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Combinatorial Effect of 5-FU and Epigenetic Silencing Repressors
in Human Colorectal Cancer Cells

Mi-Young Kim, Jung-Kyu Son, Suk-Kyeong Lee and Hyo-Jeong Kuh®
Dept. of Biomedical Sciences, College of Medicine, The Catholic Univ. of Korea, Seoul 137-701, Kovea

Abstract — Low sensitivity to anticancer drugs such as 5-fluorouracil (5-FU) has been associated with decreased expres-
sion of genes involved in cell proliferation, apoptosis and metastasis. Recently, it has been shown that the expression levels
of some of these genes are reduced by transcription inhibition due to epigenetic silencing on CpG islands. Therefore, epi-
genetic therapy has been proposed, where epigenetic silencing is repressed with DNA methyltransferase (DNMT) inhib-
itors and histone deacetylase (HDAC) inhibitors alone or in combination with other chemotherapeutic agents. The aim of
our study was to evaluate the combination effect of 5-FU and its association with the status of epigenetic silencing using

methylation-specific PCR of p14**F

when given with 5-aza-2'-deoxycytidine (5-aza-dC), a DNMT inhibitor and depsipeptide,

an HDAC inhibitor in DLD-1 human colorectal cancer cells. The combination of 5-aza-dC with depsipeptide showed a syn-

ergism and induced unmethylation of p142E

However, triplet combination of 5-aza-dC/depsipeptide and 5-FU resulted in

antagonistic effects and abrogated unmethylation of p14*%". These results suggest that unfavorable interaction of 5-aza-dC/

depsipeptide with 5-FU in DLD-1 cells may be related with the failure in repression of epigenetic silencing, which warrants

further investigation.
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TP 7 e 220] & 8dA 5 SRl 5-fluorouracil
G-FUR= A%, 227384 2 #1788 W 20~35%°] ¥eES H
olm T} gebA|9ke] Wg-(of], cisplatin, mitomycin C, DTIC,
methotrexate, doxorubicin) Fo] Al wHE Fo} X Hr} ¥
B3 850 A0)E Ro|x gkerhy 2w okl o)A 5
FUel| thgt §Eg-Fo] w2 Alell tisf B2 771 Hags|gle.
o], ¥ F 4 thymidylate synthase(TS)2] ¥} ok&-o] of
A} BEEAQ) dihydropyrimidine dehydrogenase(DPD)S] #hak
Y et olfe} DNA 429 #elsl hMLH19) A3
AES7) 23 (p53, p21, cyclin E, cyclin D*” 2 A)3APE (Bel-
2, Bcl-XL, Bax, Death receptor)ell #a¥ aF5<] W3}d o)
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%ﬂ Fabx] 942 AL S84 3} (transcriptional 1nact1vat1on)
9 Az TE Astks wuht o)d 3 A B2
s}= DNAS o€ d(methylation)$} J|AE2] golest
(deacetylation)’} ZAPIA2] 27 1HAIE Al Fese 20
2 <ela 9h® DNAY oElsh= DNA methyltransferasec)
2J3t CpG island®] WSS F3)] dojufar 8]AES] Yo"
1= histone deacetylase”} 3|42F2] ohnly Tk o)l Z7)
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(lysine residues)®] 2ot S frigto 2 o}

T4 FAA B Sk 1A 2 A daE Al
EF7) B AAHp16Me, p14tRh), AEZFZH AHAKE-
cadherin), M ¥APE ## Q) xH(death-associated protein kinase,
caspase-8)59] FAAe] WMdEh= 207 deAUA o] HF&
AAlB= FEE] FUAR MU T on 7)1Ee) AEEA
etAgle] W EH =8 A Z]di=l 2 1t} Proapoptotic
member?] BNIP3%} 35 W o]s} Adg S1004% digdAl
28] 5-FU°) tigh W=} fisle] itk Bwd ul li=e)®?
o F FAAELE DLD-1 AlESoA $43 {34 2843}
of o3 wdo] A= U3 5-aza-2-deoxycytidine(DAC,
decitabine, 5-aza-dC) 53 722 wld3d Aaf|Aldl 2Js) A}
EZYsP) dlaso] A1) ddde] SBE By ek 0

oA, & AFelNE A tEIAETQ) DLD-101A 5-
FUg 54 gl vAe fax E8493) slaEdgst+
opEd sl Al TS FrleRgch ¢4 s R
A 5-aza-dCe} golAEsl AaA 24 depsipeptide?] Bl
ot 54 &7 U FH2 B2 dla AnE dolrst
ow, o] ¥ & 5FUS WS Al FEdHE &54 279
A3 A8 9 ol a2 B8 slA grldslele] A
A€ B7IEIGTh 3 fAax B3 a4l 2AAKEHA)
$4 DLD-1 Al widslse] gloky g8yl Axsr] =
A il pldhtF g Azle] euedsls wes) ol 23tE
4 A3k (methylation-specific PCR, MSP) o] &3} &
i

AE Uy

Aok o M2

5-Aza-dC¥} 5-fluorouracil(5-FU)2 Sigma Chemical(St. Louis,
MO)YA 743131 depsipeptide(FR901228)2 u]= @3lo] 2
FH8}29] Dr. Kenneth K. ChanollAM A3 W)}, 5-Aza-
dC2 oMNEAT SR 1:1vwmE €347, 5FUst
depsipeptide= DMSO°l £3lA17) 3, vllA 2 &23] 3]2s}od
AHE-eF T Al ul kol AF8-¥ FBS(fetal bovine serum)i
JBI(Welgene Inc., Sugar land, TX)o) 4] 738}%th. Methane-
thiosulfonateMTS)= Promega(Madison, WDEEE] 748131,
71el AleF2 Sigma Chemical(St. Louis, MO) =& Amresco
(Solon, OH)elIA T AR&3tedTh

M= sfQ¥

A hgeAEF DLD-12 3=AZF2-3(KCLB, Seoul,
Korea)oll 4] ®-9Fdtott}, DLD-1 A £33+ 10% FBS, HEPES
(4.776 g/l), sodium pyruvate(0.11 g/), penicillin G(0.06 g/),

NaHCO,4(2 g/l), streptomycin sulfate(0.1 g/°] 3-7€ RPMI1640
o2 Wikt wjerlolE 5% CO,% 95% 3715 T3
31, 2% 37°C, £% 95%7F FAHES Stk AES] 7o)
538l (confluence)ll 129 trypsin-EDTA (0.25% w/v)ye At
g3l A s

sy 53 53

DLD-1 A2 96-well platec] 500 cells/well®] YWEZ HE
a0} 240121 wiF F, oFES XS wljx|ofl 48A17F = 964
7k B =3 AIATE o A Al, DMSO 55 AxY 4%
o] FEE A G 0.2% ©)FE KRR FE =E A
% MTS(333 ug/m/) % phenazine methosulfate(PMS)(25 uM)
o] X3Hg wljx|o) A7t Fet vhSAIZl F 490 nmol A FHE
2 38l A3dREE 2RI

Bisulfite %{2|2} g} S0/% F&fE4 PSS

es} 5o)3 FHaA AAES-E 19 primers A B
78 AL olgstgEd AAY p14*™ {2 2HGeneBank
sequence number 1L41934)] promoter ¥§ & YH-Z FZ3}
52 AR 2 AMSISICE® Primert bisulfite modification
% ve3l DNAS €23} DNAY| 22 ez oz A3 &
RE primerd] 71 ML v 2t guEsiE Kol
EAl(cytosine)2 TSI 3 primer 232 pld-Ulsense:
5 TTTTTGGTGTTAAAGGGTGGTGTAGT-3' antisense: 5%-
CACAAAAA CCCTCACTCACAACAA-3XIH ZEH:= W95
o] 371& 132bpol 1L, WE s E AolEAE THEEY] A8
primer *42 pl4-M(sense: 5-GTGTTA AAGGGCGGCGTAG-
3' antisense: 5-AAAACCCTCACTCGCGACGA-3YE A}-43hy
ZZ e ANEQ F7)E 122bpe] HESF ok EZ DNA
methylation kit(ZYMO Research, CAYE AF-3F DNA2) bisulfite
A P& 7] Aestd o3 2t} M-dilution buffer®
3413 & CT conversion reagent® 16A17F £<F 50°CollA 1t
2 A7t} 1 % M-binding buffer?} M-desulphonation buffer
2 371, 108 B¢ vheAR & HhS 53 DNAS Al
t}, o]gd74 Zu|® DNAZ I-master mix PCR kit(Intron
biotechnology, Sungnam, Korea)& ©]&3}o] 26 w2} 1x PCR
buffer(dNTP 250 mM?#, primer 5 pM#%, modified DNA 50 ng,
1.5mM MgCl,, Taq polymerase 25 )= S8 a4 A&
(Takara, Otsu, Japan)ye T34&}3lch. ¥ =02 gvds) Wi=
FF5 Al 94°ColA 5 B 27 WAAIZD F, 94°C 1=, 63°C
1, 72°C 1% 712 403] Al3slglen, 72°ColA 108 HF
A WA et s FE A 94°ColA 47 B3t 2]
HAAIZ F, 94°C 30%, 67°C 30%, 72°C 305 whSAl7]1L
o] AL 283 HiE, 1 F 72°CellA] 72 AF WheAA F
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ik, Beildst wi=o) iz o224 HL60 Al E2HE]
DNAE FZ3}0] o] &3t o]dA vhgAlA d& AyEe
2% agarose(Seakem LE Agarose) gelolA A7199%-3F 3
ethidium bromide® ¥43lo1 bp(122~132)% &I}

HIOIE] B4

AZAZ AR &L Eq. 18 o] 83to] Faigiom o] AR
Emax Z®(Eq. 2)2 2§30] 7} o2l 52 ave] gt
ICq 3 AEE T4 FPHE &3t

% Growth=/(mean absorbance of treated cells 100 (Eq. 1
7 (mean absorbance of control cells) x Eq.

% Growth=(100-R) x[l—-——me—J +R (Eq. 2)

Ky+[DI"

A7l DR 4E $%, Ko AESDS A2 50%%
RATIE OFE FEde. IC;), m? Hiltype coefficient 3l
R2 A3 E-&(residual unaffected fraction, the resistance
fractione]™ 22 wl}n]El= SigmaPlot(SYSTAT software Inc,
Richmond, CAYS o] &3l A&3litt.

T oF2o) ¥ea = H4%)4(comhination index, Clx) e}
o] E(@, Cly, at 50% #13he) A& 971519thEq. 3). Cl
7} 0.8 0131 A% A& (synergism), 1.2 o3 A¢ 23
# 7Hantagonism), 0.8% 12 Atold 2§ A7+ PHadditive
effect)® TE3I5T

D) . D)
ClL=
Do Dy

D)D)y
(D4(Dxp

(Eq. 3)

Vel x= 54w 54 Ao, 50% L= 80% A3
8), Oa Dyp= A = BobES] g A x9 EHE
7P 2E A = BY FESE, (D)9 D)= e Al x% &
I2 e A EE B Zbe] obBiTol o F ok 7}
el #AY 739 0, vIHER BAY AL 12 AAksY
£ 7ol wiety AR ARSIt

g =

5-Aza-dC, depsipeptide, 5-FU2| Tt £0{ A| =4 &1

A T2l DLD-19WA 5-aza-dC, depsipeptide, 5-FU 2}
9] &5 84S 543513 ckFig. 1). 5-aza-dC 25 uM ©1%
=2 Al HA] o] SSREAE AR oplEANS] Blgo) o}
A AFEZ2o]] PIE n)H BT 7 o]k Ehox= e &
A3kl 99k}, 5-aza-dC 25 uMell 4847k W 96AI7E wEAIN)
735 BTl visl) 252 A7 77.7%9) 36.5%% TEAEU
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Fig. 1 — Representative dose-response curves of 5-aza-dC (A),
depsipeptide (B) and 5-FU (C) in DLD-1 cells. Cells were

exposed to each agent for 48 hr (@) and 96 hr (O) and
relative cell growth was determined using MTS assay.

o}, webA 5-aza-dC T Fo Al 48A17F F ALY IC,S
3 5= QY (Fig. 1A), 9673t wF 492 IC,2 7.8 uM= 4t
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£ 3Ic}. Depsipetide= 4841717} 96417 =% Y IC,0] Z+2t
234 nM¢l 833 nME HERL 1=2A17E 26 A7ge]| whe} IC, 0]
2,89 A= cHEFig. 1B). 5-FUS 854 a3 4883 2 96
AZE wZ A% 2t 141 yMF 2.6 pMY] ICS YERAO] &
o] A7t 2u)) A%ho] W} ICsS 5.48) 348130 48A17F =
Z A HETE 700 pM7HA] 7RO whgSkY) ke A
B8 34.3%7F 96X7F =3 Al 63%2 FAE w=EAZF F}
of wiet 54 o] A S7HEE BELItHFg. 10).

5-Aza-dCet depsipeptide2] HEBaASY
5-aza-ACS} depsipeptide®] FTE 212} 10 uMe} 100 nM7HA
F7MA71IA olF k=7t WMEadE AW RIrt. 5aza-dC

140 1 N _ OnM
( A) Depsipeptide g 10nM
— 30nM
120 100nM
100
-]
2 80
&
60
o\c I
0
20
0 ok
0 1 5 10
5-aza-dC (uM)
140 1 (B) Depsipeptide OnM
BN 30nM
120 =2 100nM
100
on
‘§ 80 -
&
60
=
40
20

0 ‘ 1 5 10
§-aza-dC (uM)

Fig. 2 — Combinatorial effects of 5-aza-dC and depsipeptide in DLD-
1 cells. Cells were simultaneously exposed to 5-aza-dC and
depsipeptide for 48 hr (A) and 96 hr (B). 5-aza-dC was
added every 24 hr. Relative cell growth was determined by
MTS assay.

9} depsipeptides 48A17F g FoIstis A1l

(10 uM=} 100 nM7FA1 &) el 50% olske] A

LeRjlo] Clgy(combination index at 50%)< 78  UITH(Fig.
24). T oFE-S W43l 9617t Fof ASolle A d4
# I(synergism)= #HAE 5 Atk 5, 5aza-dC 1uM
depsipeptide 30 nM -8 Fo] A] 544%2] d4E°] L=
or(Fig. 2B) @5 F9 Al 5Y 4FEE UehE 5-aza-dCs
depsipeptide®] IC7= ZH2t 9.0 uM} 83.3 nMO|I2 P& &
AFE oF 0547 AFEEHo F R 54 g ASE
A= #1515 tHFig. 2B).

v

=
L
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5 F52 53} B2 5-aza-dC/depsipeptideE 5-FU
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Fig. 3 - Combinatorial effects of 5-FU and 5-aza-dC/depsipeptide.
Cells were exposed to each combination for 48 hr (A) and
96 hr (B). 5-aza-dC was added every 24 hr. Relative cell
growth was determined by MTS assay.
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o} BA] Fojste] g4 gl Wsks AR girh. 4871t
£ o= AR &9 additive effect)”t <15 S tHFig.
3A). &, 5-aza-dC/depsipeptide(1 : 10) *8-2] IC5:& 9.0 uM/90
nM, 5FU8| ICy& 134 pME BEESE|, 4 o 84 A
$-2] ICsy 5-aza-dC/depsipeptide(1 : 10y 5.9 uM/59.0 nM %,
5FUS 59 .M AS 59T, o] 24E (e L% AXHES)
o}, 8HH 96AI7t wE 2 A-ofE 5-aza-dC/depsipeptide(d : 10)
9} ICs& 2.7 uM/27 nM, 5-FU2) IC; 4.4 uMZ #HE|3l=d),
23] Al S HEs Aol IC,7 5-aza-dC/ depsipeptide
(1:107} 2.5 uM/25 nMZ, 5-FU= 2.5 uM2A CLel 152 At
ZE45o] A8 Zr8-(antagonism)e] 1= ATHFig. 3B).

p14°FF SXX} g5}
F9H AR 2893 Aol BAAZA] DLD-1 AlefA
uﬂ%iﬂﬂ pld®FF grizle) eojesl s vlds) o 54
A AHRESS ol g8le] BRlEIT) kES Fojsix| &
DLD-1 AIZ9] pl4*%F elst == glsil1, 5-FUS &
o7 AUFS A9 s Qojux] Yo} 5-FU7} p1a™F
o WgdsPtelels J3S 4 o AoE waE I ThEg.
4A). 5-aza-dC 5 pMel] 96417} Eat =3 AJ7) o] p14tRFe)
sl M7} BT W3, 5-aza-dC 5 Mol depsipeptide
50 nMZ 57}3F 220 p14*Fe] eveds Mert BRso]

depsipeptide’} EmjEslel] FIS v)R)7] @38 FABIAH(Fig.
A
HLED pLD-1
S-aza-dC (M) ] g 5 10 25 HO
U-pmduci
M-product

(B

S~aza—dC (pd)
Depsipepide (nM}
SFU {1M)

1520 g b U-product

M-product

1220p ey

Fig. 4 — Methylation specific PCR analysis of the promoter region of
p14™¥ in DLD-1 cells treated with 5-aza-dC alone (A) and
its combination with depsipeptide and/or 5-FU (B) for 96
hr. The presence of a visible PCR product in the upper
panel (U-product) and the lower panel (M-product) indicates
the unmethylated and methylated promoter of pl4*%,
respectively. HL60 cells were used as a positive control for
unmethylated pl4**" promoter. Water controls for PCR
reactions are also shown.
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4B). 12} 5-aza-dC 5 uM, depsipeptide 50 nM$} 7 5-FU
10 uMZ WG oI5t 9ol p14ARF Eves] wsr) 2
o] 5-FUel ¢jal pl4*FFe] e o2 Slaigint
(Fig. 4B).

Mt

5FU= g 2ol= gdA F shtZ TS(thymidylate
synthase) EAS AsA7| AXY FwEHQERIE AFAS
wsfi sk 1 mEokella] 5-FU thdk ZheAde] Zhass ¢l
2= it A wEl At 23] dofupe, B3k o] AR
TR GAx 2243l o8 Lotk 5.az-dCe
DNA methyltransferasel| 213k CpG island®] &35 et
= DNA eWd3} 22N ofe) MEZFTEAA 53 4=
o] WS B3N 7)= 202 Bk Depsipeptide=
3| AE goleld}l AaAlEA DNAS 74 chromating: -
ek SIAEN o e ) AASE AE A8t fHat
284952 At mebd 5FU 7454 Aste T4
<]st wy «] O}Uri e dlA] = gohEs) AaiA] 55 ol
A5l Asrt A7EE QloH, P B Aol
QIA CH%}%L AZEZF] DLD-190A 5-aza-dC, depsipeptide 1
FUS HE31908 v o) 29 IH@ES2) 84 1

Mor
St
[@]]

5-Aza-dC, depsipeptide®} W52 2 96A7F Fo) A} IC;
7+ 7.8 uM, 834 nM=Z ZHEE = (Fg. D), AA AL AlE
ol SNU-6389 41+ 5-aza-dC%} depsipeptide 21712 IC 4k
8.7919} 4638 W2 0.9 uM, 1.8 nMO.= FA=|o(Hjo]e} v]
/\]) DLD-1 A7} o] & 2] tis)] Jrjzlow whe 744
748S ok 4 9)girt, o)A AR el wiEd S-aza-dColl of

Els 0% 724 Asl= deoxycytidine kinase W& ALt 5-aza-
dC 452 B3 A7 549 cytidine deaminase®] &
Kol F7tel) o) st B ng ek DLD-1 %= SNU-
638014 olefdh aAad] Adthd BdEel diall Had nit gle
g, olelgt 3ol Aol S Asie Al WA
o} A S Eelshs Ade] B 3 Rolet Azdct shA
depsipeptided]] thaiA %= DLD-1 A3 SNU-638°l 13} 46.3
a wte ZpAlS JERSI e, ol e W TS P
glycoprotein®] &l A akel A@EHOI Y-S FFsAdo] Ak
Depsipeptide”t P-glycoprotein®] lélolﬂi P-glycoprotein &
Z7V7} depsipeptide W3 H =2 58 fQlojzhs B @ vt
A1,V FA HE Aol Wy *ﬁ]iz‘:(acute lymphoblastic
leukemic cell lines)oA B} Pglycoprotein’} IL& Hojsle
2y 728 % A3 (hematopoietic progenitor cellllA] depsipeptide
o et @2 G Wi B uE ek SNU-638 A2

Z¥
“;Tz'

]
Al

o4
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P-glycoprotein®] ‘&e]] thalir= Hug vl g2k DLD-104
+ Pglycoproteine] ZpZ25]o] Qlch= W7} 9lomE DLD-
13} SNU-638%14 2] P-glycoprotein 3 A %.90] vlwst1, P-
glycoprotein A3Ale} J8] DLD-1 A|E2] depsipeptided]) tht
Z=Aol 3E5E F QR gigt 97 E 998 Aojrh,

UA diPgLMETQ DLD-190A 5-aza-dC%} depsipeptide?]
9AIE HE =F Al HEAIT CLy2 059 gho2A F318 4
4 54 298 JeRISIckFig. 2B). THE AT AFeAs
AR 4% 2ol RuElEd &, PUAIEFR) MDA-MB-
2319} MDA-MB-435014] 5-aza-dC$} depsipeptideS H4 5o
A A A 2t BEEHY? o2 A o
F 43 &go] mEsly o] gl E-cadherin, 14-3-3c, tissue
inhibitor of metalloproteinase 3(TIMP3)Q) 28 {58} A4
< Boltky RuHYLE®

£ Qo p14t¥Fe) gues s 2451950 plafRF=
UA gt SRpellA] oF 28% A= e} Ho) Qo w35t
DLD-1 Aol A Fefiedst o oty B g Hf k19 96
ARE A7) Al 5-aza-dC 5 uMollA pl4*RTt eefjdst Bl 2
HHE 5 UL (Fig. 44), ©1d AT R} vEyiA =2 wig
3 iEl] A4 Qlo] 2rilEs W=y} SR gEogA BEel g
g3t dodg 2 AHAME FA% 5 UIch p14ARF
o] guels} == 5-aza-dCS 37 depsipeptide® 92 ¥4
& Fros FAES BEsI o, 5-aza-dC2 depsipeptide®]
g Fol7) p14ifFe) R e ZPA A BRG] &
S¥THFig. 4B).

5-Aza-dC%} 5-FUS| W4 o] Al 7kt 7 #t AlE3ol4
5-FU @5 5ot AX AEHS 2271 AZAE S &
S8l el AIEFQ HCT1160E AdgA dAaas
F7HIE 5 M 354 a9E Bty BuEt®
CCL-227% HCT1169] 5-FUY R= AlEFolxE= zhz} Ao)
o} FFol) Bk ZEaT GuAl S100A48) AAA §5
NFZAPES 24381 {421 BNIP39) #gdo] AskEo] g}
T RuEESY 9 DLD-1 AZoA o) T §Az}e] e
g31E Ao s o] FuET AH o Ho) 94 &
4 2 AEAPEO) F7HESol EnEQdt) v, 2 Aol
= DLD-1 Al=ZolA] 5-aza-dC/depsipeptided} 5-FUS W4 S0
3t W A3 52 F M antagonism)7} H2E 1 (Fig.
3B), TAlell pl4**Fe] guiEdsirl 5.FU s olAlE Fo] @
ZHAUCHEE. 4B). webA 35 Faie] 2% 283 gy
3} A3t Aol 9l ZloR A, o] A3t depsipeptide
¢} 5FUS A5 d8a8o] #Hg 2AAA 9} 5-FU2 #gol
pl4*F 01919] T}E FHAEC] Gujgsle] oWt Jge w)X
=4l tairde F71Ql 7S Ea8) 1w ojok & Ao},

H AFE g9t AlEFA DLD-19A 5-FUS 834 g3t

7} AR B85 A i (ErlE Al 2ot kA sl A el
o) 7t 2 5 A BRI, ol A FHx B8
22 p14tel 2rds} oli g Brret o). 5-aza-dCS
depsipeptide?] ¥4 A 453 F52 HE UeRd 2E 31
3301}, o) & B9 5.FUS HE3 Aol 234 i)
B oM, 5aza-dC B% % 5-aza-dC/depsipeptide B-& 3
2l Al BN p14*7FY) e} AP S ARSI o
2hA] oleist AP e Le AR BEEAE) das dBg
RAog Ay Hol 7AHY 718g FEshs 977 293}
e} Azhgrt.

#Atel B

£ A= 71EE el R AEX(A010147) W 87 )e
F.(M10414030001-05N1403-00111)2} X Q02 ojRojgomg
olof) ZRAF=-AUt},

= =
.E-I-':I—.

]
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