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Abstract. Cyclooxygenase-2 (COX-2) is a key enzyme for 
converting arachidonic acids to prostanoids, which are known 
to be induced during inflammation and cancer initiation. 
Previously, it has been reported that COX inhibitors, such as 
aspirin, reduce the incidence of human colorectal cancer; there-
fore, it is widely believed that COX-2 is a potential therapeutic 
and chemoprevention target for several types of human cancer. 
However, whether selective COX-2 inhibitors have antitumor 
effects against canine mammary tumor cells remains unclear. 
In the present study, to elucidate the antitumor effect of selec-
tive COX-2 inhibitors against canine mammary tumors, we 
investigated the antitumor effects of meloxicam, etodolac and 
celecoxib using COX-2-expressing canine mammary tumor 
(CF33) cells. We analyzed the effects of selective COX-2 
inhibitors on COX-2 protein expression levels in CF33 cells. 
Celecoxib (100 µM) was found to induce downregulation of 
COX-2 protein expression. We examined the effect of selective 
COX-2 inhibitors on CF33 cell proliferation. All the selective 
COX-2 inhibitors suppressed CF33 cell growth. Specifically, 
etodolac and celecoxib inhibited cell proliferation via a 
decrease in S-phase cells and an increase in G0/G1 arrest. We 
examined the apoptotic effect of selective COX-2 inhibitors 
on CF33 cells. Our data suggested that etodolac and celecoxib 
induced apoptosis in CF33 cells. In particular, celecoxib led 
to apoptosis mediated by the activation of the mitochondrial 
apoptosis pathway, including the upregulation of BAX expres-
sion, downregulation of Bcl-2 expression and activation of 
caspase-3/7. Furthermore, celecoxib increased the percentages 
of cells in both early apoptosis and late apoptosis. Our results 
revealed that celecoxib induced apoptosis and cell cycle arrest 
in CF33 cells. The data suggested that celecoxib is the most 
viable candidate as a therapeutic agent for the treatment of 

canine mammary tumors. Furthermore, our findings provide 
the first indication that COX-2 inhibition can provide a new 
therapeutic strategy for treating canine mammary tumors.

Introduction

Cyclooxygenases (COXs) are catalytic enzymes that are neces-
sary for the conversion of arachidonic acid into prostaglandin 
(PG) G2 and subsequently to PGH2, which is a precursor for 
the synthesis of prostanoids, including PGs, prostacyclins 
and thromboxanes. There are three COX isozymes: COX-1, 
COX-2 and COX-3. COX-1, which is constitutively expressed 
in various cell types, plays an important role in homeostatic 
PG synthesis. For example, COX-1-derived prostanoids 
contribute to platelet aggregation and cytoprotective effects 
in the stomach. COX-3 is a COX-1 splice variant and is 
expressed primarily in the brain and spinal cord; however, the 
detailed function of COX-3 remains unknown (1). The COX-2 
isozyme is induced during inflammation, and the development 
of several types of cancer, such as colon, breast and prostate 
cancer, is closely associated with chronic inflammation (2-5). 
Notably, the chronic use of aspirin has been shown to reduce 
the incidence and progression of colorectal cancer, including 
familial adenomatous polyposis (6). Furthermore, breast 
cancer patients using aspirin exhibit a reduced risk of distant 
recurrence and mortality related to breast cancer (7). However, 
traditional non-steroidal anti-inflammatory drugs (NSAIDs) 
such as aspirin may produce adverse gastrointestinal effects 
due to the inhibition of COX-1. Newer selective COX-2 inhibi-
tors, such as celecoxib, which is used to ameliorate adverse 
gastrointestinal tract-related effects, may be useful as chemo-
preventive agents and anticancer drugs against various cancers 
due to increased COX-2-specific targeting. Therefore, COX-2 
may provide a potential therapeutic target for the chemopre-
vention of cancer.

Canine mammary tumors have long been considered 
a suitable animal model for human breast cancer. Recent 
research has focused on the similarities and differences in the 
molecular alterations that occur in canine vs. human mammary 
tumors. Canine mammary tumors are the most common 
tumors in female dogs, and ~50% are diagnosed as malignant 
tumors. Furthermore, one study reported that the mammary 
tumors in 58% of dogs were relapsed tumors that appeared 
after initial removal by a regional mastectomy (8). Clinically, 
mammary tumors are a prominent canine disease, and the 
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establishment of a new treatment for canine mammary tumors 
is urgently required. Similar to the findings for human breast 
cancer, the elevation of COX-2 expression in canine mammary 
tumors, compared with benign tumors (adenoma), tends to be 
associated with increasing malignancy (adenocarcinoma) (9). 
Furthermore, COX-2 expression has been shown to be absent 
or weak in normal mammary gland tissue (9,10). Therefore, 
these observations suggest the potential utility of COX-2 as a 
therapeutic target, which may also reduce the negative impact 
on normal cells.

COX-2 has attracted attention as a potential tool for 
chemoprevention and chemotherapy for canine mammary 
tumors (11). However, the antitumor effects of selective COX-2 
inhibitors against canine mammary tumor cells are essentially 
unknown. Therefore, the objective of the present study was to 
determine the antitumor effect of selective COX-2 inhibitors 
in canine mammary tumor cells. Furthermore, using canine 
mammary tumor cells, we compared the antitumor-effect 
intensity of three selective COX-2 inhibitors: celecoxib, 
etodolac and meloxicam.

Materials and methods

COX inhibitors. To evaluate the antitumor effect of selective 
COX-2 inhibitors against canine mammary tumor cell lines, 
we used COX-2-selective NSAIDs (celecoxib, etodolac and 
meloxicam). Celecoxib and etodolac were purchased from 
Sigma Aldrich (Tokyo, Japan). Meloxicam was purchased from 
Wako Pure Chemicals Ltd. (Osaka, Japan). The stock solutions 
of the COX-2-selective inhibitors were dissolved in DMSO. 
The final concentration of DMSO in the culture medium was 
adjusted to 0.1% in all the experiments. The control cells were 
treated with 0.1% DMSO. The term ‘parent cells’ was used to 
refer to non-treated cells.

Cell culture. Canine mammary tumor (CF33) cells were 
purchased from the American Type Culture Collection 
(ATCC; Manassas, VA, USA). The cells were cultured as 
previously described (12,13). AZACB cells were purchased 
from Primary Cell Co., Ltd. (Hokkaido, Japan). The AZACB 
cells were cultured in a manner similar to that used for the 
CF33 cells.

Cell proliferation analysis. To evaluate the effect of COX-2 
selective inhibitors on cell proliferation, the untreated and 
treated cells were subjected to a WST-8 assay using Cell 
Counting Kit-8 (Dojindo Laboratories, Kumamoto, Japan). 
The CF33 cells were seeded at a density of 1x103 cells/well 
into 96-well plates (BD Falcon, Tokyo, Japan). At each time-
point (days 0-4), 10 µl of CCK-8 reagent was added. After a 
2-h incubation, the absorbance was measured at 450 nm using 
a Benchmark Plus microplate reader (Bio-Rad Laboratories, 
Tokyo, Japan). In these experiments, 5 replicate wells were 
used for each time-point.

Cell cycle and apoptosis analyses. CF33 cells were seeded 
at a density of 2.5x105 cells/100-mm dish (BD Falcon). After 
the cells were treated, they were harvested and washed with 
PBS, resuspended in 70% ethanol in PBS, and incubated at 
-30˚C overnight. Prior to the analysis, the cells were mixed and 

incubated in the dark for 15 min in PI/RNase staining buffer 
(BD Pharmingen, San Jose, CA, USA). The suspension was 
then filtered through a 5-ml polystyrene round-bottom tube 
with a cell-strainer cap (Becton-Dickinson, Franklin Lakes, 
NJ, USA) and analyzed using FACSCanto (Becton Dickinson) 
and FlowJo 7 (Tree Star, Ashland, OR, USA).

Trypan blue exclusion assay. Cells were seeded at a density of 
1x105 cells in 60-mm dishes at 24 h before DMSO or COX-2 
inhibitor treatment. The cells were incubated in the presence 
of meloxicam (100 µM), etodolac (100 µM) and celecoxib 
(100 µM) for 24 h. The cells were washed with PBS, tryp-
sinized and resuspended in PBS. The suspended cells were 
incubated with 0.4% (w/v) trypan blue solution (Wako Pure 
Chemical Industries) for 1 min at room temperature, and the 
number of stained cells was counted.

Real-time RT-PCR. Total RNA was extracted from cells using 
the TRIzol reagent (Invitrogen, Carlsbad, CA, USA) according 
to the manufacturer's instructions and our previously described 
methods (12-14). cDNA was synthesized using a PrimeScript™ 
RT reagent kit (Perfect Real-Time) (Takara Bio, Shiga, Japan) 
according to the manufacturer's protocols. Real-time PCR 
was performed using SYBR Premix Ex Taq™II (Tli RNaseH 
Plus) (Takara Bio) and the ABI Prism 7500 Real-Time PCR 
system (Applied Biosystems, Foster City, CA, USA) under 
the following conditions: 95˚C for 30 sec and 40 cycles each 
of 95˚C for 5 sec and 60˚C for 34 sec. Glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) expression was used 
as an internal control. The primer sequences are shown in 
Table I. The primers for BAX and Bcl-2 were purchased from 
Takara Bio, and the primer for GAPDH was obtained from 
Operon Biotechnologies (Tokyo, Japan). All the samples were 
amplified in triplicate in each experiment. The relative levels 
of mRNA were calculated using the ∆∆Ct method.

Western blotting. Whole cell lysates were harvested using 
RIPA buffer containing protease inhibitors. The total cell 
lysate extraction was performed as previously described (14). 
The protein concentration of the cell lysates was measured 
using a Pierce® BCA Protein Assay kit (Pierce, Rockford, IL, 
USA). Then, the cell lysates (15-20 µg) were boiled for 5 min 
in Laemmli sample buffer before being subjected to electro-
phoresis on 12% gel (BAX) and 10% (COX-2) SDS-PAGE gels 
and were subsequently transferred to PVDF membranes (Bio- 
Rad). The primary antibody against BAX was purchased from 
Cell Signaling Technology (Tokyo, Japan), the anti-COX-2 
antibody was obtained from Abcam (Tokyo, Japan), and the 
anti-actin antibody was purchased from Sigma Aldrich. The 
immune complex was detected using WesternBright Sirius 
Western Blotting Detection kit (Advansta, Menlo Park, CA, 
USA) according to the manufacturer's instructions.

Quantification of the caspase-3 and caspase-7 activities. To 
determine the activity of caspase-3 and caspase-7, we analyzed 
the treated and untreated cells using Caspase-Glo®3/7 
assays (Promega, Tokyo, Japan) according to the manufac-
turer's instructions. The fluorescence was measured using 
an ARVO™1420 Multilabel Counter (Perkin-Elmer, Tokyo, 
Japan).
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Identifying the stages of apoptosis. The stages of apoptosis were 
analyzed using the ApoAlert® Annexin V-FITC Apoptosis kit 
(Clontech Laboratories, Inc., Palo Alto, CA, USA) according 
to the manufacturer's instructions. The cells were seeded at a 
density of 2.5x105 cells/well in 100-mm dishes (BD Falcon). 
Both adherent and non-adherent cells were harvested (trypsin, 
0.25%) and centrifuged. After washing and then resuspending 
the cell pellets in binding buffer, the cells were incubated 
with Annexin V-FITC and PI for 15 min in the dark at room 
temperature. The samples were analyzed using FACSCanto 
and FlowJo 7.

Statistical analysis. To determine significant differences 
between the selective COX-2 inhibitor-treated cells and the 
control cells, statistical analysis was performed using paired 
two-tailed Student's t-test. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Celecoxib reduces COX-2 expression in CF33 cells. Immuno-
histochemical analysis has shown a tendency of an increase 
in COX-2 expression in canine mammary tumors compared 
to benign tumors (9). Therefore, we examined and compared 
COX-2 protein expression in CF33 and AZACB cells. The 
CF33 cells exhibited higher COX-2 protein levels than the 
AZACB cells (Fig. 1A). This result may indicate that COX-2 
contributes to maintaining the malignant phenotype of CF33 
cells. To determine the antitumor effect of selective COX-2 
inhibitors in canine mammary tumor cells, we used CF33 cell 
lines that highly expressed COX-2. To clarify whether selec-
tive COX-2 inhibitors affect COX-2 expression patterns, we 
compared COX-2 protein levels in selective COX-2 inhibitor-

treated CF33 cells. COX-2 protein expression levels were 
markedly downregulated after 24 h of celecoxib treatment 
(100 µM) (Fig. 1B). However, meloxicam or etodolac treat-
ment did not alter COX-2 expression (Fig. 1B). This finding 
may suggest that celecoxib effectively inhibits the function 
of COX-2 in canine mammary tumor cells. Similar results 
have also been observed in human cancer cell lines (15). 
Celecoxib-induced COX-2 downregulation is thought to occur 
at the transcriptional level due to the inhibition of NF-κB 
activity (16).

Selective COX-2 inhibitors, especially celecoxib, mark-
edly inhibit CF33 cell proliferation via a decrease in the 
percentage of S-phase cells and induction of G0/G1 arrest. 
A number of studies have provided conclusive evidence that 
selective COX-2 inhibitors possess potential chemopreventa-
tive and chemotherapeutic activity in human breast cancer 
patients. To analyze the effect of selective COX-2 inhibitors 
on CF33 cell proliferation, we utilized a WST-8 assay at 
0, 1, 2, 3 and 4 days following the addition of each selec-
tive COX-2 inhibitor (meloxicam, etodolac and celecoxib) 
(Fig. 2). The number of parent and control cells increased 
steadily and nearly equally for 4 days after plating. However, 
the rate of CF33 cell proliferation was suppressed in a 
dose-dependent manner following meloxicam, etodolac and 
celecoxib treatment (Fig. 2A). Notably, CF33 cell prolif-
eration was completely blocked from days 1-4 after the 
celecoxib (100 µM) treatment (Fig. 2C). The cells treated 
with celecoxib (100 µM) exhibited a marked decrease in the 
percentage of S-phase cells and an increase in G0/G1 arrest 
(Fig. 3C). Moreover, the celecoxib (100 µM)-treated cells 
exhibited a marked alteration in the percentage of S-phase 
and G0/G1-phase cells.

Table I. Primer sequences for real-time RT-PCR.

Gene Forward (5'-3') Reverse (5'-3')

GAPDH ATTCTATCCACGGCAAATCC GGACTCCACAACATACTCAG
BAX CGCATCGGAGATGAACTGGA ACCAGTTTGCTGGCAAAGTAGAAG
Bcl-2 TGAACCGGCATCTGCACAC GAGCAGCGCCTTCAGAGACA

Figure 1. Celecoxib-induced downregulation of COX-2 protein expression in CF33 cells. (A) Protein level of COX-2 was analyzed by western blotting in 
CF33 cells and AZACB cells. (B) Western blot analysis of COX-2 expression in CF33 cells treated with selective COX-2 inhibitors (100 µM; meloxicam, 
etodolac and celecoxib) for 24 h. As a control, CF33 cells were treated with DMSO at a final concentration of 0.1%. The term ‘parent cells’ was used to refer 
to non-treated cells.
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Figure 2. Selective COX-2 inhibitors, especially celecoxib, markedly inhibit CF33 cell proliferation in a dose-dependent manner. The effects of selective 
COX-2 inhibitors on cell proliferation were analyzed using a WST-8 assay from day 0 to day 4 of culture. The data are shown as the mean ± SD (n=5). (A) The 
effects of meloxicam (A), etodolac (B) and celecoxib (C) on CF33 cell proliferation.

Figure 3. Celecoxib treatment decreases cells in the S phase and increases cells in G0/G1 arrest. To analyze the effects of selective COX-2 inhibitors on the 
distribution of each cell cycle stage, treated and untreated cells were assessed by FACS analysis (A-D). (A-C) The percentage of cells distributed in each cell 
cycle stage after treatment with meloxicam (A), etodolac (B) and celecoxib (C). (D) The distribution of each cell-cycle stage in CF33 cells treated with 100 μM 
celecoxib for 4, 8, 12, 16, 20 and 24 h. These data were obtained by analyzing 20,000 cells in each experiment.
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Meloxicam (100 µM) and etodolac (100 µM) treatment 
also strongly inhibited CF33 cell proliferation (Fig. 2A and B). 
However, G0/G1 arrest was slightly induced in the CF33 
cells treated with a higher dose of meloxicam and etodolac 
(Fig. 3A and B). These data suggest that celecoxib strongly 
induced the inhibition of cell proliferation in canine mammary 
tumor cells. Furthermore, these results indicate that selective 
COX-2 inhibitors are capable of inhibiting the cell prolifera-
tion of canine mammary tumor cells, similar to the inhibition 
observed in human breast cancer cells from previous studies.

Celecoxib is a more powerful apoptosis inducer than etodolac 
or meloxicam in canine mammary tumor cells. Selective 
COX-2 inhibitors markedly suppressed the proliferation of 
CF33 cells in our experiments. To determine whether selective 
COX-2 inhibitors induced apoptosis in the CF33 cells, the cells 
were exposed to meloxicam, etodolac or celecoxib for 24 h 
and were then analyzed using a trypan blue exclusion assay. In 
the meloxicam-treated cells, dead or apoptotic cells were not 
observed (Fig. 4A and B). However, treatment with etodolac 
(100 µM) or celecoxib (100 µM) increased the number of 
dead cells [(0.3±0.6) x 104 and (0.8±0.6) x 104, respectively] 
(Fig. 4A). To determine whether the etodolac- or celecoxib-
induced CF33 cell death was a result of apoptosis, the cells 
were stained with PI and analyzed using FACS. Apoptosis was 
induced more frequently in the CF33 cells treated with a high 
dose of etodolac or celecoxib (Fig. 4C and D). Specifically, 
the treatment with 100 µM of etodolac or celecoxib elevated 
the proportion of apoptotic cells by ~3.7- and 4.6-fold, respec-
tively (Fig. 4C and D). The imbalance between pro-apoptotic 
molecules (BAX and BAK) and anti-apoptotic molecules 

(Bcl-2 and Bcl-XL) induces apoptosis mediated by the stimu-
lation of mitochondrial outer membrane permeabilization 
(MOMP) (17). To further clarify the effect of selective COX-2 
inhibitors on apoptosis, we measured BAX and Bcl-2 mRNA 
and BAX protein expression levels using real-time RT-PCR 
and western blotting. Celecoxib treatment caused a marked 
increase in BAX mRNA expression and a decrease in Bcl-2 
mRNA expression compared with the control cells (Fig. 5A 
and B). In addition, we observed that celecoxib treatment 
caused a significant increase in BAX protein levels compared 
with that in the other cells (Fig. 5C). However, the Bcl-2 mRNA 
levels were also downregulated in the CF33 cells treated with 
the other selective COX-2 inhibitors (Fig. 5B). The activation 
of the effectors caspase-3 and caspase-7 following the activa-
tion of the initiator caspase-9 or caspase-8 is important for the 
induction of apoptosis (18). To further clarify the effect of selec-
tive COX-2 inhibitors on apoptosis, we analyzed the degree of 
caspase-3/7 activity. Only the celecoxib-treated cells induced 
the activation of caspase-3 and caspase-7 (Fig. 5D). To further 
confirm the induction of apoptosis in the CF33 cells treated 
with celecoxib, we assessed apoptosis using Annexin V and 
PI staining. Our results demonstrated that celecoxib (100 µM) 
treatment decreased the CF33 cell survival rate and increased 
the percentages of both early and late apoptotic CF33 cells 
(Fig. 6). These results may indicate that celecoxib induces 
strong cell proliferation inhibition in canine mammary tumor 
cells by activating the intrinsic apoptosis pathway. Our data 
indicate that celecoxib and etodolac may induce apoptosis in 
canine mammary tumor cells. However, meloxicam did not 
induce an apoptotic effect in canine mammary tumor cells in 
the present study.

Figure 4. Etodolac- and celecoxib-induced apoptosis in CF33 cells. To analyze the effect of selective COX-2 inhibitors on the induction of apoptosis in CF33 
cells, we utilized a trypan blue exclusion assay and FACS analysis. (A) The number of dead cells identified using the trypan blue exclusion assay. (B-D) FACS 
analysis of apoptotic cells treated with the vehicle (Control) or different concentrations of selective COX-2 inhibitors for 24 h. The data from 20,000 cells were 
analyzed using FlowJo 7.
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Figure 5. Celecoxib induces activation of the intrinsic apoptosis pathway in CF33 cells. To determine the effect of selective COX-2 inhibitors on apoptosis-
related molecules, we measured BAX and Bcl-2 expression and caspase-3/7 activities. (A) BAX and (B) Bcl-2 mRNA expression in CF33 cells treated with 
selective COX-2 inhibitors for 24 h was measured using real-time RT-PCR analysis. The data represent the mean ± SD. This analysis was performed in 
triplicate. (C) Western blotting for BAX in CF33 cells treated with 100 µM selective COX-2 inhibitors for 24 h. (D) Luminescent assay for caspase-3/7 activity 
in CF33 cells treated with 100 µM selective COX-2 inhibitors for 24 h. The data represent the mean ± SD. This analysis was performed in pentad.

Figure 6. Celecoxib treatment decreases CF33 cell survival rate and increases both early and late CF33 apoptotic cells. To further analyze the apoptotic 
effect of celecoxib on CF33 cells, treated and untreated cells were analyzed using Annexin V-FITC and PI double staining. (A) The percentage of live cells 
(Annexin-/PI-). (B) The percentage of early apoptotic cells (Annexin+/PI-). (C) The percentage of late apoptotic cells (Annexin+/PI+). Data from 20,000 cells 
were analyzed using FlowJo 7.
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Discussion

Recent studies have demonstrated that NSAIDs, especially 
selective COX-2 inhibitors, are useful for chemotherapy or 
chemoprevention of various human cancers via the induction 
of apoptosis and the inhibition of cell growth (19,20). However, 
the mechanism of action of selective COX-2 inhibitors against 
canine mammary tumors remains unclear; therefore, the aim 
of the present study was to elucidate the mechanism of action 
of selective COX-2 inhibitors against canine mammary tumor 
cells. Our experiments revealed that selective COX-2 inhibitors 
inhibited the proliferation of canine CF33 mammary tumor 
cells. Specifically, our findings demonstrated that celecoxib 
induced CF33 apoptosis more robustly than meloxicam and 
etodolac treatment in CF33 cells. Furthermore, our findings 
indicated that celecoxib-induced apoptosis is mediated by the 
activation of the intrinsic apoptosis pathway. These results 
suggest that celecoxib has a strong antitumor potency in canine 
mammary tumor cells.

Compared with the findings for normal tissue, COX-2 
expression has been observed to be elevated in various human 
premalignant and malignant tumors, such as colorectal, 
breast and lung cancers (21). Similarly, in canines, COX-2 is 
overexpressed in breast and prostate cancers (22). Compared 
with the findings for canine mammary adenoma tumors, 
COX-2 expression is increased in cases of canine mammary 
adenocarcinoma with malignant phenotypes (9). Furthermore, 
metastatic lesions of malignant mammary tumor tissue exhib-
ited intense immunohistochemical COX-2 staining (23). These 
previous reports indicate that COX-2 plays an important role 
in the initiation and promotion of mammary tumors and the 
maintenance of the malignant phenotype of canine mammary 
tumors. The present results demonstrated that celecoxib 
induced apoptosis, which was associated with a downregula-
tion of COX-2 protein expression levels in canine mammary 
tumor cells. Therefore, this finding supports the hypothesis 
that celecoxib is a useful therapeutic agent for COX-2-positive 
canine mammary tumors.

In vertebrate cells, caspase-dependent apoptosis is divided 
into two pathways, the intrinsic and extrinsic pathways, which 
are induced by different initiation cascades (24-26). The 
intrinsic apoptosis pathway (also known as the mitochondrial 
pathway or the stress pathway) is initiated by a variety of 
chemical or physical stressors, such as DNA damage by UV 
irradiation and endoplasmic reticulum stress (27). However, 
the extrinsic apoptosis pathway is initiated via the interaction 
of a death receptor (FAS and TNF-α) with its ligand (FAS-L 
and TNF-α L) (25,26). Whether the mechanism of celecoxib-
induced apoptosis occurs through the intrinsic pathway or 
the extrinsic pathway remains controversial. Some studies 
have proposed that celecoxib initiates the extrinsic apoptosis 
pathway mediated by activating caspase-8 via the induc-
tion of DR5 (TRAIL receptor 2) expression (28). However, 
several studies have reported that celecoxib induces apoptosis 
by activating the intrinsic apoptosis pathway (29,30). Our 
observation indicates that celecoxib activated the intrinsic 
apoptosis pathway in canine mammary tumor cells by acti-
vating caspase-3/7 via the downregulation of Bcl-2 and the 
upregulation of BAX. Furthermore, PGE2 treatment has been 
shown to inhibit the induction of apoptosis in human colon 

cancer cells with selective COX-2 inhibitor-mediated Bcl-2 
upregulation (31). The present study also suggests that cele-
coxib directly affects the expression levels of Bcl-2 in canine 
mammary tumor cells.

In patients with a history of colorectal neoplasms, the 
chronic administration of celecoxib increases the risk for 
serious cardiovascular side-effects compared to that for the 
placebo group (32), and other coxib-class drugs can produce 
similar side-effects. This phenomenon may be explained by an 
imbalance between prostacyclin (PGI2) and thromboxane A2 
(TXA2), which is caused by the inhibition of COX-2-derived 
PGI2 in endothelial cells without the inhibition of COX-1-
dependent TXA2 production in platelets (33). To determine the 
inhibition of COX-2 activity by selective COX-2 inhibitors, we 
analyzed the alteration of COX-2 activity and PGE2 produc-
tion of CF33 cells. However, we did not observe any changes 
in CF33 COX-2 activity and PGE2 production after treatment 
with selective COX-2 inhibitors (meloxicam, etodolac and 
celecoxib) (data not shown). Celecoxib analogs have previously 
been shown to exhibit an antitumor effect through a COX-2-
independent mechanism (34). Our results raise the possibility 
of selective COX-2 inhibitor-mediated CF33 cell proliferation 
inhibition via a COX-2-independent manner. Furthermore, 
since COX-2 activity was not inhibited, the chronic adminis-
tration of selective COX-2 inhibitors in canines may not cause 
the severe cardiovascular side-effects observed in humans.

In conclusion, our results indicate that selective COX-2 
inhibitors may be a viable option for chemotherapy or 
chemoprevention against canine mammary tumors. In canine 
mammary tumors, celecoxib would function as a chemothera-
peutic agent by inducing apoptosis. Furthermore, our findings 
also provide additional evidence that COX-2 is a suitable 
for therapeutic and preventative target in canine mammary 
tumors. In the future, it may be possible to use a combination 
of other antitumor drugs and selective COX-2 inhibitors as a 
treatment protocol for canine mammary tumors.
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