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-3 : Etoposide 2] 3 AJFTN A5 A E(CaSki ME; HPV-16 positive)olH] e Thgh k)2 o
Aol W3ls ZZE £ (proteomic analysis)S 53l Blstaa} sk

AT "M : Etoposide A7) ¥ W3k3k CaSki AFFARY AEo GASS ojatg A7|HES
trix-Associated Laser Desorption/ionization Time-Of-Flight Mass Spectrometry (MALDI-TOF-MS)Z ©@#1d FAS8 3I3Th
MTT assay9} Propidium iodide (PI) staining, DNA fragmentation assay, Fluorescein diacetate (FDA), Fluorescence activated
cell sorter (FACS), western blot 4 52 53l AgAEY AXUl dojue tekst AxAbE #elE stk

A3} : CaSki M|XE= Etoposide =0l 2EFog AE F2o] AAFHAL, 1ICs T= S aMATE Etoposide™
CaSki A|¥ol| thall DNA E&3 GM7] AAE FrE9lon, ad Aol Fas (Apo-1/CD95), p53¢} pRb, caspa-
se-3 59 M¥EAPE Tl F719} bel-29} caspase-3 WA T ZAE HYY JEln vEE=go) A Al
X APE Al HEAY cytochrome ¢9F BA8HE caspase-99] T A W FUie B Eog ZRHE /WS
Tl AT Wi Atol @A BEe] AolE Kol 1749 A AT, ctoposide A2 F A T
(XAP-5, serine/threonine protein phosphatase 2B catalytic subunit, G2/mitotic-specific cyclin Bl, T-box transcription factor
TBX20, diacylglycerol kinase, amiloride-sensitive amine oxidase, HEF-like protein, ras-related protein Rab-20) 87H$} 5715}
+ TE(RNA 3'-terminal phosphate cyclase-like protein, late endosomal/lysosomal Mp! interacting protein, glia maturation
factor, replication protein A 14 kDa subunit, mago sashi protein homolog, 14 kDa phosphohistidine phosphatase, protein C14
or f48, cyclin-dependent kinase 4 inhibitior A, retinoic acid-binding protein II) 97}& F43Hoh

AE 1 2 AFNA etoposide™ CaSki Az AHEY Mzl 52, MEZAME 37} ASS 890 m, 225
THOE AFA e 5ol BMEEL AR AEE AAlskedl T8 Sl ARE AFE F S Ao

o

ZAHo] : Etoposide, A7 7%, Apoptosis, Proteomics analysis
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N B olg~2 Ad&A o™ HPV-162 AA| AFAFL
a5 60% 2 HASTE HPYV 7ol o3k Wt 71

Ao 735 vl A BAEE oA o F 59 < HPV E69} E7 Wil do] Z}7} ps3, Rb % <A ol
ZFA)8H, 1dol] 5,000 0] M2¢- A= Fchy] A& B2kt st WA, BEHIE FEAR
suoro g 0l WA A4 FAZL H1 g oY HPY E6] R ps3 vl A A3 RajE &
golt! AR F8 WY 29 AFFE uk & ps3e & A 71%5E 2WA)T)aL, HPV E72 Rb &

e

o]2]2~(human papillomavirus; HPV)Z4] ©] 5 HPV-16,

A3 Ao 2A EXF FAF RS frElAlAA Rb

HPV-I8S AZARGN AF B85 D99% o 1h9l & 94 758 Ak

=AY 120059 99 13Y
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AZ7RGE 543 YA o] 71 Aol

Tt etoposide, cisplatin, adriamycin, cyclophosphamide, pa-
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FolEek M6 4=

AI3ZE7] A (cell cycle arrest) 9} A|3EAFE (apoptosis) =

FE3E Etoposide® topoisomerase 119 & 71%5:2)
DNA o|57}ee] YA E2(breakage)?} 71 K strand-
passage), A 8 d(reunion) S Waste] A2 DNA EA)
2 2w 2 31 topoisomerase 11 A3 A|o]t}’ &g} o] of
A= ZAkE DNA 34, Al Z 29 FolE 1Hdstk Al
FAPES FEFE A AR AE Z Hela AHEo
A= etoposide”} DNA #83 G271 A A, p53 T4 &
Bog s MEAMER fEdch

o] 2}l #17]% 5 (two-dimension electrophoresis; 2-DE)
o wudel BAs SATENS ol4ste BuE 1
QAE AN B2e FeoA AT oy

o] W3ty Eo)z vwzs 13 o]—tﬂ A 3 4

Qe Z2EE 7Ielth” Tl v (spon o] £E)E
strip 2] sl wieh Aoz eAdS £,

g3, H719Es FAZ dUAESE gel doll olxHd
Aoz deth @A Aol7t Yeues didse o
A B gAE A2t peptideZ THE F, Matrix-
Associated Laser Desorption/ionization Time-Of-Flight
Mass Spectrometry (MALDI-TOF-MS) B8 o] &3y
77} peptidee] tf$t EAIFS 3Tk o sie] Al
O database searchS 53l Peptide mass fingerprinting ©-
F2h A 2 A A s

2 AFAEE AYATE 53t Hela A58 H<
Aol B 57 A< %%‘ﬂ A3 ZREH 7]
S8 AARFOEA o] 7S o83 tlolHHo]2x T

N o
LJ&

=2

_[\l rl

%ol 298 YT v ATk Teb 2 APl
CaSki Az 7354 M2 etoposide ] 3 WH3}sl= ©
WA P ZRHw 7R st o]d ®s}
e i @AS oS $EA 0 F Faa) gtk o]9)
2 R AEA A EHASS 7)ol wet
RS A A T S w39k 71dS
st gk

A7 o 2 Py
1. M=ZF sfat Mz S4 HAANMTT assay)
A3 7359t A EF<] CaSki (HPV-16)9} HeLa (HPV-
18) AZE 10
modified Eagle’s medium (DMEM)(Gibco BRL, Grand

0% fetal bovine serum®] 3% Dulbecco’s
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Island, NY) iR S ARE-8}e 5% CO,, 37°Coll A s}
Atk 2 A-g 745 ME7} etoposide (Sigma, Steinheim,
Germany) 9] tgt A9 2] §H3-& Yol 7] 9Jste]
Q50 HEE 10% FBS7} S+E DMEM Hj=|o] 3
A1A 96 well plateo]l Wi &3tk HeLa ME= 1x10°
cell, CaSki M| EE 0.5x10° cell2 EF3}3.0.H, etop0s1
de®] F5(0, 02, 04, 08, 1, 2, 4, 6, 8, 10uM)S )35}
Z+ w9719 welldl 7Fskar 37°C, 5% CO, 1ncubat0r°ﬂ
A 2473t ZHA 02 39 FQE v T 7]l 0.2 mg/
ml MTT (Sigma, St. Louise, MO)Z Z} wellol] 50u %7}
&to] 4A17F REGAIA formazans AT §, AdS

A A3t DMSOS 100p/well 7}F8tc}. Formazans
U2 microplate readerZ 550 nmol A FFEE =4

rﬂJJ
—Erﬁm

oAl gl

2. Propidium iodide (PI) @344 2

Cover glass7} E3HE 6 well plate 2x10° cell CaSki 1
¥E etoposide® A5k, AIZPERZ IxPBSE A A3
%, 3.7% Paraformaldehyde (Sigma)Z 5% IZAIZT
(4°C). 1xPBSZ A3}z, 0.1 mg/ml PI (Sigma, Steinhe-
im, Germany) 5000 AL, 30 %), ARAT
T 20°CE RASIY ¥ dAvjEE Axes #E
af3act.

oE
S

4 oiolg &

3. DNA fragmentation assay

100 mm disho] 2x10° cell& EF3 5 2447+ F
etoposide S A 2|SFATE 2FA A2] 24, 48, 72417 £ 700
pl &3] 2H=o8(500 mM Tris, 100 mM EDTA, 0.5% SDS)
I 17.5u proteinase K (Roche, Indianapolis, IN)(20
mgml)Z H7FE & phenol £ 700uE 718l
12,000 pmell A 73 AAEe st AE5AE A
o] 3 M NaOAc (pH 7.0 H7}3ka -20°Col A 2412k
< 12,000 rpmellA] 103 A4l st FEA-S AASH

Atk 70% ethanolZ A3k AZFA]Z]al 100 TE
bufferel] RNase AS Y11 pelletS FHTE FE3 DNAS
At 3ugs 1.0% agarose gelollX A7]9%E $ UV
3914 DNA ladderZ #2313tk

4. Fluorescein diacetate (FDA) analysis

Etoposide 2uM & X014 48A|17F 72AI17F & vk A
FZ Trypsin-EDTA (Gibco)E 2 5| 1xPBSE | mlE



Etoposide Xz[oll 2|8t CaSki AFZ2H 2t M zofAMel chdAl

A7vste] AlFET il | M FDAS 7 3 37°C
ol A 155 wjFAIZTE 200 0.1 mg/ml PIS 713 &
37°Co| A 5 ¥H-3-A171 3 FACS (fluorescence activated
cell sorter; Becton-Dickinson Immunocytometer System,
San Jose, CA)Z #2433t}

5. Fluorescence activated cell sorter (FACS) analysis
Btoposide #|2] $- 24 AJ7tol] A2 E Folx YA &
ate] Fsds Eelel MEth A7k 90% ethanol S E
ojrty] WAA|7| I 4°CollA 2417t HAsITh YAR
ot H T pelleto]l 500u washing buffer (RNase A
(Sigma), 10 mg/ml)E ¥, 30% 5 500u PIS ¥l
mesh filter 2 FL3HA A EZE +73}] FACSE A EF

718 HEA

6. Western Blot

72A17F etoposideE A $H AEE Ho} &3l M
Tris (pH 7.5), 5 M NaCl, 0.5 M EDTA (pH 8.0), 1% Triton
X-100, 50xPI, 100 mM PMSF, 1 M DTT, 100 mM NaF,
100 mM NA;VO,] .2 HEE S3JAZTE LysateS
A1%-2)(12,000 tpm, 5 min, 4°C)3F &, 5N 443}
g A-S Aakstdtt SDS-PAGEE 1| mm £ 1.5 mm
T 8%, 12%, 15% gelS THE©] Bio-Rad Protean 11
A7NGEZAE ATt 27] 4FE gl2HH &
WAool membrane O E 0| FA)7|=H|, HAR= Bio-Rad
Transblot cellS ARS8 100 VollA] 60-90% AA8F Tk
(4°C). AALE membranee 1xTBS-T (0.1% Tween 20)
buffer2 5% skim milk-S- A28} blocking (2 h, 37°C)3}
31, ECL nitrocellulose membrane (Amersham Life Science,
Little Chalfort, UK)oll &A1& &18}312} sl T o
AREShREE), 13} FAE 244178 4°Coll A FHAIF] AL, 2
Ak GAE IxTBS-TZ 39 A AT F 458 5k v+
AZATH3T°C). AHESE Al o 2Tk caspase-3
(1 : 1,000, 3% skim milk), caspase-9 (1 : 500), caspase-8
(1:500, 1% skim milk), Fas (1 :300), Bel-2 (1 :500)
(Santa Cruz, CA), Bax (1 : 800), Rb (1 :400)(BD Bios-
cience, San Diego, CA), p53 (1 :200)(Novocastra Lab,
Newcastle upon Tyne, UK), p21 (1 : 500)(Calbiochem, La
Jolla, CA), B-actin (1 :1,000)(Sigma), peroxidase-conju-
gated mouse (1 :2,000), rabbit (1 :5,000), goat (1 :

335

10,000) anti-IgG (Santa Cruz, CA).

7. Two-dimensional gel electrophoresis (2-DE) and

image analysis
Z2HE w42 @AEZ 1) Sample preparation, 2)
Iso-electric focusing (IEF), 3) SDS-PAGE, 4) Visualization,

5) Image analysis, 6) Protein identification -2 3§35} T}

1) Sample preparation

CaSki MZE AR st +A3 <, 1xPBS buffer
(137 mM NaCl, 2.7 mM KCI, 10 mM Na,HPO4, 2 mM
KH,PO,)Z 33] AlZ3Ft) Pelletol]l protease inhibitor
cocktail©] 37} 2-DE sample buffer (7 M Urea, 2 M T
hiourea, 65 mM DTT, 4% CHAP, 0.5% IPG buffer, 40 mM
Tris, 0.002% BPB)E 7Fsto] g2l 308 ¥H-&-A171,
et Aeds FHold ZREE A48 9d

AEEREE IS

2) Isoelectric focusing (IEF)

IPG strip holderll A|5& 211, IPG strip (Amersham
bioscience)S 2% & DryStrip CoverFluid (Amer-
sham bioscience)S ]l 2o 20°C, 12417} rehydrationA]
7132, 20°C, 100 V, 0.541%%, 300 V, 0.5413F, 600 V, 0.5
AIZE, 1,000 V, 0.5417F, 3,000 V, 0.5A17F, 6,000 V, 8 A3

&<t isoelectrofocusingS 33T

3) SDS-PAGE

IEF7} B IPG stripS SDS-PAGE &9 A]~E 3} gh
7] 9180 equilibration buffer (6 M Urea, 2% SDS, 1x
SDS running buffer, 20% glycerol, 5 mM TBP, 2.5% acry-
lamide) - strip™d 10 ml 7}3}e] 15% shakingd}al, SF<
= stripe o1 T, AR Selgol ALY 2
S AASAT} o] &, second dimensionCE %7 SDS-
PAGEZ}oA 5 mM 1A]17E 10 mM 16A)17F B2 A}k
w} skt

4) Visualization
Gel Bio-Rad silver stain plus kitS A-8-8fod T d
HAE3 A

spot%



FolEek M6 4= olst 9|
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5) Image analysis £ 2449 target probedl loadingSH}. A&7} 7AZE W,

Bio-Rad ScannerE A}-8-3}4 gel2] o|v|X|E YA E3} MALDI-TOF-MS®l| 3|3}, EF pepetide & S5
A Z T} PDQuest 6.2.1 softwareS 53l spot = AH=3} A WS Y51, ASE B4 o7 ds
3, oY gelS FAlol HlAL - FAI81] gel AbolollA] z} Z7Z database]] SFE 0] Sl BHES Fo} T}
o7} U= spots AE3sIATH ek

8. MALDI-TOF-MS (Protein identification)

1) In-gel digestion

Silver2 JAgH SilAE Z Hdste D AS A} | 2-
mm’'2 27+ W 3, eppendorf tubedl] £ g3
t}. 10 mM DTT/25 mM ammonium bicarbonate buffer (pH
8.0) Aefste] 56°Coll A 1A13F HE-AIZ T A2 st
o AeAE AAstL Folsle gelol 55 mM iodoace-
tamide/25 mM ammonium bicarbonate buffer (pH 8.0)5 *]
g)ste] 2o A 305 9HSAIZTE Speed-VacS ARE-3}
o A7 AZAIZ F, trypsin solution (10pg/ml in 25
mM ammonium bicarbonate buffer, pH 8.0)= *]2]5}4 0-
37°ColA] 12-14A17F WEE-AIH T Trypsin digestion -,
SHE A Speed-Vac o2 AZAI AT

Absorbance 550 nm

0 020408 1 2 4 8 10
Concentration (uM)

Fig. 1. Effects of etoposide on cell proliferation in CaSki
cells. CaSki cells were seeded at 0.5%10° cells per well
(0.2 ml) in 96-well flat-bottomed plates and incubated
) overnight at 37°C. The cells were treated with various
Of-Flight Mass Spectrometry (MALDI-TOF-MS) an- doses (0, 0.2, 0.4, 0.8, 1, 2, 4, 8, 10uM) of etoposide
for 72 h, and the cell viability was measured by MTT
assay. Resuls shown are the meanS.D. of four in-
dependent experiment.

2) Matrix-Associated Laser Desorption/ionization Time-

alysis
50% acetonitrile/0.1% TFA bufferol] =<1 matrix 2} A5

B
30 7
254
«
8 20
©
S 154
a
8
2 10-
0\0
5_
0 e i
0 24 48 72
x400 Time (hr)

Fig. 2. Nuclear model changes as apoptotic body and chromatin condensation in CaSki cervical carcinoma cell lines
(400x). Nuclear morphology of Pl stained cells was examined by fluorescence microscopy. Cell apoptotic bodies
and nuclear chromatin condensation in CaSki cells treated with etoposide were observed. (A) Arrows: apoptotic
bodies and nuclear chromatin condensation. (B) Bar chart showing the proportion of apoptotic bodies and nuclear
chromatin condensation. Data are shown meantS.D. (n=5).
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Etoposide Xz[oll 2|8t CaSki AFZ2H 2t M zoAMel el

4 3

o}

2f Mz 4% oAH|

o

1. Etoposide2| X245

Etoposide®l] &3+ Al A& JAE Lolr 7] $3)
MTT assayE AA3IA T CaSki A Z o] etoposideE &%
HE APslar 1 Hels B2 W), etoposide]
To YEAOF AE Aol AAlE e AS FUstA
HFig. 1). AIZPEZ etoposide =5 ZEldte] AE A
 AAE F91 3 5, 394 T AIE A FAdelA
CaSki A 3E2] etoposide®] 3t ICsy Fh- 2UMEA] 50%
o AIE AZAAE HES 4 3USITE Hela A=
etoposide Tl 2]EH 02 AEAA o] AAHAL |

M9 ICsp - ESATh(Date not shown).

2. MZo| FHefsty vist

Etoposidedl] oJall Wis}te]= A2 FejE #2317
913 DNAE PIZ @A3}Sith Etoposides 2IME A2
0, 24, 48, AR 3 A2 A Hsks #ET
SATHFig. 2). CaSki A3+ apoptotic body, chromatin con-
densation, chromatin fragmentation®] k4| 22| 3 24, 48,
T2A1Zk0] Aol wet 2.6, 10, 24812 AZF oA 0T
S7¥ehe s Ao

3. DNA E&3} Mz DAL =ol

Etoposide S *]2]3F CaSki M|l A|E 1A}kl o] 3k
DNA fragmentationS 2]U|8l= DNA ladder’} # =5
A I8kt Fig. 3). FA19 == 2ME A28k

o) B

A Oh 24h 48h 72h B , 0h 48 h
A 10
10°
T T
2
o 1073 3
[V L
10' 4
= T
g 10° 10" 10° 10° 10
E FL3—H FL3—H
C
T
o 72 h c . Paclitaxel
o 10" 3
E :
= 10°4 /
T T E
[ I
5 - 1073
[T [
10' 4
100- T T AL RLLLLE B T
10° 10" 10° 10° 10
FL3—H
Pl (red) "

Fig. 3. (A) Analysis of molecular weight DNA fragments and internucleosomal DNA cleavage. Time-dependent effect
of etoposide on DNA fragmentation assay. DNA was extracted and electrophoresised in parallel on the same agarose
gel with ethidium bromide staining. Lane 0 h is DNA fragmentation in untreated cells, Lanes 48 h and 72 h was
showed that both agent cause a ‘ladder’ of internucleosomal DNA fragments at ~200 bp intervals. (B) Flow
cytometry. Exclusion of Propidium iodide combined with hydrolysis of fluorescein diacetate. A short incubation with
Pl and FDA results in fluorescent labelling in green (fluorescein) of live and early apoptotic cells, which can exclude
Pl (because of the existence of charge in live and early apoptotic cells), whereas necrotic or mechanically broken
cells, as well as isolated nuclei, were stained red (Pl). FL3-H indicates red color intensity, while FL1-H shows green
color intensity. Arrows: necrosis, broken DNA and isolated nuclei. (C) Paclitaxel was used as a postive control to
induce apoptosis. Early apoptotic cells and live cells, is shown.
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o|=
—o

o H16d 4=

=
=

om0, 24, 48, T2AIRE SQ1G Ak, 24, 48, 2413
41 DNA ladderE #2311t} 2441719l 4:= DNA ladder
7t A9 EEA FEEOH, AR $74% DNA
ladderol| A= 48417kl A UEFEE 200 bp band 7} WE}
UA] ¢kttt Etoposide”} s =9} #dste] ofd A A}
ol F&Fo] gl= Aol th3) Fluorescein diacetate (FDA)
B8 25T} FDA hydrolysis 3438
olSl= AIEE HIFES early apoptotic cellE52 FDAS]
esterases 2-§-0 2 A 9] 33 WS U7 33, necrotic
cell, broken cell, ¥2]¥ 3 ZZ(isolated nuclei)= P12
Ao g PR FE B0t FDA hydrolysis ¥
2 A3} 484170l A apoptotic DNAZF A5 a1, 724]
Z¥ell A= apoptotic DNA ¥ o} L2} necrotic cell@} broken
cell, 22]31 E2 8 3 27450 #AEA

Ak
=

hydrolysis

4. M=z F7
Etoposideol] 218} CaSki AlEol|H Dojul= AE F7)
o] W3S JH3}3l7] 18l FACS analysisS A3 at3ct
(Fig. 4). Etoposide & 2uM =2 A 2|3t CaSki ME+=

=]
24

il

0, 24, 48, 2AZF A2 A F715 B213I3T) Sub
Gl A]712] DNA 92 0.82%AE Ao] 24417k = 1.85%,
48ATHO = 2.11%, 7241 o= 3.69% 2 A 4.54) S71s)
FHoh(p<0.05). G1 A]7]= A7kl wheh =3, G2/ M
A71E 1247 3 228 7V Hp <0.05).

5. Western blot &4

CaSki A|3E0l A etoposidedl] &3l fr=¥lw ME APE
7178 818}7] 3l western blotS AA| 5] E451%
ChFig. 5). HPV-165 ZE3L Q1= CaSki AlEol| 4 Rb &4
AL etoposideo] 23l 243} Rb T A (hyperphospho-
rylation form; 120 kDa)©| 7HA%]al, H]EHAdS} Rh T A
(hypophosphorylation form; 115 kDa)°] S7}=& A& &
AI3HATE HPV-16 E63} 933l A E = ps3 @2
2 etoposide ¢ & pS3 A o] F7HE] o, ps3
el ofsf AL frEsE 2l B d dEE S
= As FAL = AN Etoposide’t HIE AFE} A
HE 71AE BEE7] 948t Fas T84 DA S HIR

A4 AEA

o)

N

o S+ caspase-83} caspase-32] caspase

A
48 h 72 h
g1000 800 800 500
2 288 600 600 ;‘88
2 400 400 400 200
< 200 200 200 100
0 40 80 120 160 0 40 80 120160 0 50 100 150
FL2-A FL2—A FL2-A FL2-A
B C D
Sub G1 G2/ M G1
4.0- . N T
3.5 -
304 20 42 -
o =
© 2.51 ~ 154 40
Qo faY] (O]
S 2.0 (O] o
n i o~ i
e 1.57 x 10 38
1.0 - 5 36 4
0.5 -
0 - 0 - 34
0 24 48 72 0 24 48 72 0 24 48 72
Time (hr) Time (hr) Time (hr)

Fig. 4. Cell cycle progression of CaSki cells treated with etoposide. (A) Cell content of fixed and Pl-stained cells
was measured by flow cytometry and cell cycle was analyzed. FL2-A indicates red color intensity. (B, C, D) The
percentage of apoptotic cells increased as etoposide concentration increased. (B) The percentage of sub G1 phase
CaSki cells treated with etoposide. With increase in etoposide concentration, the percent of sub G1 phase cells
was increased as detected. (C) % of G2/M. (D) % of G1.
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Etoposide Mz|ofl 2|8t CaSki AtZZF 2 MO A{2| THHA dhe Qka
A Etoposide B Etoposide
- + - +
Rb . - <— Hyperphos phorylation T3S | e
<4— Hypophos phorylation
Caspase—8 <«— Precursor form (55 kDa)
P53 ’ ﬁ <+—Cleavage form (41 kDa)
= | «— Precursor form (47 kDa)
— ——— —
DOT| o — Caspase—3
I = W <« Cleavage form (17 kDa)
B—actin PP B-actin | com—— —
. Fig. 5. Regulation of apoptosis-related proteins
c Etoposide in etoposide-treated CaSki cells. Western blot of
- + cellular protein extracted in CaSki cells for 72 h
after treated with etoposide (2uM). Cytosolic ex-
Bel—2| - tracts prepared from etoposide-treated CaSki
cells. It was resolved by SDS-PAGE. (A) Western
& E ,—'l blot analysis of protein levels Rb, p53, and p21
Bax| in CaSki cells after etoposide (2uM) treatment.

— Cytosol

Cytochrome CE -

Caspase—9

B—actin

O
s}
=
[«’)
(&)
=
=
w2
o
=
g
—
wn
wn
=
(=N
o
i
rlo
.O
wn
T

™, cleavage form (41 kDa)< S7}3te] WS &9ls}
At} Caspase-3 T HAA] precursor form (47 kDa) T
wWZo] 7591, cleavage form (17 kDa)S 5715t
|39 A M E APE(membrane-related apoptosis) 717
S & 5 Ak =3 v EZE ol A A

3 AP (mitochondria-related apoptosis) T2 1 bel-29}
bax, cytochrome ¢, caspase-92] Tl W& o] WslE g
A3t A7} etoposide A 2]t T A 2] WSl A= anti-
S 2 200 7% 1.2, pro-apop-

tosis®] bax THHA-L 2 58 Z7}5HTk 3 nEZ =g
o} ub7t F7ol| A A|EAZ o] == cytochrome ¢ T
Aof o] BolAle A S1E AT 3T
A 9] precursor form (47 kDa)= 1.5 Hl

bl

X

4

i

g
e
=
apoptosis$! bel-2

¢l caspase-9 Tl

< Precursor form (47 kDa)
‘| 4— Cleavage form (37 kDa)
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Arrows: Two forms of pRb were shown by
hyperphosphorylated form (120 kDa) and hypo-
phosphorylated form (115 kDa). (B) Fas, caspase-
8 and -3 protein. Arrows: The forms of caspase-
8, -3 were shown by precursor form (55 kDa, 47
kDa) and cleavage form (33 kDa, 17 kDa). (C)
Bcl-2, released cytochrom C and caspase-9 pro-
tein. Arrows: Two forms of caspase-9 were
shown by precursor form (47 kDa) and cleavage
form (37kDa). B-actin levels are loading control.

" cleavage form (37 kDa)< 7J31A wrEld

Sk 217 e o] BAUL b actin

6. ZZHE £4 (Proteomic analysis)

Etoposide #12] Al @ofub= Al i g o) 2
o5 Fotr 7] 9af o]x+l H719F(2-DE)= EAIEHA
o, ozl HIs| 2uf o) wskE TA 9007H spot
< itk @ A8 E Matrix-Assisted Laser Desorp-
tion/ionization Time-of-Flight Mass Spectrometry (MALDI-
TOR-MS) B3] #43 5, doja Auge 2/
databasedl] TEF0] Qv Tl A Blal - A5 F
4% A% S0l gud 17 252 22 571 At
(Fig. 6). T2z Ml8) AHEIA etoposides] Tl
ofste] Wo] Fhake WAL XAP-5 protein (HXC-

T daa«
36 protein), serine/threonine protein phosphatase 2B cataly-



2olzet M 16 45 olzH ¢

Control

Etoposide

Control

Etoposide

Control

Etoposide

Control

Etoposide

Fig. 6. 2-DE and differential protein expression analysis by etoposide treatment. 2-DE was stained protein spots
by silver dye solutions. Proteins spots marked on the maps were considered differently expressed. (A) The
down-regulated protein spots (arrows) in etoposide-treated CaSki cell. (B) The up-regulated protein spots (arrows)
in etoposide-treated CaSki cell.
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Table 1. MS identification of the down-regulated protein spots in etoposide-treated CaSki cervical carcinoma cells

Accession NO. Protein Mass (Da)/pl Function

Q14320 XAP-5 protein (HXC-26 protein) 40242/6.4 May be a DNA-binding protein of
transcriptional factor

P16299 Serinefthreonine protein phosphatase 59025/5.6 This subunit may have a role in the

2B catalytic subunit, isoform calmodulin activation of calcineurin

P14635 G2/mitotic-specific cyclin B1 48338/7.1 Essential for the control of the cell
cycle at the G2/M (mitosis) transition

QOUMR3 T-box transcription factor TBX20 28212/7.3 Probable transcriptional regulator
involved in developmental processes

P23743 Diacylglycerol kinase (Diglyceride kinase) 82673/6.3 Upon cell stimulation converts the
second messenger diacylglycerol into
phosphatidate, initiating the esynthesis
of phosphatidylinosotils and attenuating
protein kinase C activity

P19801 Amiloride-sensitive amine oxidase 85364/6.6 Catalyzes the degradation of ompounds
such as substances involved in allergic
and immune response, cell roliferation,
tissue differentiation, tumor formation,
and possibly apoptosis

QINQ75 HEF-like protein 87145/6.7 Possible docking protein

QINX57 Ras-related protein Rab-20 26277/6.1 Play a role in apical endocytosis.recycling

tic subunit®} G2/mitotic-specific cyclin B, T-box trans-
cription factor TBX20, diacylglycerol kinase, amiloride-sen-
sitive amine oxidase, HEF-like protein,ras-related protein

Rab-20 5 8 TFE Y3 tHTable 1). o]} W=

STT=E

AZ TN A etoposide®] FoAell oate] WdHo| F7tE=
=l e

cHHE4 2 RNA 3’-terminal phosphate cyclase-like protein
(HSPC 338), late endosomal/ lysosomal Mpl interacting
protein (p14)(HSPC003), glia maturation factor, replication
protein A 14 kDa subunit (replication factor-A protein 3),
mago sashi protein homolog, 14 kDa phosphohistidine pho-
sphatase, protein C14 or f48, cyclin-dependent kinase 4 in-
hibitior A (CDKA4I), retinoic acid-binding protein I (CRABP-
) 5 97HE 543 tHTable 2).
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Table 2. MS identification of the up-requlated protein spots in etoposide-treated CaSki cervical carcinoma cells

Accession NO. Protein Mass (Da)/pl Function
Q9Y2P8 RNA 3'-terminal phosphate 40871/9.4 Plays a role in 40S-ribosomal-subunit
cyclase-like protein (HSPC338) biogenesis in the early pre-rRNA processing steps
QIY2Q5 Late endosomal/lysosomal Mp1 13508/5.3 May act as a modulator of MAPK  kinase signaling
interacting protein (p14) (HSPC003)
P17774 Glia maturation factor (GMF-) 16713/5.2 Inhibition of proliferation of tumor cell
P35244 Replication protein A 14 kDa subunit 13569/5.0 It participates in a very early step in
(Replication factor-A protein 3 initiation
P50606 Mago nashi protein homolo 17164/5.7 Unknown
QINRX4 14 kDa phosphohistidine phosphatase 13833/5.7 Exhibits phosphohistidine phosphatase  activity
QB8NCU1 Protein C14 or 48 15808/6.1 Unknown
P42771 Cyclin-dependent kinase 4 inhibitor A 16533/5.5 Interacts strongly with CDK4 and CDKG.
(CDK4I) (Multiple tumor) Inhibits their ability to interact with cyclins D.
Could act as a negative regulator of the proliferation
of normal cells
P29373 Retinoic acid-binding protein I, 15693/5.4 Cytosolic CRABPs may regulate the access of

cellular (CRABP-II)

retinoic acid to the nuclear retinoic acid receptors.
-FUNCTION: CRABP-II may participate in a
regulatory feedback mechanism to control the
action of retinoic acid on cell differentiation
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Differential protein expression of etoposide-treated
CaSki cervical carcinoma cells

Seung-Baek Lee', Jun-Sang Bae', Jung-Jin Kim', Seo-Yun Tong', Eun-Kyoung Yim',
Keun-Ho Lee®, Chan-Joo Kin, Soo-Jong Um®, Jong-Sup Park*?
Department of Medical Bioscience', Division of Gynecologic Onco/ogf,
Department of Obstetrics and Gynecology, The Catholic University of Korea College of Medicine,
Department of Bioscience and B/oz‘echno/ogf Sejong University, Seoul, Korea

Objective : This study was designed to examine the pharmaco-dynamic pattern of proteomic expression in cervical carcinoma
cells (CaSki cell line; HPV-16 positive) after in vitro treatment by the etoposide.

Methods : We analyzed proteomic profiling in cervical carcinoma cells after etoposide treatment using two—dimensional gel
electrophoresis (2-DE) with MALDI-TOF-MS used for protein identification. Then, we tested the several experimental methods
for verification and functional identification, including MTT assay, Pl staining, DNA fragmentation assay, FDA, FACS and Western
blot analysis.

Results : Etoposide inhibited the CaSki cervical cancer cell growth in a dose-dependent manner and the optimal concentration
of etoposide is 2uM (ICs) in the CaSki cervical cancer cells. The etoposide induced apoptosis, as determined by DNA fragmentation
assay, FACS, and Western blot. The etoposide increased the protein expression of Fas (Apo—-1/CD95), p53, pRb and caspase-3,
but decreased the level of Bcl-2 and caspase-3 precursor and subsequently triggered the mitochondrial apoptotic pathway (release
of cytochrome ¢ and activation of caspase-9). To this end, we analyzed CaSki cancer cells using 2-DE. Eight proteins (XAP-5,
HXC-36, serine/threonine protein phosphatase 2B catalytic subunit, G2/mitotic-specific cyclin B1, T-box transcription factor TBX20,
diacylglycerol kinase, amiloride-sensitive amine oxidase, HEF-like protein, ras-related protein Rab-20) were down-regulated and
nine proteins (RNA 3'-terminal phosphate cyclase-like protein, late endosomal/lysosomal Mp1 interacting protein, glia maturation
factor, replication protein A 14 kDa subunit, mago sashi protein homolog, 14 kDa phosphohistidine phosphatase, protein C14 or
148, cyclin-dependent kinase 4 inhibitior A, retinoic acid-binding protein 1) were up-regulated in etoposide-treated CaSki cells when
compared with non—treated cells.

Conclusion : Our results clearly indicate that etoposide induced cell death by apoptosis. These findings may provide insights
into the mechanisms underlying the apparent anti-tumoral effects of etoposide.

Key Words : Etoposide, Cervical cancer, Apoptosis, Proteomics
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