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Abstract: Hepatocellular Cancer Cell (HCC) lines HepG2, HA22T and KEL FIB were used to test the therapeutic
effect of different combined protocols for etodolac plus 5-FU: 1). the selective COX 2 inhibitor etodolac alone
at 0.0~0.16 pg uL™"; 2). 5-FU alene at 0.0~-1.25 ugmL™"; 3). etedeolac (0.31 pg uL ™) plus 5-FU (1.25 ugmL ") in
a simultaneous-, or an alternative sequential protocol. Cell viability was measured using MTT assay and flow
cytometric analysis. An inverse dose dependent survival rate was observed for both drugs, while the apoptotic
data of the three HCC cell lines have favored the simultaneous administration of etodolac plus 5-FU, which
revealed to be more effective than admiistering etodolac or 5-FU alone. We conclude that i view of the
therapeutic efficacy with a mmimized cytotoxicity, a simultaneous admimstration of etodolac plus 5-FU, each
at much more reduced dosages than usually prescribed alone, could be strongly recommended for treatment

of HCC.
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INTRODUCTION

Hepatocellular Carcinoma (HCC) have become
common worldwide malignant tumors in the world, the
majority of which occurs in Asia and Africa (Bosch, 1997).
HCC represents more than 4% of total worldwide cancer
mncidences with mereasing deaths at least 315,000 per year
(Harris and Sun, 1984). Recently, the incidence and
mortality are spreading in North America and Europe
(Taylor et al., 1997, El-Serag et al., 2003) in the United
States (El-Serag and Mason, 1999) and in Taiwan. HCC
actually has contributed a 42.5% of liver cancer incidence
in the world, while amounting to 90% of Primary
Hepatoma (HP) in China (Ye, 2004). Such an increase has
been attributed primarily to chromc infections of
viral hepatitis C (HCV) (El-Serag and Mason, 2000,
Falcon et al., 2005) and B (HBV), particularly in children
(Kao, 2003). HCC often develops in patients with liver
cirthosis (Akriviadis ef al., 1998). Surgical resection
usually 15 the standard modality with a 5-year survival rate
of only 25-29%, yet only limited to a small proportion of

patients (Kondo et al., 1999). Alternatively, non-surgical
therapy has been frequently administered to patients
with moperable HCC (Huo and Lee, 2004). However, the
long-term prognosis of HCC generally is poor.
5-Fluorouracil (5-FU) was the first chemotherapeutic
agent reported to be effective for treatment of HCC
(Friedman, 1983; Lin ef al., 1997) whose cytotoxic effect
on cancer cells has been ascribed to its capability of
inducing cancer cell apoptosis. Such an apoptosis
occurs in hepatoma cell lines via both Fas-dependent
and Fas-independent pathways (liang et al., 1999).
Cyclooxygenase (COX) 1s a rate limiting enzyme to
covert arachidonic acid to Prostaglandins (PGs),
thromboxanes and other eicosanoids (Kujubu et al., 1991,
Xie et al, 1991, Hla and Neilson, 1992) during
inflammation. COX has two 1soforms, COXI1 and
COX2 (Eberhart and Dubois, 1995). While COX-1
constitutively expressed ina variety of tissues, being
important  for the  maintenance of homeostatic
functions mcluding synthesis of cytoprotective
gastrointestinal prostaglanding and the modulation of
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platelet aggregation (Eberhart and Dubois, 1995,
ONeill and Ford, 1993; Fosslien, 2000) COX-2 1s induced
by several growth factors and cytokines mcluding Tumor
Necrosis Factor oo (TNF-¢t), facapentanene-12, interleukin
1B and platelet activating factor, PAF) (Plummer et al.,
1999) primarily responsible for PGs production in
mflammatory sites (Hla, 1992; Eberhart and Dubois, 1995;
Dewitt and Smith, 1988; Funk, 1991; Kujubu et al., 1991,
O’Banion ef al., 1992; Sano et al., 1992; Crofford et al.,
1994) 18 mvolved in the regulation of cell growth and
blastocyst implantation (Vene ef af, 1998) and
angiogenesis (Tsujii et al, 1998). The overexpression of
COX2 has been reported in various types of tumors,
such as colorectal (Kargman et af, 1995) gastric
(Rastimmaka ef al., 1997) lung (Hida et al., 1998) prostate
(Liu et al, 1998) breast (Liu and Rose, 1996) and
malignant epithelia cancer, pancreatic and Hepatocellular
Carcinoma (HCC) (Sano et af., 1995; Molina et ai., 1999,
Koga ef al., 1999; Kern et al., 2002). The COX2 gene
encodes an inducible prostaglandin synthase enzyme
that is overexpressed in adencarcinomas and tumors
(Liu et al., 2001). COX-2-mduced tumor tissue expressed
reduced levels of the proapoptotic proteins Bax and Bel-x
(L) and an increase in the anti-apototic proteins Bel-2,
enhanced COX2 expression is sufficient to induce
mammary gland tumorigenesis (Tsuji and Dubois,1995;
Liu et al, 2001) which can intubit apoptosis,
therefore, inhibition of COX2 may represent a
mechanism-based chemopreventive approach  for
cancer therapy (Liu efal., 2001).

Tumor cell apoptosis 1s associated with rapid
activation of the caspases-3, -6, -9, but independent of
Bel-2 and BAX and the phosphorylation status of
AKT/PKB and BAD (Kem et ai., 2002). Non-Steroidal
Anti-Inflammatory Drugs (NSAIDs) can reduce the risk of
colon cancer (Kune et al., 1998; Thun et al., 1991,
Giovannucci et al., 1995; Suh et al., 1993; Peleg et al.,
1994) and decrease, in number and size, the polyps in
patients with Familial Adenomatous Polyposis (FAP)
(Waddel and Loughry, 1983, Giardiello et al., 1993;
Steinbach et ai., 2000).

The well-documented antiproliferative effect of
NSAID was first identified on hepatoma cells (Hial ef al.,
1997). Present study demonstrated that sulindac can
induce apoptosis in human HepG2 cells, associated with
the mnhibition of cell proliferation and DNA synthesis.
Apoptosis caused by sulindac 13 associated with the
activation of caspase-3 (Liu et al, 2002). Etodolac, a
member of the pyranocarboxylic acid group of NSATDs,
exhibits anti-inflammatory, analgesic and antipyretic
activities in amimal models. Yamazaki et al. (2002)
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indicated celecoxib, another selective COX-2 inhibitor,
induced apoptosis and inhubits proliferation of cancer
to express COX-2. For decades, cytotoxic
chemotherapeutics have been dominating in the systemic
cancer therapy, especially by the so called The Maximum
Tolerable Dose (MTD). However, the toxic side effects
are frequently observed to be associated with MTD-
based chemotherapy, which normally include acute
myelosuppression and many other well known side

cells

effects mcluding the long lasting cardiac, renal,
neurological and reproductive complications. Whether to
use a combination of medicine with a designed
administration protocol, each in a much smaller dosages
than those that are usually prescribed alone, can be more
effective yet less toxic? Such a concept 13 called The
Metronomic Chemotherapy (Pietras and Hanahan, 2005).

In present study, the COX-2 inhibitor etodolac was
selected m this tnal,
availability, ease of admimstration, excellent
effect profile and putative anti-angiogenic effects
(Masferrer et al, 2000, Gately and Kerbel, 2003). On
the other hand, 5-FU was selected to be used in such a
combination, because a number of synergistic mteractions
had already been demonstrated previously between
5-FU and other antineoplastic drugs
investigations (Chen et af., 2004).

This study investigates the strategy for combined
administration of 5-etodlac plus 5-FU, with an aim to
discover a novel and safer synergistic therapy in
treatment of HCC.

because of its comimercial
side

in clinical

MATERIALS AND METHODS

Cell lines and culture methods: Human HCC cell lines
HepG2, HA22T and KELFIB (humanskin keloid fibroblast
cell line) were obtained from the American Type Culture
Collection (ATCC). Cells were cultured in a complete
medium containing DMEM (Gibco BRL Laboratories,
Grand Island, NY) supplemented with 10% heat-
inactivated Fetal Calf Serum (FCS) (Biological Industries,
Kibbutz Beit Haemelk, Tsreal), 100 units mT.~" penicillin and
100 pg mL~" streptomycin (Celox Corporation, Hopkins,
MN). KELFIB was used as the control.

Medicine: Etodolac, a racemic mixture of [+] S and [-] R
enantiomers of (+) 1,8-diethyl-1,3,4,9-tetrahydropyrano-
[3.4-b] mdole-1-acetic acid [C1TH21NO3, MW = 287.37],
was gifted by TTY Biopharm. 5-fluorouracil (5-FU) was
provided free by TICN. Etodolac (5 mg mIL™") and 5-FU
(50 mg mL™") were suspended in PBS solution,
respectively for in vitro experiments.
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Procedure

Cell viability: TC50 and TC20: Tn simple dose-dependent
studies, cells (104 well) of HepG2, HA22T and KEL FIB
were seeded to 96-well plates and exposed to 5-FU or
etodolac. The experiments were performed to search the
values of IC50 (the 50% viability inhibitory concentration)
and IC20 (the 20% viability inhibitory concentration) for
5-FU and etodolac, respectively. Thus, cells were added
with 5-FU ranging from 1.25x10-3 to 1250 ug mL.~" and
etodolac ranging from 0.02~1.25 ng ul.™', respectively and
mcubated for 48 b, MTT assay was used to evaluate the
% cell viability, from which values of IC50 and IC20 were
chosen to proceed the next experimentations, with an aim
to minimize the therapeutic dosages and related toxicity in
climcal prescription.

Administration protocols: Simple simultaneous combined
therapy (SSCT): Two drugs interacting at TC50 Cells
(1=104/well) of HepG2, HA22T and KEL FIB were seeded
to 96-well plates and added with 5-FU at IC50 (9.70 pg
mL ™) plus etodolac at IC50 (0.22 pg pl.7") and incubated
for 0, 12, 24 and 48 h, respectively. MTT assay was
performed to compare the cell growth status.

Optimization of a combined therapy: To investigate the
drug interaction in more detail, a combined therapy was
performed for each cell lines, which actually mvolved a
Serial Paired Sinultaneous Admimstration (SPSA) and a
Serial Paired Intermitted Sequential Administration
(SPISA) protocols.

Serial Paired Simultaneous Administration (SPSA):
In the protocol SPSA, different levels of 5-FU and
etodolac at concentrations around the marginal IC20
(5-FU at1.25%10-3,1.25%10-2,0.125, or 1.25 pg mL " and
etodolac at 0.02, 0.04, 0.08, to 0.16 ug uL ™', respectively)
were fed in pair simultaneously.

Serial Paired Intermitted Sequential Administration
(SPISA): In the protocol SPISA, different levels of 5-FU
and etodolac at dosages around TC20 (5-FU at 1.25%10-3,
1.25%10-2,0.125, or 1.25 ng mL. ™~ and etodolac at 0.02, 0.04,
0.08, to 0.16 ug pL ™", respectively) were administered by
pairs 1n a sequential manner, with 5-FU added first then
followed by etodolac, or the vice versa. The intermitted
periods were all fixed at 24 h. Thus cells (1 %104 well) of
HepG2, HA22T and KEL FIB were seeded to 96-well plates
and incubated, respectively for 24 hat 370C m a 5% CO2
atmosphere, the supernatant was completely aspirated,
then treated with 25 pl. of drug(s), respectively as
mndicated in different protocols. The MTT assay was used
to determine the cell viabality.
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MTT assay: Cell (105 cells mL.™") of HepG2, HA22T and
KEL FIB were seeded into 96-well plates and after
incubated for 24 h at 37°C in a 5% CO2 atmosphere, the
supernatant was completely aspwated. In  the
simultaneous protocol, the tested cells in 96 well plates
were then treated with 25 pl, of either drugs at various
concentrations Medium DMEM was added to make a final
volume of 200 pL. and mcubated for 48 h, the medium
containing drugs was washed off and replaced with fresh
medium. The number of cells was quantified by a
colorimetric MTT assay according to Mosmamm (1985)
using MTT (Sigma Chemical, St. Louis, MO) (5 mg mL ™
in phosphate-buffered saline) for a further 4 h incubation.
In the sequential protocols, the tested cells in 96-well
plates were treated first with either kind of drug (either
etodolac or 5-FU) at serial concentrations study for 24 h,
the first drug in the culture medium was then washed
off, followed by treatment with the second medicine
(either 5-FU or etodolac, or the vice versa) at selected
concentrations for another 24 h. The cells were then
subjected to MTT assay after 4 h incubation. Acid-
isopropanol (120ul. of 0.04 N HCI in isopropanol) was
added to all wells, thoroughly mixed for few mimutes at
ambient temperature to dissolve the dark blue crystals.
The plates were read on ETA reader at 590 nm and 630 nim,
respectively. Cell survival was determined by MTT assay
and plotted n percentage of the control (untreated cells).
Independent triplicates were performed.

TUNEL Assay (DNA fragmentation and trypan blue
exclusion assay for cell death): Cells (106 mL™") were
treated with etodolac or 5-FU in a dose-dependent or a
time-dependent mamner at 37°C in a humidified 5% CO2
incubator, then determined by Trypan Blue exclusion and
washed three times with phosphate-buffered saline
supplemented with 2% FCS, fixed with 1% formaldehyde
at 4°C for 20 min, washed twice with ice-cold phosphate-
buffered saline and finally suspended in 70% ice-cold
ethanol. The whole TUNEL assay was performed using an
ApoAlertTm DNA fragmentation assay kit (Clotech, CA,
UUSA) as directed by the manufacturer.

Briefly, cells (2x106 cells mL.™") were collected,
washed twice with phosphate buffer salme and
resuspended 1n a reaction mixture contamung 45ul
equilibration buffer, SulL nucleotide mix and 1 ul. terminal
deoxynucleotidy] transferase enzyme. The reaction was
performed m a dark, humidified 37°C mcubator for 60 min
and terminated by adding lmL of 20 mM EDTA. Termmal
deoxynucleotidyl transferase catalyzes the incorporation
of Fluarescein Tsothiocyanate (FITC)-labeled dUTP at the
free 3°-hydroxyl ends of fragmented DNA. The apoptotic
cells were momtored based on green fluorescence at
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520420 nm by FACScan (Becton Dickinson, CA, TISA).
Data were collected and treated with the CELLQuest
software. Specific apoptosis was calculated by
subtracting the background apoptosis observed in the
control cells from the total apoptosis cobserved in the
experimental. Triplicate experiments were repeated and
data obtained were treated statistically.

Annexin V assay for relocated phosphatidylserine: The
interactive effects of drugs on HepG2 and HA22T cells
were also evaluated for apoptosis induction with the
Annexin V assay. HepG2 and HA22T cells were treated
with etodelac in combination with 5-FU at doses of IC20
(5-FU, 0.016 pg mL™"; etodolac, 0.05 pg 1.7, respectively,
according to the simultaneous or the sequential protocols
as mentioned above. The Annexin V assay was performed
by following the manufacturer’s protocol using an
ApoAlertTm Annexin V apoptosis kit (Clotech, CA.,
USA), which 1s based on the principle to observe
redistribution of phosphatidylserine from the interior face
of the plasma membrane to the cell surface within the
early-stage post induction of apoptosis. Annexin V, a
strong anticoagulant capable of conjugating with FITC, 1s
able to bmd onto the phosphatidylserine molecules
having been relocated onto the cell surface. The number
of apoptotic cells is then measurable from the intensity of
the emitted fluorescence.

Briefly, the drug-treated cells (200 pL) were added
with 10 pl. of Annexin V-FITC (1 pg mL™"). After
incubated at room temperature for 15 min in the dark, the
cells were analyzed by FACScan (Becton Dickinson, CA,
USA) using a single laser-emitting excitation light at 488
mm and finally analyzed with a CELLQuest software.
Specific apoptosis was calculated by subtracting the
background apoptosis observed in the control cells from
the total apoptosis observed in the drug-treated cells. The
population Annexin-V+/PI- (early apoptotic) represents
the apoptotic cells; the Annexin-V+/PI+ population, the
secondary apoptotic cells; and the Amexin-V-/PI+
indicates the necrotic cells.

Flow-cytometric analysis: Cells (2x104) were cultured in
6-cm culture plates and treated with etodolac or etodolac
plus 5-FU at concentrations as mentioned in this study,
The floating and adherent cells post trypsinization were
collected and washed with ice-cold PBS, fixed and
permeabilized with 70% ethanol at -200C overught, then
incubated with 30 g mL ™" Propidium Iedide (PI) and 100
ng mL~' RNase for 30 min at ambient temperature in the
darl after washing with ice-cold PBS on the next day. Cell
cycle analysis was performed with a flow cytometer
(FACS Calibur;, BD Biosciences, CA, USA). Data
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acquisition and analysis were performed in the flow
cytometer with the accompanying software (CellQuest;
BD Biosciences, USA). Appropriate gating was used to
select the easily distinguished single population. Ten
thousand events per sample were counted and at least
triplicate determinations were performed to assure each
cell cycle distribution. The final percentages of cells in
each phase were calculated from the triplicates with the
data treated statistically.

Statistical analysis: Data were taken from at least
triplicate independent determinations and expressed in
mean+3D.

RESULTS

Dose-and time-dependent inhibitory effects on cell
growth exerted by 5-FU and/or etodolac: A dose-
dependent growth-inlibitory effect on cell lines HepG2,
HAZ22T and KELFIB were observed after 48 h of
incubation with both 5-FU (Fig. 1) and etodolac (Fig. 2).
The level of 20 and 50% inhibitions (IC20 and TC50) by 5-
FU cceurred at 0.031 and 9.70 ug mL™', respectively
(Fig. 1), compared to 0.05 and 0.22 ug uL ™, respectively
for etodolac (Fig. 2). In term of cell viability inhibitory
effect per unit concentration, 5-FU was more potent than
etodolac (Fig. 1 and 2), Alternatively, the time-course
studies showed that growth inhibition on all cell lines was
apparently conceivable at 24 h post incubation despite
the protocols used (Fig. 3).
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Fig. 1. Dose-dependent growth inhibitory effect of 5-FU

on cell lines HepG2, HA22T and KELFIB. The cell
growth rate (%) was calculated by dividing the
mumber of 5-FU-treated cells by that of untreated
cells. Data from triplicate experiments are shown in
the mean+SD
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Fig. 2: Dose-dependent growth inhibitory effect of etodolac on cell lines HepG2, HA22T and KELFIB. Cell growth rate
(%) was calculated by dividing the number of etodolac-treated cells by that of untreated cells. Data from triplicate

experiments are shown in mean+SD
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Fig. 3: The time-dependent growth-inhibitory effects on HepG2, HA22T, KEL FIB and FIB treated with either 5-F1J (9.70
pg mL ™" or etedolac (0.22 ug uL™") alone; and 5-FU (9.70 ug mL ™) plus etodolac (0.22 ug pL ™", respectively.
Data from triplicate experiments are shown mn mean+3D

Dose responsive interaction between etodolac and 5-FU:
Results obtained from all administration protecols in cell
cultures HepG2, HA22T and KELFIB are shown in Fig. 4,
respectively. Taking 20% viability inhibition (IC20) as the
criteria, a simultaneous administration protocol treating
with 5-FU (1.25 pg mL ") plus etodolac (0.02~0.16ug pL ™)
showed a percent inhibition more than 40% in any cell line
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(Fig. 4 a-c), most prominently on the HepG2. In the
sequential protocol, with 5-FU added first and followed by
etodolac, results seemed to have been slightly improved
with cell lines HepG2 (Fig. 4d) and HA22T (Fig. 4e). The
worst outcome from the same combination was obtained
with the protocol with etodolac added first and followed
by 5-FU (Fig.4 g-i).
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Fig. 4: Drug interaction curves demonstrated by Serial Paired Intermitted Sequential Admimstration (SPISA) on Hep(G2,
HA22T and KEL FIB cell lines by etodolac plus 5-FU. Simultaneous protocol (A, B and C, respectively), 5-FU
added first followed by etodolac (d, ¢ and f, respectively) and 5-FU sequentially after etodolac (g., h and 1,
respectively). % cell viability was measured using the MTT assay and plotted in percentage of the control (cell
without exposure to dirugs). Data are expressed in meantS.D. of triplicates

Dose-dependent induction of DNA fragmentation: DNA
was cleavaged into oligonucleosomal fragmentations
(180-200 bp), from which a typical feature of apoptosis
was observed. For HepG2, the % apoptotic cells were 17.8,
36.5 and 47.8, comparing to those of cell HA22T 15.0,37.0
and 48%, at etodolac 100, 200 and 300 pg mL~,
respectively (Fig. 5).

Induction of apoptosis by etodolac in combination with 5-
FU administered simultaneously or sequentially: All 5-
FU, etodolac and 5-FU plus etodolac induced apoptosis
m cell hines HepG2 and HA22T (Fig. 6). In HepG2, the
extent of apoptosis was more effectively affected by 5-FU
than etodolac (5-FU, 6.5%; etodolac: 0.5%, Fig. 6). As can
be although the 5-FU

seetl, sequential protocol
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administered first, then followed by etodolac induced
more apoptosis (11.6%) than the vice versa (1.2%) in
HepG2, vet the simultaneous admimstration showed the
most prominent effect (29.5%) (Fig. 6b), being
significantly larger comparing with any of the single or
sequential exposures (Fig. 6b).

Similarly in HA22T, 5-FU showed stronger effect
(9.0%) on apoptosis than etodolac (7.45%) 1if used alone
(Fig. 6b). In the sequential protocol with 5-FU added first,
then followed by etodolac, more apoptosis (5.0%) was
found than the vice versa (3.5%). Among the protocols,
the sunultaneous admimstration still revealed the most
strongest effect (17.8%); again, evidencing the fact that
the simultaneous exposure to 5-FU plus etodolac can be
the most potent and feasible protocol (Fig. 6b).
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Fig. 5: Dose-dependent induction of DNA fragmentation im HepG2 (a) and HA22T (b) cell lines. Cells (1105 cells mL ™)
were treated with etodolac at 100 to 300 ug mL™" for the time period and cultured under the same condition as
indicated. By performing TUNEL assay, the amount of Fluorescein Isothiocyanate (FITC) labeled DNA was

analyzed using FACScan
DISCUSSION

A dose-dependent growth-inhibitory effect on cell
lines HepG2, HA22T and KELFIB were observed after 48
h of incubation with both the 5-FU and the etodolac
treated groups (Fig. 1 and 2). 5-FU (Fig. 1) appeared to be
more potent than etodolac (Fig. 2) in view of the cell
growth inhibitory capability by per unit concentration of
medicine, i.e., a 50% inhibition was caused by etodolac at
0.22 ng ul.7" (Fig. 2), comparing to that of 3-FU at 9.70 nug
mL~ (Fig. 1), these data together with the IC20 values (for
3-FU, 0.031pg mL™; and for etodolac, 0.05 pg nL.™") were
thus selected as the critical concentrations for performing
further experimentations as described in study,
Altematively, the time-course studies showed that growth
inhibition on all cell lines was apparently observed at
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24 h post incubation despite the protocol and the cell
line used (Fig. 3). After 24 h of incubation, the %o cell
growth rates of all cell lines were seen distinctly affected
and the % suppression on Hep(G2 at 48 h were 145, 158
and 167% by etodolac, 5-FU and 5-FU plus etodolac,
respectively, comparing with the control (Fig. 3).
Similar results were found for cell lines HA22T and
KELFIB; for HA22T, the % suppression by etodolac, 5-FU
and 5-FU plus etodolac were 147, 160 and 167%,
comparing to those for KELFIB, 174, 180 and 182%,
respectively. Results revealed that the most potent effect
was by protocol with simultaneous administration of
etodolac (0.22 pg pl.™") plus 5-FU (9.70 ng mL™ ) an
implication of a more beneficial effect can be obtained by
a combined therapy than any medicine if administered
alone (Fig. 3).
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Quantification of cell deaths of HepG 2 and HA 23T cells growing at exponential phasze by Annexin-V assay. (a)Right lower quadmant in each
small figure represents the population of apoptotic cells with low intensity of propidivm iodide, but high Annexin-V expression and Right
upper guadrant in each small figure represents the population of necrotic cells with high intensity of propidivmiodide, but low Annexin-V
expression. The control representing cells without exposure to clrugs is show in the upper row of HepG2, HAZ2T. Cells were treated at [C20

Yaccording to the sirmltaneous or the sequential schedules as mentioned
above. Antexin-V assay was used to determine apoptotic cells (a). Cell death percentage of Hep G2, HAZ2T cell 2 treated with the indicated
protocolsare presented. Hep G2, HAZ2ZT cells showed signifi cant increments in apoptotic percentage when treated with simultaneous schedules
compared to thoge treated with sequential schedules(b)



Res. J. Biol. Sci.,, 2 (3): 268-279, 2007

The interaction among various drug concentrations
mn cell HepG2, HA22T and KELFIB are shown in Fig. 4
(Fig. 4 a1, respectively). Taking mdividual IC20 value
as a criterium, around which proper drug concentrations
(5-FU, 0.01-1.250 ug mL™"; etodelac, 0.02-0.16 ug uL™")
were selected. It can be seen that any concentration of 5-
FU lower than 1.250 pg mL ™", failed to suppress viability
to a level lower than 50%, despite the cell line used. Either
a simultaneous paired addition of etodolac with 5-FU
at 1.250 pg mL™' plus etodolac (0.02~0.16 pg ul.™")
(Fig. 4a-c), or a sequential treatment of cells with 5-FU
(1.250 pg mL™") first and then followed by etodolac
(0.02~016 pg L™ (Fig. 4 d-f) has shown rather
satisfactory effect. Whereas, the vice versa, etodolac at
concentrations below 0.16ug L™ was found totally
meffective for cell viability suppression (Fig. 4g-1). As a
contrast, less effect was revealed by combinations of
etodolac (0.16 ug L") added first then followed by 5-FU
(1.25%10-3~1.25 pg mL ™).

As well known, 5-Fluorouracil (5-FU) was the first
chemotherapeutic agent reported to be effective for
treatment of HCC (Friedman, 1983; Linet al., 1997), whose
cytotoxic effect on cancer cells has been ascribed to its
capability of inducing cancer cell apoptosis. Such an
apoptosis occurs in hepatoma cell lines via both Fas-
dependent and Fas-independent pathways (Jiang et al.,
1999). Three possible mechanisms underlyimg 5-FU have
been proposed: By mhibition of thymidylate formation
and blocking of DNA synthesis; synthesis of
malfunctioning RNA due to the replacement of uracil by
5-FU and 3) mhibition of pyrimidine nucleotide synthesis,
with resultant interference with the production of RNA or
DNA, or with both (Reeves and Cailleau, 1969). Uridine
Phosphorylase (JPase) in human tumor tissues is usually
elevated in various tumor tissues and is closely correlated
with the differentiation stage of tumors (Katsumata et al.,
2003). In conferring the advantage of 5-FU in cancer
therapy, ie., Upase plays an important role in the
activation of 5-FU via anabolism of 5-FU through
pyriunidine salvage pathway (Cao and Pizzorno, 2004).

In contrast, the action mechanism of etedolac, like
other NSAIDs, 13 still not completely understood, yet 1s
speculated to be related with the prostaglandin synthase
inhibition. Recently, it has been reported to inhibit the
HCC cell growth with cell cycle arrests at phases G115 and
G2M by the expressions of p2l WAF1/Cipl and p27Kipl
and simultanecusly by inhibiting the expressions of
Cde2, CDK2/4 and Cyclin D1 (Cheng et al, 2002).
Etodolac also inhibits cell growth by blocking the MAP
kinase signaling pathway and modulates the cell cycle via
the ERK pathway to induce apoptosis m HCC cells
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(Cheng et al., 2004). Tts action mechanism against HCC is
independent upon the expression levels of COX-2 mRNA
in HCC (Cheng et al., 2004). Yamazaki et al. (2002), in
comparing the different COX-2 mhibitors on cancer cell
proliferation, has indicated that celecoxib, another
selective COX-2 mhibitor, induced apoptosis and inhibits
proliferation of cancer cells to express COX-2, whereas
etodolac behaved unlikely, a result being contradictory to
Matsunaga et al. (2004). Chen et al. (2001) ascribed such
varying responses to the cell-line-dependent.

The application of a combined therapy for HCC is
based on the rationale that by effectively introducing
various different antitumor mechamsms, a combined
therapy may become synergistically more effective.
Multiple drugs to be used in treatment and prevention of
diseases can be traced back for thousands of years
beginmng from the use of the compound medicinal herbs
The popularity of using drug
combinations for the treatment of cancer necessitates the
quest at the laboratory level for the best choice of drugs
to be used, for the quantitative evaluation of experimental
data to provide the bases for the design of clinical trial
protocols and finally for the implementation of the
rationale into clinical practice.

The
hepatocarcinogensis and means for effective prevention
and treatment are stll unclear. Although long-term
survival m patients with HCC 1s possible m selected
patients, the overall prognosis remams unsatisfactory
especially in those with aggressive tumor behavior.
Climically, some patients with impaired liver function and
HCC are not therapeutically eligible for aggressive
chemotherapy. Such cases mclude those with advanced
cirthosis and low platelet counts and being unable to
myelo-suppressive  therapy, those  with
uncontrolled ascites who are intolerable to i.v. hydration
required for treatment with platinum analogs and those

mn  ancient China.

exact molecular mechanisms of

tolerate

whose diseases failled to respond to previously
admimstered regimens.
CONCLUSION

In conclusion, selective mhibition of COX-2 by
eodolac, in combination of 5-FU, has lead to a remarkable
growth inhibition of HCC cells. In treatment of HCC,
etodolac plus 5-FU at proper doses can be a promising
safer and more effectively chemopreventive than either
etodolac or 5-FU alone as conventionally prescribed
clinically, thus a simultaneous combined administration
protocol can be a very promising alternative suggestive
for the HCC therapy.



Res. J. Biol. Sci.,, 2 (3): 268-279, 2007

ACKNOWLEDGMENT

This research was granted by a financial support
offered by the University Secretary General, Associate
Professor Wang and Hungkuang University, 2002-2005.

REFERENCES

Akriviadis, EA., IM. Llovet and S.C. Efremidis et ai.,
1998. Hepatocellular Br. 1. Surg.,
85:1319-1331.

Bosch, F.X., 1997, Global Epidemiology of Hepatocellular
Carcmoma. In: Okuda, K. and E. Tabor, (Eds.), Liver
Cancer. New York, Churchill Livingstone, pp: 13-28.

Cao, D. and G. Pizzomo, 2004, Uridine phosphorylase
an important enzyme in pyrimidine metabolism
and fluoropyrimidine activation. Drug of Today,
40: 431-443.

Chen, W.S., JH. Ly, I M. L and K. Lin, 2004,
Sequence-dependent effect of a cyclooxygenase-2
inhibitor on topoisomerase I inhibitor and 5-
fluorouracil-induced cytotoxicity of colon cancer
cells. Anti-Cancer Drugs, 15: 287-294.

Chen, W.8., S.J. Wei, TM. Liu, M. Hsiao, J K. Lin,
W.XEK. Yang, 2001. Tumor invasiveness and liver

carcinoma.

metastasis of colon cancer cells correlated with
cyclooxygenase-2 (COX-2) expression and mhibited
by a COX-2-selective wmbitor, Etodolac. Int. T.
Cancer, 91: 894-899.

Cheng, J., H. Imanishi, Y. Amuro and T. Hada, 2002.
NS-398, a selective cyclooxygenase 2 inhibitor,
inhibited cell growth and induced cell cycle arrest in
human hepatocellular carcinoma cell lines. Int. T.
Cancer, 99: 755-61.

Cheng, I., H. Imanishi, W. Liu, H. Nakamura, T. Morisaki,
K. Higashino and T. Hada, 2004. Tnvolvement of cell
cycle regulatory proteins and MAP kinase signaling
pathway m growth mhibition and cell cycle arrest by
a selective cyclooxygenase 2 mhibitor, etodolac, in
human hepatocellular carcinoma cell lines. Cancer
Sct., 95: 666-673.

Crofford, L.J, RL. Wilder, A.P. Ristimaki, H. Sano,
EF. Remmers, HR. Epps and T. Hla, 1994
Cyclooxygenase-1 and -2 expression in rheumatoid
synovial effects of  interleukin-1f,
phorbol ester and corticosteroids. T. Clin. Tnvest.,
93:1095-1101.

Dewitt, D.I.. and W.I.. Smith, 1988. Primary structure of
prostaglandin G/H synthase from sheep vesicular

tissues:

gland determmed from the complementary DNA
sequence. Proc. Natl. Acad. Sc1. USA., 85: 1412-1416.

277

Eberhart, CE. and R.N. Dubois, 1995. Eicosanoids and the
gastrointestinal tract. Gastroenterology, 109: 285-301.

El-Serag, HB., I.A. Davila, N.J. Petersen and KA.
McGlymm, 2003. The contimuing mcrease in the
incidence of hepatocellular carcinoma in the United
States: an update. Annals Intern. Med., 139: 817-823.

El-Serag, HB. and A.C. Mason, 1999. Rising incidence of
hepatocellular carcinoma in the United States. N.
Engl. T. Med., 340: 745-750.

El-Serag, HB. and A.C. Mason, 2000. Risk factors for the
rising rates of primary liver cancer m the United
States. Arch. Int. Med., 160: 3227-3230.

Falcon, V., N. Acosta-Rivero, M. Shibayama, J. Luna-
Monoz, M. Miranda-Sanchez and J. Galvilondo et af.,
2005. Detection of HCV components and pathological
reactions n apoptotic hepatocytes from chronically
HCV-infected patients. Am. T. Infect. Dis., 1: 12-24.

Fosslien, E., 2000. Biochemistry of cyclooxygenase-2
mbubitors and molecular pathology of COX-2 in
neoplasia. Crit. Rev. Clin. Lab. Sci., 37: 431-502.

Friedman, M.A., 1983. Primary hepatocellular cancer-
present results and future prospects. Int. J. Radiat.
Oncol. Biol. Phys., 9: 1841-1850.

Funk, CD., LB. Funk, M.E. Kennedy, A.S. Pong and
G.A. Fitzgerald, 1991. Human platelet/erythroleukemia
cell prostaglandin G/H synthetase: ¢cDNA cloning,
expression and gene chromosomal assignment.
FASEB. ], 5 2304-2312.

Gately, 5. and R. Kerbel, 2003. Therapeutic potential of

cyclooxygenase-2  inhibitors in the
management of tumor angiogenesis. Prog. Exp. Tumor
Res., 37: 179-192.

Giardiello, F. M., S.R. Hamilton, A.J. Krush, S. Pianadosi,
L.M. Hylind, P. Celano, 3.V. Booker, C.R. Robinson
and G.J.A.  Offerhaus, 1993, Treatment of
colome and rectal adenomas with sulindac in
familial adenomatous polyposis. N. Engl. T. Med,
328: 1313-1316.

Giovannucel, E., KM. Egar, D.J. Hunter, M.J. Stampfer,
G.A. Colditz, W.C. Willet and F.E. Speizer, 1995.
Aspirin and the risk of colorectal cancer in woman. N.
Engl. T. Med., 333: 609-614.

Harris, C.C. and T. Sun, 1984. Multifactoral etiology of
human liver cancer. Carcinogenesis, 5. 697-701.
Hial, V., M.C. De Mello, 7. Horakova and M.A. Beaven,
1977. Antiproliferative activity of anti-inflammatory
drugs m two mammalian cell culture lines. T.

Pharmacol. Exp. Ther., 202: 446-454.

Hida, T., Y. Yatabe and H. Achiwa ef al., 1998. Increased

expression of cyclooxygenesis 2 occur frequently in

selective

human lung cancers, specially in adenccarcinomas.
Cancer Res., 58: 3761-3764.



Res. J. Biol. Sci.,, 2 (3): 268-279, 2007

Hla, T. and K. Neilson, 1992. Human cyclooxygenase-2
cDNA. Proc. Natl. Acad. Sci. USA., 89 7384-7388.

Huo, T.1 and 8.D. Lee, 2004. Management of moperable
hepatocellular carcmoma. I. Gastroenterol. Hepatol.,
19: 8272-5278.

Tiang, S., M.J. Song, E.C. Shin, M.O. Lee, S.J. Kim
and J.H. Park, 1999. Apoptosis in human hepatoma
cell lines by chemotherapeutic drugs via Fas-
dependent  and  Fas-independent  pathways.
Hepatology, 29: 101-110.

Kao, TH., 2003, Hepatits B virus genotypes and
hepatocellular carcinoma i Taiwan. Intervirology,
46: 400-407,

Kargman, S.I.., G.P. O'Neil and P.T. Vickers e# al., 1995.
Expression of prostaglandin G/H sytnase-1 and
-2 protein in human colon cancer. Cancer Res.,
55 2556-2559.

Katsumata, K., H. Tomioka and T. Sumi et al, 2003.
Correlation between clinicopathologic factors and
kinetics of metabolic enzymes for 5-fluorouracil given
to patients with colon carcinoma by two
different dosage regimens. Cancer Chemother.
Pharmacol., 51: 155-160.

Kemn, MA. D. Schubert, D. Sahi, MM. Schénewet,
I. Moll and AM. Haugg et al., 2002. Proapoptotic

potential  of
cyclooxygenase-2 mhibitors m human liver tumor
cells. Hepatology, 36: 885-894.

Koga, H., 5. Sakisaka, M. Ohishi, J. Kawaguchi,
E. Taniguchi, K. Sasatomi, M. Harada, T. Kurohiji,
M. Sata, 1999. Expression of cyclooxygenase-2 in
human hepatocellular carcinoma: relevance to tumor
differentiation. Hepatology, 29: 688-96.

Kondo, M., H. Yamamoto, H. Nagano, J. Okami, Y. Tto
and J. Shimizu et al, 1999. Incerased expression

and  antiproliferative selective

of COX-2 m nontumor liver tissue is associated
with  shorter disease-free swrvival in patients
with hepatocellular carcinoma. Clin. Cancer Res.,
5:4005-4012.

Kuyjubu, D.A., B.S. Fletcher, B.C. Vamum, R W. Lim and
HR. Herschman, 1991. TIS 10, a phorbol ester
tumor promoter-inducible mRNA from Swiss
3T3 cells, encodes a novel prostaglandin synthase/
cyclooxygenase homologue. J. Biol.  Chem.,
266: 12866-12872.

Kune, G.A., S. Kune and L..F. Watson, 1988. Colorectal
cancer risk, illnesses, operations and
medications: Case control results from the melbourne
colarectal cancer study. Cancer Res., 48: 4399-4404.

Lin, D.Y., SM. Lin and Y.F. Liaw, 1997. Non-surgical
treatment of  hepatocellular  carcinoma. T
Gastroenterol. Hepatol., 12: 3319-3328.

chronic

278

Liu, CH., SH. Chang, K. Narke, O.C. Trifan, M.T. W,
E. Smith, C. Haudenschild, T.F. Lane and T. Hla, 2001.
Overexpression of cyclooxygenase-2 is sufficient to
mnduce tumorigenesis in transgenic mice. J. Biol.
Chem., 276: 18563-18569.

Liw, JJ, T1Y. Wang, E. Hertervig, A Nilsson and
R.D. Duan, 2002. Sulindac induces apoptosis, inhibits
proliferation and activates caspase-3 in Hep G2 cells.
Anticancer Res., 22: 263-266.

Liu, 3. H. and D.P. Rose, 1996. Differential expression and
regulation of cyclogenase-1 and -2 in two human
breast cancer cell lines. Cancer Res., 56: 5125-5127.

Liu, X.H., S. Yac and A. Kirschenbaum et af., 1998.
NS398, a selective cyclooxygenases-2 inlibitor,
induces apoptosis  and down-regulates Bcl-2
expressioninLNCaP cells. Cancer Res., 58: 4245-4249.

Masferrer, I.1.., K.M. Leahy, A.T. Koki, B.S. Zweifel, S.1..
Settle and B.M. Woerner et af., 2000. Antiangiogenic
and antitumor activities of cyclooxygenase-2
inhibitors. Cancer Res., 60: 1306-1311.

Matsunaga, N., N. Yamada, M. Ohira, A. Tachimori,
Y. Nishiguchi, H. Nishine, S. Seki and K. Hirakawa,
2004.  Combined treatment with
cyclooxygenase-2  inhibitor  and
pyrimidines for liver metastasis of colon cancer.
Oncol. Rep., 11: 167-171.

Molina, M A ., S.A. Marta, M.G. Lemeoine, M.L. Frazier and
F.A. Smucrope, 1999. Increased cyclooxygenase-2
expression in human pancreatic carcinomas and cell
lines: growth inhibiton by nonsteroidal anti-
mflammatory drugs. Cancer Res., 59: 4356-4362.

Mosmann, T., 1985. Rapid colorimetric assay for cellular

selective
fluorinated

growth and survival application to proliferation and
cytotoxicity assays. J. Immunol. Meth., 65: 55-63.

O’Banion, M k., VD. Winn and D.A. Young, 1992. cDNA
clomng and functional activity of a glucocorticoid-
regulated inflammatory cyclooxygenase. Proc. Natl.
Acad. Sc1. USA., 89: 4888-4892.

O’Neill, G.P. and A W. Ford-Hutchinson, 1993. Expression
of mMRNA for cyclooxygenase-1 and cyclooxygenase-
2 mn human tissues. FEBS Lett., 330: 156-160.

Peleg, 11, H.T. Maibach, S.H. Brown and C.M. Wilcox,
1994, Aspirin and nonsteroidal anti-inflammatory
drugs use and the risk of subsequent colorectal
cancer. Arch. Int. Med., 154: 394-399.

Pietras, K. and D. Hanahan, 2005, A multitargeted,
metronomic and maximum-tolerated dose Chemo-
Switch regimen antiangiogemic, producing
objective responses and survival benefit in a mouse
model of cancer. J. Clin. Oncol., 23: 1-14.

1s



Res. J. Biol. Sci.,, 2 (3): 268-279, 2007

Plummer, SM., K.A. Holloway and M.M. Manson et al.,
1999. TInhibition of cyclooxygenase 2 expression in
colon cells by the chemopreventive agent
curcumarin involves inhibition of NF-kB activation
via the NIK/IKK signaling complex.
18: 6013-6020.

Reeves, W.I. and R. Cailleau, 1969. Mechanism of growth
wnhibition by 5-fluorouracil. Reversal studies with
pyrimidine metabolites in vitro. Proc. Soc. Exp. Biol.
Med., 131: 1068-1072.

Ristimala, A., N. Honkanen and H. Jankala et ai., 1997.
Expression of cyclooxygenase-2 in human gastric
carcinoma. Cancer Res., 57: 1276-1280.

Sano, H., T. Hla, T.A.M Maier, L..]. Crofford, J.P. Case,
T. Maciag and R.L. Wilder, 1992. In vivo
cyclooxygenase expression in synovial tissues of
patients with rheumatoid arthritis and osteoarthritis
and rats with adjuvant and streptococcal cell wall
arthritis. J. Chin. Invest., 89: 97-108.

Sano, H., Y. Kawahito, R.L. Wilder, A. Hashiramoto
and 8. Mukai, 1995, Expression of
cyclooxygenase-1 and -2 n human colorectal cancer.
Cancer Res., 55: 3785-3789.

Steinbach, G., P.M. Lynch, R K. S. Phillips, M.H. Wallace
and E. Hawk et al., 2000. The effect of celecoxib, a
cyclooxygenase-2 inhibitor, in familial adenomatous
polyposis. N. Engl. J. Med., 342: 1946-1952.

Suh, O., C. Mettlin and N.I. Petrelli, 1993. Aspirin use,
cancer and polyps of the large bowel Cancer,
72:1171-1177.

Oncogene,

et al,

Taylor-Robinson, S.D., G.R. Foster, S. Arora, S.
Hargreaves and H.C. Thomas, 1997. Increase in
primary liver cancer in the UK, 1979-1994. Lancet,
350: 1142-1143.

Thun, M.J., M.M. Namboodiri and J.C. Health, 1991.
Aspirin use and reduced risk of fatal colon cancer. N.
Engl. T. Med., 325: 1593-1596.

Tsujii, M. and R N. DuBois, 1993, Alterations in cellular
adhesion and apoptosis in  epithelial cells
overexpressing prostaglandin endoperoxide syntase
2. Cell, 83: 493-501.

Tsujui, M., 8. Kawano, S. Tsuji, H. Sawaoka, M. Hori and
R.N. DuBois, 1998. Cyclooxygenase regulates
angiogenesis mduced by colon cancer cells. Cell,
93: 705-716.

Vane, JR., Y.S. Bakhle and RM. Botting, 1998.
Cyclooxygenase 1 and 2. Annu. Rev. Pharmacol.
Toxicol., 38 97-120.

Waddel, WR. and R'W. Loughry, 1983. Sulindac for
polyposis of the colon. T. Surg. Oncol., 24: 83-87.
Xie, W., J.G. Chipman, D.L. Robertson, R.L. Erikson and
D.L. Simmons, 1991. Expression of a mitogen-
responsive gene encoding prostaglandin synthase 1s
regulated by mRNA splicing. Proc. Natl. Acad. Sci.

USA., 88:2692-2696.

Yamazaki, R., N. Kusunoki, T. Matsuzaki, S. Hashimoto
and S. Kawai, 2002. Selective cyclooxygenase-2
mhibitors show a differential ability to inhibit
proliferation and induce apoptosis of colon
adenccarcinoma cells. FEBS Lett., 531: 278-284.

Ye, S.L., 2004. Research on recurrence and metastasis of
hepatocellular carcinoma. J. Gastroenterol. Hepatol.,
19: 8264-5265.

279



