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Chapter 13 

The expression of ß-catenin, TCF-4 and Cyclin Dl in Barrett's metaplasia 
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Abstract 

Introduction. B-catenin plays a key role in the Wingless/Wnt (Wg/Wnt) signalling pathway. In 

normal epithelia ß-catenin is bound to the cell membrane in a complex with E-cadherin. Free 

cytoplasmatic ß-catenin is sequestered in a protein complex consisting of the APC protein, Axin/ 

Conductin and GSK-3ß. This protein-complex facilitates phosphorylation and subsequent degradation 

of ß-catenin, maintaining low levels of free ß-catenin in the cell. 

When ß-catenin can not be degraded, e.g. due to APC-mutations, cytosolic levels of free ß-catenin 

increase, ß-catenin enters the nucleus and binds to transcription factors of the LEF or TCF-families. 

This complex activates genes inhibiting apoptosis and promoting proliferation and migration (e.g. 

Cyclin Dl). We hypothesised that in intestinal metaplasia of the oesophagus (Barrett's oesophagus) 

the Wg/Wnt signalling pathway could be involved, with ß-catenin using TCF-4, the main target of ß-

catenin in the intestine, as transcription factor in the nucleus. Aim of the study was to assess the role of 

the Wg/Wnt-pathway in Barrett's metaplasia and oesophageal adenocarcinoma. 

Methods. Expression of ß-catenin and TCF-4 in resection specimens of 72 patients with 

adenocarcinoma of the oesophagus or cardia was investigated immunohistochemically. Tissue sections 

with normal squamous mucosa, Barrett's metaplasia and adenocarcinoma were stained for ß-catenin 

and TCF-4. In 25 tumours with strong nuclear ß-catenin expression immunohistochemical analysis 

was performed for Cyclin Dl. 

Results. Homogeneous membranous ß-catenin staining was found in all cases in the norma) 

squamous epithelium, mainly in the basal layer, decreasing in intensity towards the luminal border. In 

11/28 (39%) patients with Barrett's metaplasia cytosolic (N=6) or nuclear (N=5) ß-catenin was 

present, while membranous staining decreased in intensity. In 67/72 (93%) of carcinomas nuclear ß~ 

catenin was found, with only membranous staining in the five remaining tumours. In all but two cases 

the staining pattern was homogeneous throughout the tumour. 

There was no expression of TCF-4 in normal squamous mucosa. In contrast, TCF-4 was present in the 

nucleus in all cases of Barrett's metaplasia and all adenocarcinomas. 

Cyclin Dl was detected in 11/25 tumours selected for staining, which further supports the activation of 

the Wg/Wnt-pathway. 

Conclusion. The Wg/Wnt-pathway is involved in the carcinogenesis of Barrett's carcinoma as 

indicated by cytosolic/nuclear presence of ß-catenin in 39% of specimens with Barrett's metaplasia 

and 93% of oesophageal adenocarcinomas, possibly using TCF-4 as transcription-factor. The 

presence of TCF-4 can be seen as confirmation of the concept of intestinal metaplasia, as TCF-4 is not 

present in the normal squamous oesophageal mucosa, but is expressed in intestinal metaplasia, just as 
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in the normal small or large intestines. Cyclin D1, a possible target gene of ß-catenin, is expressed in 

44% of cases with strong nuclear ß-catenin expression, further supporting the role for the Wg/Wnt 

pathway in the carcinogenesis of Barrett's carcinoma. 

introduction 

The normal oesophagus is lined with squamous mucosa. Due to long-standing (duodeno-) gastro-

oesophageal reflux, the normal squamous mucosa may be replaced by intestinal-type columnar 

mucosa (Barrett's metaplasia). This metaplastic condition can progress to dysplasia and finally 

adenocarcinoma, a disease with a poor prognosis. ' This metaplasia-dysplasia-carcinoma sequence has 

many parallels with the adenoma-carcinoma sequence as found in colorectal malignancies. 

The Wingless-Wnt (Wg/Wnt) pathway is a signalling cascade resulting in the nuclear translocation of 

ß-catenin .(fig 1) Mutational activation of this signalling pathway plays an important role in the 

carcinogenesis of several gastrointestinal tumours. In colorectal adenocarcinomas inactivation of 

Adenomatosis Polyposis Coli (APC)-protein or mutation in ß-catenin leads to stabilisation of ß-

catenin, and its subsequent translocation into the nucleus, where it activates transcription of target 

genes.3'4'3 Despite many investigations into genetic alterations in Barrett's oesophagus, little is known 

about the role of the Wg/Wnt signal transduction pathway in this disorder. 

In normal tissues, ß-catenin is mainly bound to the transmembrane protein E-Cadherin forming an 

adherens complex involved in cell-cell adhesion. Tyrosine phosphorylation of ß-catenin leads to its 

dissociation from the adherens complex and subsequent transfer into the cytosol. Free (soluble) 

cytoplasmatic ß-catenin is bound to the APC-protein. In the absence of a mitotic signal from outside 

the cell, and in the presence of Axin/Conductin, the APC/ß-catenin complex is phosphorylated by 

glycogen synthase kinase 3ß (GSK 3ß), after which the phosphorylated ß-catenin is degraded in the 

proteasomes. This leads to the maintenance of low levels of free ß-catenin in the cytoplasm. 

When a mitotic signal is delivered by the Wnt-pathway, by associaiton of the Wg-Wnt family of 

glycoproteins and the Wg/Wnt pathway receptor Frizzled, the dishevelled (Dsh) protein is activated. 

Dsh subsequently downregulates the APC/Axin/GSK 3ß complex, preventing phosphorylation and 

subsequent degradation of ß-catenin. (see figure 1) 

Mutations in APC, ß-catenin and/or Axin have also been shown to inhibit ß-catenin phosphorylation. 

As a result, the cytoplasmic levels of free ß-catenin increase, and translocation of ß-catenin into the 

nucleus occurs. In the nucleus, ß-catenin forms a complex with one of the transcription factors of the 

Lymphoid Enhancer Factor (LEF) or T-Cell Factor (TCF) families. (LEF-1, TCF-1, TCF-3 or TCF-

4). These LEF/TCFs become active transcription factors upon association with ß-catenin. 

187 



Transcriptional targets are genes involved in inhibiting apoptosis and promoting cell proliferation anc: 

migration, such as the oncogenes Cyclin Dl and cMYC. 

Aim of the present study was to determine whether activated Wg/Wnt- signalling occurs in 

gastro-oesophageal adenocarcinomas. As a hallmark of Wg/Wnt activation, the nuclear 

expression of ß-catenin and cyclin Dl was used. In addition, we investigated the expression 

of TCF-4, which is the main target of ß-catenin in the normal small and large intestines. 

Patients and methods 

Resection specimens of patients with an adenocarcinoma of the oesophagus or gastric cardia involving 

the distal oesophagus undergoing a subtotal oesophagectomy were included in this study. 

Barrett's metaplasia was defined as the presence of intestinal columnar mucosa in the tubular 

oesophagus, characterised by the presence of goblet cells, as judged by routine H&E staining. When 

dysplasia was found, no difference was made between low-grade dysplasia and high-grade dysplasia. 

For staging of the carcinoma, the pTNM 1997 classification was used.6 Tumours were further graded 

into well, moderately and poorly differentiated tumours. 

From each resection specimen, one archival formalin-fixed paraffin-embedded tissue block was 

selected. Every tissue block included adenocarcinoma, Barrett's metaplasia (when present), normal 

squamous oesophageal mucosa and/or normal cardiac mucosa. The normal epithelia present in the 

tissue blocks served as internal controls. Slides stained for ß-catenin, TCF-4 and Cyclin Dl were 

compared with the corresponding H&E slide to identify possible areas of metaplasia, dysplasia and 

carcinoma. 

In addition, epithelium from normal colon and small intestine served as positive controls for TCF-4 

(nuclear staining) and ß-catenin (membranous staining), while kidney and pancreatic tissue served as 
negative controls.7 

Tumours with a strong expression of ß-catenin were selected for subsequent staining for Cyclin Dl. 

Sections were reviewed by a panel of investigators (JBFH, BPLW, FJWtK, GJAO, WNMD) until 

consensus was reached. 

Immunohistochemistry 

The tissues had been routinely fixed in buffered 4% formaldehyde and embedded in 56°C paraffin 

wax. Five micrometer-thick sections of representative blocks of the lesions were mounted on 

organosilan-coated glass slides and dried overnight. Corresponding deparrafinized (Xylene) and 
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rehydrated (grade ethanols) slides were chosen for ß-catenin, TCF-4 and Cyclin Dl 

immunohistochemistry. 

Paraffin sections were deparaffmized and rehydrated and antigen was retrieved by microwave boiling 

for 15 minutes in citrate buffer (pH 6.0). Monoclonal antibodies (mouse anti-human ß-catenin, anti-

human TCF-4 and Cyclin Dl) were obtained from Transduction Laboratories (Lexington, KY, USA). 

These antibodies were applied overnight at a dilution of 1:200. Immunoreactivity was visualized by 

incubation with biotinylated goat-anti-multilink and streptavidin-biotin peroxidase complex (both 

undiluted, Lab Vision Corporation, Fremont, CA, USA) followed by diaminobenzidine 

letrahydrochloride (DAB) and H202. 

Statistical Analysis 

Statistical analysis was performed using the SPSS package. The Chi-square or Fisher Exact tests were 

used to compare categorical data, while Student's t-test or the Mann Whitney U test was used to 

compare continuous data. P-values < 0.05 were considered statistically significant. 

Results 

There were 72 patients included, 63 male and 9 female with a mean age of 64 ± 10 (SD) years. 

According the 1997 pTNM-classification there were 11 stage I, 23 stage II, 25 stage III and 13 stage 

IV tumours. Four tumours were well differentiated. 25 were moderately differentiated and 43 were 

poorly differentiated. In 28 patients a Barrett's segment was observed, with dysplasia in five. No 

attempt was made to differentiate between low-grade dysplasia and high-grade dysplasia. 

In the colon ß-catenin was localised at the cell membrane and TCF-4 was present in the nucleus 

(positive controls). The negative controls stayed negative. 

Homogeneous membranous ß-catenin staining without cytosolic or nuclear staining was found in all 

cases in the normal squamous epithelium. The highest intensity of staining was found in the basal 

layer, and the intensity of staining decreased towards the luminal border. 

In 11/28 Barrett's segments (39%) there was cytosolic (N=6) or nuclear (N=5) expression of ß-

catenin, while the membranous staining decreased in intensity. In the five areas with dysplasia in the 

Barrett's segment, there was nuclear staining for ß-catenin. In 67/72 of the carcinomas (93%) ß-

catenin was strongly expressed in the nucleus, also with a decreased membranous expression. 
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TCF-4 was not found in the normal squamous oesophageal mucosa or normal cardiac mucosa. In 

contrast, TCF-4 was present in the nucleus in all cases of Barrett's metaplasia and all 

adenocarcinomas. 

In the 25 tumours selected for Cyclin Dl-staining. 11 (44%) were found positive. 

Discussion 

B-catenin, originally identified in association with Cadherin adhesion molecules, is now widely 

recognised as an essential element of the Wg/Wnt signalling cascade. Monomeric ß-catenin can 

transduce Wnt signals by associating with TCF and LEF transcription factors, which are on their own 

poor signal transducers. The presence of ß-catenin in the nucleus therefore suggests activation of the 

Wg/Wnt-pathway. 

Nuclear ß-catenin was found in 39% of the Barrett's segments, and in 93 % of the adenocarcinomas, 

suggesting a role for the Wg/Wnt-pathway in oesophageal adenocarcinoma. The five areas of Barrett's 

metaplasia in which there was dysplasia, all displayed nuclear localisation of ß-catenin. The intra

nuclear presence of ß-catenin therefore seems to occur relatively late in the metaplasia - dysplasia -

carcinoma sequence. This is compatible with the findings described by Washington and co-workers 

who suggested also that abnormal expression of ß-catenin was significantly associated with highei 

degrees of dysplasia: 14/16 cases of high grade dysplasia showed abnormal expression of ß-catenin, 

versus 11/17 cases of low grade dysplasia.8 However, in the present study there were only five 

patients with a dysplastic area, and larger numbers are needed to evaluate the putative progressive 

activation of the Wg/Wnt pathway during the metaplasia-dysplasia-carcinoma sequence. 

Nuclear TCF-4 is present in the normal small intestine, the normal colon and colon-carcinoma, but not 

in the stomach.7 The present study shows that there is no expression of TCF-4 in normal oesophageal 

(squamous) mucosa, just as there is no expression in stomach epithelium. However, it is clearly 

expressed in intestinal metaplasia of the oesophagus and adenocarcinoma, with a possible increase in 

intensity along the metaplasia - dysplasia - carcinoma sequence, rendering further support to the 

concept of intestinalisation of the oesophagus. TCF-4 activates transcription only when associated 

with ß-catenin, and the present study clearly demonstrates the co-localisation of TCF-4 and ß-catenin 

in Barrett's metaplasia and oesophageal adenocarcinoma. This suggests that in intestinal metaplasia 

TCF-4 is indeed one of the main targets for ß-catenin, just as in the colon and small intestine. Of 

course, other transcription factors (e.g. TCF-1 or LEF-1) may also be involved. 

In embryogenesis the site and level of expression of TCF-4 within the intestinal epithelium is related 

to the stage of development, more specifically within the crypt stem cell compartment. Signals 

190 



transduced via TCF-4 are involved in the establishment of the stem-cell phenotype in (nascent) crypts 

of the small intestine. In mutant mice lacking TCF-4 the proliferative compartments can not be 

maintained, leading to an intestinal epithelium completely composed of well differentiated, non-

dividing villus cells.9 The presence of TCF-4 in intestinal metaplasia in the oesophagus suggests a 

change in oesophageal stem-cell development from the squamous type into the intestinal type. This 

supports the concept that Barrett's metaplasia develops from multipotent stem cells which are able to 

give rise to both squamous and columnar epithelium in the oesophagus. However, the cause effect 

relation between TCF-4 and columnar differentiation is as yet unclear. 

Cyclin Dl has been mentioned as a risk factor for the development of adenocarcinoma when present in 

Barrett's metaplasia. It has also been implicated as a prognostic factor for oesophageal carcinoma.11 

In colon carcinoma, ß-catenin has been shown to regulate expression of Cyclin Dl.12 In this study, we 

selected 25 tumours with strong nuclear ß-catenin staining for analysis of Cyclin Dl expression. 

Forty-four percent of these tumours showed Cyclin Dl-staining. 

Although there seems to be a clear role for the Wg/Wnt-pathway in Barrett's metaplasia and 

oesophageal adenocarcinoma, the relation between gastro-oesophageal reflux and molecular 

alterations leading to activation of the Wg/Wnt-pathway is far from clear. The Wg/Wnt-pathway 

involves many proteins, (fig I) (In)activation of one of these different proteins involved in the 

regulation of ß-catenin levels may lead to an increase in free ß-catenin, and therefore play a role in 

metaplasia and carcinogenesis. 

In sporadic coloncarcinomas, mutations of the APC-gene are often involved (in ca. 65% of the 

tumours), while mutations of ß-catenin itself occur in approximately another 10%.'3 These mutations 

seem to be mutually exclusive. However, although loss of heterozygosity on chromosome 5q, the 

locus of APC, is a frequent finding, mutations in APC itself are rare in oesophageal carcinoma.14"'6 B-

catenin itself is also only rarely mutated in oesophageal carcinoma.17 This suggests that instead of the 

genetic aberrations which are known to be of great importance in the colon, i.e. mutations of APC or 

ß-catenin, other factors might be involved in the activation of the Wg/Wnt-pathway in oesophageal 

carcinoma. 

The axin/conductin proteins have been shown to be necessary for the downregulation of ß-catenin. 

Axin combines with GSK-3ß, APC and ß-catenin, making a tetrameric complex and thereby 

promoting GSK-3ß dependent phosphorylation of ß-catenin.25'26 Little is known about Axin or GSK-

3ß mutations in oncogenesis in the oesophagus, but theoretically mutations in these proteins can be 

involved in the carcinogenesis of Barrett's carcinoma. 

Pro-oncogenic factors, which release ß-catenin from the cell membrane and/or promote translocation 

to the nucleus by promoting tyrosine phosphorylation of ß-catenin and subsequent disruption of the 

adherens complex, include epidermal growth factor (EOF), c-erbB-2 and ras. All these factors are 

known to be involved in the metaplasia-dysplasia-carcinoma sequence in the oesophagus.1'2'18 
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Also, alterations in members of the Wg/Wnt pathway such as the extra-cellular Wnt-proteins (esp. 

Wnt-1,2,3,4 and 7) or the Frizzled family of transmembrane receptors may result in a diminished 

degradation of ß-catenin. The involvement of Wnt-proteins in carcinogenesis has been subject of study 

in breast carcinoma and colorectal cancer.19'20 Vider and co-workers also suggest a possible role for 

Wnt-2 in oesophageal carcinoma.20 The regulatory effects of Wnt-proteins on the stabilisation of ß-

catenin has been shown in different cell-lines, in which the presence of Wg/Wnt-signalling led to an 

increase in cytoplasmatic ß-catenin.21"23 

For squamous cell carcinoma of the oesophagus, a new Frizzled gene product (FzE3), which is a 

transmembrane receptor for Wnt-proteins, was present only in invasive tumours, and not in norma) 

mucosa, with an increase in frequency from well to poorly differentiated tumours.24 To oui 

knowledge, the involvement of Frizzled gene products in the development of oesophageal 

adenocarcinoma has not been subject of study. 

Conclusion 

The absence of cytosolic or nuclear ß-catenin in normal squamous mucosa and the presence of 

cytosolic and/or nuclear ß-catenin in 39% of the Barrett's metaplasia and 93% of adenocarcinomas 

suggest that the Wg/Wnt-pathway is involved in the transition from normal (squamous) oesophageal 

mucosa to intestinal metaplasia and subsequently adenocarcinoma. The concept of intestinalisation is 

further strengthened by the presence of TCF-4 (a transcription factor normally only present in 

epithelium of the small and large intestine) in Barrett's intestinal metaplasia and adenocarcinoma, 

while it was absent in normal oesophageal squamous mucosa and cardiac columnar mucosa. Further 

study is needed to unravel the mechanisms underlying the activation of the Wg/Wnt pathway. 
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Figure 1: Schematic overview of the Wg/Wnt pathway 
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