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Adjuvant Effect of NSAIDs on the Cyto-
toxicity of Colon Cancer Cells to 5-FU

Tae-Bum Lee', Kyung-Jong Kim, M.D., Young-Don Min,
M.D., Sung-In Kang, M.D2 Kwon-Ryul Jung, M.D2
Jae-Up Lee, M.D., Cheol-Hee Choi, M.D."?

Department of Surgery, 'Research Center for Resistant Cells,
2Department of Pharmacology, College of Medicine, Chosun
University, Gwangju, Korea

Purpose: Cyclooxygenase (COX)-2, an inducible enzyme
that catalyzes the conversion of arachidonic acid to
prostaglandins, is believed to be an important enzyme
related to colorectal cancer. A large number of studies
have supported the concept that non-steroidal anti-inflam-
matory drugs (NSAIDs) targeting COX alter the biologic
processes of colon carcinogenesis. Although COX-2 in-
hibitors generally reduce the growth rate of established
tumors, tumor regression is rarely observed. Hence, it is
reasonable that COX-2 inhibitors be given in conjunction
with standard anti-cancer therapy in treating cancer. We
investigated whether aspirin and meloxicam not only are
cytotoxic but also potentiate the antitumor effect of
5-Fluorouracil (5-FU) against colon cancer cells. Methods:
Expressions of COX-l and COX-2 were determined by
using the reverse transcriptase-polymerase chain reaction
(RT-PCR) & Western blotting assay in 9 colon cancer cell
lines. The cytotoxicities of NSAIDs and/or 5-FU were
determined by using a microculture tetrazolium dye (MTT)
assay. Results: COX-1 mRNA and protein, as well as
COX-2 mRNA, were variably expressed in all the cell lines
tested whereas COX-2 protein was expressed in HT-29
and to a lesser extent in HCT-8, but not in the other cell
lines. We selected two representative cell lines, HT-29
expressing COX-2 protein and SNU-CI| not expressing it.
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The dose-dependent cytotoxicity was observed in both cell
lines treated with aspirin and with meloxicam. A com-
bination treatment of aspirin or meloxicam with 5-FU
revealed some additive effect, rather than a synergistic
effect, for both cells lines. This additive effect was re-
markable even for low concentrations of the drugs. Fur-
thermore, the additive effect was highest when the com-
bination was adminstered sequentially, 5-FU followed by
aspirin or meloxicam, in both cell lines. Conclusions: These
results suggest that a combination therapy using NSAIDs
and 5-FU might be useful in the treatment of colon cancer
cells not expressing COX-2, as well as in colon cancer cells
expressing COX-2. ] Korean Soc Coloproctol 2005;21:
121-128

Key Words: COX-2, NSAIDs, 5-FU, Additive effect, Colon
cancer cells
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Cyclooxygenase (COX)-2 arachidonic acidE prosta-
glandin® 2 HAEA|7|=H] T3 9&S e a4
COX-17} COX-2 5 7bAle] 38 & 47} oed 4 om}
CoX-1& BAe] LE 2ANA P4 BHHTL 9
o] B3, Ao 7s £H 59 4% 9 st
921, COX-2E cytokines 5=+ mitogens 5ol <3l
welo] GFEhgol WA A 3t} HZ2H = ol
3} <4 A (nonsteroidal anti-inflammatory drugs, NSAIDs)7}
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1) M=

H2g 2oley FAAR 7P Fol AH8HI e
Hl X8l F el COX-2 A A2 aspirin (Sigma, St. Louis,
MO, USA)# HluL 2] A& 2l COX-2 ANAQ] mel-
oxicam (Boerhringer Ingelheim, Vienna, Austria)S AF-§
slgom, 3ekAl 2 5-FU (Sigma, St. Louis, MO, USA)
£ o|l&stth

A7Ee] A EZF21 SNU-C1, SNU-C4, SNU-C5,
COLO320HSR, LoVo, DLD-1, HT-29, HCT-8, HCT-116%
Sk M 23| A] B wSkTh o] MEFEL 10%
fetal bovine serum (Sigma, St. Louis, MO, USA)©| &2
RPMI 1640 Hl %<4 (GibcolBRL, Grand Island, NY, USA)
S 2 37°C, 5% CO9| F& wiY7IolA] ulj st

2) A7 Y

1) GAA-FHEFES A4S o] 83 COX-1%}
COX-29] ¥d g
D % RNA® FZ: Acid guanidinium thiocyanate-

phenol-chloroform FZWH-&* o] &-3}o] 97) o] thg¢t
M EFA A ZH2t & RNAS &8 FE3Aoh AA s
e 033 2o GHEF 1310702 27HE- PBS
= % ou AHS F AEIAT] WAsNd M
guanidinium thiocyanate, 25 mM sodium citrate pH 7.0,
0.5% sarcosyl, 0.1 M 2-mercaptoethanol) 1 mlS o] 3}
ojFloR oA M H2 F
T WAL 1 ml'F 2 M sodium acetate &< (pH 4.0)
0.1 ml, 5=3}% phenol 1 ml, chloroform-isoamylalcohol
(24 :1) 03 mlE Yo EFAL 158 ol L=l F
Ak AIEE 3,000 rpmel| A 2027 A4 EElste]
=< 7R3 Corex® #2 FHO &7 v A7
isopropanol &S ¥l -20°CollA] FH A 1A1%F o]
WA BT o] & tHA] 10,000 goll A 2023t 4 &
5ho] A2 RNA HAEof A3} isopropanol S 5
ZF 9ol e F -20°C oA 1A13F WA F 10,000
g2 1587 RNAS xH%ZMVﬂE}. RNA AHAES 75%
ethanolZ AL -, JHES F B A4 A=A
7 DEPC water®] =3 Th RNA & =(10D=40ug/ml)=
260 nmol| A spectrophotometer (DU® 650, Beckman-
Coulter, Inc., Fullertor, CA, USA)E =7%3}1, RNA &
T+ A260/A280 H]Z, RNA RE%+ RNA Sugs 7

719&3k] 28 S} 18 S bandS5 &bl Zhzh 2H
A Th ool A AMSE EE Z2HAF-S 180014 8

AlZE o] G931 Tris, SDS ©]9]9] ZE §4L DEPC
FEE 01%7}F HEE Az & a5 F9
It F7) sk

@ GAA-TFELE A3 First strand cDNAES
50 mM Tris-HCI (pH 8.3), 75 mM KCI, 3 mM MgCl,
10 mM DTT (Promega, Madison, USA), 1 U/ul RNasin
(Promega, Madison, USA), 1 mM each dNTP, oligo(dT)»
100 ng¥} MMLV reverse transcriptase (Promega Madi-
son, USA) 200 U7} &% 20p19] &9dolA] £ RNA
g 2 HEH FASIATE PCRS 1xPCR 10"(10
mM Tris-HCI, pH 8.3, 50 mM KCI, 1 mM MgCl,, 100p
g/ml gelatin, 0.05% triton X-100)°l 25 ng2] RNAZH-H
A1 ® cDNA, 2+2H2] primer 20 pmole, 50pM dNTP2}
taq DNA polymerase (Perkin-Elmer Applied Biosystems,
Foster City, CA, USA) 2.5 unit7} % 25u2] 9F-3-f
ol 4] PCR (GeneAmp PCR System 2400, Perkin-Elmer
Applied Biosystems, Foster City, CA, USA)E A] 35} %
ok S el A 5uCi9) [¢-°PlACTPE WHE EFE
o H7}stcth ALE-3F primere} PCR Z7-2 Table 1,
29} 2t} PCR AHE 2512 5-E COX-13} COX-2 2H&

% polypropylene tubeol] 3!

olt oo
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Table 1. PCR primers of COX-1, COX-2 and factin

Gene* S & AS' Nucleotide sequences Sequf:nces Length of PCR References’
region products
S 5’-TGCCCAGCTCCTGGCCCGCCGCT-3’ 516~539
COX-1 304 bp [5]
AS 5’-GTGCATCAACACAGGCGCCTCTT-3’ 796~819
S 5’-CGAGGTGTATGTATGAGTGT-3’ 219~239
COX-2 594 bp [5]
AS 5’-TCTAGCCAGAGTTTCACCGT-3’ 792~812
S 5’-GACTATGACTTAGTTGCGTTA 1912~1932
[S-actin 501 bp [6]
AS 5’-GTTGAACTCTCTACATACTTCCG 2392~2412

*COX-1 = Cyclooxygenase-1, COX-2 = Cyclooxygenase-2; " Sense and antisense;
correspond to the sense and antisense based within these reported sequences;

* The oligonucleotide primers constructed for PCR
SReferences for primer sequences.

Table 2. PCR condition of COX-1, COX-2 and B-actin

Gene Cycles Hot start Denaturation Annealing Extension Final extension
COX-1 21 60°C, 30 sec
COX-2 21 % C.’ 94C, 55°C, 30 sec 72 C 72 C

12 min 30 sec 1 min 5 min
B-actin 17 53°C, 30 sec

10Ut Bactin SIS 44 F 7%
lamide gel’doll X 242t 719 Fsto] sttt 171
dE5 F gelE AFX F Xay ZEA =
radiography S A] 3§ 5} T}

) 9] A FZ 9 Western blot analysis—% o] &3t
COX-17} COX-2 ¥ FA: Ax
Imethylsulfonyl fluoride (PMSF)<} IOug/ml leupeptins
853t FE24E A% NP40, 0.5% sodium deoxy-
cholate, 0.1% SDSE ¢3 PBSE <)oz FafA|7l
ZZti o el g o] Heke
Bovine serum albumin (BSA)S %+ 90 2 ©]-&3]A] Bio-
Rad protein assay kitE ©]-&3}e] =3t} Western
blot WH ol o8 Hg 71EE WEE o
g3t AE ZdwE 50pgS 0.1% SDSE 43
7% (w/v) polyacrylamide geloll A 71 -&3 & gelol
EA5l= @ &L electroblotting B'H 2 2 nitrocellu-
lose (NC) filterol] & zth. H|50]|HQl AES AAs}7]
#138ted NC filters 5% EAEFE &3 tris-buffered
saline-tween (TBST) §<of ¥ AL20A] 147t 52t
S A1 Z T} 0.05% TBST &40 2 1587k 13] Al

<= 2 mM pheny-

% sonicationdl] 4] DNAS

2 Towbin &

S oA A E2 TBST & H oA 527 23] A& Th
FilterS 1 : 1,000 COX-1 1z} 3% A|(Santacruz,
Cruz, CA, USA)$} 1 : 250 COX-2 13} 34| (BD Pharm-
ingen, San Diego, CA, USA)E &3+ TBST & ol ¥
1 /J_Q_o]]}q 1)\]7]- Zo} m—x]d- _,49,} ne H]—tﬂ o
Z AF3Y. A% & peroxidase”} A E 1 : 1,000
COX-19} COX-2 22} & -A|(Santacruz, Santa Cruz, CA,
USA)E $H7-3F TBST 458N filterS 3L 229
}\1 7L7L 1}\] 7} Eo]- H]—x]§_]__ = TBST 9,1.% oﬂ o Z 15
E7F 13 587F 43 A= 3t} Enhanced chemilumi-
nescence (ECLR) Western blot {2 ©]£3}4] bandE

< 7HAE g
G HMESAH AF: Ax5AH 4T Holde A
Xo nEZ=gol g4 a4 o =849
=& MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide] S YA AT S o= v]FE
43 9] formazanS A3} microplate (ELISA) reader =
540 nm¢] FFNA FHEE SGst=] Aopsla o
AR o &2 SAJ3E A X9 = vk 3l Pieters S°
< Attt 96

5
o W Al MEEY Y

Santa

=y
a



124 uisogedEsts A 221 A A 3% 2005

well microplate (Falcon)ol] NI XFE5 ZH3 T2 3
A @x10mhA 713 M ERFA oouA S A7 23

ok agla 24417 Fo CcOX-2 YA AQ] aspirin}
meloxicam®] A X=54-& 5783}17] 9134 aspirine 10
mM¥-E 18] 31 meloxicam< 2 mMY-E suj* 3] A&}
o FES AXST F 1ud ¥ GEUL PBSE ¥
of Ao fjxwo 2 4a, A diAl ujFHvkS ¥
o] blankZ 4kt & EE F 397 CO, v 710 A
st & 2E wello]l 5 mg/mle] MTT (Sigma, St
Louis, MO, USA) &9 10uZ 7853 thA] 37°C,
5% CO0l A 4~5A17F T v st MTT7L S =&
= vk 123 COX-2 oA A2 &FebAIQl 5-Fu 9
WEEo g3 232 aspirin £+ meloxicamS %
A9 SFUSH BEF e, WIFEelsiel 22 Bt W)
Atk Aol A8 FE9 TR HT-29 Al EZF A
= aspirin 2 mM, meloxicam 500uM, 5-FU 10iMS A}
4392 ™ SNU-C1 M 35| A= aspirin 2 mM, mel-
oxicam 100uM, 5-FU 100iM< A}8-3}4 T}

Monolayer Al Z(HT-29)%] 4% 2+ wellol A &5
o gouly M The 1500 DMSOE %23l 10 mins <t
shaking3ll A A/ ¥ formazan 23S & %A micro-
plate reader (1-QUANT, Bio-Tek Instruments, Winooski,
VT, USA)ZE o] &3} 540 nmoll A S3 =2 =A3
3l suspension A|XF (SNU-C1)Q! 7% 0.04 N-HCL/
Isopropanol £ 100015 ¥ t}2 formazans & =
J F FH=E ZHIA

@ TAALY: 47 Ade A+ FAR FHE
el 7 257HY] SAZA Q] £42 Student’s t-test
HS o] &35t P<0.05%0 A A F9A4

1) CHRFSIMZF0|M COX-12} COX-29| &t

COX-19] mRNAS} T & COX-29] mRNAE &
et AEFA TheFs HHS BYg o), CoX-2
chul A o HT-29 A|EZF 9} HCT-8 A|ZFoAgto] 2+
o] &= A ThFig. 1).

2) COX-2A|Alof cHst MEZSM Sof
COX-2 @l do] B3 == HT-29 AlEF¢ CO
chl Fo] WHE R ¢k SNU-Cl Al EXFE é%"&}
ok Aspiring A X8 W, &FEZ S A=
a7 F HEF BT #EEFE oM, HT-29= T}

O_>L 3’.& [\)

=
=

&
> ©
N v ° O
A ¥ @ PP PSS P
" ‘ - - ‘ COX-2
- —— == o
B
. . " COX-2
- - COX-1

B-actin

Fig. 1. The Western blot analysis (A) and RT-PCR (B) for
COX-1 and COX-2 in colon cancer cell lines. The protein
samples were extracted from cells and then 50pg and 100ug
of total cellular protein were separated respectively on 12%
SDS/polyacrylamide gel for Western blot analysis of COX-1 and
COX-2. COX-2 standard (10pg). COX-2 standard was prepared
from the RAW 264.7 cell line. The cDNAs reverse transcribed
from RNA were separately amplified with each primer pair for
COX-1 and COX-2 genes. Aliquots of each PCR reaction
mixture were separated on a 7% polyacrylamide gel in Tris-
acetate-EDTA. The gel was dried and exposed on X-ray film
overnight.

= SNU-CIoA MEZA a7 o
MeloxicamS ] X3l <S W= v]<=
o}, aspirin®]t} meloxicamol] T3 A3
COX-1°]4 COX-29] HAFFHE
& T AN EFig. 2).

3) Aspirin t-= meloxicam= 5-FU2} B EHF 0 A|
of Mz=d 51}

COX-2 @ Ao] W& 5= HT-29 Al EF0 A, o &
EE=2 aspirin? 5-FUE W3 T3S o, 0.1uM
I M} 22 AFE9 5-FU A= aspirin®] =
o]EH 0 =2 5FU9 MESAS TAAI= A °] 3z
HAS™, 10 mM °o|F AFENAE A4 &
aspiing FHNE AEx=4 4 8947} er’]'ﬂxl %
Skt}. Meloxicam3} 5-FUE W3 T39S A=
H|=g 235 #2E 5 AR S, aspirin©] 1 mM~3
mM BEA 5-FUe] AE54d &35 FZAHARE,
meloxicam-2 0.3 mM~0.5 mM A Zo| A% 5-FUS] A|
F¥EXNGHNE 22X 2797 B35S meloxicam
o] © BHAolgt= AS & F AAUTh

COX-2 @i do] &&= k= SNU-C1 A EF 9]
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Fig. 2. Cytotoxicity effect of aspirin and meloxicam in HT-29 (A) and SNU-C1 (B) cells that express and do not express COX-2,
respectively. The cytotoxicity was determined by MTT assay. The experiments were carried out in triplicate. Bars = Standard Error
(SE); *Significant difference (P <0.05) from HT-29 cytotoxic values by Students #-test.
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Fig. 3. Cytotoxicity effect of combined aspirin or meloxicam and 5-FU in HT-29 (A) and SNU-C1 (B) cells that express and do
not express COX-2, respectively. The cytotoxicity was determined by 3-day MTT assay. The experiments were carried out in triplicate.

Bars =

SE; *Significant difference (P <0.05) from control values by Students #-test.
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A aspirin®} 5-FUE W 53192 w, HT-29 Al X
Foll Aot vl=g B #EE AT SNU-CL A Z2F
o Al 5-FUS} meloxicams M3 FA3AS o, AY
EE F&9 5-FUA 0.1 mM3} 0.2 mM—J meloxicam
o] MZEAE 99 AUA FHAIA aspirin] A Bt} 10
Hj o] adAolgt= s & F AUAMThFg. 3).

4) H|AH|Z0|=d &M 5-FUS| MA| =AM
mME Mzsd 22t

HT-29 A EF A aspirin®} 5-FUS o] 2]
TaH o2 e B FAIE A M54 &
= 5-FUS WA FoJ3dlal 24413 3 aspirinS Fo
(5-FU — aspirin)3} S v} 4825% = T2 oW Z§HH

z3oz

Table 3. Effect of treatment sequence with aspirin (A) or
meloxicam (B) and 5-FU on cytotoxicity in HT-29 cells that
express COX-2

ot 714 ZA YERg T Meloxicam®} 5-FUS] 7%+
B3 Eo Ao AZEEA G397} 20.05% G A 9 me-
loxicam — 5-FU9] Z&o A= 38.16%, 5-FU — melo-
xicam®] ZFol| M= 37.73% 2 W3 FHT= 5-FU
2} meloxicamS WEWE Fo3l= Aol AIXS5A &
H7t o F7tEE AS ¢ 5 UAATH(Table 3).
SNU-C1 M|EZF0)| A aspirin®} 5-FUE o2 2302
cAHoE e B FASAE A 5FU —
aspirin 2 AEEA a3} 3348%E U2 ojwl
Z3Rg 7P 24 FEE NS, meloxicam™} 5-FU
9] Ao M= 5-FU — meloxican®] Z oA 35.85%
Z g2 23R 1 2 ANESAY 297 FEEHA
T}H(Table 4).

Table 4. Effect of treatment sequence with aspirin (A) or
meloxicam (B) and 5-FU on cytotoxicity in SNU-C1 cells that
do not express COX-2

(A) A)
24-hr treatment Mean % 24-hr treatment Mean %
. .

1 2 cytotoxicity=SE 1 ’ cytotoxicitySE
Medium Aspirin 6.45+1.00 Medium Aspirin 8.38+0.18
Medium 5-FU 16.25+2.70 Medium 5-FU 10.25+3.23
Medium Aspirin+5-FU 26.02+2.71* Medium Aspirin+5-FU 13.81+1.45*
Aspirin 5-FU 20.82+2.58* Aspirin 5-FU 22.19+4.56*

5-FU Aspirin 48.25+5.58+" 5-FU Aspirin 33.48+0.77*
B) (B)
24-hr treatment Mean % 24-hr treatment Mean %
. L

1 ’ cytotoxicity+SE 1 ’ cytotoxicity=SE
Medium Meloxicam 25.73+5.47 Medium Meloxicam 0
Medium 5-FU 21.65+1.17 Medium 5-FU 11.39+3.09
Medium Meloxicam+5-FU 20.05+8.91 Medium Meloxicam+5-FU 19.55+10.09

Meloxicam 5-FU 38.16+4.93" Meloxicam 5-FU 21.34£5.76%
5-FU Meloxicam 37.73+4.51" 5-FU Meloxicam 35.85+6.77+"

HT-29 cells were pretreated with medium only, 2 mM aspirin
or 10jM 5-FU (A) and medium only, 500pM meloxicam or
10uM 5-FU (B) for 24 hours (treatment 1), respectively. Me-
dium was removed and cells were washed twice with RPMI
1,640 medium. Cells were incubated with 2 mM aspirin and/or
10uM 5-FU (A) and 500uM meloxicam or 10uM 5-FU (B)
for 24 hours (treatment 2), respectively. Cytotoxicity was as-
sessed by 2-day MTT assay. The results were obtained in
triplicate independent experiments. *Significantly higher for
combmatlon treatment than for aspirin or meloxicam alone (P <
0.05); S1gn1flcantly higher for combination treatment than for
5-FU alone (P<0.05).

SNU-C1 cells were pretreated with medium only, 2 mM aspirin
or 100uM 5-FU (A) and medium only, 100pM meloxicam or
100pM 5-FU (B) for 24 hours (treatment 1), respectively.
Medium was removed and cells were washed twice with RPMI
1,640 medium. Cells were incubated with 2 mM aspirin and/or
10iM 5-FU (A) and 100pM meloxicam or 100pM 5-FU (B)
for 24 hours (treatment 2), respectively. Cytotoxicity was as-
sessed by 2-day MTT assay. The results were obtained in tri-
plicate independent experiments. *Significantly higher for com-
bmatlon treatment than for aspirin or meloxicam alone (P<
0.05); Slgmflcantly higher for combination treatment than for
5-FU alone (P<0.05).
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¢tel 3 A(carcinogenesis)dll #st= T3 =4
<9 R LEF coxX2v wAY AA 9
80% oldolM WHAHE AoE dHA U B
& MAEFA CcOX-29] &&HL Z Al(transcription) ©
Al, % AH(post-transcription) ©A|, 2123 T A TA
oM 2HH= AR dHA Uon, o] F x4
o] 714 T8t J4FE o= Ao E deEA Aok E=3
1 E-3}(well differentiated) & Z 2o A & HHE =
o2 4eix ok cox-29] LH L AAE = EAL
Bol ¢elA AA Fot of8 & (wild type) p53o] T
e Ao FeiA ok & ATFANE FA
oA} COX-2 mRNAE EE A EFo|A thg3}A
Q ;(]u]— D}uﬂ;d_,] 3o mRNAP»] m-z‘;q%chl_
vl g sk e8a1, 2709 AEZF AT EE o] Fof
AL TA (post transcriptional level)t} T2 & oA of
il = ste COX-2 ©iid o o &
FE A AoRE AZET B AT AR
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7] prostaglandin®] 342 A5l o] Z A3 matrix
metalloproteinase (MMP) &4 =& A A 7] A Al Z
E Z(cell adhesion)< 7}/\]?:] SFA| X o] <5 (tumor
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