2232 A157 A28 2004
Vol. 15, No. 2, June, 2004

d| 320l A 5—fluorouracil Folel <]k

=2 A @39 Proteomic analysis

>
ol
o
I
o

>~

7FER oju) relsteti, SHEe o)y AR Esa Al
g e

R R R AR L e e R R S S e

Proteomic Analysis of Anti—Proliferative Effects
by Treatment of 5—Fluorouracil in Cervical Cancer Cells
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Objective : We investigated the effects of 5-fluorouracil (FU) to the cervical cancer cell lines with HPV in the aspect
of the apoptosis and HPV.

Methods : The effects of 5-FU on apoptosis was studied using a proteomic method based on a two dimensional gel
electrophoresis and MALDI-TOF-MS using peptide mass fingerprinting.

Results : More than 50 proteins showed a significant change in 5-FU treated cervical carcinoma cells compared to
control cells. Among them, 34 proteins have been identified and 22 proteins were up-regulated CIDE-B (cell death
inducing DFFA-like effector B), caspase-3, caspase-8 and Apo-1/CD95 (Fas), etc and 12 proteins were down-regulated
mitotic checkpoint protein BUB3, myc proto-oncogene protein (c-myc), stc substrate cortactin and transforming protein
p21A, etc by 5-FU treatment in HeLa cells as determined by spot volume (P<0.05). Our experiments showed that 5-FU
engaged the mitochondrial apoptotic pathway involving cytosolic cytochrome ¢ release and subsequent activation of
caspase-9 and caspase-3 as well as the membrane death receptor (DR)-mediated apoptotic pathway involving activation
of caspase-8 with an Apo-1/CD95 (Fas)-dependent fashion. In addition, we could observe reduction of HPV-18 E6/E7
gene expression and activation of p53, pRb and p21Wafl proteins by 5-FU treatment in HeLa cells.

Conclusion : we suggest that 5-FU suppresses the growth of cervical cancer cells not only by anti-proliferative effect
but also anti-viral regulation. Our findings may offer new insights into the mechanism of anticancer effect affected by
5-FU treatment in cervical cancer cells and its mode of action.
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p539] 7]50] 9 AE= DNA-EAA oA
& ps3chd 7} 71 aHel| 9l p21, BaxwH Tof &
S7HAA, GIaAIe] HE apoptosisE U271t E6
W0 5538 HFASIAIZ| 2R anti- apoptotic T A
el A DNA-E oFAlell sl A3 dS 1
Aoz o)A gtk 18y}, HPVI6 E6, E79)
2 keratinocyte®l| A TFFeh SHbAIL} AR o] <]
& apoptosisell et S SAAACEM w3k,
HPV-16, -18 %3] HeLa, C-4Il, CaSkiNEF &
mitomycin C, cisplatin's-2] 12 &ALl djste] 744
S BAT" o] DNA-EAA oAl p53 ) p21
TS o5 AEFOA FEsSith

S-fluorouracil (FU)E Aba- AE-LoA 2L uks-3
AEES Kol IUAZA ] 2ol A&
prodrug®] k> 5-FU= pyrimidine ring®] 5% $14]¢l
uracil®] fluorination®l| ©]3l ¥HE0}% pyrimidine A
ARA, EAsHs GAES] Gao s waFol,
thymidylate synthetase®ll ]t deoxythymidylic acid <]
RS AISt G RNA7ISS Asfste], Al
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4 ZIE Holr #rk ZLeu, ob4 HPV Q! 7
T ATl adtel U EAE=A B4
=it v Gz tigk el sk, s-Fu

T Fas, Baxs2) p53-2JEA pro-apoptotic gene®] up-
regulatlonb}, anti-apoptotic genes$! Bel-2 famllyJ down-
regulation®] ]38}, caspase familyE =& E3ho]
apoptosis®] &S HolA )+

AU 0 2 apoptosisT mitochondrial- M7 A=
9} membrane DR (death receptor)-"j7}A A2+ F
7HA o2 Wl o8 A9tk Mitochodria] ©]
cytochrome ¢7} AZZAU WEE]= GAI7} caspase-3,
caspase-9, endonucleases 52| Z/J8}oll rate-limiting
step 0% &elA glck Caspase 8-> Fas, TNF-q, T2
TNF #44 apoptosis-frEligand s AH8-3F= DR-
mediated apoptotic pathwayollA] ZAg4 9l AeS =
proximal caspase©]t}."

AAFEE 5-FU7ZF HPV-185 71 Hela Aba 7%
o AT S ‘?ﬂﬁﬂ‘é‘}: F 7= proteomic methods
= B8Rtk 9, 5-FU7F HPV-#EA Abs A

oF M O] 270 mltochondrla 7§14, membrane DR-

A B RE S8kl apoptosisE RS & 4 9

Ak 5-FU= HPV E6, E7r702F] 'S down-regulation
5k, ps3, pRoEHM 2] g 3lE F381o] aptotposisE 7
7= AE & ATk

LI =1 PR AN
AT o B

1. AEF i 2 AlXE =4 ZAF (Cytotoxicity
Assay)

HPV-18%/3¢2] Hela MEFE10% FBSE 7t
DMEM(Dulbecco's modified Eagle's medium) .= 37T,
5% COxol A Hf et A=A A2 3.4, 5-
dimethylthiazol-2-yl)-2, Sdiphenyltetrazoium bromide (MTT)
(Sigma, St. Louis, MO) & ©]-&3}o] &9 v% 57}
of B2 S A9 HEZ YERITh 6wellol 4]
HeLa cells (Ix10%well) & Z}7] B8 ¥%9] 5.FU
(Sigma) 2} 24A17F, 48A17F 724]7F 9641 7E 1204]7HE
QF v ¥akAT. MTT substrate (20 mg/ml)<} Bl &3}e]
4730l Aok H, wieFels wE]al, DMSOS 7t
aSATh AESAE ICs valueol] F3ko] HALSH]ITE
7t HARs A A sl

2. Two—dimensional gel electrophoresis and image
analysis

HeLaM|¥FE SM 5-FU$t wjale] 24/\17F 4
trypsinizationd}o] AL AME HHES 7 M urea,
2 M thiourea, 4% CAHPS &3l #l|(lysis buffer)2 =3}
o} %33 &3l (sonication)$-oll AA T 0.05 mgS
immobilized pH 3-10 (linear) IPG strip (Amersham
Bioscience, Arlington Heights, IL)oll Ettan IPG phor
(Amersham Bioscience)E AFH8-5ko] 20CollA &7]aL
IPG strip2 TFAl 7 M urea, 2 M thiourea, 4% CHAPS,
45 mM DTT, 0.5% IPG buffer, 400 mM Trisl <15
AHE Aol ¢F2ke] bromophenol blueE % 718FSiT.
IEF(Isoelectric Focusmg)a 100 V, 50 VH; 300 V, 150
VH; 600 V, 300 VH; 1,000 V, 500 VH; 3,000 V, 1,500
VH; 6,000 V, 36,000 VHollA Aljalglct. o] A&
SDS-PAGE 3}7] Aol 20°Coll A7}t equilibration
solution (50 mM Tris-Cl, 6 M urea, 30% glycerol, 2%
SDS, 0.002% BPB)¥} 100 mg/ml DTT oA <F 1587t
A28t 7, equilibration buffer2} 25 mg/ml iodoacetamide
oA 1587 Tk 1 F ol SDS-PAGE buffer (25
mM Tris-Cl, 192 mM glycine, 0.1% SDS)Z Aojul 5,

- 114 -



— Proteomic Analysis of Anti—Proliferative Effects by Treatment of 5—Fluorouracil in Cervical Cancer Cells —

ae

W22 gilver staining®] 23] HESITE A
gels<> Bio-Rad Scanner (Bio-Rad, Philadelphia, PA)
o]-g3te] e oW E HAESIAT] &, ofn|A]
A5 31Tk PDQuest software 6.2.1 (Bio-Rad)E ©]
S}o], 2D gel proteome databaseE ©]-8-3F4] spotS
A1) mass spectrometry o 2] 3 vl A o] FA
7} spote] A3 XS A7) 915tod, analytical
silver-stained gel¥} preparative gels?+2] matchingS Al

CEDEL
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3. MALDI-TOF—-MS

Silver 1419 A E 5 dste F-919 tisto]
digestions Al Y3lSlrh A o] £ H, gel slabs &
A 10327F 23] Ao H, scalpelZ Hat= F-9AE
ZEhfe], 1.5 ml FH B4l 25 mM ammonium
bicarbonate buffer, pH 8.0/50% acetonitrile (1:1) (Sigma)
& gelo] 501 Q= TR 92 H, 1587 ALl
Ak AAl= wEla 2o AUIITE 100% Acetonitril
o 93] &4uh-eS 407, Speed-Vacs A3}
1A7E Fet AZAIZ] % 15u <] trypsin solution (10 yg/ml
in 25 mM ammonium bicarbonate buffer, pH 8.0) 2% 5
A, 37ColA 12-14A3F E<E FHSAIZTE Trypsin
o2 ZEhd peptide™ 50% Acetonitrile/5% TFAZE 3
=31, Speed-Vacoll 49 FAIEE]Z acetonitrile S #l
AT} Peptide= C18Zip-Tip (Millipore Corp., Bedford,
MA) & 2310 EF5A171 3 100% acetonitrile 2 ul =
=0 ¥, 2% MALDI-TOF-MS 9] samplelell QItk v}
A/902, g-cyano-4-hydroxycinnamic acid (0.5ul of 10
mg/ml) = 2} spotoll o] 27150l A spotS HEAZIT
MALDI-TOF®ll ]38t peptide mass profiles < MS-FIT,
MascotZ #2]3}S1t}. Peptide masst= SWISS-PROT,
NCBI data banksol Q)&= o239 Q714 H 2} vlal &
A8ttt

4. Western—blot

ZAAE Laemmli's loading buffers} 41 -, 5&3F
%2 5, 12% SDS-PAGECIA 130 V & #17] &3
380 voltollA] 2A17H5<F electroblotting3}IC}. Membrane
& A20l|A 5% skim milkE 7Fd TBSZ block 3t F,
anti-CIDE-B (1:500) (Santa Cruz Biotechnology, Santa
Cruz, CA), anti-BUB3 (1:300) (BD Bioscience, San Diego,
CA), anti-caspase-1 (1:200) (Santa Cruz Biotechnology),
anti-cytochrome C (1:1000) (Santa Cruz Biotechnology),

anti-caspase-3 (1:200) (Santa Cruz Biotechnology), anti-
caspase-8 (1:100) (Santa Cruz Biotechnology), anti-
caspase-9 (1:200) (Santa Cruz Biotechnology), anti-fas
(1:500) (Santa Cruz Biotechnology), anti-p53 (1:150)
(Novocastra Lab, UK), p21 (1:100) (Calbiochem, La
Jolla, CA), anti-pRb (BD Bioscience) and anti-3-actin
(Sigma) 9] 12} A E WA TE Membranes S
o}l F, horseradish peroxidase-conjugated 22} ]
(1:2,000) (Santa Cruz Biotechnology, Santa Cruz, CA)=
SAHTE 23} A 9k T membrane S Aol H,
&< A E ECL hyperfilm 2.2 chemiluminescenceS
BT

a)

]

Els
i=)
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5. RT-PCR

717 RNA RNeasy” Mini kit (Qiagen, Germany)=
ARESte] FEGith A RNAS] %5 spectro-
photometry 2 278+ H, A7 AKreverse transcription) 2}
FAAA  FEE Titan system  (Roche, Mannheim,
Germany)< ©]-83Fo] Ald38}IT) 0.2 mM dNTPs, 10
pmol 9] forward-primer, reverse-primers, 5 mM
dithiothreitol (DTT), 5 U RNase inhibitor, %% RNA
2 Mix 15 25 W2 TSIk Deionized water (14 ul)
9} 10 wl 5x RT-PCR buffer, 1.5 mM magnesium
chloride, 1 ul enzyme 22 Mix 25 W1, ¥EA|7
5, AR 27 vortexing, centrifugationd}o] ARG
k. RTE 50CollA] 30 min, 94CollA] 2 &7k 3k A, 3
AR PCRE 95ColA 12, 56°TColA 12, 68°CllA 1
430 cycleS WHEEE ) 68°CollA 787 AAHS
< AZlHE o7 ARE-E Primer T 2tk

HPV-18 E6/E7
Forward primer : 5-TTCTGCTGGATTCAACGGT-3'
Reverse primer : 5'“AAGGCATAACCGAAATAGG-3'

Glyceraldehydes-3-phosphate dehydrogenase (GAPDH)
Forward primer : 5-CCATGTTCGT CATGGGTG
TGAACCA-3'
Reverse primer : 5'-GCCAGTAGAGGCAGGGATG
ATGTTC-3'

vpA] Bk PCR AHES- 1.5% agarose gelsol] o] #17]
g5t F, uvatelA #E3Tt. GAPDHF714H
B YEE 7|FOR A B9 DNAYS At
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Control 5-FU treatment

Caontrol 5-FU treatment

C-myc
y C_myc _
Cortactin -‘ _ﬁ
Cortactin
Bactin | m——
BUB3

Fig. 1. (A) Comparison of the high resolution 2—D pattern gel electrophoresis obtained from HeLa and 5—FU treated HeLa
cells. The differentially expressed proteins (c—myc, cortactin, BuB3 and 3—actin) are marked with an arrow and named. (B)
Western blots of differentially expressed proteins identified from proteomic analysis.

Control 5-FU treatment

Fas Control 5-FU treatment
Caspase-3 | - “
Caspase-3
CaSDase_s _
Caspase—8
B-aCHn  ee— —
CIDE-8B B

£

A

Fig. 2. (A) Comparison of the 2—D pattern obtained from HeLa and 5—FU treated HeLa cells. The differentially expressed
proteins (Fas, caspase—3, caspase—8, CIDE—B, and 3—actin) are marked with an arrow and named. (B) Western blots of
differentially expressed proteins identified from proteomic analysis.
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N
X5 (HeLa)ol thg+ 5-FUF]

1. A8 759k Al
u 27}51 A S Proteomic

2
o o3| ol
analysisHo.& &

5-FUFolof] o 7]{% 48] flsted, AFs 7

Fob AETe F4 Aalol F83 target-specific

proteinS proteomic analysis' ©.= AJgj3fo] K9k,

IE 23 A oﬂE(hlgh-resolutlon two-dimensional

gel electrophoresis) <, HeLaA| 350l 4] thalld o] kg

& Bh(master expression profile map) H3}E H] ns}o]
Hokeh oFAlel ©Jgh Al AKapoptosis) ] AAI4 <1
9] 50l V1S dolry] §1ste] o]d BAE=
S FAL 7)5E ] fskd
Al&Yatel=d], ZF Ao A 80071 ©]4<] spoto] 7y

o, o]F 487119 @ Ho] s.FUFe] Fof tzd
o Blste] frolatAl F7ketalet (Fig. 1A, 24). T2
spot 7| & v g A3 o] & 317]] Thle 7k
AL, 1771 HaE et (P<0.05) (Table 1,

Ed
2). 3472 T A MALDI-TOF-MSZ 3= database

FEe FAE FolohA &2 AEFNA Y AA & of wlaslo] Ao E4o] Hlrk

Table 1. Up—regulated protein spots by treated with 5—FU in HeLa cell

o] AgelA

Accession Proteinidentified Function Mr(Da)/pl
P30711 Glutathione s-transferase theta-1 Displays gllutathlone peroxidase activity with cumene 27335/1.0
hydroperoxide
015264 Mitogen-activated protein kinase 13 Regulation of protein translation by phosphorylating and 4209018.5
inactivating EEF2K
P48728 Amino-methyltransferase Degradation of glycine 43946/8.9
Eukaryotic translation initiation factor 3 Binds to the 40s ribosome and promotes the binding of
015372 subunit 3 methyl-tRNA and mRNA 399319.1
Q15056 Eukaryotic translation initiation factor 4H Stimulates protein translation 27385/6.7
P42655 Protein kinase C inhibitor protein-1 Probably a muliifunctional regulator of the cell signaling 29174/4.6
processes mediated by both kinases
P07010 hnRNP C1/C2 pre-mRNA processing and mRNA metabolism 33688/5.0
QIUMQ3 Homeobox protein BarH-like 2 Transcription factor 28249/6.4
QIUBK9 UXT protein Ubiquitously expressed transcript protein 18246/7.0
QI9UHDA4 Cell death activator CIDE-B Activates apoptosis 24678/9.0
095299 iﬁ&iﬂblqumone oxidoreductase 42kDa Transfer of electrons from NADH to the respiratory chain 40751/8.7
Q14914 NADP-dependent leukotriene B4 Clatalylzes the conversion of Leykotrlene B4 into its 35870/3.4
12-hydroxy dehydrogenase biologically less active metabolite
Q13442 PDGF-associated protein Enhances PDGFA-stimulated cell growth 20630/8.8
Serine threonine protein Calcium-dependent,, calmodulin-stimulated protein
QU8209 phosphatase 2B catalytic subunit phosphatase 38688/5.6
P30520 Adenylosuccinate synthetase Purine nucleotide biosynthesis 50098/6.1
P28330 Acyl-coA dehydrogenase Energy metabolism 47670/7.3
Q15554 Telomeric repeat binding factor 2 Plays a role in cell division cycle 55552/9.2
P16402 Histone H1.3 Necessary for the condensation of nucleosome 22350/11.0
P20645 rCeitelg?O-;lependent mannose 6 phosphate Transport of phosphorylated lysosomal enzyme 30994/5.6
P25445 Apo-1/CD95 (Fas) Receptor for TNFSF6/FASL 37733/8.3
NP11678 Caspase-3 Cleavage and activation caspases 6, 7 and 9 34532/10.3
NP203520 Caspase-8 Programmed cell death induced by Fas and various apoptotic 20836/11.0

stimuli
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Table 2. Down—regulated protein spots by treated with 5—FU in HeLa cell

Accg;snon Proteinidentified Function Mr(Da)/pl
P39023 60S ribosomal protein L3 A component of the large subunit of cytoplasmic ribosomes 57943/10.2
043684 Mitotic checkpoint protein BUB3 Cell cycle regulator 37155/6.4

Nuclear ubiquitous casein and cyclin
QYHIE3 dependent Kinase substrate Cell cycle regulator 27297/5.0
043739 Cytohesin 3 (ARF nucleotide-binding site Prlomotes the activation of ARF through replacement of GDP 46349/5.3
opener 3) with GRP
Translation initiation factor eIF-2B, beta Catalyzes the exchange of eukaryotic initiation factor
pa9770 subunit 2-bound GDP for GTP 38990/5.8
P01106 I(\f-};;ygoto-oncogene profein Activate the transcription of growth-related genes 48804/5.3
Q9YSH7 Protocadherin alpha 5 precursor Potential calcium-dependent cell-adhesion protein 102049/5.3
snRNA activating protein complex 43kDa Complex required for the transcription of both RNA
Q16533 . 42995/9.5
subunit polymerase Il and III small-nuclear RNA genes
Q02338 D-beta-hydroxybutyrate dehydrogenase Energy metabolism 38157/9.1
P30040 Endoplasmic reticulum protein ERp29 Processing of secretory proteins within the ER 28994/6.8
precursor
Src substrate cortactin . .
Q14247 (oncogene EMSI) Cellular growth regulation and transformation 61637/5.2
POILI6 Transforming protein P21A Bind GDP/GTP and possess intrinsic GTPase activity 21656/6.3

(c-K-ras).

o

il spot 7] = H|w s A3} 5.FU Fo] Sof 227)
o] Tl 2 S7FE 1 (Table 1), 1270¢] w2
752313 T} (Table 2) (P<0.05). T spot 7|2 H]

& A3}, o] T 31749 Wl Sk AdEiaL
Ne Za® ek (P<0.05) (Table 1, 2). 54 &

| @2 glutathione s-transferase -1, mitogen-activated
protein (MAP) kinase 13, amino-methyltransferase, eukaryotic
translation initiation factor 3 subunit 3 and 4H, protein
kinase C inhibitor protein-1, hnRNP C1/C2, homeobox
protein BarH-like 2, UXT protein (ubiquitously expressed
transcript protein), cell death activator CIDE-B, NADH-
ubiquinone oxidoreductase, PDGF-associated protein,
serine-threonine protein phosphatase 2B catalytic subunit,
adenosylsuccinate synthase, acyl-CoA dehydrogenase,
telomeric repeat binding factor 2, histone H1.3, cation-
dependent mannose-6-phosphate receptor, Apo-1/CD 95
(Fas), caspase-3, caspase-8, NADP-dependent leukotriene
B4 12-hydroxy dehydrogenase ‘5-©] AT}, 4% Tl
mitotic checkpoint protein BUB3, 60S ribosomal protein
L3, nuclear ubiquitous casein and cyclin dependent kinase

substrate, cytohesin 3, myc proto-oncogene protein (c-myc),
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endoplasmic reticulum protein ERp29 precursor, translation
initiation factor elF-2B, D-beta-hydroxybutyrate dehydrogenase,
protocadherin alpha 5 precursor, snRNA activating protein
complex 43 kDa subunit, Src substrate cortactin, transforming
protein P21A%—O]9}\D}- o] \:]—Hﬂ /\164 73349] z}]aﬂg
A7) flted, A9l HeLad| 25914 5-FUF]
& g oA B2 wS dFoE 6 oA HHEG)
ik

2. A8 A9 AEF(HeLa)ol t 5-FUF<]
* AE 3% oA 23

5-FU o] 915& A S A9 &k MTT
assay Hh O 7 Z‘X o}oﬂ;]. OFR O] e 57]_01] o=
z;\l oqzﬂ,] u]g% #2s }cﬂ._tﬂ 2 uM FLHE A
& A7 b)) AlAFske] 1Cs value? SuMell A=
A S4 AA7E YERT 5-FUF] 5 proteome
analysisoﬂ o3 Wl 2718 apoptosis- e TS &)

o1317] $l8ke]  western blot= A3 3}ITE Cell death
activator CIDE-B, Fas9} caspase family YH&E9l
caspase-3, caspase-8%5-°] S7FEUT} (Fig. 1B, 2B).

Apoptosis-ZH#H A T AEL B mitochondrial-vl 7l
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Control 5-FU treatment

.-. b ~AAA .

Cytochrome c

Caspase-9

B—actin

Fig. 3. Cytosolic cytochrome ¢ protein and caspase—9
expression are induced by treatment with 5—FU. Cells
were incubated with drugs for 24 hr, 5uM and both
floating and attached cells were collected for western
blot analysis.

A AZ 9} membrane DR-TI7RA A 27 Z715]0] 9
=5 & F AT Cytosolic cytochrome ¢ T}
caspase-9 TH] WHL 5.FUE Fol 3k HeLaM EF2
A EA PSS F3310] western blottingste] F78513]
T} (Fig. 3). 5-FUE FIgt HeLaM2E70llA] cytochrome ¢
wgo] FES & = UYL (Fig. 3), dATPEA 3}
Al Apafl 2 A3}s}o] procaspase-9-2 A8} ©]
GAS] 502 caspase-9 S dofit (Fig. 3),
caspase-35 L5 o] AIE I caspase’E
o] A apoptosis = FETHE & 5 UL o=
293}be caspase”} apoptosisell A T w34
(proteolytic cleavage) AF1ES 35HA ¥t} membrane
DRs<> 2}7F9] ligandoll J3l 43 8}=H, procaspase-8
£ sl Aow delA =, 5-FU Fold
of3f 25 753t HeLa MIE7-0|4] caspase-8, caspase-3
o] 2437} dojubr, o= Fas-9|EA o & G437}
F7HES & S dY (Fig 2B). o] HEE E3lo]
apoptosis”’} 7158HE S #Ee 4 AT} Proteome
analysis A&l osbd, AE F4 FHEA Tgl
c-myc, Src substrate cortactin, mitotic checkpoint Bub3
o] 744 & 4 AT western blot AH-S E5}
o], c-myc, Src substrate cortactin, mitotic checkpoint
Bub3 proteins©] 5-FU il o3 HAaEs & 4 9l
A} (Fig. 1B).

S-FUTFolel] ool HeLazba™ 4% MET cytosolic
cytochrome ¢ +H]E Z3138H= mitochondrial apoptosis

Control 5-FU treatment

HPV18 EB/E7

GAPDH

Fig. 4. HPV—18 E6/E7 mRNA expression measured by
RT—PCR analysis. GAPDH mRNA level was used as
control.

Control 5-FU treatment

N
_— ..

BRaCln | — —

« Phosphorylated form

hat Dephosphorylated form

Fig. 5. Differential expression of p53, p21"** and pRb
proteins by treatment of 5—FU. Two forms of pRb were
shown by phosphorylated form (upper arrow) and depho—
sphorylated form (Jower arrow).

Aol FolstH, A9 caspase-9EAI3}Fo} SH-9
caspase-3 ZA3se] #FIFTS & & QUdrk S
Apo-1/CD95 (Fas)-2] &4 0. 2 Ao U= caspase-82] &
A3}2 ¥3H3F membrane DR-|7HA apoptotisis 74 =
L #HolES & 5 AUtk 2, 3). ol9F 22 western
blot 2= proteomic analysisS} H]wske] U=|ghHS-
1St Fig. 2A, 2B).

3. Anti—viral effects of 5—FU in HeLa cervical
cancer cells
5-FU 5 UM< HeLa Abg" 5 A 250 Fofgh 5,
RT-PCRY & 3}o] HPV-18 E6/E7 47| o]
AagE & U3 (Fig. 4). 5-FUZE ps3ell mlAl=
S Lot 7] $18le] western blottingS Al 2§83l
t}, 5-FU-9|&A 02 E6 23 AZr7F AA g Za
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Hlsto] 7HAa3s & = AT (Fig. 4, 5). 5-FA E6 4

227} HeLaM| 220l A] p53 bl Wb o]
I} #AYSS & S AATE 3 p21™ o] st
o, western blotS A8}tk 5-FU FoJol 23, ps3
9] fxo] oa p21™" ghlo] Z7HeHS & = QIiTh
58k dephosphrylated Rb o] Z7k8}aL, phosphorylated
Rb To] 7443HS & 4= ASIT} (Fig. 5). HPV-18 E7
Ao stek 243 219 FEE AT F7] 24
°] E2F 71559 F8 24 1A Rb Tl€] dephos-
phorylation} #HA|7F ASATh.

i #

5-FUE Abe 3%, 188, 78t A% ol
2] 22o] & gqkA|o|th 131‘% 5-FUC] 3¢t 71dS o
Aol 2J3] 5-fluorouridine-5'-triphosphate (5-FUTP)Z W
ste H, RNAY E°17}  5-fluoro-2'-deoxyuridine
5-monophosphate (5-FAUMP)E &A3slH, o] & A&
thymidylate synthetase®] 2 <217 inhibitoro]t}” 7
U7} 5-FU &= wild-type p33 % Al 574 1A} (tumor
suppressor gene)d] WES FEslo], MXE A&
A AT ps3ckal e G1/S MEF7]9] checkpoint
sk AR 2851, DNA-A] Aol =
H AIES] apoptosis FFAIALR 75(%35}\3}.2223 5-FU
= A5 A] bax™, Fas ligand”, Fas-associated death
domain protein (FADD)™ %-¢] proapoptotic +HAHES
/\}%O}E‘ AE A OH]EOHH caspase-3, -6, -8, -9

lr m{w ulit

dh= 7740l
& Foto] A A AXE

oAl 5-FUCl 9Jgt 4] o ﬂ 3#7]- apoptosis-Z&
WS o o AUl o] AFelA 22 7k welA
S7Fek A, 12714 ©hed o] s.Fusoof o) 7+
A7F HAE JEHP<0.05). SHF A% 5-FU Folel 9
& CIDE-B (cell death inducing DFFA-like effector B)
il o] F717F A AT pro-apoptotic CIDE-B T4
< N-terminal (CIDE-N) domain¥} C-terminal (CIDE-C)
domain®] A= Y 2709] domains &% L& = ATk
CIDE-N domain-& nuclease®} inhibitorQ] DFF40, DFF45

szQ@%ﬁi
OE
N
)
olf
_0|L
Xl
= o
=
[o
Mz
Ach
2L
=
ol
ofl
‘O|_ll

¥

it

9] N-terminal regionsZ} homology”} 1t} CIDE-B C-
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(cell death inducing DFFA-like effector B) THil&
apoptosisE 4 3FA] 71 ™, apoptotic pathway2] positive
effector24 2Hg-3ltl, CIDE willd] 93] f=s<
apoptosis% DNA fragmentation@} apoptosisE H.0]&
2 AEE countingFOE=H & 7 Q7] A,
o] o] gk FAY=3H ]H & shdstAl B
A A 9k CIDE-B homodimerization®] 2 @A) 3}
apoptosis =5 913t mitochondria®ll 2] localization©]
FHtoll AAN=AL

5-FUT cytosolic cytochrome ¢ Y43} upstream caspase-9,
downstream caspase-32/J 8-S ¥ 83 mitochondriall
A19] apoptotic pathway 2} A3 2] apoptosisS A&
ligand-receptor interactions®] .28+ membrane DR-mediated
apoptotic pathway®l] &AJol| 2Hg-3lt},

5-FU ool 2]} apoptosisS] =% Fas-2|E4 7

2 %3] dojutt}. Fas ligand 7} Fas/APO-1/CD95
cell-surface death receptor®l] 233} caspase-89] £/
35 F5hH, ZHH O Z procaspase-35 AE} A
shgl moFo g nh=r}” @43} caspase-3+ inhibitory
chaperone protein DFF45¢} DFF40 nuclease® T-J%
heterodimeric protein complex DNA fragmentation factor
(DFF)E EX 2 3t} Proteaseol] 2|3+ DFF459] 3|
= AE Aol A DFF402] HE-2 2 0.7, apoptosis
o] HZF A9 nucleosomal DNA degradationS ¢ 0.7
U}, DNA fragmentation factor complex2] 7 T2
X5 CIDE-N (cell death-inducing DFF45 like effector)
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= DFF403} DFF457F0] AF3 3470 Jﬂr@] S, apoptosis
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A|ETE A ] F71A] apoptotic pathway 241, 1) cytochrome
c-9)¥&A apoptotic pathway: cytochrome cr&E —
caspase-9 243} — caspase-3 243} — apoptosis, 2)
membrane DR-2]<54] apoptotic pathway: membrane DR
(Fas/APO-1/CD9S  cell-surface death receptor) —
caspase-8 B33} — caspase-3 43} — CIDE-B &4
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B A A5G AEF] thske] 5-Fluorouracil (FU)S] &2 apoptosiset HPVE] T oA £-A18}dt)
AT ¢ apoptosisTHAONA 5-FUS S 2394 A 7] FFHI peptide mass fingerprintingS S
MALDI-TOF-MS™ ©.%2 4] 5}3itt.

A} A AFSE AT A 5 FUY] Fofe tizatel| vlske] 507FA] o] dhldo] dAA s wskE 1l
t}, o]F 34 Fo] vl Aol B ¥ Ql=H]| CIDE-B (cell death inducing DFFA-like effector B), caspase-3, caspase-8
and Apo-1/CD95 (Fas)s-2] 22714 @l do] Z7}8}31 3L, mitotic checkpoint protein®] BuB3, myc proto-oncogene
protein (c-myc), src substrate cortactin, transforming protein p21A-s-2] 12714 @l o] 5.FufF-ofof oa] 7Hasrh
(P < 0.05). B8+ 5-FUT cytosolic cytochrome ¢ 1] <} 1% apoptotic pathwayoll oI}, =4 O = caspase-9,
caspase-32] Z48}9} Apo-1/CDI5 (Fas)- 24 caspase-82] 4315 816k membrane death receptor (DR)- 714
apoptotic pathwayoll #Ho]a}ith. B3k 5-FUF ol oJal HeLaAla 59+ AlEFol| A HPV-18 E6/E7 412 2&
o] 748} ps3, pRb, p21™" proteins¢] W F71S #AFE 5 9IiTh

AR 1 5FU9 FoAe A AR AT A4S I GHEA A Bk o}, g nlole 2y 24
ZAE JAIg 9 AR A ARG AETFA g S FUTold] o3t B gatel] tiEk 7] EAe
2 &0l F otk
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