodyekil & & =
drpEo] Alxer Fosh et 900 BAISE T 5 Q)
QA B gajElofzl auks: #Q1Ek 4= §Iitt. 53], heptaplatin

s

a-

=
=
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Fig. 1 —Electronic photomicrographs present SK-MEL-28 cells
which cultured with 100 uM drug treatment for 24 hrs. A :
control, B : cisplatin, C : heptaplatin, D : sunpla.

S et AT AZToR oA 7= apoptotic
body2 &1 4= 9lgith. 8] 1 sunplas A#3t Al ZEolM =
apoptosis®] & ThE EAQ) chromating 33t A tiakst 7]

= 27k} ol B BAT 5 ASIhFig. 1.

DNA fragmentation

Apoptosisoll 28l FAE= AE] 7FE ARkl B4 F 8t
L= agarose gel 17]%9%dollA] YEhh= DNA fragmentation
olt}. ]2 DNAZ} smear®= HERZE LERR= necrosis?t 2
A5 FEEE AHE 7 lok. webA cisplatin? sunplaZt
SK-MEL-28 AlZ2} DNA®| u]xi= Gake dobrr] flaiA o]
£ Z4zbe) g HFETL 0, 5, 10, 50 121 100 pMo] =
A A 23t & agarose gel 171952 53| DNA2 #3}
9 7oke gl Hglth 7 A, oFEg AR o2 Al
2] DNA(control)2- Aetgl e 2 v}ox] 94k, cisplatin®}
sunplaZ 233 A|F 2 DNAE 3A210] A & 233 BE
SEoM ladder BFOE HUE HelE H1 2
oo, 7 Agkd Roo] BF A HE”] Ae & AT

(Fig. 2).

TUNEL assay

AFdell BTE ol cell cycle ¥4] A%899 AR el 9
gl 24 78] DNA fragmentation®l &%t B4 & &3
cisplatin, heptaplatin 1] 1 sunpla”} apoptosis® SK-MEL-28

cisplatin  sunpla
10 50100 5 10 50100 [uM]

M C &

2176
1766
1230
1033

653

Fig. 2 - DNA fragmentation of SK-MEL-28 cells by cisplatin and
sunpla. SK-MEL 28 cells were treated concentrations of 0,
5, 10, 50 and 100 uM of cisplatin and sunpla for 3 hrs. The
markers indicate that M is a DNA marker, and C is a
control which was cultured with media only.

AEE Asts AL g 4 3lt). 349, apoptosis 2}
I

necrosiss 7ESh= Aol tigl o] AFEe] 7IA 1 e HHE

24 hrs 48 hrs
cispiatin cisplatin
0 heptapiatin heptaplan
3
3
]
sunpla sungia

Fluorescence Intensity (FL1)

Fig. 3 - TUNEL assay was performed to identify that apoptosis of
SK-MEL-28 cells were induced by cisplatin, heptaplatin
and sunpla. SK-MEL-28 cells were treated with
concentrations of 0, 1, 5 and 10 uM of each drugs and
cultured for 24 hrs and 48 hrs. The black color is 0 uM
(control), the yellow color is 1 M, the green color is 5 uM,
the blue color is 10 uM.
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W&ol cisplatin, heptaplatin 12|12 AEe}t o] A|7}x] kgl
apoptosisT A|EE Fole= AL v] s glshi, 3 o
9] 2755 vS gk s} £ 4 9l TUNEL assay 4
o7 A& 3| Hktt. Cisplatin, heptaplatin ~12]3 sunpla 2}
7t HFEEE 0, 1, 5, 28] 10 uMe] E|Al SK-MEL-28 ]
o) A2lskal 2447 48717F EF wioksled flow cytometer

AT 71 A Fig. 3el4 B 5 %ol 2447 v
Al cisplatin, heptaplatin 72]X sunpla 54 s=7} S71g
T WA T8k e Ale® UERT ol o]d
HEE2FE dd viek 2ol cisplatinell <& 7HF =)
apoptosis’t F-=Eo1F o, sunplacl] 2J8iA 7P A f=5
QAck T3 4873F il Alelle AVEA] <FE Bl oJsiA] 24
AIZF uiE AR P50 A SR IRE, sunpla®]
Folle s27t 7l wet 33750} SokEE A0 E vt
ARE cisplatin?} heptaplatin® 73-¢-oll= B|$=%E abdo 2 5 M

gl cisplatin
&,
g%-
dg
ot
&3 — "
s 10t

408

RS

CleeM heptaplatin

LN

Cell Numbers

Fluorescence Intensity (FL1)

Fig. 4 — Fas expression in SK-MEL-28 cells treated with 1, 10 and
100 uM of cisplatin, heptaplatin and sunpla, respectively,
for 24 hrs. Fas expression experiment was performed as
described in Materials and Methods.
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RUR= 10 pMellM 2318 F3357t 24REs & Atk
©]i= DNA fragmentationolA] B ojx Axe} A3 A0E
sunplad] 739 57t 571 5 ke DNA band®} 33o]
ZFRom, cisplatin® 749+ 5 uME AL A7t 10 M
2P wrh Akgl DNAQ o] d8-5 & 4= QST

Fas expression

Fast Al|3Z2] 3wellA ¥l Eo] apoptosisZ} YoHES &
har B EojAQIehY webk] o] cisplatin, heptaplatin 71
2|3 sunpla® 217} 0, 1, 10 221 100 MO2 #Jelsla 244
7Hah 4841 7F E<F viekdt ¥ anti-CD95 FITC & Al(anti-Fas-
FITC)E 2183 AFAI1Z1 & flow cytometer® 31T}, Fig.
4oA] of A} 7HA] efge] o3l TR ARt EH T HF
Bt A RAE B 4 9lo] Fasd ¥do] ofEY Tt F
7V 725 oS AElE & uieket Alle] HoldSE F
7Rt 22 & = U3} wWelbA cisplatin, heptaplatin Z1€]
1 sunpla BF Fas®] 2EE F71A)7e) 28l SK-MEL-28 Al
ZE apoptosisE FABH=E 71YE Bl & 4 QST

RT-PCRO{| 2|8t bel-2 &l

Ao dofvhs BE @2 T2 0E oust At
U e Aol gEgich ujeba] RT-PCR ®Wel 23]
A} apoptosis 4] 4211 bel-29] WS E91s)] Byt ojw
Ry %o}zl vhof] Q&M bel-25 apoptosis @] A5 Aanti-
apoptotic gene)@* apoptosis’} S7FEE AT bel-29] ¥
e Fhaetes Aoz 4uA vk dest AFE0 23

Cis. Hep. Sun.
M C 1101001 10100 1 10100 [uM]

bcl-2

528 bp —

B-actin

538 bp ——

Fig. 5 —Bcl-2 gene expression in SK-MEL-28 cells treated with 1,
10 and 100puM of cisplatin, heptaplatin and sunpla,
respectively, for 6hrs. Then, total RNA was isolated, and
RT-PCR was perfomed and the DNAs were identified by
1% agarose gel electrophoresis. Lane M; protein size
markers, C; control, 1; 1 yM drug, 10; 10 uM drug, 100;
100 uM drug. B-actin; house keeping gene.
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cisplatin, heptaplatin Z&] 1. sunpla:= &5 st 71
FE &892 apoptosisE FVM7IE RS gRIF o, o]
Hp o2 ol okl FErt SUFERE bhel-29) o] HAkEt
=AE g9d] Bkl 3ol cisplatin, heptaplatin, 18] 1
sunplaZ® AFE571 0, 1, 10 222 100 uM ©] HA el
Hjokst & A3y Al RNAZ 22l8k ¢DNAZ $Md3led PCR
< Fsisict. 1 At bel29] S oFEAE] F 6AK-S i
FeE AEox oFEe] FEIt S7VEE 1 o] sk A
S B 4 2} (Fig. 5). & cisplatin, heptaplatin 1211 sunpla
EF 1uM Holk= 10 pMell o] of Z4glon 10uM K
o= 100 pMellA o 7435} mepA o] ekEEE SK-MEL-
28 cellell ™3l apotosisZ 551, 1 71402 Fase] WS &
7W173el &3l oF7|=l= apoptosis AANTARRK] bel-22] ¥ 24
Zof o3t Ao HRIEGIE

Fas®} bel-2 F-8xR= 4782 apoptosis ¥ proteinso 23]
AFEHAA UFol HaFoz] Q&= vl o] EE AT
caspase-1 1= caspase-3 5% A|E W apoptosis ¥ protein

S0 AR AFHA 77} Sleka AR FolRleh,

M J

#Alel 2

2 a7 d=EASAY $ATAE (R-11-2002-100-03003)
o] JeE ot TN ofel] FAP=HHr}. =5 heptapaltin
3 sunplaE AFEHFA o|stAlristn 7] A A=
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