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Abstract The antiproliferative effect of 5-fluorouracil
(5-FU) in the presence of low dose non-steroidal anti-
inflammatory drugs (NSAIDs) on high cyclooxygenase-2
(COX-2)-expressing HCA-7 and low COX-2-expressing
HT-29 colon carcinoma cell lines was investigated. Phar-
macogenetic parameters were studied to characterize the 5-
FU sensitivity of the two cell lines. Thymidylate synthase
(TS) and methylenetetrahydrofolate reductase (MTHFR)
polymorphisms were determined by PCR analysis. Cell
proliferation was measured by SRB assay, cell cycle distribu-
tion and apoptosis by FACS analysis. Cyclooxygenase
expression was detected by Western blot and also by
fluorescence microscopy. Prostaglandin E, (PGE,) levels
were investigated with ELISA kit. The HT-29 cell line was
found to be homozygous for TS 2R and 1494ins6 and T
homozygous for MTHFR 677 polymorphisms predicting
high 5-FU sensitivity (ICso: 10 puM). TS 3R homozygosity,
TS 1496del6 and MTHFR 677CT heterozygosity may
explain the modest 5-FU sensitivity (ICso: 1.1 mM) of the
HCA-7 cell line. Indomethacin and NS-398 (10 uM and
1.77 uM, respectively) reduced the PGE, level in HCA-7
cells (>90%). Low concentrations of NSAIDs without
antiproliferative potency increased the S-phase arrest and
enhanced the cytotoxic action of 5-FU only in HCA-7 cells
after 48-hours treatment. The presented data suggested that
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the enhancement of 5-FU cytotoxicity by indomethacin or
NS-398 applied in low dose is related to the potency of
NSAIDs to modulate the cell-cycle distribution and the apo-
ptosis; however, it seems that this effect might be dependent
on cell phenotype, namely on the COX-2 expression.
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Abbreviations

5-FU 5-fluorouracil

CRC colorectal cancer

COX-2  cyclooxygenase-2

dUMP 2’-deoxyuridine 5’-monophosphate
ELISA  enzyme-linked immunosorbent assay
FACS fluorescence activated cell sorter
FBS fetal bovine serum

1Csg 50% inhibitory concentration
MTHFR 5,10-methylenetetrahydrofolate

NSAIDs non-steroidal anti-inflammatory drugs
PBS phosphate-buffered saline

PGE, prostaglandin E,

SRB sulphorhodamine B

TBS Tris-buffered saline

TS thymidylate synthase
UTP uridine 5’-triphosphate

Introduction

Colorectal cancer (CRC) is one of the leading causes of
cancer death among men and women in Hungary. Epide-
miological studies have suggested that non-steroidal anti-
inflammatory drugs (NSAIDs) may reduce the risk of colon
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cancer and decrease, the number and size of polyps in
patients with familial adenomatous polyposis [1] implying
that NSAIDs could modulate carcinogenesis and the
development of colorectal carcinomas. Several studies have
established that COX-2 overexpression is common in a
variety of human malignancies, including cancer of the
colon and promotes tumor cell growth, angiogenesis, tumor
invasion and metastasis [2, 3]. COX-2 tumorigenicity likely
involves the production of specific prostaglandins (PGs)
and their metabolites, but the role of PGs in various stages
of carcinogenesis remains to be elucidated [4]. COX-2 is
the molecular target of most NSAIDs. Beside of COX-
dependent mechanisms of NSAIDs COX-independent
pathways are known to be involved in the anti-proliferative
and proapoptotic effects of these drugs, as well [2].
5-fluorouracil (5-FU), a fluorinated pyrimidine analog,
which has been used for more than 50 years is still one of
the most widely applied drug in the therapy of patients with
colorectal cancer. The anticancer effect and toxicity of 5-FU
are thought to be caused mainly by its anabolites, 5-fluoro-
dUMP and 5-fluoro-UTP. 5-fluoro-dUMP inhibits DNA
synthesis by forming a stable ternier complex with
thymidylate synthase (TS) and 5,10 methylenetetrahydro-
folate (MTHFR) thus blocking the conversion of dUMP to
dTMP. 5-fluoro-UTP is incorporated into RNA inducing
translational errors [5]. Further on the DNA or RNA
directed cytotoxicity and apoptosis induced by 5-FU
depends on the status of pS3 tumor suppressor gene [6].

In order to improve the effectiveness of 5-FU therapy dif-
ferent drugs and modifiers have been studied. In an experi-
mental study it was demonstrated that antioxidants augmented
the apoptosis, induced by 5-FU in colon carcinoma cells [7].

Various cytotoxic agents combined with NSAIDs
showed promising results in experimental studies [8]. On
the other hand, in clinical trials the cytotoxic agents were
combined with the mostly used NSAID, celecoxib, result-
ing in a better response and longer time to progression of
breast cancer patients [9]. Moreover, it has to be mentioned
that patients also use NSAIDs for their cancer pains during
chemotherapy [10].

In many studies reviewed by Zha et al. high concen-
trations of NSAIDs - higher than those required to inhibit
prostaglandin synthesis [11] - have been shown to induce
COX-2-independent effects (Bcl-x; and NF-kB suppres-
sion, PPARS inhibition, Akt activation block, etc) in colon
carcinoma cell lines [3].

COX-2-dependent effects of NSAIDs occur even at low
concentrations and would rely on the expression of COX-2
in tumor cells. It has to be emphasized, that low dose
NSAIDs usually do not activate the COX-independent
signaling pathways. It was found that 10 uM indomethacin
is below that required for significant direct PPARYy
activation [12]. In myeloma cells Zhang et al. demonstrated
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that NS-398 even at concentration of 50 uM did not influence
the expression of the pro-apoptotic protein, BAX, and the anti-
apoptotic proteins, Bcl-xI or Bcel-2 [13]. Aggarwal et al. also
found that at least 100 uM indomethacin needed to increased
the expression of BAX in SEG-1 esophageal cells, which
constitutively expressed COX-2 similarly to HCA-7 cells [14].

Since the above presented data underline the role of
COX-2 in the progression of colon carcinomas our
intention was to investigate the effect of COX inhibitors
i.e. indomethacin and NS-398 on the efficacy of 5-FU in
HCA-7 and HT-29 cells.

Our special aim was to apply low concentrations of these
NSAIDs, which according to previous studies have exclu-
sively PGE, reducing potency.

Materials and Methods
Reagents and Antibodies

All culture and chemical reagents were purchased from
Sigma-Aldrich (St. Louis, MO, USA), unless otherwise
indicated. NS-398 was purchased from Cayman Chemicals
(Ann Arbor, MI, USA) and PGE, ELISA kit from Assay
Designs (Ann Arbor, MI, USA).

Antibodies to COX-1 and COX-2 were bought from
Cayman Chemicals (Ann Arbor, MI, USA) and anti-beta-
actin antibody from DAKO (Glostrup, Denmark). Horse-
radish peroxidase-conjugated secondary antibodies were
obtained from Pierce Biotechnology (Rockford, IL, USA),
and Alexa Fluor 488-conjugated secondary antibody from
Invitrogen (Parsley, UK).

5-FU (500 mg/10 ml sterile injection) was purchased
from Pharmachemie (Haarlem, Hollandia). For higher
concentrations 5-FU powder was purchased from Sigma-
Aldrich (St. Louis, MO, USA).

Cell Culture

HCA-7 colony 29 cells and HT-29 cells were obtained from
European Collection of Cell Cultures (Salisbury, UK). HCA-
7 cells constitutively express high level of COX-2 protein,
while HT-29 is a low COX-2 expressing cell line [15]. HCA-
7 and HT-29 cells were cultured in Dulbecco’s modified
Eagle medium or RPMI, respectively, supplemented with
10% (v/v) FBS. Viable cell counts were obtained using a
Biirker chamber by exclusion of 0.04% (v/v) Trypan Blue.

Characterization of HCA-7 and HT-29 Cells
for 5-FU Sensitivity

The DNA was isolated from the cells using MasterPure DNA
purification kit (Epicentre Technologies, Madison, WI, USA).
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The 5’TSER polymorphism was determined by PCR
analysis, respectively, as described earlier [16]. Shortly, the
amplicons were analysed by 10% non-denaturing poly-
acrylamide gel electrophoresis (10% PAGE).

The 3’TSUTR (1494ins/del6bp) and the MTHFR C677T
genotypes were assessed by PCR-RFLP. In case of
3’TSUTR and MTHFR the PCR amplicons were digested
with Dral and Hinfl endonucleases, respectively, and the
products were separated by 10% PAGE. The gels were stained
with ethidium bromide and visualized by GelDoc2000 image
documentation system (Bio-Rad, Hercules, CA, USA) [17].

S-fluorouracil sensitivity was determined by calculating
the ICs, value from the dose response curve based on the
results of SRB assays (see “Cell proliferation assay”). The
concentration of 5-FU was increased from 1 nM to 10 M.

Dihydropyrimidine dehydrogenase activity of the cells
was investigated by the method described earlier in details
[18]. The cell cytosol was incubated with [6-'*C] 5-FU as a
substrate (Moravek Biochemicals, Brea, CA; 52 mCi/mmol),
NADPH, MgCl, and nicotinamide in sodium phosphate
buffer at 37°C for 0 and 20 min. The reaction was stopped
by adding ice-cold ethanol. The mixture was filtered in a
VectaSpin 0.2 uM microfilter (Whatman, Maidstone, UK)
centrifuged and separated on HPLC (Merck-Hitachi,
Tokyo, Japan). The radioactivity was measured by BioScan
detector (Hidex, Turku, Finland). The activities were
expressed as the amount of dihydro-fluorouracil formed in
1 min from 1 mg cytosolic protein (pmol/min/mg protein).
Measurements were made in parallels in two independent
experiments.

Drug Treatments and Cell Proliferation Assay

In all investigations, except the analysis of dose response
curves (see above), HCA-7 and HT-29 cells were treated with
5-FU at their ICs, concentration. Indomethacin and NS-398
were made up as a 10 mM stock solution dissolved in
dimethyl sulfoxide. The required final concentrations were
prepared by diluting the stock solution with cell culture
media. The final concentration of the vehicle in all cultures
was 0.03%. At these concentration, dimethyl-sulfoxide alone
did not affect cell viability (data not shown).

Published ICsy values for indomethacin on COX-2
enzymes vary within 0.01-24.6 uM concetration range
[19, 20]. At 10 uM concentration indomethacin potently
blocked PGE, production without changing cell viability
[21]. NS-398 has a 50% inhibitory concentration of 0.1—
3.8 uM [22]. The ICsy concentration of NS-398 (1.77 uM)
was determined by radiometric assay [20]. In order to
assess the effects of low concentrations of indomethacin
and NS-398, 10 and 1.77 uM were applied, respectively.

The quantitative sulphorhodamine B (SRB) colorimetric
assay was used to determine the growth inhibitory effect of

drugs in HCA-7 and HT-29 cells. Cells were seeded at
1x10* per well in 96-well plates and grown for 24 h.
Medium was replaced and cells were treated with the drugs
or with their combinations for 24 or 48 h. At the end of the
treatment cells were fixed with 10% trichloracetic acid (1 h
at 4°C), stained for 15 min at room temperature with 100 pl
of a 0.4% w/v SRB solution in 1% acetic acid. SRB was
then removed and cells were quickly rinsed four times with
1% acetic acid. After air-drying, protein-bound dye was
dissolved in 200 pl of 10 mM unbuffered Tris base (pH
10.5) for 5 min on a Heidolph Titramax (gyratory) shaker
(Schwabach, Germany). The pink SRB was quantified by
measuring the optical density at 540 nm by spectropho-
tometer (BIO-TEK Instruments, VM, USA). The experi-
ments were done in six wells of the 96-well plates for each
time point and repeated three times. The average cell
number and the standard deviation were calculated for each
treatment.

Cell Cycle Distribution Analysis

To investigate the cell cycle phases and the apoptosis, cells
were fixed in 70% ethanol at —20°C, followed by alkaline
extraction (200 mM Na,HPO,, pH 7.8) and ethidium
bromide staining. Measurements were made with a FACScan
flow cytometer (Becton-Dickinson, San Diego, CA, USA)
and the data were analyzed by Winlist software (Verity
Software House, Topshan, ME, USA).

Protein Extraction and Western Blotting

The attached HCA-7 and HT-29 cells were lysed with ice-cold
lysis buffer (20 mM Tris-HCIL, pH 7.5, 150 mM NaCl, 0.1%
SDS, 1% Triton X-100, 1% sodium deoxycholate, 5 mM
EDTA, 2 pg/ml leupeptin, 2 pg/ml aprotinin, 2 pg/ml
pepstatin and 1 mM phenylmethylsulfonylfluoride). The cell
lysate was centrifuged for 10 min. at 10,000 g at 4°C. The
protein concentration in the samples was measured using Bio-
Rad protein assay (Hercules, CA, USA) according to the
manufacturer’s instructions. Samples extracted from the
control or from the treated cells containing 60 pg of protein
were subjected to SDS-PAGE using 12% denaturing poly-
acrylamide gels. The proteins were transferred electropho-
retically to a PolyScreen PVDF membrane (PerkinElmer,
Boston, MA, USA) at 25 V for overnight at 4°C. Membranes
were blocked for non-specific binding by incubating in
Superblock Blocking Buffer in TBS (Pierce, Rockford, IL,
USA) for 6 h. Membranes were incubated overnight with the
primary antibody (1:1,000) followed by the secondary
antibody for 3 h (1:200,000). After the incubation membranes
were washed three times in TBS containing 0.05% Tween 20.
Finally, the membranes were incubated in SuperSignal West
Femto Maximum Sensitivity Substrate solution (Pierce,
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Rockford, IL, USA) for 5 min. and exposed to X-ray film. The
bands were analysed with GelDoc2000 image documentation
system (Bio-Rad, Hercules, CA, USA). Human recombinant
COX-2 protein was used as positive control (Alpha Diagnos-
tic, San Antonio, TX, USA).

Immunofluorescence Microscopy

HCA-7 and HT-29 cells were grown on glass coverslips
and treated under culture conditions as described above.
Cells were then fixed and permeabilized in methanol at
—20°C for 10 min. and washed twice in PBS. Monolayers
were incubated with primary antibody (1:100) in Super-
block Blocking Buffer in TBS for overnight at 4°C.
Following PBS washes monolayers were incubated with
the secondary antibody (1:1.000) in Superblock Blocking
Buffer in TBS for 2 h at 4°C. After further PBS washes the
fluorescence was detected by Olympus CKX41 fluores-
cence microscope (Tokyo, Japan) and documented with
Olympus C-5060 widezoom camera (Tokyo, Japan).

Prostaglandin E, Assay

The concentration of prostaglandin E, (PGE,), the major
product of arachidonic acid metabolism, was measured by
ELISA (Assay Designs, Ann Arbor, MI, USA) from cell
culture medium, according to the protocol of the manufac-
turer. Measurements were made in triplicate in three
separate experiments.

Statistical Analysis

Data were expressed as mean + standard deviation (SD).
Statistical significance was determined by analysis of
variance (ANOVA) and Tukey’s post hoc test. ICso values
were calculated with GraphPad PRISM software (San
Diego, CA, USA). The p values <0.05 were considered as
significant.

Results

Characterization of 5-FU Sensitivity of HCA-7
and HT-29 Cells

To investigate the modulating effect of COX inhibitors on 5-
FU cytotoxicity in HCA-7 and HT-29 cells, the pharmacoge-
netic and pharmacobiochemical characteristics, which might
influence the sensitivity of this cell lines against 5-FU, were
studied. Genetic polymorphisms of pyrimidine enzymes i.e.
TS, the most important molecular target of 5-FU and that of
MTHFR, producing folate cofactor for 5-FU action as
potential predictors of 5-FU responsiveness were determined.
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In HCA-7 cells in the 5’untranslated region of the TS gene
(5’TSER) a homozygous triple repeat of a 28 bp long nucle-
otide sequence (3R/3R), while in HT-29 cells a homozygous
double repeat (2R/2R) was found. In the 3’ untranslated
region of the gene (3°’TSUTR) a 6 bp long insertion resulting
in 6 bp/0 bp heterozygosity in HCA-7 cells and 6 bp/6 bp
homozygosity in HT-29 cells was present. For the C677T
polymorphism of the MTHFR gene HCA-7 cells were
heterozygous, and HT-29 cells were homozygous mutant.

The dihydropyrimidine dehydrogenase enzyme activity
was found to be 101+15 pmol/min/mg protein in HCA-7
cells, and 9+3 pmol/min/mg protein in HT-29 cells. Based
on these findings in agreement with our earlier studies [16, 18]
HT-29 could be characterized as 5-FU sensitive and on the
contrary HCA-7 as 5-FU insensitive cell lines.

The 48-hour 5-FU treatment inhibited HCA-7 and HT-29
cell growth in a dose-dependent manner. The ICs, values -
calculated from the 5-FU dose response curve - were 1.1 mM
for HCA-7 cells and 10 uM for HT-29 cells, respectively,
showing a good relationship with the results of pharmacoge-
netic and pharmacobiochemical studies (Fig. 1). For the fur-
ther experiments the applied 5-FU concentration was 1 mM
for HCA-7 and 10 uM for HT-29 cell lines, respectively.

Growth Inhibition of HCA-7 by 5-FU + NSAIDs

To evaluate the dose dependent effect of 5-FU + NSAIDs
on the proliferation rate cells were incubated for 48 h with
different concentrations of 5-FU+10 uM indomethacin or
1.77 uM NS-398.

Indomethacin or NS-398 applied for 48 h potentiated
significantly the growth inhibitory effect of 5-FU in HCA-7
cells. The ICsy value of 5-FU + indomethacin treatment
was 0.44 mM (p<0.001 vs 5-FU), and that of 5-FU + NS-
398 treatment was 0.28 mM (p<0.001 vs 5-FU). In HT-29
cells the ICs, value of 5-FU + indomethacin treatment was
11.62 uM, and that of 5-FU + NS-398 treatment was
12.32 uM, which were non-significant changes compared
to the ICsq value of 5-FU treatment (Fig. 1).

In HCA-7 cells the 24-hours treatment with 1 mM 5-FU +
NSAIDs decreased the cell proliferation, but the difference
compared to 5-FU alone did not reach the level of
significance. After 48 h 5-FU alone produced 42% cell
growth inhibition compared to the control and this effect was
significantly enhanced by indomethacin (62% inhibition vs
control), or NS-398 (64% inhibition vs control). Compared
to the 5-FU treatment 5-FU + indomethacin resulted in a
20% (p<0.01) and 5-FU + NS-398 in a 22% (p<0.001)
decrease in the cell number.

In case of HT-29 cells both the 24- and 48-hours treatments
with 10 uM 5-FU caused a significant reduction of the cell
number (p<<0.0001 vs. control). The combined treatment with
NSAIDs did not enhance the cytotoxic effect of 5-FU.
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Fig. 1 Dose dependent effect of 5-fluorouracil + indomethacin or NS-
398 treatment on HCA-7 and HT-29 cell growth. Cells were treated
with different concentrations of 5-FU + indomethacin (10 uM) or NS-
398 (1.77 uM). After 48 h the cell proliferation was measured by
sulphorhodamine B assay and the results were plotted as % of control
(cells without exposure to drugs). The data represent the mean + SD of
two independent experiments performed in quadruplicates. a. The 1Cs
values in HCA-7 cells were: 5-FU=1.1 mM, 5-FU + indomethacin=
0.44 mM (p<0.001 vs 5-FU) and 5-FU + NS-398=0.28 mM (p<
0.001 vs 5-FU) b. In HT-29 cells the ICs, values were: 5-FU=10 uM,
5-FU + indomethacin=11.62 uM and 5-FU + NS-398=12.32 uM

Neither indomethacin, nor NS-398 alone influenced the
proliferation of HCA-7 or HT-29 cells after 24 and 48 h

(Fig. 2).
Cell Cycle Analysis and Apoptosis Determination

After 48-hour treatment with 5-FU or 5-FU + NSAIDs the
FACS analysis showed a significant accumulation of the
cells in S-phase and in parallel a decrease of G2/M fraction
compared to the control in both cell lines (Table 1). The
amount of cells in S-phase after combined treatment seems
to be dependent on the extent of S-phase arrest induced by
5-FU and NSAID treatments, separately. A significant
increase (~5-10%) of S-phase after 5-FU + NSAID
treatment compared to 5-FU alone was seen only in case of
HCA-7 cells, where 5-FU and NSAIDs alone enhanced the
S-phase arrest by 27% and 8—15%, respectively. In contrast,
in case of HT-29 5-FU alone induced a more extended S-
phase arrest (~66% increase), whereas, NSAIDs alone
decreased the rate of S-phase by 10-12%.

Compared to the untreated cells the apoptosis rate after
48-hour 5-FU treatment was nearly doubled in both cell
lines, while NSAIDs alone did not induce apoptosis. All the
same, the combined treatment resulted in a significant
increase of apoptotic rate by 30-40% (compared to the
5-FU treatment) only in case of HCA-7 cells (Fig. 3).

The Effect of 5-FU + NSAIDs on PGE, Production

The PGE, synthesis was evaluated in HCA-7 and HT-29
cells as a measure of COX-2 activity. In HT-29 cells the
PGE, production was under the detection limit. In HCA-7
cells the treatment with 10 uM indomethacin or 1.77 uM
NS-398 resulted in more than a 90% inhibition of PGE,
production. Combined treatments (5-FU + NSAID) also
resulted in the same inhibitory effect of COX-2 enzyme
activity (Table 2).

COX-2 Protein Expression Determined by Western Blotting
and Immunofluorescence Microscopy

The two isoforms of COX enzyme: COX-1 and COX-2
were investigated in HCA-7 and HT-29 cells by Western
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Fig. 2 Effect of 5-FU, indomethacin, NS-398 and their combinations
on HCA-7 and HT-29 cell proliferation measured by sulphorhodamine
B assay. Each point represents the mean + SD in % of control of six
independent experiments. a. HCA-7 cells were treated with 10 uM
indomethacin, 1.77 pM NS-398 and 1 mM 5-FU b. HT-29 cells were
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Table 1 Cell cycle phase distribution of HCA-7 and HT-29 cells after 24- and 48-hour treatment with 5-FU (F), indomethacin (I), NS-398 (N)
and their combination'

Cell Treatment type
cycle 24 hours 48 hours
Phase
c F I N F+ F+N F I N F+ F+N
HCA-7
Gl 48+4 39437 4745 44+11 3643 38+3" 3947 4443 45+4 34+2™ 3646
S 48+2 613" 48+1 5111 64+£3"" 62+3"" 611" 5541 5242™" 66+£1""" 64+£1""
G2IM 443 0+0™" 542 5+1 0+0"" 0+0"" 0+0"" 1+2 3+1 0+0™" 0+0""
HT-29
Gl 57+7  45+12 59+16  60+15  44+17 47+16 32+9™ 62+7 61+3 3249™ 36+8™"
S 41+5 55412 37+16  37+16  56+17 53+16 68+18"  37+13 36+4 68+19"" 64+16™
G2/M  2#1 0+0"" 41" 3+1 0+0"" 0+0"" 0+0"" 1+1 3+1 0+0"" 0+0"*

! Data represent the mean + standard deviation of four independent experiments expressed in %, © The cell cycle phase distribution of the control

(C) remained unchanged during the treatment period, =~ p<0.05 vs control, = p<0.05 vs 48-hour 5-FU treatment

blot analysis. In HCA-7 cells strong and in HT-29 cells
weak COX-2 expression was present. The COX-1 expres-
sion was somewhat higher (~1.5x) in HT-29 cells compared
to that of HCA-7 cells. In both cell lines the expression of
COX-1 protein remained unaltered by either forms of the
treatment (data not shown).

COX-2 protein expression increased in HCA-7 cells
after treatment with 5-FU + NSAIDs, while it was not
affected by either form of the treatments in case of HT-29
cells (Fig. 4). The results of immunofluorescence staining -
a relatively rapid and easy method to determine the changes

in the expression of COX-2 protein, which is localized in
the cytoplasm of the cells, correlated well with the results
of the Western blot analysis (Fig. 5a,b)

Discussion

5-fluorouracil is an effective cytotoxic agent in the
management of colorectal cancer, which after inhibiting
the pyrimidine metabolism induces apoptosis of cancer
cells. Combination of 5-FU with various modulators
potentiated its antitumor effects [23] and enhanced the rate
of apoptosis [7].

_ B 5.FU . . . .
300 o ' It is well known that the malignant tumors including
# indomethacin . .
EINS-398 colorectal cancers overexpress COX-2 resulting in an
250 1 B 5-FU + indomethacin

W 5-FU + NS-398

Apoptosis (% of control)

increased tumorigenic potential [1]. Non-steroidal anti-
inflammatory drugs by inhibiting the activity of COX

Table 2 Effect of 5-flourouracil £ indomethacin or NS-398 on
prostaglandin E, production (PGE,) of HCA-7 and HT-29 cells after
48 h measured by enzyme immunoassay

Treatment PGE, production of cells (ng/ml/10° cells)
24 hours 48 hours 24 hours 48 hours HCA-7 HT-29
HCA-7 HT-29
‘mean 23 16 152124 3315154347 9 8 6 8 7 12951115 Control 20.44+0.60 Nd
SD 4.1 375827175 4.1 6.8 6.1 6.5 3.7 211315 2213 1825221428 . sk

Indomethacin 0.4+0.04 Nd
Fig. 3 Apoptotic rate of HCA-7 and HT-29 cells after 24- and NS-398 0.2+0.02 Nd
48-hour treatment with 5-fluorouracil, indomethacin, NS-398 and their 5-FU 16.7+1.30 Nd
combination. Each bar represents the average value + SD of four 5-FU + indomethacin ~ 0.2+0.12* Nd
independent experiments in % of control. # p<0.05 vs control; * p< 5-FU + NS-398 0.2+0.05* Nd

0.05 vs 48-hour 5-FU treatment. ° apoptotic cells in percentage of all
cells. The apoptotic rate of the control cells remained unchanged
during the 48-hour period (HCA-7 cells: 17+1.2%; HT-29 cells:
7+2.2%)
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! Data represent the mean + standard deviation of triplicate experiments,
Nd non-detectable, ~* p<0.001 vs control, * p<0.001 vs 5-FU
treatment
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Fig. 4 Western blot analysis of cyclooxygenase-2 and [3-actin
expressions in HCA-7 and HT-29 cells after 48-hour treatment with
5-FU, indomethacin, NS-398 and their combination. a.u. arbitrary unit
represents the optical density ratio of COX-2/f3-actin

enzymes have been applied as chemopreventive agents [2]
moreover, high concentration of NSAIDs combined with
anticancer agents resulted in a higher cytotoxic effect [9].
In the present study, before investigating the NSAID-
modulated cytotoxic activity of 5-FU, the characteristics of
HCA-7 and HT-29 cell lines regarding their 5-FU sensi-
tivity were examined. In our earlier study polymorphisms in
the gene encoding TS have been shown to influence the
responsiveness to the 5-FU treatment [16]. Our present
results confirm the moderate sensitivity of HCA-7 cells
against 5-FU (ICso:1.1 mM) compared to the HT-29 cells

5-FU indomethacin

control

HCA-7

HT-29

Fig. 5 Immunofluorescent staining of cyclooxygenase-2 protein in
HCA-7 and HT-29 cells after 48-hour treatment with 5- fluorouracil +
indomethacin or NS-398. a. HCA-7 cells were treated with indometh-

(IC50:10 uM), which was in good correlation with their
pharmacobiological characteristics. The TS 3R homo-
zygosity and on the other hand the high dihydropyrimidine
dehydrogenase enzyme activity contributed to the relative
insensitiveness of HCA-7 cells against 5-FU [24]. Etienne
et al. reported earlier that the TS genotype 3R/3R have a
higher TS activity and a poorer response to 5-FU therapy
than those being homozygous for 2R [25].

Several studies presented the ability of NSAIDs to
increase the efficacy of chemotherapeutic drugs. Specifi-
cally, combining flurbiprofen, sulindac or indomethacin
with methotrexate, cyclophosphamide, melphalan, vincris-
tine, doxorubicin and 5-FU resulted in an enhancement of
cytotoxicity [26-29].

Indeed, NSAIDs might inhibit cell growth and induce
apoptosis, however, in a significantly higher concentrations
than those required for the inhibition of prostaglandin
production. In our experiments low concentrations of
NSAIDs had no effect on cell proliferation.

Indomethacin and NS-398 decreased the PGE, level in
HCA-7 cells. Totzke et al also found that PGE, levels in
COX-2 expressing HeLa H21 cells treated with low dose
NS-398 (1 uM) was significantly reduced after 3—12 h [30].
The PGE, level of HT-29 cells was under the detection
limit. Data regarding the COX-2 expression of HT-29 cells
are controversial [15, 31].

Unfortunately, there are only few investigations present-
ing the effect of 5-FU treatments on cancer cells combined
with low dose NSAIDs. Applying low dose indomethacin
(2.8 uM) after 72 h a significant (~60%) ICs, reduction
was reported after 5-FU treatment on murine Colon 26 cells
[28], which constitutively express COX-2 protein [32].
Similar results were found on SKG-2 and HKUS human
cervical cancer cells after treatment with indomethacin
(0.3 uM), which significantly increased the cytotoxicity of

NS-398 5-FU+indomethacin 5-FU+NS-398

acin (10 uM); NS-398 (1.77 uM); 5-FU (1 mM) b HT-29 cells were
incubated with indomethacin (10 uM); NS-398 (1.77 uM); 5-FU
(10 uM)
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5-FU after 5 h resulting in a 72 and 63% reduction in ICs,
values, respectively [29]. However, the COX-2 expression
level of these cells are unknown.

On the other hand, it was demonstrated on human lung
adenocarcinoma cell lines (DLKP, A549, COR L23P, COR
L23R, HL60/ADR, 76-2 and 77-4) that indomethacin at
low doses (5.6-7 uM) was unable to potentiate the cyto-
toxicity of 5-FU (3—15.4 uM) after 3-5-day treatment
[26, 33, 34]. To the best of our knowledge, the COX-2
expression status of these cell lines was not yet investi-
gated, except for A549 cells, which express COX-2 after
stimulation [33].

Interestingly, NS-398 at low dose (1 uM) diminished the
cytotoxic action of cisplatin, paclitaxel and also 5-FU on
HeLa cervical carcinoma cells after 48 h [35]. It worths to
mention that HeLa in that study was also a COX-2 non-
expressing cell line.

Mizutani et al found that the selective COX-2 inhibitor
(JTE-522) synergistically enhanced - independently of the
p53 status - the cytotoxic effect of 5-FU against bladder
cancer cells (T24 and HT1197) [36], which both are COX-2
expressing cell lines [37].

The cell cycle distribution of HCA-7 and HT-29 cells
after 5-FU + indomethacin or NS-398 treatment presented
marked reduction of G2/M and an increase in S-phase
fraction. Petak et al. demonstrated that 5-FU treatment of
cells with mutant p53 result in an accumulation of cells in
S-phase and absence of acute apoptosis [6]. HT-29 cells
possess a homozygous mutant p53, which causes an
inactive protein (R273H) [38] and consequently, a marked
S-phase arrest. Absence of acute apoptosis was observed in
our experiments as well.

On the contrary, HCA-7 cells have both wild-type and
mutant p53 [39], which is in accordance with our results
showing that 5-FU treatment caused a relatively modest S-
phase arrest (27% increase vs control compared to the 66%
in HT-29 cells after 48 h) and more increased (p<0.05)
apoptosis compared to HT-29.

Several studies demonstrated that NSAIDs i.e: indo-
methacin or NS-398 caused a GO/G1 arrest, reducing the
ratio of cells in S and G2/M phase leading to apoptosis of
the cells. These effects were seen only at high NSAID
doses [40]. Interestingly, when HCA-7 cells were treated
with low dose indomethacin or NS-398 a significant
increase of cells in S-phase was seen compared to control.
The hypothetical question if higher doses of NSAIDs
would induce a more extended S-phase arrest and apoptosis
is pointless, because other already mentioned, different
signal pathways could be activated modifying the cell cycle
distribution.

Earlier it has been shown, that in addition to COX-2
inhibition NSAIDs increase the level of arachidonic acid
(AA) [41]. The accumulation of AA caused an increase of
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S-phase and induced cell proliferation in embryonic stem
cells via cyclin D/E and CDK2/4 [42].

Indeed, in our study on HCA-7 cells low dose NSAIDs
alone caused S-phase accumulation and a slight but not
significant increase in cell number. The aboved mentioned
assumption regarding the effect of AA is feasible to
understand our results, because indomethacin and NS-398
decreased PGE, level already after 24 h although there was
no change in S-phase rate, while after 48 h no further
decrease in PGE, level was demonstrated yet, a significant
accumulation in S-phase appeared.

Informations regarding the molecular pathways influ-
enced by various NSAIDs at different concentrations are
controversial at the present time. Recent studies have
identified a series of new molecular targets of NSAIDs
that are mainly involved in signaling pathways, i.e.
activation of MAPKs and AKT [12] inhibition of Delta/
Notchl [43], etc, but in these cases the applied NSAID
concentrations, which are required to influence these
pathways were more than tenfold higher than those used
in our investigations.

As a consequence, other mechanisms should be con-
sidered in the explanation why low dose NSAIDs enhance
the cytotoxicity of 5-FU. Ogino and Hanazono demonstrated
that indomethacin-modified the 5-FU effect by increasing
the intracellular uptake of 5-FU. This finding might be in
connection with the changes of fatty acid composition of
tumor cells influencing the membrane fluidity and perme-
ability caused by indomethacin, affecting the entry of 5-FU
into tumor cells [28].

An other mechanism, which may influence the intracel-
lular content of 5-FU was raised by Oguri et al demon-
strated that multidrug-resistance-associated protein, MRP8/
ABCCI1 is an efflux pump for the nucleotide analogues
and 5-fluoro-2’-deoxyuridine 5’-monophosphate (FAUMP),
as well, and elevated MRPS level confers 5-FU resistance
[44].

Moreover, it was found by Chen et al. that 10 uM
indomethacin can decrease the level of MRP8 mediated
transport by approximately 30%. They presented that low
dose NSAIDs increase the intracellular 5-FU content and
consequently its cytotoxicity by suppressing the MRPS8-
mediated 5-FU efflux [45], which might help to interpret
our findings.

In conclusion, our present results suggest that 5-FU-
sensitivity of HCA-7 colon cancer cells, which express
high level of COX-2, can be increased effectively by
applying COX inhibitors indomethacin or NS-398 in low
dose. The exact mechanism by which low dose NSAIDs
enhances 5-FU cytotoxicity requires further studies.
Because of their later potential in clinical implications
our findings need to be confirmed on other cell lines and
in vivo, as well.
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