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Abstract
The cyclooxygenase-2 (COX-2) protein is highly expressed in a variety of human cancers and has been reported to promote tumor

growth. Non-steroidal anti-inflammatory drugs such as etodolac and celecoxib have been shown to inhibit COX-2 activity and may play a

role in the chemoprevention of cancer. Oxaliplatin is a third-generation platinum compound that exhibits a different spectrum of activity

compared with cisplatin. Other cisplatin-resistant tumors can still respond to oxaliplatin. However, the anticancer ability of the

combination of COX-2 inhibitors and oxaliplatin is still unknown. In this study, we investigated the effects of combination of COX-2

inhibitors and oxaliplatin on the cell growth and survival in human colon cancer cells. Treatments with etodolac (0.3–0.5 mM) or

celecoxib (20–80 mM) for 24 h concentration-dependently induced the cytotoxicity in the RKO colon carcinoma cells. Etodolac and

celecoxib did not alter the COX-2 protein levels but inhibited its enzyme activity to reduce prostaglandin E2 production. Furthermore, the

cell survival was concentration-dependently decreased following oxaliplatin (1–100 mM, 24 h) treatment. Combination of oxaliplatin and

etodolac additively increased the death and growth inhibition of RKO cells. Survivin, an inhibitor protein of apoptosis, mediates anti-

apoptosis and promotes cell division in cancer cells. Oxaliplatin or COX-2 inhibitors significantly decreased the levels of survivin

proteins. Moreover, survivin proteins were markedly diminished following co-treatment with oxaliplatin and etodolac. Together, this is the

first report that combination of COX-2 inhibitors and oxaliplatin can increase the reduction of survivin protein expression, growth

inhibition, and death in human colon cancer cells.
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Keywords: Colon cancer; Celecoxib; COX-2; Etodolac; Oxalipatin; Survivin
1. Introduction

The cyclooxygenase-2 (COX-2) was highly expressed in

a variety of human cancers including colon, lung, prostate,

and many other solid cancers [1–4]. COX-2 has been

associated with tumor growth, angiogenesis, invasion,

and metastasis [5–7]. Overexpression of COX-2 may

increase the resistance of apoptosis in cancer cells [8,9].

Thus, the reduction of the COX-2 enzyme activity or
Abbreviations: COX-2, cyclooxygenase-2; NSAID, non-steroidal anti-

inflammatory drug; MTT, 3-(4,5-dimethyl-thiazol-2-yl)-2,5-diphenyl tetra-

zolium bromide; FITC, fluorescein isothiocyanate; FBS, fetal bovine

serum; PBS, phosphate-buffered saline; ERK, extracellular signal-regulated

kinase; F-actin, actin filament; PG, prostaglandin
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protein expression may inhibit the cell survival and growth

in cancer cells. Non-steroidal anti-inflammatory drugs

(NSAIDs) have been shown to inhibit COX enzymes

and may be employed for the chemoprevention of cancer

[10–14]. Some NSAIDs such as etodolac and celecoxib

exhibit high selectivity for the COX-2 enzyme, but demon-

strate little activity for the COX-1 enzyme [11–13,15]. The

anti-inflammatory and anti-angiogenic effects of celecoxib

have been explored for the cancer therapy and the drug is

currently under clinical trials for this purpose [16]. Further-

more, COX-2 inhibitors in combination with other antic-

ancer drugs including doxorubicin, bleomycin, vincristine,

and 5-fluorouracil, have been evaluated for the anticancer

activity in human cancers [17,18].

Oxaliplatin, a clinical anticancer drug, is a third-gen-

eration platinum compound that confers a different spec-

trum of activity compared with cisplatin [19–21]. Some
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cisplatin-resistant tumors such as colon cancer can still

response to oxaliplatin [19–21]. The action of oxaliplatin is

due to the formation of intrastrand cross links between two

adjacent guanine residues or a guanine and an adenine of

DNA that result in the blockage of replication and tran-

scription [22]. It has been shown that oxaliplatin can

induce apoptosis in cancer cells [23,24]. The combination

of oxaliplatin with a variety of anticancer drugs has been

intensely evaluated for cancer therapy in recent years. For

example, combination of oxaliplatin with 5-fluorouracil

and leucovorin have been suggested as the first line therapy

for patients with colon and ovarian cancers [20,21,25].

However, the anticancer activity of the combination of

COX-2 inhibitors and oxaliplatin remains unknown.

It has been shown that survivin is expressed in a variety

of human cancer cells, but is undetectable in normal adult

cells [26–28]. Survivin has been found to inhibit apoptosis

and to promote cell division in cancer cells [27–32].

Moreover, the survivin proteins can be stabilized by the

COX-2 overexpression leading to the reduction of apop-

tosis in the human lung cancer cells [8,9]. The expression

of survivin may reduce cancer cell death resulting from

treatments with anticancer agents [31,33–35]. Thus, sur-

vivin has been proposed as a radio- and chemo-resistance

factor [29,35,36]. Moreover, survivin has been correlated

with decreased survival, unfavorable prognosis, and accel-

erated rates of recurrences in cancer therapy [35]. Inhibi-

tors of the survivin have been intensely investigated for

cancer therapy in recent years because the depletion of

survivin expression will block the resistance of therapy,

anti-apoptosis, and proliferation of cancer cells.

In this study, we investigated the COX-2 inhibitors

(etodolac and celecoxib) and oxaliplatin on the cytotoxi-

city and cell growth in human colon carcinoma cells. The

level of survivin proteins in colon carcinoma cells was

examined following treatment with COX-2 inhibitors and

oxaliplatin. Treatments of etodolac, celecoxib, and oxali-

platin decreased the level of survivin proteins, induced

cytotoxicity, and inhibited cell growth. Moreover, the

combination of etodolac and oxaliplatin additively

increased the reduction of survivin proteins, growth inhibi-

tion, and death of the human colon carcinoma cells.
2. Materials and methods

2.1. Materials and reagents

Etodolac, Hoechst 33258, 3-(4,5-dimethyl-thiazol-2-yl)-

2,5-diphenyl tetrazolium bromide (MTT), and the Cy3-

labeled mouse anti-b-tubulin (c-4585) were purchased from

Sigma Chemical Co. (St. Louis, MO). Celecoxib was pur-

chased from Toronto Research Chemical, Inc. (North York,

Canada). BODIPY FL phallacidin was purchased from

Molecular Probes Co. (Eugene, OR). Anti-COX-2 (H-62),

and anti-ERK-2 (C-14) antibodies were purchased from
Santa Cruz Biotechnology, Inc. (Santa Cruz, CA). The

Cy5-labeled goat anti-rabbit IgG was purchased from Amer-

sham Pharmacia Biotech (Little Chalfont Buckinghamshire,

UK). Celecoxib and etodolac were dissolved in 80% etha-

nol, and the concentration of ethanol was <0.8% in the

control and drug-containing media.

2.2. Cell culture

RKO (ATCC number: CRL-2577) was a poorly differ-

entiated colon carcinoma cell line that expressed the wild-

type p53 proteins [37]. RKO cells were maintained in

DMEM medium (Invitrogen Co., Carlsbad, CA) supple-

mented with 10% fetal bovine serum (FBS), 100 units/ml

penicillin, 100 mg/ml streptomycin, L-glutamine (0.03%,

w/v), and sodium bicarbonate (3.7 g/l). RKO cells were

cultured at 5% CO2 and 37 8C in a humidified incubator

(310/Thermo, Forma Scientific, Inc., Marietta, OH).

2.3. Cytotoxicity MTT assay

The cytotoxicity following treatment with drugs was

determined by the MTT colorimetric assay [38]. RKO cells

were plated in 96-well plates at a density of 1 � 104 cells/

well for 12 h. Then the cells were treated with drugs for

24 h in complete DMEM medium. After drug treatment,

the cells were washed twice with phosphate-buffered saline

(PBS), and were re-cultured in fresh DMEM medium for 2

days. Subsequently, the medium was replaced and the cells

were incubated with 500 mg/ml of MTT in complete

DMEM medium for 4 h. The surviving cells converted

MTT to formazan that generates a blue-purple color [38].

Finally, the cells were dissolved in dimethyl sulfoxide and

the plates were gently rotated for 5 min. The intensity of

formazan was measured at 565 nm using a plate reader

(Molecular Dynamics, OPTImax) for enzyme-linked

immunosorbent assays, and the relative percentage of

survival was calculated by dividing the absorbance of

treated cells by that of the control in each experiment.

2.4. Prostagladin E2 production assay

RKO cells were plated at a density of 5 � 105 cells/p60

Petri dish in complete DMEM medium for 12 h. Then the

cells were treated with or without 20–80 mM celecoxib or

0.1–0.3 mM etodolac for 24 h. After drug treatment, super-

natant (culture medium) was collected and centrifuge

briefly. The amount of prostagladin E2 in the medium

was measured using a commercial ELISA kit (Cayman

Chemical, Ann Arbor, MI) according to the manufacturer’s

instructions.

2.5. Cell growth assay

RKO cells were plated at a density of 7 � 105 cells per

p100 Petri dish in complete DMEM medium for 12 h. Then
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the cells were treated with or without 0.3 mM etodolac,

1 mM oxaliplatin, or etodolac plus oxaliplatin for 24 h in

complete DMEM medium. At the end of treatment, the

cells were washed twice with PBS and re-cultured in fresh

DMEM medium. Subsequently, the cells were incubated

for various times before they were counted by a hemocyt-

ometer.

2.6. Indirect immunofluorescence and confocal

microscopy

RKO cells were cultured on coverslips, which were kept

in a p60 Petri dish for 12 h before treatment. At the end of
Fig. 1. Effects of COX-2 inhibitors on the COX-2 protein expression and PGE2

celecoxib or 0.1 and 0.3 mM etodolac for 24 h. The total protein extracts were subj

(B) The cells were treated with or without 60 mM celecoxib or 0.4 mM etodolac f

incubated with goat anti-rabbit Cy5. The F-actin and nuclei were stained with the

immunofluorescence and Western blot data were shown from one of three separa

of 5 � 105 cells/p60 Petri dish for 12 h. Then the cells were treated with 20 mM

in the culture medium was measured by a PGE2 EIA kit according to the manu

treatment were shown.
treatment, the cells were washed with isotonic PBS (pH 7.4),

fixed in 4% paraformaldehyde solution in PBS for 1 h at

37 8C. Then the coverslips were washed three times with

PBS, and non-specific binding sites were blocked in PBS

containing 10% normal bovine serum, 0.3% Triton X-100

for 1 h. The cells were incubated with rabbit anti-COX-2

(1:250) or anti-survivin (1:250) antibodies in PBS contain-

ing 0.3% Triton X-100 and 10% normal bovine serum for

overnight at 4 8C, and washed three times with 0.3% Triton

X-100 in PBS. Then the cells were incubated with goat anti-

rabbit Cy5 (1:250) in PBS containing 0.3% Triton X-100

and 10% normal bovine serum for 2–3 h at 37 8C, and

washed three times with 0.3% Triton X-100 in PBS. The
production in RKO cells. (A) RKO cells were treated with 40 and 80 mM

ected to Western blot analysis using anti-COX-2 and anti-ERK-2 antibodies.

or 24 h. The cells were incubated with rabbit anti-COX-2 antibody and then

BODIPY FL phallacidin and Hoechst 33258, respectively. Representative

te experiments with similar findings. (C) The cells were plated at a density

celecoxib or 0.1 mM etodolac for 24 h. After incubation, the PGE2 level

facturer’s protocol. The means of three independent experiments in each
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Fig. 1. (Continued ).
actin filament (F-actin) and b-tubulin were stained with

20 U/ml BODIPY FL phallacidin and anti-b-tubulin Cy3

(1:50) for 30 min at 37 8C, respectively. The nuclei were

stained with 2.5 mg/ml Hoechst 33258 for 30 min. Finally,

the samples were observed under a Leica confocal laser

scanning microscope (Mannheim, Germany) that equipped

with an UV laser (351/364 nm), an Ar laser (457 nm/

488 nm/514 nm), and a HeNe laser (543 nm/633 nm).

2.7. Western blot analysis

At the end of treatment, RKO cells were lysed in the ice-

cold cell extract buffer (pH 7.6) containing 0.5 mM DTT,

0.2 mM EDTA, 20 mM HEPES, 2.5 mM MgCl2, 75 mM

NaCl, 0.1 mM Na3VO4, 50 mM NaF, 0.1% Triton X-100,

1 mg/ml aprotinin, 0.5 mg/ml leupeptin, and 100 mg/ml 4-

(2-aminoethyl)benzenesulfonyl fluoride. The protein con-

centrations were determined by the BCA protein assay kit

(Pierce, Rockford, IL). The protein extracts (40–80 mg/

well) were subjected to electrophoresis using 10–12%

sodium dodecyl sulfate-polyacrylamide gels. Following

electrophoretic transfer of proteins onto polyvinylidene

difluoride membranes, they were sequentially hybridized

with primary antibody and followed with a horseradish

peroxidase-conjugated secondary antibody (Santa Cruz

Biotechnology, Inc., Santa Cruz, CA). Finally, the protein

bands were visualized using the enhanced chemilumines-

cence detection system (NEN, Boston, MA).

2.8. Statistical analysis

Data from the population of cells treated with different

conditions were analyzed using paired Student’s t-test or
ANOVA test (a comparison of multiple groups), and p

value of <0.05 was considered statistically significant in

the experiments.
3. Results

3.1. COX-2 inhibitors inhibit the production of PGE2

but are without effect on the COX-2 protein expression

in human colon cancer cells

To examine the expression and location of COX-2

proteins in human colon cancer cells, RKO cells were

subjected to Western blot and immunofluorescence stain-

ing. As shown in Fig. 1A, the immunoblot indicated that

COX-2 proteins were expressed in RKO cells. The level

of ERK-2 proteins was used as an internal control.

Moreover, the red fluorescence (Cy5) exhibited by

COX-2 proteins was observed in the cytoplasma of

RKO cells (Fig. 1B). Celecoxib and etodolac have been

known as a selective COX-2 inhibitor in several studies

[4,11,12,15]. However, treatment with 40–80 mM cele-

coxib or 0.1–0.3 mM etodolac for 24 h did not signifi-

cantly alter the level of COX-2 proteins in RKO cells

(Fig. 1A). Also, the fluorescence (Cy5) exhibited by

survivin was not altered when cells were exposed to

0.4 mM etodolac or 60 mM celecoxib for 24 h (Fig. 1B).

To further determine the effect of COX-2 inhibitors

on the COX-2 enzyme activity, the cells were treated

with celecoxib or etodolac, and PGE2 production was

measured. The average of PGE2 levels in the control

from three independent experiments was 0.72 ng/ml.

Compared with the control, the PGE2 production was

reduced to about 70 and 50% after the celecoxib (20 mM,

24 h) and etodolac (0.1 mM, 24 h) treatments, respec-

tively (Fig. 1C). Higher concentrations of celecoxib (40–

80 mM) and etodolac (0.3–0.5 mM) also significantly

inhibited the PGE2 production in RKO cells (data not

shown).

3.2. COX-2 inhibitors decrease the cell survival in

human colon carcinoma cells

To investigate the effect of COX-2 inhibitors on

the cell survival of colon cancer cells, RKO cells were

treated with etodolac or celecoxib, and subjected to MTT

assay. As shown in Fig. 2A, treatment with 0.3–0.5 mM

etodolac for 24 h significantly induced the cytotoxicity in

RKO cells. Also, celecoxib (40–80 mM, 24 h) decreased

the cell survival via a concentration-dependent manner

(Fig. 2C). The cell morphology was observed under a

phase contrast microscope following treatment with eto-

dolac or celecoxib. Higher concentrations of etodolac

(0.5 mM, 24 h) and celecoxib (80 mM, 24 h) significantly

induced the cell disruption and death in RKO cells (Fig. 2B

and D).
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Fig. 2. Effects of COX-2 inhibitors on the cell survival in RKO cells. (A and C) The cells were treated with 0–0.5 mM etodolac or 0–80 mM celecoxib for 24 h.

The cell survival was measured by MTTassay. Results were obtained from 5 to 12 experiments and the bar represents the mean � S.E. *p < 0.05 and **p < 0.01,

indicate between untreated and COX-2 inhibitors treated samples. (B and D) The cells were treated with 0–0.5 mM etodolac or 0–80 mM celecoxib for 24 h and

the cell morphology was observed under an inverted phase contrast microscope.
3.3. Co-treatment with oxaliplatin and COX-2

inhibitors increases the cell growth inhibition and cell

death in colon carcinoma cells

As shown in Fig. 3A, oxaliplatin induced the cytotoxi-

city of RKO cells in a concentration-dependent manner.

Higher concentrations of 50–100 mM oxaliplatin for 24 h

treatment almost completely inhibited the cell survival

(Fig. 3A). Furthermore, oxaliplatin (5–50 mM, 24 h) sig-

nificantly induced the cell disruption and death (Fig. 3B).
To further determine the effects of co-treatment of oxali-

platin and COX-2 inhibitors on the cell survival and growth

in colon carcinoma cells, the cells were subjected to

cytotoxicity and cell growth assays. As shown in Fig. 4,

co-treatment with 1 mM oxaliplatin and 0.3–0.5 mM eto-

dolac for 24 h additively increased the cytotoxicity in RKO

cells. Furthermore, the concentration of 0.2 mM etodolac

enhanced the oxaliplatin-induced cytotoxicity from �20%

to �40% (Fig. 4). In addition, celecoxib additively

increased the oxaliplatin-induced cell death in RKO cells



J. Lin et al. / Biochemical Pharmacology 70 (2005) 658–667 663

Fig. 3. Effects of oxaliplatin on the cell survival in RKO cells. (A) The cells were treated with 0–100 mM oxaliplarin for 24 h. The cell survival was measured by

MTT assay. Results were obtained from 5 to 10 experiments and the bar represents the mean � S.E. *p < 0.05 and **p < 0.01, indicate between untreated and

oxaliplatin treated samples. (B) The cells were 0–50 mM oxaliplatin for 24 h and the cell morphology was observed under an inverted phase contrast

microscope.
(data not shown). We have further investigated the effect of

combination of oxaliplatin and etodolac on the cell growth

in RKO cells. RKO cells were treated with 1 mM oxali-

platin or 0.3 mM etodolac for 24 h. After treatment, the

drugs were replaced and then re-cultured in fresh medium

for various times before the cell number was counted.

Oxaliplatin or etodolac alone inhibited the cell growth after

cells re-cultured for 7 days (Fig. 5). Moreover, Co-treat-

ment with oxaliplatin and etodolac additively induced the

cell growth inhibition in colon carcinoma cells (Fig. 5).

3.4. Oxaliplatin and COX-2 inhibitors decrease the

level of survivin proteins in colon carcinoma cells

Previously, we have found that survivin is highly

expressed in human colon cancer cells [31]. To further

investigate the expression and location of survivin proteins

in colon carcinoma cell, RKO cells were subjected to

immunofluorescence staining and confocal microscopy.

As shown in Fig. 6, the red fluorescence (Cy5) exhibited

by survivin that was highly expressed in mitotic phase, was

co-localized with chromosomes at prophase and meta-

phase, and was concentrated on the midbodies at anaphase
and cytokinesis (Fig. 6, arrows). To study the effect of

COX-2 inhibitors and oxaliplatin on the survivin protein

expression, the cells were treated with drugs and subjected

to immunoblot analysis. Treatment with 80 mM celecoxib

or 0.3 mM etodolac for 24 h decreased the level of survivin

proteins (Fig. 7A and C). Also, oxaliplatin (1–10 mM,

24 h) decreased the survivin protein expression via a

concentration-dependent manner in RKO cells (Fig. 7B).

Moreover, co-treatment with 5 mM oxaliplatin and 0.3 mM

etodolac for 24 h additively diminished the level of survi-

vin proteins (Fig. 7C).
4. Discussion

Combination of a variety of anticancer agents in cancer

therapy has been intensively evaluated and applied in

recent years [17,18,20,21]. COX-2 proteins were highly

expressed in a variety of human cancers [1–4,8,9] that

mediated tumor survival, angiogenesis, invasion, and

metastasis [5–7]. COX-2 was overexpressed in approxi-

mately 80% human colorectal cancers relative to normal

epithelium mucosa [14,39]. Thus, a reduction of the func-
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Fig. 4. Co-treatment with etodolac and oxaliplatin on the cell survival in

RKO cells. The cells were co-treated with 1 mM oxaliplatin and 0–0.5 mM

etodolac for 24 h. Then the cell survival was measured by MTT assay.

Results were obtained from 4 to 13 experiments and the bar represents

�S.E. #p < 0.05, indicate between untreated and oxaliplatin treated sample.
*p < 0.05 and **p < 0.01, compared with among the controls (either with or

without oxaliplatin) and co-treatments with etodolac and oxaliplatin.

Fig. 5. Co-treatment with etodolac and oxaliplatin on the cell growth

in RKO cells. The cells were plated at a density of 7 � 105 cells/p100

Petri dish for 12 h. After drug treatment, the cells were washed twice

with PBS, and incubated for various times before they were counted

by a hemocytometer. Results were obtained from the average of three

experiments.
tion by the elimination of COX-2 enzyme activity and

protein expression may inhibit the cell survival and growth

in cancer cells, providing an important strategy in the colon

cancer therapy. Moreover, combination of oxaliplatin with

other anticancer drugs such as fluorouracil and leucovorin

has been recommended as the first-line therapy for patients

with colon cancer [20,21]. Accordingly, we investigated

the anticancer effects of combination of COX-2 inhibitors

(etodolac and celecoxib) and oxaliplatin on the growth

inhibition and death of the human colon cancer cells. Both

etodolac and celecoxib significantly induced the cytotoxi-

city and cell growth inhibition in the RKO colon carcinoma

cells. The cell survival and cell growth were also inhibited

in the oxaliplatin-treated cells. Moreover, the combination

of oxaliplain and etodolac additively increased the cyto-

toxicity and cell growth inhibition in RKO cells. Therefore,

our results indicate that combination of COX-2 inhibitors

and oxaliplatin can enhance the growth inhibition and

death in human colon cancer cells, providing a new

strategy in the colon cancer therapy.

Meanwhile, etodolac and celecoxib did not alter the

level of COX-2 proteins but inhibited the PGE2 production

in RKO cells. COX enzymes can catalyze the synthesis of

prostaglandins from arachidonic acid [14,40]. PGE2 is a

key product of the catalysis of COX-2 [14,40]. The COX-1

proteins were constitutively expressed in most normal

tissues for the maintenance of homeostasis [14,40]. In

contrast, COX-2 proteins were overexpressed in the
inflammatory tissues and neoplasms [14]. NSAIDs includ-

ing etodolac and celecoxib have been shown to inhibit

COX enzymes [10–14]. Moreover, etodolac and celecoxib

have been developed that are highly selective for the COX-

2 enzyme, but do not inhibit the COX-1 enzyme

[4,11,12,15]. It has been shown that etodolac and celecoxib

can inhibit the PGE2 production in human cancer cells

[41,42]. The overexpression of COX-2 as well as treatment

with PGE2 increased the survival of the human lung cancer

cells [8,9]. In addition, treatment with exogenous PGE2

increased the stability of the anti-apoptosis protein survivin

in cancer cells [8]. Thus, these data indicate that the

etodolac- and celecoxib-mediated cell growth inhibition

and death may inhibit the activity of COX-2 enzyme but

not alter the protein expression.

The anticancer drugs may induce chemo-resistance dur-

ing cancer therapy in patients. Survivin has been demon-

strated to inhibit apoptosis and promotes the mitotic

progression in cancer cells [30,43]. The treatments with

anticancer drugs may increase the survivin expression to

resist apoptosis in cancer cells [29]. Furthermore, survivin

has been associated with reduced survival, unfavorable

prognosis, and accelerated rates of recurrences in cancer

therapy [35]. It has been proposed that survivin is a radio-

and chemo-resistance factor [29,35,36]. Accordingly, the

inhibition of survivin would block the survival, resistance of

therapy, and growth of cancer cells, providing important

strategy in cancer therapy. In this study, both etodolac and
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Fig. 6. The expression and localization of survivin proteins in RKO cells. The cells were incubated with rabbit anti-survivin antibody and then incubated with

goat anti-rabbit Cy5. The actin filament (F-actin) andb-tubulin were stained with BODIPY FL phallacidin and anti-b-tubulin Cy3, respectively. The nuclei were

stained with Hoechst 33258. The arrows indicated the localization of survivin.
celecoxib decreased the levels of survivin proteins in colon

carcinoma cells. Consistently, COX-2 has been shown to

stabilize the survivin protein to resist apoptosis in cancer

cells [8,9]. Therefore, we suggest that the inhibition of COX-

2 function may cause the loss of survivin function on the
anti-apoptosis and cell division to mediate the death and

growth inhibition of cancer cells. Moreover, the protein

expression of survivin was repressed by oxaliplatin. Inter-

estingly, co-treatment of oxaliplain and etodolac additively

decreased the levels of survivin proteins in RKO cells.
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Fig. 7. Effects of COX-2 inhibitors and oxaliplatin on the level of survivin proteins in RKO cells. (A) RKO cells were treated with 40 and 80 mM celecoxib or

0.1 and 0.3 mM etodolac for 24 h. (B) RKO cells were treated with 0–10 mM oxaliplatin for 24 h. (C) The cells were co-treated with 5 mM oxaliplatin and

0.3 mM etodolac for 24 h. The total protein extracts were subjected to Western blot analysis using anti-survivin and anti-ERK-2 antibodies. Representative

Western blot data were shown from one of three separate experiments with similar findings.
Together, our data suggest that the co-treatment with oxa-

liplatin and COX-2 inhibitors may mediate cell growth

inhibition and cell death that are likely to result from the

inhibition of survivin protein expression in human colon

cancer cells. However, the precise mechanism of the inhibi-

tion of survivin protein expression in the oxaliplatin- and

COX-2 inhibitor-treated cells needs further investigation.

In conclusion, it is the first report that the combination of

COX-2 inhibitors and oxaliplatin can additively increase the

growth inhibition and cell death of the human colon carci-

noma cells. Moreover, the combination of COX-2 inhibitors

and oxaliplatin decreases the level of survivin proteins in

colon carcinoma cells. This study may provide a new

strategy that combination of COX-2 inhibitors and oxali-

platin can be used in the therapy of human colon cancers.
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