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Summary

Purpose: To correlate the expression of E-cadherin and 
beta-catenin with alterations of expression of Smad4 in ad-
vanced colorectal cancer (CRC).

Methods: Tissue specimens from 75 colorectal cancer 
cases (Dukes stage C and D) were tested for Smad4, E-cad-
herin and beta-catenin by the Avidin-Biotin immunoperoxi-
dase method. The results were correlated with patients’ clini-
copathological parameters.

Results: Smad4 expression was lost or reduced in 
roughly 1 out of every 3 Dukes C and D CRCs. Association 
of Smad4 expression with other clinicopathological param-
eters was not noted. Association of expression of E-cadherin 
with other clinicopathological parameters was not noted, 
apart from tumor location. Expression of beta-catenin was 
not associated with clinicopathological parameters. Lack of 

expression of Smad4 was associated with lack of expression 
of both E-cadherin (p<0.000) and beta-catenin (p<0.000). 
As regards the relation between E-cadherin and beta-catenin, 
the expression of each seemed to parallel the expression of 
the other (p<0.000). Beta-catenin was overexpressed in 
68.5% of the specimens studied.

Conclusion: Clinically advanced CRC is associated 
with a reduced or complete lack of expression of Smad4. E-
cadherin and beta-catenin are expressed in parallel with 
each other and also with Smad4. This tumor suppressor role 
of Smad4 by affecting both E-cadherin and beta-catenin may 
indicate a novel pathway for metastatic tumor via cellular re-
shaping. The precise underlined mechanism(s) and the clini-
cal significance of these findings remain to be determined.
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Introduction

CRC is a common malignancy, potentially curable 
if detected early. Cell membrane proteins involved in 
cell adhesion (cadherins) together with proteins associat-
ed with linking to cytoskeleton (catenins) and intracellu-
lar proteins mediating signaling for extracellular factors 
(Smad4) are of great importance in determining the ag-
gressiveness of malignant cells. Recent studies indicate 
that invasive and metastatic CRC displays an increased 
incidence of mutations of Smad4 compared to adenomas 
and intramucosal carcinomas [1,2]. Smad4 is a protein 
involved in cell signaling which modulates members of 
the TGFβ protein superfamily. It is also of importance 
in cross-talking in other signaling pathways. Apart from 

signaling, it also acts as a co-modulator of transcription 
by regulating expression of a variety of genes through 
interaction with other transcriptional co-factors.

The E-cadherin/beta-catenin complex plays a crit-
ical role in epithelial cell to cell adhesion. The disrup-
tion of the cadherin/beta-catenin complex is observed 
in carcinomas of many types. Transcriptional repression 
mechanisms have been implicated in this disruption but 
the intermediate events remain unknown. Reduced or 
absent expression of the E-cadherin/beta-catenin com-
plex is associated with poor tumor differentiation, infil-
trative growth and distant metastases [3,4].

We investigated the relation between expression 
of Smad4 and cellular disruption of E-cadherin/beta-
catenin complex in advanced CRC and we correlated 
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Evaluation and scoring

Adjacent normal mucosa and stromal cells obtained at a dis-
tance of more than 1 cm from the tumor were used as internal posi-
tive controls. The scale used by Reinacher-Schick and his group was 
applied for scoring [5]. The intensity of staining was expressed as 
follows: (i) for Smad4 and E-cadherin, positive staining: score 2, re-
duced staining: score 1 and no staining: score 0. (ii) For beta-catenin: 
positive staining: score 2, moderately altered staining: score 1 and 
strongly altered staining: score 0.

Statistical analysis

The SPSS (14.0) software was applied. Variables were con-
sidered as qualitative; frequencies and relative frequencies were 
calculated. The Spearman coefficient association test was applied to 
determine the association between group differences. Any p-value 
less than 0.05 was considered as significant.

Results

Smad4 immunohistochemical expression

Smad4 protein expression was analysed in the 75 
cancer specimens. Adjacent to cancer cells, the normal 
mucosa expressed positive Smad4 staining (score 2).

Cancer cells showed no staining (score 0) in 24 
out of 75 (32%) cases. Reduced staining (score 1) and 
positive/normal staining (score 2) were expressed in 32 
(42.6%) and 19 (25.4%) out of the 75 cases, respective-
ly. The results are depicted in Table 2.

Regarding CRC staging we found that in the 21 
patients with Dukes stage C cancers Smad4 expression 
was lost in 7 (33.3%), reduced in 11 (52.4%) and posi-
tive in 3 (14.3%). In the 54 patients with Dukes stage D 
cancers Smad4 expression was also lost in 17 (31.5%), 
reduced in 21 (38.9%) and positive in 16 (29.6%) as 
shown in Table 2.

the results with clinicopathological parameters. Despite 
plenty of data on these factors in experimental models, 
analogous clinical studies inter-relating all of them to-
gether in humans are rather limited.

Methods

Patients

We studied 75 Greek patients with CRC who underwent sur-
gical tumor resection from May 2004 to December 2009. Only cases 
with stage C and D according to Dukes classification were included. 
The clinical data of the 75 patients studied are depicted in Table 1. 
All patients were operated upon by the same surgeons; the pathol-
ogy and histopathology work-up was conducted by the same team.

Clinicopathological parameters, namely age, gender, location, 
size, pattern shape, pathological stage at presentation, histological 
grade, number of infiltrated lymph nodes and distant metastases for 
each case were retrieved. Regarding age classification, the follow-
ing age groups were formed: 47-59, 60-69, 70-79 and 80-89 years.

Immunohistochemistry

Immunohistochemistry was performed on formalin fixed, 
paraffin wax embedded tissue with the streptavidin-biotin-peroxi-
dase complex (ABC) method; Samples were pre-treated with HCl 
(2N) at room temperature for 10-20 min. We applied monoclonal 
anti Smad4 (DPC4) (Biocare Medical USA), monoclonal anti E-
cadherin (MU390-UC) (BioGenex USA), and polyclonal anti beta-
catenin (Ab-1) (NeoMarkers Lab Vision corp. USA). Sections were 
incubated with biotinylated antimouse IgG and avidin-biotin per-
oxidase (Vector Laboratories, Burl-image, CA) and visualized us-
ing diaminobenzidine tetra hydrochloride. Negative controls were 
also performed.

Table 1. Clinicopathological data of the studied CRC patients

Characteristics Number of patients %

Gender
Male 35 46.3
Female 40 53.7

Average age (years) 69 (±SD 9.2)
Tumor site

Ascending 13 17.3
Transverse  7 9.3
Descending 28 37.3
Rectum 27 36

Growth pattern
Ulcerating 39 46.3
Flat 18 22.2
Polypoid 18 24.1

Dukes stage
C 21 28
D 54 72

Grade of differentiation
High 15 20
Moderate 43 57.3
Low 17 22.7

CRC: colorectal cancer, SD: standard deviation

Table 2. Expression of Smad4, E-cadherin and beta-catenin in 
CRC cases

Expression Number of patients %

Smad4
Score 0 24 32
Score 1 32 42.6
Score 2 19 25.4

E-cadherin
Score 0 25 33.3
Score 1 21 28
Score 2 29 38.7

beta-catenin
Score 0 14 18.6
Score 1 28 37.4
Score 2 33 44

CRC: colorectal cancer
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Regarding the relationship between E-cadherin 
and beta-catenin expression, universal agreement was 
observed in that the non expression of E-cadherin was 
associated with non expression of beta-catenin and pos-
itive expression of E-cadherin with positive expression 
of beta-catenin (p<0.0001) (Table 4).

As regards nuclear expression, beta-catenin was 
overexpressed in the nuclei of 49 (65.3%) of the 75 
specimens studied.

Discussion

Carcinogenesis encompasses multistep altera-
tions of the genetic material, including activation of 
oncogenes and inactivation of tumor suppressor genes. 
Recent studies have highlighted the potential role of 
signaling and interaction between cell components re-
garding cellular activity in morphological changes and 
metastasis. In this context, E-cadherin is decreased in 
invasive CRC [6,7].

It has been reported that loss of E-cadherin in 
poorly differentiated cancer is more frequent but not to 
a statistically significant degree [7]. The present clinical 
study failed to support this association. In vitro models 
also did not support this conclusion [8]. Alteration of 
E-cadherin expression does not seem to be correlated 
with clinicopathological parameters apart for tumor lo-
cation. Namely, E-cadherin expression increases across 
the way from rectum to ascending colon (p=0.007). 
This progressive alteration of expression may explain 
the worse prognosis of right sided colonic cancers [9].

Beta-catenin is separated into 3 different subcel-
lular forms, namely membrane, cytosolic and nuclear 
[10]. Beta-catenin may be degraded or translocated to 
the nucleus [10,11]. Translocation of beta-catenin from 
cell membrane to the nucleus is the key trigger in the 
dysregulation of the signaling pathway which plays an 
important role in the natural history of CRC [12,13].

In our study we observed nuclear overexpression 
of beta-catenin in 65.3% of the specimens studied. Ex-
pression of E-cadherin and beta-catenin are parallel to 
each other. This finding is in agreement with the find-
ings of Lugi et al. [14]

Accumulation of nuclear beta-catenin and loss of 

No significant association was observed between 
Smad4 expression and the other clinicopathological pa-
rameters i.e. gender, age, tumor location, size and grade, 
and number of infiltrated lymph nodes (data not shown).

E-cadherin and beta-catenin immunohistochemical 
expression

The normal mucosal cells adjacent to cancer cells 
showed a positive staining. E-cadherin expression was 
lost in 25 (33.3%), reduced in 21 (28%) (Table 2), and 
positive in 29 (38.7%) of the 75 tumors. No significant 
association with other clinicopathological parameters 
was found, the only exception being tumor location 
(Table 3).

Immunohistochemical staining for beta-catenin 
in tumor cells membrane displayed absence of staining 
in 14 (18.6%), reduced staining in 28 (37.4%) (Table 2) 
and positive expression in 33 (44%) of the 75 resected 
tumors. No significant association between the expres-
sion of beta-catenin and other clinicopathological pa-
rameters was found.

The non expression of Smad4 was correlated with 
the non expression of both E-cadherin (p<0.0001) and 
beta-catenin (p<0.0001) (Table 4). Reduced and/or pos-
itive expression of Smad4 was associated with positive 
expression of both E-cadherin and beta-catenin (data 
not shown).

Table 3. Correlation between Smad4, E-cadherin, beta-catenin and 
clinicopathological parameters

Variables p-value

Smad4
Sex 0.239
Age 0.605
Location 0.461
Growth pattern 0.403
Dukes stage 0.187
Grade 0.837
E-cadherin 0.000
beta-catenin 0.000

E-cadherin
Sex 0.494
Age 0.060
Location 0.007
Growth pattern 0.015
Dukes stage 0.093
Grade 0.324
beta-catenin 0.000

beta-catenin
Sex 0.519
Age 0.367
Location 0.089
Growth pattern 0.590
Dukes stage 0.356
Grade 0.570

Table 4. Spearman coefficient correlation of Smad4, E-cadherin 
and beta-catenin

 Variables Spearman (p-value)

Smad4 E-cadherin 0.63 (p=0.000)
Smad4 beta-catenin 0.62 (p=0.000)
E-cadherin beta-catenin 0.40 (p=0.000)
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Our findings on Smad4 and E-cadherin expression 
are in agreement with observations on SW480 cell lines 
[23]. Muller et al. induced re-expression of Smad4 and 
observed a marked change of the cellular distribution 
(from mesenchymal to epithelial); they also observed 
increased expression of E-cadherin and also of P-cad-
herin, which leads to the expression of beta-catenin 
within the plasma membrane and to an increase of cell-
cell adhesion. Consequently, Smad4 could be the fac-
tor activating E-cadherin and P-cadherin transcription, 
leading to restoration of beta-catenin to the cellular 
membrane and cell-cell adhesion [23]. Our results are 
not against this theory.

Other authors have however suggested that, in 
pancreatic cancer, the Smad4 and E-cadherin relation-
ship is affected by TGF-β regulation, induced by factors 
Snail and Slug for E-cadherin expression [24].

It may be possible that pancreatic cancer and 
colorectal cancer may differ in advanced stages as far 
as Smad4 expression is concerned. Muller et al. did not 
examine the expression of factor Snail which inhibits 
the E-cadherin in cells [23].

In conclusion, this retrospective clinical study in-
dicates that expression of Smad4, E-cadherin and beta-
catenin is reduced in an important number of clinically 
advanced CRCs. However, we failed to show any fur-
ther association of this reduced expression with other 
pathological or clinical parameters.
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