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Abstract

Background and study aims : The purpose of the current study
was to investigate the role of b-catenin, E-cadherin and P-cadherin
in colorectal carcinogenesis using tissue array method.

Patients and methods : Core tissue biopsies were taken from
paraffin-embedded tissue blocks of 167 cases including 26 normal
mucosae (NM), 99 colorectal polyps (10 hyperplastic polyps (HP),
8 traditional serrated (TSA), 17 tubular (TA), 37 tubulovillous
(TVA), and 27 villous adenomas (VA)), 14 adenomas with intra-
mucosal carcinoma (ACA), and 28 colorectal cancers (CCA).
Immunohistochemistry was performed using antibodies to b-
catenin, E-cadherin, and P-cadherin. Distribution of positivity was
assessed using percentage expression while an arbitrary grading
scale was used for staining intensity. 

Results : b-catenin expression was cytoplasmic, membranous,
and nuclear. Both E-cadherin and P-cadherin expressions were
confined to cytoplasmic-membranous compartments.
Membranous expression of b-catenin significantly decreased in
CCA (p < 0.01). Nuclear b-catenin expression significantly
increased in close correlation with neoplastic sequence reaching its
highest expression in ACA and CCA (p < 0.001). Polyps with
intraepithelial neoplasia (IEN) showed significantly higher
nuclear b-catenin expression in parallel with increasing grades of
IEN (p < 0.001). E-cadherin and P-cadherin expression increased
in polyps, whereas a significant decrease in their expression was
observed in CCA (p < 0.001) while E-cadherin expression signifi-
cantly increased in CCA compared to NM (p < 0.001), no such
difference was observed in P-cadherin expression. 

Conclusions : Nuclear b-catenin expression correlating with the
grade of IEN in polyps and carcinomas supports its role in colo-
rectal carcinogenesis. E-cadherin and P-cadherin expressions in
adenomas suggest that these molecules might have role in adeno-
ma formation though not necessarily be involved in neoplastic
progression. (Acta gastroenterol. belg., 2007, 70, 339-344).

Introduction

CRC results from the cumulative effects of multiple
sequential genetic alterations. The genetic pathway
model for the pathogenesis of CRC proposed by Fearon
and Vogelstein is based upon the concept of an adeno-
ma-carcinoma sequence (1). In recent years, a “serrated
pathway” involving hyperplastic polyp-serrated adeno-
ma-carcinoma sequence has been proposed as an alter-
native to the adenoma-carcinoma sequence (2,3,4,5).

Altered APC gene and KRAS mutations are early
genetic events resulting in adenoma formation, through
increased transcriptional activation of b-catenin and
DNA- binding proteins of T-cell factor (TCF)/lymphoid
enhancer factor (LEF) (6,7). This mainly occurs through
mutations in APC gene and decreased APC-associated

degradation of b-catenin. When b-catenin or APC are
mutated, or the Wnt pathway is activated, b catenin
accumulates in the cytoplasm, translocates to the nucle-
us, and binds to the TCF/LEF. This results in the up-reg-
ulation of genes involved in transcription such as c-myc,
c-jun, fra-1 and cyclin D1, thereby causing neoplastic
growth (8,9). On the other hand, recent studies have
shown that genetic and epigenetic alterations including
KRAS mutations, chromosome 1p loss, microsatellite
instability (MSI), CpG island methylation of p16 gene
and other loci, and CpG island methylator phenotype
(CIMP) with concordant methylation of CpG islands are
frequently observed in “serrated pathway” of colorectal
carcinogenesis (10,11).

Adhesion between epithelial cells is mediated mainly
by cadherins, localized largely in adherent junctions (12,
13,14). b-catenin is necessary for cell to cell adhesion
and links E cadherin to g-catenin and a-catenin which
mediates the interaction between the cadherin-catenin
complex and actin cytoskeleton, helping to regulate cell
morphology and polarity. This binding is essential for
the adhesive function of E-cadherin and for establish-
ment of tight adhesions between epithelial cells.
Cadherins and catenins also have important functions in
the biological behaviour of tumours. Changes in the
structure of these molecules lead to discordance in cell
to cell adhesion and activation of target genes which are
involved in regulation of epithelial differentiation and
oncogenic transformation (15,16). 

Development of colorectal adenoma requires epithe-
lial remodelling and stratification. Recent studies have
shown that P-cadherin, normally expressed in squamous
epithelia and placenta (17), is aberrantly expressed from
the earliest morphologically identifiable stage of colono-
cyte transformation, prior to changes in E- cadherin, b-
catenin and APC mutation (18). Reduced E-cadherin
expression accompanied by aberrant P-cadherin expres-
sion was shown in colitis (19), breast carcinoma (20)
and cervical squamous intraepithelial neoplasia (21).
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These studies suggest interdependence of expression of
E- and P-cadherin in some circumstances. Increased
nuclear b-catenin expression from early adenomas to
adenocarcinomas is predictive of its oncogenic role in
tumour progression by transcriptional activation of reg-
ulatory genes. However, there is still little information
regarding the relationship of E-cadherin and P-cadherin
expressions in adenoma formation and progression to
carcinoma.

The aim of the present study was, therefore, to deter-
mine different expression patterns of b-catenin, E-cad-
herin and P-cadherin both in classical adenoma-carcino-
ma sequence and the recently defined serrated neoplasia
sequence of the colorectum in a large series of cases
using tissue array technique.

Materials and methods

A total of 167 cases including 99 colorectal polyps
(10 hyperplastic polyps (HP), 8 traditional serrated
(TSA), 17 tubular (TA), 37 tubulovillous (TVA), and
27 villous adenomas (VA)) and 14 adenomas with intra-
mucosal carcinoma (ACA), 28 colorectal cancers (CCA)
of which 4 were well-differentiated, 21 were intermedi-
ate and 3 were poorly differentiated and 26 normal
mucosae (NM) derived from specimens resected for pur-
poses other than cancer were studied. Polyps were fur-
ther classified according to the degree of glandular
intraepithelial neoplasia (IEN/dysplasia) as low, and
high grades while carcinomas were graded as well, mod-
erate and poorly differentiated according to WHO clas-
sification (22). In polyps showing intramucosal carcino-
ma and in carcinoma cases a small groups of dedifferen-
tiated tumour cells at the deepest infiltrative part of the
tumour was considered as invasive front. After review-
ing the slides of each case, representative fields of the
lesions were marked and core tissue samples were pre-
pared manually from the paraffin blocks using a 4 mm-
diameter dermatologic biopsy needle. A total of 13 array
blocks each containing 14 cases that were represented
by one core were prepared. Sections of 4 micron thick-
ness were cut and mounted on poly-L-lysine coated
slides which were stained with monoclonal antibodies
raised against b-catenin (clone : 17C2, 1:100,
Novacastra), E cadherin (clone : 36B5, 1:30,
Novacastra), and P cadherin (clone : 56C1, 1:75,
Novacastra) using Ventana NexEs automated immunos-
tainer for secondary visualization. Antibody detection
was performed by using a secondary antibody of
Ventana (Ventana Medical Systems Tuscon, AZ, USA)
and 3,3’-diaminobenzidine. Positive control tissues were
used as recommended by the suppliers whereas exclu-
sion of the primary antibody served as negative control.

The extent of staining was assessed as percentage of
positively stained areas within the tissue core while
staining intensity was graded as weak (+), moderate
(++), and strong (+++) using an arbitrary scale.
Expression site within an individual cell was evaluated

as nuclear, cytoplasmic, and membranous. An expres-
sion score was calculated by multiplying percentage
expression by the intensity of staining. 

The age and gender of the patients, location, size,
number and gross features of the polyps, grade and stage
of the carcinoma cases were retrieved from patient files.
Location of the polyps was grouped as rectum, left colon
including splenic flexura, descending colon and sig-
moid, and right colon including caecum, ascending
colon and transverse colon. There were 112 males and
55 females with an age range of 21-84 years. Though,
mean age was lower in the HP group compared to all
other groups no significant age difference was observed
between other polyp groups (Table 1). It was signifi-
cantly lower in polyps without IEN compared to those
with IEN and carcinoma (p < 0.01). No significant dif-
ference was found between male and female patients
with regard to the prevalence of different types of
polyps. When the location of the polyps was evaluated
hyperplastic polyps and carcinomas were found to be
more frequently located in the rectum (60% and, 60,7%,
respectively) in comparison to TSA, TA, TVA, VA, and
ACA (25%, 23.5%, 18.9%, 37%, and 28.6 %, respec-
tively). Adenomas with carcinomatous foci were signif-
icantly larger (20.2 mm) when compared with other
polyps (HP : 9.38, TSA : 7.6, TA : 8, TVA : 11.06, VA :
11.73 mm) (p < 0.001). The site and size of the cases are
presented in Table 1. Polyps showing IEN were graded
as low (n : 23, 23,2%), and high (n : 62, %62,6) grade.
Fourteen of them (14,2%) were free of IEN. No signifi-
cant association was observed between location, size
and IEN in the study groups.

Statistical analysis was performed using Kruskal
Wallis variance analysis for the comparison of the
groups while Multiple Comparison Tests were used to
determine the differences between the groups. Chi
square test was used to evaluate the difference between
the groups for classified data. A p value of < 0.05 was
considered as significant.

Results

Expression of b-catenin was seen both in cell mem-
brane and cytoplasm of normal mucosae, polyps and
carcinomas. Nuclear b-catenin was observed only in
adenomas and carcinomas. Membranous expression of
b-catenin was slightly reduced through the sequence.
Both percentage membranous expression and membra-
nous staining intensity of b-catenin were significantly
decreased in CCA group compared to all other groups
(p < 0.01). Cytoplasmic staining of b-catenin increased
in parallel with the neoplastic progression while a sig-
nificant decrease in its expression was observed in CCA
(p < 0.01). Nuclear b-catenin expression was absent in
normal mucosae, HP, and TSA while it significantly
increased in close correlation with the neoplastic
sequence reaching its highest expression in ACA and
CCA (p < 0.001). Forty percent of adenomas, 78.6% of
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ACA and 67.8% of CCA showed nuclear expression of
b-catenin. In ACA and CCA, nuclear b-catenin expres-
sion was found predominantly in disseminating tumour
cells at the invasive fronts (Fig. 1).

E-cadherin expression was observed both in the cell
membrane and in the cytoplasm. Normal mucosae
showed the weakest E-cadherin expression which
increased in HP, TSA and adenomas while a significant
decrease in its expression was observed in CCA
(p < 0.001) in a similar manner as its staining intensity
which was also significantly lower in CCA group when
compared to all other groups (p < 0.001). 

P-cadherin expression was also both membranous
and cytoplasmic. No significant difference was observed
in the expression pattern of P-cadherin between polyp
types. Percentage expression of P-cadherin also showed
a significant increase (p < 0.001), through the sequence
except for CCA group which had significantly lower
expression staining intensity compared to all other
groups except normal mucosae (p < 0.001). Expression
of b-catenin, E- cadherin and P-cadherin is presented in
table 2 and figure 2. 

Cytoplasmic and membranous b-catenin expression
significantly (p < 0.01) decreased in the carcinoma
group which showed the highest nuclear expression.
Nuclear b-catenin expression significantly correlated

(p < 0,001) with the grade of IEN in contrast to mem-
branous and cytoplasmic staining. Nuclear b-catenin
expression was absent in polyps without IEN whereas
polyps with IEN showed significantly higher nuclear b-
catenin expression in parallel with the increasing grades
of IEN (p < 0.001). Percentage expressions of E-cad-
herin and P-cadherin were significantly higher in polyps
with IEN when compared to polyps without IEN (p <
0.01). However, no correlation could be observed with
the grade of adenocarcinomas and b-catenin, E-cadherin
and P-cadherin expressions since the majority of the
cases were in intermediate grade. Expression of b-
catenin, E and P-cadherin in polyps with IEN is present-
ed in figure 3.

Discussion

Activation of APC/b-catenin pathway plays an impor-
tant role in colorectal tumourigenesis, and mutations in
b-catenin gene occur early in this process, leading to
adenoma formation. The demonstration of increased
cytoplasmic expression of b-catenin in the earliest iden-
tified neoplastic lesion in the colon (aberrant crypt foci-
ACF), suggests its early role in colorectal carcinogene-
sis (23). b-catenin plays a major role in cadherin medi-
ated cell-cell adhesions as well as in transcriptional
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Table 1. — Clinicopathological features of the study groups

Groups (n) Age (years) Site Size (mm)

mean ± SD Rectum Left Right mean ± SD
n % n % n %

TA (n : 17) 59,83 ± 9,9 4 23,5 10 58,9 3 17,6 8 ± 3,6
TVA (n : 37) 56,46 ± 11,8 7 18,9 22 59,5 8 21,6 11,06 ± 5,5
VA (n : 27) 56,88 ± 16,4 10 37 16 59,2 4 14,8 11,73 ± 5,5
HP (n : 10) 39,62 ± 12,14 6 60 3 30 1 10 9,38 ± 5,4
TSA (n : 8) 55,3 ± 10,1 2 25 6 75 0 7,6 ± 3,5
ACA (n : 14) 59,35 ± 17,5 4 28,6 10 71,4 0 20,2 ± 8,5
CCA (n : 28) 58,28 ± 1486 17 60,7 10 35,7 1 3,6 42,5 ± 14,8

Fig. 1. — Nuclear b-catenin expression in disseminating tumour cells at the invasive fronts of CCA (a : H & E, � 200 ; b : b-catenin,
� 400).

a b
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signalling in colonic epithelium. Alterations in b-catenin
expression are likely to affect both of these functions. 

Although the mechanisms of cytoplasmic accumula-
tion and nuclear expression of b-catenin are not fully
demonstrated, it is known that mutations in APC gene
lead to transfer of b-catenin from membrane to cytosol
and then to the nucleus. Mutations of APC or b-catenin
genes occur in majority of the adenomas and carcinomas
of the colorectum (6,24). Previous studies showed that
cytoplasmic and nuclear expression of b-catenin
increase from early adenomas to carcinomas, and the
distribution of its expression within a tumour may
vary (25). We found a significant increase in nuclear b-
catenin expression throughout the neoplastic progres-
sion reaching the highest values in ACA and CCA.
While nuclear expression of b-catenin was found pre-
dominantly in with adenomas with high grade IEN
and/or those with carcinomatous foci as well as in ded-
ifferentiated tumour cells at the invasive fronts of carci-
nomas, membranous and cytoplasmic b-catenin expres-
sion was reduced in these cases. These observations are
in accordance with the well known intracellular transfer
of b-catenin to the cell nucleus which is predisposed by
decreased accumulation of the molecule in the cell
membrane and cytoplasm. In a study by Iwamoto et al.,
immunohistochemical expression of b-catenin was
found in the cytoplasm and nucleus of all adenomatous
polyps included in the study while APC immunreactivi-
ty was completely absent only in 29% of the same
polyps (26). Although, mutations of APC occur early in
adenoma-carcinoma sequence, loss of normal APC pro-
tein does not seem to be the unique determinant for dys-
regulation of b-catenin. Accordingly, intracellular distri-
bution of b-catenin within adenomas and carcinomas
may be explained by additional molecular mechanisms.

In a series of ACF, reduced expression of membra-
nous b-catenin together with increased cytoplasmic and
nuclear expressions were found in correlation with the
grade of IEN (27). In another study comprised of adeno-
mas and carcinomas both decreased membranous and

increased nuclear b-catenin expressions were associated
with increasing degrees of IEN (28). In our study,
despite the slightly reduced membranous expression of
b-catenin in adenomas, higher nuclear expression of b-
catenin was observed as the grade of IEN increased.
These findings suggest that, nuclear expression of b-
catenin can be used as a reliable marker of IEN in col-
orectal polyps.

Cadherin/catenin complex is essential for the estab-
lishment of cell-cell adhesion. E-cadherin has been
extensively studied in colorectal carcinomas in the liter-
ature (29,30,31), which have showed reduced or absent
expression of E-cadherin being inversely proportional to
the degree of tumour differentiation (32,33). In our
study, expression of E-cadherin and P-cadherin
decreased significantly in CCA group while no correla-
tion was found with the grade of adenocarcinomas.
However, we found significantly higher expressions of
E-cadherin and P-cadherin in polyps with IEN. In con-
trast to our findings, and to the studies that reported
downregulation of E-cadherin and catenins in carcino-
mas, El-Bahrawy et al., showed over-expression of cyto-
plasmic E-cadherin and b-catenin in addition to a pre-
served membranous protein expression in colorectal
adenomas and carcinomas of FAP patients, including the
poorly differentiated carcinomas (15). However, they
did not provide data on E-cadherin expression and IEN
in polyps. FAP-associated carcinogenesis can be one of
the reasons for this discrepancy. There are only few stud-
ies regarding the expression of P-cadherin in colorectal
polyps and/or carcinomas. In a study, Hardy et al.,
reported that P-cadherin is aberrantly expressed in the
earliest stage of abnormal colonocyte morphology, prior
to changes in E-cadherin and catenins and its expression
is unable to determine tissue morphology alone (18).
Though, E-cadherin and P-cadherin do not seem to dif-
ferentiate between subtypes of adenomas, the presence
of their expressions in adenomas suggests that these
molecules are involved in adenoma formation and neo-
plastic transformation. The heterogeneous expression
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Table 2. — Percentage expression and staining intensity of b-catenin, E-cadherin and P-cadherin in study groups

Study Groups
n

b-catenin b-catenin b-catenin E-cadherin P-cadherin

(cytoplasmic) (membranous) (nuclear)

% exp Intensity % exp Intensity % exp Intensity % exp Intensity % exp Intensity

mean ± SD mean ± SD mean ± SD mean ± SD mean ± SD mean ± SD mean ± SD mean ± SD mean ± SD mean ± SD

Normal (n : 26) 75,2 ± 27,2 1,30 ± 0,4 80,1 ± 15,3 1,84 ± 0,46 0 0 35,38 ± 22,8 2 ± 0,77 35,7 ± 25,3 1,92 ± 0,89

HP (n : 10) 86 ± 17,1 1 ± 1 83 ± 14,51 1,2 ± 0,63 0 0 81 ± 23,30 2,6 ± 0,7 69 ± 23,7 1,8 ± 78

TSA (n : 8) 97,5 ± 4,6 1,12 ± 0,35 89,4 ± 5,25 1,87 ± 0,64 0 0 93,75 ± 11,8 2,37 ± 0,7 80 ± 31,6 2,37 ± 0,7

TA (n : 17) 93,5 ± 13,2 2,29 ± 0,58 90,3 ± 8,72 2,29 ± 0,68 8 ± 14,4 0,76 ± 1,1 92,9 ± 24,2 2,7 ± 0,43 96,47 ± 12,2 2,41 ± 0,71

TVA (n : 37) 98,2 ± 6,8 2,35 ± 0,58 91,52 ± 5,38 2,4 ± 0,68 2,97 ± 7,5 0,91 ± 1,3 98,9 ± 5,1 2,67 ± 0,52 94,1 ± 17,1 2,27 ± 0,6

VA (n : 27) 97,7 ± 5 2,18 ± 0,73 89,3 ± 12,4 2,11 ± 0,57 8,96 ± 25,7 1,33 ± 1,3 95,9 ± 7,47 2,6 ± 0,5 92,4 ± 11,7 2,18 ± 0,6

ACA (n : 14) 95,35 ± 9,3 2,14 ± 0,77 83,8 ± 14,2 1,78 ± 0,89 17 ± 26,8 1,92 ± 1,2 96 ± 5,6 2,28 ± 0,61 95 ± 6,5 2,1 ± 0,6

CCA (n : 28) 80,53 ± 17 1,60 ± 0,49 72,2 ± 12,3 0,42 ± 0,5 17,1 ± 25,3 1,53 ± 1,23 74,28 ± 18,8 1,96 ± 0,63 38,2 ± 28,5 1,67 ± 0,66
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patterns of cadherins and catenin in sporadic adenoma
and carcinoma may reflect the greater heterogeneity of
sporadic colorectal carcinogenesis. 

In recent years, a group of colorectal cancers, muci-
nous type in particular, were believed to follow a differ-
ent pathway involving hyperplastic polyps, sessile ser-
rated adenomas, and traditional serrated adenomas (3,4,
5). Traditional serrated adenoma is an entity that shares
histopathologic features with both hyperplastic polyps
and conventional adenomas (4) while sessile serrated
adenoma can be simply defined as a “variant” hyper-
plastic polyp with characteristic differential features
such as dilated, boot-shaped basal crypts and an abnor-
mal proliferation zone (3). In the present study, tradi-
tional serrated adenomas showed cytoplasmic and mem-
branous expression of b-catenin and E and P-cadherin at
levels higher than both hyperplastic polyps and carcino-
mas. Interestingly, no nuclear b-catenin accumulation
was seen in either TSA or HP. High levels of cytoplas-
mic and membranous expression of b-catenin together
with absence of nuclear positivity in TSA suggest that
these lesions follow different morphogenetic pathways
which have only recently been recognized.
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Fig. 2. — Expression of b-catenin, E-cad-
herin and P-cadherin.
a-d : Tubular adenoma (H & E, � 100 ; b-
catenin, � 200 ; E-cadherin, � 400 ; P-
cadherin, � 400, respectively)
e-h : Traditional serrated adenoma (H &
E, � 200 ; b-catenin, � 400 ; E-cadherin,
� 200 ; P-cadherin, � 400, respectively).

a b c

d e f

g h

Fig. 3. — Expression of b-catenin, E-cadherin and P-cadherin
in polyps with IEN.
(Neg IEN : IEN negative ; L-IEN : low grade of IEN ; H-IEN :
high grade of IEN).
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Catenins and cadherins have been extensively studied
in many tumour types since they were first discovered.
In a majority of these studies, only a small group of spe-
cific types of adenomatous polyps or adenocarcinomas
were evaluated with different techniques including
immunohistochemistry, in situ hybridization and PCR.
The present study, however, seems to be unique for the
composition of the cases which forms a complete spec-
trum of colorectal carcinogenesis including, normal
colorectal mucosa, hyperplastic polyps, serrated and
conventional adenomas, as well as adenomas with carci-
nomatous foci and advanced adenocarcinomas. The use
of tissue array technique also enabled us to study a large
number of cases in each group which allowed a reliable
statistical analysis. The result of this extensively sam-
pled series of colorectal polyps and carcinomas suggest
that differential expression of catenins and cadherins
may highlight various stages of neoplastic progression
of colorectal mucosa.

References

1. VOGELSTEIN B., FEARON E.R., HAMILTON S.R., KERN S.E.,
PREISINGER A.C., LEPPERT M., NAKAMURA Y., WHITE R.,
SMITS A.M., BOS J.L. Genetic alterations during colorectal tumor devel-
opment. N. Eng. J. Med., 1988, 319 : 525-532.

2. LONGACRE T.A., FENEGLIO-PREISER C.M. Mixed hyperplasyic
polyps : serrated adenomas. A distinct form of colorectal neoplasia. Am. J.
Surg. Pathol., 1990, 14 : 524-537.

3. HUANG C.S., O’BRIEN M.J., YANG S., FARRAYE F.A. Hyperplastic
Polyps, Serrated adenomas, and the serrated polyp neoplasia pathway. Am.
J. Gastroenterol., 2004, 99 : 2242-2255.

4. JASS J.R. Serrated adenoma of the colorectum : a lesion with teeth. Am. J.
Pathol., 2003, 162 : 705-708.

5. JASS J.R. Pathogenesis of colorectal cancer. Surg. Clin. N. Am., 2002, 82 :
891-904.

6. BRABLETZ T., JUNG A., KIRCHNER T. b-catenin and morphogenesis of
colorectal cancer. Virchows Arch., 2002, 441 : 1-11.

7. TAKAYAMA T., OHI M., HAYAHI T., MYANISHI K., NOBUOKA A.,
NAKAJIMA T., SATOH T., TAKIMOTO R., KATO J., SAKAMAKI S.,
NIITSU Y. Analysis of K-ras, APC and b-catenin in aberrant crypt foci in
sporadic adenoma, cancer and familial adenomatous polyposis. Gastro-
enterology, 2001, 121 : 599-611.

8. BRABLETZ T., HERMANN K., JUNG A., FALLER G., KIRCHNER T.
Expression of nuclear b-catenin and c-myc is correlated with tumour size but
not with proliferative activity of colorectal adenomas. Am. J. Pathology,
2000, 156 : 865-70.

9. KAWADA M., SENO H., UENOYAMA Y., SAWABU T., KANDA N.,
FUKUI H., SHIMAHARA Y., CHIBA T. Signal transducers and activators
of transcription 3 activation is involved in nuclear accumulation of b-catenin
in colorectal cancer. Cancer Research, 2006, 66 : 2913-2917.

10. CHAN A.O., ISSA J.J., MORRIS J.S., HAMILTON S.R., RASHID A.
Concordant CpG island methylation in hyperplastic polyposis. Am. J.
Pathol., 2002, 160 : 529-535.

11. BEACH R., CHAN A.O., WU T., WHITE J.A., MORRIS J.S.,
LUNAGOMEZ S., BROADDUS R.R., ISSA J.J., HAMILTON S.R.,
RASHID A. BRAF mutations in aberrant crypt foci and hyperplastic poly-
posis. Am. J. Pathol., 2005, 166 : 1069-1075.

12. TAKEICHI M. Cadherins : a molecular family important in selective cell-
cell adhesions. Annu. Rev. Biochem., 1990, 59 : 237-252.

13. GUMBINER B.M., MCCREA P.D. Catenins as mediators of the cytoplas-
mic functions of cadherins. J. Cell Sci., 1993, 17 : 155-.

14. SMITH M.E.F., PIGNATELLI M. The molecular histology of neoplasia : the
role of the cadherin/catenin complex. Histopathology, 1997, 31 : 107-111.

15. EL-BAHRAWY M.A., TALBOT I.C., POULSOM R., JEFFERY R.,
ALISON M.R. The expression of E-cadherin and catenins in colorectal

tumours from familial adenomatous polyposis patients. Journal of
Pathology, 2002, 198 : 69-76.

16. AOKI M., SOBEK V., MASLYAR DJ., HECHT A., VOGT P.K. Oncogenic
transformation by b-catenin : deletion analysis and characterization of
selected target genes. Oncogene, 2002, 21 : 6983-91.

17. SHIMOYAMA Y., YOSHIDA T., TERADA M., SHIMOSATO Y., ABE O.,
HIROHASHI S. Molecular cloning of a human Ca2+ dependent cell-cell
adhesion molecule homologous to mouse placental cadherin : its low expres-
sion in human placental tissues. J. Cell. Biol., 1989, 109 : 1787-1794 .

18. HARDY R.G., TSELEPIS C., HOYLAND J., WALLIS Y., PRETLOW T.P.,
TALBOT I., SANDERS D.S.A., MATTHEWS G., MORTON D.,
JANKOWSKI J.A.Z. Aberrant P-cadherin expression is an early event in
hyperplastic and dysplastic transformation in the colon. Gut, 2002, 50 : 519-
519.

19. JANKOWSKI J.A., BEDFORD F.K., BOULTON R.A.,
CRUICKSHANK N., HALL C., ELDER J., ALLAN R., FORBES A.,
KIM Y.S., WRIGHT N.A., SANDERS D.S. Alterations in classical
cadherins associated with progression in ulcerative and Crohn’s colitis. Lab.
Invest., 1998, 78 : 1115-1167.

20. PALACIOS J., BENITO N., PIZARRO A., SUAREZ A., ESPADA J.,
CANO A., GAMALLO C. Anomalous expression of P-cadherin in breast
carcinoma. Correlation with E-cadherin expression and pathological fea-
tures. Am. J. Pathol., 1995, 146 : 605-612.

21. DE BOER CJ., VAN DORST E., VAN KRIKEN H., JANSEN-VAN
RHIJN C.M., WARNNAR S.O., FLEUREN G.J., LITVINOV S.V. Changing
roles of cadherins and catenins during progression of squamous intraepithe-
lial lesions in the uterine cervix. Am. J. Pathol., 1999, 155 : 505-515.

22. HAMILTON S.R., VOGELSTEIN B., KUDO S., RIBOLI E.,
NAKAMURA S., HAINAUT P., RUBIO C.A., SOBIN L.H., FOGT F.,
WINAWER S.J., GOLDGAR D.E., JASS J.R. Carcinoma of the colon and
rectum. In : HAMILTON S.R., AALTONEN L.A. (eds). World Health
Organization Classification of Tumours, Pathology & Genetics, Tumours of
the Digestive System, IARCPress, Lyon, 2000 : 103-147.

23. HAO X.P., PRETLOW T.G., RAO S.J., PRETLOW T.P. b-catenin expression
is altered in human colonic aberrant crypt foci. Cancer Research, 2001, 61 :
8085-8088.

24. KINZLER K.W., VOGELSTEIN B. Lessons from hereditary colorectal
cancer. Cell, 1996, 87 : 159-170.

25. JUNGCK M., GRÜNHAGE F., SPENGLER U., DERNAC A.,
MATHIAK M., CASPARI R., FRIEDL W., SAUERBRUCH T. E-cadherin
expression is homogeneously reduced in adenoma from patients in adenoma
with familial adenomatous polyposis : an immunohistochemical study of E-
cadherin, b-catenin and cyclooxygenase-2 expression. Int. J. Colorectal Dis.,
2004, 19 : 438-445.

26. IWAMOTO M., AHNEN D.J., FRANKIN W.A., MALTZMAN TH.
Expression of b-catenin and full length APC protein in normal and neoplas-
tic colonic tissues. Carcinogenesis, 2000, 21 : 1935-1940.

27. HAO X.P., PRETLOW T.G., RAO S.J., PRETLOW T.P. b-catenin expression
is altered in human colonic aberrant crypt foci. Cancer Research, 2001, 61 :
8085-8088.

28. HAO X., FRAYLING I.M., WILCOCKS T.C., HAN W.,
TOMLINSON I.P.M., PIGNATELLI M.N., PRETLOW T.P., TALBOT I.C.
b-catenin expression and allelic loss at APC in sporadic colorectal carcino-
genesis. Virchows Arch., 2002, 440 : 362-366.

29. SCHUHMACHER C., BECKER I., OSWALD S., ATKINSON M.J.,
NEKARDA H., BECKER K.F., MUELLLER J., SIEWERT J.R.,
HÖFLER H. Loss of immunohistochemical E-cadherin expression in col-
orectal cancer is not due to structural gene alterations. Virchows Arch., 1999,
434 : 489-495.

30. DORUDI S., SHEFFIELD J.P., POULSOM R., NORTOVER J.M.,
HART I.R. E-cadherin expression in colorectal cancer. An immunohisto-
chemical and in situ hybridization study. Am. J. Pathol., 1993, 142 : 981-986.

31. AUST D.E., TERDIMAN J.P., WILLENBUCHER R.F., CHEW K.C.T.,
FERREL L., FLORENDO C.B.S., MOLINARO-CLARK A., BARETTON
G.B., LÖHRS U., WALDMAN F. Altered distribution of beta-catenin and its
binding proteins E-cadherin and APC, in ulcerative colitis-related colorectal
cancers. Mod. Pathol., 2001, 14 : 29-39.

32. FURUTA K., YOSHIOKA S., OKABE S., IKEDA M., OGINOSAWA M.,
IKEDA S., NAKAYAMA Y., KIKUCHI M., HAMILTON S.R. Expression
of two adenomatous poliposis coli and E-cadherin proteins on human col-
orectal cancers. Virchows Arch., 2003, 442 : 266-270.

33. VAN AKEN E., DE WEVER O., CORREIA DA ROCHA A.S.,
MAREEL M. Defective E-cadherin/catenin complexes in human cancer.
Virchows Arch., 2001, 439 : 725-751.

Acta Gastro-Enterologica Belgica, Vol. LXX, October-December 2007


