ok8l3) %] A 53 W A 35 145~150 (2009)
Yakha Hoeji Vol. 53, No. 3

CH&Eet MZO|AM 5-FU(Fluorouracil)?| M=SA 3}

o1N9 - HAGH - AE

Agehshi ostoh s, #A st et

Ciae . M

In| X =
SHEE R E4
AE - T 2185 . PAY - upyg gt

w, #Q)sfej gk o) shej

(Received March 16, 2009; Revised March 30, 2009; Accepted April 10, 2009)

Proteomic Approach to the Cytotoxicity of 5-FU(Fluorouracil) in Colon Cancer Cells

Seo Young Lee, Jin-Su Song*, Si Hun Roh, Geun Tae Kim, Soon-Sun Hong**,
Hie-Joon Kim*, Sung Won Kwon and Jeong Hill Park®
College of Pharmacy and Research Institute of Pharmaceutical Sciences, Seoul National University, Seoul 151-742, Korea
*Department of Chemistry, Seoul National University, Seoul 151-742, Korea
**College of Medicine (BK21), Inha University, Incheon 400-712, Korea

Abstract — We evaluated cytotoxic effect based on the MTT assay and identified altered proteins in 5-FU(fluorouracil)
treated HT29 cells using two-dimensional gel electrophoresis and MALDI-TOF/TOF-MS. As proteins inducing apoptosis,
siah binding protein 1 and p47 protein isoform a were up-regulated and tumor protein translationally-controlled 1 was down-
regulated by 5-FU treatment. And mannose 6 phosphate receptor binding protein 1 controls DNA mismatch repair system
was increased. We suggest 5-FU promotes a cytotoxicity under the action of these proteins in colon cancer cells.

Keywords [] 5-FU, colon cancer, proteomics, MALDI-TOF/TOF

Fluoropyrimidine 5-fluorouracil(5-FU}> thAFdgAle] thd
& st PR AHSsHA ARE-ET ek, BRIt
AR 725 7 5-FUE Aksh #178-& €3l RNASH DNA
o] L oAlslo] MFAPE S HEsD

HAdellM 5-FU2| Wk--E85 A4 ok JAEE < dihydro-
pyrimidine dehyrogenase, thymidylate synthase, thymidine
phosphorylase, p53, microsatelite instability”} &4 31t} 5-
FUS 80% ©]*o] Zko|A] dihydropyrimidine dehyrogenase
(DPD)°ll 2J8l dihydroflurouracil® ©]3H(catabolism)¥ t}. DPD
7} Aske B2k A 5-FU Fo Al A7tet 548 xefsh,
in vitrool|X] DPD2] #h2L- 5.FU9] WS F538i5ich?

5-FU+= thymidine phosphorylase(TP)e]l 2] &l fluorodeoxy-
uridine monophosphate(FAUMP)Z tA}E] ™ o] Z12 thymi-
dylate synthase(TS)YZ °JAI5l] DNA 45 53t} 5-FU2
ol A] TS= #}A12] mRNAeY| Agksle] ¥ (translation)S &
Alshs 573 FES TAAA HAEelA A8 TS &

#E efof ¥13k £o= ARjeAR
(A3} 02-880-7857 (T~) 02-874-8928
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2=

F Aok? TS| L g9k A= A 5-FUS of

&3l QIAleltt. 5-FUS] 72dell TP} vlAl=

37 el dizAolgint, AP dels TP

FAUMP $7t2 lsle] 5-FUC] 73S oAz o of

JetellAl TPS] ke 5-FUel tist vES-E-& THAAH . o]
gt A= tiddellx] TP7F W] Al Ea-AEAgRIAk=
%3]' ] wo]ct.?

A F2191 p53 DNA £ Al AEF7] #HA (cell
cycle arrest)— FE3R= 5445 (od]; CDKN1A2} GADD450)
o] A A3 o2 DNAS R}, 18y &4
DNAS} A3z2] Zdelel whe} p53ell 2]l proapoptotic gene?!
FAS(CD95/AP01), BAX:= 7}3}1L anti-apoptotic gene?! Bcl2
= 74310] apoptosisE =3}, B3 o] PddTolA TP53
Awole] digt tiz] 341 p532] #ide] 5-FUel| disk ]
4 ISt} DNAS} FAUTPS] g, FAUMPe| 2]t TS
Al & DNAS E3A171= 714el 98l 5-FU: pb3s &
233x17 4= 9lthD DNA #91%] =5 (mismatch-repair; MMR)
+ DNA A gt st oles 4 3shk= #do]™, micro-
satellite instabilityMSID= MMRS] Asj2 Jojdt}, ojgete]
10~15%°I11 MMR 71-52] A8k 5-FUel| thgh w2 kg2
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delo] frky olejd dwdEe) F7he PetAle] NESFS MTT &4
o [e}

FESPAY AlESA S 2HE REshs 28-S it

TR HeuAE 54 Z20lA 4 (genome)ell 23l

= A (proteome)s T RE SHEO|H, AISE U] ZA14
T TS et V1S olalishet] 8% RS AlEet
o ZZHUAE AR 7]E ATelAs didd Aol
heat shock protein 27, peroxiredoxin 6, heat shock protein
70 5% 5-FU| Whsal= Yhlds 71ga}3lom,” metabotropic
glutamate receptor4(mGluR4)%] #'&#} mitochondrial F,F-
ATP synthase®| 74 5-FUS Wid = #aA Qlokal Harslsl
oh39 ole] £ Aejrfiz o]xkd %719 ¥} MALDI TOF/TOF
MSE ARg3te] gt AlaEelA] 5-FUS| AlRES/del 23] 5ol
A o7 Iy A ES A

NEETE

Alet

Aol diget AlEQ HT29%: Al sEa=2-8gollx] -315}9]
O, fetal bovine serum, 8A], DMEM/F12 HiA] &=
Gibco(Grand Island, NY)ellA] 7-a}3itt. 71950l ARE-gE Al
®K(acrylamide solution(40%), urea, thiourea, 3-[(3-cholamid-
opropyl)dimethylammonio]-1-propane sulfonate(CHAPS), di-
thiothreitol(DTT), tris base, sodium dodecyl sulfate(SDS),
ammonium persulfate(AP), N,N,N',N'-tetramethylene diamine
(TEMED), glycine, glycerol, agarose, iodoacetamide(IAA),
immobillized pH gradient(IPG) strips(pH 4~7, linear), IPG
cover mineral oil, protein marker, protein assay kit, colloidal
coomassie blue staining kit, silver staining kit)< Invitrogen
(Carlsbad, CA)IIA 9181312, 3-(4,5-dimethyl thiazol-2-yl)-
2,5-diphenyl tetrazolium bromide(MTT), dimethyl sulfoxide
(DMSO), protease inhibitor cacktail, bovine serum albumin
(BSA), tris-(hydroxymethyl)-aminomethane o-cyano-4 hydroxy
cinnamic acid(CHCA), 5-fluorouracil(5-FU), trypsin(modified)
2 Sigma(ST. Louis, MOl +J33ict.

7171

M3 w71 Forma direct heat CO, incubator(Thermo
Electron, Somerset, N))& A}&3}9 o, MTT A
Microplate reader SpectraMax 340 PC(Molecular Device,
Sunnyvale, CA)E ARSIt o121 471952 PROTEAN
IEF Cell?} PROTEAN 1I xi cell(Bio-Rad, Hercules, CA)=
olgstlom, & F7dl= Auto flex I MALDI-TOF/
TOF MS(Bruker Daltonics, Bremen, Germany)< AFg3}
Art.

HT29 AM3+= 37°C, 5% CO, vllF71e14 10% fetal bovine
serum, 100 pg/m/ streptomycin SAYAIS FE36H= DMEM/F12
Hj K] ol 4] mljFstSitt, HT292] 5-FUe] gt IC,(half-maximal
inhibitory concentration)i= Al M) €gk MTTe] &4l
& Z74sh= MTT Aol <Jall 24ai%ich. HT29(1x10%em?)
£ 2473F 5RF 96 welloll A wiFst3lt). 5-FUE 0, 5, 10, 20,
40, 80, 100, 200 uM F5=oA 24 AIRE Fo] $ 40 W MTT €
N (5 mg/ml)S 37°ColA] 4A17F R3I8ITE DMSO 100 pis ]
g3t MTT formazans =3Itk 4417 9 550 nmellA] 545

= microplate reader® =434t}

CHEE x& gl MY

HT29 Al T-75 EekazeA] 60~70%714] vl kst ¥
0.1% DMSO Hi#]e]l 70 uM 5-FUS 37Fsto] 24417k wljekalad
o} 24A17F o] & A& 500 W cell lysis buffer(7 M urea,
2M thiourea, 4% w/v CHAPS, 65 mM DTT, protease inhibitor
cocktai)® F%3}o] 16,000 rcf, 30 min, 15°CollA] QAa1Ee] &
&ML pradford method(protein assay kit; Bio-Rad)S A&
slo] AeFslion, ojx k7|9 sS flal -80°Celx] APdsisict.

O|xtal H7|HS2t o[o|X[E4

A 80 ugS 300 W rehydration -8 M urea, 2% w/v
CHAPS, 20 mM DTT, 0.5% IPG buffer)] 3]4]38t %, rehy-
dration €42 17 cm, pH 4~7 linear gradient IPG strip2}
7 12A17F E-et B3It Biorad IPGphoroll 4] A (step
1250V, 15%; step 2 10kV, 3A]3}; step 3 10000V, 60 kVh)=
Asks F7HA TAaF ol wep el Fejskgivt IEF
(Isoelectric focusing) ¥ $ strip equilibration buffer 1(50
mM tris pH 8.8, 6 M urea, 30% glycerol, 1% SDS, 0.002%
bromophenol blue, 5mg/m/ DTT), equilibration buffer 2(50
mM tris pH 8.8, 6 M urea, 30% glycerol, 1% SDS, 0.002%
bromophenol blue, 25 mg/m/ iodoacetamide)°l|] =28 0= H-
T, stripe 12% polyacrylamide geloll ©H2 wlA 9} $hA] 4]
311 5 mg/ml agrose®l] °l3] P FES 1A3ATE Gel=
20°Col A 26 mA/gel A7+ 8AIZF T2t A7|F F silver
staining kit®. 2 Q23193 0, PDQuest version 7.2(Bio-Rad)
& olu)R] FAERIt. Sk T o) s glsh] 915
23] e (intensity)s S7gsl] WA o M-SR #55)
g5 sl AolE Mol A% t 47 HIAEAN p<0.05

Q1 spotE= W

1=
i)
offt
ox
o
_0|L
2
fni

ERME ARZ8t in-gel digestion
Silver stainingolA] ARSI 300 pge] Thilae- £} FAsk
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Uo7 77195 = colloidal coomassie blue staining kit©. %
AAEIA © | in-gel digestionS 913l FL3t spotS H NSIATE
Z7lE spot> 10 mM ammonium bicarbonateol|A] 10% E<t &
st o S5rEe) ofHEUE- ] gelo] Fyad wjzkA] R
#5190 t). SpeedVacC.® 7% ¥ gel® 10mM ammonium
bicarbonate®l] 4 w/ml EAL 20 WE 37°CollA 12AF o Bzt
3T, S AS SpeedVacellAl AF F 0.1% TFAl =it}

MALDI-TOF TOF/MSE 0|88 tHiA &%

w2 BA4S 915 0.1% TFAZF F7FD 60% o ELHE
2mg CHCAS ¥3eh= mEZAS $U39] in-gel digestsol]
233 ¥ AnchorChip™ target plateol] 9331t} Auto flex

I MALDI-TOF TOF/MS: Peptide Mass Standards kit A} Fig. 1-Cell groth inhibition of HT29 cells by 5-FU for 24 h. Anti-
proliferative effects were assessed using MTT assays at 5-

§8te] WAk, ol F=ollx] et 150 shot] w2 ) FU concentration of 0~200uM. The data shown are
EdS =450t} HloJEl:= Flexanalysis softwareolx] H-4]&} means (percentage of controls)+SEM of three independent

experiments. *Significantly different from untreated

10w, whulg e NCBI Hlole] #lo]~8 Abg-ate] MASCOT contrals (50.05)

peptide mass fingerprint search programellA ="g3t3ict, w2~
@ 2H(tolerance)= 50 ppm= 3]-4-3151 0, WE] 29| Al3lE MTT F= o2 573 2} 0~200 pMolA] g4 o=z

Este] TS Aot 7k om, 5-FUS 1C;+= 70 pMo]lth(Fig 1). SHA 0=
A 5-FU 70 pMeS: 244171 511 Fol st Allaze) —roq SA] ok

SHXZ| AEZRE S FZ3000E 2N A T sUHFE =
MTT d©l©]E]3= means+SDE YEF™ Duncan's multiple- dalo] olxke Hr|d=o R ANEtF o, SRA g Bxjek
range testel] W& ALEAHEA (one-way analysis of variance, whe} TS B3tk Gel silver staining®. 2 G235}

ANOVAYS AHE2ISILE 22 0w vo[HES AAES 918l o, PDQuests AR50 spot densitys Z733130th. Al W]
Al ] 551491 Ad9ell student's t-testE —.‘3‘3}3?\3}. BEA 59HOoR 23 densityell Hi3l student's t-testE 48310
9|, p valueZ} 0.05 1|RIQ] EloElE ol Zlo® wdaigity. p valueZ} 0.05 M|RECR F-2)400] Q= spotihS: Fslo] EFAl
2] ¥ MALDITOF TOF/MSE A}&-slo] %4313t} Spot

dEd density= tlE=r} 5-FUS FoI8t 73-9-] spot 67715 PDQuest

o] matchale] AA] spot density®] ol thst 212}2] density

A S HT290 4 5-FUS 24413 o] 3 A E5A4 = WRgT AAelglon fold change: TFE spotike] AbthA

o

Table I - Identification of differentially expressed proteins in 70 uM 5-FU treated cells

Spot no.  Protein identified Fold change® Accession No.” Mr/pl®  Score
S1 P47 protein isoform a +5.6 g1]20149635 41/4.99 200
S2 Mannose 6 phosphate receptor binding protein 1 +2.5 g1]20127486 47/5.30 66
S3 Reticulocalbin 1 precursor -2.0 gi|4506455 93/4.86 84
S4 Tropomodulin 3 (Ubiquitous) +2.2 gi| 7657649 40/5.08 92
S5 Proteasome (prosome, macropain) subunit, alpha type 5 -3.1 g1|54696300 26/4.74 65
S6 Tumor protein, translationally-controlled 1 -33 gi|4507669 20/4.84 119
S7 Human M-calpain form 1 2.7 gi]17943181 21/4.90 44
S8 Siah binding protein 1 +5.3 g1|1809248 58/5.25 61
S9 Thiol-specific antioxidant protein (TSA) +3.5 gi|1617118 22/6.84 48
S10 Mitochondrial short-chain enoyl-coenzyme A hydratase 1 precursor -2.6 gi| 12707570 61/8.34 61

Protelns identified using MALDI-TOF/TOF-MS through PMF
Dpositive value means up-regulation against control and negative value means down-regulation in fold change. All the ratio are
statlstlcally significant with p<0.05 of student’s t-test.
YEntry number from NCBI database
9Mr; Theoretical molecular mass of the identified protein in KDa, pl; Theoretical isoelectric point of the identified protein
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Fig. 2 — Comparative 2-DE gel analyses of control (A) and 70 uM 5-FU treated HT29 cells (B) for 24 h. The protein extracts (80 pg/300 w)
were displayed across a 17 cm IPG strip (pH 4~7) in the first dimension and a 12% SDS-PAGE gel in the second dimension, stained
with silver stain. The gel pair was the representative gel from three independent experiments. Differentially expressed protein spots

were indicated by circles.

densityS &Ju]3$tt}. Spot 6= tZTollA 514 spot®] density
7} 5-FUE Foldh 73-¢ret A o= 7hadtolA fold change
7} -3.3°131t}. NCBI Hlo]g] o] 2ol A5k $-1 dhlz] 5
Ae7b 7V w8 IS Adgsiglon, o] 59 w5
7742 2D gelelA spote] $1x19} LXISIICH(Table 1, Fig 2, 3).

Hlglo] Syl Tl R= pd7 protein isoform a, mannose 6
phosphate receptor binding protein 1, tropomodulin 3(Ubiqui-
tous), siah binding protein 1, thiol-specific antioxidant protein
(TSAY} d3lom, 74w Tl 2= reticulocalbin 1 precursor,
proteasome(prosome, macropain) subunit alpha type 5, tumor
protein translationally-controlled 1, human M-calpain form 1,
mitochondrial short-chain enoyl-coenzyme A hydratase 1

precursors &3}t
LA~

5FUC e 7147 dde ddE2 = 5718 siah

binding protein®} 7Z~% tumor protein translationally-con-

trolled 1°] 8]0, o]&2 p532] &4d3}e} Mcl-1, Bal-XLe] &

Aol 2]& apoptosisE 213t} 18y %7} mannose 6

phosphate receptor binding protein 1> DNA EUX] EF-

(mismatch repair) 755 A3FA7|H, o]2 <3} 5-FU| gt
7

=
MFEEAL TA4319S A o2 AEEU Siah proteinsS E9F

X

oIAQ1A] p532] SHEHE ] &3] (effector)EA] p53e] ZpE
L siahlS 5381, siahle] #pEH S A EF713A 9}
apoptosisE =3510] p539] BAJ3lel FUs FvkE ATk
Translationally controlled tumor protein(TCTP) Al £] A%
o} M e dsks, AR QXjelr St 52 A4 Al
MFEAIE AR} B3 TCTP:= Mcl-1, Bel-XLy} 87 A5
#2510 apoptosisE 14131} Mannose-6-phosphate receptor
(M6PR) multi-functional transmembrane glycoprotein ©. %
TS EAAY MEEEA lysosomes®E glycoproteiny}
Agteto] oE &F3sk= Zlofrh. FFA| Akl 7Fs/dol ol
o1, M6PR2 microsatellite instability(MSI)E - 5=3R= DNA
BUA) BT AAE AT A o] SN E ¥
HoR= NADPH AF3}a 4~ (oxidase)?] adapterd] pd7->- “AAIE
Hoh ol MlzelA FHasisint. pa7e] RS ps3vt =
X ET-5(competency) TH= HHA O E Uit Az
apoptosisE 5 381th 1

AE Y C* Fk, @Al B3}, Aite] tiaks 2dst
T Ao® gzl dAd o] 5.FU Foio oJs) 7Faskatt.
Reticulocalbin(RCN)y2 &¥Ao A8k Ca?* v} Agshs
wizglo]w, RCNE] S $4 A8 2 JF, kel #
A gtk M-Calpainse Ca®t2 @A 3A17]E= cysteine
proteases® A U] Ca?te] o zAxjoln] | thakst As A
g f5Ao} 97 Tl wefgitt. M-Calpains= thdetols <
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Fig. 3 — Enlarged view of (A) the up-regulations and (B) the down-regulations of altered protein spots in 2D gel.

ZFeiglon] 27] st Ak vl e 7FsAde] ek ATP 9
A0 F wbiquiting H7Fste] EZ st dAy} galkaAE
AAsRE TRolES AEe] Y, 48 9 e 2dg
t}1® 5 FUel| 98 %% proteasome(prosome, macropain)
subunit, alpha type 59 74 Ashe @Al EslEe| o3|
SFA3E] AdkS AAIEIIS <= At} Mitochondrial short chain
enoyl-CoA hydratase(ECHS1)> #Uj2] AP A] nEZ=g]
ofellA] dojuh= At pAse] = WA dAlel Ageks
v} gAolth Akgke] thgqtell A ECHSLE At chiatahrg el
Hofah, oF AWAFS =318} 17 5.FUe]| 25t ECHSI precursor
o] FHae APt tiake] AsllE do7]H, o= AlESA YA
avkel # gk

o] Bl % Tropomodulins H&l2] F-Zzef A WEke| cap Z
2P ER 40 kDa ©]3}2] whi o]}, Tropomodulin3(Tmod3)
& AL o] Fof|A] 84 FH QA (negative regulator)o]™,!® 5-
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FUS Fo A] &7}3F24t}. Thiol-specific antioxidant protein
(TSAYS- 4114 (reactive oxygen species)ol] T3t 1o} 2k
S 3= A3l a A (peroxidase)] 3F EF-o|n, DTTS} 3
H,0,9} alkyl hydroperoxidesS #|713t}? 5.FU= H,0,°] 4
& AllgozZR AESA] st B 28-S 3 = Stk

a4 =

ook A HT299] thst 5FUS) 24417 5o A] IG5 2
MTT 2ol <8l 70 uM= S743131.0H, 0~200 pM H19]l
A wrdEdor NEEAS B 5FU2 IC, Sl
2473+ 50 3 siah binding protein 12] 57}, tumor protein
translationally-controlled 1] 732>, p47 protein isoform a%] %
712 gelsigion, o]72S apoptosis?] St BHY dalds

o]t} DNA &Y% & A|AH-S Z2 3= mannose 6 pho-
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sphate receptor binding protein 13} A|3E=Ade) ths)] B 2)8-
3R= thiol-specific antioxidant protein= 7 }slic}. B3k Al
Yl Ca®*9] %= %743} reticulocalbin 1 precursor$}
human M-calpain form 1, @42 ¥ 35 F43k= pro-
teasome(prosome, macropain) subunit alpha type 5, A|*Ak
Al &4Ql mitochondrial short-chain enoyl-coenzyme A
hydratase 1 precursor= 74315t ode] - Ayjo] oJshd,
5-FUE= HT299 M¥E5dS 531 apoptosis 5 o8] 71313}
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