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Cyclooxygenase-2 (COX-2) is preferentially expressed in breast cancer cells compared to normal breast tissue. COX-2
inhibitors are, therefore, potential therapeutic options for patients with breast cancer.

Women newly diagnosed with non metastatic breast cancer were enrolled into the study after undergoing a diagnostic
core needle biopsy. Patients received celecoxib treatment at 400 mg orally twice a day for 14 days, and then underwent
surgical excision of their tumor. Core biopsies obtained at the time of initial diagnostic procedure and surgical excision
specimens were stained for Ki-67, as well as COX-2 and cleaved poly (ADP-ribose) polymerase (PARP) expression (as an
apoptosis marker). Appropriate negative and positive controls were included. We assessed the difference in Ki-67, COX-2
and cleaved PARP expression levels, before and after treatment using the Wilcoxon’s matched-pair ranks test and the
McNemar’s test with continuity correction.

Sixteen patients were enrolled. The median age was 54 years. ER and/or PR expression was present in 81% of tumors;
Her-2 neu overexpression was present in 25%. No significant change in COX-2 or cleaved PARP expression was noticed in
the post intervention specimen compared to the core biopsies. Surprisingly, there was a significant increase in the Ki-67
expression (p < 0.009).

This short term prospective study was conducted to assess the effects of celecoxib, on the proliferative and apoptotic indexes
in patients with early stage breast cancer. We have found an increase in the Ki-67 activity, with no significant down regulation
of COX-2 or increase in cleaved PARP expression with 14 days of therapy. This could be partly due to the small sample size.
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The rate of tumor growth is determined by a balance be-
tween pro-mitotic and pro-apoptotic stimuli [1]. An imbalance
in favor of cell proliferation may contribute to tumorigenesis
and tumor progression [2,3]. Apoptosis is morphologically
characterized by nuclear condensation and cytoplasmic shrink-
age. Nuclear fragments and cell-surface protuberances then
separate to produce apoptotic bodies that are visible micro-
scopically. The distinct morphological features of apoptosis
allow semiquantitative apoptotic body assessment using rou-
tinely processed and stained histology slides [4,5,6]. This
assessment is similar to mitotic figure counting, which is rou-
tinely performed in breast cancer evaluation. Analyses of cell
turnover (programmed cell death and proliferation) have been
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reported to provide insight into tumor doubling time, progno-
sis, and treatment response [7-14]. High apoptotic counts have
been associated with high histological grade, a high risk of
lymph node metastasis [13], and shortened disease-free sur-
vival in limited studies of breast cancer patients [12,15].
Prostaglandins and thromboxanes are the main metabo-
lites of arachidonic acid. They play multiple important
physiologic functions such as mediation of signal transduc-
tion, cellular adhesion, cellular growth and differentiation
[16,17]. Cyclooxygenase (COX) is the rate-limiting enzyme
in prostaglandin and thromboxane synthesis and is available
in multiple isoforms (COX-1 and 2). COX-1 is constitutively
expressed in most tissues and is involved in normal tissue
homeostasis [18]. COX-2 is, on the other hand, an inducible
isoenzyme and its expression is mediated by various mito-
gens including inflammation, cancer, hypoxia, growth factors,
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radiation and carcinogens. COX-2 has been found to be
overexpressed in various tumors including colon, head and
neck, lung, bladder, prostate, stomach and breast cancer [19-
29]. Several studies have evaluated the prevalence of COX-2
expression in breast tissue and COX-2 has been documented
to be overexpressed in 20-47% of breast cancer (both in-situ
and invasive) and very rarely in normal breast tissue****, COX-
2 overexpression in breast cancer has been associated with
increased blood vessel density, higher likelihood of lymph
node metastasis, increased apoptotic index, higher tumor
grade, and decreased disease free survival [30,32].

COX-2 inhibitors have been shown to sensitize tumor cells to
death receptor-induced apoptosis®. The higher the COX-2 ex-
pression, the higher is the response to COX-2 inhibitors [36].
Celecoxib (celebrex) is a selective COX-2 inhibitor and is FDA-
approved for the treatment of osteoarthritis, rheumatoid arthritis
and acute pain among others. It has a favorable side effect pro-
file compared to nonselective NSAIDs, in particular,
gastrointestinal ulcers. A placebo-controlled randomized study
on the efficacy of celecoxib in reducing the incidence of colorectal
polyps in patients with familial adenomatous polyposis (FAP)
was recently reported”. In that study, celecoxib was adminis-
tered at either 100 mg orally twice a day or at 400 mg orally
twice a day for 6 months. The medication was well tolerated at
both dose levels, the most common toxicities were diarrhea (pla-
cebo 13%, 100 mg 19%, and 400 mg 13%) and abdominal pain
(placebo 13%, 100 mg 3%, 400 mg 7%). Celecoxib at 400 mg
orally twice a day caused a 28% reduction in the number of
colorectal polyps compared to a 4.5% reduction for placebo.
Based on that study, the FDA has approved celecoxib at 400 mg
orally twice a day for patients with FAP.

Materials and methods

The average waiting time between the day a diagnostic bi-
opsy for breast cancer and undergoing excision of the tumor
(lumpectomy or modified radical mastectomy) was around 2
weeks. During this 2-week period, women with histologically
confirmed breast cancer were given celecoxib at 400 mg orally
twice a day, free of charge. The aim of the study was to assess
if the administration of celecoxib at 400 mg orally twice a day
as preoperative therapy to women with early stage breast can-
cer affects the proliferative index of their tumors, as measured
by Ki-67. We hypothesized that the administration of celecoxib
for 2 weeks decreases the proliferative index of breast can-
cers. Tissue samples obtained at the time of original diagnostic
biopsy and from the tumor resected after therapy with
celecoxib, were tested for COX-2 overexpression and cleaved
PARP by Immunohistochemistry (IHC) and stained for Ki-
67. At the same time, routine staining for various other markers
like estrogen and progesterone receptor (ER/PR) expression,
her-2/neu overexpression, lymphovascular invasion, and tu-
mor grade were done. The study was approved by the
University of Oklahoma IRB and all patients signed an in-
formed consent prior to enrollment on the study.

IHC for COX-2. Slides were deparaffinized and endogenous
peroxidase activity was blocked by incubation in 3% H,O, in
methanol for 30 minutes at room temperature. Sections were
then microwaved in PBS (pH 7.4) for 4 minutes for antigen
retrieval. Nonspecific binding was blocked with avidin then
biotin for 15 minutes each. The primary antibody against hu-
man COX-2 (Cayman Chemical, Ann Arbor, MI) recognizes
a 19-amino acid sequence at the COOH terminus that is ab-
sent in COX-1. This antibody was applied at a dilution of 1:500
for 2 hours at room temperature. After rinsing with PBS, the
biotinylated secondary IgG antibody was applied for 30 min-
utes at room temperature. Slides were then rinsed in PBS, and
avidin conjugated to horseradish peroxydase (ABC reagent)
was applied for 45 minutes at room temperature. The chro-
mogen 3,3c-diaminobenzidine (Research Genetics, Huntsville,
AL) was subsequently added, and the color reaction was evalu-
ated with light microscopy. The reaction was stopped by
immersing slides in deionized water. Slides were then coun-
terstained, dehydrated, and a coverslip was attached. As
a negative control, the primary Mab antibody was omitted
and PBS was applied. The HCA-7 colon cancer cell line was
used as a positive control for COX-2.

IHC Scoring. For COX-2, weighted score was computed
that represents the product of percentage of tumor cell posi-
tivity and intensity as previously described [34]. Percent tumor
cell positivity was categorized as follows: 0, <5%; 1, 5-25%;
2,26-50%; 3, 51-75%; 4, >75%. Expression was categorized
as negative (score 0-2), or positive (score 3-4).

IHC for cleaved PARP. Slides were deparaffinized and en-
dogenous peroxidase activity was blocked by incubation in
3% H,0, in methanol for 30 minutes at room temperature.
Sections were then microwaved in PBS (pH 7.4) for 4 min-
utes for antigen retrieval. Nonspecific binding was blocked
with avidin then biotin for 15 minutes each. The primary an-
tibody that was used is directed against the cleaved (89 kDa)
portion of PARP (Cell Signaling Technology; Beverly, MA).
After rinsing with PBS, the biotinylated secondary IgG anti-
body was applied for 30 minutes at room temperature. Slides
were then rinsed in PBS, and avidin conjugated to horserad-
ish peroxydase (ABC reagent) was applied for 45 minutes at
room temperature. The chromogen 3,3c-diaminobenzidine
(Research Genetics, Huntsville, AL) was subsequently added,
and the color reaction was observed with light microscopy.
As a negative control, the primary Mab antibody was omitted
and PBS was applied. Staining for cleaved PARP was reported
as absent, weak, moderate or strong and the tumor was con-
sidered negative to cleaved PARP expression if the staining
was absent or weak, and positive if the staining was moderate
or strong.

Statistical Design. Ki-67 expression was reported as per-
centage of tumor cells expressing the antigen. COX2 and
cleaved PARP expression were reported as negative or posi-
tive. Pre and post-treatment levels of Ki-67 expression were
compared using Wilcoxon’s matched-pairs signed-ranks test.
Pre and post-treatment levels of COX2 and cleaved PARP
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expression were compared using McNemar test with conti-
nuity correction. Two-tailed p values <0.05 were considered
statistically significant.

Results

A total of 16 patients were enrolled into the study. Patient
and tumor characteristics are summarized in table-1. The
median patient age was 54 years (34 to 74 years). All pa-
tients had an ECOG performance status of 0 or 1. Eighty
one percent of tumors expressed estrogen and/or progester-
one receptors and 25% had her-2/neu overexpression. The
tumors were well differentiated in 5 patients (31%), moder-
ately differentiated in 7 patients (44%) and poorly
differentiated in 4 patients (25%). Six patients had patho-
logic stage 1 (38%), seven had stage ITA (44%) and three
had stage IIB (18%).

Table 1. Patient and tumor characteristics.

Number of patients 16
Median age in years (range) 54 (34-74)
Estrogen receptor positive 13 (81%)
Progesterone receptor positive 10 (62.5%)
Her-2/neu overexpression 4 (25%)
Tumor differentiation:

Well differentiated 5 (31%)

Moderately differentiated 7 (44%)

Poorly differentiated 4 (25%)
Tumor stage:

Stage 1 6 (38%)

Stage 1IA 7 (44%)

Stage 11B 3 (18%)

Intervention effect results are summarized in table 2. There
was wide variation in the baseline Ki-67 expression among
tumors with a range between 3 and 48%, with a mean expres-
sion of 20.5%. Surprisingly, the percentage of Ki-67
expression increased after treatment with celecoxib to a mean
of 25.3% (p=0.009). Only 5 patients had a minor reduction
in the ki-67 expression (the biggest reduction was 5%), while
11 patients had an increase in the expression.

There was little to no change in COX-2 staining after 2
weeks of treatment with celecoxib (p=0.4795). The majority
of patients maintained the same staining intensity with no
change at all; only 4 patients had a small reduction in the
staining intensity (2 patients from 1 to 0 and 2 patients from 2
to 1). There was no correlation between the chance of having
a drop in COX-2 expression and the tumor stage, grade, hor-
mone receptor status or her-2/neu status.

Similarly, cleaved PARP expression did not change sig-
nificantly between the pretreatment and post treatment
specimens (p=0.6171). Only one patient had an increase in
cleaved PARP staining (from O to moderate). Eight patients
had a surprising increase in cleaved PARP staining. Like in
COX-2 staining, no patient or tumor feature was more or less
associated with a change in cleaved PARP staining.

Therapy with celecoxib was generally well tolerated and
only one patient had epigastric discomfort and did not com-
plete the 2 week course of celecoxib.

Discussion

Neoadjuvant therapy of breast cancer allows investigators
to analyze the effect of various interventions on the breast
cancer cells as the surgical excision can be done following
the intervention and a good piece of tissue is thus available

Table 2. Change in Ki-67, COX-2 and cleaved PARP expression with therapy.

Patient Age Ki Pre- Ki Post- Ki COX Pre- COX Post- PARP Pre- PARP post-
treatment (%)  treatment (%) Change treatment treatment treatment™® treatment
1 51 45 50 5 2 2 w w
2 62 28 23 -5 1 1 w w
3 47 48 60 12 2 3 M w
4 36 37 65 28 1 0 w w
5 66 8 6 -2 0 0 W w
6 62 5 10 5 1 0 w 0
7 63 9 10 1 1 1 w 0
8 46 45 55 10 2 2 M w
9 54 3 7 4 2 2 w 0
10 60 6 5 -1 1 1 w w
11 74 11 9 -2 2 2 0 M
12 58 12 20 8 2 1 M w
13 50 17 15 -2 1 1 w w
14 34 11 18 7 2 1 0 0
15 57 20 22 2 1 1 w 0
16 54 22 30 8 3 3 w 0

*W: Weak; M: Moderate; S: Strong
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for various testing modalities. In this study, we tested the ef-
fect a two week administration of high dose celecoxib, 400
mg orally twice a day, will have on the Ki-67 expression of
breast cancers. We also studied the effect of this intervention
on COX-2 expression and cleaved PARP as an apoptosis
marker. The surgical excision was done within 24 hours of
finishing the 2 week course of celecoxib.

The patient characteristics were typical of patients with early
stage breast cancer. The tumor characteristics were also unre-
markable. The study showed a surprising increase in the Ki-67
staining after treatment with celecoxib from 20.5% to 25.3%
(p=0.009). This indicates a lack of significant reduction in the
Ki-67 staining after treatment with celecoxib. Several factors
might have contributed to this finding. First, the variability in
Ki-67 staining is significant and there is a good degree of inter-
observer variation. Second, the core biopsy procedure itself
could have had an effect on the Ki-67 staining in the surgical
excision specimen and therefore masking any potential reduc-
tion in the Ki-67 staining from celecoxib therapy. Third, the 2
week duration of therapy we used was chosen randomly and
maybe it is not enough to have a significant effect on the study
endpoints. Fourth, the ptients number of the study is small.
This study was conducted around the time when data about the
cardiac side effects of COX-2 inhibitors emerged and this sig-
nificantly affected our ability to enroll more patients on the
trial.

Similarly, the 2 week administration of celecoxib had no sig-
nificant effect on the COX-2 expression in the cancer cells and
on cleaved PARP expression. These findings will need to be vali-
dated in larger studies as this study is providing preliminary results
on a small sample size of cases and is by no way large enough to
address the question it tried to answer to begin with.
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