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Abstract Background: The high prevalence of colorectal carcinoma (CRC) is a driver to under-

stand the underlying molecular mechanisms. Chemoprevention strategy using non-steroidal anti-

inflammatory drugs (NSAIDs) revealed that these drugs suppress colorectal carcinoma. The best

known targets of NSAIDs are cyclooxygenase (COX) enzymes. The function of prostaglandins

and cyclooxygenase in cancer pathogenesis is unclear. COX-2 regulation of proliferation, apoptosis,

and tumor-blood vessel interaction has been suggested. b-Catenin is a component of the WNT

(wingless type) signaling pathway, increased protein concentrations promote transcription of genes

important in regulating the cell cycle.

Aim: To determine the significance of COX-2 and b-catenin expression in colorectal carcinogenesis

and prognosis.

Patients and methods: Thirty patients with colorectal carcinomas treated by colonic resection were

studied for the expression of both COX-2 and b-catenin by immunohistochemistry. Their expres-

sion was interpreted in relation to adjacent normal colonic mucosa and analyzed in correlation with

various clinicopathologic parameters and patient’s survival after a follow up period of 24 months.

Results: Our results showed that in normal adjacent colonic mucosa, COX-2 was completely

absent, whereas b-catenin was specifically located in the plasma membranes. Both proteins were

expressed in tumorous tissues, COX-2 showed diffuse cytoplasmic positivity, whereas b-catenin
accumulated in both the cytoplasm and nuclei. We established statistically significant relationships

between pathological grade and both b-catenin, and COX-2 positivity scores, being at the higher

end for poorly-differentiated tumors. b-Catenin expression also correlated significantly with

higher tumor stage and LN metastasis. Both COX-2 and b-catenin expression correlated with a

higher incidence of shorter disease free survival.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ajme.2013.05.007&domain=pdf
mailto:yelkerm@yahoo.com
mailto:yelkerm@suncure.net     
http://dx.doi.org/10.1016/j.ajme.2013.05.007
http://www.sciencedirect.com/science/journal/20905068
http://dx.doi.org/10.1016/j.ajme.2013.05.007


212 A. Kazem et al.
Conclusion: Both b-catenin and COX-2 expression may play an important role in the evolution of

colon carcinogenesis. Increased expression of both could be used as a marker of tumor progression

and poor prognosis. This might be of therapeutic value for allocating patients with colorectal car-

cinoma to different treatment modalities.

ª 2013 Alexandria University Faculty of Medicine. Production and hosting by Elsevier B.V. All rights

reserved.
1. Introduction

Adenocarcinoma of the colon and rectum is the second leading
cause of death from cancer in the industrialized world.1 In
Egypt, Colorectal carcinoma is the third most common tumor

in males after urinary bladder and lymphohemopoietic malig-
nancies, and in females it ranks fifth after breast, lymphohe-
mopoietic, cervical, and urinary bladder cancers.2 Recently

interest in Egyptian CRC has been raised when clinical studies
revealed a high incidence of the disease among the young
Egyptian population.3 Occurrence of colorectal carcinoma at

young age in Egypt could reflect the presence of clinically
inapparent inherited syndromes, furthermore there is a high
prevalence of consanguinity in Egypt because of the tradition
of interfamilial marriages and this cultural characteristic could

contribute to non-syndromic inherited predisposition.4

Several epidemiological researches reported a 40–50% de-
crease in the relative risk of colorectal cancer in persons chron-

ically using non-steroidal anti-inflammatory drugs (NSAIDs)
indicating that these drugs might have a chemoprotective
and possibly chemotherapeutic effect.5–9 The best known tar-

gets of NSAIDs are cyclooxygenase (COX) enzymes, which
convert arachidonic acid to prostaglandins (PGs) and throm-
boxane. Among these PGs, prostaglandin E2 (PGE2) can pro-

mote tumor growth by binding its receptors and activating
signal pathways which control cell proliferation, migration,
apoptosis, and angiogenesis. Therefore, COX inhibition is a
promising approach for chemoprevention of colorectal

cancer.10 Unlike COX-1, which is found constitutively in tis-
sues, COX-2 expression is induced by a variety of mediators,
including among others b-catenin.11

b-Catenin plays an important role in the WNT signaling
pathway. Mutations in Wnt/adenomatous polyposis coli
(APC)/b-catenin (CTNNB1) signaling pathway members have

been found in many colorectal carcinomas.12 Wnt ligands bind
to transmembrane Frizzled receptors and their co-receptors,
leading to phosphorylation and sequestration of the complex

composed of APC, casein kinase 1, glycogen synthase kinase
3, and axin. The resultant stabilization of intracellular
CTNNB1 facilitates its translocation to the nucleus, where it
interacts with transcription factors of the T-cell factor/lym-

phoid enhancer-binding factor, activating the targets control-
ling cell growth and differentiation. Therefore, the
interaction with CTNNB1 has been considered to be essential

for the tumor suppressor activity of APC.13 In addition,
CTNNB1 is a multifunctional signaling protein, which also
binds to E-cadherin, linking E-cadherin to actin filaments

and promoting cell adhesion and differentiation and epithelial
membrane transition (EMT).14 Down-regulation of the
epithelial molecule E-cadherin, is a critical event in tumor
invasion and a master programer of EMT. The molecules in-

volved in EMT represent potential targets for pharmacological
agents and open new avenues for the control of metastatic

spread in the treatment of malignancies.15

There is increasing evidence that COX-2 and b-catenin are
often co-expressed in cancer cells.16 However, this coordinated

over-expression and its role in colorectal carcinoma needs fur-
ther investigations.

The present study was undertaken on 30 cases of colorectal

carcinoma. The expression and cellular localization of both
COX-2 and b-catenin using immunohistochemistry was
performed to determine the correlation between them and their
relation to various clinicopathological parameters and

patient’s survival after a follow up period of 24 months.

2. Patients and methods

2.1. Patients

The current study was carried out on a total of thirty patients

with colorectal cancer admitted to the department of surgery,
Medical Research Institute, Alexandria University from
February 2009 to February 2012. The patients were 21 male

and 9 female with a male/female ratio of 2.33:1 and a mean
age of 52 years (range, 32–70 years).

Thirteen patients had right colon cancer (5 patients had can-
cer coecum and 8 patients had ascending colon cancer) and 17

patients had left colon cancer (7 patients had descending colon
cancer, 7 patients had sigmoid cancer and 3 patients had recto-
sigmoid cancer). None of the patients had received neoadjuvant

therapy prior to surgery and none had a known family history of
colorectal cancer. All patients included in this study underwent
routine laboratory investigations, radiological investigations

(Barium enema, C.T. abdomen) as well as colonoscopic exami-
nation and biopsy to confirm malignancy. The surgical proce-
dures performed to our patients were right hemicolectomy for
patients with right sided colon cancer, left hemicolectomy

for patients with left sided colon cancer and anterior resection
for patients with sigmoid and rectosigmoid cancer.

After surgery, all patients were referred to cancer manage-

ment and research department for adjuvant treatment which
was given based on the pathological stage and different risk
factors and were followed up for 24 months at the Oncology

unit, while their corresponding colectomy specimens were
examined at the Pathology department; all departments are
affiliated to the Medical Research Institute, Alexandria

University, Egypt.

2.2. Methods

In the pathology department, formalin-fixed, paraffin-embed-

ded paired tissue sections from colon carcinoma and adjacent
non-malignant mucosa were obtained from each case.
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Hematoxylin and eosin-stained tissue sections were examined
under a light microscope and the histological type of colorectal
cancer was determined according to the World Health Organi-

zation criteria.17

Tumors were classified into well, moderately and poorly
differentiated tumors (>50% solid areas) and the T classifica-

tion based on the criteria of classification of the American
Joint Committee on Cancer (AJCC).18 was performed.
According to the AJCC classification, T1 (tumor has invaded

the lamina propria or muscle layer), T2 (tumor has invaded
the perimuscular connective tissue; no extension beyond the
serosa or into the liver), T3 (tumor has perforated the serosa
or has directly invaded one adjacent organ or both) T4 (tumor

extends more than 2 cm into the liver, and/or into two or more
adjacent organs), respectively.

Respective tissue blocks were then sectioned at 4 lm and

mounted on glass slides coated with 3-aminopropyltrime-
thoxysilane and stained immunohistochemically.
2.2.1. Primary antibodies

Two primary antibodies were used; anti-COX-2 rabbit poly-
clonal antibody (Thermo Scientific, Fermont, USA), used at
a 1:50 dilution and anti- b-catenin rabbit monoclonal antibody

(clone E247; Thermo Scientific, Fermont, USA), used at a 1:20
dilution.

2.2.2. Immunohistochemistry19

Prior to immunohistochemical staining, sections were depa-
raffinized and rehydrated using standard procedures. Antigen
retrieval was performed using heat treatment; endogenous per-

oxidase activity was blocked by incubation with 3% hydrogen
peroxide for 10 min. To block non-specific antigen sites, tissue
sections were incubated for 1 h in 1.5% bovine serum albumin

at room temperature. Incubation with the primary antibodies
was performed at room temperature for 30 min with anti-
COX-2 and anti- b-catenin. After the primary antibody incu-
bation step, a secondary antibody from a streptavidin biotin

complex peroxidase kit (LSAB� + kit, Dako, Copenhagen,
Denmark) was used according to the manufacturer’s instruc-
tions. Peroxidase activity was developed with the substrate

3,30-diaminobenzidine tetrahydrochloride (DAB; Dako) by
incubating the sections in DAB for 10 min. Sections were then
rinsed gently with distilled water and counterstained with

hematoxylin.
Appropriate positive and negative controls were included in

each run of immunohistochemistry. Negative controls were

prepared simultaneously for all 30 samples by replacing the
primary antibody with distilled water. Positive staining
controls for COX-2 included sections of lung carcinoma. For
b-catenin normal colonic epithelial cells served as internal

positive controls with membrane staining. External positive
control was sections from breast carcinoma.

2.2.3. Immunohistochemical scoring

Processed specimens were scored under the light microscope.

A method taking into consideration both intensity and
distribution of COX-2 immunoreactivity was employed.20,21

The distribution was scored according to the number of posi-
tive cells; none (not stained), 0; focal (<1/3 of cells stained), 1;

multi-focal (1/3–2/3 of cells stained), 2; and diffuse (>2/3
stained), 3. The staining intensity was scored as: none (not
stained), 0; mild (between 0 and 2), 1; and strong, 2. The dis-
tribution and intensity scored were added to produce the fol-

lowing grades for the staining: 0, negative; 2–3 weakly
positive; and 4–5, strongly positive.

As previously described by Jass et al.,22 scoring of b-catenin
was based upon the distribution of b-catenin within the cell
membrane (0–1), cytoplasm (0–2), and nuclei (0–2). We also
calculated b-catenin activation score as the sum of nuclear

score (+2 = positive expression; +1 = weak expression;
0 = no expression), cytoplasmic score (+2 = positive expres-
sion; +1 = weak expression; 0 = no expression), and mem-
brane score (0 = positive membrane expression; +1 =

negative membrane expression). Total scores were then col-
lapsed into three grades (grade I, 0–1; grade II, 2–3; grade
III, 4–5). with a total score of 0 reflecting cell membrane stain-

ing only, similar to that seen in normal colonic mucosa, up to
an aggregate score of 5 for tumors with strong nuclear staining
(2), diffuse cytoplasmic staining (2), and loss of cell membrane

staining (1).

2.2.4. Statistical analysis23

Statistical analysis was performed using SPSS for Windows

version 10.0 (SPSS Inc, Chicago, IL, USA).
The relation between COX-2 and b-catenin immunohisto-

chemical scores and various clinicopathological features as

well as survival rates were analyzed using the Fisher Exact test,
Monte Carlo test or chi- squared test. The Spearman rank cor-
relation test was used to analyze the correlation of b-catenin
and COX-2 expression with tumor grade. An association be-
tween COX-2 and b-catenin expressions was tested using the
chi-squared test. Significant difference between b-Catenin
expression-grades in regard to high COX-2 expression scores

was identified using Z test.
Disease free survival (DFS) was calculated from the date of

diagnosis to the date of death/progression or the date of last

seen. The prognostic significance of Cox-2 and b-catenin was
analyzed by univariate and multivariate analysis for prognos-
tic significance for 24 months of DFS. Multivariate analysis

was carried out using the Cox proportional hazard model.
A p value of less than 0.05 was considered significant.

3. Results

Thirty patients with colorectal carcinoma were included in the
present work. They consisted of 21 males and 9 females with

ages ranging from 32 to 70 years (mean 52 years).
Table 1 shows the clinicopathological features of the 30

patients with colorectal carcinomas studied.
Histopathologic examination of colectomy specimens re-

vealed that 26 cases were adenocarcinomas, three cases were
mucinous adenocarcinoma and one case was signet ring cell
carcinoma.

Of the 26 adenocarcinomas, 5 (16.6%) were well differenti-
ated, 14 (46.6%) were moderately differentiated, and 7
(23.33%) were poorly differentiated.

3.1. Analysis of COX-2 immunoreactivity

Normal colonic epithelium and stroma adjacent to the tumor
tissue showed no staining for COX-2 (Fig. 1A).



Table 1 clinicopathologic features of the 30 colorectal carci-

nomas cases studied.

Items Number %

Age

<50 7 23.3

>50 23 76.7

Sex

Females 9 30

Males 21 70

Site

Lt 17 56.7

Rt 13 43.3

Grade

Well 5 16.6

Moderate 14 46.6

Poor 7 23.3

Type

Adenocarcinoma 26 86.7

Mucoid carcinoma 3 10

Signet ring carcinoma 1 3.33

Stage

IIA 18 60

IIIB 12 40

LNs

+ve 12 40

�ve 18 60
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Immunohistochemically detectable COX-2 expression has
been reported in all 30 (100%) colorectal carcinomas analyzed.

In all positive cases, COX-2 immunoreactivity pattern was lo-
cated diffusely in the cytoplasm. Weak positivity was found in
7 cases (23.3%) (Fig. 1B). Strong positivity with perinuclear

accentuation (Fig. 1C) or granular cytoplasmic pattern
(Fig. 1D and E) was observed in 23 cases (76.6%). COX-2
expression in tumourous areas was reported both in the neo-

plastic epithelial cells, as well as in the surrounding inflamma-
tory cells, vascular endothelial cells, smooth muscle fibers,
nerve fibers and fibroblasts (Fig. 1C–H). Two cases of mucin-
ous adenocarcinoma showed strong positivity and one case

showed weak positivity (Fig. 1H). On the other hand the case
of signet ring cell carcinoma showed weak COX-2 positivity.

3.2. Analysis of b-catenin immunoreactivity

In normal tissue adjacent to colorectal carcinoma, b-catenin
was mainly localized in the plasma membrane of the cell-to-cell

border with a weak expression in the cytoplasm of both the
colonic epithelium and goblet cells. No nuclear b-catenin was
seen in the normal colonic mucosa (Fig. 2A).

In colorectal carcinoma tissue, b-catenin immunoreactivity
was detected in all 30 samples. Complete loss of b-catenin
immunoreactivity in the cell-to-cell border was observed in
12 cases (Fig. 2B). b-Catenin immunostaining reactivity of

grade II was observed in 18 cases (60%) (Fig. 2C). Grade III
b-catenin immunoreactivity in both the cytoplasm and nuclei
of tumor cells was seen in 12 cases (40%) (Fig. 2D). Inflamma-

tory cells, stromal cells, nerve fibers and endothelial cells
all were b-catenin negative (Fig. 2A–E). The three cases of
mucinous adenocarcinoma showed grade II b-catenin immu-
nostaining, whereas the case of signet ring cell carcinoma
showed grade III positivity (Fig. 2F).
3.2.1. Statistical analysis

The relation between both COX-2 and b-catenin expression
and various clinicopathological parameters is summarized in

Table 2.
A significant increase in number of cases having stronger

COX-2 and b-catenin positivity was found in higher histologic

grades of colorectal carcinoma (p= 0.026 and 0.032, respec-
tively). However no significant relation was found between
COX-2 scores and other clinicopathological parameters, includ-

ing, depth of invasion, lymph node metastasis, or tumor stage.
Grade III b-catenin expression was significantly more frequent
in male patients (p = 0.004), Lt sided tumors (p = 0.002), high-

er histologic grade (p= 0.032) and stage (p= 0.002) tumors as
well as in node positive tumors (p = 0.002).

A significant correlation was found between both COX-2
and b-catenin expression on one hand and histologic grade

on the other hand (p = 0.013 and 0.014, respectively).
COX-2 expression was significantly associated with b-cate-

nin expression (v2 test = 5, p = 0.05). All Grade III b-catenin
immunostaining were strongly positive for COX-2 and all
weakly positive cases for COX-2 had grade II immunostaining
for b-catenin. b-Catenin grade III positive tumors showed a

significantly higher frequency of strong positive expression of
COX-2 (scores > 4) than did b-catenin grade II positive
tumors (100% vs. 66.6%, Z= 2.24, P = 0.05).
3.2.2. Prognosis in relation to immunostaining results

The follow-up time was 24 months after surgery.

Disease free survival and COX-2 expression; weakly versus
strongly positive (Fig. 3):

Survival analysis for all patients showed that COX-2

expression was associated with disease free survival; i.e., short-
er disease free survival was identified in patients with strong
COX-2 expression scores (p < 0.002).

Fig. 3 DFS curves according to COX-2 expression scores.

The higher the score of COX-2 immunohistochemical
expression, the lower the percentage of DFS.

Disease free survival and b-catenin expression; Grade II

versus Grade III (Fig. 4):
Survival analysis for all patients showed that b-catenin

expression was associated with disease free survival; where

shorter disease free survival was noted in patients with b-cate-
nin grade III scores (p < 0.005).

Fig. 4 DFS curves according to b-catenin expression

grades.
The higher b-catenin grade of immunostaining, the lower

the percentage of disease free survival.
Table 3 shows the relation between COX-2 and b-catenin

expression and patient’s outcome by the end of follow up per-
iod of 24 months.

Both COX-2 and b-catenin expressions were related to dis-

ease free survival with significantly higher rates of recurrence
and death in the patients with strong COX-2 and grade III
b-catenin expression (p < 0.006 and 0.001, respectively).

Univariate analysis showed a highly significant difference
in DFS between weak and strong COX-2 expression and also



Figure 1 Immunohistochemical staining for COX-2 (X400). (A) Absent COX-2 staining in normal colonic tissue adjacent to tumorous

area. (B) Well differentiated adenocarcinoma showing weak cytoplasmic positivity. (C) Moderately differentiated adenocarcinoma

showing strong, perinuclear cytoplasmic immunoreactivity. (D) Moderately differentiated adenocarcinoma with strong granular

cytoplasmic positivity, note positive staining of luminal inflammatory cells and stromal cells. (E) Strong positivity in a case of poorly

differentiated adenocarcinoma. (F) Perineural invasion with positivity of tumor cells, stromal and neural cells. (G) Positive

immunostaining of smooth muscle fibers and stromal cells surrounding the tumor tissue. (H) Strong positivity in a case of mucinous

adenocarcinoma. Note positive staining of endothelial cells.
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between Grade II and III b-catenin expression (p = 0.002).
However the statistical significance in univariate analysis could
not be confirmed through multivariate analysis (p = 0.390 and

0.129, respectively) (Table 4).

4. Discussion

Carcinogenesis and development of colorectal cancer are mul-
ti-step and multi-stage processes involving cumulative effects
of many genes and epigenetic alterations (e.g., DNA

hypomethylation).24

In this work the expression of both COX-2 and b-catenin
was studied in 30 patients with colorectal carcinoma by
immunohistochemistry. Their expression was correlated with
various clinicopathologic parameters and with patient’s
disease free survival after a follow up period of 24 months.

Evidence suggests that NSAIDs reduce the risk of CRC and
that this effect is mediated through COX-2 inhibition.5,10

COX-2 has fatty acid oxygenase activity for the synthesis of

prostaglandins from arachidonic acid. Previous studies have
reported that prostaglandin production is generally enhanced
in cancer cells, and that prostaglandins promote the prolifera-

tion and metastasis of cancer cells. Thus, COX-2 induction has
the potential to promote tumor growth and progression.25

Several studies have shown that the COX-2 expression is
elevated in colorectal cancer when compared with normal



Figure 2 Immunostaining with b-catenin monoclonal antibody (X400). (A) Membranous and cytoplasmic staining of normal colonic

glandular epithelium adjacent to tumor tissue. (B) Well differentiated colonic adenocarcinoma showing grade II positivity. (C) Grade II

positivity in a moderately differentiated colonic adenocarcinoma with retained membranous positivity in addition to the cytoplasmic

staining. (D) Poorly differentiated colonic adenocarcinoma showing grade III positivity in both the cytoplasm and nuclei of tumor tissue.

(E) Perineural invasion with grade II positivity in tumor tissue, while stromal, neural and inflammatory cells appear negative. (F) Grade II

positivity with weak nuclear staining in colonic mucinous adenocarcinoma.
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mucosa.26,27 Our results confirmed these previous observations

where, COX-2 protein was detected in all of colorectal carcino-
mas – with different scores of positivity – and was absent in the
adjacent normal colorectal tissue. In the literature, increased
COX-2 expression was detected in other tumors, and was be-

lieved to be involved in their pathogenesis.28–32 Therefore
our results suggest that increased expression of COX-2 protein
correlates with colorectal carcinogenesis.

In agreement with others,25 no significant correlation was
found in this work, between COX-2 expression scores and
many clinicopathological parameters, including gender, age,

tumor localization, depth of tumor invasion, lymph node
metastasis, or stage. However, we did find a significant nega-
tive correlation between the expression of COX-2 and the
degree of tumor differentiation (p = 0.026). Others reported

that COX-2 expression is related to lymph node involvement
and Duke’s stage.32 These discrepancies may be related to
the use in this study of the TNM staging system or to the dif-

ferent scoring systems and antibodies employed in
immunohistochemistry.

In line with previous publications;33 we did find in this

study a strong positivity of stromal cells of the tumorous areas
to COX-2 in contrast to their complete negativity in the nor-
mal adjacent mucosa. This important finding suggests that
COX-2 might be a mediator of tumor epithelial-stromal inter-

actions in colorectal carcinoma. Therefore it could be possible
to eliminate the growth and invasive progression promoting ef-
fects of stromal fibroblasts by the use of NSAIDs especially
COX-2 inhibitors for treatment and prevention of colorectal

carcinoma.
It has been demonstrated that COX-2 is one of several

genes that are transcriptionally activated by b-catenin.34

In this study, b-catenin localization was different in cancer
cells and normal mucosal cells. Normal colonic epithelial cells
showed strong uniform membranous b-catenin immunostain-

ing at the cell–cell junction. The localization of b-catenin
immunoreactivity to the plasma membrane and cell to cell
border of the normal colonic mucosa is consistent with the
findings of Iwamoto et al.35 where they stated that the

cytoplasmic tail of b-catenin binds to E-cadherin and, indi-
rectly, to the cytoskeleton, so it is localized to the adherens’
junction of the cell-to-cell plasma membrane. Formation of

multiprotein complexes consisting of proteins such as APC,
axin and b-catenin makes b-catenin a target for degradation,
so that no cytoplasmic or nuclear b-catenin will be detected

in normal tissue.36 Other workers,37,38 stated that localization
of b-catenin, primarily to the apical-lateral cell membrane,
signifies its role in cell adhesion.



Table 2 Relation of COX-2 and b-catenin expression with various clinicopathologic parameters studied.

COX-2 b-Catenin

Weak Strong II III

No. % No. % No. % No. %

Age

<50 0 0.0 7 100.0 2 28.57 5 71.42

>50 7 30.4 16 69.56 16 69.56 7 30.43

FEp 0.154 0.084

Sex

Male 4 19.04 17 80.95 9 42.85 12 57.14

Female 3 33.3 6 66.6 9 100.0 0 0.0

FEp 0.640 0.004*

Site

Left 2 11.76 15 88.23 6 35.29 11 64.7

Right 5 38.46 8 61.53 12 92.30 1 7.6

FEp 0.190 0.002*

Grade

Well 3 60.0 2 40.0 5 100.0 0 0.0

Moderate 2 14.28 12 85.71 8 57.14 6 42.85

Poor 0 0.0 7 100.0 2 28.57 5 71.42

MCp 0.026* 0.032*

Mucoid 1 33.3 2 66.6 3 100.0 0 0.0

Signet 1 100.0 0 0.0 0 0.0 1 100.0

Stage

IIA 6 33.3 12 66.6 15 83.33 3 16.66

IIIB 1 8.33 11 91.66 3 25.0 9 75.0

FEp 0.193 0.002*

LNs

N1+ 2 1 8.3 11 91.66 3 25.0 9 75.0

No 6 33.3 12 66.6 15 83.33 3 16.66

FEp 0.193 0.002*

FEp: p value for Fisher exact test.

MCp: p value for Monte Carlo test.
* Statistically significant at p 6 0.05.

0 6 12 18 24 30

100

90

80

70

60

50

40

30

20

10

Time  (months)

D
FS

 (%
)

Cox2
Grade I
Grade II

Figure 3 COX-2 expression curve in relation to disease free

survival (24 months).
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Figure 4 b-Catenin expression curve in relation to disease free

survival (24 months).
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In our series, b-catenin expression was altered in all
primary colorectal carcinomas studied (maintained or lost
membranous + cytoplasmic or nuclear positivity). This
aberrant distribution of b-catenin inferred from cytoplasmic
or nuclear distribution which was sometimes also cell–cell

adhesion-deficient reflects either an ineffective b-catenin or



Table 3 Relation between COX-2 and b-catenin and patient’s outcome at the end of 24 months.

Survival COX-2 b-Catenin

Weak Strong II III

No % No % No % No %

End of 24 months

Deaths 1 14.28 9 39.13 0 0.0 10 83.3

Recurrence 0 0.0 10 43.4 8 44.4 2 16.66

Free 6 85.71 4 17.39 10 55.5 0 0.0

MCp 0.006* <0.001*

FEp: p value for Fisher Exact test.

MCp: p value for Monte Carlo test.
* Statistically significant at p 6 0.05.

Table 4 Univariate and multivariate analysis of clinicopathologic parameters and COX-2 and b-catenin status as predictors of DFS

in colorectal carcinoma patients.

Variables Univariate analysis Multivariate analysis

Test P value Test P value

Age t 0.918 –

Sex FE 0.194 –

Site FE 0.103 –

Grade MW 0.001* Cox regression 0.231

TNM Stage MW 0.008* 0.084

COX-2 FE 0.002* 0.390

b-catenin FE 0.002* 0.129

Variables were subgrouped as follows: Age 650 years compared with >50 years: site Lt vs. Rt: Grades I–II compared with grade III: Stage IIA

vs. IIIB, COX-2 weak versus strong: b-catenin grade II expression versus grade III. LNs involved were not added to the parameters studied

being included in the TNM stage.

Only variables with p< 0.05 in univariate analysis were included in the multivariate analysis.

FE: Fisher Exact test. t= Student t-test. MW: Mann Whitney test.
* Statistically significant at p 6 0.05.
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loss of b-catenin connection to the cytoskeleton. Observations
that are documented in other reports,39 where they thought
that an abnormally high amount of b-catenin in the cytoplasm

and not in the intercellular boundary seems to indicate a
b-catenin protein with oncogenic potential. This cytoplasmic
and nuclear accumulations of b-catenin suggest enhanced

transcription and activation of the target genes (such as
c-myc, cyclin D1 and matrilysin) which are responsible for
tumor proliferation and malignant progression through

interaction with members of the TCF/LEF DNA-binding
family.40,41

In agreement with other workers42 we reported a higher

expression of b-catenin in males (p = 0.004). On the other
hand we did not find any correlation between b-catenin expres-
sion and patient’s age. A significant association between Lt
sided tumors and stronger b-catenin expression was noted in

our study (p = 0.002) a finding previously reported by
others.43

Grade III expression of b-catenin that we observed corre-

lated significantly with deteriorating tumor grade
[p= 0.032], findings that are supported by other publica-
tions.44 However others42 reported lower expression of b-cate-
nin in high grade tumors. These discrepancies could be due to
the use in our study of a different b-catenin scoring system of
immunostaining. Furthermore, a significant association be-
tween grade III b-catenin expression in colorectal carcinomas,

and advanced tumor stage (depth of invasion) was noted
[p < 0.002]. Where, the more deeply invasive tumors (IIIB)
showed higher grade expression of b-catenin than superficial

tumors (IIA). Similar findings have been reported previously
both in CRC and in other types of human carcinoma.42,16 In
the present series also and in agreement with others,34 high

grade expression of b-catenin was associated with lymph node
metastasis [p= 0.002].

In line with our results some workers.45 recommended the

use of b-catenin as a marker of colorectal tumor progression
and explained it by loss of b-catenin-mediated cell–cell adhe-
sion, and polarity and activation of genes necessary for inva-
sion and dissociation.

A positive association between the COX-2 and b-catenin
was observed in the current work (p< 0.05). Furthermore,
b-catenin grade III positive tumors showed a significantly

higher frequency of strongly COX-2 positive tumors than did
b-catenin grade II positive tumors (P = 0.05). In addition
their expressions were correlated with higher colorectal adeno-

carcinoma grade. These relationships are supported by another
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study43 who stated that colonic adenocarcinoma is character-
ized by correlated cellular expression of COX-2 and b-catenin
and that a neoplastic COX-2/b-catenin positive phenotype

may be linked to colorectal cancer progression. The PGE2,
produced by COX-2, rapidly causes transactivation of EGFR,
which triggered the ERK2-mitogenic signaling pathway in a

colon cancer cell line.46 Furthermore, PGE2 increases the inva-
siveness of colon cancer cells by trans-activating c-Met and
increasing the tyrosine phosphorylation of b-catenin.47 A re-

cent study has also shown that b-catenin stabilizes COX-2
mRNA by interacting with AU-rich elements in a 3 V untrans-
lated region.48 Others49 concluded that the pCOX2-0.8 mini-
mal promoter contains a novel functional T-cell factor/

lymphoid enhancer factor (TCF/LEF)-response element
(TBE Site II; -689/-684) that responds directly to enhanced
Wnt/b-catenin signaling and which may be important for the

onset/progression of gastric cancer. Considering these data,
it may be possible that COX-2 and b-catenin may form a po-
sitive feedback loop.

In agreement with others42,50–52 a strong COX-2 and grade
III b-catenin expression were associated with shorter disease
free survival (p< 0.002 and 0.001, respectively); where pa-

tients with higher scores of expression had poorer disease free
survival at the end of a follow up period of 24 months. Both
COX-2 and b-catenin expression were related to patient’s dis-
ease free survival in the present study. A significantly lower fre-

quency of disease free survivors was noted among patients
having strong COX-2 and grade III b-catenin expression
(p< 0.006 and 0.001, respectively). Furthermore, in univariate

analysis patients with a strong COX-2 expression and grade III
have a shorter DFS than those with weak COX-2 and grade II
b-catenin expression (p= 0.002). However this significance

could not be maintained in multivariate analysis. This
means either that they are not independent poor prognostic
factors or it might simply be due to the restricted number of

patients in our study (30 cases).
5. Conclusion

From the present work, it can be concluded that, the detection
of diffuse COX-2 cytoplasmic expression only in colorectal
carcinoma and increased expression scores in higher tumor
grades implicate that COX-2 might be an early marker of neo-

plastic transformation involved in both initiation and progres-
sion of colorectal carcinoma.

The alterations in the expression and cellular localization of

b-catenin occurs early in colorectal tumorigenesis and becomes
more strongly expressed in high-grade, deeply invasive and
lymph node metastatic tumors suggesting that b-catenin
expression may add prognostic information to standard
clinicopathological parameters that can be used in selecting
candidates for closer follow up and aggressive adjuvant
therapy.

In our present study, COX-2 showed significant association
with the expression of b-catenin in colorectal carcinoma, sug-
gesting a coordinated local interaction between these mole-

cules to potentiate the growth and invasion of colorectal
carcinoma. Therefore they could be used to select patients that
might benefit from new pharmacological agents and gene ther-

apy targeting both prostaglandin and b-catenin mediated
growth pathways.
At present, whether COX-2 and b-catenin expressions are a
valid prognostic marker for colorectal carcinoma remains con-
troversial. Their relation to DFS was significant only in uni-

variate but not multivariate analysis. So they might have the
potential to be a poor predictor of prognosis. To elucidate this
relationship, further investigations are required on a larger

number of cases.

Conflict of interest

We have no conflict of interest to declare.

References

1. Midgley R, Kerr D. Colorectal cancer. Lancet 1999;353:391–9.

2. Abou-Zeid AA, Khafagy W, Marzouk DM, Alaa A, Mostafa I,

Ela MA. Colorectal cancer in Egypt. Dis Colon Rectum

2002;45:1255–60.

3. Soliman AS, Bondy ML, Levin B, et al. Colorectal cancer in

Egyptian patients under 40 years of age. Int JCancer 1997;71:26–30.

4. Soliman AS, Bondy ML, Levin B, El-Badawy S, Khaled H,

Hablass A, et al. Int. J. Cancer 1998;77:811–6.

5. Thun MJ, Namboodiri MM, Heath Jr CW. Aspirin use and

reduced risk of fatal colon cancer. N Engl J Med 1991;325:1593–6.

6. Herendeen JM, Lindley C. Use of NSAIDs for the chemopreven-

tion of colorectal cancer. Ann Pharmacother 2003;37(11):1664–74.

7. Benamouzing R, Uzzan B, Little J, Chaussade S. Low dose

aspirin, COX-inhibition and chemoprevention of colorectal can-

cer. Curr Top Med Chem 2005;5(5):493–503.

8. Flossmann E, Rothwell PM. Effect of aspirin on long-term risk of

colorectal cancer: consistent evidence from randomised and

observational studies. Lancet 2007;369(9573):1603–13.

9. Cooper K, Squires H, Carroll C, Papaioannou D, Booth A, Logan

RF, et al. Chemoprevention of colorectal cancer: systematic

review and economic evaluation. Health Technol Assess

2010;14(32):1–206.

10. Myung SJ, Kim IH. Role of prostaglandins in colon cancer.

Korean J Gastroenterol 2008;51(5):274–9.

11. Poon R, Smits R, Li C, Jagmohan-Changur S, Kong M, Cheon S,

et al. Cyclooxygenase two (COX-2) modulates proliferation in

aggressive fibromatosis (desmoid tumour). Oncogene

2001;20:451–60.

12. Groden J, Thliveris A, Samowitz W, Carlson M, Gelbert L, et al.

Identification and characterization of the familial adenomatous

polyposis coli gene. Cell 1991;66:589–600.

13. Barker N, Clevers H. Mining the Wnt pathway for cancer

therapeutics. Nat Rev Drug Discov 2006;5:997–1014.

14. Willert K, Jones KA. Wnt signaling: is the party in the nucleus?

Genes Dev 2006;20:1394–404.

15. Guarino M, Rubino B, Ballabio G. The role of epithelial-

mesenchymal transition in cancer pathology. Pathology

2007;39(3):305–18.

16. MoonWS, Park HS, Lee H, Pai R, Tarnawski AS, Kim KR, et al.

Co-expression of COX-2, C-met and beta-catenin in cells forming

invasive front of gallbladder cancer. Cancer Res Treat

2005;37(3):171–6.

17. Hamilton SR, Aaltonen LA, editors. World Health Organization

Classification of Tumours: Pathology and Genetics of Tumours of

the Digestive System. Lyon: IARC Press; 2000.

18. Edge SB, Compton CC. The American Joint Committee on

Cancer: the 7th Edition of the AJCC Cancer Staging Manual and

the Future of TNM. Ann Surg Oncol 2010;17(6):1471–4.

19. Hsu SM, Rante M, Fauger H. Use of Avidin-biotin peroxidase

complex (ABC) in immunoperoxidase techniques: a comparison

between ABC and unlabelled antibody (PAP) procedures. J

Histochem Cytochem 1981;29:577–80.

http://refhub.elsevier.com/S2090-5068(13)00055-9/h0005
http://refhub.elsevier.com/S2090-5068(13)00055-9/h0010
http://refhub.elsevier.com/S2090-5068(13)00055-9/h0010
http://refhub.elsevier.com/S2090-5068(13)00055-9/h0010
http://refhub.elsevier.com/S2090-5068(13)00055-9/h0015
http://refhub.elsevier.com/S2090-5068(13)00055-9/h0015
http://refhub.elsevier.com/S2090-5068(13)00055-9/h0020
http://refhub.elsevier.com/S2090-5068(13)00055-9/h0020
http://refhub.elsevier.com/S2090-5068(13)00055-9/h0025
http://refhub.elsevier.com/S2090-5068(13)00055-9/h0025
http://refhub.elsevier.com/S2090-5068(13)00055-9/h0030
http://refhub.elsevier.com/S2090-5068(13)00055-9/h0030
http://refhub.elsevier.com/S2090-5068(13)00055-9/h0035
http://refhub.elsevier.com/S2090-5068(13)00055-9/h0035
http://refhub.elsevier.com/S2090-5068(13)00055-9/h0035
http://refhub.elsevier.com/S2090-5068(13)00055-9/h0040
http://refhub.elsevier.com/S2090-5068(13)00055-9/h0040
http://refhub.elsevier.com/S2090-5068(13)00055-9/h0040
http://refhub.elsevier.com/S2090-5068(13)00055-9/h0045
http://refhub.elsevier.com/S2090-5068(13)00055-9/h0045
http://refhub.elsevier.com/S2090-5068(13)00055-9/h0045
http://refhub.elsevier.com/S2090-5068(13)00055-9/h0045
http://refhub.elsevier.com/S2090-5068(13)00055-9/h0050
http://refhub.elsevier.com/S2090-5068(13)00055-9/h0050
http://refhub.elsevier.com/S2090-5068(13)00055-9/h0055
http://refhub.elsevier.com/S2090-5068(13)00055-9/h0055
http://refhub.elsevier.com/S2090-5068(13)00055-9/h0055
http://refhub.elsevier.com/S2090-5068(13)00055-9/h0055
http://refhub.elsevier.com/S2090-5068(13)00055-9/h0060
http://refhub.elsevier.com/S2090-5068(13)00055-9/h0060
http://refhub.elsevier.com/S2090-5068(13)00055-9/h0060
http://refhub.elsevier.com/S2090-5068(13)00055-9/h0065
http://refhub.elsevier.com/S2090-5068(13)00055-9/h0065
http://refhub.elsevier.com/S2090-5068(13)00055-9/h0070
http://refhub.elsevier.com/S2090-5068(13)00055-9/h0070
http://refhub.elsevier.com/S2090-5068(13)00055-9/h0075
http://refhub.elsevier.com/S2090-5068(13)00055-9/h0075
http://refhub.elsevier.com/S2090-5068(13)00055-9/h0075
http://refhub.elsevier.com/S2090-5068(13)00055-9/h0080
http://refhub.elsevier.com/S2090-5068(13)00055-9/h0080
http://refhub.elsevier.com/S2090-5068(13)00055-9/h0080
http://refhub.elsevier.com/S2090-5068(13)00055-9/h0080
http://refhub.elsevier.com/S2090-5068(13)00055-9/h0085
http://refhub.elsevier.com/S2090-5068(13)00055-9/h0085
http://refhub.elsevier.com/S2090-5068(13)00055-9/h0085
http://refhub.elsevier.com/S2090-5068(13)00055-9/h0090
http://refhub.elsevier.com/S2090-5068(13)00055-9/h0090
http://refhub.elsevier.com/S2090-5068(13)00055-9/h0090
http://refhub.elsevier.com/S2090-5068(13)00055-9/h0095
http://refhub.elsevier.com/S2090-5068(13)00055-9/h0095
http://refhub.elsevier.com/S2090-5068(13)00055-9/h0095
http://refhub.elsevier.com/S2090-5068(13)00055-9/h0095


220 A. Kazem et al.
20. Yukawa M, Fujimori T, Maeda S, Tabuchi M, Nagasako K.

Comparative clinicopathological and immunohistochemical study

of ras and p53 in flat and polypoid type colorectal tumours. Gut

1994;35:1258–61.

21. Charalambous MP, Lightfoot T, Speirs V, Horgans K, Gooder-

ham NJ. Expression of COX-2, NF-kB-p65, NF-kB-p50 and

IKKa in malignant and adjacent normal human colorectal tissue.

Br J Cancer 2009;101:106–15.

22. Jass JR, Biden KG, Cummings MC, Simms LA, Walsh M, Schoch

E, et al. Characterisation of a subtype of colorectal cancer

combining features of the suppressor and mild mutator pathways.

J Clin Pathol 1999;52:455–60.

23. Leslie E, Geoffrey J, James M, editors. Statistical Analysis,

Interpretation and Uses of Medical Statistics. fourth ed. Oxford

Scientific Publications; 1991, pp. 411–416.

24. Wu AW, Gu J, Ji JF, Li ZF, Xu GW. Role of COX-2 in

carcinogenesis of colorectal cancer and its relationship with tumor

biological characteristics and patients’s prognosis. World J Gas-

troenterol 2003;9(9):1990–4.

25. Joo Y-E, Kim H-S, Min S-W, Lee W-S, Park C-H, Park C-S,

et al. Expression of Cyclooxygenase-2 protein in colorectal

carcinomas. Int J Gastroint Cancer 2002;31(1–3):147–54.

26. Dimberg J, Samuelsson A, Hugander A, et al. Differential

expression of cyclooxygenase-2 in human colorectal cancer. Gut

1999;45:730–2.

27. Sinicrope FA, Lemoine M, Xi L, et al. Reduced expression of

cyclooxygenase 2 proteins in hereditary nonpolyposis colorectal

cancers relative to sporadic cancers. Gastroenterology

1999;117:350–8.

28. Hwang D, Scollard D, Byrne J, et al. Expression of cyclooxygen-

ase-1 and cyclooxygenase-2 in human breast cancer. J Natl Cancer

Inst 1998;90:455–60.

29. Wolff H, Saukkonen K, Anttila S, et al. Expression of cycloox-

ygenase-2 in human lung carcinoma. Cancer Res

1998;58:4997–5001.

30. Uefuji K, Ichikura T, Mochizuki H, et al. Expression of cyclo-

oxygenase-2 protein in gastric adenocarcinoma. J Surg Oncol

1998;69:168–72.

31. Zimmermann KC, Sarbia M, Weber AA, et al. Cyclooxygenase-2

expression in human esophageal carcinoma. Cancer Res

1999;59:198–204.

32. Sheehan KM, Sheahan K, O’Donoghue DP, et al. The relation-

ship between cyclooxygenase-2 expression and colorectal cancer.

JAMA 1999;282:1254–7.

33. Sano H, Kawahito Y, Wilder RL, Hashiramoto A, Mukai S, Asai

K, et al. Expression of cyclooxygenase-1 and -2 in human

colorectal cancer. Cancer Res 1995;55:3785–9.

34. Kim S-J, Im D-S, Kim S-H, Ryu J-H, Hwang S-G, Seong J-K,

et al. B-Catenin regulates expression of cyclooxygenase-2 in

articular chondrocytes. Biochem Biophys Res Commun

2002;296:221–6.

35. Iwamoto M, Ahnen DJ, Franklin WA, Maltzman TH. Expression

of beta-catenin and full-length APC protein in normal and

neoplastic colonic tissues. Carcinogenesis 2000;21:1935–40.

36. Hong SK, Gul YA, Ithnin H, Talib A, Seow HF. Expression of b-
catenin, COX-2 and iNOS in colorectal cancer: relevance of COX-

2 and iNOS inhibitors for treatment in Malaysia. Asian J Surg

2004;27(1):10–7.
37. Ghadimi BM, Behrens J, Hoffmann I, Haensch W, Birchmeier W,

Schlag PM. Immunohistological analysis of E-cadherin, alpha-,

beta- and gamma-catenin expression in colorectal cancer: impli-

cations for cell adhesion and signaling. Eur J Cancer

1999;35(1):60–5.

38. Wlodarczyk J, Stolte M, Mueller J. E-cadherin, beta-catenin and

stromelysin-3 expression in de novo carcinoma of the colorectum.

Pol J Pathol 2001;52(3):119–24.

39. Aust DE, Terdiman JP, Willenbucher RF, Chew K, Ferrell L,

Florendo C, et al. Altered distribution of beta-catenin, and its

binding proteins E-cadherin and APC, in ulcerative colitis-related

colorectal cancers. Mod Pathol 2001;14(1):29–39.

40. Wong NA, Pignatelli M. Beta-catenin–a linchpin in colorectal

carcinogenesis? Am J Pathol 2002;160:389–401.

41. Yachida S, Mudali S, Martin SA, Montgomery EA, Iacobuzio-

Donahue CA. Beta-Catenin Nuclear Labeling is a Common

Feature of Sessile Serrated Adenomas and Correlates with Early

Neoplastic Progression Following BRAF Activation. Am J Surg

Pathol 2009;33(12):1823–32.

42. Cesar Wong SC, Fong Lo ES, Lee KC. Prognostic and diagnostic

significance of b-Catenin nuclear immunostaining in colorectal

cancer. Clin Cancer Res 2004;10:1401–8.

43. Kawasaki T, Noshoy K, Ohnishi M, Suemoto Y, Kirknerz GJ,

Dehari R, et al. Correlation of B-catenin localization with

cyclooxygenase-2 expression and CpG island methylator pheno-

type (CIMP) in colorectal cancer. Neoplasia 2007;9(7):569–77.

44. Kitagawa T, Matsumoto K, Nagafuchi A, Tsukita S, Suzuki H.

Co-expression of E-cadherin and alpha-catenin molecules in

colorectal cancer. Surg Today 1999;29(6):511–8.

45. Horst D, Reu S, Kriegl L, Kirchner T, Jung A. The intratumoral

distribution of nuclear beta-catenin is a prognostic marker in

colon cancer. Cancer 2009;115(10):2063–70.

46. Pai R, Soreghan B. SzaboIL, Pavelka M, Baatar D, Tarnawski

AS. Prostaglandin E2 transactivates EGF receptor: a novel

mechanism for promoting colon cancer growth and gastrointes-

tinalhypertrophy. Nat Med 2002;8:289–93.

47. Pai R, Nakamura T, Moon WS, Tarnawski AS. Prostaglandins

promote colon cancer cell invasion; signaling by cross-talk

between two distinct growth factor receptors. FASEB J

2003;17:1640–7.

48. Lee HK, Jeong S. Beta-catenin stabilizes cyclooxygenase-2 mRNA

by interacting with AU-rich elements of 3V-UTR. Nucleic Acids

Res 2006;34:5705–14.
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