
Abstract. Background: The antitumor growth and
antimetastatic actions of celecoxib [a selective cyclooxygenase-
2 (COX-2) inhibitor] were investigated in a metastatic murine
mammary cancer model. Materials and Methods: Mice bearing
mammary tumors, developed after inoculation of syngeneic
BALB/c mice with a mammary carcinoma cell line carrying a
p53 mutation, were treated with celecoxib at 0, 7.5 and 15
mg/kg five times a week for seven weeks. Results: Tumor
volumes were significantly reduced in association with an
increase in apoptosis and a decrease in DNA synthesis in tumor
tissues. In vitro studies demonstrated a significant increase in
the number of cells undergoing apoptosis, with significantly
elevated activities of caspase-3 and caspase-9, but not caspase-
8, and a dose-dependent decrease in mitochondrial membrane
potential, indicating the mitochondrial pathway of apoptosis.
In addition, treatment with celecoxib showed cell cycle arrest in
the G1-phase and decreased cell population in the S- and
G2/M-phases. Furthermore, tumor microvessel formation and
mRNA levels for VEGF-A and COX-2 were markedly
decreased. Conclusion: Celecoxib may be useful as an adjuvant
therapy for breast cancer containing p53 mutations due to its

ability to both induce p53-independent mitochondria-mediated
apoptosis and exert anti-angiogenic potential. 

Two isoforms of cyclooxygenase (COX), the key enzyme
catalyzing conversion of arachidonic acid to prostaglandins,
have been identified: COX-1 and COX-2. COX-1 is
constitutively expressed in most tissues, whereas COX-2 is
expressed at sites of inflammation, which has led to the
speculation that its inhibition could provide all the benefits
of current non-steroidal anti-inflammatory drugs (NSAIDs)
without their major side-effects (due to COX-1 inhibition)
on the gastrointestinal system (1, 2). The new NSAIDs,
which are selective inhibitors of COX-2, can exert
therapeutic efficacy without toxic effects due to the
inhibition of COX-1. Celecoxib, a selective COX-2 inhibitor,
has shown efficacy comparable to that of the NSAIDs on
relief of pain and inflammation in osteoarthritis.

Recent studies have indicated that overexpression of COX-2
and prostaglandins is a characteristic of many human cancers,
including colorectal, prostate and gastric cancer (3-5). Both
breast cancer and breast cancer cell lines (6) exhibit elevated
levels of COX-2 that significantly correlate with tumor size
and clinical stage (7). In addition, COX-2 inhibition is much
more important than COX-1 inhibition in oncogenesis (8, 9).
Furthermore, selective COX-2 inhibitors have shown
significant effects in reducing the incidence and progression
of tumors and metastasis in animal models (7, 8, 10, 11). One
example, celecoxib, has been approved for adjuvant treatment
of familial adenomatous polyposis and chemoprevention
clinical trials of other cancer types (12). The apoptotic and
growth inhibitory effects of celecoxib may be mediated
through COX-dependent and COX-independent mechanisms
(13-15); this versatile agent is capable of targeting multiple
sites in signaling pathways regulating cell cycle progression
and apoptosis (13, 14, 16). 

The lethality of breast cancer is largely the result of
metastasis, the most common sites being lung, lymph nodes,
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liver and bone. Conventional cancer therapies used in breast
cancer have yielded positive results; nevertheless, the rates
for cure and survival remain unsatisfactory for a number of
reasons, one being the difficulty in controlling and
eradicating metastases without serious systemic side effects.
Thus, there is a need for the development of more effective
and less toxic therapies that can reduce morbidity and
mortality. The efficacy of celecoxib for treatment of breast
cancer has already been reported, but evaluation of the anti-
metastatic ability of celecoxib for mammary cancer remains
unsatisfactory. The existence of a mouse metastatic
mammary cancer model having a metastatic spectrum
similar to that seen in human breast cancers allows further
research into these issues. Since one possible action of
anticancer agents is against angiogenesis, which has been
shown to correlate with a worse prognosis (17), an
assessment of vessel numbers and expression of vascular
endothelial growth factor-A (VEGF-A), a pro-angiogenesis
factor reported to be linked with vascularity, advanced
disease and poor prognosis (18, 19) were included in the
present study. Recently, celecoxib has been reported to
reduce microvessel density in human breast cancer (11), and
inhibit VEGF expression in human pancreatic cancer (20). 

Materials and Methods

Cells. The BJMC3879 mammary adenocarcinoma cell line used was
derived from a metastatic focus within a lymph node from a female
BALB/c mouse that had mouse mammary tumor virus (MMTV)
injected into the inguinal mammary glands (21). Mammary tumors
resulting from MMTV inoculation show a propensity for high
metastasis to lungs and lymph nodes (22, 23), a trait retained
through culture. BJMC3879 cells are known to feature a p53
mutation (24) and were here maintained in Dulbecco’s modified
Eagle’s medium or RPMI-1640 containing 10% fetal bovine serum
with streptomycin/penicillin in an incubator at 37ÆC under 5% CO2.

Animals. A total of 52 female 5-week-old BALB/c mice were used
in this study (Japan SLC, Hamamatsu, Japan). The animals were
housed four per plastic cage in the preliminary dosage-tolerance
study and six per cage in the tumor growth phase, on wood chip
bedding, with free access to water and food, under conditions of
controlled temperature (21±2ÆC), humidity (50±10%) and
lighting (12-12 h light-dark cycle). All animals were held for a 2-
week acclimatization period before study commencement. All
manipulations of mice were performed in accordance with the
procedures outlined in the Guide for the Care and Use of
Laboratory Animals of Osaka Medical College, Japan. 

In vivo preliminary dosage-tolerance study. To ensure that toxicity
would not be a factor, a preliminary dosage-tolerance study for the
proposed 0 (dimethyl sulfoxide; DMSO), 10, 20 and 30 mg/kg
dosages of celecoxib (Wako Pure Chemical Industries, Osaka,
Japan) using four mice for each dose was conducted. The animals
were injected i.p. five times a week for four consecutive weeks. No
deaths occurred in any of the groups, and therefore no dose
adjustment was considered necessary. 

In vivo tumor growth study. BJMC3879 cells [5x106 cells/0.3 ml
phosphate-buffered saline (PBS)] were inoculated s.c. into the right
inguinal region of 36 female BALB/c mice. Two weeks later, when
tumors had grown to ~0.2 cm diameter, groups of 12 mice were
injected i.p. with 20 Ìl of either vehicle (100% DMSO) alone or 7.5 or
15 mg/kg celecoxib five times a week for seven weeks. Individual body
weights were recorded weekly; using calipers. Each mammary tumor
was also measured weekly and tumor volumes calculated using the
formula [(maximum diameter) x (minimum diameter)2 x 0.4] (25).
Three hours after the last celecoxib or DMSO treatment all animals
were injected i.p. with 100 mg/kg 5-bromo-2’-deoxyuridine (BrdU)
(Sigma Chemical Co., St. Louis, MO, USA) and 1 h thereafter were
killed under diethyl ether anesthesia by exsanguination. 

Histopathology. At necropsy, tumors and lymph nodes, routinely
those from the axillary and femoral regions and in addition those
appearing abnormal, were removed, fixed in 4% formaldehyde
solution in phosphate buffer and routinely processed through to
paraffin embedding. Lungs were inflated with the formaldehyde
solution prior to excision and immersion in fixative. The individual
lobes were subsequently removed from the bronchial tree, trimmed
into seven pieces and examined for metastatic foci before being
similarly processed to paraffin embedding. All paraffin-embedded
tissues were cut at 4 Ìm, with sequential sections stained with
hematoxylin and eosin (H&E) for histopathological examination or
reserved unstained for immunohistochemistry. For quantitative
analysis, lung metastatic foci consisting of >30 cells were counted,
as previously described (22).

p53 immunohistochemistry. The avidin-biotin complex method was used
for p53 immunohistochemistry. Unstained sections were immersed in
distilled water and heated by microwave irradiation for antigen
retrieval prior to incubation with an anti-p53 mouse monoclonal
antibody (Clone Pab240; Santa Cruz Biotechnology, Santa Cruz, CA,
USA) that reacts with the mutant protein in fixed specimens.

DNA synthesis. Tumors from three animals selected from each
treatment group were evaluated for DNA synthesis by
immunohistochemical demonstration of BrdU incorporation. Using
unstained paraffin-embedded tissue sections, DNA was denatured
in situ by incubation in 4 N HCl solution for 20 min at 37ÆC and
sections were exposed to an anti-BrdU mouse monoclonal antibody
(Clone Bu20a; Dakocytomation, Glostrup, Denmark). The
numbers of BrdU-positive S-phase cells per 5,000 cells were
counted in (x200) fields of the viable regions in the whole tumor
tissue and the BrdU labeling indices were then expressed as the
percentages of positive cells of the total counted. 

Apoptosis. For quantitative analysis of apoptosis, sections from
paraffin-embedded tumors were assayed using the terminal
deoxynucleotidyl transferase-mediated dUTP-FITC nick end-
labeling (TUNEL) method using an apoptosis in situ detection kit
(Wako Pure Chemical Industries) with minor modifications to the
manufacturer’s protocol. Five thousand cells within five randomly
selected high power (x200) fields were counted in the viable
regions peripheral to necrosis areas and the TUNEL-positive cells
expressed as percentages. 

In vitro, the BJMC3879 cells, grown in 2-well chamber slides and
treated with 20 ÌM celecoxib for 24 h, were fixed in 4% formaldehyde
solution in phosphate buffer and the TUNEL staining procedure was
performed, as described above. The numbers of TUNEL-positive
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cells per 1,000, counted in four random high power (x400) fields by
conventional light microscopy, were expressed as percentages.

Microvessel density in tumors. Immunohistochemical staining using
paraffin sections was conducted as in the p53 immunohisto-
chemistry. Unstained sections were incubated with an anti-vWF
antibody (Dakocytomation) that reacts with blood endothelial cells.
For quantification of tumor microvessel density, vessels in each
section were counted in five randomly selected high power (x200)
fields of the viable peripheral regions.

Quantitative analysis of VEGF-A and COX-2 expression. Total RNA
was isolated from the tumor tissues or the BJMC3879 cells using an
RNeasy Mini Kit (Qiagen, GmbH, Hilden, Germany) and cDNAs
were synthesized with a Transcriptor First Strand cDNA Synthesis
Kit (Roche Diagnostics, GmbH, Mannheim, Germany) following the
manufacturer’s protocol with the total RNA concentration adjusted
to 0.5 Ìg in each sample. cDNAs were amplified using a LightCycler
quick system 330 (Roche Diagnostics) and LightCycler-FastStart
DNA Master SYBR Green I (Roche Diagnostics) according to the
manufacturer’s protocol. Primer sequences were for COX-2, 5’-
CAGAAC CGCATT GCCTCTG-3’ and 5’- AGCTGTACTCCT
GGTCTTCAATGTT-3’; for VEGF-A, 5’-AGG CTG CTG TAA
CGA TGA A-3’ and 5’-TTT GGT CTG CAT TCA CAT C-3’; and
for glyceraldehyde-3-phosphate dehydrogenase (GAPDH), used as
an internal control, 5’-TGAACGGGAAGCTCACTGG-3’ and 5’-
TCCACCACCCTGTTGCTGTA-3’ (Nihon Gene Research Lab's
Inc., Sendai, Japan). Levels of mRNA were evaluated by a relative
quantification method (to each GAPDH mRNA level), as previously
described (26).

Cell viability. The BJMC3879 cells were plated 48 h before celecoxib
treatment at 1x103 cells/well in 24-well plates. They were subsequently
incubated for 24 h with culture medium containing vehicle (DMSO)
alone or with medium containing celecoxib at various concentrations
up to 40 ÌM and evaluated for cell proliferation using a Cell
Proliferation Kit I (MTT) (Roche Diagnostics).

Cell-cycle distribution. The BJMC3879 cells were grown in 2-well
chamber slides (Lab-TekII: Nalgen Nunc International, Naperville,
IL, USA), treated with 20 ÌM celecoxib for 24 h and fixed in cold
70% ethanol. Nuclear DNA was stained with a 50 Ìg/ml propidium
iodide solution containing 100 Ìg/ml RNase A for 30 min at 37ÆC
for cell cycle analysis. Cell cycle phases were determined with a
microscope-based multiparameter laser scanning cytometer (LSC2;
Olympus Optical Co., Tokyo, Japan) and the resulting data
analyzed with WinCyte software (Compucyte Co., MA, USA).

Caspase activities. The activities of caspase-8, -9 and -3 were
measured in cells treated with 20 ÌM celecoxib for 24 h using a
fluorometric protease assay kit (MBL Inc., Nagoya, Japan), for
which cells were lysed with 0.1% Triton X-100 lysis buffer and the
protein concentration adjusted to 25 Ìg in each sample. Caspase
activity was measured in terms of fluorescence intensity using a
VersaFluor fluorometer (Bio-Rad, Hercules, CA, USA).

Mitochondrial membrane potential (¢æm). Values for ¢æm in
celecoxib-treated and control cells were measured using a
fluorescent cationic dye, 5,5’,6,6’-tetrachloro-1,1’,3,3’-tetraethyl-
benzamidazolocarbocyanin iodide (JC-1) (Mit-E-æ Mitochondrial
Permeability Detection Kit; Biomol Research Laboratories,

Plymouth Meeting, PA, USA) 24 h after celecoxib treatment and
determined in terms of relative fluorescence units (RFU) using a
VersaFluor fluorometer (Bio-Rad) with a 485-495 nm excitation
filter and a 585-595 nm emission filter.

Prostaglandin E2 (PGE2) levels. Aliquots of 1x105 BJMC3879 cells
were plated 48 h before celecoxib treatment in tissue culture flasks
(150 cm2). They were subsequently incubated for 24 h with culture
medium containing vehicle (DMSO) alone or with medium
containing 20 ÌM celecoxib. The PGE2 concentration in 2 ml
medium was then assessed by SRL, Inc., Tokyo, Japan. 

Statistical analysis. Data for dose-response effects were subjected
to analysis of variance (ANOVA), while the Scheffer’s t-test was
employed for assessment of differences between means. Levels of
VEGF-A (in vivo) were compared using the Least Significant
Difference (LSD) method. Data for PGE2 level, caspase activity,
cell cycle parameters, VEGF-A and COX-2 in vitro studies were
compared between control and celecoxib-treated groups using the
two-sided Student’s t-test. The two-sided Fisher's exact probability
test was employed to evaluate the significance of histopathological
findings.

Results

Body weights and general condition. The data for body
weights of control and celecoxib-treated mice bearing
mammary tumors are summarized in Figure 1A. There were
no significant differences in body weight among the groups.
Single mice in the celecoxib (15 mg/kg)-treated group died
at weeks three and four, due to accidents at the time of
injection. The general conditions of all other animals
remained good throughout the study. This experiment was
terminated at experimental week seven when the largest
tumor in the control group was 2.0 cm in diameter. 

Inhibition of tumor growth and lung metastasis. Tumor volumes
are presented in Figure 1B. A significant tumor growth
reduction was evident in mice receiving celecoxib in a dose-
dependent manner, from week 6 in the 7.5 mg/kg group and
week 3 in the 15 mg/kg group. By the end of the experiment,
the average tumor volume in control animals was 1462±539
mm3, while those for mice receiving 7.5 and 15 mg/kg were
804±287 mm3 and 677±165 mm3, respectively. 

Histopathologically, the mammary carcinomas developed
after BJMC3879 cell inoculation proved to be moderately-
differentiated adenocarcinomas. Immunohistochemically,
they were confirmed to have a p53 mutation (Figure 2A), in
agreement with a previous report (24). Lung metastasis
occurred in 100% of controls, in 92% of the animals
receiving 7.5 mg/kg celecoxib and in 90% of the animals
given 15 mg/kg, without significant variation, but the
metastatic foci tended to be markedly smaller in both
celecoxib-treated groups (Figure 2C) than in the control
animals (Figure 2B). Significant decreases in lung metastatic
foci consisting of >30 cells were noted in the 7.5 and 15
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mg/kg groups (p<0.05 as compared with control) (Figure
3A). The number of metastasis-positive lymph nodes per
mouse tended to decrease in a dose-dependent manner, but
statistical significance was not attained (Figure 3B). 

Levels of DNA synthesis and apoptosis in mammary tumors.
DNA synthesis (BrdU-positive S-phase cells) in tumors was
significantly decreased in mice receiving celecoxib at 7.5 and
15 mg/kg compared to the controls (p<0.01) (Figure 4A).
Representative TUNEL-positive cells of tumors in celecoxib-
treated and control animals are illustrated in Figures 2D and
2E. The levels of apoptosis in tumors were significantly
higher in the 15 mg/kg group (p<0.01 as compared to the
controls) (Figure 4B). 

Microvessel density and relative levels of VEGF-A and COX-2
in mammary carcinomas. Representative tumor microvessels

are illustrated in Figures 2F (control) and 2G, a significant
decrease being evident in the 7.5 and 15 mg/kg groups
compared with the control group (Figure 5A). Relative
levels of VEGF-A mRNA were also lower in tumors from
the 7.5 and 15 mg/kg groups (Figure 5B). A reduction in the
relative levels of COX-2 mRNA was observed in mammary
tumors of the 7.5 and 15 mg/kg groups (Figure 5C) but this
did not achieve statistical significance due to the large
variation in the control tumors.

Cell viability and cell-cycle distribution in vitro. Inhibition of
cell growth was seen in celecoxib-treated mammary
carcinoma BJMC3879 cells, with significance from 10 ÌM
(Figure 6A). Laser scanning cytometry of the mammary
carcinoma cells indicated that celecoxib increased the
number of cells in G1 arrest and suppressed the number
entering the S- and G2/M-phases (Figure 6B). 

Apoptosis signaling pathway in vitro. Quantitative analysis
revealed a significant increase in the numbers of TUNEL-
positive cells after 24 h of 20 ÌM celecoxib treatment
compared with control mammary carcinoma cells (Figure
7A). Significantly elevated activities of caspase-3 and
caspase-9, but not caspase-8, were also observed (Figure
7B). The ¢æm was significantly decreased in celecoxib-
treated carcinoma cells compared with control carcinoma
cells in a dose-dependent manner (Figure 7C).

VEGF-A and COX-2 expression, and PGE2 levels, in mammary
carcinoma cells treated with celecoxib. The relative levels of
VEGF-A mRNA were significantly decreased in mammary
carcinoma cells treated with 20 ÌM celecoxib compared with
the control cells (Figure 8A). A significant decrease in COX-
2 mRNA and PGE2 was also observed (Figures 8B and C).

Discussion

In this study, the antitumor activity of celecoxib, including
suppression of tumor growth and a significant reduction in
the number of lung metastases per mouse, was associated
with inhibition of angiogenesis, determined by evaluating
tumor microvessel formation. Furthermore, this was
associated with decreased levels of VEGF-A mRNA in vivo
and in vitro as assessed using real-time RT-PCR. The
results, thus, suggest that suppression of tumor growth and
metastasis by celecoxib may be directly related to depressed
VEGF-A expression and anti-angiogenesis.

Breast cancer is one of the leading causes of cancer
mortality in women throughout the world, including Japan,
but tumors confined within the breast can be surgically
removed with a good prognosis. However, mean survival for
patients with metastases to the lymph nodes, bone, lungs, liver
and/or brain is only 18 to 24 months and responses to
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Figure 1. Body weights (A) and tumor volumes (B) of mice treated with
0 (control), 7.5 or 15 mg/kg celecoxib. Data represent mean±SD. (A)
There were no significant differences in body weights among the celecoxib-
treated groups compared with the control group. (B) Tumor volume was
significantly reduced in mice receiving celecoxib compared to controls
(from week 6 in the 7.5 mg/kg mice, and from week 3 in the 15 mg/kg
mice) (*p<0.05; **p<0.01). 



chemotherapy or endocrine therapy are limited to ~50%
(27). Clearly, there is a need for the development of novel
therapies to complement the existing triad of surgery,

radiation and chemotherapy. Breast and other tumors often
have increased levels of prostaglandins, particularly PGE (28),
which is also associated with metastasis to bone and poor
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Figure 2. (A) p53 immunohistochemistry in a BJMC3879 mammary carcinoma. Note nuclear staining of abnormal p53 protein. p53
immunohistochemistry, x400. (B) Lung metastatic nodules from a control mouse treated with DMSO alone. (C) Lung metastatic foci from a mouse
treated with 15 mg/kg celecoxib. Note the difference in size between (B) and (C), H&E, x40. TUNEL-positive (apoptotic) cells in mammary carcinomas
after treatment with 15 mg/kg celecoxib (E) and in a vehicle control (D). (D) and (E), TUNEL, x200. Tumor microvessel densities in mammary
carcinomas after treatment with 15 mg/kg celecoxib (G) and in a vehicle control (F). (F) and (G), vWF immunohistochemistry, x200.



survival (29, 30). Our present finding that PGE2 levels were
significantly decreased in mammary carcinoma cells treated
with celecoxib is, therefore, of interest. The main inducible
enzyme responsible for its production, COX-2, is commonly
overexpressed in both rodent and human tumors (7). Since
the risk of developing cancer may be attributable to the
combined actions of environmental factors and endogenous
promoting agents (31, 32), identification of the latter may lead
not only to a better understanding of the processes of tumor
progression and metastasis, but may also provide new
strategies for developing chemopreventive agents.
Administration of selective COX-2 inhibitors in humans may
reduce the risk of cancer development (33) and our present
results point to their efficacy against breast cancer.

Celecoxib is known to induce apoptosis (13, 14), with two
pathways currently being thought to play major roles in the
regulation of this type of mammalian cell death: an extrinsic
pathway mediated by one or more death receptors involving
caspase-8 and -3, and an intrinsic pathway mediated by
mitochondria involving caspase-9 and -3 (34, 35). Here, it
has been confirmed that celecoxib-induced cell death
involved apoptosis rather than necrosis using the TUNEL
assay. In addition, significantly elevated activities of caspase-
3 and caspase-9, but not caspase-8, were observed in the
BJMC3879 cells treated with celecoxib, strongly suggesting
activation of the intrinsic mitochondrial pathway. This was
further indicated by the significant decrease in ¢æm
apparent in the celecoxib-treated cells. Since 50% of human
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Figure 3. (A) Lung metastases were categorized as microscopic foci
composed of >30 cells. In the 7.5 and 15 mg/kg groups, numbers of foci per
mouse were significantly reduced (*p<0.05). (B) The number of metastasis-
positive lymph nodes per mouse tended to decrease in a dose-dependent
manner, but without statistical significance. Data represent mean±SD. 

Figure 4. (A) DNA synthesis in tumors, assessed by BrdU labeling indices,
was significantly decreased in mice receiving celecoxib at 7.5 and 15 mg/kg
(**p<0.01). (B) Levels of apoptosis, evaluated by TUNEL assay, were
significantly higher in the 15 mg/kg group compared with tumors from the
control mice (**p<0.01). 
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Figure 5. (A) Microvessel densities were significantly decreased in tumors
from the 7.5 and 15 mg/kg groups compared with tumors from the control
mice (*p<0.05). (B) Relative levels of VEGF-A mRNA, assessed by real-
time PCR, were significantly lower in the 7.5 and 15 mg/kg groups
(*p<0.05). (C) Relative levels of COX-2 mRNA tended to be lower in the
7.5 and 15 mg/kg groups but without statistical significance because of the
large variation in the control group. Data represent mean±SD. 

Figure 6. (A) Dosage determination for mouse mammary carcinoma-
derived BJMC3879 cells with 0, 10, 20, 30 or 40 ÌM celecoxib. Inhibition
of cell growth was seen in celecoxib-treated cells (**p<0.01). (B) Cell-
cycle distribution (percentage of cells in a specified phase) after treatment
of mammary carcinoma cells with 20 ÌM celecoxib. Note the arrest in 
G1-phase and reduction of cells in both the S- and G2/M-phases
(**p<0.01). Data represent mean±SD. 



cancers have mutations in p53 (36), like the present cell line
(24), the fact that celecoxib induces a p53-independent
apoptotic response may be highly relevant to treating
human neoplasms. Our laser scanning cytometric analysis in
vitro demonstrated that celecoxib inhibited DNA synthesis
and cell growth with arrest at G1 and reduced transition to
the S- and G2/M-phases of the cell cycle, in line with the
significant decrease in BrdU-positive S-phase cells. In fact,
it has been shown that celecoxib increases expression of
p21Waf1 and p27Kip1 (16) which might be related to up-
regulation of these cell cycle inhibitory proteins. 

Angiogenesis, the process of new blood vessel formation, is
considered critical for the growth of tumors and has been

shown to correlate with a poor prognosis (17). It was
previously reported that COX-2 is expressed in most cancer
tissues including those of the breast, and the presence of
COX-2 is associated with angiogenic vasculature in most
tumors (37). Furthermore, celecoxib blocks angiogenesis and
suppresses implanted human colon carcinoma cells in nude
mice (37). Recently, there have been reports that PGE2
induces angiogenesis (38), and celecoxib has been shown to
reduce microvessel density in human breast cancer (11). Thus,
the present results can be viewed as providing support for the
hypothesis of a link between apoptosis and inhibited cell
proliferation, on the one hand, and angiogenesis on the other,
through actions on COX-2 and PGE2. More recently, it has
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Figure 7. Mammary carcinoma BJMC3879 cells, with or without celecoxib treatment for 24 h, were analyzed for apoptosis using the TUNEL assay. (A) The
numbers of TUNEL-positive (apoptotic) cells were significantly increased in a dose-dependent manner with 20 ÌM celecoxib treatment (**p<0.01). Four
samples of both control using fluorometric assays. Note significant elevation of activities of caspase-3 (*p<0.05) and caspase-9 (**p<0.01) in the BJMC3879
cells treated with 20 ÌM celecoxib for 24 h, but no significant effects on caspase-8 activity. (C) Mitochondrial membrane potential (¢æm) measured with a
fluorescent cationic dye JC-1. Celecoxib induced a significant decrease in ¢æm in a dose-dependent manner (**p<0.01). Data represent mean±SD.



been demonstrated that celecoxib can inhibit angiogenesis via
inhibition of VEGF expression by reduction of the Sp1
promoter (20). In addition, celecoxib may act on the HIF-1·
pathway. In the present study, although celecoxib at 7.5 and
15 mg/kg significantly reduced metastasis, BrdU labeling
indices, microvessel density and VEGF-A levels, a clear dose-
response was lacking and the inhibitory effects were similar
between the 7.5 and 15 mg/kg groups. The 7.5 mg/kg dosage
may show maximum effects and celecoxib at 15 mg/kg may
induce some pharmacological toxicity, albeit without reduction
in body weight. In fact, COX-2 levels in tumors showed the
lowest levels in the 7.5 mg/kg group. It has been reported that
once breast cancers reach ≥4 cm, the chances of tumor
recurrence or metastasis increase dramatically (39). Thus,
celecoxib-inhibition of tumor growth via inducing apoptosis,
inhibiting DNA synthesis and reducing angiogenesis may be
useful for chemoprevention and adjuvant therapy. 
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