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PREFACE 

Worldwide, adenocarcinomas of the gastro-oesophageal junction, i.e. distal 
oesoph~ous and gastric cardia, show an increase in incidence over the past three 
decades. These carcinomas have a poor prognosis, Vlith 5-year survival rates of 
about 25% after surgery with curative intent. The exact cause of this rise is not 
known yet. Several risk factors have been identified, of which longstanding gastro­
oesophageal reflu." is probably the most important one. The reflm: of duodenal and 
gastric contents into the oesopha"ous leads to oesophagitis and ultimately 
premalignant metaplastic epithelium, also known as Barretr's oesophagus, which 
can develop in a subset of patients. Adenocarcinomas are thought to arise from this 
precursor lesion through a multistep process of malignant changes. 
Understanding the genetic alterations that occur during the progression of Barrett's 
oesophagus into invasive carcinoma is important. Information about abnormalities 
in (proto-) oncogenes and tumour suppressor genes can aid the clinician in 
stratifying patients' risk of progressing to adenocarcinoma. Moreover, novel 
molecular biomarkers can lead to a better prognostication of patients with 
adenocarcinoma of the gastro-oesophageal junction. It may identify patients who 
are at high risk for tumour metastases or recurrence and who might or might not 
benefit from (curative) surgical intervention or (palliative) chemotherapy. 

This thesis focusses on epidemiologic, clinical and genetic aspects of 
adenocarcinomas of the gastro-oesophageal junction. In collaboration with the 
Eindhoven Cancer Registry (Integraal Kankercentrum Zuid-West :\federland) the 
epidemiology of adenocarcinomas of the gastro-oesophageal junction was srudied. 
Data from the department of surgery, l:niversity Hospital Rotterdam-Dijkzigt on 
patients operated on adenocarcinomas of the gastro-oesophageal junction were 
used for clinical assessments. Most of the laboratory experiments described in this 
thesis were conducted at the department of pathology, Erasmus l:niversity 
Rotterdam. Finally, the author of this thesis was able to perform 6 weeks of 
research in the cell adhesion laboratory of the department of pathology, Gniversity· 
of Bristol, Bristol, United Kingdom. 

B.P.L Wijnhoven 
Rotterdam, June 2001 
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Disease is very old, and nothing about it has changed. It is we who change, as we 
learn to recognise what was formerly imperceptible. 

Jean Martin Charcot (1825-1893) 
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OUTLINE OF THE THESIS 

Adenocarcinomas of the gastro-oesophageal junction are thought to arise from 
premalignant Barretr's epithelium. Barrett's epithelium is columnar epithelium that 
has replaced the normal squamous cell lining of the oesopha",ous. This metaplastic 
change is driven by duodeno-gastro-oesophageal reflu.'(, which leads to oesophagitis 
and ultimately, in some patients, to Barrett's epithelium. The development of 
Barrett's carcinoma involves multiple genetic changes. 
In PART I, the general introduction of this thesis, CHAPTER 1 reviews our current 
knowledge on these genetic changes involved in the progression from Barrett's 
oesophagus to adenocarcinoma. 
Over the past decades, many researchers focused on the role of cell-cell adhesion in 
carcinogenesis. The E-cadherin-catenin complex is thought to be the most 
important regulator of tight cell-cell adhesion in normal tissues, and perturbation of 
this complex is associated with malignancy. There is evidence that dysfunction of 
the E-cadherin-catenin complex also plays an important role in the pathogenesis of 
adenocarcinomas of the gastro-oesophageal junction. In CHAPTER 2, the literature 
on the role of the E-cadherin-catenin complex in human cancer and the possible 
clinical implications are discussed. This chapter serves as an introduction to Part IV 
(chapters 7-10). 

PART II of the thesis deals ",~th epidemiological and clinical aspects of 
adenocarcinomas of the gastro-oesophageal junction. Worldwide population based 
studies suggest that the incidence of oesophageal and gastric cardia 
adenocarcinomas is rising. This is especially true for the USA, where the rise in 
incidence surpasses that of any other cancer. However, it is still not entirely clear 
whether this rise reflects a true increase. There are several pitfalls: the decrease in 
the number of unspecified tumours and the increase use of dia",onostic tools might 
bias the observed trends. In CHAPTER 3, we assessed these issues by studying time 
trends in mortality and incidence rates for oesophageal and gastric cancer according 
to sub site and histology in the Southeast of the Netherlands since 1978. 
According to the current staging ctiteria established by the Union Internationale 
Contre Ie Cancer (DICC) and the American Joint Committee on Cancer (AJCC), 
carcinoma of the cardia is classified as gastric cancer and carcinoma of the (distal) 
oesophagus is classified as oesophageal cancer. However, there are several 
epidemiological, clinical and genetic studies that suggest common risk factors and a 
similar pheno- and genotype for adenocarcinomas arising from the distal 
oesopha",ous and gastric cardia. In CHAPTER 4 the question is addressed whether 
these tumours should be regarded and staged as one clinical entity. Pathology, 
pathological tumour node metastasis (PTNM) stage and 5-years survival data are 
presented. Multivariate analysis was performed to evaluate independent factors 
predicring survival. 
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------------------------- OUTLINE QFTHE THESIS 

So far, little is known about tbe cellular and molecular mechanisms underlying tbe 
origin of adenocarcinomas of the gastro-oesophageal junction. This is partly caused 
by tbe lack of sufficient in vivo and in ,;itro model systems. Tumour xenografts are 
useful models to study tbe in vivo behaviour of tumours. Furtbermore, human 
tumour xertogr<3;fts are a source ?f tumour cells VTithout admi."'\:ture of normal 
human cells. This facilitates the analysis of tumour specific molecular alterations. 
To date only few i11 vitro growing human oesophageal adenocarcinoma cell lines are 
available. 
PART III, CHAPTER 5 desctibes tbe establishment and characterisation of 
xenografts and cell lines from primary adenocarcinomas of tbe gastro-oesophageal 
junction and lymph node metastasis. 
The generation of new cell lines is labour intensive and tedious work. Moreover, 
tbe risks of contamination 'Witb otber cell lines and/or viruses are high. In 
CHAPTER 6 we show tbat two recent established and characterised human 
oesophageal adenocarcinoma cell lines from tbe United Kingdom are in fact 
admi'(tures of the human colon carcinoma cell line HCT-116. 

PART IV of tbe tbesis includes chapters 7, 8, 9, and 10 and desctibes tbe role of tbe 
E-cadherin-catenin cell-cell adhesion complex in adenocarcinomas of the gastro­
oesophageal junction. 
As reviewed in tbe introduction (Chapter 2), immunohistochemical studies in 
human cancers have frequently shown tbat changes in E-cadherin-catenin 
expression appear to be an important step in the development and progression of a 
malignant tumour. However, the mechanism responsible for decreased expression 
of E-cadherin remained elusive. In CHAPTER 7, we screened adenocarcinomas of 
tbe gastro-oesophageal junction for E-cadherin gene mutations and loss of 
heterozygosity (LOH) of tbe E-cadhetin gene. 
Besides E-cadherin its intra-cellular partners, the catenins, are important for tight 
cell-cell adhesion. Not only decreased membranous expression, but also increased 

cytoplasmic and nuclear expression of J3-catenin is seen in cancers. In colorectal 

carcinomas, mutations in tbe /3-catenin gene or adenomatous polyposis coli (APC) 
gene are responsible for this aberrant expression, which is indicative for tbe role of 
/3-catenin in cell signalling. In CHAPTER 8 it is hypotbesized tbat genetic alterations 

of tbe /3-catenin gene also contribute to tbe patbogenesis of oesophageal 
adenocarcinomas. Mutational screening of exon 3 of the J3-catenin gene has been 
performed in a large series of carcinomas. In selected tumours we also screened the 
mutation cluster region of the APe gene for aberrations. 
Recently, anotber catenin-like molecule, p120-catenin (P120=) has been identified 
as being associated v,6.th E-cadherin at the cell junctions. However, the exact 
function of p120"n and its role in malignancy is not clear yet. Therefore, as outlined 
in CHAPTER 9, we studied the in 77ivo expression of p120ctn in adenocarcinomas of 
tbe gastro-oesophageal junction. In addition we evaluated tbe relationship between 

12 



------------------------- OVTLI)JE OFTHE THESIS 

expression and clinicopathological features in order to examine the application of 
p120ctn as a prognostic marker. 
To further elucidate the role of the E-cadherin-catenin complex in 
adenocarcinomas of the gastro-oesophageal junction, the expression of E-cadherin 
and catenins and their biochemical distribution between the membrane bound and 
cytoskeleton bound fraction was assessed using fractional protein extraction and 
Western blot analysis (CHAPTER 10). The spatial distribution of the proteins 
ber.:veen the cell membrane, cytoplasm and nucleus was assessed usmg 
immunohistochemistry. 

PART V describes the search for novel tumour suppressor genes in 
adenocarcinomas of the gastro-oesophageal junction. Tumour suppressor genes are 
cellular genes. In a normal celi, these genes inhibit cell growth and stimulate 
differentiation. In carcinomas, their inhibitory function is lost. 
CHAPTER 11 focuses on the short arm of chromosome 3 (3p). Candidate genes 
within this region are the Von Hippel-Lindau (VHL) gene and the Human 

Peroxisome Proliferator-Activated Receptor gamma (pPARy) genes. Mutational 
screening and loss of heterozygosity (LOH) analysis of the 3p region is studied in 
order to disclose the role of these NO tumour suppressor genes in 
adenocarcinomas of the gastro-oesophageal junction, as has been suggested in the 
literature. 
In CHAPTER 12 evidence is presented for the existence of a novel candidate 
tumour suppressor gene on the long arm of chromosome 14 at 14q31.1-32.11 that 
plays an important role in the Barrett's carcinoma progression. We performed a 
detailed LOH analysis with 22 polymorphic microsatellite markers on 37 tumour 
samples and identified a minimal region of overlapping deletion. 

Finally, CHAPTER 13, PART VI is a summary of the preceding chapters and the 
major conclusions are drawn. In the epilogue, CHAPTER 14, the consequences of 
the results of the thesis are briefly discussed, recommendations for future research 
are provided and prospects for clinical application are considered. 

13 
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GENERAL INTRODUCTION 





PRECIS 

CHAPTER 1 

THE MOLECULAR BIOLOGY OF BARRETT'S 

ADENOCARCINOMA 

BPL Wijnhoven, HW Tiiantls and WNM Dinjens 

Annals ofStirgery 2001,- 233: 322-337 

TIJe genetic path2J1Cl)I involved in the progression from premalignant Bamtt's oesophagus to oesophageal 
adenocarcinoma still remains largelY 14nkIlOJ1JJ1. Stzlcfying the molecular biology rfBarrett's oesophagus 
enables better understanding if the mechanisms of malignant degeneration and might ultimatejy lead to 
targeted cancer prevention and/ or therapeutic interoentions. 
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PARTI-CHAnER1--------------------------------------------------

INTRODUCTION 

Barrett's adenocarcinoma 
Since 1970 the incidence of adenocarcinomas of the oesoph~ous has increased in many 
countries, at a rate that exceeds that of any other malignancy (1-5). It is now generally 
accepted that oesophageal adenocarcinomas develop from a premalignant lesion of the 
oesophagus, also referred to as Barrett's oesophagus. Barrett's oesophagus is a 
metaplastic change of the normal squamous cell epithelium of the oesophagus to a 
columnar type due to longstanding gastro-oesophageal reflu:,. Three subtypes of 
Barrett's epithelium have been described, but the specialised intestinal type is the only 
subtype clearly associated with malignant transformation (6,7). The risk of oesophageal 
adenocarcinoma in patients with Barrett's oesophagus appears to be about 30-125 fold 
higher than that in the general population, with an estimated incidence of 1 in 180 
parient-years (8-11). Although high grade dysplasia of Barrett's oesoph~ous is generally 
considered a precursor to invasive carcinoma, the assessment of novel biomarkers and 
better understanding of the pathophysiology of Barrett's adenocarcinoma may help to 
idenrify those patients at increased risk for malignant transformation. Furthermore, 
elucidating the genetic alterations leading to malignant transformation may someday 
lead to its prevention. 
Genetic alterations in human cancers 
It is generally accepted that a multistep process of genetic and epigenetic alterations 
causes the transformation of a normal cell into a malignant tumour cell. These 
alterarions render the cell independent of regulated proliferative and cell death 
pathways and deliver the cells with proliferative, invasive and metastasising capacities. 
As a consequence, a malignant tumour is generated composed of cells with an 
increased proliferative activity, a prolonged lifespan and with metastasising capacity. At 
least five to ten genetic alterations are necessary to generate the malignant phenotype 
and most tumours are characterised by genomic instability facilitating the accumulation 
of mutations. The genomic instability occurs in t\vo different forms; one characterised 
by microsatellite instability and the other by chromosomal instability (12). The targets 
of the genomic instability are four classes of genes: 
1. Proto-oncogenes. These are dominant genes that all act in signal transduction from 
extracellular stimuli to the nucleus or in regulation of gene expression, and have a role 
in cell proliferation or inhibition of apoptosis. Upon activation of proto-oncogenes, by 
mutation, amplification, translocation, etc. these genes turn into oncogenes with 
unregulated, constitutive activ-ity. This results in excessive stimulation of cell 
proliferation or preventing apoptosis and both contribute to tumour formation. 
2. Tumour suppressor genes. Tumour suppressor genes are normal cellular genes, 
which primarily are involved in cell proliferation, apoptosis, cell adhesion and gene 
expression regulation. These are recessive genes, which implies that both gene copies 
need to be inactivated to contribute to tumourigenesis. Functional inactivation of 
tumour suppressor genes can be caused by genetic as well as by epigenetic phenomena: 
mutation, deletion of (part ot) the gene and epigenetic silencing through promoter 
methylation. 

18 
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3. Mismatch repair genes. Genetic instability can be caused by impairment in D~A 
repair. This deficiency is recognised in tumours by microsatellite instability (MSI) or 
the replication error (RER) phenotype. The genes PMSl, PMS2, MLHl, MSH2, 
MSH6 and the recently discovered MBD4 (MEDl) are all associated '>lith 
microsatellite instability (13,14). In tumours '>lith underlying defects contractions or 
expansions of short repeat sequences (microsatellites) can be found (15). The 
mismatch repair deficiency leads to a genome wide accumulation of mutations, also in 
proto-oncogenes and tumour suppressor genes, and contributes as such in 
tumourigenesis. 
4. Mitotic checkpoint genes. An inactivating mutation in one copy of these genes has a 
dominant effect on the phenotype (dominant-negative). To date eight human genes 
'>lith a role in mitotic checkpoint control have been discovered (16). Inactivation of 
mitotic checkpoint genes results in chromosomal instability and an abnormal 
chromosome number (aneuploidy) (16). Mutation analysis of the human mitotic 
checkpoint genes in aneuploid cancers revealed only few alterations. It is therefore 
anticipated that genes yet to be discovered are responsible for most of the checkpoint 
defects found in aneuploid cancers. 

Genomic instability, at the nucleotide or at the chromosomal level, ultimately leads to 
the activation of proto-oncogenes and inactivation of tumour suppressor genes. There 
are no proto-oncogenes or tumour suppressor genes that are activated or deleted in all 
cancers. Even comparable cancers from the same organ and cell type never share 
alterations in the same oncogenes and tumour suppressor genes completely. Nthough 
clear from a conceptual point of view, the relevant genetic alterations underlying 
comparable tumours, like oesophageal adenocarcinomas, will show variation in the 
genes involved. 

CELL PROLIFERATION k'lD APOPTOSIS 

Dividing normal cell populations maintain the balance between cell proliferation and 
cell loss. This is important for maintaining a constant number of cells '>lithin a tissue. If 
there is increased proliferation, decreased apoptosis or both, uncontrolled growth 
occurs and this may result in tumour formation (17). 
Cell proliferation 
In order to assess the amount and distribution of cell proliferation in paraffin­
embedded tissues, monoclonal antibodies have been developed to detect cell cycle 
modulators. Several studies used a monoclonal Ki-67 (MIB-l) and PC);,A antibody to 
study the proliferative properties in Barrett's oesophagus and adenocarcinomas. An 
increased number of proliferating cells and an expansion of the proliferative 
compartment have been demonstrated in Barrett's oesophagus and adenocarcinoma. 
PC1\'A immunostaining is mainly seen in the basal cells of the neck/ foveolar epithelial 
compartment of the glands in Barrett's oesophagus. However, in mucosa with high­
grade dysplasia, the proliferative compartment extended upwards into the superficial 
layers of the glands (18-20). Ki-67 staining pattern also correlated ,>lith the histologic 
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PARTl- CHAPTER 1-------------------------

findings in Barrett's oesophagus: the number and localisation of Ki-67 positive nuclei 
was significantly different between non-, low and high-grade dysplastic Barrett's and 
adenocarcinoma (18,21-24). 
Apoptosis 
Apoptosis, or programmed cell death, is one of the mechanisms responsible for cell 
loss. Furthermore, apoptosis prov-ides a protective mechanism by remo'lTing senescent, 
DNA-damaged, or diseased cells that could either interfere with normal function or 
lead to neoplastic proliferation. Apoptosis itself can be detected by use of 
immunohistochemical detection of DNA fragmentation as markers for apoptosis. An 
increase in apoptotic rate with increasing histologic severity in intestinal 
metaplasia/ dysplasia and carcinoma has been noted (25), whereas others found few 
apoptotic cells in Barrett's high-grade dysplasia and adenocarcinoma (26,27). 
The Pas/ APO-l (CD95) gene encodes a transmembrane protein that is involved in 
apoptosis. Loss of its ~,pression during carcinogenesis can result in the interruption of 
the apoptotic pathway. Hughes et a!. found that expression of Pas on the cell surface 
by oesophageal adenocarcinomas is reduced or absent whereas high levels of Pas 
mRNA were detected in these tumours (28). Purthermore, they demonstrated in an 
oesophageal adenocarcinoma cancer cell line that wild-type Pas protein is retained in 
the cytoplasm. Apparently, retention of wild-type Pas protein ,,-ithin the cytoplasm 
may represent the mechanism by which malignant cells evade Pas-mediated apoptosis 
(28). 
The bcl-2 proto-oncogene encodes a protein that blocks apoptosis (29). Bcl-2 
expression is increased in refllL" oesophagitis, non dysplastic Barrett's and low grade 
dysplastic Barrett's epithelium (70-100% of cases), but low or virtually absent in high 
grade dysplasia (0-25 % of cases) and carcinomas (0-40% of cases) (18,23,27,30). 
Apparently, inhibition of apoptosis by overexpression ofbcl-2 protein occurs early in 
the dysplasia-carcinoma sequence of Barrett's oesophagus. The resulting prolongation 
of cell survival may promote neoplastic progression. As malignancy appears, cells 
acquire other ways of avoiding apoptosis. 
It can be concluded that gradually increased and spatially distinguished cell 
proliferation is a well-established permanent alteration, whereas the role of apoptosis 
and bcl-2 seems less cettain. The assessment of the ratio of proliferation to apoptosis 
may well be more important than the isolated assessment of either, and this may well 
be a useful and sensitive marker of neoplastic change in Barrett's oesoph~"Us (31). 
Telomerase 
During normal somatic cell division, telomeres shorten. In contrast, immortalised and 
carcinoma cells show no loss of telomere length during cell div'ision. Telomerase is a 
ribonucleoprotein complex that synthesises telomeric D?\A located at the 
chromosomal ends, thereby maintaining telomere length. The increase in telomerase 
activity that accompanies most neoplastic and many preneoplastic conditions may 
permit the emergence of a population of immortalised cells, thereby facilitating the 
subsequent accumulation of genetic mutations (32). By using in situ hybridisation 
(ISH), Ylorales et a!. detected ouly weak levels of telomerase RNA in cells of the basal 
layer of normal squamous, oesophageal epithelium, representing the population of 
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stem cells. In contrast, moderate to strong telomerase ~"",\A expression, similar to the 
zone of proliferation, was seen in Barrett's metaplasia (70% of the cases), in 90% of 
the low-grade dysplasias, and in 100% of the high-grade dysplasias and oesophageal 
adenocarcinomas (33). Interestingly, cardiac and fundic type Barrett's mucosa, which is 
not associated "\Vith an increased risk of adenocarcinoma, demonstrated no telomerase 
RNA (33). 

DNA CONTENT AND CHROMOSOMAL ABNORMALITIES 

DNA content/ aneuploidy 
A normal cell has a chromosome number of 21", for which the term diploid is applied. 
Cells reproduce by duplicating their content (4~') and then dividing in two. This 
mammalian cell division cycle is divided into several distinct phases (Figure 1). 

FIGURE 1. Sche/Jlatic representation of the cell 
rycle. Mitosis (M phase) is the process 0/ J7uclear 
division. Replication of DJ\TA OCCllrs in the S 
(={ynfhesis) phase. The in/emol between M phase and 
S phase is called the G1 (=gap) phase and the intema! 
betJJ!een the end of the S pha.se and the beginning of the 
/1/ phase the G2 phase. Cells can exit the cell rycle and 
enter the GO Phase, which is the quiescent state. 

GO phase 

/ Mphase .t 
G2 phase '\. '\ 

\. '" G1 phase 

Sphase J 

A cell with numerical aberrarions is designated as aneuploid. When a suspension of 
single cells or nuclei is stained with quantitative fluorescent DNA dye, the amount of 
fluorescence is directly proportional to the amount of DNA in each cell. By using this 
technique, known as flow cytomerry, it has been shown that the evolution from 
normal oesophagus to premalignant Barrett's metaplasia is frequently associated with 
abnormal DNA content (aneuploidy) and increased G2/M fraction of the metaplastic 
cells (34-36). Moreover, abnormal DNA content shows a correlation with the 
histologic diagnosis of dysplasia and carcinoma (37,38). Flow cytomerry also detects a 
subset of patients whose biopsies are histologically indefinite or negative for dysplasia 
and carcinoma, but who have DN"A content abnormalities similar to those otherwise 
seen only in dysplasia and carcinoma (36,39). Therefore, this technique (in 
combination with histology) may be of use in screening patients with Barrett's 
oesopha"ous for early signs of malignant change (40). Indeed, prospective studies 
indicate that both aneuploidy and dysplasia may be prognostic factors for malignant 
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transformation in Barrett's epithelium (35,40,41): 70% of the patients with aneuploidy 
or increased G2/tetraploid fractions in biopsy specimens obtained during initial 
endoscopic evaluation developed high grade dysplasia or cancer, whereas none of the 
patients without flow cytometric abnormalities on initial evaluation showed 
progression to invasive carcinoma or high-grade dysplasia (35). Others report that 
histologic dysplasia and aneuploidy are often discordant (42). Most discordance 
between several studies can be explained by methodological differences. 
Several studies report that Barrett's adenocarcinomas with abnormal nuclear DNA 
content are associated with increased lymph node metastases, advanced stage disease 
and poorer survival (43-46). Others did not find a relationship between ploidy status 
and clinicopathological parameters (47,48). 
It is suggested that chromosome instability, tetraploidization, and asymmetrical 
chromosome segregation during cell division leading to aneuploidy are the result of 
deregulated cell cycle genes with multiple functions that normally exert active checks 
on the cell cycle processes including apoptosis and chromosome stability, e.g. p53 and 
k-ras genes (49). This is supported by the fInding that in patients with Barrett's 
oesophagus demonstrating allelic loss of 17p (p53 gene locus) and p53 mutations in 
diploid cells, develop increased 4:--1 (G2/tetraploid) fractions and subsequently 
aneuploidy (50,51). As already discussed in the introduction, chromosomal instability is 
associated by defects in mitotic checkpoint genes (16). 
Chromosomal abnormalities 
In Barrett's oesophagus and Barrett's cancer chromosomal alterations have also been 
described based on katyotyping and in situ hybridisation (ISH) studies. The most 
consistent numerical chromosomal abnormalities found in cytogenetic studies of 
dysplastic Barrett's mucosa and adenocarcinoma is loss of the Y-chromosome (52-54). 
In oesophageal adenocarcinoma Y-chromosome loss is found in 31 to 93% of the 
rumours. In one study, the frequency of Y-chromosome loss in Barrett's mucosa 
increased along with grade of dysplasia (24). Although Barrett's oesophagus and 
Barrett's adenocarcinoma occur more commonly in men, no specific onco- or tumour 
suppressor genes have been assigned to the Y-chromosome. Perhaps, as genetic 
instability increases during malignant transformation of Barrett's oesophagus, Y­
chromosome loss randomly occurs. Karyotyping revealed frequent structural 
rearrangements in oesophageal adenocarcinomas in the Ip, 3q, IIp-13, and 22p 
regions (52,55). Furthermore, trisomies for chromosomes 5 and 7 and translocations 
involving chromosome 3 and 6 in Barrett's oesophagus have been described (54). 
Other frequent numerical aberrations in oesophageal adenocarcinomas are over 
representation of chromosomes 6, 7, 8, 11, 12, 14 and 20 and loss of chromosomes 4, 
17,18 and 21 (52,53,55-57). In a subset of cases in which premalignant lesions were 
examined, aneusomy of chromosomes 6, 7, 11 and 12 was found to be an early change, 
frequently present in both Barrett's oesophagus and dysplastic regions. It remains to be 
determined whether any of these abnormalities are predictive markers of progression 
to malignancy. 
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MICROSATELLITE INSTABILITY 

A form of genetic instability that has recently been identified is microsatellite 
instability. Microsatellites are mostly highly polymorph shott, tandem repeat DNA 
sequences. They are abundantly and evenly distributed throughout the genome. 
Microsatellite instability (M:SI) is caused by a failure of the DNA mismatch repair 
~) system to repair errors that occur during the replication of DNA and is 
characterised by the accumulation of single nucleotide mutations and alterations in 
length of the micro satellites. This widespread MSI is a characteristic feature of 
tumours from Hereditary Non-Polyposis Coli Cancer (HNPCC) kindreds (58). 
Meltzer et a/. reported micro satellite instability at 1 or more chromosomal loci of the 5 
dinucleotide microsatellite repeats tested in 2/28 (7%) patients with Barrett's 
metaplasia and 8/36 (22%) oesophageal adenocarcinomas (59). Among 25 flow 
cytometty sorted adenocarcinomas, instability occurred in 8 (32%). In 4 of these 8 
positive cases, the diploid component of the tumour showed instability suggesting that 
the instability may develop as an early event in Barrett's associated neoplastic 
progression (59). However, there remains confusion as how to define the 
phenomenon ofMSI, specifically, how many markers should be used, and how many 
must display instability before the tumour is defined as being MSL According to more 
sttingent definition of MSI, Gleeson et a/. found that :\IISI is infrequent in Barrett's 
adenocarcinomas and adenocarcinomas of the gastric cardia (60,61). Several studies 
have confirmed the low prevalence of MSI, between 5-10%, in oesophageal 
adenocarcinomas (62-66). Interestingly, Wu et a/. found a trend towards an improved 
survival for oesophageal adenocarcinomas demonstrating MSI (66). It is not yet known 
which mismatch repair genes are responsible for the microsatellite instability observed 
in Barrett's adenocarcinoma. 
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TABLE 1. Summary qf chromosolJlal regioJ7s which sho}}! frequent LOH (>40% if oesophageal 
adenocarcinomas) 

CbrohiOSOIlIt! lVo, of iIJlJlOIJrs JJlilh Mit/inIal area oj Candidate genes References 
drill LOH/injOr/l/t/filJl! cases ("'10) loss 

3p 14/22 (64) 3p24-26 VHL,PPARy (65) 
3q 11/17 (65) 3qter unknown (67.68) 
4q 57/81 (70%) 4q21.1-22 "Cnknown (67.69.70) 

4q32-33 
4q35 

5q 10/22 (45) 5qll.2-13.3 MSH3 (65,67,71-73) 
99/138 (72) 5q21-22 APC 

MCC 
IRF-l 

5pq 4/9 (44) 5p12 Unknown (74) 
2/4 (50) 5q31.1 

6q 10/17 (56) 6qtcr Unknown (67) 
9p 81/131 (61) 9p21.1-22 pIS (65,67,75-78) 

p16 
IfC;IA 

9q 8/17 (47) 9qter Unknown (67) 
IIp 8/15 (53) llp15 P57KIP2, (65) 

14/23 (61) llp15.5 TSGI0l,WT2, 
H19 

12p 8/17 (47) 12pter Unknown (67) 
12q 11/17 (76) 12qtcr Unknown (67) 
13q 62/133 (47) Rb (64,65,79-82) 
16q 31/48 (65) 16q22 E-cadherin (83) 
17p 124/166 (75) 17pl1.2-13.3 OVCAI/2, (64,67,70,79,81,84,85) 

HICI 
TP53 

17q 81/131 (63) 17ql1.2-12 !'iFl, CSP3, (65,84,86,87) 
17q21 erbB-2,ITB4, 

17q24-2S BRCAI 
17q25-ter GH,TOC 

Unknown 
18q 40/68 (59) 18q22.1 DCC,DPC4 (64,65,70) 

Smad-Z 

~/1J jnteiferon-alfa gene; 1\rp1, nettroflbromatosis gene.; CSP3, colo,!), stillm/atingjactor 3.; eroB-2, IJleN/ber if 
epidermal growth foetor receptor folilify; ITB4, integrin-beta 4 ; MSH3, Dl\TA. Illislliatch -npair gene; Rb, 
retinoblastoma,· VHL, Von Hippe! Ijndall gene; PP AR;r; hUIJlan peroxisome proliftrator-aetivated receptor-galtlma; 
Mec, Ilmtated in colorectal cancer; APc, adenOllltltolfs po!Jposis col/; IRF-l, inteiferon repdatoryfoetor 1.; TOC, 
tylosis oesophageal cancer gene; Dec, deleted in co!orecta! carcinoma; DPC4, deleted in pancreatic carcinoma, Ioms 4,­
TP53, p53 tllIlIO/Jr sttppressor gene; BRCA 1, breast cancer gene; 'WT2, Wilms's illlJ/Olfr sltppressor gene.; H19, gene 
invo!1Jed in genolllic i/Jprinting; p57KIP-2, a ryclin dependent kinase inhibitor; HIel, l?ypemJetf:rylated in cancer; 
OVCA1/2, ovanan Callcer iJllllOlJr suppressor genes 1 and 2; GH, groJJ;fh hom lone gene; Smad-2, signal 
lransdllctionmolecJ(/e imJolved in TGF-beta signa!!ingpafhway. 
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TUMOUR SUPPRESSOR GEl'-.'ES 

Microsatellite allelotyping or loss of heterozygosity (LOH) analysis is a useful 
technique to define chromosomal regions of deletion in carcinomas. The LOH analysis 
uses the polymorphic microsatellite repeats (as mentioned above). These 
micro satellites are present on all chromosomes and differ in size in the population and 
usually between the paternal and maternal chromosome of an individual. PCR 
amplification of the microsatellites followed by size separation can identify 
chromosomal arms or regions that are lost in the tumour compared to normal tissue 
from the same individual. Frequent loss of one allele involving a chromosomal arm or 
locus suggests the presence, at or near that locus, of a tumour suppressor gene. Several 
groups have evaluated chromosomal regions for LOH in Barrett's oesopha"ous­
associated neoplasia (fable 1). We will discuss the most common areas of 
chromosomal loss with their target genes. 

Chromosome 3p: FHIT, VHL and PPARy 
Fragile sites are genomic regions that predispose for structural chromosome 
aberrations such as translocations or deletions. It is hypothesised that genes at fragile 
sites are altered by chromosome rearrangements and thus contribute to neoplastic 
growth. Chromosome band 3p 14.3, encompassing the most inducible common fragile 
region, has been cloned and the Fragile Histidine Triad (FHIT) gene characterised. In 
Barrett's oesophagus and associated adenocarcinomas, alterations of the FHIT 
transcripts (FHIT mRNA lacking one or more exons or homo- or hemizygous 
deletions of the gene) were observed in 86 and 93%, respectively (88). Another study 
found low rates of alterations in the FHIT open reading frame in primary oesophageal 
cancers, although lack of expression ofFHIT transcripts was common in oesophageal 
cancer cell lines (89). However, aberrant FHIT transcripts have also been detected in 
normal, non-cancerous tissues of the gastrointestinal tract, questioning the role of 
FHIT as a tumour suppressor (90). Its apparent involvement might simply reflect its 
location within an unstable region of the genome and FHIT might not be causally 
related to the tumourigenesis of the oesopha"ous. 
Other candidate tumour suppressor genes on 3p are the von Hippel Lindau (VHL) 
gene and the gene encoding the human peroxisome proliferation activated receptor­

gamma (pPARy). Both genes are mutated in VHL disease and colon carcinomas, 
respectively (91,92). 
Chromosome 5q: MCC and APC 
LOH at the MCC locus occurred in 63% of the patients with oesophageal carcinoma 
(72). So far, no reports have been published on MCC mutation analysis in oesophageal 
adenocarcinomas. Observations from colorectal and gastric cancers suggests that, 
despite the high frequency ofLOH of the MCC gene, mutation of the retained MCC 
allele is uncommon (93,94). This suggests that MCC does not function as a tumour 
suppressor gene in gastrointestinal malignancies. 
The APC gene is also a target of LOH on chromosome 5q21-22. LOH of the APC 
locus on 5q has been found in oesophageal adenocarcinomas as well as in the 
surrounding high-grade dysplastic Barrett's epithelium. Furthermore, the patterns of 
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allelic loss of the APC gene were identical in all stages of neoplastic progression, 
suggesting the emergence of a clonal population of cells (72). But LOH has not been 
found in Barrett's metaplasia or low-grade Barrett's dysplasia (77). While APC 
mutations were found frequently in colorectal cancers, a very low rate of APe 
mutations in oesophageal cancers was detected (77,95,96), although in most studies 
not the whole coding sequence of the gene was screened for mutations. This raised the 
possibility that a gene distinct from APC may be the target of the frequent LOH on 
Sq. Deletion of the APC locus may just be the result oflarge deletions on 5q and may 
not be important in oesophageal carcinogenesis (95). The Interferon Regulatory 
Factorl (IRF-l) gene or other gene(s) on 5q31.1 may be the true target of frequent 
deletions on 5q that may play an important role in the pathogenesis of the majority of 
oesophageal carcinomas (95). 
Chromosome 9p: p16 
The p16 gene (MTS1, CDK."\;2A) encodes a 16kDa protein. It forms complexes with 
the cyclin dependent kinases (CDK) CDK4 and CDK6, inhibiting their ability to 
phosphorylate the retinoblastoma (Rb) protein. Unphosphorylated Rb prevents the 
cell from entering the cell cycle (S phase). Thus inactivation of this gene may lead to 
uncontrolled cell growth. The p 16 gene is located on chromosome 9p at 9p21, a locus 
at which frequent allelic loss occurs in oesophageal adenocarcinomas (75,77). Point 
mutations in exons 1 and 2 of the p16 gene are rare (ca. 5%) in oesophageal 
adenocarcinomas whereas p 16 mutations were found more frequent in squamous cell 
carcinomas (76,89,97,98). Barrett et al. reported a higher prevalence (23%) of p 16 gene 
mutations in adenocarcinomas with LOH of 9p21 (78). However, in this study only 
aneuploid cell populations were investigated, which is not representative for 
oesophageal carcinomas in general and thus might explain the higher prevalence of 
p 16 gene mutations. It is possible that p 16 is inactivated by different mechanisms. 
Gonzalez et al. report homozygous deletions of the p16 gene in 3 of 12 (25%) 
oesophageal adenocarcinomas r!7). However, these genetic changes were not present 
in patients with non-dysplastic Barrett's oesopha."ous. Two studies showed that p16 
promoter methylation (with or without p16 LOB) is a common mechanism of p16 
inactivation during neoplastic progression in Barrett's oesophagus, and is already 
present in non-dysplastic premalignant Barrett's epithelium (99,100). P16 inactivation 
may indeed be a useful biomarker to stratify patients' risk of progression of Barrett's 
metaplasia to oesophageal cancer (101). 
Another tumour suppressor gene on 9p, piS (MTS2/ CDK."\;2B), a close homologue 
of p 16 and located 20kb centromeric, is extremely rare altered in various types of 
human cancers, including oesophageal adenocarcinomas (78,97). 
Chromosome 13q: retinoblastoma 
The protein coded for by the normal retinoblastoma (Rb) gene is a critical regulatory 
molecule in the G 1 phase of the cell cycle. :'dutations in Rb result in uncontrollable cell 
proliferation and predispose to numerous human tumours. LOH of 13q has been 
demonstrated in oesophageal adenocarcinomas(80), and this was associated with an 
unfavourable survival rate(82). There are no reports on mutation analysis of the Rb 
gene in oesophageal adenocarcinomas, but loss of normal Rb protein expression was 
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observed as the Barrett's metaplasia progressed to dysplasia and carcinoma, indicating 
accumulation of unstainable aberrant protein (25,102). LOH of the Rb gene and Rb 
protein expression, as detected by immunohistochemistry, however, were not 
sigoificantly correlated. 
Chromosome 17p: p53 
Mutations and deletions of the p53 gene are the most common genetic lesions in 
human cancers. The p53 protein functions in a homotetrameric complex as a 
transcription factor that induces expression of genes that facilitate cell cycle arrest, 
D:'-IA repair and apoptosis (Figure 2). 

FIGURE 2. PS} Clnd eel! 0'c!e regulation. upon DI\IA damage there is upreglffation o/]JJifd-rype p53 protein. 
This leads to increased transcription ofp53 regl/laled genes (e.g. p21, bax-1,bcl-2) which inhibit the cefi fYcfe. This 
facilitates Dl\'/:l npair or the cell enters the apopla!it patbJJJqy. In this J}JOY p5 3 provides genomic stability. JVililatlom 
ill the p53 gme Tender the p53 protein inactipe and the do/J/aged Dl\T./-:l is fTtll1sfF/itfed. 
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One mutant p53 protein in the tetrameric p53 complex abolishes the function of the 
entire comp/e.,. Furthermore, most mutant proteins have a much longer half-life than 
the wild type protein. This implicates that when a cell harbours one inactivating p53 
mutation, the concentration of this protein will increase relative to the product of the 
wild type allele and the activity of the 'W-ild type protein will be inhibited by complexing 
with the mutant protein (dominant-negative). The prolonged half-life of the mutant 
p53 protein and the concomitant increased cellular p53 concentration makes 
visualisation by immunohistochemistry possible. Studies on Barrett's oesopha"ous 
report a vety low percentage of metaplasia cases with p53 protein accumulation 
(21,103-108). P53 accumulation increases in low grade dysplasia to high grade dysplasia 
from less than 10 to more than 70% respectively (105,106,108-110). From numerous 
immunohistochemical studies it is clear that in more than 50% of oesophageal 
adenocarcinomas pronounced p53 overexpression is present (104,106-108,110-113). 
With molecular techniques to detect p53 gene alterations, such as single strand 
conformation polymorphism (SSCP) analysis, sequencing and loss of heterozygosity 
(LOH) analysis, occasional cases of metaplasia and low grade dysplasia with p53 
mutations have been found (66,114,115). In high grade dysplastic Barrett's epithelium 
and invasive adenocarcinoma the prevalence of p53 mutations exceeds 40% and p53 
locus LOH in these conditions is generally found at even higher rates 
(50,66,101,111,112,114-116). In high grade dysplasia and in oesophageal 
adenocarcinoma p53 mutations have been found even in diploid cell subpopulations 
from aneuploid tumours (101,112). Furthermore, allelic loss of chromosome 17p often 
occurs before the loss of 5q during neoplastic progression (108,117). These fIndings 
suggest that p53 mutation is an early event in oesophageal adenocarcinogenesis. 
In conclusion, there is overwhelming e'iTidence that p53 gene alterations are early and 
frequent events in oesophageal adenocarcinomas and that this gene is associated with 
malignant transformation of Barrett's oesopha"ous. Although prognostic signifIcance of 
p53 alterations has been suggested, p53 abnormality alone is not sufflcient to predict 
progression to cancer or disease outcome (118-120). 
Chromosome 18q: DPC4 and DCC 
Allelotype analysis has shown that allelic loss of 18q was frequent in oesophageal 
adenocarcinomas. However, mutational analysis of the deleted in pancreatic cancer 
(DPC4) gene did not reveal any mutations (121). Therefore, DPC4is unlikely to be the 
target gene on 18q21 and other candidates such as deleted in colorectal cancer (DCC) 
or as yet unidentified target genes can be involved. 

PROTO-ONCOGENES 

The proto-oncogenes encode a group of proteins that are involved in signal 
transduction (from the plasma membrane to the nucleus) or the regulation of gene 
expression. Mutated proto-oncogenes are called oncogenes, because most mutations 
activate the proteins, which results in excessive stimulation of growth (Figure 3.). 
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Growth factors and their receptors 

EGF, TGF-a and EGFR 
An important family of growth factors is the one that bind to the epidermal growth 
factor receptor (EGFR), including epidermal growth factor (EGF) and transforming 

growth factor-a (TGF-a). EGF has a stimulatory effect on epithefutl cell proliferation 
in the gastrointestinal tract and has been demonstrated to be overexpressed in 
oesophageal carcinomas. Although EGF is also expressed in Barrett's oesophagitis, the 
expression ofEGF does not discriminate between dysplastic and neoplastic epithelium 
(122). Overexpression of its receptor EGFR in the oesophagus did correlate with the 
degree of mucosal dysplasia and the occurrence of adenocarcinoma, suggesting that 
high expression levels may reflect increased malignant transformation potential in 
Barrett's mucosa (22,122-124). Al-l'0sspooles et aL found EGFR gene amplification in 
30% of the oesophageal adenocarcinomas and also in Barrett's metaplasia, but no 
correlation with the level ofEGFR expression by immunohistochemistry (125). 

Transforming growth factor-a (TGF-a) is structurally and functionally related to 

EGF. TGF-a expression is increased in metaplastic, dysplastic and neoplastic tissue of 
the oesophagus compared to normal mucosa(122). The degree of abnormal expression 
becomes more marked as dysplasia increases and correlates with the proliferative 

indices in Barrett's oesophagus (19,122,126). In conclusion, EGF/TGF-a and their 
receptor EGFR are important in the progression of normal oesophageal squamous 
epithelium to metaplasia, dysplasia and fmally carcinoma and possibly associated with 
autocrine growth regulation in normal gastrointestinal mucosa and neoplasia (127). 

FIGURE 3. Schematic representation oJsignal transcUlctionjorlll the eel! IJJetllbrane to the tlIJeieJIS and the proteins 
(lllereIY proto-oncogene pradl/cls) iJmo/lJed ActilJation (e.g. /J/l/ldtiotls) ?! the genes encoding groJJJth factors, their 
receptors or the signa! transdllctiotl path11lqJ gmts (RasJ src, //(JIC, bcl-2)ctln lead fo cOl1stitJJtive adipaiiol1 oj the cell 
rycle. Abbrepialiol1s: EGF, epidertl/tl! gro1J;fh foctor; YGp, iral1ifrominggroJPth foetor. 
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c-erbB2 
The c-erhB2 proto-oncogene (HER2/neu; chromosome 17q21) encodes a 
transmembrane glycoprotein with intrinsic tyrosine kinase activity that is homologous 
to, but distinct from the EGFR. C-erbB2 protein overexpression and/or amplification 
of the c-erbB2 receptor gene occur in approximately 10-70% of oesophageal 
adenocarcinomas (43,122,128-132). Overexpression of c-erbB2 was not demonstrated 
in dysplastic Barrett's epithelium suggesting that it is a late event in the dysplasia­
carcinoma sequence (129). C-erbB2 overexpression in adenocarcinomas correlated 
significantly with mmour invasion, lymph node involvement, distant metastasis and 
status of residual tumour after resection (43,132). 
FGF 
The fibroblast growth factors (FGFs) are potent mitogens that possess angiogenic 
properties and the capability to regulate growth and differentiation of various cell 
types. The expression of acidic and basic FGF (aFGF, bFGF) has also been studied in 
oesophageal adenocarcinoma and Barrett's metaplasia. FGF is generally sequentially 
accumulated in the progression from metaplasia to neoplasia. Oesophageal 
adenocarcinomas and high grade dysplastic Barrett's epithelium showed enhanced 
expression of aFGF mRNA and protein (immunohistochemistry) but not ofbFGF, 
when compared to low grade dysplasia and normal control epithelium (133,134). 

TGF-j3 
In contrast to TGF-a, TGF-~ is a potent inhibitor of cell proliferation, an inducer of 
differentiation in epithelial cells of the intestine in ?Jilro, and a suppressor of genomic 

instability (135). There is some evidence that the TGF-~ signalling pathway is involved 
in the initiation and progression of oesophageal adenocarcinomas. First, TGF-~ is 
expressed in non-dysplastic Barrett's epithelium, as well as oesophageal 
adenocarcinomas (136,137). Second, inactivating mutations occur in 11ADR2, an 
important component of the signalling pathway for TGF-~, in colon cancers (138). 
The chromosomal localisation of the MADR2 gene is 18q21, which frequently shows 
LOH in oesophageal adenocarcinomas. Finally, loss of expression of the functional 
receptor for TGF-~ crGF-~ receptor type II) appears to be associated ,vith Barrett's 
oesophagus and oesophageal adenocarcinomas (137,139,140). The exact role ofTGF­
~ and its receptor in Barrett's adenocarcinomas needs to be clarified. 
RAS-family 
The ras families of proto-oncogenes (H, K and ~') encode specific proteins, which 
appear to be essential components in normal cell division and differentiation. Ras 
proteins act as signal-transducing molecules in the cytoplasm. Ras has not been shown 
to be mutated in most studies on Barrett's oesophagus and oesophageal 
adenocarcinomas (141-143). On the other hand, increased H-ras expression in 
Barrett's carcinoma and amplification of the K-ras gene in oesophageal 
adenocarcinomas has been reported (144-146). Two studies reported, for the first time, 
point mutations in K-ras in Barrett's oesoph~ous and in oesophageal adenocarcinomas, 
but these were rare (147,148). In conclusion, activation of the Ras proto-oncogenes 

30 



-------------------------- MOLECULAR BrOLOGY 

seems to be oflittle importance in Barrett's adenocarcinomas contrary to that observed 
in other carcinomas of the gastrointestinal tract. 
c-myc 
The c-myc gene is located on chromosome 8q24 and encodes a nuclear protein that is 
thought to regulate the transcription of other genes important for cell growth (149). 
Activation of c-mye gene may contribute to tumour progression by preventing cells 
from entering the GO-resting phase. Studies suggest that c-mye is the target gene of the 
chromosome 8q high level amplifications found in oesophageal adenocarcinomas 
(57,150-152). By using in situ hybridisation technique, Abdelatif et af. found enhanced 
c-mye expression in dysplastic Barrett's epithelium and adenocarcinomas, but not in 
non-dysplastic Barrett's mucosa (146). On the contrary, c-myc could not be detected 
immunohistochemically in oesophageal adenocarcinomas or in Barrett's epithelium 
(144). Presently, it is unclear whether amplification or mutation of c-myc playa 
significant role in the malignant progression of Barrett's oesophagus, but it appears 
that it is of limited prognostic value in human oesophageal carcinomas (153). 
Src 
The cellular oncogene c-src and its viral homologue v-src encode 60kDa, cytoplasmic, 
membrane-associated, protein-tyrosine kinases. A close correlation exists bet\Veen 
elevated specific kinase activity and cell transformation. Src may deregulate cell­
adhesion by anchorage-dependent growth control, thereby maintaining cells in the 
proliferative state (154). The src activity was found to be 3 to 4 fold higher in Barrett's 
epithelium and 6 fold higher in oesophageal adenocarcinomas than in control tissues 
(155). Moreover,] ankowski et af. found that 20% of the oesophageal adenocarcinomas 
and Barrett's oesophagus expressed src (144). These data suggest a role for src in tl1e 
malignant transformation of Barrett's oesophagus and warrants further investigation. 
Prostaglandins 
Cyclo-oxygenase (COX) catalyses the rate-limiting step in prostaglandin (pG) 
synthesis. There are two different isoforms of COX, referred to as COX-l and COX-
2. COX-l is constitutively expressed and involved for example in cytoprotection of the 
gastric mucosa. In contrast, COX-2 is normally absent in most tissues, but can be 
induced by pro-inflammatory or mitogenic stimuli. COX-2 is involved in a large 
number of processes fundamental for tumour development: apoptosis, cell adhesion, 
invasion and metastasis and angiogenesis (156). Chronic oesophagitis is associated with 
the excessive mucosal production of prostaglandin E2 (pGE2) and bile acids stimulate 
COX-2 expression in oesophageal cells i17 I/itro (157,158). Futthermore, COX-2 is 
expressed (deteffi1ined by immunohistochemistry and/ or RT -PCR or western blotting) 
in 70-80% of the oesophageal adenocarcinomas and also in corresponding Barrett's 
metaplasia (159,160). Inhibition of COX-2 in oesophageal cancer cell lines induced 
apoptotic cell death and reduced proliferative activity and synthesis of PGE2 
(159,160). Among regular aspirin users, a 40-50% or even higher reduction in 
oesophageal cancer risk was found (161,162). These data indicate that the 
chemopreventive potential ofNSAIDs in oesophageal adenocarcinomas, by repressing 
the induction of COX-2 enzymes in oesophagitis and Barrett's metaplasia, deserves 
further attention. 
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GENES INVOLVED IN CONTROLLING THE CELL CYCLE 

The progression of cells through the cell cycle is governed by genes encoding proteins 
transmitting positive (e.g. activated cyclins and cyclin-dependent kinases (CDKs) and 
negative (e.g. inhibitors of CDK) signals (Figure 4). 

FIGURE 4. Gmes im)o/ved itl cell rycle progression and inhibition. CeI! gde progression frOIl/ G1 into S phase 
reqJ!ires activanon if the gdin dependent kinases (CDK4/ 6) in association wid) rye/in D1. Tbis act/lJe complex 
phosphorylates the retinoblastollla protein (Rh). Phosphorylated Rb releases Rb-bolll1d transcription /adors (E2F­
folJli!Y). Free E2Fs irdl1SactiJ)Qte genes that are essential for miry in the S phase and Dl\'A np/lea/ion. At the G1 
checkpoint there aTe also !lege/til)e reg/rlatary signals controlllJ7g the cell gcle, llameIY inhibitors (p16,p21 tll7d p27) qf 
actil)oted ryclin-CD K cOllple.,".;es. 
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Cyclins form a family of proteins that complex with CDKs. Phosphorylation of the 
Rb protein by cyclin DI-CDK4/6 is correlated with the transition across the GI 
checkpoint. Cyclin DI-CDK4/ 6 activity is regulated by phosphorylation events and by 
CDK inhibitors (CDKI), which bind to the cyclin-CDK complex and inhibit its 
activity. This cyclin-CDK inhibition impairs Rb phosphorylation and thereby prevents 
the cell from entering the cell cycle (S phase). The CDKIs pIS and pI6 have been 
already discussed. Another group ofCDKIs is the Cip/Kip family and includes p2I, 
p27 and p57. 
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Cyclin Dl 
Cyclin Dl abnormalities, either gene amplification or overexpression, lead to 
constitutive activation of the cyclin Dl-CDK4/6 pathway. Increased nuclear 
expression of cyclin Dl is observed in 22-64% of the oesophageal adenocarcinomas, 
and is already present in Barrett's metaplasia (82,163-165). The increased expression of 
cyclin Dl is especially frequent in the intestinal-type lesions and in tumours with early 
T-stage (163,166). Amplification of cyclin Dl gene was observed in 16-26% of the 
oesophageal adenocarcinomas (73,166). However, cyclin Dl immunoreactivity was not 
always associated with gene amplification (82,167). Therefore, additional regulatory 
mechanism of protein expression probably e,usts. 
P27Kip-l 

The p27Kip1 (P27) gene is located on chromosome 12p 13. Overexpression of p27 
induces a block during G 1 in the cell cycle. Singh et a/. found p27 protein expression 
and p27 mRNA to be increased in intensity and distributed throughout the glands of 
high-grade dysplastic Barrett's epithelium, indicating transcriptionally upregulation of 
p27 (168). In contrast, low p27 protein expression but elevated levels of p27 mRNA 
were found in 83% of oesophageal adenocarcinomas, possibly due to post­
transcriptional regulation of the gene. In addition to nuclear staining, cytoplasmic 
staining of p27 was noted in 48% and 26% of dysplasia and carcinomas, respectively 
(168). Loss of nuclear and/or cytoplasmic staining for p27 correlated with higher 
histological grade, depth of invasion, presence of lymph node metastasis and shorter 
survival (168). These findings suggest that the cell cycle inhibitor p27 may be 
overexpressed to counteract proliferative stimuli in Barrett's associated dysplasia. Loss 
of p27 or altered subcellular localisation as the process becomes invasive suggests an 
important role for this CDKI in preventing progression of Barrett's oesophagus to 
adenocarcinoma (136). 
P21WAFI/CIPI 

The Gl-S phase of the cell cycle can also be down regulated by inhibition ofCDKs by 
p21wAF1/Cll'l (P21). Nuclear expression of p21 is upregulated by the wild-type p53 
tumour suppressor, but not mutated p53 (169). P21 expression was elevated in 
Barrett's tissue classified as indefinite for dysplasia, low-grade dysplasia, high grade 
dysplasia and in Barrett's adenocarcinoma, but not in Barrett's epithelium negative for 
dysplasia (170). No relationship between p21 and p53 staining in oesophageal 
adenocarcinomas was found, indicating that there are also p53 independent pathways 
for the upregulation of p21 (103,170). The elevated nuclear p21 expression in Barrett's 
oesophagus and adenocarcinoma does, most likely, not represent mutated protein 
(171). p21 expression was significanrly associated with prognosis: patients with p21 
positive tumours showed a better prognosis than patients with p21 negative tumours 
(165). 
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CELL-CELL ADHESION 

It has long been known that cell-cell adhesion is generally reduced in human cancers. 
Reduced cell-cell adhesiveness removes contact inhibition of proliferation, thus 
allo\.Ving escape from growth control signals. Moreover, invasion and metastases, 
which are life-threatening properties of malignant tumours, are considered to be later, 
but critically important carcinogenic steps. 
E-cadherin-catenin complex 
The E-cadherin-catenin complex is the prime mediator of calcium-dependent cell-cell 
adhesion in normal epithelial cells. In non-malignant epithelia, E-cadherin and the 
catenins show a membranous localisation at intercellular borders. In Barrett's 
adenocarcinomas, reduced membranous expression of E-cadherin as well as the 
catenins is observed in 60-80% of the tumours (172-175). Moreover, reduced 
expression of E-cadherin and alfa- and beta-catenin correlated significantly with 
unfavourable tumour stage, tumour grade, lymph node metastases and survival (175). 
Reduced expression has also been shown to be associated with higher degrees of 
dysplasia in Barrett's oesophagus (173,176). This suggests that E-cadherin-catenin 
complex may be useful as a marker for neoplastic progression from Barrett's 
metaplasia to adenocarcinoma and metastases. N"o mutations could be detected in 
oesophageal adenocarcinomas despite frequent LOH of the E-cadherin locus at 16q22 
(83). 
Besides establishing cell-cell adhesion, beta-catenin has been shown recently to 
function in cell signalling (177). Under normal conditions, beta-catenin is bound to the 
cytoplasmic tail of E-cadherin. Free, unbound beta-catenin in the cytoplasm is kept 
low by rapid degradation of unbound beta-catenin. In order to be degraded, beta­
catenin is phosphorylated by a protein complex, of which the adenomatous polyposis 
coli (APC) protein is one of the members. Inactivation of APC leads to an increase in 
cellular free beta-catenin that enters the nucleus of the cell, directly binds to 
transcription factors and activates gene expression. These target genes are involved in 
promoting cellular proliferation and migration, such as the c-myc oncogene and the 
cell cycle regulator cyclin D1. Besides inactivation of APC, mutations in 
phosphorylation sites of the beta-catenin gene can also lead to stabilisation of the 
protein. In oesophageal adenocarcinomas, increased cytoplasmic and nuclear 
localisation ofbeta-catenin has been observed (173), implicating involvement of APC 
inactivation or beta-catenin mutations \N-ith subsequent activation of the signal 
transduction pathway. 
Serine protease system 
The serine protease system has been shown to play an important role in the invasive 
potential of a variety of tumours by breaking down the extracellular matri.,. Urokinase 
plasminogen activator (uP A) is a serine protease. High levels of uP A were found in 
oesophageal adenocarcinomas (178,179), and correlated with higher pTNM categories, 
tumour stage, lymphatic invasion and survival (180). Therefore, uP A antigen content 
could identify oesophageal adenocarcinoma patients who will develop early tumour 
recurrences, thus providing a more accurate estimation of prognosis. 
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CD44 protein family 
CD44 is a family of glycoproteins involved in cell-cell adhesion and cell-matri." 
interactions. As a result of alternative splicing of 1 0 exons (vl-l0) more than 20 
isoforms have been described. CD44-standard (CD44s) and its abnormal transctipts 
(CD44v) have been detected in oesophageal adenocarcinoma (181-183). Increased 
CD44s expression was seen in 50-66% of the oesophageal adenocarcinomas (Dr KK 
Krishnadath, personal communication, november 1997)(181,183). In Batrett's 
oesophagus CD44s (but not CD44v6) expression increases along with dysplasia and 
the proliferation rate and increased CD44v6 was seen in an early stage of malignant 
transformation (Dr K.K. Krishnadath, personal communication, november 
1997)(183). A significant correlation between CD44s, v6 and vl0 expression and 
clinicopathological characteristics has been reported (Dr KK Krishnadath, personal 
communication, november 1997)(181,183), but further studies on a larger patient 
cohort are required to validate the usefulness of CD44s and isoforms in clinical 
decision making. 
Cathepsin B 
The cysteine protease cathepsin B (CTSB) gene, which maps to 8p22, codes for a 
lysosomal enzyme that has been shown to be overexpressed or exhibit altered 
localisation in cancers (184). Overc."pression or altered localisation of CTSB is thought 
to result in degradation of the basement membrane facilitating tumour invasion and 
metastasis. Hughes et aL found an amplicon at chromosome 8p22-23 resulting in CTSB 
gene amplification and overexpression (185). Moreover, abundant extracellular 
expression of CTSB protein was found in 29 of 40 (73%) oesophageal 
adenocarcinoma specimens (185). These data support an important role for CTSB 
gene amplification and CTSB protein overexpression in oesophageal adenocarcinomas. 

SUMMARY AND CONCLUSIONS 

There is need for improved understanding of the molecular biology of Barrett's 
oesophagus and adenocarcinoma. Despite ongoing efforts to characterise the 
molecular changes in Barrett's oesophagus, its pathogenesis remains poorly 
understood. A wide variety of genetic events and mechanisms appear to playa role in 
the development and progression of Barrett's oesopha"ous-associated neoplastic 
lesions. Figure 5. summarises these molecular events. However, there is still no 
uniform molecular pathway of progression. In fact, a surprising degree of clonal 
heterogeneity in premalignant Barrett's epithelium has been found consistent with a 
complex pattern of evolution of neoplastic cell lineages rather than a simple linear 
pathway of progression. 
:\1eaningful clinical intervention in patients with Barrett's oesophagus is still predicted 
on accurate histologic descriptions, but this information can be supplemented by 
biomarkers of cell proliferation and abnormalities in proto-oncogenes and tumour 
suppressor genes. Many of these markers do not have this potential: dysfunction of 
Ras-families of proto-oncogenes and cell cycle genes such as c-myc and cyclin Dl are 
not indicative for maJi"onant transformation of Barrett's oesophagus. On the contrary, 
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development of Barrett's adenocarcinoma is associated '\Vi.th losses on chromosomes, 
e.g. losses of 4q, 5q, 16q and 18q are frequently observed. Results of these studies are 
promising, but need further attention. The same can be said about cell-cell adhesion 
molecules and growth factors and their receptors, such as EGF(R), c-erbB2, src and 
the prostaglandins. Abnormalities involving the p 16 and p53 tumour suppressor genes 
and aneuploidy or increased 4N populations are among the most common somatic 
genetic lesions in the progression from Barrett's oesophagus to oesophageal. These 
biomarkers are potential candidates for objective molecular markers that can be used 
in combination with histologic staging to stratify patients 'risk of progressing to 
oesophageal adenocarcinoma. 
In the next several years the subsequent genetic events critical for the initiation and 
progression of Barrett's adenocarcinoma will be further characterised and may 
clinically be useful as biomarkers for early cancer detection or prognostication. With 
the disturbing increase in incidence of Barrett's adenocarcinomas, further research into 
this area is vital. 

FIGURE 5. SIfIlIl/I(Jty of the ge11etic a/tera/iolls ;llwlNed il1 the progression of Barrett's i/Jdap/asio tOJlIards 

Barrett's adenocarcinOlJla. Alterations tba! ocmr ill the earlY stages are (lfsllalb~ also pre.'e!1t ill the /I/ore adlJaJ7ced 
histological stages. Within each histological category, the alteratiolls are placed randomlY and there is 110 hierarchical 
order. 
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PRECIS 

Disturbance i11 the E-cadIJerln-cafmin conljJ/ex is Ol1e of the main eVeJ1ts in tlJe earjy and late steps 
qf concer delJe/oplJleJ1t. Getting II/ore insight into the earjy ltJoleclt/ar interadioJ1s critical to tile 
initiation and progression of tNlJ/OtlTS shottld aid the dew/opment if nOlJe! strategies for both 
prevention and ireatllleJ1t of cancer. 
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INTRODUCTION 

It has long been knO"WTI that cell-cell adhesion is generally reduced in human 
cancers. Reduced cell-cell adhesiveness removes contact inhibition of proliferation, 
thus allowing escape from growth control signals (1). Moreover, invasion and 
metastases, which are the most life-threatening properties of malignant tumours, 
are considered to be later, but critically important, carcinogenic steps. The invasion 
and metastatic steps consist of sequential steps involving host-tumour interactions. 
The suppression of cell-cell adhesiveness may trigger the release of cancer cells 
from the primary cancer nests and confer invasive properties on a tumour. In order 
for a metastatic nodule to form, cancer cells must detach from the primary site, 
invade through the surrounding host tissue, enter the circulation, lodge in a distant 
vascular bed, extravasate into the target organ, and proliferate (2). Therefore, 
reduced cell-cell adhesiveness is considered indispensable for both early and late 
carcinogeruc steps. In recent years, there has been increasing interest in a large 
family of transmembrane glycoproteins, called cadherins, which are the prime 
mediators of calcium-dependent cell-cell adhesion in normal cells (3). There is 
increasing evidence that modulation of this complex by different mechanisms is an 
important step in the initiation and progression of human cancers. 
Cadherin 
The cadherins have been divided up into more than 10 subclasses dependent on 
their tissue distribution, including E- (epithelia), N- (neuronal) and P- (placental) 
cadherin (4,5). E-cadherin (120 kDa; chromosome 16g), otherwise known as 
uvomorulin, L-CALVI:, cell-CALVI: 120/80 or Arc-l, is a classical cadherin and forms 
the key functional component of adherens junctions between epithelial cells (6). 
Kormal E-cadherin expression and function is essential for the induction and 
maintenance of polarized and differentiated epithelia during embryonic 
development (3). The critical importance of E-cadherin in normal development and 
tissue function is demonstrated by the lethality of E-cadherin knockout mice at an 
early stage in embryogenesis (7). The binding of cadherins is homotypic in nature, 
i.e. they only bind to identical molecules on adjacent cell surfaces. The contribution 
of cadherins to intercellular binding is achieved through the formation of cell 
surface multi-molecular structures with a "zipper" confirmation (8). 
Catenins 
Cadherin-binding requires a complex series of interactions between cadherins and 
cytoplasmic molecules. E-cadherin is bound via series of undercoat proteins, the 
catenins, to the actin cytoskeleton (9) (Figure 1). This linkage between 
transmembranous cadherins and actin filaments of the cytoskeleton is necessary to 
form strong cell-cell adhesion (10). Deletion of the intracellular catenin-binding 
domain of E-cadherin or alterations in the functionally active catenins, results in 
the loss of the ability of E-cadherin to establish cell-cell adhesion, even if the extra­
cellular binding domain is intact (10). The catenin family comprises u- (102kDa, 

chromosome 5q21-22) (11), 13- (92kDa; chromosome 3p22) (12) and y­
(plakoglobin; 83 kDa ; chromosome llqll) (13), with 13- and y-catenin sharing the 
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greatest homology. ~- and y-catenin bind weedy to the cytoplasmic tail of E­

cadherin in a mutually exclusive manner. a-catenin then links the bound ~- or y­
catenin to the to the acrin micro filament network of the cytoskeleton. Recendy, 
another catenin-like molecule, p120'ffi, has been identified in association with E­
cadherin at the cell-cell junctions although this complex does not appear to form a 
link with the acrin cytoskeleton (14). p120 =, otiginally identified as one of the 

several substrates of the tyrosine kinase pp60src, also associates with ~-catenin and 
E-cadherin (15). Unlike the other catenins, it has 4 isoforms, which appear to be 
expressed differentially in a variety of cell types (14). Recendy, it was found that 
p 120= actually acts as an inhibitory regulator of cadherin function in colon 
carcinomas (16). 

FIGURE 1. Schell/atic representation of cadheril7-r!leciiaied cel/-cel! adhesion il1 epithelial celis .. In/ertel/Mar 
binding is acbit1Jed through the jom/ation of E-cadherin eli/mrs that interdigitate to form a cont/mID/ls linear 
"iJpper" stmc//Jre. The interaction is dipendent on extracellular calcilf/JJ ie1leis. The rytopklSlllic domain of £­
cadhenn is comp/exed )}lith either j3- or r-catenin. a-C%lin links the cOtJpjc,".; 10 the actin rytoskeietotl of the ceiL 

Ca2+ 

) 

E-cadherin catenins 

cytoskeleton 

THE E-CADHERIN-CATENIN COMPLEX IN TUMOUR DEVELOPMENT 

An intact E-cadherin-catenin complex is required for maintenance of normal 
intercellular adhesion. Therefore, several groups have proposed that, in carcinomas, 
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E-cadherin functions as an invasion-suppressor molecule such rhat its loss permits 
or enhances the invasion of adjacent normal tissues. There are many data 
supporting this hypothesis. Immunohistochemical studies in human cancers have 
frequently shown that a proportion of invasive carcinomas and carcinomas il1 situ 
show aberrant levels of E-cadherin and/or catenin expression in comparison to 
rhelr related normal tissue (17-19). In general, E-cadherin and catenin staining is 
strong in well differentiated cancers which maintain rheir cell adhesiveness and are 
less invasive, but is reduced in poorly differentiated tumours which have lost rhelr 
cell-cell adhesion and show strong invasive behaviour. Changes in E-cadherin 
expression may rherefore be an important step in rhe development and progression 
of a malignant tumour. III ,;tiro studies have shown that in various human cancer 
cell lines -wirh an epirhelioid, differentiated morphology were generally non-invasive 
and expressed E-cadherin, whereas cell lines -wirh a fibroblast-like morphology 
were invasive and had often lost E-cadherin expression (20). Reconstruction of 
cadherin bincling in human carcinoma cell lines by transfection -wirh E-cadherin 
cD:\:A resulted in a more differentiated phenotype and loss of invasiveness (20-22). 
Furrhermore, non-transformed Maclin-Darby Canine Kidney epirhelial cells as well 
as well-differentiated colon carcinoma cell lines, acquire a dedifferentiated and 
invasive phenotype when intercellular adhesion is inhibited by anti-E-cadherin 
monoclonal antibodies (23,24). This clearly demonstrates rhat E-cadherin can 
suppress the overt features of advanced tumour progression. However, it has 
remained unsolved wherher rhe loss of E-cadherin-mediated cell adhesion is a 
prerequisite for tumour progression or is a consequence of dedifferentiation during 
tumour progression in lJilJo. Using a transgenic mouse model of pancreatic B-cell 
tumourigenesis this question was recently addressed. Perl et of. demonstrated that 
rhe loss of E-cadherin-mediated cell-cell adhesion is causally involved in rhe 
transition from adenoma to invasive carcinoma (25). 
Loss of cadherin-mediated adhesion may also act by promoting tumour cell 
detachment from rhe primary site resulting in dissemination of malignant cells to 

distant organs. Direct evidence implicating E-cadherin in rhe development of 
metastases is based on the association between rugh-metastasising carcinomas and 
low-E-cadherin immunoreactivity (26,27). An il7 vitro study has shown that E­
cadherin-negative tumour cells are more likely rhan E-cadherin-positive cells to be 
dislodged from rhe primary tumour by low shear forces, such as rhese found in 
venules or lymphatic systems (28). The involvement of E-cadhetin in metastasis 
was studied using an i12 vivo model of nude mice (29,30). Injections of E-cadhetin­
negative breast cancer cells in the circulation gave rise to multiple lung and 
osteolyLic bone metastases in these mice. However, breast cancer cells that were 
transfected -wirh E-cadherin cDl':A showed a significant impaired capacity to form 
osteolytic metastases (29). It has also been shown in breast cancer patients rhat 
tumours -wirh reduced E-cadherin expression have a higher frequency of lymph 
node and distant organ metastases rhan rhose wirh preserved E-cadherin 
expression (27). 
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E-cadherin as a growth suppressor 
Recently it became clear that E-cadherin is involved in contact inbibition of cell 
growth by inducing cell cycle arrest (1,31). Sequential activation and inactivation of 
a family of cyclin-dependent kinases govern the cell cycle. P27 is one such cyclin­
dependent kinase inhibitor, which results in cell cycle arrest. A recent report 
demonstrated that E-cadherin has the ability to inhibit cell proliferation by the 
upregulation of p27 (1). The mechanism by which E-cadherin regulates p27 is still 
unclear. Inhibiting the activity of mitogenic pathways such as the epidermal growth 
factor receptor (EGFR), which in tum regulate the level of p27 in cells is suggested. 
Therefore, E-cadherin, classically described as an invasion suppressor (21), is also a 
major growth/ proliferation suppressor. This attractive model for E-cadherin 
might explain earlier findings by Hermiston and Gordon. They showed that 
inactivation of E-cadherin in intestinal crypt cells leads to formation of adenomas, 
and that forced expression of E-cadherin suppresses proliferation (32,33). 

THE ROLE OF 13-CATENIN IN SIGNAL TRANSDUCTION 

An important function of ~-catenin, namely its role in cell signalling, has been 
elucidated in the past years (Fignre 2) (34-36). ~-Catenin is the vertebrate 
homologue of the Drosophila segment polarity gene armadillo, an important element 
in the Wingless/Wnt 0-Ylg/Wnt) signalling pathway. Wingless is a cell-cell signal in 
Drosophila that triggers many key developmental processes, Wnt being the 
vertebrate homologue (37). In the absence of a mitotic signal from outside the cell, 
~-catenin is sequestered in a complex with the adenomatous polyposis coli (APC) 
gene product, a serine threonine glycogen kinase (GSK-3~) and an adapter protein 
axin (or a homologue conductin) enabling phosphorylation and degradation of free 
~-catenin by the ubiquitin-proteasome system (38). Our understanding of the 
function and interactions bertvecn the proteins in the complex was rather a mystery 
until recently. A-illl, the newly recognised component of the complex acts as a 
scaffold protein in the multiprotein complex (39). Formation of an a.-illl regulatory 

complex is critical for GSK-3~ activity and ~-catenin phosphorylation and 
degradation, since GSK-3~ does not directly bind to ~-catenin but requires the 
presence of a.-illl which binds to both proteins (40). This complex formation leads 
to the maintenance of low levels of free cytoplasmic ~-catenin. Residual catenins 
hold cells together by binding to cadherins both at the adherens junctions and the 
actin cytoskeleton. 
When a mitotic signal is delivered by the Wnt pathway, by association of the 
Wg/Wnt family of secreted glycoproteins and their membrane receptor frizzled, it 
leads to activation of the dishevelled (Dsh) protein, which is recruited to the cell 
membrane. The activated Dsh downregulates the protein complex, so that it can no 

longer phosphorylate ~-catenin, which then is not degraded (41). How exactly Wnt 
signalling leads to the stabilization of ~-catenin remains unclear, although it is 
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suggested that that a critical step could be the dissociation of GSK-3~ from a.'illl 

with the help of Dsh (42). With GSK-3~ no longer bound to axin, it can not 
phosphorylate ~-catenin, leading to an elevation in ~-catenin levels. Another model 

proposed is that inhibition of GSK-3~ activity upon Wnt signalling by Dsh leads to 
the dephosphorylation of a.~n, resulting in a reduced efficiency of binding to ~­

catenin. The release of ~-catenin from the phosphorylation and degradation 
complex promotes ~-catenin stabilisation and signalling (43,44). The resulting 
increase in free cytosolic ~-catenin then enters the nucleus and directly binds the 
transcription factors Lef and Tef, leading to the activation of gene expression (45-
47). Recently, the target genes of these transcription factors have been identified. 
They are thought to be involved in inhibiting apoptosis and promoting cellular 
proliferation and migration, such as the c-myc oncogene and one of the cell cycle 
regulators cyclin D1 (48-51). y-Catenin can also enter the nucleus and interact with 
these transcription factors, but y-catenin has been shown to have transactivation 
capacities different to ~-catenin thus leading to distinct signalling properties (52). 

Although ~-catenin performs distinct functions in E-cadherin-mediated cell-cell 
adhesion and in Wnt-signalling (53), there appears to be some cross talk between 
the adhesive and the signalling pathways. The expression of excess E-cadherin 
interferes with Wnt-signalJing by competing for ~-catenin binding (54). However, 
loss of cadherin binding does not lead to accumulation of ~-catenin free to bind 

Tcf/Lef-1 and to modulate transcription (55). Interestingly, LEF-1/~-catenin is 
also able to bind the E-cadherin promoter possibly leading to downregulation of E­
cadherin (56). 
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FIGURE 2. Schematic represeJ7tation of the eatenilts and the in!erctclioll ]}Jith other translJlelllbrone, rytoso/ic 

and nile/ear profeins. The Ifflbolmd rytoplas,wic pool oj fj-cafeJlin is seq/Jestered in a proteill CO/I;pleX and 

phosphorylated Iy glycogen [Ynthetase kinase 3/3 (GSK-3j3), enabling its degradation. Abnormalities in this 
degradation path]Jl(,[j, actipaiioll oj the Wilt pathuJqy, /7/1I/aied adenomatotls polYPosis coli (APe) or !lIt/fated j3-
ca/enill, CtlJ! lead to an increase in free j3-calenin levels, JJJhich Ihm trans/ocates to the Illfc/elfs, binds transcription 
factors (LL:jITd), alld stilltltiaies transcription of target genes. The ca/mins also illteract with receptor (yrosine 
kinases, SIIch as the epidermal grtJJJJth factor (EGP) Clnd the bepatoryte growth factor (HGp) receptor, })Jhicb alter 
their phosphorylatioll statHs alld, as a conseqlle!1ce, lJIod/dales E-cadherin-catenin cell-cell adhesioll. See the te;:..'i for 
lJIore detaiis. 
Dsh, dishevelkd. 

E-cadherin 

SfC IEGFI~ ..... 
I HGFI- -'"==1+== 

Receptor tyrosine 
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Activation of the W g/Wnt pathway in human cancers 
It is now believed that transformation of adult mammalian cells into malignant 
tumours reflect an exaggeration of the Wg/Wnt pathway, at least in some tumours. 
The APC gene is mutated in many cancers. In fact, it is supposed to be the first 
genetic alteration in the multistep process in inherited (familial adenomatous 
polyposis coli) and sporadic colorectal cancers (57). Recently, it was found that 
APC regulates levels of free-/3-catenin in the cell, as discussed above. Most of the 
mutations in APC result in truncated APC protein which can still complex with, 
but not degrade /3-catenin (58). The result of APC mutation is therefore an increase 
in cellular free J3-catenin, which may trigger a cascade of events resulting in the 
initiation of adenomas (59). APC mutations in colorectal cancers have been shown 

to result in an increase in /3-catenin/Tcf-4 signa1ling, leading to overexpression of 
the c-myc proto-oncogene and promotion of neoplastic growth (48,60). However, 
somatic mutations or small deletions (but no germline mutations) in the /3-catenin 
gene, targeting the serine and threonine residues necessary for phosphorylation by 
GSK-3/3 and breakdown by the APC/GSK complex, are also associated with colon 
carcinogenesis (60,61). These /3-catenin mutations have a dominant effect, 
suppressing the APC dependent binding and degradation of /3-catenin leading to 
accumulation of cytoplasmic free /3-catenin, again with subsequent translocation of 
/3-catenin to the nucleus. 
In the past two years many studies revealed that activation of the Wg/Wnt pathway 
by mutated /3-catenin is a rather frequent event in malignancies including 
hepatocellular- and thyroid carcinomas, desmoid tumours and pilomatricomas (62-
65), but uncommon in melanomas, head and neck cancers, oesophageal and 
prostate carcinomas (66-69). This implicates /3-catenin as an oncogene in cancer 
development giving a possible explanation for the uncontrolled proliferation 
observed in cancers. Perhaps this is why widespread nuclear and cytoplasmic 
staining of beta-catenin in colorectal cancers was an independent prognostic factor 

for short survival (70). Similarly, mutations in GSK-3/3, a.0n or other (yet 
unknown) elements involved in the Wnt/Wg pathway may contribute to /3-catenin 
signalling. Future studies need to focus on these other components of the complex 
and try to elucidate the Wg/Wnt pathway in human cancers. 

MECHANISMS OF INACTIVATION OF THE E-CADHERIN-CATENIN COMPLEX IN 

CANCER 

Human cancers possess both irreversible and reversible mechanisms for 
inactivation of the E-cadherin-catenin complex which lead to invasion and 
metastases. Loss of the E-cadherin locus on the long arm of chromosome 16 
(16q22) has been reported to occur at rather high frequency in hepatocellular 
(50%), lobular breast (50%) and oesophageal carcinomas (66%) (71-73). There have 
been several reports on E-cadherin gene mutations in human cancers (74). In 
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poorly differentiated tumours like lobular breast cancer and the diffuse type gastric 
cancer, E-cadherin mutations play an important role in tumour development 
(15,76). However, mutations are rare in oesophageal, thyroid and colorectal 
carcinomas (13,77,78). Interestingly, E-cadherin mutations with loss of the 
remaining \'V'ild-type allele were also detected in the pre-invasive in situ component 
of lobular breast cancer and in intramucosal lesions of gastric signet ting cell 
carcinomas (79,80). This, together with the findings of Perl et aL (25), indicates that 
genetic alterations of the E-cadherin gene are involved in the early developmental 
stages of some histological types of human cancer, and that both E-cadherin alleles 
are inactivated. The importance of loss of function of E-cadherin in the onset of 
cancer has now been well established. There have been several studies reporting 
germ-line mutations in the E-cadherin gene in families with an inherited diffuse 
type of gastric cancer (81,82). However, the clinical implications for these findings 
are not clear yet. Only a minority of gastric cancers can be accounted for by E­
cadherin mutations. Recendy, it has been reported that early onset of lobular breast 
carcinomas may also be associated with E-cadherin germline mutations(82,83). 

Thus far, mutations in the u-catenin gene has been described only for cell lines, not 
in tumours in mvo(84,85). Human cultured cancer cell lines with a genetically altered 
u-catenin only regained their cell-cell adhesiveness when transfected with wild-type 
u-catenin eDNA (86). Therefore, u-catenin meets the criteria of an invasion 
suppressor gene. 
Genetic alterations in ~-catenin abolishing cell-cell adhesiveness have been 
observed in two gastric cancer cell lines HSC 39 and 40A, both derived from the 
same signet ring cell carcinoma of the stomach, show a diffuse growth pattern 
(87,88). This mutation results in a truncated ~-catenin lacking the region for 

interaction with u-catenin. Transfection of these cell lines with wild-type ~-catenin 
restores cellular adhesiveness in these cell lines (88). Recendy, a mutation in y­
catenin was described in a gastric cancer cell line, but no mutations have been 
reported in sporadic gastric cancers (55). 
DO\1,TI-regulation of E-cadherin expression can be induced by a low activity of the 
E-cadherin promoter due to chromatin rearrangement in the regulatory domain or 
due to DNA methylation (89,90). In mvo experiments showed that methylation in 
the E-cadherin promoter region correlated significandy with reduced E-cadherin 
expression in hepatocellular carcinomas and that methylation was also detected 
frequendy in pre-cancerous conditions (91). Furthermore, an in vitro experiment 
showed that downregulation of E-cadherin by srimulating c-erbB2 transcription 
further reduces E-cadherin promoter activity, suggesting a role for c-erbB2 
overexpression in tumour progression and metastases (92). However, an 
immunohistochemical study strongly argued against a role for c-erbB2 as a 
transcriptional regulator of E-cadherin expression in breast carcinomas in vivo (93). 
In addition, downregulation of ~-catenin in cholangiocarcinomas was associated 
with c-erbB2 downregulation (94). Furthermore, EGFR and the tumour suppressor 

p53 may also playa role in the regulation of E-cadherin and u-catenin expression 
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and perturbation of the E-cadherin-catenin complex (95,96). Recently, it was found 
that Hehcobacter pylori infection was associated with downregulation of E-cadherin in 
gastric mucosa and as such might playa role in the onset of neoplastic growth (97). 
In some tumours, including pancreatic, thyroid, gastric, bronchopulmonary, 
oesophageal, colorectal and bladder cancer, the staining pattem of the E-cadherin­
catenin complex is not always an absence or reduction in the expression but shows 
a redistribution from the cell membrane to the cytoplasm (19,98-103). The 
mechanism responsible for this redistribution in tumour cells remains elusive. 
Immunoprecipitation experiments have been performed to address this point with 
modifications in the interactions between E-cadherin and the catenins being 
observed (98,104). In colorectal tumours with heterogeneous cytoplasmic 
immunoreactivity for E-cadherin as well as the catenins, one of the catenins was 
not present in the complex or the cytoskeletal bound fraction was reduced in spite 
of the overall increase in expression of the proteins (Dr M. El-Bahrawy, personal 
communication) (99,105). These studies have shown that the expression of the 
proteins does not necessarily imply that they are functioning, as binding of the E­
cadherin-catenin complex to the cytoskeleton is essential for its role in cell 
adhesion. 
Failure of E-cadherin and catenins to localise to the membrane and/or bind to the 
cytoskeleton in spite of their abundant presence may be due to alterations in their 
phosphorylation status (100,101). A number of receptor and non-receptor tyrosine 
kinases and phosphatases, including the epidermal growth factor receptor (EGFR) 
and the c-erbB2 oncogene and the hepatocyte growth factor (HGF) receptor c-met 
interact with the catenins. This interaction alters the phosphorylation status of the 
catenins, and as a consequence cadherin-mediated adhesion (106-110). For 
example, EGFR has tyrosine kinase activity, which is activated through 
autophosphorylation upon its binding to epidermal growth factor (EGF). By this 
mechanism EGF induces irumediate phosphorylation of /3- and y- catenin which is 
inhibited by herbimycine, a tyrosine kinase inhibitor (111). Overexpression of 
EGFR, c-erbB2 and c-met has been described in several cancers. This was 
associated with cellular redistribution of E-cadherin from the membrane to the 
cytoplasm along with suppression of its function (111,112). In addition, there is 
evidence to suggest that the association bet\11een E-cadherin and a-catenin can be 
prevented by tyrosine phosphorylated /3-catenin (113). 
Further evidence for the possible role of tyrosine phosphorylation as mechanism 
by which E-cadherin-catenin function is modulated comes from the finding in cells 

transfected with the v-src oncogene. Increased tyrosine phosphorylation of /3-
catenin and E-cadherin was observed and this posttranslational modification 
resulted in functional changes such as decreased cell-cell adhesion, increased 
migration and increased invasiveness, without affecting the overall expression of 
either of the catenins or the cadherins (114,115). The inhibition of tyrosine 
phosphorylation restores cadherin function to normal (114). Other studies showed 

that up-regulation of tyrosine phosphorylation of /3-catenin and p120 occurs 
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frequently in surgical specimens of colorectal and lung cancer, and that 

phosphorylation of /3-catenin correlated well with poor survival of patients after 
surgery (116,117). These results suggest that tyrosine phosphorylation of the 
catenins might be a significant mechanism that modulates their function and in 
turn that of E-cadherin-catenin, and this may have important prognostic value. 

E-CADHERIN-CATENIN EXPRESSION IN CANCER AND THE POSSIBLE 

CLINICAL RELEVANCE 

Immunohistochemical studies of many different types of human carcinomas 
(including skin> head and neck, lung, breast, thyroid, oesophageal, gastric, 
pancreatic, hepatocellular, colon, renal, bladder, prostate, endometrial and ovarian 
carcinomas) have shown that a proportion of carcinomas show reduced levels of 
E-cadherin expression in comparison to their related normal tissues. Indeed, E­
cadherin loss is most pronounced in those types of carcinoma that have strikingly 
infiltrative growth patterns associated with little or no intercellular cohesion, such 
as invasive lobular breast cancer and diffuse type gastric adenocarcinoma. 
Therefore, it is not surprising that abnormal expression of the E-cadherin-catenin 
complex correlates with pathological characteristics of the tumour, such as grade of 
differentiation, invasion of the tumour, venous permeation, peritoneum seeding, 
lymph node, liver and bone metastases and tumour stage (26,118-124). 

Interestingly, aberrant expression of E-cadherin, (}.-, /3-, y-catenin and p120 
correlated with clinical parameters, such as disease relapse, disease free survival and 
overall survival in cancer patients (121,125-131). Moreover, aberrant expression of 
E-cadherin and/or the catenins was shown to be an independent prognostic 
marker for shorter survival, although its predictive value was usually less strong 
than the standard parameters like tumour grade, tumour stage and lymph node 
metastases (128,132-136). Of particular interest is the finding that E-cadherin was 
an independent predictor of occult lymph node metastasis and micrometastases in 
nodes classified as NO by routine histopathological methods (137). This is in 
accordance with studies that show an additive value for E-cadherin-catenin 
expression in patients with no signs of lymph node or distant metastases (NO and 
MO) (131,138). Immunohistochemical detection of E-cadherin and the catenins 
could therefore not only be useful in predicting the disease free or overall survival 
but also in identifying patients with clinically negative lymph nodes who are at risk 
for occult metastases and who may benefit from more extensive lymph node 
dissection. 
A number of studies did not show a relationship between E-cadherin-catenin 
expression and clinico-pathological parameters (139,140). Several explanations for 
this discrepancy can be given: the histological type and number of cancers analysed, 
selection of the tumours (stage, tumour grade), demographics of the study 
population (141), differences in the surgical approaches (extent of lymph node 
dissection) (118,142), as well as differences in staining evaluation. 
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Some studies report that the combination of E-cadherin and one of the catenins 
has a better prognostic value than evaluation of the individual components 
(27,143). It is important to note that alterations in any component may lead to 
disrupted function of the complex. Since catenins play a critical role in the 
regulation of cadherin-mediated adhesion, this indicates that E-cadherin 
immunoreactivity does not always imply the presence of a functionally normal 
cadherin-catenin complex. Thus, to predict tumour invasion and metastasis in 
carcinomas, it is useful to investigate not just the expression of E-cadherin but also 
the expression of the catenins. In addition, these results re-emphasise the 
importance of understanding the regulatory pathways of cell adhesion in order to 
interpret correctly the immunohistochemical data on adhesion molecule expression 
in tumours. Interestingly, the lack of correlation be1:\Veen cadherin and catenin 
immunoreactivity is also consistent with the promiscuous and yet selective 
association of catenins not only with E-cadherin, but also with other 
ttansmembrane (e.g. EGFR), cytosolic (e.g. APC) and nuclear protein (Tc£). 
Undoubtedly, large clinico-pathological studies evaluating all members of the 
adhesion complex within a well defined population and complete follow-up are 
needed to validate the use of E-cadherin and catenins as predictors of tumour cell 
behaviour. 
Alterations in E-cadherin and catenin expression have also been found in pre­
invasive lesions of the colon (adenoma), oesophagus (Barrett's dysplasia), stomach 
(gastric dysplasia) and breast (ductal carcinoma in situ) (18,19,144,145). In addition, 
elevated levels of a soluble form of E-cadherin (sE-cadherin; 80Kda) can be 
detected in the serum from patients with cancers, possibly induced by tumour­
associated proteolytic degradation. In bladder cancer patients a correlation was 
found between the levels of sE-cadherin and grade, stage of the tumour and with 
tumour recurrence on cystoscopy (146,147). Furthermore, determination of sE­
cadherin levels may serve as a tumour marker with a rather high sensitiv"ity when 
compared to CA19-9 and CEA in gastric cancer patients (148). In ovarian 
carcinoma patients the levels of E-cadherin showed no correlation with the 
response to chemotherapy or 5-yr survival. Therefore, it was concluded that 
determination of pre-operative levels of sE-cadherin does not offer useful clinical 
information for the management of patients with ovarian cancer (149). 
"Cndoubtedly, more evidence from larger studies is needed to address the possible 
usefuJness of sE-cadherin as a disease marker in cancer patients. 
A combination of decreased E-cadherin expression ,vith altered expression of other 
proteins involved in cancer invasion and metastasis has been described. For 
example, a combination of decreased E-cadherin expression with upregulation of 
urokinase-type-plasrrllnogen activator (a protease involved in cancer invasion and 
metastasis) was shown to be an independent predictor of prognosis in gastric 
cancer patients (150). Simultaneous reduced expression ofE-cadherin and CD44v6 
in breast cancer and low E-cadherin expression in combination with high CD44s in 
renal cancer was correlated with poorer survival (129,151). Combination of low E­
cadherin immunoreactivity and high type IV collagenase expression was an 
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independent predictor for disease recurrence and overall survival, but not stage, 
nodal metastases and histological type in pancreatic cancer (152). Finally, Otto et al. 
found that abnormal expression of both E-cadherin and gp78 (the receptor for a 
tumour-derived autocrine motility factor) in patients with bladder carcinoma results 
in poor disease outcome, independent of tumour stage and grade (118). 
Recent studies suggest that modulation of E-cadherin and catenins may be more 
complex than previously thought. For example, it has been demonstrated that in 
40% of adenocarcinomas E-cadherin levels are elevated in their intravascular 
tumour components in comparison to their extravascular compartments (153). 
Moreover, expression of E-cadherin or the catenins has been found to be higher in 
the lymph node metastases in comparison to the primary tumour (122,136,145) 
and, surprisingly, there was a greater tendency for liver metastasis in tumours in 
which the integrity of E-cadherin-mediated cell adhesion is intact (154). It strongly 
suggests that the levels of cadherin-catenins are not necessarily fi."(ed, but in an 
appropriate microenvironment may be subject to transient manipulation. An 
explanation could be that entrance of a carcinoma into an intravascular 
compattment is associated with an upregulation of E-cadherin expression and that 
subsequent exit into extravascular tissues is associated with dO'WTI-regulation (155). 
Second, upregulation of E-cadherin expression at implantation sites is maybe 
necessary for tumour cells in order to cluster and grow out as metastases. These 
concepts are supported by in vitro data and the fact that the staining pattern of E­
cadherin in human tumours is often heterogeneous and unstable in some tumours 
(156,157). 

E-CADHERIN-CATENIN: A TARGET FORANrI-CANCER THERAPY? 

Since the function and expression of the E-cadherin-catenin complex is often 
reduced in cancer celis, it is suggested that restoration of the E-cadherin-catenin 
will lead to differentiation and anti-invasive properties. Several drugs have been 
described to alter the expression of E-cadherin, some of which are already used in 
the treatment of cancer patients. At least in vitro, insulin-like growth factor-I, 
tamoxifen, ta.,ol, retinoic acid and progestagens were shown to upregulate the 
functions of E-cadherin/ catenin complex including inhibition of invasion (158-
162). The mechanisms by which these drugs induce these changes include 
upregulation of E-cadherin, (X.- and ~-catenin mRNA expression, 

dephosphorylation of ~-catenin, increased stability of the ~-catenin protein, and 
localisation of ~-catenin at the cell-cell junctions (160,162-164). A few more drugs 
can be added to the list of components which restore E-cadherin-catenin 
dependent cell-cell adhesion, of which aspirin is probably the most intriguing (165). 
Epidemiological, animal model, and clinical studies all suggest that nonsteroidal 
anti-inflammatory drugs are potent preventive agents for colon cancer. Mahmoud et 
01. showed that aspirin decreased the rate of tumour formation in MIN mice, an 
animal with a germline mutation in APC which leads to increases in cytoplasmic ~-
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catenin with subsequent cell signalling. Aspirin produced a decrease in intra-cellular 
~-catenin levels, suggesting that modulation of this protein is associated vlith 
tumour prevention (165). 

TABLE 1. The E-cadheri!1-catellin cOlllplex:ftl1dings al1d clinical i,lflplications 

Fil1din/!/ References 

Expression of E-cadherin-catenin correlates with histopathological findings: (26,118-124) 
tumour grade, invasion and wall infiltration, venous permeation, 
lymph node, liver and bone metastases, tumour stage 

Expression of E-cadherin-catenin can predict survival after surgery: (121,125-131) 
overall 5-yr survival, 5-yr disease free survival, disease relapse 

Expression of E-cadherin can predict occult lymph node (137) (131,138) 
metastases/micrometastases 

Malignant degeneration: normal epithelium -> dysplasia -} carcinoma (18,19,144,145). 
sequence 
Soluble E-cadherin in sera of cancer patients could serve as a tumour 
marker 

follo'W' up of cancer patients, detecting recurrence (148) (146,147) 
response to (adjuvant) therapy? 

Identifying families 'W'ith hereditary diffuse type of gastric cancer (and 
lobular breast cancer?) 

Anti-cancer therapy and cancer prevention: restoring abnormal expression 
of E-cadherin-catenin by drugs 

CONCLUSIONS 

(166,167) 

(158-162) (165) 

Inactivation of the E-cadberin-catenin cell-cell adbesion complex is mediated by 
genetic and epigenetic events mechanisms which occur in both the early and late 
stages of carcinogenesis. Previous and current studies suggest that these molecules 
can be useful in the assessment of the malignant potential of pre-invasive lesions 
and the development of prognostic markers in cancer. Table 1 summarises these 
findings and the possible clinical implications. In addition to epithelial cell-cell 
adbesion, E-cadherin-catenin is involved in a much further extent in cancer cell 
biology. Surprising findings regarding the interaction between APC and ~-catenin, 
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and its role in cell signalling, have clearly shown that this complex has a key role in 
malignant cell transformation. Moreover, elucidation of the mechanisms underlying 
the changes in E-cadhetin and catenin function may lead to the development of 
novel therapeutic approaches based on their biochemical and genetic manipulation. 
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INCREASED INCIDENCE OF ADENOCARCINOMAS OF 

THE GASTRO-OESOPHAGEALJUNCTION IN DUTCH 

MALEs SINCE THE 90's 

BPL Wijnhoven, WJ LoNlJJJJJan, HW Tilantts and JWW Coebergh 

Sttbmitted 

PRECIS 

The i17cidmce of adenocarcinomas of the gastro-oesophageal jl-lnctio1l increases in tile S o/Jth-eastern 
of the Netherlands and largelY occtlrs in middle aged males. 
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INTRODUCTION 

Cancers of the oesophagus and stomach are fairly common malignancies. 
Worldwide, cancer of the oesopha"ous is the eighth and cancer of the stomach the 
second most common form of cancer (1). Since before the Second World War the 
incidence and mortality rates of stomach cancer have been declining in 
industrialised countries (2). In contrast, the incidence rates of adenocarcinomas of 
the lower third of the oesophagus and! or of the gastric cardia have increased 
significantly over the last two decades in the l..:nited States (3), Australia (4) and 
some European countries (5,6). Longstanding gastro-oesophageal reflu., leading to 
Barrett's oesophagus is the strongest risk factor for the development of 
oesophageal adenocarcinoma and (probably) cardia carcinoma (7,8). Wnether the 
rise in incidence rates for adenocarcinomas of the oesopha"ous and cardia truly 
reflects an increase in gastro-oesophageal refiu..;:;: and premalignant Barrett's 
oesopha"ous is presently unclear. 
Several pitfalls may bias the observed trends in incidence rates for oesophageal and 
gastric carcinomas. The upward trend in incidence of adenocarcinomas of the distal 
oesopha"ous may well result from an increase in the number of histological verified 
cases, due to increased use of flexible endoscopy. A more precise discrimination of 
adenocarcinomas from other histological subtypes or a shift in the classification of 
tumours arising at the gastro-oesophageal junction (9), could also affect incidence 
rates over time. In this study, we addressed these issues by studying the time trends 
in mortality and incidence rates of oesophageal and gastric carcinomas in the 
Netherlands according to subsite and histology in the Southeast of the :t\;etherlands 
between 1978-1996, where a regional population-based cancer registry, that collects 
data from the hospitals, has been in operarion since the 50's. 

METHODS 

Study population 
Data were collected from the population-based Eindhoven Cancer Registry (IKZ), 
which covers approximately 2 million inhabitants in the Southeast of the 
)!etherlands since 1988. Only data from the eastern part of the area (900,000 
inhabitants, registered since 1955) are used for this analysis. Registration is based 
on notification of newly dia"onosed cases by the departments of pathology and 
radiotherapy and data from the medical records in all community hospitals in the 
region as well as from specialised departments and hospitals outside the region. In 
the study period, access to specialised care was excellent, although the number of 
hospitals declined from 12 to 7 by mergers. Data are collected during regular visits 
to these institutions, generally within 6 months since diagnosis by trained data 
abstracters. The registry does not record death certificate only cases, because this 
would require informed consent from both patients and doctors in the 
Netherlands. 
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Selection of tumours 
All primary tumours of the oesophagus and stomach (International Classification 
of Oncology (ICD-O-9) codes 150 and 151, respectively) were included in the 
analysis. Non-epithelial neoplasms (sarcomas, lymphomas) were excluded from 
analysis. Between 1978-1996, a total of 507 oesophageal cancers and 3007 gastric 
carcinomas were recorded. The location of the tumours in the oesoph~ous was 
categorised into four groups based on the last ICD-O digit of each classification: 
upper- (codes 150.0 and 150.3), middle- (150.4), lower (150.5) oesophagus and 
other (overlapping and not otherwise specified (NOS); 150.8/9). The cancer site in 
the stomach was categorised into four groups: cardia (151.0), mid-stomach (fundus, 
body or curvatures; 151.3/4/5/6 and 151.8), antrum/pylorus (151.1/2) and others 
(unspecified; 151.9). Endoscopic, radiological and surgical data are taken into 
consideration for sub site assignment. Oesophageal tumours were classified into the 
following morphology categories: squamous cell carcinoma (codes 8050-8082 and 
8047), adenocarcinoma (codes 8480-8490, 8140-8473 and 8500-8550) and all other 
morphology (NOS, no histological confirmation and other histological types; codes 
8000-8004, 8010-8040, 8041, 8043 and 8560-8580). Gastric carcinomas were 
classified into adenocarcinomas and other morphology, including unspecified cases 
and cases with no histological confirmation. 
Between 1978 and 1996, incidence rates were computed per 100,000 person-years 
for each gender. Age adjustment was performed by direct standardisation to the 
world standard population (WSR). Incidence rates are presented as three-year 
moving means to ensure stability of rates. Incidence rates for adenocarcinomas of 
the oesophagus and cardia were also combined for analysis of time trend. 
Mortality rates 
Regional data on the number of people \'lith cancer of the stomach and oesophagus 
as the underlying cause of death from 1978-1996 were obtained from the Causes of 
Death Registry of Statistics Netherlands (CBS). YIortality rates per 100.000 people 
were calculated by gender, standardised to the WSR. Neither sub site nor subtype 
could be discriminated for oesophageal and gastric cancers. 

RESULTS 

Oesophageal cancer 
During the study period, 352 males and 155 females were diagnosed as having 
carcinoma of the oesoph2z,ous. Table 1 summarises the gender, age and subsite 
details on the histological total numbers of oesophageal cancers. The predominant 
histological type was squamous cell carcinoma, making up two-thirds of the whole 
group. One fourth of all oesophageal carcinomas were adenocarcinomas. The 
group with other morphology included tumours with no histological confirmation 
in 12 cases (2%) and 39 cases (8%) which were classified as not otherwise specified 
or undifferentiated carcinomas. Oesophageal carcinomas were mainly localised in 
the distal third of the oesopha"ous. The subsite could not be determined in 13% of 

the cases (overlapping or unspecified), and 8 out of the 9 being :2: 75 years of age. 

71 



PART II - CHAP1ER 3 

TABLE 1. DistriblltiotJ 0/ histological slIbtypes of oesophageal carcinol1las diagnosed from 1978 to 1996, 
accordilJg 10 gender; age and SIIbsite. 

admocarcinomtJ Sqlft/lllOIlS cell olbel total 
Carctllof/ltJ 

Total cases (%) 130 (26) 326 (64) 51 (10) 507 (100) 
gender (%) 

M 90 (26) 233 (66) 29 (8) 352 
F 40 (26) 93 (60) 22 (15) 155 
M/F ratio ? 0 _.0 2.5 1.3 ? 0 _.0 

age (yrs) 
median 69 67 76 68 
range 27-94 28-97 48-94 27-93 

age category (%) 
::;:44 yrs 4 (24) 13 C/6) 0 17 
45-59 yrs 25 (22) 83 C/2) 7(6) 115 
60-74 yrs 62 (26) 157 (66) 19 (8) 238 
~75 yrs 39 (28) 73 (53) 25 (19) 137 

subsitc (%) 
upper 1/3 5 (9) 47 (81) 6 (10) 58 
middle 1/3 16 (13) 93 C/6) 13 (11) 122 
lower 1/3 96 (37) 140 (54) 23 (9) 259 
otherb 13(19) 46 (68) 9 (13) 68 

d 1Vof ofhenllise specified (11~32), /10 histological cOJtjir!llCltiol1 (17=12) and other IJ/OJph%gy (11=7). I'TIIIJJOltrS 

operbppil7g /JJ)O or /J/ore S!!bsiJes (17=28) alld sllbsi!e /lot oliJen)fiJe specified (/1=40) 

The age-adjusted incidence and mortality rates for oesophageal cancer in males 
increased over the entire 19-year study-period. In males, the age-adjusted incidence 
rate doubled from 2.4 to 4.8 per 100,000 person -years and the mortality rate 
increased from 2.7 to 5.6 (Figure 1A). The increase was more pronounced in the 

older age groups 0'0 60 years). In females age-adjusted incidence and mortality rates 
increased from 0.5 to 2.3 and from 1.2 to 2.0, respectively. The rising trend in 
incidence rates was seen in all age groups whereas the increase in mortality is more 
pronounced for the age groups 45-59 and 60-74 years. Stable mortality rates were 

seen for females <: 75 years. 
The rising trend for adenocarcinomas in males increased between 1978 an d 1996 
and was most pronounced between 45-74 years. At the end of the study period, the 
incidence rate of oesophageal adenocarcinoma became similar to the incidence rate 
of squamous cell carcinoma: 2.2 per 100,000 person-years verSNS 2.3, respectively 
(Figure 2A). In females, the incidence rates for squamous cell carcinomas appeared 
to increase faster than the adenocarcinomas (Figure 2B). The increase in squamous 
cell carcinomas was mainly seen in women aged be't\Veen 45 and 75 years. For both 
sexes the combined incidence rates for unspecified oesophageal carcinomas and 
carcinomas of other histology were stable. An increase occurred in oesophageal 
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carcinomas arising from the distal third of the oesophagus in males and the middle 
and distal third in females (Figure 3). 

FIGURE 1. Age-ad}lISted incidence of and It/ortalilY rales froul oesophageal (left) and gastric (right) cal1cers 
in the period 1978-1996. 
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Gastric cancer 
During the study period, 1885 males and 1122 females were di"",onosed as having 
carcinoma of the stomach. Table 2 shows the sex, age and subtype details on the 
subsites of all gastric cancers. Most cancers arise from the midstomach, but the 
subsite was not known in 398 cases (13%). Almost all diagnosed cases of gastric 
cancers were histologically proven (99%), whereas in 210 cases the morphology 
was unspecified. The group of cardia cancers mainly consisted of males at a 
younger age than those with tumours at other subsites. Table 3 shows that 
male/female ratios for cardia cancer (and oesophageal adenocarcinomas) decreased 
vrith increasing age. 

TABLE 2. Gmder, age and slIbrype di.,fn'bllJiotJ 0/ slfbsites if a/I gastric carcinonlas diagnosed fron/ 1978 
to 1996, according to gender, age Clnd slIbrype. 

cardia llIidsto/JJdCh ontm/JI/ pyloric olhel' total 

Total cases (%) 565 (19) 1275 (42) 796 (26) 398 (13) 3007 
gender (%) 

M 428 (23) 802 (42) 415 (22) 240 (13) 1885 
F 137 (12) 473 (42) 354 (32) 158 (14) 1122 
M/F ratio 3.1 1.7 1.1 1.5 1.6 

age (vrs) 
median 68 71 74 73 72 
range 25-93 21-97 24-99 21-99 21-99 

age category (%) 
$44 yrs 27 (27) 32 (31) 34 (33) 9 (9) 102 
45-59 yTS 112 (24) 212 (45) 81 (17) 65 (14) 470 

60-74 yrs 255 (21) 535 (44) 283 (23) 144 (12) 1217 

~75 yTS 171 (14) 496 (41) 371 (30) 180 (15) 1218 

Subtype (%) 
adena 524 (19) 1196 (43) 712 (26) 324 (12) 2756 
bother 41 (16) 79 (32) 57 (23) 74 (29) 251 

"TIIIJIOlfrS flot othenpise specified!! Tun/ollrs }J}itholt! hist%gical COnjiruloJiOtl (11=37), other ulotpbology (17=13) 
or flO! ofhen;Jise speclfed (tl~201) 
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TABLE 3. Male/Fe,wale ratios for oesophageal and gastnc CarciJ1O/'lIt1S diagnosed from 1978 to 1996, 
according to SltbfYpe and slfbsife, resjJectil)e/y. 

M/Fratio 
Age category oesophageal Cancer gastric Cancer 

squamo/ls cell adeno cardia /l/idstolJltlch antrlll'H / pyloric 

~ 3.3 4 27 1.3 1 
45-59 2.5 5.3 10.2 2.7 ? -_., 
60-74 3.4 2.9 3.3 1.9 1.5 
'2:.75 1.4 1.0 1.5 1.3 0.9 
total 2.5 ? -_.j 3.1 1.7 1.1 

Age-adjusted incidence declined from 21.6 to 15.9 per 100,000 person-years in 
males and from 10.4 to 6.2 in females (Figure lB). Stable rates were seen for tbe 
age group 30-44 years. The age-adjusted mortality rates decreased over tbe study 
period from 21 to 11 per 100,000 person-years in males and from 8.2 to 4.2 in 
females. Ratber stable mortality rates were seen in males aged 30-44 years and 
females aged 45-59 years. 
Incidence of tumours witb sub site unspecified decreased dramatically from 1978 to 
1989 (Figure 4), which was accompanied by an upward trend in tbe incidence rates 
for midstomach and antrum/pylorus carcinomas. Since 1987 tbe incidence rates for 
midstomach and antrum/pylorus carcinomas declined, but increased for cardia 
carcinomas especially among men aged 30-44 years (from 3.1 to 4.6 per 100,000 
person-years, respectively). In females, a similar picture was seen, but the incidence 
of cardia carcinomas remained stable in tbe last 10 years. 

FIGURE 3. Age-acfjusted incidence rates if oesophageal cancer according to sttbsite in males 
(lift) and ftmales (right). 
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FIGURE 4. Age·adjllsted incidence rates of gastric cancer according to subsite in males (left) 
and jilJJales (right). 
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FIGURE 5. Age-adjtlsied incidmce rates of adenocarcinomas of the oesophagus and gastric 
cardia combined 
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Time trends in the occurrence of adenocarcinomas of the oesophagus and 
gastric cardia combined 
For both sexes an increase in incidence is observed over the study period (Figure 
5). In males, rather stable rates were seen during the 80's, whereas an increase in 
rates was seeD during the nineties. Incidence rates for females were rather stable. 

DISCUSSION 

The temporal trends in the occurrence of oesophageal and gastric carcinoma in the 
Dutch population between 1978 and 1996 exhibited a diverse pattern. The 
occurrence of oesophageal squamous cell carcinoma increased in females and to a 
lesser extent in males. A marked increase of oesophageal adenocarcinoma in males 
occurred during the 90's. The incidence of adenocarcinoma of the oesophagus 
became approximately equal to that of squamous cell carcinomas. These changes 
were not reported by Botterweck et of. They studied incidence rates for 
adenocarcinomas of the gastro-oesophageal junction as a group, i.e. distal 
oesophagus and cardia combined, in the Netherlands until 1992 (6). 
Furthermore, we observed that carcinoma of the gastric cardia increased somewhat 
in males in the last decade, whereas rather stable rates were seen for females. Distal 
gasrric cancer (midstomach and antrum/pylorus) rates clearly decreased for both 
sexes, as is seen in other counrries throughout the indusrrialised world (10,11). In 
males the decline in incidence seems to be slower than the decline in mortality. 
This may largely reflect early diagnosis through the general "open-access" use of 
gastroscopy within the Netherlands. The decline in mortality could also reflect 
better surgical treatment and lower peri-operative mortality rates. Indeed, survival 
of gasrric cancer has improved slightly in some European countries (12). In 
contrast, sizeable increases are recorded in the incidence of and mortality from 
oesophageal cancer in the former communist countries of Central Europe, in 
counrries of :0:orthern Europe (including the United Kingdom) and among black 
males and females in the United States (5,13). However, in the Netl1erlands the 
incidence is relatively low, 'W~th only 1.7% and 1.0% of all malignancies in males 
and females, respectively (14). 
Several biases hamper the interpretation of the trends in sub site- and histology­
specific incidence rates. Changing completeness of reporting of di~onosed cancer 
cases seemed hardly a problem in this study, because access to medical care was 
adequate and reporting to the regional Cancer Registry in the :\f etherlands is known 
to be nearly complete. However, the incidence rates for oesophageal cancer are 
lower than the mortality rates within the same geographical region. Some 
oesophageal cancer cases may not be registered by d1e Eindhoven Cancer Registry. 
Subjects with a clinical diagnosis only of oesophageal or gasrric cancer 'W~thout 
pathological verification, and who are seen in the outpatient clinic only, may not be 
notified to the Registry. But under-reporting of diagnosed cases is unlikely to vaty 
according to sex or morphological subtype. 
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Could increased use of endoscopy and better imaging explain the increase in 
adenocarcinomas of the oesophagus or gastric cardia? The high percentage 
histologically verified tumours did not change significantly over time: 97.6% for 
oesophageal cancers and 98.8% for gastric cancers and access to specialised care 
was very good during the study period. If this factor would play a role, a shift 
towards a better classification/stage of the tumours should be visible. 
Unfortunately, our data did not allow us to perform an analysis of stage at 
diagnosis. But others found that stage at di~onosis and survival have remained 
unchanged, despite likely improvements in early detection through better access to 
endoscopy and better supportive care after surgical treatment (15,16). Furthermore, 
a more frequent use of endoscopy does not explain the increasing incidence, since 
the increase of oesophageal and cardia adenocarcinomas is more marked in males 
than in females. 
Because the incidence rates for unspecified rumourS and tumours of other 
histology were stable during the study period, and the diagnosis of adenocarcinoma 
or squamous cell carcinoma can be easily established by routine light microscopy 
examination, it is unlikely that a more accurate histopathological classification has 
inflated the upward trend of adenocarcinomas at the gastro-oesophageal junction. 
Oesophageal cancer with unknown subsite decreased during the first years of the 
study period, but rates were rather stable when an increase in tumours in the 
middle and lower third of the oesophagus was seen. In the first half of the study 
period, the occurrence of gastric cancer with unknown subsite decreased 
dramatically from 34% to 4%, as reported by others (9,17). The male to female 
ratios among tumours of unknown subsite was close to those of known sub sites, 
collectively. The unknown sub site group was likely to be composed in similar 
proportions of tumours of all subsites. Assuming that 20% of the gastric 
carcinomas arc situated at the cardia, then the observed increase in ga.stric cardia 
carcinomas between 1978 and 1996 should also likely to be 20%. Recently, 
Ekstrom et al. showed that accuracy in registering of cardia tumours by the 
;\;ational Swedish Cancer Registry is low and that the true cardia carcinoma 
incidence in the Swedish population could be up to 45% higher or 15% lower (18). 
Since data recording in the Eindhoven Cancer Registry is performed within the 
hospitals by trained data abstractors, misclassification is of cardia cancers is not a 
major problem in our study. 
A gradual transfer to the oesoph~ous of cases previously reported as being of 
proximal gastric (cardiac) origin might also have biased our incidence rates. Since 
1970 carcinomas of the gastric cardia received a separate code (code 151.1), 
distinguishing it from stomach cancer at other sites. It was recommended in the 
ICD-9 (that applied since 1978) that tumours arising at the gastro-oesophageal 
junction should be coded to the stomach (19). Gradually, the entity has been widely 
recognised by the medical community. Because of the proposed association of 
adenocarcinoma with Barrett's oesophagus (oesophageal mucosa lined with 
columnar epithelium), a great number of such tumours are more likely to have 
recently been classified as arising from the oesophagus (20). However, such a 
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spillover effect is unlikely, because a decline of incidence rates for gastric cardia 
cancer has not occurred. 
In practise, it is often difficult to decide whetber tbe tumour has originated at tbe 
gastric cardia or in tbe distal oesophagus. Dolan et aL reported tbat misclassification 
of oesophageal adenocarcinomas as carcinomas of the gastric cardia is common 
error in tbe data of tbe British Merseyside and Cheshire Cancer Regisrry (5). 
Adenocarcinomas of the oesophagus and gastric cardia are very similar in growth 
pattern, tumour g>eade and presence of nodal metastases (5,21). The remarkable 
similarity in survival between carcinoma of tbe oesopha"ous and cardia also suggest 
that the division of these carcinomas into oesophageal and gastric carcinomas is 
inappropriate (5,21). So, tbere can be little doubt tbat tbe incidence of 
adenocarcinomas at the gastro-oesophageal junction has been rising in the 90's, at 
least in males (and to a lesser extent in females) in tbe Soutbeast of tbe 
N etberlands. 
What changes in tbe prevalence of risk factors could have occurred during tbe 70' s 
and 80's? The rise in incidence rates for adenocarcinomas at the gastro-oesophageal 
junction could reflect an increase in Barrett's oesophagus. However, the prevalence 
of Barrett's oesophagus paralleled(22) or even exceeded tbe increased use of upper 
endoscopy since tbe 70's (23). Increased awareness of tbe endoscopic features of 
Barrett's oesophagus could have resulted in more increase in endoscopic diagnosis 
(24). If an increased presence of Barrett's oesophagus underlies tbe increasing ttend 
of adenocarcinoma of tbe oesopha"ous and gastric cardia, tben risk factors for 
Barrett's oesophagus must have been on the increase. Current opinion is that 
Barrett's oesophagus arises from persistent (duodeno) gastro-oesophageal reflux 
(25), which is more likely in obese individuals (26). Obesity is increasing in 
prevalence in tbe "etberlands and otber European countries (27,28), but not (yet) 
to tbe extent as reported in tbe Unites States (29). Furthermore, a significant 
relationship was found between oesophageal adenocarcinoma and eitber obesity or 
total fat intake (30,31). 
Case-control studies of patients witb oesophageal or gastric cardia adenocarcinoma 
have also suggested cigarette smoking and possibly heavy liquor consumption as 
risk factors. The upward ttend for squamous cell carcinomas, particularly in 
females (between 45-74 years old), also occurred in Great Britain (5), but not in tbe 
United States and New Zealand (3,32). The extent to which alcohol and tobacco 
can explain botb tbe level and tbe ttend in tbe rates is unclear. But tbe incidence of 
and mortality from oral and lung cancer in tbe Netberlands among females, also 
srrongly related to alcohol and tobacco, have like",ise been found to be increasing 
in tbe past decades (33). 
It is suggested tbat infection witb H. Pylori might actually protect a"o>ainst gastto­
oesophageal refllL,\, Barrett's oesoph~ous and adenocarcinoma of the gastro­
oesophageal junction. H. Pylori-positive subjects have impaired gastric acid 
production and some even develop chronic atrophic gastritis, which lead to a 
persistent decrease in acid production. This is supported by several studies tbat 
show a lower prevalence of H. Pylori among subjects witb gastto-oesophageal reflu., 
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disease compared to controls with normal findings (34). Also infection with cagA+ 
H.Pylori strains (which is the strain strongly associated with severe gastritis) was 
associated with a reduced risk for Barrett's oesopha"ous and oesophageal and cardia 
adenocarcinomas (35,36). This might explain the observed time trends of a 
decrease in the prevalence of H. Pylori infection and H. Pylori-associated disorders 
(such as peptic ulcer disease and adenocarcinoma of the (distal) stomach) and the 
increase in the incidence of gastro-oesophageal reflux disease, Barrett's oesophagus 
and adenocarcinomas of the gastro-oesophageal junction (24,37) 
In conclusion, both major histological types of oesophageal carcinoma were on the 
increase: in males, mainly due to the rise of (Barrett's related) adenocarcinomas of 
the oesophagus since the early 90's, and in females due to an increase of squamous 
cell carcinomas since 1978. The sharp decrease in unspecified tumours and 
difficulties in classification until the mid 80's might have biased the observed trends 
to some extent. 
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CHAPTER 4 

ADENOCARCINOMAS OF THE DISTAL OESOPHAGUS 

AND GASTRIC CARDIA ARE ONE CLINICAL ENTITY 

BPL WijllholJen, PD Sierse17la, we] Hop, H van Dekken and HW Til anus 

British ]ouma! of SNl'gery 1999; 86: 529-535 

PRECIS 

Adenocarcinomas oj the distal oesophagus and gastric cardia shot/ld he regarded as one clinical 
entity. Unifo17JJ staging criteria for both lJlaiignancies are recommended. 
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INTRODUCTION 

According to the pathological tumour node metastasis (PThM:) criteria established 
by the Union Intemacional Contre la Cancrum (UICC) and the American Joint 
Committee on Cancer (AJCC), carcinoma of the gastric cardia is classified as gastric 
cancer and carcinoma of the distal 8cm of the oesoph""ous including the intra­
abdominal oesophagus is classified as oesophageal cancer (1,2). However, several 
studies suggest common risk factors and a similar phenotype for adenocarcinomas 
arising from the distal oesophagus and gastric cardia (3-8). Therefore, the distiction 
in classification seems rather artificial. 
The present study questioned whether these tumours should be regarded and 
staged as tw'o separate entities. Pathology, TNM stage and survival were studied in 
252 patients who underwent resection for adenocarcinoma of the distal oesophagus 
or gastric cardia. 

PATIENTS AND METHODS 

From 1 January 1987 to 1 January 1997, 499 patients "7ith an adenocarcinoma of 
the distal oesophagus or gastric cardia were evaluated at this hospital. After 
preoperative analysis 391 patients were operated on with curative intent. In 59 
(15%) of these, resection was not possible because of metastatic spread or local 
irresectability. Patients who received pre-operative radiation and/or chemotherapy 
(n=43), and those who underwent oesophageal resection and total gastrectomy 
reconstructed by colonic interposition (n=25) or a transthoracic approach (n=12), 
were excluded from the study. 
The remaining 252 patients underwent transhiatal resection of tumour and the 
continuity of the gastrointestinal tract was restored by a gastric tube \Vith cervical 
anastomosis. In all patients a standard dissection of the perigastric, left gastric and 
the coeliac nodes was performed. Macroscopic rumour clearance was aimed at in all 
cases but no extended lymph node dissection was done. 
PatholOgy 

The pathology records of all patients were reviewed. A tumour was considered to 
arise from the distal oesophagus when the epicentre of the mass was located in the 
tubular oesophagus extending from the tracheal bifurcation to the gastro­
oesophageal junction including the intra-abdominal oesophagus, according to the 
ThM classification (International Classification of Diseases for Oncology C15.5). 
The tumour was considered to be cardiac when the epicentre was at the gastric 
cardia, defined as the area at and immediately below the gastro-oesophageal 
junction, extending approximately 2cm downwards. It was preferable to rely on the 
muscular wall rather than the mucosal Z-line to define the transition between 
oesophagus and stomach, because many tumours destroyed the cardiac mucosa. 
Tumours arising from the fundus or corpus of the stomach and inftltrating the 
gastric cardia or distal oesoph""ous were excluded. Gross specimens were processed 
according to a standard laboratory protocol. Multiple 4-J.!m sections of the tumour 
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and surrounding mucosa were taken and stained with haematoxylin-eosin. Barrett's 
metaplasia was diagnosed when specific evidence of intestinal metaplasia was 
present. Lymph nodes were identified in the fixed specimens by the pathologist and 
subsequently evaluated for metastases. 
St"ooing 
Adenocarcinomas of the oesophagus and gastric cardia were classified according to 
the pTNM criteria for carcinoma of the oesophagus or stomach, established by the 
VICC in 1992 (1). 
Statistical analysis 
Differences in patient and tumour characteristics and TNM-classifications were 
assessed with the x2-test. Follow-up was until January 1 1997 or until death if 
earlier. Overall survival rates were calculated according to the Kaplan-Meier 
method and included perioperarive deaths. For calculation of intercurrent death­
corrected survival, patients who died of causes unrelated to carcinoma were 
considered as withdrawn from the study at the moment of death. Differences in 
survival rates were assessed with the log-rank test. The Cox proportional hazard 
model was used to evaluate various factors simultaneously. Statistical significance 
was set at the 5 percent level. 

RESULTS 

Some 252 patients who underwent transhiatal resection and stomach tube 
reconstruction for adenocarcinoma of the oesophagus or gastric cardia were 
included in the study. The in-hospital mortality rate was 4% (n=9), causes of death 
were anastomotic leak (n=3), pneumonia and respiratory failure (n=3), thrombosis 
of basilar artery (n=l), tracheo-oesophageal fistula (n=l) and stomach tube-aortic 
fistula (n=l). 
In 111 patients the tumour originated from the distal oesophagus and in 141 
patients the tumour originated from the gastric cardia. In both groups the median 
age of the patients was 66 (33-82) years. Male : female ratios were 3.1 : 1 for 
patients with oesophageal tumours and 7.8 : 1 for those with gastric cardia tumours 
(P=O.OO7). 
Macroscopic appearances 
The median diameter of oesophageal and gastric cardia tumours was 4 cm. 
Macroscopically, 53 oesophageal adenocarcinomas (48 percent) were limited to the 
distal oesoph"","Us and 58 tumours (52 percent) involved the cardia with a median 
length of 1 cm. Thirty gastric cardia tumours (21 percent) were limited to the cardia 
and 111 tumours (79 percent) showed some infiltration of the distal oesophagus 
(median length 1.5cm). A mean of 13 lymph nodes was dissected out of each 
specimen by the pathologist (mean 3.4 nodes positive for tumour microscopically). 
Microscopy 
Table 1 shows the microscopic characteristics of adenocarcinomas of the 
oesophagus and gastric cardia. Tumour-free resection margins were achieved in 
67-74 per cent of the patients. Most carcinomas were moderately (G;) or poorly 
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(G,) differentiated; signet ring cells were detected in 20 per cent of the oesophageal 
carcinomas and 19 per cent of gastric cardia carcinomas. There was microscopic 
evidence of Barrett's epithelium in 54 per cent of the oesophageal adenocarcinomas 
and in 13 per cent of the gastric cardia carcinomas. 

TABLE 1. l'v1icroscopic characteristics according 10 10col;011 if pnll/ory illll/OIfT 

Oesophagus Gastric cardia P-IJt1/!Ie 
/.\1icroscopic characteriJ:tics ("=111) ("=141) 

Residual tumour classification (%) 0.2 
Ro (tumour free margins) 74 (67) 105 (74) 
Rl_2 (tumour-positive) 37 (33) 36 (26) 

Circumferential 32 30 
Distal plane of resection 1 3 
Proximal plane 3 3 
Both 1 0 

Grade of Differentiation (%) 0.6 
Gl (well) 5 (4) 5 (3) 
Gz (moderate) 63 (57) 70 (50) 
G3 (poor) 43 (39) 66 (47) 

Signet ring cells (%) 0.9 
Yes 22 (20) 27 (19) 
1':0 89 (80) 114 (81) 

Barrett's epithelium (%) <0.001 
Yes 60 (54) 18 (13) 
1':0 51 (46) 123 (87) 

Va/lies in parm/heses are percelltages 

Tumour stage 
Gastric cardia carcinomas were more likely to be found at an advanced T stage 
(table 2). The frequency of metastatic locoregionallymph nodes was similar in the 
two groups. Twenty-one patients (19 per cent) with adenocarcinoma of the 
oesophagus were classified as having metastatic disease: metastases in distant lymph 
nodes were detected in 19 patients, whereas two patients had visceral metastases. In 
15 of 19 patients these nodes were located around the coeliac a.'<is 0"2 for gastric 
carcinomas). Only three patients with gastric cardia carcinomas had positive distant 
nodes and two patients had visceral. 
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TABLE 2. TJitllOllr !lode metastasis slfbclas.r!flcation according to location of pti/I/(lty fllu/Ollr 

Oesophaglfs Gastric cardia p-!Jo/lfe 

(n=114) (n=150) 
Tumour 

TUTl 18 (16%) 9 (6%) 0.Q3 
To 16 (14%) 28 (20%) 
T3/4 77 (70%) 104 (74%) 

;:\Jodes 

No 52 (47%) 53 (38%) 0.13 
Nt,2 59 (53%) 88 (62%) 

Metastases 
y[o 92 (83%) 132 (94%) 0.007 
~1 19(17%) 9 (6%) 

Survival 
Follow-up was complete for all 252 patients. Median follow up was 19 (range 1-
118) months. Median follow-up for patients who survived waS 31 months (range 3-
118). The overall 3- and S-year survival rates (n=2S2) were 36 and 24 per cent 
respectively, with a median survival of 22 months. As only 16 patients died without 
suspected or proven recurrence of disease, overall survival rate was similar to the 
intercurrent death-corrected S-year survival rate (26 per cent). Therefore, only 
overall survival is considered further. 
Survival in relation to T:'-JM subclassifications for the whole group was as follows: 
patients with T,JT, tumours had a S-year survival rate of 70 per cent, compared 
with 37 per cent for To and 14 per cent for those with T 3/4 carcinomas. Patients 
with negative lymph nodes (No; n=102) had a S-year survival rate of 42 per cent, 
whereas those with positive lymph nodes ~, or N,; n=150) had a survival rate of 
11 per cent (p<0.0001). In the gastric cardia group the 5-year survival rate for 
patients with :'-J ,-lymph nodes was not statistically different from that for patients 
with N,lymph nodes: 11 and 14 per cent, respectively (p=OA). The S-year survival 
rate for patients without metastasis (:'1[0) was 27 per cent compared with zero for 
patients with metastasis (M,) (p<0.0001). 
Analysis for survival according to histopathological grading showed that there was a 
survival advantage for patients with well and moderately differentiated carcinomas 
(G'2: 31 per cent) over patients with poorly differentiated carcinomas (G3: 18 per 
cent) (p=0.004). The S-year survival rate of patients with positive resection margins 
(R,.,) was 8 per cent and that of patients with tumour-free margins was 33 per cent 
(p<0.0001). \'V'hen adenocarcinomas were classified as Barrett-related (n=78) and 
non-Barrett-related (n=174) carcinomas, no significant difference in survival was 
observed between the groups, with rates of 38 and 27 per cent respectively (p=0.2). 
The 3- and 5-year survival rates for patients "\,\lith oesophageal adenocarcinoma were 
40 and 26 per cent respectively, and were similar to those for patients with an 
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adenocarcinoma of the gastric cardia (38 and 27 per cent) (P=O.9; figure 1). Survival 
was also assessed after stratification of the patients in the follov.ring groups: Ti~_ 
2NOMo, T3-4NoMo, Tj,_2N1MO' T3-4N1MO' ~o and M j _ No significant differences in 5-
year survival rates between adenocarcinomas of the oesophagus and gastric cardia 
were observed within these groups. 
~ultivariate analysis showed that age, T, :t-; and M-category, radicality of the 
resection and grade of differentiation were independent variables predicting 
survival. Location of the primary tumour was not an independent prognostic factor 
(tabId). 

FIGURE L Kaplan Meier stlrvivai curves according to location of the iumotlr. 
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TABLE 3. MII/til/anale analYsis regardJng slIn;ilJa! of variolls jadors (Cox's regression) 

Factor j'\hf?//ber 0/ Relatil)e death rate P·va/Jte 95% Confidence ill/mal 
eotlm!S IRDR) RDR 

Age group 
50-60yrs 47 1.1 0.6 0.6-2.1 
61-70yrs 109 1.8 0.3 1.0-3.0 
>71yrs 63 ? 0 -., 0.004 1.3-4.1 

T-catcgory 
Tz 44 2.1 0.1 0.9-5.3 
T3.4 181 2.6 0.03 1.1-6.1 

K cateO'orv b • 

Nl.2 147 2.0 <0.001 1.4-2.9 
M category 

NIt 28 1.6 0.03 1.0-2.6 
Grade of differentiation 

G3 109 1.4 0.04 1.0-1.9 
Radicality 

Rl,2 73 1.8 <0.001 1.3-2.6 
Location of tumour 

Gastric cardia 141 0.8 0.6 0.6-1.3 

Refirel1ce categories IIsed are: age grvltp <5Qyrs (11=33): T, (11=27); iVa (ll=105); Mo (n=224): C/.:; (11=143); 
Ro (11=179) and location 0/ the tHIJ"JOlJr in tbe oesophagtls (11= 111). 

DISCUSSION 

The incidence of adenocarcinomas of the oesoph'S"Us and gastric cardia has shown 
large increases in many populations examined (9,10). This trend is in contrast to a 
decrease in the incidence of distal gastric adenocarcinomas and a relative stability of 
oesophageal squamous cell carcinomas. However, some studies have found only 
small rises in incidence or stable rates of gastric cardia cancers and non -parallel 
rates of oesophageal adenocarcinomas (11,12). 
The present study showed that patients with gastric cardia carcinomas share 
characteristics in terms of age, sex distribution (predominance of males) and 
histological features with patients with adenocarcinomas of the distal oesophagus, 
as has been reported by others (6,13). When gastric cardia carcinomas were 
compared with non-cardiac gastric carcinomas significant differences were found. 
(14,15) This suggest common risk factors and a similar phenotype for 
adenocarcinomas arising from the distal oesophagus and gastric cardia, and that 
gastric cardia tumours are more closely related to oesophageal adenocarcinomas 
than to distal gastric carcinomas. 
It has been postulated that adenocarcinomas of the distal oesophagus arise from 
the Barrett metaplasia-dysplasia-carcinoma sequence, and that this might be true for 
all adenocarcinomas arising in the region of the lower oesophagus as well as the 
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gastric cardia (7,16-18). However, the risk of developing an adenocarcinoma in 
intestinal metaplasia of the gastric cardia needs to be determined in larger 
prospective smdies (19,20). In general, the length of Barrett's epithelium in patients 
with an adenocarcinoma of the cardia is shorter than in patients with oesophageal 
adenocarcinoma (21,22). The low incidence of Barrert's epithelium found in the 
present group of cardiac carcinomas may be explained by the fact that these shorter 
lengths may be easily overgrown by invasive tumour (23). These findings identical 
to those of Steup et of. (24) but in contrast with reported incidences of Barrett's 
metaplasia in adenocarcinomas of the gastro-oesophageal junction and gastric 
cardia of approximately 40 per cent (22,25). A possible explanation involves the 
differences in defInition of the gastric cardia. Furthennore, the specimens were 
examined for the presence of Barrett's epithelium by several pathologists over the 
years, based on haematoxylin and eosin staining only. Interobserver variability in 
diagnosing Barrett}s epithelium and failure to usc mucin staining, which increases 
the sensitivity for detection of intestinal metaplasia, could be responsible for the 
lower prevalence of Barrett's epithelium in the present group. 
A significant better survival for patients "\'Vith adenocarcinomas associated with 
Barrett's epithelium verst/s non-Barrett-re1ated carcinomas has been reported 
(26,27). SignifIcant differences in survival rates were not observed in this study but 
a tendency towards a better survival rate was noted for the Barrett-related 
carcinomas. The median diameter of the tumour was 3 em for Barrett related 
carcinomas and 4.Scm for the non-Barrett-related carcinomas. This may indicate 
that the so-called non-Barrett-related carcinomas are simply late tumours that have 
overgrov.rn the Barrett's oesophagus and therefore show a tendency towards a 
worse prognosis. 
Location of the tumour was not an independent prognostic parameter for survival, 
and 3- and 5-year overall survival rates were similar for adenocarcinomas of the 
oesophagus and gastric cardia. Similar results have been reported by other groups 
(22, 24, 28,29,30). However, a more favourable T and N stage was seen in patients 
,vith oesophageal carcinoma. This could be explained by the fact that carcinomas of 
the oesoph~ous give rise to symptoms of dysphagia earlier and are therefore 
detected at an earlier stage. Moreover, the higher prevalence of early stage (TjT,) 
tumours in oesophageal cancer might reflect the fact that patients with a known 
Barrett's oesophagus were under endoscopic surveillance at this or the referring 
hospital. Ruol et a/. reported prevalence rates for early cancer (T,) of the 
oesophagus and cardia of 27 and 4 per cent respectively, and also found no 
difference in overall survival between the groups (31). Apparently, at the time of 
diagnosis cardiac rumours are at a more advanced stage of disease but this has no 
impact on survival. 
At this institution carcinomas of the gastric cardia and the distal oesophagus are 
mostly treated as one clinical entity, by subtotal oesophagectomy and proximal 
gastrectomy. Total gastrectomy with oesophagojejunostomy for 'true' cardiac 
cancer not infiltrating the oesophagus, as favoured by others (32-34), is not used 
because of the higher risk of positive resection margtns. The majority of the 
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patients with a posltlve plane of resection showed involvement of the 
circumferential plane and only five patients (three patients with gastric cardia 
catinomas) had involvement of the distal resection margin in this series. Closer 
analysis of the seven patients with involvement of the proximal resection plane in 
the neck revealed that these were all poorly differentiated carcinomas with 
submucosal satellite lesions infiltrating the middle and upper oesopha"aus. 
Adenocarcinomas with their epicentre in the distal oesophagus are regarded as 
oesophageal carcinoma and regional lymph nodes for these carcinomas are the 
mediastinal and perigastric nodes, excluding the coeliac nodes. Adenocarcinomas 
vrith their epicentre at or just distal of the gastro-oesophageal junction are regarded 
as gastric carcinomas; regional lymph nodes are the perigastric nodes along the 
lesser and greater curvature (:'J1 less than 3 em and ~2 more than 3cm from the 
edge of the primary tumour) and the nodes along the left gastric, common hepatic, 
splenic and coeliac arteries (N,). In the individual patient assignment of the primary 
tumour to one of the two localisations is artificial, so the analysis of lymph nodes is 
highly biased. Steup et al. reported that, when carcinomas of the gastro­
oesophageal junction were staged as oesophageal carcinomas compared with 
staging as gastric cancer, no major difference was seen between the two staging 
modalities either in overall survival or in survival by stage (24). Another staging 
system currently proposed for oesophageal carcinomas is the modified Skinner 
classification based on the wall, node, metastases (Wl':\.1) concept simihr to the 
modified Dukes' system for colon cancer (35,36). Carcinomas of the cardia are also 
included in this classification because the surgical approach to such lesions is 
similar; a comparison of staging criteria for oesophageal and gastric cancer showed 
no difference in the staging results (28). In the present study 15 of 21 patients witl1 
adenocarcinoma of the oesophagus had positive lymph nodes around the coeliac 
a."Xis and were staged as M1) whereas these would be N z nodes in cases of gastric 
cardia cancer. Therefore, these data support a classification in which involved 
lymph nodes resected by standard lymphadenectomy are all considered as 
locoregionallymph nodes for adenocarcinomas of the distal oesopha"ous as well as 
the gastric carclia, and both carcinomas are regarded as one encity. 
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PRECIS 

We established sNccesfiJ!fy 12 gastro-oesophageal)tll7ctiol7 adenocarcinoma cell lines growing il1Uivo 
(11==9) and in vitro (n== 3). All cell lines resemble histologically, iJ7tJJltlllocytochemically and gC11etically 
tbe !NJJJOtlrs from J]!hich thry originated. 
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INTRODUCTION 

Despite the rising incidence of adenocarcinomas of the gastro-oesophageal junction 
(GO]), little is known about the cellular and molecular mechanisms underlying the 
origin of these tumours. This is partly caused by the lack of sufficient in vivo and in vitro 
model systems. Tumour xenografts are useful models to study the in vivo behaviour of 
tumours. Furthermore, human tumour xenografts are a source of tumour cells without 
admi.."ture of normal human cells. This facilitates the analysis of tumour cell specific 
molecular alterations e.g. loss of heterozygosity (LOB). Till now, only a limited 
number of GO] adenocarcinoma xenografts have been reported in the literature (1,2). 
Also only few in vitro human GO] adenocarcinoma cell lines have been established 
(3,4). 
In this study we report the generation of 28 xenografts and 3 celilines growing in vitro 
obtained from primary GO] adenocarcinomas and lymph node metastases. From 
these xenografts 9 permanent in vivo growing tumour lines were obtained. 

MATERIALS AND METHODS 

Xenografting and in vitro culture 
The surgical resection specimens were placed on ice shortly after removal. Small tissue 
fragments were taken from the most vital parts of the primary tumour and lymph node 
metastases and were used for subcutaneous xenografting or tissue culture. 
Xenografting was performed by subcutaneous implantation of 2-6 small tumour 
fragments in female nude ~MRI mice (6-8 weeks of age). \%en growing tumours 
reached a size of about 5-mm diameter (between 2-4 months) the tumours were 
removed and small parts were used for retransplantation. For tissue culture, a piece of 
tissue from the primary tumour or metastasis was tinsed in sterile Hanks Balanced Salt 
Solution supplemented with penicillin and streptomycin and cut in small pieces with 
sterile scissors and forceps. The tissue fragments were transferred to 5-10 petri-dishes 
to which RPMI -1640 (Bio-Whittakker,Verviers, Belgium) as culture fluid was added, 
supplemented \vith 10% fetal calf serum and antibiotics. No growth factors or other 
additives were used. After a week of culture, growth of cells could be observed along 
the edges of some fragments. Initially, also fibroblasts started grO"ling, but after a 
number of passages they stopped growing, whereas the tumour cells become adapted 
to the growth medium and start to divide more rapiclly. Cultures were passaged by 
trypsinization and after a number of passages in lJitro the cell lines were used for 
transplantation to nude mice to verify their tumourigenic namre. Cultured cells were 
trypsinized and after washing ,,~th tissue culture medium and phosphate buffered 
saline (PBS) suspended in PBS in a concentration of SOx10' cells/rnl. From this 
suspension 5x10' cells (O.1rnl) were injected subcutaneously in a nude mouse. 
HistolOgy and immunocytochemistry 
Primary tumours, metastases and xenografts were routinely fL"ed in 1 0% buffered 

formalin and embedded in paraffin. 5-/-lffi sections were routinely stained with 
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hematoxylin and eosin. The presence of sialomucin was investigated by alcian blue 
staining at pH=2 by routine procedure. 
Cells were also cultured on glass slides, washed with PBS and fixed in cold aceton for 
immunocytochemical detection of the epithelial marker keratin. To visualise the 
presence of specific antigens the Peroxidase-Anti Peroxidase (PAP) staining method 
was followed. After preincubation with 10% normal rabbit serum the slides were 
incubated overnight with a specific monoclonal antibody cocktail (clone AE1 and AE3 
from Biogenex, Ramon, CA, USA) in a dilution of200x. This antibody cocktail detects 
high molecular weight (basic) as well as low molecular weight (acidic) cytokeratins. 
After rinsing with PBS the slides were incubated with a rabbit anti-mouse 
immunoglobulin serum (Dako, Glostrup, Denmark) in a dilution of 25x. Subsequently 
a mouse anti-peroxidase monoclonal to which peroxidase was coupled was added 
(Sigma, Montesanto, St-Louis, MI, USA) in a dilution of 200x. The cells were stained 
with diarninobenzoic acid (DAB) to which HzOz was added and sealed. As a positive 
control for cytokeratin staining the colon carcinoma cell line HT -29 was used. 
DNA isolation, micro satellite analysis and chromosome number 
Polymorphic micro satellite marker analysis was used to verify the derivation of the 
xenografts and cell lines and to confirm their tumour cell nature by loss of 
heterozygosity. D:t-;A was isolated from cultured cells, frozen xenografts and frozen 
patient normal and tumour tissue by standard proteinase-K digestion and 
phenol/ chloroform extraction. Eight highly polymorphic microsatellite markers on 
chromosomes 14 and 16 were PCR amplified as described (5). Markers D14S67, 
D14S78, D14S1010, D14S1037, D16S265, D16S398, D16S503 and D16S512 were 
amplified in 150 reaction volume containing 1.5 mM C'vlgCL2, 0.02 m.'v1 dATP, 0.2 
mM dGTP, dTTP and dCTP each, 0.8 !-lCi a_3zP_dATP, 20 pmol of each primer and 
0.2 U Tag polymerase. PCR was carried out under standard conditions. PCR products 
were size separated by electrophoresis in a 6% polyacrylamide gel. After drying, the 
gels were exposed overnight to X-ray film. 
The chromosome number of the ill vitro growing cell lines was determined by a 
standard procedure. In short, the cell cultures were treated overnight,vith colcemid 
and the harvested cell suspensions underwent a hypotonic shock in KCl. Then the 
cells were [D,ed in methanol/ acetic acid and the metaphase spreads were stained with 
DAP!. Chromosome number was determined by counting 10-20 well spread 
metaphases. 

RESULTS 

Tumours 
Based on the macroscopic and microscopic examination of the resection specimens 
the tumours around the GO] were classified as Barrett-related (n=16) or non-Barrett­
related adenocarcinomas both from gastric and oesophageal origin. The presence or 
absence of Barrett's transfonned mucosa adjacent to the tumours discriminated 
Barrett-related from non-Barrett-related adenocarcinomas respectively. Of16 Barrett's 
adenocarcinomas 7 were classified as poorly differentiated, 7 as moderately 
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differentiated and 2 as well differentiated. Of the 54 non-Barrett-related 
adenocarcinomas 22 were undifferentiated, 30 moderately differentiated and 2 well 
differentiated (fable 1). 

TABLE L Xenogrciftil7g ad.eJJocaranO/7/ClS of Ihe gastro~oesophagea/ jlfl7diol7. Xe!lograft fake cOI!;pared with 
histological grade of the prirllary tlflllOIHS or metastases. The data are expressed as the 11/J/J/ber of xeJ10grajtsj J1IIn/ber 0/ 
primary II/lJIDllrS or nletastases. 

Type Grade of Differentiation Total take 

Undifferentiated Moderately Well 

Barrett J7~16 1/7 2/7 0/2 3 (19%) 
Non-Barrett n=54 7/22 10/30 2/2 19 (35%) 
Metastases n=17 2/9 4/8 0/0 6 (35%) 

Xenografting 
70 primary adenocarcinomas of the GO] and 17 lymph node metastases were 
xenografted to nude mice. This resulted in initial growth of 3 tumours from 16 
xenografts from Barrett-related adenocarcinomas and 19 tumours from 54 
transplantations of non-Barrett-related adenocarcinomas. After transplantation of the 
17 lymph node metastases (2 originating from Barrett-related tumours and 15 from 
non-Barrett-related carcinomas) 6 xenografts were obtained, all originating from 
gastric cardia carcinomas. So the total success rate of growing xenografts was 32%. 
Repeated transplantations of xenografts resulted in the establishment of 6 long-term 
xenografts from primary tumours and 3 from metastases. One of these i11 vivo lines 
originates from a primary Barrett-related adenocarcinoma. The lines were given the 
notation OAC (Oesophageal f>deno.Garcinoma) of respectively the Erimary tumour or 
of the Metastasis followed by the tumour number and the Xenograft. The following 
lines were obtained from primary adenocarcinomas OACP33X, OACP47X, 
OACP56X, OACP58X, OACP67X and OACP76X and from metastases OAC\12.1X, 
OACY!30X and OACM53X. There was no strict correlation between the degree of 
differentiation and successful xenografting. Seven of the 9 lines originated from 
moderately differentiated and 2 from poorly differentiated tumours. The 3 cell lines 
established from metastases were derived from moderately differentiated tumours. 
In vitro culture 
Thirty four of the 70 primary GO] adenocarcinomas and 9 of the 17 metastases were 
also cultured il1 vitro. Many of them became infected and a number were overgrown by 
fibroblasts. Ultimately 3 long term il1 vitro growing cell lines were established (7%). 
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Two cell lines, i.e. OACP4C and OACM4.lC, derived from the same patient grow 
adherent in monolayer and are pleiomorphic, with epithelioid and fibroblastoid cells 
with cytoplasmic protrusions (Figure lA). In the cultures several multinucleated giant 
cells (Figure lB) are observed. The third cell line, OACMS.l C, is derived from a lymph 
node metastasis from a patient suffering from a Barrett's adenocarcinoma. This cell 
line grows loosely attached to the culture flask and in multicellular floating spheroids. 
The cells are round or have a fibroblastoid morphology (Figure 1 C). These 3 ilt vdro 
cell lines appeared to be tumorigenic in nude mice and developed subcutaneous 
tumours within 6-8 weeks. 

FIGURE 1 A-C. Phase-colltras! images ojOACP4C (.4). Nole pleiomorphic Ilotllre and /"/JlfifiJ1//ciealegiant 
cells (B) and ojOACM5.1 C forming n/lf/ticd/Jf/ar spheroids (C). 

Histology and immunocytochemistry 
The histology of all xenografts, including those formed by transplantation of cells from 
the 3 iltvitro cell lines, completely resembled the histology of the primary tumour and 
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metastatic derivatives resected from the patients. Figures 2A + B shows a primary 
differentiated tumour and the corresponding xenograft and Figures 2C + D the 
comparison of an undifferenriated primary tumour with the xenograft from the in vitro 
cell line. With the aldan blue staining all xenografts appeared to harbour sialomucin 
producing cells, as did the primary tumours. The established xenografts and in vitro cell 
lines were derived from invasive tumours. However, no invasion into the surrounding 
tissue of the subcutaneous xenografts was observed. All xenografts presented as 
encapsulated subcutaneous tumours. Variable cytoplasmic expression of cytokeratin 
was demonstrated in all 3 in vitro cell lines confirming their epithelial nature (not 
shown). 

FIGURE 2 A-D. Histology if differentiated xenograft OACP58X 0) con;pared to tbat of the priillary 
1!lIlIOIIT (B). COl1ljJarisotJ of Ifl7difftrel1tiated xenogrcift of the in pitro cell line OA0\14.1 C (C) 7Jlilh com:sponding 
priiJ/ary tlflTlOIIT (D). 

Microsatellite analysis and chromosome number 
To confirm the derivation of the xenografts and in IJitro cell lines their DNA was 
compared with the patients tumour and normal DNA. With 8 highly polytnorphic 
microsatellite markers all alleles in the xenografts and in vitro cell lines were present in 
the corresponding primary tumours and normal tissues (Figures 3A + B). In addition, 
LOH was found with at least one of these markers in the xenografts and 3 cell lines. 
The LOH patterns were in all cases comparable to the LOH patterns found in the 
matched primary tumours or metastases (Figures 3A + B). 
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All 3 il1/Jitro cell lines appeared to be aneuploid. OACP4C had 53-57 and OACM4.1C 
52-65 chromosomes. OACM5.1 C was hypodiploid with 39-41 chromosomes. Further 
karyotypic characterisation will be published as part of a separate report (Rosenberg et 
aI., manuscript in preparation). 

FIGURE 3 A-B. A. Microsofe//ite tlna/ysis 
with polYmorphic marker D14S1010 011 il7 !Jitro 

primary Ilff/Wllr cell line OACP4C (P4) and 
!lle/astast's cell line OACM4.1C (M.4.1), prilJlal)! 

tllDIOW (I) and normal Dl'lA ~) /roll/ the sume 
patient. The patient is hetero;:;ygolls for this lIIarker 
and a complete loss 0/ the tipper a/Me (arroJJJheadj is 
observed il1 the cell lines Clnd a partial hss ill the 
pnil/cry iJftllOIlr. The Itpper allele in the primary 
!lImollris III0st likelY deri1Jed jrOJ1lllormal hltlJlon cel/.s 
present IiI the ilflJJOllr specimen. B. microsate!/ite 
analYsis with pojymorphic marker D14S1010 017 

metastasis xenograft (lv153)(, first passage), prili/cry 
Il/mOilr (f) Clnd flor/llai DJ\~ (1'.) from jhe same 
patient. The patient is helerovgolls for this nlarker. A 
conljJlete loss is obsel7Jed in the xenogrift and a partial 
loss ill the primary II/mOHr (arro}))headj. 

DISCUSSION 

A 

B 

P4 M4.1 T N 

M53 T N 

In general, the success rate of xenografts from GO] adenocarcinomas on nude mice is 
very reasonable, although long term establishment of these xenografts was limited 
compared to that of other tumours (6). The tumour growth does not correlate with the 
tumour grade of the tissue transplanted. Most lines were detived from moderately and 
not from poorly differentiated tumours. It is likely that the subcutaneous 
microenvironment or impaired vascularisation may explain the many negative cases. 
Alternatively, the sensitivity of tumour cells to the natural killer cells of nude mice may 
hamper their outgrowth. Orthotopic transplantation of the established ceUlines to the 
cardia did not improve the outgrowth (unpublished results) despite the malignant 
nature (7) and the genetic instability of these tumours (8). Eighty-seven primaty 
transplantations resulted in the initial grOVlth of 28 xenografts (32%). After repeated 
re-transplantations only 9 (10%) xenografts could be established as permanent lines. 
There was no correlation with pathological criteria and long term xenograft growth. 
LOH analyses revealed that already in the fIrst passage xenografts, obtained 2-4 
months after primary transplantation, no contaminating normal human cells are 
present in the tumours (Figure 3B). 
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Since the xenografts are not contaminated with normal human stromal ceUs they are of 
value for comparative genomic hybridization (9). DNA from xenografts was also used 
for mapping of deletions on the long arm of chromosome 4 (2) and in studying E­
cadherin and ~-catenin mutations in GO] adenocarcinomas (10,11). 
The number of weU-described permanent in vitro GE] adenocarcinoma ceUlines is 
limited. Altorki et al. have reported the growth of three permanent ceUlines (SK-GT -1, 
4 and 5) from which one was derived from a Barrett's carcinoma(3). Rockett et al. 
generated a series of tumour ceUlines called]ROECL 19, 33, 47 and 50 (4). The cell 
line ]ROECL 33 originated also from a Barrett's adenocarcinoma. However, 2 lines, 
]ROECL 47 and 50, proved to be subclones of the colon carcinoma ceUline HCT 116 
(12). Palanca-Wessels et al. established 4 permanent ceU lines from Barrett's 
metaplastic epithelium all of which showed already polyploidy, loss of heterozygosity 
of chromosome 9p and in 3 of 4 cultures loss of 17p and p53 mutations(13). More 
recently, a number of less well characterised lines Seg-l, Flo-l and Bic-l were 
preliminary reported in a study on the differential expression of heat-shock proteins in 
Barrett's metaplasia and oesophageal adenocarcinomas (14). 
Our il1 vitro cell lines express cytokeratin indicating their epithelial nature. All 
xenografts, also from the i17 vitro cell lines and from undifferentiated tumours, 
harboured sialomucin-containing cells demonstrating their derivation from 
adenocarcinomas. It is obvious that the histology of the xenografts corresponds to that 
of the primary tumour. Also when the ceUs of the permanent in 7Jitro ceUlines were 
transplanted to nude mice they gave rise to tumours which are histologically similar to 
the tumours from which they originated. However, all primary tumours were invasive 
whereas none of the subcutaneous xenografts showed invasiveness. This is comparable 
to e.g. colorectal tumour cell lines which show no invasion after heterotopic 
transplantation but invasion is observed at the orthotopic site (15). 
The microsatellite analysis of the primary tumour and the corresponding xenograft or 
cell line proves their common origin. All three in vitro cell lines are aneuploid in 
agreement with reports that most GO] have aberrant ploidy levels (16). The 
chromosome numbers of ceUlines OACP4C and OACM4.1 C are in the same range 
and this is consistent with numerous reports on comparable ploidy of paired primary 
tumours and metastases. CeUline OACM5.1 C has a hypodiploid karyotype. Although 
uncommon, hypodiploidy has been described in GO] adenocarcinoma (17). 
In conclusion, the results show that GO] adenocarcinoma cell lines grovnng in vivo and 
in vitro can be successfully established and resemble histologically, 
immunoC)rtochemically and genetically the tumours from which they originated. These 
x:enografts and cell lines are a valuable source of homogeneous tumour tissue for 
further investigations. 
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CHAPTER 6 

HUMAN OESOPHAGEAL ADENOCARCINOMA CELL 

LINES JROECL 47 AND JROECL 50 ARE 
ADMIXTuRES OF THE HUMAN COLON CARCINOMA 

CELL LINE HCT 116 

BPL Wijnhoven, MGj TiiantlS, AG Morris, 5j Darnton, HW Tilantls and WNM Dinjens 

British jotlmal of Cancer 2000; 82: 1510-12 

PRECIS 

We demonstrate fry HLA-typi12& IlJtifatioll analYsis and fflicrosate//ite cmaIYsis that oesophageal 
adenocarcinoma cell lines jROECL 47 and 50 are in fact admixtures of the human colon 
carcinol1la cell line HCT 116. 
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INTRODUCTION 

Recently, four human oesophageal and gastric cardia adenocarcinoma cell lines 
were established (1). These cell lines were included in two studies on E-cadherin 

and ~-catenin gene mutations in adenocarcinomas of the oesophagus (2,3). Cell 
lines JROECL 47 and JROECL 50, derived from one tumour, harbour E-cadherin 
and ~-cateoin gene mutations. These mutations could not be detected in the 
primary tumour from which the cell lines were established. Recently, identical E­

cadherin and ~-catenin gene mutations have been described in the human colon 
tumour cell line HCT 116, established in 1981 (4-6). These results prompted uS to 
investigate the derivation of the cell lines JROECL 47 and JROECL 50 by HLA 
typing, mutation analyses, microsatellite allelotyping and micro satellite instability 
(MSI) analysis. 

MATERIALS Al'U) METHODS 

Cell lines, primary tumour, xenografts and DNA isolation 
Cell lines JROECL 47 (passage 16) and JROECL 50 (passage 10) were obtained 
from the European Collection of Cell Cultures (ECACC). From cell lines JROECL 
47 andJROECL 50 also the early passages, before submission of these cell lines to 
the ECACC, (passages 2 and 4, respectively) were investigated. These early 
passages were a gift from Dr A.G. Morris, l:niversity of \Varwick, Coventry, 
l:nited Kingdom. Sections from the original paraffin tissue blocks of the patient's 
oesophageal tumour, from which the cell lines JROECL 47 and 50 were 
presumable derived, were gifted by Dr. S.]. Darnton, Birmingham Heartlands 
Hospital, Birmingham, l:nited Kingdom. Colon cancer cell line HCT 116 was a 
generous gift from Dr. P. van der Saag, Hubrecht Laboratory, Utrecht, the 
Netherlands. Cells were cultured under standard conditions in RPMI 1640 
supplemented ,,~th 10% FCS. 
To study the histological characteristics,S x 106 trypsioized tumour cells from cell 
lines JROECL 47 and 50 (passages 16 and 10, respectively) and HCT 116 were 
injected subcutaneously in female ~:'v1RI nude mice. Xenografts were removed and 
routinely processed for histological examination. The animal experiments were 
licensed and done in accordance mth approved protocols by the Erasmus 
university Medical Centre Rotterdam, The Netherlands. 
D~A was isolated by standard proteinase K digestion and phenol extraction from 
the cultured cell lines and from the tissue block of the original oesophageal tumour, 
from which cell lines JROECL 47 and JROECL 50 were presumably established. 
HLAtyping 
HLA-DRBl typing was performed on cell lines JROECL 47 and 50, cell line 
HCTl16 and the tissue blocks of the original tumour, as described (7). The 
polymorphic exon 2 was amplified and subsequently sequenced on an ABI373 
automated sequencer (perkin Elmer, Foster City, USA). HLA-DRB allele 
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assignment was established by comparing the sequences obtained to the HLA-allele 
database similar to HLA-DPB allele assignment (S). 
Mutation analyses 
Cell line HCT 116 has heterozygous mutations in the E-cadherin gene (codon 120; 
exon 3), the ~-catenin gene (codon 45; exon 3) and the K-ras gene (codon 13; exon 
1) (4,5,9). PCR-SSCP was perfotmed to detect these mutations, as described 
(2,9,10). Samples with aberrant migraring bands were reamplified, cloned and 
sequenced. 
Microsatellite analyses 
Nine polymorphic dinucleotide repeat markers: DSS136, DSS133, D9S161, 
D9S156, D16S265, D14S292, D14S977, D17S786 and CHR..'\fBl were investigated 
by radioactive PCR as described previously (11). 
Because HCT 116 is reported to have the microsatellite instable (MSI) phenotype 
(12), MSI markers BAT26, BAT40 and BAT-RII were also investigated (13). 

RESULTS AND DISCUSSION 

To date, only very few in lJitro groVling human oesophageal adenocarcinoma cell 
lines are known. The availability of these cell lines is of great value to study the 
biology and the genetic alterations in these poorly-understood cancers, which show 
a dramatic increase in incidence over the past decades (14). Recently, 4 such cell 
lines were established (1). Here we report that 2 of these cell lines, JROECL 47 and 
JROECL 50 are in fact admi.xtures of the human colon cancer cell line HCT 116. 
In all experiments identical results were obtained for the early and late passages of 
cell lines JROECL 47 and JROECL 50. In cell culture JROECL 47, JROECL 50 
and HCT 116 have the same morphology with spindle shaped cells and similar 
growth rates. Xenografring of these 3 cell lines resulted in undifferentiated solid 
tumours, without glandular differentiation (results not shown). HLA typing 
revealed that cell lines JROECL 47, JROECL 50 and HCT 116 all have the same 
HLA-DR allele DRBI *03011/1102, which is different from the original primary 
oesophageal tumour from which the cell lines JROECL 47 and 50 were presumahly 
established: DRBl*08032/04011. An example of tl1e difference between the cell 
lines and the original primary tumour is shown by a characteristic sequence of exon 
2 of the primary tumour and the cell lines (Figure 1). The frequency of the patient 
primary tumour allele combination DRBI *08032/04011 in the population is less 
than 0.0041 compared to the frequency of 0.0098 of the allele combination 
DRBI *03011/1102 of the cell lines (15). 
Furthetmore, PCR-SSCP analyses of exon 3 of the E-cadherin gene, exon 3 of the 

~-catenin gene and codon 12/13 of the K-ras gene showed an identical, aberrant 
mobility pattern in all 3 cell lines (Figure 2). 
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FIGURE 1. HLA.*!yping if the original primary IIJllIOllr and the cell lines (fROEG... 47 and 50 and 
HCI' 116). The po/y,r;Jorphic positions ofHIA-DPB1 t:.--,::o!l2 are shoJlln in lJerticalorientation. Dots indicaie 
identifY to the Jllfe/eotide of the DRB 1 *08032 allele. j\Tttmbers are the polYmorphic positions of IlI/cleolides in ex011 
2 shOJ]}Il in verticalorientafion (position 28, 30, .. .. 258). The pofyilJorphic positions of the original prill/my 
tlfrllOllr (DRB1*08032/ 04011) hal/I: been cO/JljJared with the cell lines. The alleles preseJ7t in the prill/aD' fllll/Gllr 
do 170t I:)..:isf in the cell lines. 

11111:'1 :122222222 222 
2333333345 799004.6777 79001:'1122 355 
8012567867 7472909013 49780:'2801 078 

---------- ---------- ----------
Pri:nary -:~r:lour TC'l'CCGGG':'T ':'TA.A.TAAGCC CAAGCAGCC':' CGT DRB1"'C8032 

CGGTAACACC .. C ... GAT. .CGCG.A. GC DR31*04011 

Cell :'ines ...... TCC. AC.GATSAT . .CGCG.AG.G A':'G DR31 *03011 
. ... .. TCC. ..... TGATA G .... GA.GC .':'G DR3l* 11 02 

FIGURE 2. PCR~SSCP ana/]sis of the E-cadherin gene exoll 3 0), j3-ca/enin gene exon 3 (B) alld K-JVlS 
gene codoll 12/13 (C). Lanes 1 alld 5, normal, nOJ1-/J/IItated cOlltrol D]\.TA fro/J/ olle indilJidllol,' lane 2, 
jROECL 47; lane 3, jROECL 50 and lane 4, Her 116. I-.role the sanle aberrant migration paltems ill 0113 
cell lines (arrowheads), as cO!l;pared 10 norma! COlllrol DI-.lA. 
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FIGURE 3. AI!e/o!Jping with pO!Y/Jlorphic ,rJlarker CHR1"\TB1 0) and /J/icrosafellite ona/]sis JPifh 
BAT26 (B). Lanes 1 and 5, Ilormo/ control Dl\TA JrOl1I OIle illdividllal,' lalle 2, JROEQ 47; !aile 3, 
jROECL 50 and /oJJe 4, Her 116. I-.lote the d!ffire;;t allele sizes ill the three cel/lines, indicating d!ffirenl 
origins 0). I-.rote the alferotioll in !llono/meleo/ide npeal size in the ceillille D1\T.4's cOI1;pared 10 normal, COJ1lrol 
Dl\~, indicatiNg MSl (B). 
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Upon sequencmg of the samples with aberrant migration patterns, the repotted 
mutations in all three genes were confIrmed (results not shown) (4,5,9). 
Allelotyping, however, showed different allele sizes between the 3 cell lines wid1 
7/9 polymorphic markers, indicating a different origin of the cell lines (Figure 3A). 
With 2 markers the allele patterns were identical between the cell lines. But all three 
MSI markers demonstrated pronounced microsatellite instability with different 
allele sizes in the three cell lines. Figure 3B represents an example of MSI in the 
three cell lines as demonstrated by BAT26. Indeed, HCT 116 has been reported to 
have an eAtremely microsatellite instable phenotype (16). Obviously, separate 
cultures of HCT 116 resulted in different microsatellite alterations. Therefore, 
microsatellite analysis is not appropriate for allelotyping MSI cell lines. 
Our assumption that cell lines jROECL 47 and 50 are admi.,tures of HCT 116 was 
confirmed by the ECACC with DNA fIngerprinting (personal communication). 
Therefore, we conclude that cell lines jROECL 47 and jROECL 50 are not human 
oesophageal adenocarcinoma cell lines, but are admi..,tures of the human colon 
adenocarcinoma cell line HCT 116. Furthermore, allelotyping of cell lines by 
micro satellite analysis can be hampered by MSL 
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BPL Wijllh07Jell, NJ de Both, H vall Dekke12, HW TilalZtls and WNM Dinje17s 

British Jotlmal of Cancer 1999; 80: 1652-1657 

PRECIS 

112 fllJo tllllJOtlr ceillilles, jROECL 47 a12d 50, E-cadheril7 I1ltttatio12s 12Jere detected. III the 
rel1laining 55 t111710/l1" samples, J]Je did 110t detect JJlutations, despite freqtlent loss of beteroiJgosity 
of the E-cadherin loctls at 16q22.1. 
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INTRODUCTION 

Cadherins are a family of Ca'+ -dependent cell-cell adhesion molecules. E-cadherin 
is a transmembtane protein witb five tandemly repeated extracellular domains and a 
cytoplasmic domain tbat connects to tbe actin cytoskeleton tbrough a complex 

with u-, /3- and y-catenins. E-cadherin is expressed on tbe cell surface in most 
epitbelial tissues and is important for establishing cell polarity, maintaining 
epitbelial integrity and cellular differentiation (1). The potential for E-cadberin to 
serve as an invasion or metastatic suppressor in epithelial tumourigenesis has been 
elucidated from in l)itro studies. E-cadherin-negative epithelial cells grow invasive 
witb a mesenchymal phenotype. After transfection witb E-cadherin cD:0:A, 
epitbelial structure is restored (2,3). 
Consistent v.dth this observation is a reduced or absent E-cadherin expression in 
various epitbelial cancers showing invasive growtb (4-6). Decreased expression of 
E-cadherin in Barrett's oesophagus, adenocarcinomas of the oesophagus and 
gastro-oesophageal junction was found to be related V,rith progression of Barrett's 
oesophagus to adenocarcinoma, tumour stage and lymph node metastases (7,8). 
FUrthermore, E-cadherin expression was an independent variable predicting 
survival in patients after resection for adenocarcinomas of tbe oesophagus (9). 
Loss of E-cadberin expression resulted in the transition from well differentiated 
adenoma to invasive carcinoma in mouse pancreatic ~-cell carcinogenesis (10). 
Inactivating mutations in the E-cadherin gene have been described for various 
tumours such as lobular breast cancer (in situ) and diffuse inflltrating gastric cancer 
concomitant witb loss of heterozygosity at tbe E-cadberin locus in E-cadherin 
negative tumours (11-14). ~oreover, two recent studies showed tbat germline 
mutations in the E-cadherin gene are associated with early onset familial gastric 
cancer (15,16). Whetber genetic alterations in tbe E-cadherin gene playa role in tbe 
patbogenesis of adenocarcinomas of tbe oesopha"ous and gastro-oesophageal 
junction is not known. Therefore, we screened adenocarcinomas of the oesophagus 
and gastro-oesophageal junction for E-cadherin gene mutations and loss of 
heterozygosity. 

MATERIALS AND METHODS 

Tumour specimens 
Fresh samples of adenocarcinomas of tbe distal oesophagus or gastro-oesophageal 
junction were obtained from 45 resection specimens. For analysis tbe tumour 
samples were microdissected to enrich for cancer cells (>75%). ",ineteen tumours 
showed microscopic evidence of surrounding intestinal metaplasia indicative for 
Barrett's carcinomas. Samples of tumour and normal gastric epithelium or 
squamous epitbelium of tbe oesopha"ous were snap frozen and stored in liquid 
nitrogen. Four lymph nodes inflltrated by tumour were frozen as well. 
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Cell lines and xenografts 
In Ifitro cell lines from three adenocarcinomas ]ROECL19,]ROECL33,]ROECL50 
and one adenosquamous carcinoma ]ROECL47 established by Rockett et al. were 
obtained from European Collection of Cell Cultures (ECACC) (17). In Iffvo 
xenografts were obtained after transplantation of tumour tissue to female nude 
mice, 4-6 weeks of age. From 3 lymph node metastases M2.1Xl, M9Xl, M4.1X2 
and 1 primary tumour P23Xl, xenografts were obtained. 
DNA preparation 
DNA from cell lines was isolated according to standard procedures. Genomic 
DNA from xenografts and tumour samples and normal tissue was isolated from 
consecutive 5-J..lID cryostat tissue sections by overnight proteinase K incubation at 
55°C followed by phenol extraction and ethanol precipitation. D0:A pellets were 
dissolved in TE (10mM Tris.HCl, pH 7.8; lITh\![ EDTA). The tumour tissue 
samples contained at least 75% tumour cells. 
Analysis of the E-cadherin gene by PCR-SSCP 
The entire open reading frame of the E-cadherin gene was screened for mutations 
using 15 exon-spanning primer pairs (12). Genomic D0:A was used at SO-100ng 
per 15f.ll reaction mi.xture containing 1.5m.\![ MgClz, 0.02mM dATP, 0.2 mM 

dGTP, dTTP and dCTP each, 0.8!lCi ct_3zPdATP (Amersham, Buckinghamshire, 
UK), 20 pmol of each primer and OolU Taq polymerase (promega, Madison \'(71, 
USA). Each PCR was overlaid with mineral oiL PCR was perfonned for 35 cycles 
(denaturing at 95°C for 30 s, annealing at the appropriate temperature for 45 s. and 
extension at 72 °c for 1 min.). A final extension step was carried out at 72 °c for 10 
min. PCR products were diluted 1:4 with a loading buffer (95% fonnamide, 10mM 
EDTA (PH 8.0), 0.025% bromophenol blue and 0.025% xylene cyanol), denatured 
at 95°C for 4 min. and snap-cooled on ice. Appropriate aliquots of the 
radiolabelled PCR products were separated on a non-denaturing polyacrylamide gel 
(6% polyacrylamide) containing 10% glycerol and run at 7W overnight at room 
temperature in 1 x TBE running buffer. Gels were fLxed in acetic acid (10%), dried 
on blotting paper (Schleicher & Schuell, Dassel, Gennany) on a vacuum gel dryer 
and exposed to X-ray flim overnight at _70°C, using intensifying screens. DNA 
with aberrantly migrating PCR/SSCP fragments was reamplified and purified over 
QIAquick spin columns (Qiagen, Hilden, Gennany), cloned into a PGEM-T easy 
vector (promega, Madison WI, U.s.A), and sequenced with ct-35SdATP according 
to the dideoxy chain tennination method. Electrophoresis of the sequenced 
samples was carried out on a 8% denaturing polyacrylamide geL After fLxation and 
drying, gels were exposed to X-ray film for 1-3 days at room temperature. 
LOH determination 
In 51 tumours loss of heterozygosity was determined v.rith micro satellite markers 
that map on 16q22.1 where the E-cadherin gene is located. Markers tested were: 
D16S503, D16S265, D16S398 and D16S512. Markers were tested on 100ng of 
tumour and nonnal D:\[A in a PCR reaction as described previously (18). LOH was 
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established by visual comparison of the intensity of allelic bands obtained from 
tumour samples "lith those from normal DNAs. 

RESULTS 

PCR-SSCP 
All 16 exons and exon-intron boundaries of the E-cadherin gene were analysed for 
genetic alterations in four cell lines, four xenografts and 49 tumour samples (45 
primaty tumours and four corresponding locoregionallymph node metastases). In 
total 37 aberrant bands were detected throughout 9 different amplicons. Cell line, 
xenograft and tumour DNA "lith aberrant SSCP patterns were compared "lith the 
amplification products of patient matched non-tumorous D"'A. In most tumours 
the aberrant SSCP pattern was also present in the corresponding normal DNA 
(Figure 1). A tumour-restricted mobility shift was found in cell lines JROECL47 
andJROECLSO in amplicon 3 (Figure 1B). 

FIGURE 1. PCRSSCP analysis of E-cadherin alt;plicons 2 0), 3 (13) and 4/5 (C) from three 
oesophageal admocarcinol7lO specilJ/ens and hJJO cell lines ]ROECL 47 and jROECL 50. Mobifry shifts are 
identified 0' arroJJJs. C=contro/ Dl\'A.; T= II/IT/ollr DJ\7A; 1'./= com:spol1ding Jl0I7-tIf1110roIlS Dlv-r.A. 
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Upon sequencing an one base-pair deletion in codon 120 (exon 3) was detected 
(Figure 2D and Table 1). Both cell lines were derived from the same primary 
tumour (Dr S.]. Damton, personal communication), in which this mutation could 
not be detected. Sequence analysis of all the other SSCP band shifts revealed eight 
known polymorphisms and three new genetic alterations (Figures 2A, B, C and 
Ttable 2). Furthermore, upon sequencing of amplicon 16 a discrepancy with the 
published sequence of intron 15 of the E-cadberin gene deposited in 
EMBL/GenBank database libraries (accession no. Z13009) was detected (5' 
intron15- ... cttgag--3' exon 16). 

FIGURE 2. Sequence antilYsis for the three tlllJIOlfrS and cell line ]ROECL 47 with abnormallY shifted 
PCR-SSCP bands as shoJJJI'I in Fig,llre 1. MII/a/ed sequeJ7ce (lift) and wi·ld type seqml1ce (right) are shoJ])11 at the 
right of each figlfre. Base pair a/lerations are indicated qy arroJl!S. Splice recognition site is sho]J)17 ry the lJJ1deriil1ed 
characlers in panel C. For exol1 2 (A) and eXO/1 3 (8) }]Je ideJ7tijied llIissense trllltations, a/so present in the 
lJorpw/ control D1\7A 0/ these patients. For an;plicon 4/5 a base pair change )J)as obsemed in II1trol14 (C). One 
jral7leshift f/Jlliation ctllJsed by a 1-bp dektiof7 in was detected for exoll 3 (D) in the tJ))O cel! lif7es jROEQ 47 
and jROECL 50. 
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LOR determination 
In Figure 3 examples are presented of the analysis of the 4 rnlcrosatellite loci in 
different tumour DNAs which showed allelic loss. Of the 48 informative cases, 31 
(65%) showed LOH of at least one marker (Figure 4). 
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FIGURE 3. Loss of hetero:rytosily in flllllOllr #3 (D16S503), #10 (D16S265), #12 (D16S398) and 
#22 (D165512). Loss 0/ one a/lele is visible in the lane con/dining INIl/Ollr Dl',JA (T) cOllljJared with the lane 
containing l70rmal Dh'A (J:\~. 

0165503 0165265 0165398 0165512 
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T N T N T N T N 
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TABLE 1. T//lI/oIJr restricfed tllJrtatiOl7 il1 cel! /im:s ]ROECL 47 and ]ROECL 50 (2 cell lines derilJcd 

from a prill/ary flllJlO/lr 0/ one patient) 

A1J;plic017 Site J:\TIlc/eotide change 

3 CcIn 120 Deletion G: framcshift leading to s!opcodon at cdn 214 in exon 5 

TABLE 2. Po!ymotphislJls idmtified il1 the E-cadhenl7 gene 

Ap/i(()Jf Silt Nllc/I'otidl' cbtltl/!,c* Obsen!cd (rcqlflwC)! LiJera/lm!'* 

:;\lon-coding TCC->TGC 2/57 
(5' 'GTR) 

2 Cdo 30 CCT->ACT 1/57 unknown 

Pro->Thr 
3 Cdn 90 CGG-)oTGG 1/57 unknown 

.Arg -} Trp 
4/5 Iotton 4 m:agaga:lag---,). .. ac 2/57 

Intton 4 C->T 18 fit 1/57 unknown 

upstream exon 5 
11 Cdn 560 ACG->ACC 2/57 1,2 

Thr->Thr 
12 Cdn 632 CAC-}0-\T 1/57 1,2.3 

His->His 
13 Cdn 692 GCT->GCC 14/57 1,2.4 

Ah->AL"l 
Intron 12 T->C 12/57 1.4 

14 Cdn 751 AAC-}AAT 1/57 1.2 

Asn->Lys 
16 Cdn 878 GGC-}GGT 1/57 3 

Gly-+Gly 

* Splice recognition site is showf1 I!J! the IlI1derlil1ed characters ** Pofy/J/orphistlls also reported I!J! 'Eer.>: et a/., 
1996; 2Clfi!ford el a/., 1998; jFJsil1ger et a/., 19941'" Soares et a/., 1997. 
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FIGURE 4 Patiems oj a/Mic loss il1 oesophageal adenocarciJ7Ot1IC1s at the E-cadheri!7 loms 017 chromosome 
16q22.1. Closed rectangle, ioss if heterovgosity; JJlhite rectangle, heterotygosity reiained; m: }Joll-inflrmative.: MI. 
microsC/teilite instability,· nt/, 170 data obtainable. !\Tole that 36M and 27111 are !In;pb flode illetas/oses from 
prill/aI)' Ilftl/OllrS 36 and 27, respectillelJ. 
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DISCUSSION 

Reduced expression of E-cadherin is frequently seen in the majority of 
adenocarcinomas of the oesophagus and gastro-oesophageal junction with or 
without Barrett's epithelium (7,8,19). However, E-cadherin immunoreactivity does 
not provide information about the function of the protein and gene integrity. For 
example) mutations in the E-cadherin gene leading to loss of adhesive potential but 
with normal cellular localisation of the protein have been described (20,21). In this 
study we have analysed if genetic alterations in the E-cadherin gene are involved in 
the reduced expression of E-cadherin in adenocarcinomas of the oesophagus and 
gastro-oesophageal junction. In an earlier study, eight out of 49 tumours were 
analysed for expression of E-cadherin by means of immunohistochemistry. Seven 
out of eight of these adenocarcinomas showed reduced expression for E-cadherin 
(9). 
In our series of 57 adenocarcinomas of the oesophagus only one tumour restricted 
D:t-;A alteration in the E-cadherin gene was detected. In two cell lines ]ROECL 47 
and ]ROECL 50, derived from the same tumour, a one base pair deletion was 
found leading to a premature stopcodon resulting in a truncated protein lacking 
part of the extracellular binding region as well as the transmembrane and 
intracellular domain. So far, this mutation has not been reported in the literature. 
Both cell lines still have a non-mutated E-cadherin allele as demonstrated by the 
heterozygous exon 3 SSCP pattern indicating two different alleles. We were unable 
to demonstrate this mutation in the primary tumour. Ohviollsly, the mutation was 
present in a minor subpopulation of the primary tumour or has developed during 
establishment of both cell lines. 
PCR-SSCP analysis is a robust mutation detection procedure (22,23), indicated by 
the fInding of 8 known polymorphisms and 3 not yet described DNA alterations. 
However, we can not rule out the possibility that mutations remained undetected 
by this procedure. All 3 new DNA alterations are also present in the patients' 
normal DNA. Two of these alterations lead to amino acid substitutions in the 
precursor sequence of the E-cadherin gene. Recently, gerrnline mutations leading to 
truncated E-cadherin were identifIed in familial gastric cancer in New Zealand and 
Europe (15,16). Because no loss of the normal E-cadherin allele in the tumours 
occurred we consider these D:\:A alterations as polymorphisms. Furthermore, we 
have no evidence of a familial predisposition to oesophageal cancer in any of our 
patients. 
Allelic loss at the E-cadherin gene locus 16q22.1 has been reported in 30-50% of 
breast, prostate and hepatocellular cancer (24). Our data show LOH of this locus in 
two-thirds of the oesophageal adenocarcinomas. But the high percentage of 
16q22.1 LOH ,,~thout concomitant mutation of the remaining E-cadherin gene 
might point to another tumour suppressor gene on 16q involved in the genesis or 
progression of oesophageal adenocarcinomas. We can not rule out the possibility 
that homozygous deletions are present in these carcinomas. Especially in DNA 
derived from resection specimens homozygous deletions can escape detection due 
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to the contamination with non-tumorous D~A. However, all exons could be 
amplified with DNA derived from the cell lines and xenografts with exon spanning 
primers, which makes it unlikely that homozygous deletions have occurred. 
Alternatively, if the high frequency of LOH at 16q22.1 rruly reflects loss of one E­
cadherine allele, this could point in the direction of gene dosage effects as formerly 
proposed on the basis of experimental studies (3). However, a previous study by 
Ilyas et oJ. could not establish a correlation between allelic loss and 
immunohistochemical E-cadhetin expression in colorectal cancers (25). 
Besides loss of one E-cadherin allele, other mechanisms leading to downregulation 
of E-cadherin in oesophageal adenocarcinomas could also be involved. 
Hypermethylation of the 5' epG islands within the proximal promoter region of 
the E-cadherin gene has been found responsible for (temporary) downregulation of 
E-cadherin in several cancers (26-28). However, not only E-cadherin but also other 
members of the junctional complex have been shown to play a role in 
tumourigenesis. In several tumour cell lines showing impaired cell-cell adhesion 

and reduced expression of E-cadherin, mutations in a-catenin and /3-catenin were 

identified (29,30). A cytoplasmic and nuclear staining pattern of /3-catenin has been 
observed in adenocarcinomas of the oesopha"ous in cases in which E-cadherin was 

reduced (7,9). These tumours could harbour mutated /3-catenin, as was recenrly 
described for colon carcinomas and hepatocellular carcinomas (31,32). Whether or 
not mutations in the catenins playa role in the pathogenesis of oesophageal cancer 
is presenrly unknown. 
In conclusion, our results show that E-cadherin gene mutations are not involved in 
the subsequent progression of Barrett's epithelium to dysplasia and to 
adenocarcinoma of the oesopha"ous. \'<7hether LOH at the E-cadherin locus 
contributes to the heterogenous expression of E-cadherin remains to be 
determined. 

ACKNOWLEDGEMENTS 

The authors thank Dr SJ Darnton (Birmingham Hearrlands Hospital, 
Birmingham, LTK) for providing tissue blocks from the patients from whom the 
cell lines were derived. H. Sleddens and 1'<. Groen are acknowledged for technical 
assistance. This work was supported by Gastrostart from the Dutch Society of 
Gastroenterology. 

REFERENCES 

1. Takeichi, M. (1991) Cadhc:rin cell adhesion receptors as a morphogenetic regulator. Science, 251. 1451 -5. 
2. Frixen, V.H., Behrens J., Sachs M., Eberle G., Voss 8., Ward:t A, Lochner D. and Bircbmeier \1/. (1991) E-cadberin­

mediated cell·cell adbcsion prevent; invx;iveness ofbuman catcinoma cells.) Cell Bioi, 113, 173-85. 
3. Vleminckx, K, Vabet L., Jr., 1hree! M., Fien; W. and van Roy F. (1991) Genetic manipulation of E-Cldherin 

expression by cpitbcful tumor cells reveals an invasion suppreSSOr role. Cell. 66. 107 _19. 
4. Gabbert, H.E .• ::vI:udler W., Schneiders l\., Meier S., Moll R .• Bircbmeier W. and Hommel G. (1996) Prognostic value of 

E-C1.dherin c..'>pre%ion in 413 gastric carcinomas. Int) Cancer, 69, 184-9. 

123 



PARTlY - CHAPTER 7 --------------------------

5. Kuczyk, M., Scrth]., :!'>b.chtens S .. BokemC}'cr C, Bathke W., Stief C. :mdJon:ts 'C. (1998) Expression of E-cndberin in 
primary praSUte c:mcer: correlntion with dinic:1.l f~tu!e5. Bt J Urol, 81, 406-12. 

6. Sulzer, M.A., Leers M.P., van Noord).)\., Bollen E.C. :'lnd ThcuIDssen P.H. (1998) Reduced E-C\dhcrin cxpn:ssion is 
associated with increased lymph node mct.'l.st:Ws and unbvomblc prognosis in non-sm:1.11 cell lung Cillcer. Am J Rcsplr 
erit Care Med, 157, 1319-23. 

7. Billey, T., Biddlcstonc L, Shepherd K, B:1.tr H" Warner P. :lOci lmkow",ki J. (1998) Altered <::tdherin and C:1.tCnln 

complexes in the Barrett's csophagus- dyspl:tsi:1.-:1.dcnoc~cinom:l. sequence: correlation \vith disc:L~c progression :md 
dedifferentiation. Am] Pathol, 152, 135-44. 

S. Bongiorno, P.F" :tl-Kasspoob M., Lee S.\'?, R.1.chw:tl \'V.] .. Moore j.H., \X'hyte RL, Orringer M.B. and Beer D.G. 
(1995) E-cadhcrin a:pression in primary and meustatic thorncic neopbsms and in Barrett\ oesophagus. Br J Cancer, 
71,166-72. 

9. Krishnadath, KK, TiL'mus H.W., V:1.n Bbnkenstein Moo Hop \'\/.C, Kremer$ E.D" Dinjens \v'.N. and Bosman F.T. 
(1997) Reduced expression of the cadherin-caterun complex in oesophageal adenocarcinoma correlates with poor 
prognosis.J Pathol, 182. 331-8. 

10. Perl., AX" Wilgenbus P., Dahl U .. Semb H. and ChristQfori G. (1998) A causal role for E-cadhcrin in the ttamition 
from adenoma to c.'1.rcinoma. Nature, 392, 190-3. 

11. Becker, KF, and HoEk_"! H. (1995) Frequent som:'ltic allelic inactivation of the E-cadherin gene in gnstric carcinomas. J 
Natl Cancer Imt, 87, 1082-4. 

12. Ben;, G., Cleton-Jansen A.::.1., :'\o11et F .. de Leeuw WJ" van de Vijver ~I., Comelisse C and van Roy F. (1995) E­
cadhcrin is a tumour/invasion suppressor gene mut.'1.ted in hum:m lobul'1.r brelst cancers. Embo J. 14, 6107-15. 

13. Ben:, G .. Octon-J:'Insen AM .. Strumane K, de Lceuw WJ., Nollet F .. van Roy F. and Comelisse C (1996) E-cadhcrin 
is inactiV:1.ted in a majority of invasive human lobub-r bn:ast cancen; by truncation mutations throughout its extracellular 
domain. Oncogene, 13, 1919-25. 

14. Vos, CB .. C!eton-Jansen AM" Ben; Go, de Lceuw \'V'J., tel.' Hrl:'lt :'\,T., van Roy E, Comdisse Cj" Peten;eJ.L. and van 
de Viiver MJ. (1997) E-cadherin inactivation in lobuhl.'" c.'1.1'cinoma in situ of the breast: an elrly <.-'vent in tumorigen<.-osis. 
Br J Cancer, 76, 1131-3. 

15. Gayther, SJ\" Gorringe KL .. R:lInu~ S.J., Huntsman D., Roviello E, Grehan K, Macbado J,C, Pinto E., Seruca R, 
I-hlJing K.., MacLeod p" Powell S.~L, Jackson CE., Ponder B.A and Cald:'ls C (1998) Identific:'ltion of germ-line E­
cn.dh(.-r.n mutations in g:l5tric cancer funilies of Europ~ origin. C:mcer Res, 58,4086-9. 

16. Guilford, Poo Hopkins J" Harraway J., McLeod M" :\1cLeod ~., H:rrawira P., Taite H., Scouhr R., Miller A. and Reeve 
AE. (1998) E-Cldhcrin germline mutations in mmili:1.l gastric cancer. Nrlture, 392, 402-5. 

17. Rocken,j.C, Lrlrkin K, Darnton SJ., Morri~ AG. and M.'l.tthC\vs H,R (1997) Five nC'-vly est:1.blished oe~ophageal 
c.'l.rcinoma cell lines: phenotypic and immunologic:ll ch=ctenxation. Br J Cancer, is, 258-63, 

18. Trapman,J .. Sleddcns RE, van def Wcidcn ~L:\1" Dinjens \V'.N" KonigJ.J., Schroder F.H., Fn.ber P.\'V'. and Bosmn.n 
F.T, (1994) Loss ofheterozygo~ity of chromosome S microsatellite loei impliCltes a candidate rumor suppre~sor gene 
between the loci D8S8i and D8S133 in human prost.'l.te cancer. Cancer Res, 54, 6061-4, 

19. Sw:1.mi, S., Kumble S. nnd TriadauJopoulos G. (1995) E-cadherin expression in g:u;troesophagc:1.l rd1lL'L diselse, 
Ba..<Tett's esophn.gu~, and esophagen.l adenocarcinoma: an immunohistocbemiCll and immunoblot study. l\m J 
G:L~troenterol, 90, 1808·13. 

20. Becker, K,f" Atkinson ~vI.J" Reich L, Becker 1., ~cbtda H" Siewett J.R. and Hofler I-1. (1994) E-c:adh(.-r1n gene 
mutations provide dues to diffuse type gastric carcinomas. Cancer Res, 54, 3845-52, 

21. Oda, T., K'1.flai Y., Oyama T., Yoshiura K.., Shimoyama Y .. Birchmcier W" Sugimur:J. T. and f-lirohashi S. (1994) E­
crldherin gene mlltations in human gastric carcinoma c:elllines. Proe ~atl Actd Sci L 5 A 91, 1858-62. 

22. Oriu, M" IWrlhana H., K'lIl:J.X:J.wa H., Hn.pshi K, and Sdciyn. T. (1989) Detection of polymorph isms ofhllIIl= 0),11\ by 
gel electfopboresis as singlc-st:r:l.'1d conformation polymorphisms, Proc Nat! j\cad Sci USA 86,2i66-70. 

23. Sheffield, V,C" Beck J.S" K\vitek AE" Sandstrom D.W. and Stone £'M. (1993) Tbe sensitivity of single-strand 
conformation polymorphism analysis for the detection of single base substitutions. Genomics, 16, 325-32. 

24. T:unllr:l, S. (1997) The E-c:J.dherin-mediated cell-cell adhesion system in human ClIlCers, Br J Surg, 84, 899-900. 
25. lIps, M" Tomlinson I.P., Hanby A, Talbot I.C. and Bodmer W,F. (1997) Allele loss, replication errors and loss of 

expression of E-c.'l.dherin in colorectal C:'lncers. Gut, 40, 654-9. 
26. Graff, J.R., Greenberg V,E., Herman J,G" \V'estr:\ \'V'.H.. Boghaert E.R" run K..B., Saji M" Zeiger :\1./\., Zimmer S.G. 

and Baylin S.E, (1998) Disrlnct parterns ofE-Cldberin epG islnnd methylation in papilbry, follicular, HunhJc's cell, and 
poorly differentiated human thyroid carcinomrl. Cn.ncer Res, 58, 2063-6. 

27. Hir:lguri, S .. Godfrey T., Nak.:unura H" Graff J .. Collins C, Shayesteh L., Doggett :'\., Johnson K., \'lbeelock M" 
Herman J., Baylin S .. Pinkel D. and Gray j. (1998) Mechanisms of inactivation of E-cadberin in brelst c.'1.ncer cell lines. 
Cancer Res, 58, 1972-7, 

28. Saito, Y., Tn.J.;..'1.Zawa H., l}Z:'lw:1. K, T;m;t.awa H, n.nd Sato K.. (1998) Reduced exprcssion of E-cadherin in oral squamous 
cell carcinoma: Rebtionship with DKA mcthybtion of 5' CpG isbnd. IntJ Oncol, 12, 293-8, 

29. Shimoyama, Y .. :;...Jagafuchi A, Fujit.'l S .. Gotoh ~L, Takeichi M., Tsukiu S, and Hirohashi S. (1992) Cadherin 
dysfunction in a human =cer cell line: possible involv(.'1Tlent of loss of alpha-c.1.ternn expression in reduced cell-celJ 
adhesiveness. Cancer Res, 52, 5770-4. 

30. K'l.wrlrnshi, J., K'lto j., Sasaki K, Fujii S" Watanabe N. and Niitsu Y. (1995) Loss of E-cadherin-dcpendent cell-cell 
adhesion due to mut.'l.tion of 1:-1,e beu-cn.tenin gene in a buman ClIlcer cell line, HSC-39, Mol Cell Biol. 15, 1175-81. 

31. de La Coste, A., Romagnolo B., Billuart P., Ren.'lrd CA, Buendia M.A .. Soubrnne 0., Fabre :\1., Chelly J" Bddjord C, 
K'1.hn A. and Perr(.'! C (1998) Som:'ltic mutations of the bet.'l-cttenln gene arc frequent in mouse and human 
hcpatocelJular carcinomas, Proc Natl Aead Sci USA, 95, 8847-51, 

32. 1wao, K, Nabmori S .. K'l.m(.,),n.m:t :vi" Im<l.ob 5., Kino5hiu M., Fukui T., Ishiguro S" :'\'abmur.t Y. and i\1iyo~rj Y. 
(1998) Activ:ltion of the bet:l-Clterun gene by interstitin.l deletions involving c.xon 3 in primary colorcct.'l1 carcinomn.s 
without adenomatous polyposis coli mut.'ltions, Cancer Res, 58, 1021-6. 

124 



CHAPTERS 

GENETIC ALTERATIONS INVOLVING EXON 3 OF THE 

I3-CATENIN GENE Do NOT PLAY A ROLE IN 

ADENOCARCINOMAS OF THE OESOPHAGUS 

BPL Wij17hoveJ1, F Nollet, Nj de Both, HW Tilo17t1S o17d WNM Dinjens 

Illtemotional jotlmol ofConcer 2000; 86; 533-537 

PRECIS 

We detected 170 !7lutatio17s in eXOIl 3 of the fJ-cotenin by PCR-SSCP anolysis nor did I}le find 

large interstitia! deletions involving exo!Z 3. j3-Catmin imIJ/JJJlOstaining in 54 ttlJJ/OttTS shoJ]Jed 
foca/nuclear staining in 7 ttllliOttTS and strong homogmotls nuclear staining in 3 ttllJ10UrS; in the 
fatter, no mutations in the mlliation clt/ster region of the APe gene were detected. 
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INTRODUCTION 

The E-cadherin-catenin complex is a key mediator of cell-cell adhesion and has 
been shown to function as suppressor of invasiveness (1). ~ot only E-cadherin 
itself, but also the interaction ben-veen cadherins and cateruns appears to be crucial 
for its adhesive function. Therefore, disturbed cell-cell adhesion in tumours with 
normal E-cadherin expression may also be caused by impaired function of one of 
the catenins (2). 
In addition to its function in cell-cell adhesion, J3-catenin plays an important role in 
signal transduction; it is involved in Wingless-Wnt pathways that regulate cellular 
differentiation and proliferation (3,4). In the absence of growth or differentiation 

signals, cytoplasmic J3-catenin is kept low because the protein is sequestered in 
complexes, which include the adenomatous polyposis coli (APC) protein, a serine 

threonine glycogen kinase (GSK-3J3) and conductin or axin, enabling degradation 
by the proteasome. The binding of J3-catenin by APC requires phosphorylation of 
J3-catenin by GSK-3J3 on three serine and one threonine residue, all of which are 

encoded by exon 3 of the ~-catenin gene. Mutations in these serine/threonine sites 
in exon 3 of J3-catenin result in stabilisation of J3-catenin (3,5). The increased 
concentration of this protein in the cytoplasm favours its binding to the T-cell 
factor/lymphoid enhancer binding factor (fcf/LEF) family of DNA binding 
proteins and it subsequently translocates to the nucleus where it induces 
transcription of specific genes which stimulate tumour formation, such as cyclin­
Dl and c-myc (6,7). This mechanism has been proposed as an important step in 
colorectal carcinogenesis. In colorectal cancers ./lPC is most commonly mutated. 
Most mutations in APC lead to a truncated protein which can still complex with, 

but not degrade J3-catenin. The result of APe mutation is therefore an increase in 
cellular free J3-catenin. In approximately half of the colorectal cancers ",ith an 

intact APe, mutations in exon 3 of the ~-catenin gene were found, which is 
consistent ",ith their effect on J3-catenin stability and Tcf activation (8,9). 
Mutations, including large interstitial deletions involving exon 3 of the ~-catenin 
gene, have also been found in several other tumors, including ovarian and 
endometrial carcinomas, medulloblastomas, hepatoblastomas and hepatocellular 
carcinomas and prostate cancers (10-14). Recently, mutations have been identified 
at high frequency in pilomatricomas and anaplastic thyroid carcinomas (15,16). 
Immunohistochemical studies on f3-catenin immunoreactivity in oesophageal 
adenocarcinomas have indicated loss of membranous staining in combination "With 
cytoplasmic or nuclear staining (17). This has been taken to indicate J3-catenin 

activation or APC inactivation leading to cytoplasmic accumulation of J3-catenin 
and Tcf/LEF activation. In view of the complementation of J3-catenin and APC 
mutations in colorectal cancers and because APe mutations are rare in 
oesophageal adenocarcinomas, we deemed it of interest to focus on f3-catenin as a 
possible target for gene mutations. Here, we report the screening of genetic 
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alterations in the p-catenin gene involving exon 3 ill adenocarcinomas of the 
oesophagus. 

MATERIALS AND METHODS 

Tissues 
The study population included 59 primary tumors and 8 regional lymph node 
metastases obtained from patients who underwent surgery for adenocarcinoma of 
the distal oesophagus or the gastro-oesophageal junction at the University Hospital 
Dijkzigt, Rotterdam, tb_e Netherlands. Tumours were classified according to the 
pTNM criteria for carcinoma of the oesopha"aus, established by the enion 
Internationale Contre Ie Cancer (UICC) in 1992. The vast majority of the tumours 
invaded the muscularis propria and/or adventitia (pT3-category, SO%) and had 
loco-regional lymph node metastases (p:\ll-category, 71%). There were 3 stage I, 
14 stage lIA, 2 stage lIB, 22 stage III and 18 stage IV tumours. 
Tumour samples were snap-frozen and stored in liquid nitrogen. Xenografts were 
obtained from 5 human oesophageal adenocarcinomas and 4 lymph node 
metastases by subcutaneous transplantation of tumour tissue on female nude 
l\iMRJ mice, 4-6 weeks of age. Generally, the xenotransplants were harvested after 

2-3 months. We also analysed exon 3 of the j3-catenin gene in 2 human 
oesophageal cancer cell lines GROECL 19 and 33) established by Rocket e! C/f. and 
obtained from the European Collection of Cell Cultures (ECACC) (IS). Cell lines 
were cultured in RPMI enriched with 10% foetal calf serum. Dl'A was isolated 
according to standard methods wid1 proteinase K digestion followed by 
phenol! chloroform extraction and ethanol precipitation. Colon cancer cell line 
HCT 116 and 3 desmoid tumour samples with known mutations in exon 3 of the 

j3-catenin gene (kindly provided by Dr. S.Tejpar, KULeuven, Leuven, Belgium) 
were used as positive controls for validation of the mutation detection procedure. 
Mutation analysis: exon 3 of the /3-catenin gene 
PCR-Single stranded conformation polymorphism (SSCP) analysis for exon 3 was 
performed using primer pairs IF (camccaatctactaatgct) and 1R 
(ctgcattctgacmcagtaa) spanning exon 3 (315 bp). Because the sensitivity of the 
SSCP analysis varies \vith the size of the D:\IA fragment being analysed, we also 
amplified all tumour samples with primers 2F (amgat&,o-agtt&,o-acatggc) and 2R 
(ccagctacttgttcttgagtgaagg) within exon 3 which gives a shorter PCR product (226 
bp) (10). The 15-!Jl PCR reaction mixture contained 50-100ng of DNA, 1.5 mM 
MgCl" 0.02 mJ.\f dATP, 0.2 t!L\i[ dGTP, dTTP and dCTP each, 0.8f.lCi of 
[
32PJdATP (Amersham, Buckinghamshire, UK), 20 pmol of each primer and 0.2e 

TC/q polymerase (promega, Madison WI, USA). The PCR was performed for 35 
cycles of 95°C for 30s, 55°C for 45s, and 72°C for 1 min. The PCR products were 
diluted 1:4 with loading buffer (95% formamide, 10mM EDTA, 0.05% 
bromophenol blue and 0.05% xylene cyanol), heated at 95°C for 5 min, cooled and 
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electrophoresed in 6% polyacrylamide gels contauung 10% glycerol at 7 W 
ovemight at room temperature in 1x TBE running buffer. 
Mutational analysis: interstitial deletions involving exon 3 
We also performed PCR amplifications on all specimens '>lith the primers (3F 
(ttgaagtataccatacaactg) and 3R (gcagcatcaaactgt"otagat), corresponding to parts of ~­
catenin exons 2 and 4, respectively, to screen for interstitial deletions involving 
exon 3 (8,12). The same PCR conditions were used as described above, except for 
using a different polymerase (Takara Ex Taq; Takara Biomedicals, Shiga, Japan). 
The PCR products of 1037 bp were electrophoresed in a 1% agarose gel and 
visualised by staining '>lith ethidium bromide. 
Sequencing 
PCR products were purified over QIAquik spin columns (Qiagen, Hilden, 
Germany) and cloned into a pGEM-T vector (promega, Madison, WI). Plasmid 
clones were sequenced '>lith 35SdA TP and T7 and SP6 primers according to the 
dideoxy chain terruination method. 
Immunohistochemistry 
In 54 tumours immunostaining for ~-catenin was performed on 5-ftm formalin­
fi.,ed, paraffin embedded tissue-sections '>lith the avidin-biotin-peroxidase method. 
Sections were deparaffinised, immersed in 0.01 M sodium citrate buffer (PH 6.0) 
and incubated at 100°C in the microwave oven for 15 minutes. The mouse anti­

human ~-catenin monoclonal antibody (Transduction laboratories, Lexington, KY, 
USA) was applied overnight at a dilution of 1:200. When intense nuclear staining 
was present, the specimen was microdissected and DNA was isolated from these 
areas with nuclear staining. 
Replication error phenotype (RER) 
RER status was assessed in all tumour samples. The mononucleotide repeats 
BAT26, BAT40 and transforming growth factor-~ type II receptor (BAT RII) were 
amplified under the conditions mentioned above, using published primer sets to 
determine micro satellite instability (19). Carcinomas demonstrating a shift in 
BAT26, BAT40 or BAT RII compared to normal DNA. from the same tumour 
were classified as demonstrating microsatcllite instability. 
Analysis of APe mutations 

In 3 tumours '>lith nuclear localisation of ~-catenin the mutation cluster region of 
APe was analysed as described by Mulkens et of. (20). D0:A was extracted from 
frozen sections and t\V"O overlapping fragments that cover the mutation cluster 
region were amplified using the peR. Mutations were screened for by temperature 
gradient electrophoresis and in aberrant cases mutations were identified by DNA 
sequencmg. 
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TABLE 1. St/IJ1/Jlary oj {J-catenin mttfatioJ1s fltmd in human benign and malignant ttmlOrs 
and cell lines according to site. 

site IJIlmber of IlIfflOIJrS witb j3-ea/min !llll/afions / nllmber 0/ reference 

flllllOllrs a/lalysed (%) 

Colorectum 4/24 adenonomas (17) (9) 
2/16 adenocarcinomas (13) 
8/33 adenocarcinoma cell lines (24) 
7/58 adenocarcinomas (12) (8) 
2/92 adenocarcinomas (2) (21) 
1/57 adenocarcinoma cell lines (2) 1 

1/72 adenocarcinomas (1) (22) 
8/130 adenomas (6) 

Skin 7/26 melanoma cclilines (27) (23) 
1/50 melanomas (2) (24) 
12/16 pilomatricomas (75) (16) 

Oesoph~nus 0/15 squamous cell carcinomas (25) 
Stomach 0/21 diffuse- and intestinal t)"'}Jc carcinomas (0) (26) 
Breast 0/11 lobular and ductal carcinomas (0) (26) 
Prostate 5/104 carcinomas (5) (14) 

0/7 cell lines and xenografted carcinomas (0) 
Uterus 5/35 endometrial carcinomas (14) (27) 
Ovarium 7/25 ovarian carcinomas (28) (28) 
eNS 3/67 medulloblastomas (4) (11) 
Thyroid 19/31 anaplastic carcinomas (61) (15) 
Dver 12/75 hepatocellular carcinomas (18) (12) 

25/52 hepatoblastomas (48) (13) 
3/3 hepatoblastoma ceUlines (100) 
2/2 hcpatocellular carcinomas (100) 

Bone and soft tissue 2/62 malignant rumours (3f (29) 
0/11 benign tumours (0)' 
22/42 sporadic desmoid tumours (41) (30) 

Upper digestive and 0/22 squamous cell carcinoma pharyn.x (0) (31) 
respiratory tract 0/30 squamous cell carcinoma laryn.x (0) 

0/31 squamous cell carcinoma floor mouth (0) 

f eeillines analYsed' 7 colon, 5 brain, 2 prostate, 9111n& 6 o~'arillm, 6 leukemia, 7 rena!, 7 breast and 
8 melanoma cell lines. 
:: Tllillollrs analYsed: 21 malignant jibrolls bistio'Eyto/!las, 8 osteosarcomas, 7 ~no!)ial sarcomas, 7 liposarcomas, 
7 fflalignan/ scblllannO/llas, 3 rbabdo!l(yosarcolJlas, 2 pi/be/ioil! sarcomaS, 2 nettrojibrosarcomas, 
2 cbondrosarcolllas, 1 fibrosarcoma, 1 iei!l(yosarcolJla, 1 a/peo/ar sift-part sarcoma. 
J TIII/IOIJrS analYsed· 3 gial1! eel! tll/IIOttrS, 3 lipO/tIOS, 3 SChJW!11101l10S, 1 desmoplastic jibrwla, 1 bamartoma. 
CJ\lS, centra!l1croolls ~s/eltl 
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RESULTS AND DISCUSSION 

Studies indicate that elevated levels of free cytoplasmic ~-catenin are involved in 

the genesis of a variety of carcinomas. Increased ~-catenin levels can occur 
through mutations in the serine/threonine phosphorylation sites necessary for 

breakdown of ~-catenin encoded by e"on 3 of the ~-catenin gene. So far, a large 
panel of benign and malignant human tumours have been analysed for ~-catenin 
mutations involving exon 3 (Table 1). Mutations were frequently observed in skin, 
thyroid, liver and soft tissue tumors including pilomatricomas, anaplastic thyroid 
carcinomas, hepatoblastomas and desmoid tumours, respectively. Elevated levels 

of free ~-catenin could also be achieved by inactivating mutations in APC, or 
perhaps through disruption of E-cadherin. Reduced membranous and/or 
increased cytoplasmic expression of E-cadherin in combination with nuclear 

localisation of ~-catenin has been detected in oesophageal adenocarcinomas 
suggesting that the absence of E-cadherin at the cell membrane might be one 
factor liberating these catenins to participate in intracellular signalling (17). We 
found no E-cadherin gene mutations in oesophageal adenocarcinomas (32). 
Although loss of the 5q locus (harbouting APC) occurs in early stages of genesis of 
Barrett's adenocarcinoma (33), mutations in APC are rare (34). Therefore, we 
hypothesised that ~-catenin gene mutations might playa role in the progression of 
Barrett's epithelium to dysplasia and to invasive adenocarcinoma of the 
oesophagus. 
A total of 69 oesophageal tumour samples, consisting of 54 primary tumours, 4 
lymph node metastases, 2 well established cell lines and 9 xenografts, were 
screened for genetic alterations involving e"on 3 of the ~-catenin gene. None of 
the samples exhibited mobility shifts by SSCP analysis. However, SSCP analysis is 
limited in detecting DNA alterations. The sensitivity in detecting single base palr 
mutations lies between between 60 and 90% (35). Therefore, we used four tumour 
samples ,,~th known base-pair alterations as positive controls. The colorectal 
cancer cell line HCT 116 which has been shown to harbour a 3-bp deletion (coo 
45) in exon 3 of the ~-catenin gene (9), and three desmoid tumors with different 
single base substitutions in codons 41 and 45 (Dr F. Nollet, personal 
communication). All positive controls showed aberrant bands with primers 2F /2R 
and only 2 out of 4 when the primers IF/IR were used to amplify exon 3 (Figure 
1). 
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FIGURE 1. PCR-SSCP analYsis of fJ·catenin 
eXOfl 3 with primers 2F / 2R in 1I/IJIOlfT saJ1;ples and 
flom/o! control Dl\G4.. Panel A: lalle.! 1-3 are 
Dl\r.4 's isolated frO?11 three desllloid !lld/ors and 
lane 4 is Dl\TA frO!"'1 cololl cancer eel! line HCT 
116. Panel B: lanes 14 are )TO"I D.[\L4 e.."(tracted 

frolll oesophageal adenocarcinolJJas. J'.Tofe thai 170 
SSCP aberration is seeJ1 il7 the oesophageal 
adenocarci17onJ(/ samples. Arrowheads, aberrolltfy 
migrating bands. 

This is consistent with the property of SSCP to be more sensitive for shorter DNA 
fragments (36). The efficiency of mutation detection can be elevated by changing 
the gel conditions (percentage and crosslinking of acrylamide, additives such as 
glycerol) or running conditions (room temperature or 4°C). The use of more than 
one set of gel conditions may have resulted in a greater detection of mutations, but 
others report only minimal improvement in detection (36). We used the same gel 
and running conditions as described by Orita et aL, who found this to be the most 
sensitive condition (37). Furthertnore, the same PCR-SSCP method has been used 
recendy and we detected three not yet described DNA alterarions and eight known 
polymorphism's in the E-cadherin gene (32). However, we still can not rule out the 
possibility that mutations remained undetected by d1e SSCP analysis. But since we 
analysed a substantial number of tumour samples we think it is legitimate to 
conclude that mutations in exon 3 of l3-catenin do not play a major role in 
adenocarcinomas of the oesophagus. 
It has been suggested that mutations in {3-catenin may be associated with an 
underl}~ng defect in mismatch repair (9,21). Therefore, 69 oesophageal tumours 
were investigated for micro satellite instability but only 3 (4%) demonstrated the 
RER-phenotype. This confirtns previous observations that widespread 
microsatellite instability occurs infrequently in adenocarcinomas of the oesophagus 
and that l3-catenin mutations occur in a minority of RER-positive tumours (22,38). 
In melanoma cell lines and in colorectal and hepatocellular carcinomas larger 
deletions involving exon 3 have been described previously (8,23,39). We screened 
69 oesophageal tumour samples for larger deletions with primers spanning exon 3 
and the adjacent introns. However, PCR products with reduced size were not 
identified. 

{3-Catenin mutations occur focally in prostate cancer and therefore detection is 
subjected to sampling errors (14). Garcia-Rostan et aL also demonstrated that 13-
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catenin mutations may be focal and that anaplastic thyroid carcinomas exhibit 

clonal heterogeneity (15). Therefore we performed ~-catenin immunostaining on 
54 tumours. Three tumours showed homogeneous nuclear staining in >90% of the 
tumour cells and 7 tumours had focal areas with intense nuclear staining, indicative 

of ~-catenin deregulation (figure 2). 

FIGURE 2. IlIIlIlllllohislochelllistry fir fJ~cClfeJ7ill ilr oesophageal adellocarc;',O/J/ClS. Pone! A shoJJ!s allllllOlfr 

mith J1orll/al lJieltlbra1701lS /oca/;satiOJ1 0/ j3-cateni!l. Panel B demonstrales (l tllll/Ollr }J!ith prollliJ1eJJlllIIciear Clnd 

[;J'loplaslJJic illl/JIllJ1ostail7illg. Scale bar is 25 JilII. 

These samples were microdissected and subsequendy analysed by SSCP for ~­
catenin mutations -with primer pairs 2F and 2R. However, in none of the samples 
mobility shifts indicative for mutations were found. Considering the possibility that 

some mutations are not detected by SSCP analysis, we sequenced exon 3 of ~­
caterun in the 3 samples with homogenous nuclear ~-catenin staining, but no 
aberrations were detected. In these tumors APC inactivation could have been 

responsible for the increased Cytoplasmic and nuclear ~-catenin staining. Since 68-
77 % of the reported somatic mutations are found in the mutation cluster region 
(20), we analysed this region of APC, but we did not identify any somatic 
mutations. This is in agreement with the results from Powell and co-workers who 
detected one APC mutation in the mutation cluster region in 18 oesophageal 
adenocarcinomas analysed (34). This demonstrates that APC mutations are rare in 
oesophageal adenocarcinomas. 
1: pregulation of the expression or nuclear concentration of ~-catenin could result 

from alterations not only in the APC or ~-catenin genes but also in other genes 
that function in this pathway. As yet, no genetic alterations in GSK-3j3, its 
homologue GSK-3a, or y-catenin have been reported in carcinomas ",~th wild type 

APC and wild type ~-catenin (9,11). Activation of the Wl1tl oncogene promotes 
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the accumulation of ~- and its homologue y-catenin (40). Although Wnt expression 
has not been investigated in oesophageal cancer, it does promote mammary tumour 
formation in mice (41). Whether these components of the wingless/wm-signalling 
are deregulated in adenocarcinomas of the oesophagus, is subject for further 
investigation. 

In conclusion, we have shown that mutations involving exon 3 of the ~-catenin 
gene do not playa role in the pathogenesis of adenocarcinomas of the oesophagus, 
which is in contrast with the prevalence of ~-catenin mutations in other mmour 

types. The strong nuclear staining pattern of ~-catenin in these tumours is unlikely 
to be explained by APe inactivation, indicating that other components of the wnt­
signalling pathway must be involved. 
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CHAPTER 9 

REDUCED P120-CATENIN EXPRESSION CORRELATES 

WITH POOR SURVIVAL IN PATIENTS WITH 

ADENOCARCINOMAS OF THE 

GASTRO-OESOPHAGEAL JUNCTION 

BPL Wijl1bO/Jelz, M Pigl1atelli, AI\[ Vis, M SchijjJilm, WNM Dil1jens al1d HW Tikmtls 

Submitted 

PRECIS 

Reduced meJ71branOZlS e>.pression qf the cell-cel! adhesion molecule p 120-catenin is sem Zil 

approxilJJote!'y 70% of admocarcinolltas 0/ the gastro-oesophageal jtlJlction, and con-elates J]fz'th 
poor 5:y,ar survival rate. 

135 



PART IV - CHAPTER 9 

INTRODUCTION 

Cadherins are a family of transmembrane proteins implicated in calcium-dependent 
cell-cell adhesion. Normal cadherin function is necessary for embryological 
development, as well as morphogenesis of several tissues (1). One member of this 
family, E( epithelial)-cadherin is a molecule that plays a pivotal role in the 
establishment of cell-cell interactions in epithelial cells: disruption of E-cadherin­
mediated cell-cell adhesion can lead to dissociation of epithelia and de­
differentiation in fibrobhst-like morphology (2-4). The activity of E-cadherin 
requires its interaction with the actin filaments of the cytoskeleton. This linkage is 
mediated by the catenins, a series of undercoat proteins. Both ~- and y-catenin bind 
directly to the cytoplasmic domain of E-cadherin and a-catenin links the complex 
to the actin microfJ1ament network. Downregulation or defective interactions 
between any of the components of the cadherin-catenin complex appear to be 
associated with malignant transformation. A number of clinicopathological studies 
demonstrated that loss of E-cadhetin-catenin expression is commonly associated 
with high tumour grade, advanced tumour stage, lymph node metastaSes and poor 
survival in a variety of malignancies, including prostate-, bladder-, breast-, 
colorectal-, and pancreatic cancers (5-10). In adenocarcinomas of the gastro­
oesophageal junction (GO]) in particular, others and we showed that abnormal 
expression of E-cadherin, u-, ~- and y-catecin is correlated with an aggressive 
phenotype (11-14). Moreover, aberrant expression of E-cadherin and ~-catenin 
were independent predictors of poor survival (13). 
Recently, another catenin-like molecule, pl20-catenin (P120=), has been identified 
as being associated with E-cadherin at the cell junctions (15-18). This protein is 
homologous to ~- and y-catenin and binds directly to the cytoplasmic domain of E­
cadherin (19). The exact function of p120cm has not been elucidated. There is some 
evidence that alterations in the level or distribution of p120= is a common event in 
inflammatory bowel disease and some human epithelial malignancies (6,20-23). 
Recently, it was postulated that p120cm may act as an inhibitory regulator of 
cadherin function in colon carcinomas (24). The role of p120= in adenocarcinomas 
of the GO] has not been studied. Therefore, we studied p120= expression and its 
cellular localisation in adenocarcinomas of the oesophagus and cardia. In addition, 
we evaluated the relationship between the expression and clinicopathological 
features in order to examine the application of p 120= as a prognostic marker in 
adenocarcinomas of the GO]. 
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MATERIALS AND METHODS 

Patients and tumour specimen 
From 1 January 1988 to 1 August 1999, 449 patients \V~th an adenocarcinoma of 
the GO] (i.e. distal oesophagus or gastric cardia) were evaluated at the University 
Hospital Dijkzigt. After pre-operative analysis, 343 patients (76%) were operated 
on with curative intent. In 52 (15%) of these, resection was not possible due to 
metastatic spread or local irresectabiliry. Ninety-six consecutive cases of 
adenocarcinomas of the GO] (84 males and 14 females, median age 64; range 37-80 
years) who all underwent a ttanshiatal resection of the primary tumour were 
studied. The continuity of the gastro-intestinal tract was restored with a gastric tube 
with cervical anastomosis. In all patients a standard dissection of the perigastric, left 
gastric and coeliac nodes was performed. Macroscopic tumour clearance waS aimed 
at in all cases but no extended lymph node dissection was done. 1':one of the 
patients received neoadjuvant or post operative chemo-radiation therapy. Since 
adenocarcinomas at the GE] (including distal oesophageal and gastric cardia 
carcinomas) can be considered as one clinical entity (25,26), T\IM staging was 
performed according to the T\IM classification for carcinoma of the oesophagus, 
established by the International Union against Cancer 1992 (27). Patients were 
followed at regular intervals after operation and data concerning disease recurrence, 
subsequent treatment and death were prospectively stored in a comprehensive 
database. 
Of these 96 patients, formalin-fL'Oed, paraffin-embedded tissue blocks were 
obtained from the resection specimens and 1-2 paraffIn blocks representative for 
the whole tumour was selected. The selection was made on basis of presence of 
highest tumour grade within the oesophagectomy specimen assuming that these 
growth patterns within the tumour would predict patient's outcome. In addition, 
lymph nodes and premalignant Barrett's epithelium (present within the same slide 
as the tumour) were available from 13 and 20 patients respectively, and were also 
examined for p 120= expression. 
Immunoperoxidase staining of paraffin-embedded tissues 
Formalin-fixed, paraffm-embedded tissue blocks were cut into 4-~ thick sections, 
mounted on AAS-coated glass slides and stained using a standard avidin biotin 
immunoperoxidase technique. Sections were dewaxed in >.ylene and transferred to 
alcohoL Incubating the sections in 0.5% hydrogen peroxide in methanol for 20 
minutes blocked endogenous peroxidase. To enhance the immunoreactivity, 
rehydrated sections were treated \Vith an antigen retrieval solution in a microwave 
oven. The slides were submerged in O.OIM citrate buffer at pH 6.0 and were heated 
in a 700W microwave on full power for 3 x 5 min cycles, pausing to ensure that 
there was no fluid loss due to evaporation. After cooling, the slides were placed in a 
Sequenza immunostaining system (Shandon, UK) and pre-incubated with 10% 
normal goat serum (DAKO, Glostrup, Denmark) in PBS/BSA 5%. Then the slides 
were incubated overnight at 4°C with the primary antibody p120,rn at 1:1000 
dilution (Transduction Laboratories, Lexington, Kentucky, CSA; packaged at 
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0.25mg/ml). Subsequently, the slides were washed in PBS and incubated with 
biotinylated goat anti-mouse IgG (Biogenex, San Ramon, USA) for 30min. After 
three washes in PBS, the slides were incubated with the streptavidin-peroxidase 
complex (Biogenex) for a further 30 minutes. Then the slides were developed with 
activated 3.3'-diaminobenzidine hydrochloride (Flub, Neu-Ulm, Germany) with 
0.08% HzOz solution for 7 min. and the reaction was stopped in wate!. The slides 
were then counterstained with Mayer's Haemotoxylin and dehydrated in alcohol 
before mounting. Negative controls were duplicate sections similarly stained in 
which the primary antibody was omitted and replaced by normal mouse 
immunoglobulins. Positive controls using normal gastric epithelium were also run 
with each batch, in addition to using adjacent non-involved normal oesophageal or 
gastric mucosa as an internal positive control. 
Interpretation of immunostaining 
Two independent observers (BPLW and A. '\IV) without prior knowledge of the 
tumour stage and patient profile carried out evaluation of staining. The sections 
were examined under light microscopy. The intensity of staining was always 
assessed relative to adjacent non-malignant epithelium within the same slide, which 
was used as an internal positive control. Staining was assessed in a serniquantative 
manner based on the percentage of cells with membranous staining. Initially, 
tumours were divided into 4 groups: >90% of the tumour cells were positive for 
p120"" (i.e. membranous staining at virtually all intercellular borders), between 90 
and 50%, 50-10% and <10% of the cells showed membranous staining. In 
addition, cytoplasmic staining was scored as either present at normal intensity 
(similar to adjacent normal mucosa) or increased. In case of tumour heterogeneity 
those areas within the tumour that showed the lowest membrane staining and/or 
highest cytoplasmic staining were assessed and analysed further. For purposes of 
statistical analysis all cases were grouped either as with normal membranous 
expression (>90%) or with reduced antigen expression of p120'''' «90%). The cut­
off point of 90% was used as an arbitrary measure, similar to previous published 
studies (13,28). 
Statistical analysis 
Statistical analysis was performed using the Statistical Software package SPSS 7.5 
for Windows (SPSS Inc., Chicago, Illinois, USA). Correlations between p120ctn 
expression and clinicopathological indices were assessed with the XZ test. 
Patients' follow-up was until August 1, 1999 or until death if before. Overall 
survival rates were calculated according to the Kaplan-Meier method. Differences 
in survival rates were calculated using the log-rank test. To identify independent 
prognostic factors, Cox's proportional hazard model (forward stepwise analysis) 
was used to enter variables in the model if these were statistically significant, while 
controlling for the other variables in the model. Bad.-ward stepwise elimination was 
done to verify that the same parameters remained in the final models. Statistical 
significance was set at the 5% level. 
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RESULTS 

Immunoperoxidase staining of normal mucosa and GO} adenocarcinomas 
Normal squamous epithelium of the oesophagus and normal gastric epithelium 
showed a strong membranous expression of p120"" localised at the intercellular 
borders (Figure lA). Some cytoplasmic staining was noted in the parabasallayers of 
the squamous epithelium and in the deeper parts of the gastric glands. 
In our series, comparing the assessments of two observers for interobserver 
variability, less than 10% of cases changed category (i.e. normal to reduced 
expression, or "Vice versa). In adenocarcinomas, normal membranous expression of 
p120,m (>90% of the tumour cells) was seen in 31/96 (32%) and reduced 
expression in 65/96 (68%) of the tumours (Figure lC/D). Absent of p120"" 
membranous expression (i.e. <10% of the tumour cells) was observed in 11 cases 
(Figure IE). An increase in cytoplasmic staining of p120"" as compared to adjacent 
normal oesophageal or gastric epithelium within the same section was noted in 38 
tumours (40%). The loss of membranous expression of p120"" correlated with 
increased cytoplasmic p120"" staining (P=O.OS). Remarkably, reduced membrane 
staining and/or increased cytoplasmic expression of p120"" were mainly seen in 
singly infrltrating cells or clusters of cells. Staining patterns were often 
heterogeneous, v,dth abnormal expression affecting some parts of the tumour but 
not others (Figure IF). Interestingly, focal nuclear immunoreactivity for p120"" was 
seen in 5 tumours (Figure lB). There was no difference in p120,m expression 
bet\Jleen oesophageal and gastric cardia adenocarcinomas. 
Expression ofp120= in Barrett's metaplasia and lymph node metastases 
In 20 patients, the expression of pI20"" in Barrett's metaplasia adjacent to the 
tumour was evaluated. Loss of normal surface p120,m expression was seen in 4/20 
cases (20%) and in 1 case this was accompanied by an increase in cytoplasmic 
staining (Figure lG/H). In these 4 samples, p120,m staining was also reduced in the 
corresponding ptimaty tumour. In the majotity of the Barrett's specimens with 
normal membranous expression, a reduced expression of p120 was observed in the 
primaty tumour. 
Reduced p120,m expression was seen in 11/13 (85%) lymph node metastases. 
Interestingly, 4 primaty tumours showed a higher percentage of positive cells with 
p120"" expression when compared to the metastases. In 6 tumours the p120,m 
expression was similar and in 3 tumours expression of p 120"" was lower than in the 
corresponding metastases. 
Correlation between staining and clinicopathological parameters 
Reduced p120,m expression was only significantly associated ",ith advanced tumour 
grade, but not with other pathological parameters (Table 1). 
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TABLE 1. Correlation betJJJeen tllmoNr characteristiC! (wd p 120"n r:>.pression 

p 12(ftllexpression P-w!lfe 

Variable Norl1lo/ (>90%) Reduced «90%) Total 
No. (%) No. (%J No. (%J 

Tumour grade" <0.0001 
Gl 3 (10) 3 (5) 6 (6) 
G2 21 (68) 13 (20) 34 (36) 
G3 7 (22) 49 (15) 56 (58) 

pT c1assificationb 0.9 
T1 3 (10) 6 (9) 9 (9) 
T2 7 (23) 14 (22) 21 (22) 
T3 21 (67) 45 (69) 66 (69) 

pN classificationc 0.3 
NO 14 (45) 22 (34) 36 (37) 
1'1 17 (54) 43 (66) 60 (63) 

pM classificationd 0.3 
MO 23 (14) 42 (65) 65 (68) 
Ml 8 (26) 23 (35) 31 (32) 

Tumour srageC 0.6 
I 2 (6) 5 (8) 7(J) 
lLA+B 14 (45) 20 (31) 34 (36) 
III 7 (23) 17 (26) 24 (25) 
IV 8 (26) 23 (36) 31 (32) 

Residual tumour 0.09 
classification t 26 (48) 44 (68) 70 (13) 

RO 5 (16) 21 (32) 26 (27) 
Rl 

~ Grade if differentiatloll, Gl: J1Jell, G2 moderate, G3 poorlY differentiated; II Oesopbageal }))(l// iJ!/iltration; Tl: 
tllIl/Ollr limited to sIJbl1l1Jcosa, T2: !/.In/OIlT infiltrates /1msc/J/aris propria, blff /lot adventitia, T3: fllmOIlT itifiltrates 
adventitia; ( Locoregina/ fyll¢h nodes; J\m: 170 regional bwph node metastasis, f'.Jl: regional (y11;ph 110de 
flle/aslasis presellt; d Diston! lYmph node metasiasis; J:-.W: 110 dis/ant //leiastasis, f',Tl: distant lYmph node 
metastasis;; Oesophageal Cancer stage; I: T1!'-.rG1WO, IL4: T2-3!'.rGMO, lIB: T1-2!'-.T1MO, III: T3!'-.T1MO, 
T4a'!YJ...TMO ..IV: T4tl1!)1J'\TatryM; J Resid!/a/ tlllllONr classification; RO: tlllllONr free resection margins, R1: 
microscopic tlfmollr positil}e resection Illargins. 

FIGURE 1. P12(f'" if/lmunoreactilfiry in nom;a/ sq"amolls pithelil/lll of the oesophaglls 0). J:\TNclear 
iflllllltnoreactilfiry for p 12(f'" (B). Preserved p 120"" membranolls expression in tNmollr saff¢1e (C), redNced 
fllClllbranotls and Irpreglliation of rytopla.slllic staining (D), negative staining 0/ the tllmOHr (right side) a.s cOIJ¢ared 
to normal ga.stric epilheliNll1 (left side) (E) and a heterogeneolls staining pattern seen ill some fumollrs, 
demonstrating increased rylopla.rmic staining })lith some presen;ation 0/ membranolls stainil7§ while atfjacent 
tlllJIOIIT cells shm}! fllainlY membranolls staining without Ifp-regulatioll oj rytopla.rmic staining (F). Preserved 
membranolls expression o/p12(f'n (G) and redNced mefllbranOIlS e>.pressiofl (H) in Barrett's epithe/iIlIJI. Origil7al 
magnification X 200 0 .. E) and X 400 (B, c, D, F, G, H). 
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Follow-up was complete for all 96 patients. Univariate analysis revealed that 
tumour grade, pT, p~ and pM classification, radicality of the operation and p120cm 

expression were significantly associated with survival (Table 2). The 5-yr survival 
rate for patients ",~th GO] adenocarcinomas who showed normal membranous 
expression of p120cm was 54% (median 52 months) compared to 12% (median 17 
months) for patients with reduced expression (Figure 2). Multivariate analysis using 
the Cox regression model showed that abnormal expression of p120cm was an 
independent variable in predicting overall survival. Grade of differentiation was the 
most powerful predictor of overall survival (Table 2). 

TABLE 2. Fipejlf:ar sl/nival probabilities s'lbseqlfe!1t/y .rtratified for tlllilOlfr grade, p T, pJ\l, pM classifications, 
11/1l10/lr stage, radicali!J of the operatiol7 and p120'ill expr(fssion. 

Uni!}ariate AnalYsis NIltitipariale AnalYsis 

j\To. of Patients 5:yr' SD" P·1Jallfe RR cl P-JJallle 

Overall 96 26% 
Tumour grade 2.0 1.2-3.4 0.01 

Gl-2 40 47% 0.09 0.0003 
G3 56 11% 0.05 

pT classification 1.6 1.1 - 2.4 0.02 
T1 9 50% 0.22 0.Q7 
T2 21 28% 0.12 
T3 66 22% 0.06 

p::\1 classification NS' 
1\:0 37 41% 0.09 0.005 
N1 59 18% 0.06 

pM classification NS 
YlO 65 33 0.06 0.006 
evIl 31 8 0.07 

Tumour stage 0.005 I\:S 
I,lIa 35 38 0.09 
Iib, III, JV 61 19 0.06 

Radicality 0.02 I\:S 
RO 70 29 0.06 
R1 26 16 O.OS 

P 120crn expression 0.0002 2.1 1.1 - 4.2 0.003 
Korma} 31 54 0.09 
Reduced 65 12 0.06 

.1 5j1r Sltnit'al Mle; /I Standard Dellialion; r Rdafil)e Risk.; d 95% Conflde!1ce In/eroal,' r I'lol Significant 
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FIGURE 2. Kaplan-kIeler sun/ivai C/tnJe for 96 patients with Il/dlOllrs of the GO] with normal or reduced 
o..pressiol7 qfpI2(fftl. Redl/ced expression oj pl2(yrtn was comlaled with poor stlTlJiva/ (P=O.0002) 
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In the United States (US) and in some European countries the incidence rates of 
adenocarcinomas of GO] have increased over the past two decades (29-32). In d1e 
US, the rate of increase has surpassed that of any other cancer (33). The aetiology 
of adenocarcinomas of the GO] is associated with gastro-oesophageal reflm' and 
Barrett's oesophagus (34-36). Despite an increase in the number of endoscopies, 
screening for malignant transformation of Barrett's epithelium, improved surgical 
techniques and lower peti-operative mortality, the progoosis of patients with 
adenocarcinoma of the GO] remains poor. Several biological and molecular 
parameters have been considered as potential progoostic markers for 
adenocarcinomas of the distal oesophagus and gastric cardia, but up to now tumour 
grading, and staging still remain the most inoportant progoostic variables (25,37-39). 
However, current methods of disease staging are not always sensitive enough and 
fail to detect small numbers of tumour cells in lymph nodes (40). Therefore, the 

143 



P,\RYN - CHAPTER 9 --------------------------

development of additional indicators to refine the sJ:a"oing system for GO] cancers 
and to identify patients who will not be cured by surgery is required. 
Immunohistochemical detection of E-cadherin and the catenins can be useful in 
predicting disease-free or overall survival but also identify patients ,,~th clinically 
negative lymph nodes who are at risk for occult metastases and who may benefit 
from more extensive lymph node resection (41). In this study we examined the 
expression, distribution and prognostic value of pI20"', a recently identified 
member of the E-cadherin-catenin complex. We show that reduced membranous 
expression of p 120= occurs in 68% of the carcinomas and true loss of expression 
«10% of tumour cells show positive staining) in 11 cases (11%). There is very little 
information available concerning p120ctrl expression in malignant disease. 
Abnormal p120,m expression was seen in 40-80% of the patients with colorectal-, 
bladder-, breast-, and gastric carcinomas (6,21,22,28). Only in bladder carcinomas, 
p120,m correlated with overall survival, but not independent of grade and stage (23). 
Our study demonstrates that despite the fact that p120= expression was not 
significantly correlated \vith most well known prognostic markers, an independent 
association with prognosis was established. In patients with tumours classified as 
NO by routine histopathological methods, the 5-yr survival for patients with normal 
p120,m expression of the tumour was 63% verstls 20% for the patients ,,~th reduced 
expression (p=0.02). P120,m could therefore be useful in identifying patients with 
clinically negative nodes who are at risk for occult metastases. 
It is unknown whether the observed reduction or complete loss of p120= 
expression represents mutation or simply transiently down-regulation. The fact that 
some of our cases show areas of loss and other areas "\\i'ith reduction or alteration of 
staining and the fact that the expression in some metastases is significantly different 
from the primary tumour, suggest that the absence of expression may be the result 
of down-regulation. At least, the observed loss of membranous staining in 
premalignant Barrett's epithelium suggest that this is an early event in the evolution 
of neoplasia, as seen in colorectal polyps and gastric dysplasia (28,42). 
In our study reduced membranous expression was associated with a marked 
upregulation of cytoplasmic staining, as has been found in gastric cancer (28). The 
mechanisms responsible for this observed abnormal expression and the 
sigrificance of this is not clear yet. Failure of E-cadherin and the catenins to 
localise to the membrane and/or cytoskeleton in spite of the abundant presence 
may be due to alterations in their phosphorylation status (43,44). Tyrosine 
phosphorylation of p120"n like ~- and y-catenin by the cytoplasmic protein tyrosine 
kinases (e.g. src) and by a number of growth factors (upon binding to their 
membrane receptor), such as epidermal growth factor, hepatocyte growth 
factor/ scatter factor, has been proposed as a mechanism for modulating the E­
cadherin-catenin system (17,45-47). Increased phosphorylation of the catenins has 
been associated ,,~th cellular redistribution of E-cadherin, cell dissociation and 
increased motility (17,48,49). Indeed, elevated p120,m tyrosine phosphorylation was 
detected in human tumour cells with down-regulated E-cadherin-mediated cell-cell 
adhesion (50,51). These data have suggested involvement of p120,m in ligand-
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induced mitotic signalling as well as cell transformation, and may indicate the 
upregulation of p120"" expression. Despite the homology of p120,m with other 
catenins, its function is likely to be different. It is expressed in a number of 
isoforms (up to 32) which appear to arise as a result of alternative splicing (16,52). 
Poorly differentiated cells fail to express particular isoforms that are typically 
observed in well-differentiated cell lines (53). This raised the possibility that 
unbalanced expression of isoforms in human carcinomas may influence cadherin 
function and contributes to malignant or metastatic cell phenotypes. 
Of particular interest is our observation of focal nuclear localisation of p 120,m in 
some tumours. Recendy, van Hengel et ai. reported that upon expression of p120,m 
cDNA lacking exon B, which encodes for an nuclear export signal, the isoforms 
were detectable within both the nuclei and cytoplasm of cancer cell lines (54). 
Moreover, it has been shown that endogenous p120,m could also be detected in the 
nucleus of human breast and colon cancer cell lines. These carcinoma cell lines 
express low to undetectable levels of E-cadherin. Upon expression of exogenous 
E-cadherin, p120,m was no longer detectable in the nucleus. Apparendy, binding of 
p120''" to E-cadherin at the plasma membrane or in the cytoplasm restrains p120"" 
from entering the nucleus. Indeed, some but not all studies found that the 
membranous expression of p120,m correlates well with the expression of E­
cadherin (21,23). Recendy, a putative nuclear transcription factor, Kaiso, was 
shown to interact with p120"" (55). This suggests that p120,m might not only be 
involved in the modulation of E-cadherin function, but also in signal transduction, 

as has been shown for ~-catenin (56). 
In conclusion, we have found reduced membranous expression of p120cm in 
premalignant Barrett's epithelium reaching a high incidence in oesophageal and 
gastric cardia adenocarcinomas. Hopefully, future studies will reveal the role of this 
molecule in cell-cell adhesion and possibly cell signalling. Moreover, our results 
indicate that p120cm expression may be a useful prognostic marker in 
adenocarcinomas of the gastro-oesophageal junction 
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CHAPTER 10 

BIOCHEMICAL ANALYSIS AND SUBCELLULAR 

DISTRIBUTION OF THE E-CADHERIN-CATENIN 

COMPLEX IN ADENOCARCINOMAS OF THE GASTRO­

OESOPHAGEAL JUNCTION 
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PRECIS 

Perturbation in the expression, distribution and hence fttnction of the members of the E-cadherin­
catenin complex is seen in 50-70% of adenocarcinomas of the gastro-oesophagealjtmction. 
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INTRODUCTION 

The cadherins are a family of calcium-dependent transmembrane adhesion proteins 
that interact in a homotypic fashion, playing a central role in the maintenance of tissue 
integrity, tissue morphology and cell-cell recognition (1,2). The importance of 
E(epithelial)-cadherin expression and function in normal development and tissue 
function is demonstrated by the lethality ofE-cadherin knockout mice at an early stage 
in embryogenesis (3). E-cadherin is bound via series of undercoat proteins, the 

catenins, to the actin cytoskeleton. The catenin family comprises 0.-, ~-, y-catenin and 
a recently discovered 120 KDa protein, p120catenin (p120ctn). ~- or y-catenin bind 
directly to the cytoplasmic tail of E-cadherin in a mutually exclusive manner. 0.­

Catenin then links ~- or y-catenin to the actin microHlament network of the 
cytoskeleton. The linkage between transmembranous E-cadherin, the catenins and the 
actin Hlaments is necessary to form strong cell-cell adhesion. Deletion of the 
intracellular catenin-binding domain of E-cadherin or alterations in the functionally 
active catenins, results in loss of the ability ofE-cadherin to establish cell-cell adhesion 
(4-7). 
Several studies have implicated E-cadherin in both the early and late stages of tumour 
initiation and progression. Various human cancer cell lines with an epitheloid, 
differentiated morphology were generally non-invasive and expressed E-cadherin, 
whereas cell lines with a fibroblast-like morphology were invasive and had often lost 

E-cadherin expression (8,9). Using a transgenic mouse model of pancreatic ~-cell 
tumourigenesis Perl et al. demonstrated that loss of E-cadherin mediated cell-cell 
adhesion is causally involved in the transition from adenoma to carcinoma (10). 
Immunohistochemical studies in human cancers have frequently shown that a 
proportion of invasive carcinomas and carcinomas in situ show aberrant levels of E­
cadherin and catenin expression in comparison to their related normal tissue (11-13). 
Therefore, changes in E-cadherin-catenin expression appear to be an important step in 
the development and progression of a malignant tumour. 
Adenocarcinomas of the distal oesophagus and gastric cardia (i.e. gastro-oesophageal 
junction(GOJ)) are thought to arise from (short) segments of premalignant, 
metaplastic columnar epithelium, also referred to as Barrett's oesophagus. ~ost 
carcinomas carry a poor prognosis as local and systemic invasion is often seen at early 
stages. This is worrisome, since adenocarcinomas of the GO] show an increase in 
incidence throughout the western world, especially among middle-aged white males, 
surpassing that of any other malignant tumour (14-17). 
To elucidate the role ofE-cadherin-catenin complex in adenocarcinomas of the GO] 
we evaluated the level of expression and distribution ofE-cadherin and the catenins in 
tumour tissue versus the normal mucosa of the same patients. E-cadherin and catenin 
are known to be present in the cell in different protein pools, membrane bound, free 
cytoplasmic and cytoskeleton bound. The expression ofE-cadherin and catenins and 
their biochemical distribution between the Triton-X-I00 soluble (membrane bound) 
fraction and the Triton-X 100 insoluble (cytoskeleton bound) fraction was assessed 
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using fractional protein extraction and western blot analysis. The spatial distribution of 
the proteins beVNeen the cell membrane, cytoplasm and nucleus was assessed using 
immunohistochemistry. 

MATERIALS fu'\lD METHODS 

Patients and samples 
Twenty-four patients with an adenocarcinoma of the GOj (i.e. distal oesophagus or 
gastric cardia), treated at the University Hospital Dijkzigt, Rotterdam, the Netherlands, 
were included in our study. There were 20 males and 4 females with a median age of 
63 years (range 43-78 years) at the time of operation. All patients underwent transhiatal 
resection of the oesophagus and proximal stomach and the gastro-intestinal tract was 
reconstructed with a gastric tube in all cases, as described previously (18). None of the 
patients received (neo) adjuvant therapy. 
After routine pathological examination of the resection specimens, primary tumour 
samples and corresponding normal tissue was stored as archival paraffin blocks. From 
11 patients also small pieces of the tumour and surrounding normal oesophageal or 
gastric mucosa were available as fresh frozen tissue. Fresh tissue was obtained 
immediately postoperatively and stored in liquid nitrogen at the Department of 
Pathology, josephine Kefkens Institute, Rotterdam, the :\;etherlands. 
Immuohistochemistry 
Formalin-fL"ed paraffin-embedded tissue blocks of the primary tumour samples were 
cut into 4- flm thick sections, mounted on AAS-coated glass slides and stained using a 
standard avidin biotin immunoperoxidase technique. Sections were dewaxed in xylene 
and transferred to alcohol. Endogenous peroxidase was blocked by incubating the 
sections in 0.5% hydrogen peroxide in methanol for 20 minutes. To enhance 
immunoreactivity, rehydrated sections were treated v.ith an antigen retrieval solution in 
a microwave oven. The slides were submerged in 0.01 M citrate buffer at pH 6.0 and 
were heated in a 700W microwave on full power for 15 minutes. Slides were then pre­
incubated with 10% normal goat setum (DAKO, Glostrup, Denmark) in PBS/BSA 
5% prior to incubation of the primary anribody at 4°C overnight. Primary antibodies 
used were E-cadhetin (Euro-Diagnostica, Arnhem, The Netherlands) and a-catenin, 
~-catenin and y-catenin (Transduction Laboratories, Lexington, USA). Subsequently, 
the slides were washed in PBS and incubated with biotinylated goat anti-mouse IgG 
(Biogenex, San Ramon, USA) for 30 min. After three washes in PBS, the slides were 
incubated with streptavidin-peroxidase complex(Biogenex) for a further 30 min. and 
finally developed with activated 3.3'-diaminobenzidine hydrochloride (Fluka, Neu­
Ulm, Germany) with 0.08% H20, solution for 7 min. The slides were then 
counterstained with Mayer's Haematoxylin and dehydrated in alcohol before 
mounting. )J egative controls sections were duplicate sections similarly stained in which 
the primaty antibody was omitted and replaced by normal mouse immunoglobulins. 
Positive controls using normal gastric epithelium were also run with each batch, in 
addition tQ"llSing non-involved normal oesophageal or gastric mucosa as an internal 
positive control. 
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Western blotting 
Expression of E-cadherin-catenin was analysed by Western blotting in 11 primary 

ttunours and corresponding normal mucosa. Sections of 5-}.lm were cut on the cryostat 
and stained with H&E to be compared with the formalin-fD,ed paraffin embedded 
tissue sections. The frozen tissue samples were dissected to exclude as much stromal 
tissue as possible, and trimmed in order to get the same dimensions to ensure that an 
approximately similar amount of tissue was being analysed from each specimen. 

Approximately twenty-sections of 15-f.lm thickness were then cut from each sample 
and placed in a pre chilled eppendorf. 

Tissue sections were solubilised by cytoskeleton buffer (19). 300f.ll of soluble fraction 
lysis buffer (0.5% Triton X-I00, 50mmmol sodium chloride, 10mmol Pipes, 3nuV! 
magoesium chloride, 300mmol sucrose, protease inhibitor tablets (1 tablet/50 mL lysis 
buffer; Boehringer Mannheim, Mannheim, Germany) were added to each tube. Tubes 
were kept on ice for 20 min. with repeated vortexing, then were cenrrifuged at 13,000 
rpm for 10 min, at 4°C. The resulting supernatant (with the Triton X-I00 soluble 

fraction of the cell protein) was collected. The pellet was lysed in 200f.ll of the sodium 
dodecyl sulphate (SDS) lysis buffer (15mmmol Tris-He!, 5mmol EDTA, 2.5 mmol 
EGTA, 1 % SDS) at 100°C for 15 minutes and then spun at 13,OOOrpm for 10 minutes 
at 4°C. The supernatant (with the Triton X-I00 insoluble cell protein fraction) was 
collected. Samples were either analysed immediately or frozen at -70°C. 
Protein concentration was measured using the Bradford protein assay kit (Biorad., CA, 
uSA). Equal protein loading of corresponding lanes ensured accurate comparison of 
protein expression of the tumour and normal tissues by compating band sizes and 
intensities. The calculated volumes oftysates were denatured and reduced with sample 

buffer (2% SDS, 10% glycerol, 50mM Tris-HCL pH 6.8, 5% ~-mercaptoethanol, 
0.25% bromophenol blue), boiled for 10 min., and then resolved by Sodium Dodecyl 
Sulphate-Polyactylamide Gel Electrophoresis (SDS-PAGE) on a 8% polyactylamide 
gel. The resolved proteins were transferred by electroblorring onto nitro-cellulose 
membranes (Millipore, Herts, UK). The membranes were blocked with 5% non fat 
dried milk G'farvel) in Tris buffered saline-Tween 20, pH 7.2) for 1 hour at room 
temperature and then incubated with the primary antibody diluted in TBS-T overnight 

at 4°C. Antibodies were used at a dilution of 1 f.lg/ mL for E-cadherin, ~- and y-catenin 

and 4f.lg/ mL for CI.-catenin. The blot was then incubated with horseradish peroxidase­
conjugated rabbit anti-mouse secondaty antibody (Dako, Glostrup, Denmark) at 

1 f.lg/ mL for 2 hours at room temperature. Detection was by enhanced 
chemiluminescence reagent (ECL, Amersham Life Sciences, Bucks, UK) followed by 
aurography with Hyperfilm-MP (Amersham Life Sciences). 

FIGURE 1 E-cadhenil il1/7IIIItloreactit,i!y il1 nom/Ill gastric epithdif.ll1/ (.4). E-cadheril1 iIJIll"/lftlOreactilJi!y in tl 
fIJl/lOllr with melllbranous /ocaliJatioll if the proteill (B). Reduced meillbranOI.fS e>.pressioll of E-cadheril7 (C); 
gtop/aslJlic stainil7gfor a~Ct/le1lin. ALro 170te the ilJlllllfJ70reactiJlity 0/ a blood lJeSse/ (D); reduced lJIe,Wbrallolls and 
increased glop/aslJlic staining 0/ j3-catenil7 (E a17d F)~' SJrollg gtoplaslJlic and hOlJlogeneollsjy 1lI.fc/earexpression 0/ fJ­
catenin G): Scattered Illlclear e)..pression for r-calmill (H). 
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Evaluation of immunostaining and western blot 
The stained sections were examined by two observers under light microscopy. The 
localisation and intensity of staining was always assessed relative to the normal mucosa 
in the same section. Tumours displaying well localised membranous staining and weak 
cytoplasmic staining were considered as normal. Weak or absent membranous staining, 
intense cytoplasmic and nuclear staining were considered abnormal (20).The 
expression of the E-cadherin-catenin complex in tumour tissue and corresponding 
normal tissue was analysed for the soluble and insoluble fraction. The ratio of the 
signal derived intensity of tumour and normal tissue was determined and compared 
between the soluble and insoluble fraction. Western blots were classified as abnormal 
when there was a difference in ratio between the soluble and insoluble fraction. 
Statistical analysis 
Categorical data were displayed in contingency tables when analysing protein 
expression with respect to pathological data and data obtained from Western blotting, 
and analysed by chi-square or Fisher's exact test, where appropriate. A p-value of 
<0.05 was accepted as statistically significant. 

RESULTS 

Immunohistochentistry: expression and localisation of E-cadherin-catenin 
:\fonnal squamous epithelium of the oesophagus and nonnal gastric epithelium 
showed a strong membranous expression of E-cadhetin and the catenins localised at 
the intercellular borders (Figure lA-B). In adenocarcinomas, abnormal expression of 
E-cadhetin, u-, /3- and y-catenin, i.e. reduced membranous and/or increased 
cytoplasmiclocalisation of the protein, was seen in 13/24 (54%), 18/24 (75%), 16/24 
(67%) and 15/24 (63%), respectively (Figure 1 C-F). Nuclear localisation of /3-catenin 

was seen in 5/24 (21%) tumours and for y-catenin in one tumour (Figure 1 G-H). 
There was no significant correlation between the expression of the E-cadhetin and the 
catenins and tumour grade, residual tumour classification, pTNM-classification or 
tumour stage. 
Western blotting: biochentical distribution ofE-cadherin-catenin 
All members of the complex were present in the Triton-X soluble and insoluble 
fraction from the normal mucosa and all tumours. In adenocarcinomas, an abnormal 

distribution of E-cadherin, u-, /3- and y-catenin between the soluble and insoluble 
fraction relative to the nonnal mucosa was seen in 4/11 (36%),4/10 (40%),5/11 
(45%) and 5/11 (45%). Figure 2 shows a representative example of an abnonnal 
western blot of /3-catenin. 
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FIGURE 2. Exolltp/e of a Westen! Blotfor j3-ca/min in !lId/ol/rond corresponding 170rIJl0/ tisslJejOrfbe solJlble 
and iI7S0/Nb!e .fractioll. The ratio betJpeeJl the signal derived intensifY for the iNlllOlfr ond normal tisslfe is about 1 for 
soluble alld i!7S0luble fraction (top, 1l0f7//a/1J!cstem b/ol). The abnormal }JJes/em hlot (bottolll) shOJI!s a dif/ermi ratio 
behpcen the Il/nlOllr and norllJa/ tis.SHe for j3-cotmin in the soll/ble perslIs i17 the inso/lfble fraction. 

Triton-X100 

Soluble Insoluble 

p-catenin ~ I_ .. I Normal WB 

T N T N 

p-catenin AbnormalWB 

T N T N 

Correlation between immunohistochemistry and western blotting 
There was a close correlation, albeit not significant, between immunohistochemisty 
and western blotting: both techniques detected 5/11 adenocarcinomas with an 
abnormal expression/distribution ofE-cadherin. However, one turnour with a normal 
membranous expression of E-cadherin on immunohistochemistry, had an abnormal 
distribution of the protein between the soluble and insoluble fraction as shown by 
western blotting, and v""ice versa (Figure 3A). There was no correlation bet\.Veen 
immunohistochemistry and western blotting in detecting abnormal expression and 
localisation of doe catenins (figures 3B-D). 
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FIGURE 3. Com/atioll between iml1mnohistochemistry Clnd Jlles/em bhttingin detecting abnOrlllal expression and 
distriblltion ofE~cadherin01) and the catmins (B-D). 

A E-cadherin IHe" Total 
nom/a! abnomlClI 

\VB b 

normal 5 1 6 
abnormal 1 4 5 

Total 6 5 11 

p-O.OS o.d 

B a-catenin IHe Total 
110m/a! abnormal 

\W 
normal 2 4 6 

abnormal 1 3 4 
Total 3 7 10 

p-0.9 

C Ikatenin IHe Total 
l7orNlol abnormal 

\W 
normal 4 2 6 

abnormal 1 4 5 
Total 5 6 11 

p-O.2 

D '}'catenin IHe Total 
l7omfol abnomlol 

\W 
normal 3 3 6 

2 3 5 
abnormal 
Total 5 6 11 

p-0.7 

a, l!t//J/I/I7ohistocheJJJisfl),; b, Western Blot; C, P-va/lJe; d, Fischer's Exact lest 
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DISCUSSION 

Unlike colorectal carcinomas, there is no uniform genetic model that fits the histologic 
progression from premalignant dysplastic Barrett's epithelium towards invasive 
adenocarcinoma of the GO J (21). However, it has become increasingly apparent that 
the E-cadherin-catenin cell-cell adhesion complex plays an important role in tumour 
initiation and progression. Changes in expression of the E-cadherin and the catenins, 
as determined by immunohistochemistry, occurs already in dysplastic Barrett's 
epithelium and is considered an early event in carcinogenesis (22). Our findings of 
reduced membranous expression and/ or increased cytoplasmic staining ofE-cadherin­
catenin in 54-75% of adenocarcinomas is similar to other studies (22-24). Reduced 
membranous localisation of E-cadherin and the catenins is associated with increased 
invasiveness, lymphatic involvement and prognosis (23). However, we did not find a 
correlation between abnormal expression of E-cadherin-catenin and unfavourable 
tumour characteristics, likely due to the relatively small numbers of tumours analysed 
in our study. 
A significant proportion of tumours demonstrated strong nuclear expression of 13-
catenin and one tumour mth nuclear localisation ofy-catenin. Nuclear accumulation 

of l3-catenin is an early event in the neoplastic progression of Barrett's oesophagus 
since this is observed already in low grade dysplastic Barrett's epithelium(25,26). 
Nuclear localisation of both catenins indicates their role in signal transduction and 
regulation of gene expression (27). Free, cytoplasmic l3-catenin translocates to the 
nucleus, binds transcription factors (fef/Let) and stimulates transcription of target 
genes such as c-myc and cyclin Dl (28,29). 
In the present study we also evaluated the biochemical and spatial distribution of E­
cadherin, 0.-, 13- and y-catenin in the different cell compartments in cancerous tissues 
and normal adjacent mucosa from the same patient. We show in agreement with other 

studies that E-cadherin, 0.-, 13- and y-catenin are present in two protein pools, a Triton 
X-I00 soluble membrane bound fraction and a Triton X-I00 insoluble cytoskeleton 
bound fraction (30,31). Our results also demonstrate that complex disturbances ofE­
cadherin and catenlns expression are common in adenocarcinomas of the GO]. 
Evaluating the distribution of E-cadherin and catenins between the soluble and 
insoluble fraction showed an increase or decrease in expression in one of the two 
fractions relative to the normal mucosa. This shows that expression of the proteins 
does not always imply that they are functioning, as binding of the E-cadherin-catenin 
complex to the cytoskeleton is essential for. its role in cell adhesion. Two studies 

demonstrated increased l3-catenin in the soluble fraction and decreased l3-catenin in 
the insoluble fraction in a subset of oesophageal squamous cell carcinomas and 
colorectal carcinomas and this was associated with increased cytoplasmic staining by 
immunohistochemistry (32,33). We confirm their findings, since in 4/5 tumours with 

an abnormal western blot for l3-catenin, immunohistochemistry revealed reduced 
membranous and increased cytoplasmic staining. Moreover, 3/5 tumours had strong 

nuclear staining for l3-catenin. 
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Failure of E-cadherin and the catenins to localise to the membrane and/ or bind the 
cytoskeleton in spite of their abundance may be due to genetic or epigenetic changes in 

their structure and/ or function. E-cadherin, a, ~, and y-catenin mutations have been 
reported in different tumours and cell lines (5,34-36). However, we and others could 
detect E-cadherin nor J3-catenin gene mutations underlying the aberrant expression of 
the proteins (25,37,38). Post-translational regulation, perhaps by tyrosine 
phosphorylation, may be responsible for the distribution of the catenins in the 
different pools. The phosphorylation status of the catenins may be affected by 
intracellular membrane associated tyrosine kinases like src and receptor tyrosine 
kinases such as the epidermal growth factor (EGF) receptor. In response to 

transfection with v-src, both ~-catenin is phosphorylated, and phosphorylation may 
interfere with cadherin function and disrupt adherens junctions, without affecting the 
overall expression of either the catenins or E-cadherin (39,40). Moreover, E-cadherin 
tyrosine de-phosphorylation was observed in primary bronchopulmonary and thyroid 
carcinomas displaying a spotty cytoplasmic pattern or a pericellular redistribution of 
the complex with no synthesis variations for E-cadherin or the catenins (41,42). 
Imunohistochemistry and western blotring data correlated when expression and 
distribution ofE-cadherin was analysed. E-cadherin is expressed in epithelia only. On 
the contrary, the catenins are also expressed in non-neoplastic celis, such as muscle, 
endothelium and nerves (Figure 1D). Therefore, contaminarion of the protein lysates 
with stromal tissue can influence the signal derived intensity of the western blots. This 
might explain why there was no correlation between the results of the 
immunohistochemistry and the western blotring 'With respect to the catenins. On the 
other hand, all tumour tissue samples were carefully selected to contain at least 75% 
tumour cells with minimal stromal tissue. Secondly, western blotring detected tumour 
samples 'With redistribution of the E-cadherin-catenin complex that were shown 
normal by immunohistochemistry. Therefore, both techniques might be of additional 
value in detecting discrete but important changes in distribution of the cell-cell 
adhesion complex in cancerous tissues. 
In summary, our study showed that a perturbation in the expression, distribution and 
hence function of the members of the E-cadherin-catenin complex is frequently seen 
in adenocarcinomas of the gastro-oesophageal junction. Immunohistochemical 
technique and western blotring of the soluble and insoluble fraction of the proteins are 
both valuable tools in detecting abertant expression and distribution of the complex 
and even might have additional value. Further research will have to focus on the 
possible mechanisms underlying the redistribution of this cell-cell adhesion complex in 
cancers. Cltimately, this might improve our understanding of the aggressive features of 
adenocarcinomas of the gastro-oesophageal junction, which show a sharp increase in 
incidence over the past decades in the western world. 
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PRECIS 

MHtation analysis of the VHL and PP ARy genes IJJas peiformed in 43 tt/motlr specimens 
derived from adenocarcinomas oj the gastra-oesophageal jtIndion. l'\Jo J71utations were detected in 
both genes, despite freqtlet1t LOH (68%) at 3p25-26. 
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INTRODUCTION 

Worldwide, adenocarcinomas of the gastIo-oesophageal junction (GO]), i.e. distal 
oesophagus and gastric carclia, show an increase in incidence over the past three 
decades (1,2). This is worrisome, since these carcinomas carry a poor prognosis, 
with 5-year survival rates of about 25% after surgery with curative intent (3). 
Adenocarcinomas of the GO] are thought to arise from premalignant metaplastic 
epithelium, also known as Barrett's epithelium. This columnar epithelium has 
replaced the normal squamous lining of the oesophagus due to longstanding 
(duodeno )gastto-oesophageal reflu.,. K umerous molecular events involved in the 
progression from Barrett's oesophagus to adenocarcinoma have been characterised 
over the past decades, but there is still no uniform molecular pathway (4,5). 
Therefore, the pathogenesis of adenocarcinomas of the GO] remains poorly 
understood. 
Loss of a region on the short arm of chromosome 3 is frequently found in human 
carcinomas, including adenocarcinomas of the GO], and suggests the presence of a 
putative tumour suppressor gene within the region of chromosomal loss (6-16). 
Moreover, the tumourigenicity of carcinoma cell lines has been shown to be 
suppressed by the introduction of a human chromosome 3p (17). The region of 
frequent LOH on 3p in oesophageal adenocarcinomas was at 3p25-26 and 
encompasses the von Hippel-Lindau (VHL) tumour suppressor gene (14). This 
gene was linked to chromosome 3p in 1988 and identified at 3p25-26 in 1993 (18) 
(19). The gene, encoding a 213 amino acid protein, is composed of 3 exons. It is 
widely expressed during human embryogenesis and in normal and neoplastic 
human tissues (20). Germline mutations in VHL can cause VHL disease, an 
autosomal dominant heritable cancer syndrome characterised by the development 
of multiple benign and malignant tumours (21). It has been suggested that the 
T/HL gene might also be the target gene of chromosome 3p allelic loss in 
adenocarcinomas of the GO] but mutation analysis has not been reported 
(4,14,22,23). So far VHL mutations were only found in sporadic renal clear cell 
carcinomas (24,25). Interestingly, LOH at 3p25 and 3p23 has been shown to be 
associated with lymph node metastases in squamous cell carcinoma of the 
oesophagus and colorectal cancers and poor survival in patients with colorectal 
carcinoma, respectively (11,13,26). 
A second candidate gene on 3p25 is the human peroxisome proliferation-activated 
receptor gamma (pPARy). PPARr, a member of the nuclear receptor superfamily, 
was first discovered in 1990 and was recently mapped on chromosome 3p24.2-25 
by radiation hybrid mapping (27). It is involved in adipocyte differentiation, 
cholesterol homeostasis, lipogenesis, thermogenesis and glucose homeostasis (28). 
However, it has also tumour suppressor properties: PPARy slows cell gro'W"th and 
induces cell differentiation in many different cell types (29-33). Inactivation by loss 
of function mutations in the exons 3 and 5 of PP ARy are associated with human 
colon cancer (34). 
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--------------------- VHL AND PPARYY[CYATIONS 

Given the frequent loss at chromosome 3p at 3p25-26 in adenocarcinomas of the 
GO] encompassing two candidate tumour suppressor genes, we deemed it of 
interest to perform mutation screening of the VHL and PP ARy gene in these 
carClnomas. 

MATERIALS AND METHODS 

Tumour specimens 
Fresh samples of adenocarcinomas of the GO] (i.e. distal oesopha"ous and gastric 
cardia) were obtained from 26 resection specimens: 26 samples were derived from 
the ptimary tumours and 2 tumour samples were taken from lymph nodes who 
were macroscopically (and microscopically) inftltrated by tumour. Samples of 
tumour and normal gastric epithelium or squamous epithelium of the oesophagus 
wefe snap-frozen and stored in liquid nitrogen. 
Two in lfitro cell lines derived from oesophageal adenocarcinomas, ]ROECLI9 and 
]ROECL33 were obtained from the European Collection of Cell Cultures 
(ECACC), and 3 cell lines (p4C, M4C and P5C) were established in our laboratory 
(35). Two of these cell lines in vitro cell lines are detived form a primary tumour 
(P4C) and a lymph node metastases from the same patient. In llioo xenografts from 
3 lymph nodes metastases (M2X, M9X and :'vf30X) and 7 primary tumour 
xenografts (P21X, P23X, P27X, P33X, P34X, P35X, P47X) were also included in 
our analysis. 111 vivo xenografts were obtained after transplantation of tumour tissue 
to female nude mice, 4-6 weeks of age (35). 
DNA isolation 
Dl':A from cell lines was isolated according to standard procedures. Genomic 

DNA from xenografts, tumour samples, and normal tissue was isolated from 5-!lm 
cryostat tissue sections by overnight proteinase K incubation in 50 =\1 Tris-HCL 
(PH 8.0) at 56°C, followed by phenol extraction and ethanol precipitation. DNA 
pellets were dissolved in 100 !lL of 10 mM Tris-HCL (PH 7.8) and 1 mM 
ethylenediaminetetraacetic acid (EDTA). Microdissection was performed to ensure 
that the tumour tissue consisted at least of 75% tumour cells. Normal mouse Dl\:A 
was used as negative control in all experiments in wruch xenograft DNA was 
investigated. 
Analysis of the VHL and PPARrgene by PCR-SSCP 
The entire open reading frame (ORF) of the VHL gene, including both flanking 5' 
and 3' untranslated regions (UTR) and exon-intron boundaries, was investigated by 
PCR-SSCP analysis with 9 overlapping primer pairs (Table 1). In addition, PCR­
SSCP analysis of PPARywas performed on exon 3 with one primer pair and exon 
5 \vith two overlapping primer pairs, as described by Sarraf et al. (34). Genomic 
DNA fra"aments were PCR-amplified in a Biometra ® DNA thermal cycler 
(Biometra, G6tringen, Germany). PCR-amplification took place in a 15 IlL reaction 
mixture containing 1.5 mM Mg'-, 0.02 mM dATP, 0.2 =\1 dGTP, dTTP, dCTP 
each, 0.8 !lCi a"P-dATP (Amersham, Buckinghamshire, CK), 20 pmol of each 
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primer and 0.2 U Taq polymerase (promega, Madison, WI, VSA). Mineral oil was 
used to overlay each PCR reaction mixture. PCR was performed for 35 cycles 

(denaturing at 95°C for 30s, annealing at the appropriate temperature: 55°C or 
5TC for 45s (fable 1) and extension at 72°C for 1 min.). A final extension step was 

carried out at 72°C for 10 min. Of each PCR product, 2 >tL was diluted with 8 ~L 
loadingbuffer (95% formamide, 10 mlVI EDTA, pH 8.0; 0.025% bromophenol blue 
and 0.025% xylene cyanol). Subsequently, samples were denatured at 95°C for 5 
min. and chilled on ice before appropriate aliquots of the radiolabelled PCR 
products were loaded on an 8% non-denaturating polyacrylamide gel containing 
10% glycerol. Electrophoresis was carried out at 7W overnight at room 
temperature in 1 x TEE running buffer. Acetic acid (10%) was used for fi."ation of 
the gel followed by drying on blotting paper (Schleicher & Schuell, Dassel, 
Germany) using a vacuum gel dryer. The gel was exposed to X-ray film overnight at 
-70°C, using intensifying screens. PCR products of exon 5 of the PP ARy gene were 
subjected to SSCP analysis with and without prior digestion with the restriction 
enzyme Fokl. This enzyme digests the 383 bp PCR product in 2 fra"oments of 220 
bp and 163 bp. 
D"lA samples from 3 patients with known VHL germline mutations served as 
positive controls for the SSCP analysis (36). We also included the A498 cell line, 
having a 4-base pair deletion in the VHL gene at nucleotides 639-642 (cD:t\iA 
numbering) as previously reported (37). 

TABLE 1. Prin;ers-, prod/lei si;;ys alld ol1JleaJiJ7gstetlperafJJre for PCR-SSep ifVHL 

EXfJ!1 Prill/er., S eqlfl!!lceProd/lcl .ri::..!' (bp)l AIJI1f!o/il1,gs 
Tw1'. ("C) 

VHL l-lA GrvCATACAGTlv\CGAGTTGGCCTAGC 
VHL l-lB GTCGACCTCCGTAGTCTTCG 154 S7°e 
VHL 1-2A AGCGCGTTCCATCCTCTACCG 
VHL 1-2B ACCTCGGCCTCGTCCCAGT 171 S7°e 
VHL 1-3A CCCGGGTGGTCTGGATCGCG 
VHL 1-3B TTCCTCCGGGCCGGACTCTTC 167 S7°e 
VHLl-4A AAGAGTACGGCCCTGlv\GAAGAC 
VI-IL 1-4B CTGCGATTGCAGAAGATGACCTG 178 S7°e 
VHL 1-5A GTGCTGCGCTCGGTGAACTC 
VHL l-SB CTCGGTAGCTGTGGATGCGG 157 S7°e 
VEL l-M AGCCCTACCC!v\CGCTGCCG 
VEL l-6B ACCCTGGATGTGTCCTGCCTClv\G 180 S7°e 
VHL2-7A CCTTTGCTTGTCCCGATAGGTCA 

2 VEL2-8D CTTACCACrCACrv\CCTTATC 187 55°C 
VHL3-9C GTACAGGTAGTTGTTGGCrvv\G 

3 VHL3-9B TGGGTGGTCTTCCAGATCTTCG 201 S7°e 
VHL 3-10A ATTACAGGAGACTGGACATCGTC 

3 VEL 3-l0D TGfV\ACAGTGTrCAGTTTCAACAG 151 S7°e 

" bp-base pairs 
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FIGURE L The T/HLgme stmctlfre. The relative positions oj/he VHLpri/JIers (VHL 1-1 ... VHL 3-
10) 011 the gmt are showl1. 
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DNA with aberrantly migrating PCR-SSCP fragments was reamplified and purified 
over QIAquick spin columns (Qiagen, Hilden, Germany), cloned into the pGEM-T 
easy vector (promega, Madison, \VI, USA), and sequenced with a_35SdATP, T7 and 
SP6 primers, and T7 DNA polymerase according to the dideoxy chain-terruination 
method. Electrophoresis of the samples was carried out on an 8% denaturating 
polyacrylamide gel. After fixation and drying, gels were exposed to X-ray film at 
room temperature 
LOH determination 
In all tumour samples, LOH was determined with 2 micro satellite markers tloat map 
on 3p where both genes are located (8,38). :'vlarkers D3S1110 and D3S1317, were 
tested on lOOng of tumour and normal DNA in a PCR reaction as described 
previously (39). In addition, the VHL exon 1 and intron 2 polymorphisms were 
used for LOH determination by SSCP analysis. LOH was established by visual 
comparison of the intensity of allelic bands obtained from tumour samples ,,~tl1 
those of normal DNA. Furtloermore, the correlation between LOH at 3p and 
tumour stage, tumour grade and 5-year overall survival was assessed. 
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Immunohistochemistry 
In 42 tumours immunostaining for VHL was performed on 5-J.1ill paraffin­
embedded tissue sections by tbe avidin-biotin-peroxidase metbod. Sections were 
dew:L,ed, immersed in 10!Ih\i[ sodium citrate buffer (PH 6.0) and incubated at 
100°C in a microwave oven for 15 min. The mouse anti-human VHL-antibody Ab-
1 (Oncogene, Boston MA, VSA) was applied overnight at a dilution of 1:100 in 
PBS and 0.1% Tween 20. Immunoreactivity was visualised witb tbe peroxidase 
labelled StrA VIGen Multilink Kit (Biogenex, San Ramon CA, uSA) and 
diarninobenzidine tetrahydrochloride (DAB, Seva, Heidelberg, Germany) and H,02 
as tbe chromogen. Human cerebellum (purkinje cells ) was used as a positive 
controL 
Statistical analysis 
Statistical analysis was performed using tbe SPSS package. The Chi-square or Fisher 
Exact tests were used to compare categorial data. Survival curves were constructed 
using tbe Kaplan-:yjeier Metbod, and compared witb tbe log-rank test. P-values 
<0.05 were considered statistically significant. 

RESULTS 

Mutation analysis 
The entire open reading frame, exon-intron boundaries and tbe 5' and 3' UTR of 
tbe VHL gene as well as exons 3 and 5 of tbe PP ARr gene were analysed for 
genetic alterations in 5 cell lines, 10 xenografts and 28 tumour samples including 
two lymph node metastases. We detected in tbe VHL gene two different aberrant 
SSCP patterns in 19 tumour samples. In alI cases tbe matched normal DNA 
showed tbe same SSCP aberration. upon sequencing, one pattern proved to be a 
previously described exon 1 polymorphism tbat was present in 19 paired tumour 
and normal tissue samples witb primer combination VHL 1-1 (24) (Figure 2A). The 
second aberrant SSCP band shift was detected in one tumour sample witb primer 
combination VHL 2-7/8 (Figure 2B). Upon sequencing, a basepair substitution in 
intron 2 of the VHL gene was detected (5' intron 2-gtac~o-t ... ttccag-3' exon 3; 
deposited in ~CBI/]\;ucleotide QVERY database libraries; accession no. 
AFOI0238). All tbree positive controls witb an exon 1 VHL germline mutation 
showed an SSCP band shift using primer combination VHL 1-4 (Figure 3A). Two 
of tbe tbree patients were related, having a CGC"'7CCC G404 mutation and tbe 
otber patient a CTG"'7CCG T401 mutation (Figure 3A) (36). We also detected tbe 
VHL exon 2 mutation in tbe A498 cell line using primer combination VHL 2-7/8 
as an abnormal SSCP band shift (Figure 3B) (37). 

PCR-SSCP analysis of exons 3 and 5 of tbe PPARr gene did not reveal aberrant 
SSCP band shifts. 
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FIGURE 2. A. Loss of hetero:rygosi!J (LOH) analYsis ry PCR~SSCP oj the exon 1 pofymorphisl7l ill 
primary illUIOIfTS and xeJ10grcifts with corresponding norma! DJ\'A. A non-informative Cdse (Jolt) is shoJJJf], tll1 

i;ifortllatitJe case with 110 loss .. /7JJO xellogrqft samples mlh LOH and nJJD pri/nary tJlII/OIIT sCllJtples with LOH. 
T~tlf/I/Olfr, J:-.,T=corre.rpollding 170rma/ Dl\TA. ArroJ1!heads point to deleted alleles. B. LOH analYsis ry PCR­
ssep of the inirol7 2 pofymorphislll il7 xenogrqft P33X (T) with COJTespo17dillg normal Dl\G4 (J:\ll) and 
Iltlrelated llorJ'fJa! control D]\TA (I--T2). Arrowheads point to the deleted a/lele i/1 the flJIIIOllT D]\TA. 
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FIGURE 3. PCR-SSCP anafysis 0/ the VHL gene. A. Sh07]J11 are the aberrant migration patterns 
(ctrroJpheads) of fWD /1111101lr stmljJ-Ies ([1 and T2) derilled frOJJ/ IJvo VHL patients with a preJJio/fS/y descn'bed 
tIl/lialion in exon 1 of the T/HL gene. J:-.r=.corresponding nor/Jla! D]\TA. B. An aberrant tIligration pattent 
(arroJJlheads) is shoJJm of ttfl7l0/fr D.l'-.TA (T) derilJed jorl)1 the A498 carcinoma ceii line, harbouring a 4 base pair 
deletion in exon2 of the T/HLgene, versus normal conirol D!\JA 0~. 
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LOH determination 
LOB analysis with exon 1 and intron 2 polymorphisms (Figure 2) and twO 

micro satellite markers (D3S1110 and D3S1317) (Figure 4) revealed loss of at least 
one marker in 24 of 36 (67%) informative cases (Table 2). One tumour (21 T) had a 
microsatellite instable phenotype. 

FIGURE 4. Loss if hetero::;ygosiry (LOH) analYsis with marker D3S1110 ill xenografts and primary 
tUnlOllrs with corresponding nom la/ Dr,TA.. T=hIIJ/ollr Dl\T.A., r-.. T=-correspo!7ding normal Dl\T./-l. Arro}1Jheacis 
poi171 to deleted (llle!es in the tlJITJOttr Dj\T.4. 
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TABLE 2. Patterns qf allelic loss in adenocarcinomas if/he gastro~oes(JjhageaJjlmction at loCJfs 3p25-26. 
017 the lift are the prill/ory t/Jll/or sOIl¢/es shown ond 017 the right the cell lines and xenografts. JVofe that 27M1 
and 27A12 are (yllph node metastases frOUI primary ifill/or 27T and P4C and M4C are cell lines denJJed fro/I! a 
primary tumor and a !)I!Tph node !lletaslasfs, respecfil)e/J, from the some patient. 

2T 

3T P4C 

5T M4C 

TT M5C 

9T MZX 

10T M9X 

11T P21X 

12T P23X 

13T P27X 

14T M30X 

1ST P33X 

1TT P34X 

18T P35X 

19T P47X 

20T 

21T 

22T 

23T 

24T 

25T 

26T 

27T = no loss 

27M1 = loh 

27M2 ~ non informative 
28T 

~Si 
no data 

29T = microsateliite instability 

30T 
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Correlation between LOR on 3p and Clinicopathological parameters 
LOH at 3p25 was not significandy correlated with tumour stage, tumour grade or 
lymphangio-invasiveness of the tumour. However, there was a trend towards a 
higher frequency of lymph node metastases in tumours with LOH on 3p25: 22/25 
(88%) tumours with LOH had lymph nodes involved by tumour whereas 7/12 
(58%) tumours without LOH had lymph node metastases (p=O.08). The 5-years 
overall survival rate for patients whose tumours demonstrated LOH on 3p was 
23%, whereas this was 24% for patients whose tumours had no LOH (p=O.9). 
Immunohistochemistry 
Diffuse cytoplasmic immunoreactivity for VHL was found in all 42 investigated 
tumours. The staining intensity vatied from weak to very strong but the VHL 
expression in epithelial tumour cells was always much stronger than the expression 
in the surrounding stromal components (Figure 5A). There was no correlation 
between loss of the VHL locus and the VHL staining intensity. In 6 tumours strong 
membranous reactivity was observed in addition to the cytoplasmic expression 
(Figure SB). Interestingly, 4 of these tumours showed no loss of the VHL locus, 
one tumour had LOH and one was not informative. VHL expression in the nuclei 
was not observed. 

FIGURE 5. Inw/JIl1oiJistochen-;-istry for VHL ill admocarcinofllCl 0/ the gastro-oesophogea/jIlJ7ction. Panel A 
shOJ})s (1 flfmOHr ]}lith rytoplosmic ifllultff7ostaining. Panel B shoJPS tl IlImOl./r ]}Iith prol1litlel1t membranolls 
/ocalisation ofVHL 
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DISCUSSION 

According to Knudson's two hit hypothesis, frequent loss of a chromosomal region 
in a number of comparable tumours is an indication for the presence of a tumour 
suppressor gene. Others and we have screened a panel of adenocarcinomas of the 
GO] for chromosomal losses by comparative genomic hybridization and 
allelotyping (15,16,40-42). LOH at 3p is frequendy and consistendy reported 
throughout most smdies. The rationale for this study was based on the smdy by 
Dolan et aL who reported that allelic loss was mainly seen within the VHL locus at 
3p25-26 in 54% of the informative tumours (14). The other smdies also showed 
loss of 3p but unfortunately did not specify the chromosomal region. PP ARy was 
recently shown to harbour somatic mutations in colon carcinomas (34). This gene 
is also located within the region of frequent LOH in adenocarcinomas of the GO], 
and therefore considered as another target tumour suppressor gene. 
In our series of 43 GO] adenocarcinoma tumour samples, only two aberrant SSCP 
band shifts were detected in tumour and corresponding normal DNA when the 
VHL gene was analysed. Upon sequencing these were proven to be 
polymorphisms. It is possible that VHL and PPARy mutations remained 
undetected and thus our results underestimate the prevalence of VHL and PPARy 
mutations. PCR-SSCP analysis has the advantage of being relatively rapid and 
therefore makes it a suitable method for mutational screening rather than 
completely sequencing all specimens. However, it is also known that PCR-SSCP 
does not identify all mutations, depending on the size of the amplicons being 
analysed by SSCP (43,44). Furthermore, some gene aberrations might have been 
missed in tumour samples due to admi:,ture of normal stromal cells. However, 
tissue samples were microdissected to enrich for tumour cells. Secondly, LOH 
could be determined easily when tumour and normal DNA were compared 
suggesting that tumour samples had indeed little admixmre of normal non­
tumorous DNA. Moreover, 15 human carcinoma cell line and xenograft samples as 
a source of tumour cells without admi.,ture of any normal human cells were also 
included in our analysis. All exens could be amplified with D",A derived from the 
xenografts and cell lines and SSCP did not reveal aberrant patterns. From this 
observation we can also conclude that possible homozygous deletions involving 
one or both genes are not likely to be present in these tumours. It still leaves the 
possibility that mutations are located outside the screened sequence, like in the 3' 
UTR gene regulatory element or within the intronic segments of VHL, but these 
have not been reported. No aberrant PCR-SSCP bands were detected for the 
PP ARygene. We analysed only exon 3 and 5 of the PPARy gene, since to date only 
mutations in exons 3 and 5 of PPARy have been detected, gready impairing the 
function of the protein. 
Since we found a high frequency (67%) of allelic loss of the VHL and PPARYgene 
locus at 3p25-26 without concomitant mutations of the remaining alleles, this might 
also point to another tumour suppressor gene on 3p involved in the genesis or 
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progression of adenocarcinomas of the GO]. In this respect Clifford et aL (1998) 
made an interesting observation (6). They found that in renal cell carcinomas 
without VHL mutation the frequency of 3p12-21 LOH (93%) was significantly 
higher than the 3p25-26 LOH (43%). Since we do not have LOH data outside the 
3p25-26 region we can not exclude other 3p tumour suppressor genes as the target 

of 3p loss. Tumour suppressor genes on 3p might include /3-catenin on 3p22, FHIT 
on 3p14, hMl.Hl on 3p21 and the genetic locus NRC-l at 3p12. LOH and 
homozygous deletion at the j3-catenin locus have been observed in human 
malignancies (45,46). ~-Catenin expression is altered in dysplastic Barrett's 
epithelium and adenocarcinomas (47). However, besides its tumour suppressive 
effect in establishing cell-cell adhesion (as a cytoplasmic partner of E-cadherin), the 
protein is a proto-oncogene involved in cell signalling (48). Activating mutations in 
/3-catenin have been reported rather than inactivating mutations and LOH (49,50). 
The tumour suppressor gene FHIT is an interesting candidate for involvement in 
GO] carcinogenesis since frequent deletions of this gene were reported in Barrett's 
oesopha"aus and adenocarcinoma (51). The mismatch repair protein hMLHl plays a 
role in the control of replication fidelity. Tumours with inactivation of this protein 
are characterised by microsatellite instability 01S!). In the present study only one of 
43 tumours showed a MSI phenotype which is in accordance with previous results 
(52). Therefore, it is unlikely that hMLHI is inactivated in GO] tumours. Lovell et 
aL described a genetic locus on 3p12, designated NRC-l, which mediates tumour 
suppression (53). Data on involvement of :\rRC-l in GO] adenocarcinomas are 
lacking and the candidate gene still has to be identified. Alternatively, if LOH of 3p 
truly reflects loss of one VHL and PPARy allele, this could point towards a gene 
dosage effect. Striking examples of the effect of gene dosage are the monoallelic 
RET mutations in Hirschsprung disease and monoallelic PTEN germline mutations 
in Cowden syndrome (34). Furthermore, epigenetic mechanisms, such as 
hypermethylarion within the promotor region preventing gene transcription and 

leading to a reduction in VHL and PPARy protein needs to be considered as well 
(34,54). However, all tumours showed normal levels of cytoplasmic VHL 
expression as has been reported in several other human carcinomas (20,55). 
Sakashita et al. reported also the expression of VHL in tumour cell nuclei (55). In 
our series no nuclear reactivity was found. In 6 tumours membranous VHL 
reactivity was found in addition to cytoplasmic expression. At least four of these 
tumours had retention of both VHL alleles and only one tumour had LOH at the 
VHL locus. The si."th tumour was homozygous for all tested markers. Membranous 
VHL expression has not been reported by others and its significance remains 
unclear. 

In conclusion, these results show that VHL and PP ARy gene mutations do not 
appear to playa role in the tumourigenesis of adenocarcinomas of the GO], despite 
the high prevalence of LOH at 3p25-26. Because normal expression of the VHL 
protein is found in these tumours the target for LOH of 3p25-26 is most likely 
another gene. However, a gene dosage effect or epigenetic phenomena leading to 
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inactivation of VHL or PPARy can not be ruled out. These possibilities warrant 
further investigation. 
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CHAPTER 12 

IDENTIFICATION OF A 8.6cM MINIMAL DELETION AT 

14Q31.1-32.11 IN ADENOCARCINOMAS OF THE 

GASTRO-OESOPHAGEAL JUNCTION 

BPL Wijnhoven, D Dezentje, M Abbou, H van Dekken, HW Tilanus and WNM Dinjens 

Submitted 

PRECIS 

Deletion of chromosome 14 at 14q31. 1-32. 11 ocmrs frequently, and implicates a putative tumour 
suppressor gene involved in tumo1J1igenesis and progression of adenocarcinomas oj the gastro­
oesophageal junction. 
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INTRODUCTION 

Adenocarcinomas anslng from the lower oesophagus or the gastric cardia are 
commonly referred to as adenocarcinoma of the gastro-oesophageal junction 
(GO]). As such, they can be regarded as a single entity (1,2). These tumours have 
shown a rapid increase in incidence over the past decades (2,3). The most 
important risk factor is gastro-oesophageal reflu..'( leading to the replacement of the 
normal stratified squamous epithelium by columnar epithelium. This condition is 
known as Barrett's oesophagus. The prognosis for patients '>lith adenocarcinoma of 
the GO] is poor. Five-year survival after surgery '>lith curative intent is 
approximately 20-25% (4,5). Little is known about the genetic alterations involved 
in the progression of Barrett's epithelium towards dysplasia and invasive 
adenocarcinoma. Recently, others and we identified chromosomal aberrations in 
these tumours by comparative genomic hybridisation (CGH) (6-8). Loss of 
chromosome 14q31-32.1 was detected in a significant number of cases, suggesting 
the presence of a tumour suppressor gene in that region (6). Deletion of part of 
chromosome 14 has also been reported in other malignancies such as colorectal 
carcinoma, adenocarcinoma of the stomach, gastrointestinal tract stromal cell 
tumours, ovarian cancer, bladder cancer, head and neck carcinoma, renal cell 
carcinoma and renal oncocytomas, malignant mesothelioma, neuroblastoma and 
meningioma (9-18). The goal of the present study was to define the common 
region of chromosome 14q loss in GO] adenocarcinoma in more detail by LOH 
analysis using a set of polymorphic microsatellite markers. Thirty-seven samples 
comprised of 17 primary tumours and one dysplastic epithelium sample, 15 
xenografts ftom 10 primary tumours and 5 lymph node metastases as well as 5 in 
17itro GO] adenocarcinoma cell lines were used. The xenografts and cell lines 
facilitate detection of homozygous deletions. 

MATERIALS AND METHODS 

Patients 
We analysed 37 tissue samples from 36 patients. All patients were di"<,onosed '>lith 
adenocarcinoma of the gastro-oesophageal junction, i.e. distal oesophagus or the 
gastric cardia, and underwent transhiatal resection of the oesophagus and the 
proximal stomach '>lith curative intent as described (1). 
Tumour samples: frozen tumour tissue, cell lines and xenografts 
The tissue samples were obtained from the resection specimens. Immediately after 
surgery small pieces of tumour, dysplasia and adjacent normal mucosa were taken, 
snap frozen and stored in liquid nitrogen until further analysis. Specimens included 
17 primary tumours and one dysplastic epithelium sample adjacent to an 
adenocarcinoma, 10 primary tumour xenografts, 5 xenografts from lymph node 
metastases and 5 in vitro cell lines. Two cell lines, ]ROECL 19 and 33, established 
by Rockett et of. were obtained from the European Collection of Cell Cultures 
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(ECACC) and 3 cell lines (P4C, M4C and M5C) were established in our laboratory 
(19,20). Two of these in vitro cell lines are derived from a primary tumour (P4C) and 
a lymph node metastasis (M4C) from the same patient. 

DNA extraction 

D)JA from cell lines was isolated according to standard procedures. Genomic 
D:\IA from xenografts and tumour samples was isolated from consecurive 5-!J.IIl 
cryostat tissue sections by overnight proteinase IZ digestion at 55°C followed by 
phenol extracrion and ethanol precipitation. DNA pellets were dissolved in TE (10 
rruYI Tris/HCl pH 7.8; lmM EDTA). The tumour and dysplastic tissue samples 
contained at least 75% neoplastic cells. 

Microsatellite marker selection 
Chromosome 14q polymorphic microsatellite markers with a high degree of 
heterozygosiry were selected from the Genethon human genetic linkage map (21). 
We used the primers from the database for marker amplificarion, except for the 
markers D14S67 and CCcl. D14S67 was amplified with primers A: 
CTACGCCTCTACAATTCT and B: GTAGTCAGGGTTTGCCAG and with 
primers X: GAGCCAATTTCTTAAAGTAr\ATC and Y: 
AGAAAACAGAACCAACAGGG. For marker CCCI we used the primers: 
GCCATAAGCCTGAAGATTGG and GGCAGTTAAGAAGACACAGC. 
Additional information on the relative position of all the used markers on 
chromosome 14q was obtained from the genome database Ensembl from the 
Sanger Centre. 

peR amplification 

PCR amplification was performed in a 15 J.t! reaction volume containing 0.1 f.lg of 
genomic DNA, O.2mM dcTP, 0.2mM dGTP, 0.2rruYI dTTP, 0.02mM dATP and 0.8f.tCi 

a-"P-dATP (Amersham, Buckinghamshire, 1.)K), 20mmol of each primer, O.4U Tao 
polymerase (promega, Madison, Wl, eSA) and 2-4rruYI MgCl,. This was covered 
with mineral oil. Amplification proceeded during 35 cycles in a Biometra thermal 
cycler (Biometra, Gi:ittingen, Germany) 'With the follo'Wiog parameters: denaturing 
at 95°C for 30sec annealing at either 50°C or 55°C for 45sec and extension at 72°C 
for 60sec. Reactions concluded with a final extension at 72°C for 10 minutes. Nude 
mouse DNA was used as a negative PCR control for xenografr DNA. 

Electrophoresis and interpretation of loss of heterozygosity 

Just prior to gel electrophoresis 5-J.t! of the PCR amplification product was diluted 
with 5-J.t! of loading buffer (95% formamide, 10mM EDTA, 0.025% bromophenol 
blue, 0.025% xylene cyanol, pH 8.0). Then the PCR product was denatured at 95°C 
for 5 minutes and loaded onto adjacent lanes and electrophoresed in a 6% 
denaturing polyacrylamide gel containing 42% ureum at 65W for 2 to 3 hrs, 
depending on the size of the amplified DNA fragment. Gels were dried and 
exposed to X-ray films. 
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The signals derived from tumour and corresponding normal D.NA were compared 
by visual inspection, independently performed by three investigators (BPLW, DAD 
and WNMD). DNA samples witb controversial results were reamplified and in a 
number of cases we isolated and amplified DNA from a seperate part of tbe 
mmOlir. A case was classified as informative and having undergone allelic loss 
(LOB - loss of heterozygosity), informative and no LOB, not informative, or as 
having undergone allelic shift (microsatellite instability). 

RESULTS 

Thirty-seven tumours and one dysplastic Barrett's epitbelium sample witb 
corresponding normal DNA were analysed for LOB using 22 polymorphic 
rnlcrosatellite markers covering chromosome 14q. The relevant results are 
summarised in Figure 1. .No LOB was found in 20 tumours and 2 tumours showed 
widespread micro satellite instability GV!SI). LOB for at least one marker was 
observed in 15 of 37 tumours (41%). Eight tumours (p4C, M4C, Ba7, Ba19, 
M53X1, Ba32, P35X1 and Ba23) showed loss of all informative markers for tbe 
entire region 14q11-qter. In 7 tumours botb loss and retention of heterozygosity 
was seen at informative markers. These patterns were used for defining the minimal 
region of overlapping deletion GV!RO). Witb all xenograft and cell line DNA 
samples PCR products were obtained witb all markers. 
We defined a region of loss which was proximally (i.e. towards tbe centromere) 
bounded by marker D14S983 and distally (towards tbe telomere) by marker CCcl, 
tbe genetic size being approximately 8.6 cM. Informative LOB results are shown in 
Figure 2. Tumour Ba10 and tbe dysplasia from tbe same patient (BalOd) were 
critical for defining tbe proximal boundary, whereas ffimour Ba34 defined tbe distal 
boundary. This region has been cytogenetically mapped in band 14q31.1-32.11 and 
it was deleted in all tumours tbat showed loss of 14 q markers. Deletion of 
D14S1058 and D14S68 was found in all informative tumours witb 14q loss. These 
markers are located at 95.89cM as is marker D14S67. Interestingly, tumour Ba27 
had retention of marker D14S67 and LOB of all tbe otber informative markers 
(Figures 1 and 2). There was no correlation between LOB on 14q and tbe location 
of tbe tumour (oesopha",ous or gastric cardia). GO] tumours witb 14q loss tended to 
have a higher tumour stage and more frequently distant metastases as compared to 
tbe tumours witbollt 14q loss (Chi-Square test p=0.13 and p=0.076, respectively). 

182 



LOH OF 14Q31.1-32.11 

FIGURE 1. All !/lIl/Ollrs with loss 0/ 14q markers are shoJJJn. P4C and M4C are in vitro cel! lines from a 
primary !JlIlIOliT and a f/Jefastasis.. respediJJe/y, from the st//J/e patim!. P35X1 is d XeI70graft from a prin/ary 
///II/Olfr and M30X1, Jvf53Xl and M55X1 are xenografts from Nietas/ases. The Ba ntill/bers are primary 
flllllOllrs and BatOd is the cfysplastic epithelium sar/¢/e belonging to pni'llary tHmO!lf Bal0. Marker CCCI is 
located behJJf!en D14S67 and D145977. The solid bar indicates the miniulal region of over!Lpping (lVIRO) 
LOH. 
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FIGURE 2. AJI/oradiogrd/f/S from 4 nprese11fCltive !lImOllrs (Ba10, B(134, 1'v155X1 and Ba27) showing 
a/lelic band patterns from critical markers on 14q. AITOl}JS indicate a/fele loss. T=fllrtlOlfr Dh'A, d=Barret'.r 
4ysplasia, f'./=norma/ DJ\TA. 
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DISCUSSION 

In this study we confirmed our previous finding that allelic loss on chromosome 
14q occurs in about half of all GO] adenocarcinomas (6). This strongly suggests 
that this region contains one or more tumour suppressor genes involved in 
tumourigenesis. Furthermore, we identified the commonly deleted region of allelic 
loss. This is located at cytogenetic band 14q31.1-32.11 between marker D14S1983 
and marker CCC1, with a genetic size of about 8.6 cM. 
In tumour Ba27 the entire long arm showed loss of heterozygosity, except for a 
clear-cut case of retention at marker D14S67. This can be due either to retention of 
both D14S67 alleles in the tumour or to the presence of a homozygous deletion. In 
the latter case the PCR product obtained with marker D14S67 is then derived from 
the normal DNA present in the tumour sample. To rule out the possibility of a 
mutation in the primer region of the tumour DNA, the assay was repeated with a 
second set of D14S67 primers CK/Y). Also with these primers retention of both 
alleles in tumour Ba27 was evident (Figure 2). Whether the retention of both 
D14S67 alleles reflects a homozygous deletion is under investi"o-ation. In the 
xenografts and cell lines we did not detect homozygous deletions, since with all 
markers tested PCR products were obtained. 
Genome-",ide allelic loss analysis in colorectal carcinomas reported an overall mean 
LOH frequency of about 20% (22,23). The finding of more than 40% 14q allelic 
loss in adenocarcinomas of the GO] points to possible involvement of this region 
in carcinogenesis of these tumours. Furthermore, loss of 14q32 has been reported 
in several other carcinomas like colorectal carcinoma (9,23,24), adenocarcinoma of 
the stomach (10,25) ovarian carcinoma (14), bladder carcinoma (18), head and neck 
(16), renal cell carcinomas and renal oncocytomas (15,17). Loss of 14q was 
reported to correlate with early age of onset, advanced stage and poor outcome of 
the disease (16-18,23,24). In our series we also found a trend that loss of 14q is 
more common in advanced stage tumours and in tumours 'Nith distant metastases. 
These findings indicate that inactivation of the putative 14q31-32 tumour 
suppressor gene is involved in disease progression. Furthermore, in concordance 
",ith this is our finding of no 14q loss (with markers D14S67, CCCl and D14S68) 
in 11 Barrett's dysphtsia samples, including 6 high grades (data not shown). 
However, the 14q loss found in tumour Bal0 was also detected in the tumour­
adjacent dysplastic Barrett's epithelium (BalOd, Figure 1 and 2). 
To our knowledge no clear candidate 14q32 tumour suppressor genes have been 
suggested to date. Genes at the 14q32 region with possible tumour suppressor 
activity are the thyroid stimulating hormone receptor (TSHR), glutathione 
transferase zetal (GSTZt) and the chec1.-point suppressor 1 (CHESt) gene. 
Activating and inactivating mutations in the TSHR gene have been described and 
Gustavsson el aL reported decreased growth rate and inhibition of tumour 
formation after transfection of thyroid carcinoma cells with a wild type TSHR 
cDl':A (26). GSTZI is an enzyme important in the detoxification of electrophilic 
molecules and has direct antioxidant activity. Deficiency of this gene can lead to the 
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accumulation of toxic compounds resulting in DNA damage (27). The CHES1 
gene suppresses a number of Dl""A damage-activated checkpoint mutations in yeast 
(28). Inactivation of CHES1 facilitates cell cycle progression in the presence of 
DNA damage. The used CCCl polymorphic marker is located in the 3' UTR of the 
CHES 1 gene and shows loss in 10 of 11 (91 %) informative cases. The relevance of 
these genes in GO] adenocarcinogenesis has to be determined. 
Finally, in our previous CGH study we found that 14q loss occurred significantly 
more frequent in oesophageal adenocarcinomas than in gastric cardia tumours. In 
the present study this relationship was not confirmed. Also in a larger CGH study 
the significant relation was lost between the location of the tumour and loss of 14q 
(van Dekken, unpublished results). Besides phenotypical similarities, 
adenocarcinomas of the oesophagus and gastric cardia apparently also have similar 
genotype, as suggested by others (29,30). 
In conclusion, our study has contributed to unravelling the complex molecular 
alterations present in adenocarcinomas of the GO]. We have comprehensively 
mapped the deletions of chromosome 14q that were previously demonstrated in 
this disease. The reliability of our findings has been greatly enhanced by the use of 
xenografts and in vitro cell cultures. We have determined an overlapping region of 
loss of heterozygosity, possibly harbouring a GO] adenocarcinoma suppressor 
gene. This result in combination with the available data base information on the 
genes present in this region will facilitate the identification of the candidate tumour 
suppressor gene. 
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Worldwide, adenocarcinomas of the gastro-oesophageal junction, i.e. distal 
oesophagus and gastric cardia, show an increase in incidence over the past three 
decades. This is worrysome, since these carcinomas have a poor prognosis, with 5-
year survival rates of about 25% after surgery witb curative intent. Refill." of 
duodenal and gastric contents into tbe oesophagus leads to oesophagitis and 
ultimately premalignant metaplastic epitbelium, also known as Barrett's 
oesophagus, can develop in a subset of patients. Adenocarcinomas of tbe 
oesophagus as well as gastric cardia are thought to arise from this precursor lesion 
tbrough a multistep of maJi",onant changes. The studies described in tbis tbesis 
intend to provide a better insight in tbe epidemiological, clinical and genetic 
alterations of adenocarcinomas of tbe gastro-oesophageal junction. 

CHAPTER 1 presents tbe state of art of tbe genetic alterations of Barrett's 
oesophagus and adenocarcinoma. Despite ongoing efforts to characterise the 
molecular changes in Barrett's oesophagus, its pathogenesis remains poorly 
understood. A wide variety of genetic events and mechanisms appear to playa role 
in tbe development and progression of Barrett's oesophagus-associated neoplastic 
lesions. A surprising degree of clonal heterogeneity in premalignant Barrett's 
epitbelium has been found consistent witb a complex pattern of evolution of 
neoplastic cell lineage's ratber tban a simple linear and unifortn patbway of 
molecular progression. This is in contrast with colorectal carcinoma, where 
Vogelstein and otbers have proposed a model of genetic evolution. However, it has 
become clear tbat inactivation of tumour suppressor genes p53 and p 16 (mutations 
and/ or LOB) and cell cycle abnortnalities or aneuploidy appear to be among tbe 
most important and well characterised molecular changes in the progression of 
Barrett's oesophagus to adenocarcinoma. 
In tbe past decades, tbere has been increasing interest in a large family of 
transmembrane glycoproteins called cadherins, which are tbe prime mediators of 
calcium-dependent, cell-to-cell adhesion in nortnal cells. CHAPTER 2 reviews tbe 
current literature about tbe E-cadherin-catenin complex in cancer. Loss of E­
cadherin-mediated intercellular adhesion seems to be an important contributory 
factor in tumour patbogenesis. It is associated witb loss of cell-contact inhibition of 
proliferation, thus enabling escape from growth-controlling signals. Loss of 
adhesion may also act by promoting tumour cell detachment from tbe primary site, 
so tbat malignant cells can spread to distant organs. Indeed, immunohistochemical 
studies in human cancers, including adenocarcinomas of the gastro-oesophageal 
junction, have frequently shown that a proportion of invasive carcinomas and in 
sitN carcinomas show aberrant levels of E-cadherin and/or catenin expression in 
comparison to tbeir related nortnal tissue. Expression of E-cadherin-catenin 
correlates witb patbological characteristics of tbe tumour (tumour grade, deptb of 
infiltration, venous pertneation, lymph node involvement) and clinical variables 
such as disease relapse, disease-free survival and overall survival. Therefore, 
knowledge of tbe level of expression of tbe E-cadherin-catenin complex might 
serve as an additional prognostic marker in human carcinomas. 
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Besides its role in cell-cell adhesion, ~-catenin iIiteracts with other cellular proteins 
like the adenomatous polyposis coli (APC) protein. APC aids in the breakdown of 

free, unbound ~-catenin that is not linked to E-cadherin. Elevated levels of free ~­

catenin due to decreased breakdown of ~-catenin, results into a translocation of ~­
catenin into the nucleus of the cell. There it binds to transcription factors and, as a 
consequence, transcription of certain genes involved in promoting cell proliferation 
and migration is initiated. This suggests its dual role as a tumour suppressor (cell­
cell adhesion when captured by E-cadherin-catenin complex) and as an oncogene 
(its role in signal transduction). Finally, this chapter reviews the possible 
mechanisms responsible for downregulation of this cell-cell adhesion complex: 
mutations, loss of heterozygosity as well as epigenetic mechanisms (promotor 
silencing through methylation) are all discussed. 
From chapter 2 it is concluded that further elucidation of the mechanisms 
underlying the changes in E-cadherin and catenin function may lead to the 
development of novel therapeutic approaches based on biochemical and genetic 
manipulation. 

PART II of this thesis deals with epidemiological and clinical aspects of 
adenocarcinomas of the gastro-oesophageal junction. In CHAPTER 3, we studied 
time trends in mortality and incidence rates of oesophageal and gastric carcinomas 
according to sub site and histology in the Southeast of the Netherlands since 1978. 
In males, the incidence of adenocarcinomas of the oesophagus and gastric cardia 
increased. In females, the increase in incidence of squamous cell carcinoma of the 
oesophagus appeared to be more marked than the rise in adenocarcinomas, 
whereas the incidence of gastric cardia carcinomas remained stable in the last 10 
years. \Vhcn incidence rates for adenocarcinomas of the oesophagus and gastric 
cardia were combined (defined here as adenocarcinomas of the gastro-oesophageal 
junction) for analysis of time trend, an increase in incidence for both sexes was 
observed over the study period (1978-1996): in males the incidence rose from 3.9 in 
1978 to 6.7 per 100.000 person-years in 1996, and in females from 0.2 to 1.4 per 
100.000 person-years. As discussed in chapter 3, several pitfalls may bias the 
obseI\Ted trends in incidence rates for oesophageal and gastric cancer. But our data 
do tell us that there should be little doubt that the incidence of adenocarcinomas of 
the gastro-oesophageal junction, i.e. distal oesoph~aus and gastric cardia combined, 
has been rising in the 90's at least in males (and to a lesser extent in females) in the 
Southeast of the )J etherlands. 

In practise, it is often difficult to decide whether a tumour has originated from the 
gastric cardia or in the distal oesophagus. Furthermore, several studies suggest 
common risk factors and a similar pheno- and genotype for adenocarcinomas 
arising from the distal oesophagus and gastric cardia. However, current staging 
citeria, established by the Union Internationale Contre Ie Cancer (CICC) and the 
American Joint Committee on Cancer (AJCc), use separate classifications: cancer 
of the cardia is classified as gastric cancer and carcinoma of the (distal) oesophagus 
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is classified as oesophageal cancer. Therefore, in CHAPTER 4 the question is 
addressed whether these tumours should be regarded and staged as one clinical 
entity. Pathology, pathological tumour node metastasis (PTNM) stage and 5-years 
survival data are presented on 252 patients who all underwent surgery for 
adenocarcinoma of the oesophagus (n=lll) or gastric carclia (n=141). Macroscopic 
and microscopic characteristics of both groups were similar. Only· Barrett's 
epithelium was seen more often surrounding oesophageal tumours than cardiac 
tumours. Although carclia carcinomas were more likely to be found at a more 
advanced T-stage (i.e. wall infiltration), the percentage of tumours "'lith loco­
regional lymph node involvement was similar (approximately 60%). Apparently, 
oesophageal carcinomas are detected at an earlier stage. The 5-years overall survival 
was 26% for oesophageal adenocarcinomas and 27% for gastric cardia carcinomas. 
'.Vhen survival probability was analysed according to tumour stage, also no 
clifference was found between both groups. In summary, this study supports the 
hypothesis that adenocarcinoma of the distal oesophagus and gastric cardia are one 
clinical entity and that both carcinomas should be staged accorcling to uniform 
staging criteria On multivariate analysis, age of the patient, infiltration of the 
tumour (PT -classification), nodal involvement (p:\!-classification), clistant metastasis 
(pM-classification), tumour grade (pG-classification) and residual tumour 
classification (PR) were all independent variables preclicting survival. 

As already cliscussed in chapter 1, still little is known about the cellular and 
molecular mechanisms that underpin the origin of adenocarcinomas of the gastto­
oesophageal junction. This partly because of a lack of sufficient in vivo and in vitro 
model systems. PART III describes the establishment and characterisation of cell 
lines derived from adenocarcinomas of the oesophagus and gastric cardia. 
CHAPTER 5 describes our experience "'lith the establishment of in vIvo and in vitro 
cell lines, which we started in 1997. Tumour samples derived from 
adenocarcinomas of the oesophagus and gastric carclia as well as their lymph node 
metastasis were xenografted subcutaneously to immunodeficient nude mice. In 
adclition tumour tissue was also used for in vItro culture. Xenografting of 70 primary 
tumour samples and 17 metastasis resulted in initial growth of 22 and 6 tumours 
respectively (32%). Upon retransplantation, 6 long-term xenografts from ptimary 
tumours and 3 from metastasis were obtained. In vitro culture attempts of 34 
primary tumours and 9 metastasis resulted in the establishment of 3 (J%) 
permanent in vitro growing cell lines. From one patient, a cell line of the primary 
tumour as well as the lymph node metastasis was established. The in 7)"I,,0 and in "Itro 
cell lines were characterised by immunohistochemistry, microsatellite analysis and 
by counting the chromosome numbers in metaphase spreads to verify their 
epithelial and human tumour otigin, respectively. This study shows that cell lines 
derived from adenocarcinomas of the gastto-oesophageal junction growing hl vivo 
and in 77Itro can be successfully established and resemble histologically, 
immunohistochemically and genetically the tumours from which they originated. 
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These xenografts and cell lines are a valuable source of homogeneous tumour 
tissue for further investigations. 

Recently, 5 human oesophageal and gastric cardia carCilloma cell lines were 
established and characterised in the Cnited Kingdom. These cell lines were 

included in two of our studies on E-cadherin and /3-catenin mutations in 
adenocarcinomas of the oesophagus (chapters 7 and 8 of this thesis). In two cell 
lines (jROECL 47 and 50) that are derived from one primary tumour, we detected 

an E-cadherin and a /3-catenin mutation. These mutations could not be detected in 
the primary oesophageal tumour from which the cell lines were presumably 
established. Recently, identical E-cadherin and /3-catenin mutations were described 
in colon cancer cell line HCT 116, established in 1981. This prompted us to 
investigate the derivation of the cell lines JROECL 47 and 50 by HLA typing, 
mutation analysis and microsatellite instability analysis, as described in CHAPTER 6. 
\XIhen the cell lines JROECL 47 and HCT 116 were xenografted on nude mice, this 
resulted in undifferentiated solid tumours, without glandular differentiation. In Ititro, 
the morphology was also similar, with spindle shaped cells and similar growth rates. 
HLA typing revealed that cell lines JROECL 47 and HCT 116 all had the same 
HLA-DR allele which was different from the original primary oesophageal tumour 
from which the cell lines JROECL 47 and 50 were presumably established. 
Mutation analysis showed the same E-cadherin, /3-catenin and k-ras mutations in 
the three cell lines. However, allelotyping showed different allele sizes between the 
three cell lines with 7 of 9 polymorphic markers, indicating a different origin of the 
cell lines. But all three cell lines had an extreme microsatellite instable phenotype. 
Obviously, separate cultures of HCT 116 resulted in different microsatellite 
alterations. Our assumption that cell lines JROECL 47 and 50 are admi.,tures of 
HCT 116 was confirmed by the European Cell Culture Tissue Bank (EACC). The 
conclusions that are drawn from this chapter are: (1) always check the derivation of 
cell lines since there is always a risk of contamination with other cell lines; (2) 
JROECL 47 and 50 are in fact admi.,tures of the human colon adenocarcinoma cell 
line HCT 116; (3) allelotyping of cell lines by microsatellite analysis is not 
appropriate for microsatellite instable cell lines. 

In PART IV of this thesis the E-cadherin-catenin cell-cell adhesion complex in 
adenocarcinomas of the gastro-oesophageal junction is studied. 
In CHAPTER 7, the hypothesis has been tested that genetic alterations in the E­
cadherin gene play a role in the pathogenesis of adenocarcinomas of the 
oesopha.,,"Us and that these can be held responsible for the reduced expression of E­
cadhetin by immunohistochemistry. All 16 exons of the E-cadherin gene were 
screened for mutations \Vith the polymerase chain reaction single strand 
conformation polymorphism analysis (pCR-SSCP) technique in 57 tumour 
specimens, including 4 established cell lines and 4 xenografts. In two cell lines 
derived from the same patient, we detected a one base-pair deletion leading to a 
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premature stop codon. No other mutations were detected. Allelic loss (LOH) at the 
E-cadherin gene locus at 16q22.1 was also studied. LOH was found in 65% of the 
tumours. It is concluded that E-cadherin gene mutations are not involved in the 
subsequent progression of Barrett's epithelium to dysplasia and to adenocarcinoma 
of the oesophagus. The high percentage of 16q22.1 LOH without concomitant 
mutation of the remaining E-cadherin gene might point towards another tumour 
suppressor gene on 16q involved in the pathogenesis of these carcinomas. 
Alternatively, the high frequency of LOH at the E-cadherin locus could point to a 
gene dosage effect. Whether LOH then contributes to the reduced expression of 
E-cadherin remains to be determined. 

As reviewed in chapter 2, ~-catenin has recently also been identified as an 
oncogene. It plays a centtal role in the Wingless/Wnt ('Wg/Wnt) signalling 
pathway. Phosphorylation of sites encoded by exon 3 of the ~-catenin gene 
facilitates degradation of this protein by the APC gene product. C'.1utations in these 

sites or mutations in the APC gene lead to stabilisation of ~-catenin, which then 
translocates to the nucleus where it modulates the transcription of genes involved 
in tumour formation. To explore the role of ~-catenin mutations in 
adenocarcinomas of the oesophagus, we screened for genetic alterations in exon 3 
in 69 tumour samples (CHAPTER 8). ~either mutations in exon 3 could be detected 
by PCR-SSCP analysis, nor did we find large interstitial deletions involving exon 3. 

In three selected tumours with strong homogenous nuclear staining for ~-catenin, 
indicating activation of the Wg/Wnt signalling pathway, the APC mutation cluster 
region was also screened for mutations, but without success. Apparently, the 
abnormal cytoplasmic and nuclear localisation of ~-catenin indicates that other 
mechanisms leading to elevated free ~-catenin in these cancers must be involved. 
A recently identified new member of the E-cadherin-catenin complex is p120-
catenin (P120=). Its role in malignancy is not clear yet. In CHAPTER 9 the in vivo 
expression and cellular localisation of p120= is studied in 96 adenocarcinomas of 
the gastro-oesophageal junction relative to the normal mucosa. In addition, we 
evaluated the relationship between expression of p1200m and clinicopathological 
features in order to examine the application of p120= as a prognostic marker. 
Immunohistochemical staining for p120= showed loss of the normal membranous 
pattern in 4/20 (20%) of specimens with Barrett's epithelium, in 65/96 (68%) 
primary tumours and in 11/13 (85%) lymph node metastasis. Reduced 
membranous expression of p120ctn in the primary tumours was significant 
associated with poor tumour grade and poor 5-year survival. The 5-year survival 
rate of patients with normal p120= expression was 54% compared to 12% for 
patients with reduced expression of p120=. In the subgroup of patients with 
tumours classified as ~O by rourine histopathological methods, the 5-year survival 
rate for patients with normal p120= expression of the tumour was 63% versus 20% 
for patients with reduced expression (P=0.02). Therefore, p120= could be useful in 
identifying patients at risk for poor survival and those patients with clinically 
negative lymph nodes who are at risk for occult metastasis. Of particular interest is 
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our observation of focal nuclear localisation of p120"n in some tumours. This 
suggests that p 120= might also be involved in signal transduction, as has been 

shown for ~-catenin. This exciting finding warrants further investigation. 
In CHAPTER 10 the role of the E-cadherin-catenin complex in adenocarcinomas of 
the gastro-oesophageal junction was further elucidated. The spatial distribution of 
the proteins between the cell membrane and cytoplasm and nucleus was assessed 
using immunohistochemistry. E-cadherin and the catenins are known to be present 
in the cell in different pools: membrane bound, free cytoplasmic and cytoskeleton 
bound. The e"-pression of E-cadherin and the catenins and their biochemical 
distribution between the Triton X-lOa soluble (membrane bound) en Triton X-lOa 
insoluble (cytoskeleton bound) fraction was assessed in tumour tissue verstts the 
normal mucosa using fractional protein extraction and western blot analysis. 
Immunohistochemistry demonstrated redistribution of E-cadherin and the catenins 
from the membrane to the cytoplasm in 50-75% of the tumours. Five tumours 
showed nuclear expression of ~-catenin. Western blotting showed a redistribution 
between the Triton X-lOa soluble and insoluble fraction of E-cadherin and the 
catenins in 45-60% of the tumours in comparison to the distribution of the 
proteins in the normal mucosa. In conclusion: perturbation in the expression, 
distribution and hence function of the members of the E-cadherin-catenin complex 
is frequently seen in adenocarcinomas of the gastro-oesophageal junction. 
Immunohistochemistry as well as Western blotting of the soluble and insoluble 
fraction of the E-cadherin-catenin complex are both valuable techniques in 
detecting an abnormal E-cadherin-catenin complex. However, since there was no 
correlation between both techniques in detecting an abnormal complex, they even 
might have additional value. 

PART V describes the genetic analysis of tumour suppressor genes in 
adenocarcinomas of the gastro-oesophageal junction. Tumour suppressor genes are 
cellular genes, which primarily are involved in cell proliferation, apoptosis, cell 
adhesion and gene expression regulation. In a normal cell, these genes inhibit cell 
growth and stimulate differentiation. In carcinomas, their inhibitory function is lost 
due to inactivation of both gene copies (alleles). :Micro satellite allelotyping or loss 
of heterozygosity (LOH) analysis is a useful technique to define chromosomal 
regions of deletion in carcinomas. Frequent loss of one allele involving a 
chromosomal arm or locus suggests the presence, at or near that locus, of a tumour 
suppressor gene. CHAPTER 11 focuses on the short arm of chromosome 3 
(3p25.2). Candidate genes within this region are the VBL (von Hippel-Lindau) 
gene and the PP ARy (Human Peroxisome Proliferator-Activated Receptor gamma) 
gene. Mutational screening (pCR-SSCP) and LOB analysis of the 3p region was 
studied in 44 tumour samples from 41 patients in order to disclose the possible role 
of these t\'Vo tumour suppressor genes in adenocarcinomas of the gastro­
oesophageal junction. Despite the high percentage of LOB of 3p25 (63%), no 
mutations were detected in both genes. Epigenetic phenomena, mutations outside 
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the screened sequences, gene dosage effect or involvement of another tumour 
suppressor gene on 3p should be considered. 
In CHAPTER 12 evidence is presented for the existence of a candidate tumour 
suppressor gene on chromosome 14q at 14q31.1-32.11 involved in tumourigenesis 
of adenocarcinomas of the gastro-oesophageal junction. Thirty-seven paired 
tumour/normal tissue D:t\:A samples derived from 36 patients (including 15 
xenografts and 5 cell lines) were used to screen for allelic loss on 14q31.1-32.11 
with 22 polymorphic microsatellite markers. Fifteen of the 37 (41 %) samples clearly 
demonstrated LOB for at least one marker. No homozygous deletions were 
detected in the cell lines or xenografts. The minimal region of (uninterrupted) 
overlapping loss with a size of 8.6 w\1 is between markers D14S983 and CCC1 at 
cyogenetic location 14q31.1-32.11. LOB of 14q31.1-32.11 is probably a late event 
in tumourigenesis of adenocarcinomas of the gastro-oesophageal junction: (1) 11 
D~A samples of dysplastic Barrett's epithelium did not show LOB; (2) tumours 
with 14q loss tended to have a higher tumour stage and more frequently lymph 
node metastases. However, from one tumour also corresponding dysplastic 
Barrett's epithelium was available for LOB analysis, and LOB at 14q32.1 was also 
present in this pre-neoplastic stage. Genes at the 14q31.1-32.11 region with 
possible tumour suppressor activity are the thyroid stimulating hormone receptor 
(TSBR1), glutathione transferase zeta 1 (GSTZ1) and the checkpoint suppressor 1 
(CHES1) gene. However, the relevance of these genes in tumourigenesis of 
adenocarcinomas of the gastro-oesophageal junction has yet to be determined. 

CONCLUSIONS 

• The incidence of adenocarcinomas of the gastro-oesophageal junction, i.e. distal 
oesophagus and gastric cardia combined, has been rising in the 90's at least in 
males, and to a lesser extent in females, in the Southeast of the Netherlands 
(chapter 3). 

• Adenocarcinomas of the distal oesopha"ous and gastric cardia are one clinical 
entity and should be staged according to uniform criteria (chapter 4) 

• The following factors have independent predictive value in assessing survival 
probability in patients with adenocarcinoma of the gastro-oesophageal junction: 
age of the patient, depth of wall infiltration (pT-classification), locoregional and 
distant lymph node involvement (PN and pM-classifications), tumour grade 
(pG), residual tumour classification (radicality of the operation; pRJ and p120-
catenin expression (chapters 4 and 9). 

• There is no uniform molecular pathway of progression from Barrett's 
oesophagus to invasive adenocarcinoma: there is a complex pattern of evolution 
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of neoplastic cell lineages rather than a simple linear pathway of progression 
(chapter 1) 

• The establishment of i11 17itro and i11 vivo cell lines from adenocarcinomas of the 
gastro-oesophageal junction is well feasible and is a valuable tool for studying 
the genetics of this disease (chapter 5). 

• The commercially available cell lines JROECL 47 and 50 established in the year 
1997 from an oesophageal adenocarcinoma are in fact admixtures of colon 
carcinoma cell line HCT 116 (chapter 6). 

• Perturbation of the E-cadherin-catenin complex, i.e. E-cadherin, a-, /3-, y- and 
p120-catenin, is frequently seen in the progression from Barrett's metaplasia 
towards adenocarcinoma (chapters 9 and 10). 

• Immunohistochemistry should not be considered the "golden standard" for 
detecring aberrations of the E-cadherin-catenin complex (chapter 10). 

• There is no ev"idence that somatic mutations in the E-cadherin, f3-catenin, APe, 
VHL and PP ARy genes play an important role in the pathogenesis of 
adenocarcinomas of the gastro-oesophageal junction (chapters 7 and 8). 

• Loss of heterozygosity of chromosome 14q at 14q31.1-32.11 implicates a 
putative tumour suppressor gene involved in tumourigenesis of 
adenocarcinomas of the gastro-oesophageal junction (chapter 11). 
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INTRODUCTION 

Due to long standing (duodeno )gastro-oesophageal reElm" the normal squamous 
cell lining of the oesophagus is replaced by metaplastic, columnar epithelium, so 
called Barrett's epithelium. A hallmark of Barrett's epithelium is the presence goblet 
cells. These cells are (under normal conditions) only present in the small and large 
intestine. Therefore, the name intestinal metaplasia is also applied for Barrett's 
epithelium. Barrett's epithelium carries a substantial risk for the development of 
adenocarcinoma. The risk of developing gastro-oesophageal adenocarcinoma is 
estimated to be 30 to 125-fold greater in patients with intestinal metaplasia than in 
patients without. Carcinogenesis is thought to be a multistep process: first, mild 
architectural abnormalities are seen and genetic abnormalities are already present. 
Although mild dysplasia is reversible, some patients go on to develop moderate and 
severe dysplastic Barrett's epithelium. Severe dysplasia carries a high risk for 
developing invasive carcinoma. In fact, high grade dysplasia coexists with invasive 
carcinoma in 30-60%. Therefore, some centers consider nowadays high-grade 
dysplasia as an indication for (prophylactic) oesophagectomy, whereas others 
follow patients on a regular basis with repeated endoscopies and biopsies. 

EPIDEMIOLOGICAL ASPECTS 

Studies from several parts of the western world suggest that the incidence of 
adenocarcinoma of the gastro-oesophageal junction is rising. Although data from 
the GSA tell us that there is a dramatic increase in incidence (1), several other 
studies suggest that this rise might be overestimated (2). Changes in diaguostic 
tools, improved histological verification of tumours of the oesopha"ous and 
proximal stomach and other factors, as discussed in chapter 3 of this thesis, might 
have biased these observations. Despite these pitfalls, it can be concluded that the 
increase in incidence of adenocarcinomas of the gastro-oesophageal junction is a 
true increase, at least in the Southeast of the Netherlands. 
Several risk factors have been mentioned, such as dietary factors, obesity, tobacco, 
alcohol, the use of H2-receptor antagonists and the use of medications that rela .. , 
the lower oesophageal sphincter. The strongest risk factor however for oesophageal 
adenocarcinoma is gastro-oesophageal reflu., disease (3). \lIIhether the increase in 
incidence of adenocarcinomas reflects a true increase in gastro-oesophageal refill., 
disease (GORD) and consequently Barrett's oesophagus remains elusive. There are 
some early reports that this might indeed be the case. Again, one should remember 
that the prevalence of Barrett's oesophagus paralleled or even exceeded the 
increase of upper endoscopy since the 70's (4). Even more important, increased 
awareness of the endoscopic features of Barrett's oesopha"ous may have resulted in 
an increase in endoscopic dia"onosis (5). Intruiging is the hypothesis that Helibacter 
Pylori infection, and as consequence chronic atrophic gastritis, protects against 
GORD and its complications. The decreased prevalence of H. Pylori could 
therefore explain (to some extent) the observed increase in incidence of 
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adenocarcinomas of the gastro-oesophageal junction. Finally, risk factors as yet 
unidentified for Barrett's oesopha"ous may be increasing and as the population ages, 
Barrett's oesopha"ous becomes more common and, hence, the population at risk for 
oesophageal carcinoma increases. Therefore, the question what causes the increase 
in incidence of adenocarcinomas of the gastro-oesophageal junction remains 
unanswered. The answer might come from the laboratory, where animal models 
and in vitro experiments will soon give more insight into the basic 
pathophysiological and genetic events that occur in the progression from Barrett's 
oesophagus to adenocarcinoma. Recently, a gene for severe pediatric gastro­
oesophageal refilL" disease was mapped to cbromosome 13q14 (6). Perhaps this 
genetic locus also plays a role in the pathogenesis of Barrett's carcinoma. Untill 
now, heredity does not seem to contribute importantly to the occurrence of 
oesophageal cancer of any histological type (7). 

CLINICAL ASPECTS 

In line with chapter 4 of this thesis, recent pUblications show that adenocarcinoma 
of the oesophagus and gastric cardia is the same disease. Both carcinomas show 
similar epidemiology, intestinal metaplasia (its precursor lesion) is very common in 
the mucosa adjacent to early stage adenocarcinoma of the cardia and oesophagus 
and patient and tumour characteristics are similar (8). Furthermore, there was a 
similar prevalence of p53 mutations in adenocarcinomas of the oesophagus (53%) 
and cardia (58%). Also the specttum (type) of mutations was similar and, once 
morc, this provides strong genetic support for the concept that these tumours 
around the gastro-oesophageal junction have a common pathophysiology (9). 
Adenocarcinoma of the gastro-oesophageal junction is an aggressive disease. Of the 
patients presenting to the physician with oesophageal carcinoma, about 60% 
undergo oesophagectomty. Thirty percent of the patients already has metastases on 
presentation of the disease and another 10% have metastases upon laparotomy, 
initially not detected during pre-operative work-up. In these patients, treatment is 
aimed at palliation: relieving symptoms of dysphagia by radiotherapy or stenting the 
oesopha"ous. For patients without an advanced stage of the disease, radical surgery 
is the treatment of choice and offers the best possibility of long-term survival. 
However, even after surgery vlith curative intent, the 5-year survival is about 20-
30% (chapters 4 and 9). Most patients will develop metastatic disease, probably due 
to residual disease in the operation field and/or subclinical metastases at the time 
of surgery. 
There are several strategies to improve the long-term survival in patients \"Vith 
adenocarcinoma of the gastro-oesophageal junction: 
(1) slIrveillance endoscopy of patients IJ/ith R.nolJm Barrett's oesophagtis to detect progression of 
disease tOlllards cancer, and to allo])l stlrge1Jl Jllhile mre is still likelY (increase qf earlY stage 
ttimotirs). 
However, little benefit is expected from surveillance programs, because most 
cancer patients present at an advanced stage outside of surveillance programs and 
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were not known to harbour Barrett's oesophagus. Moreover, controversy exists 
about the frequency of endoscopic surveillance in patients with Barrett's 
oesopha"ous and surveillance endoscopy in patients with Barrett's oesophagus 
seems not cost effective, as compared with mammography for the detection of 
breast cancer (10). 
(2) to i;rprove surgical technique; i.e. less morbidity/1710rtaiity together ]JJith inproved radicality of 

the operation. Worldwide, controversy exists to what is the optimal surgical 
procedure for patients with Oocalised) disease. Transhiatal oesophagectomy (THO) 
without thoracotomy is the treatment of choice in the Netherlands. Radical or 
transthoracic resection of the oesopha"ous (ITO) with two-field lymph node 
resection is advocated by others, who believe that this approach gives the best 
chances for cure, despite the higher morbidity/mortality. In 1997, a randomized 
controlled trial started in two centers in the C\Ietherlands (Amsterdam and 
Rotterdam). The aim of this trial is to determine whether TTO sufficiently 
improves the overall survival, the symptomatic recurrence free survival and the 
quality of life survival in comparison to THO (without thoracotomy) to 
compensate for the expected increase in peri-operative morbidity, mortality and 
costs of treatment. The follow up of the patients has just been completed and these 
important data ,vill become available soon. Finally, the first """periences of 
minimally invasive Oaparoscopic/ thoracoscopic oesophagectomy were recently 
reported (11). Decreased morbidity, less post-operative pain, a shorter hospital stay 
and faster return to work are the claimed advantages of laparoscopic surgery, when 
compared with the "open" techniques. Whether this is true for minimally invasive 
oesophagectomy, without violating the oncological principles, needs to be 
investigated in prospective, randomized trials. 
(3) to inprove the at!iuvant regimes, i.e. chemotherapy and radiotherapy. There seems to be no 
survival benefit for those patients who receive radiation or chemotherapy after 
initial surgical treatment. Recent publications, however, made clear that there might 
be a survival benefit for those patients who receive pre-operative or neoadjuvant 
chemotherapy followed by surgery compared to patients with surgery for 
adenocarcinoma alone (12). Hopefully, in the nearby future, data from more 
randomized trials will become available and will help us to define the best 
(neo) adjuvant regimens for patients with adenocarcinoma of the gastro­
oesophageal junction. 

GENETIC ASPECTS 

As concluded in chapter 1, numerous molecular events involved in the progression 
from Barrett's oesophagus to adenocarcinoma have been characterised over the 
past decades. Despite the major advances in molecular biology, the pathogenesis of 
adenocarcinomas of the gastro-oesophageal junction remains poorly understood. A 
detailed understanding of the molecular mechanisms underlying the progression of 
Barrett's oesophagus through the metaplasia-dysplasia-carcinoma sequence lags 
significantly behind the analogous colorectal adenoma-carcinoma-sequence. 
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Nevertheless, a reasonable model of the molecular events that underpin the 
progression of this neoplastic sequence in Barrett's oesophagus has been proposed 
recently (13). Abnormalities within the cell cycle (aneuploidy), mutated tumour 
suppressor genes, especially p16 and p53, are among the most frequent reported 
aberrations in gastro-oesophageal adenocarcinomas and its precursor lesion. 
In this thesis, the role of the cell-cell adhesion complex E-cadherin-catenin was 
studied in adenocarcinomas of the gastro-oesophageal junction (chapters 7-10). 
Immunohistochemical studies show progressive deterioration of E-cadherin based 
cell-cell adhesion as adenocarcinoma develops from metaplastic columnar 

epithelium. However, somatic mutations in the E-cadherin and J3-catenin genes 
could not be detected. Therefore, other mechanisms responsible for perturbation 
of the adhesion complex ",ill be hunted after in the near future. Epigenetic 
mechanisms, such as hypermethylation of the E-cadherin promotor, have been 
proven to playa major role in epithelial neoplasms (14). Furthermore, it has been 
demonstrated that the control of E-cadherin-mediated cell adhesion in benign and 
malignant epithelial cells is very complex and relies on interactions bet~leen various 

external factors and intracellular signalling pathways. The interaction of ~-catenin 
with the adenomatous polyposis coli (APC) gene and its key role in the Wg/Wnt 
signalling pathway was a surprising and exciting finding. Stimulation of basic 
research in order to get a better understanding of the interactions involving 
components of the E-cadherin-catenin complex is crucial. Hopefully this will lead 
to the ability to predict and combat the events of tumour initiation and 
progression, and leading to a reduction in tumour metastases. It is important not to 
loose sight of the fact that the process of tumour invasion and metastases is 
complex, and targeting a single part of this process may not successfully stop it. 
Clearly, research to date has revealed the tip of the process, and much work still lies 
ahead. Some questions that still need to be answered are: 

• What is the true role of p120= in cell adhesion? Does p120'"' nuclear staining 
imply a role of this protein in cell signalling? (chapter 9) 

• \'V'hich are the target genes of the Wg/Wnt signalling pathway? 
Recently, a Japanese group suggested that E-cadherin represent a new 
downstream target gene (15) 

• Which other components of the Wg/Wnt pathway are deregulated in 
adenocarcinomas of the gastro-oesophageal junction with nuclear localisation of 

~-catenin? 
Recently, asin mutations were found in colorectal and hepatocellular cancers 
",~th activating beta-catenin/TCF signalling (16). It speaks for itself to screen 
adenocarcinomas of the gastro-oesophageal junction with activation of the 
Wg/Wnt pathway for mutations in axm and other interacting proteins. 

• Finally, perhaps the most important question: Can E-cadherin (and catenin) 
dowruegulation be blocked and subsequently tumour formation? 

205 



PART V - CHAPTER 14--------------------------

In the next decade, more novel proto-oncogenes and tumour suppressor genes V1ill 
be discovered and the possible role in the carcinogenesis of adenocarcinomas of 
the gastro-oesophageal junction will be evaluated. As we have pointed out in 
chapters 11 and 12, loss of a chromosomal region (on 3p or 14q31.1-32.11) implies 
the presence of a (putative) tumour suppressor gene in the region of frequent loss. 
However, the ~izes of these regions are still very large and many yet (undiscovered) 
genes may be linked to that particular region. The isolation and identification of 
new genes and mutation analysis of possible target genes is labour-intensive and 
tedious work. DNA microarrays are "DNA chips" which allow us to study 
simultaneously the "-"pression of hundreds to thousands of genes and open reading 
frames "(ORF's) in one experiment. For example, one can compare the expression 
profile of genes in cancerous tissue versus normal epithelium, or non-dysplastic 
Barrett's epithelium versus dysplastic Barrett's epithelium. Using this technique, one 
could obtain information about genes and Dl\'A sequences (yet unidentified genes) 
that play an important role in the progression from Barrett's oesopha"ous to 
adenocarcinoma. 
Futther characterisation of the genetic changes ctitical for the initiation and 
progression of Barrett's oesophagus into invasive adenocarcinoma is also important 
from a clinical point of view. Barrett's oesopha"ous develops in 5-20% of patients 
with gastro-oesophageal reflux disease and predisposes to oesophageal 
adenocarcinoma. As oudined above, the value of endoscopic biopsy surveillance is 
questioned. This is also due to the fact that most patients with Barrett's oesophagus 
do not develop cancer. There is also a substantial inter-observer variation in making 
the histological dia"onosis of dysplasia. This makes validation of surveillance 
guidelines difficult because varying histopathological interpretations may lead to 
different estimated rates of progression. Potential (molecular) biomarkers have 
been identified that can be used in combination with routine histological staging to 
stratify patients' risk of progressing to adenocarcinoma of the gastro-oesophageal 
junction. In this respect, data from the Fred Hutchinson Cancer Center in Seattle 
seem promising (17). A systematic endoscopy protocol using histology and flow 
cytomerry identifies subsets of patients with Barrett's oesopha"ous at low and high 
risk for progression to cancer. 
Furthermore, meaningful clinical intervention in patients Vlith adenocarcinoma of 
the gastro-oesophageal junction is still based on accurate histological descriptions. 
But this information can be supplemented by abnormalities in proto-oncogenes 
and tumour suppressor genes which can lead to a better prognostication and might 
be able to identify patients who are at high risk for recurrence of the disease and 
who might or might not benefit from (neo)adjuvant therapy. Some efforts in this 
regard have already met with some success (18,19). For example, the clinical 
significance of p53 mutations was investigated: patients with mutations were 
younger, had signs of more advanced disease, and had poorer prognosis than 
patients without mutations (19). As shown in chapter 9 of this thesis, p120"~ 
expression may also be a useful prognostic marker in adenocarciomas of the gastro­
oesophageal junction. But if protein expression and mutation analysis is to be used 
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for clinical purposes, their status should preferably be evaluated during the initial 
work-up when only biopsy material is available. Some early reports found a 
discrepancy between the expression of a potential biomarker in the resection 
specimens of the primary tumour and the pre-operative biopsies. This certainly 
warrants further investigation, before "molecular st~oing'" of adenocarcinomas of 
the gastro-oesophageal junction is introduced in the clinic. 
Despite these promising developments, at present the best prognostic indicator for 
patients with these cancers remains pathological tumour stage (chapters 4 and 9), 
especially involvement by tumour of regional lymph nodes (pN-status). The fact 
that tumour recurrence and development of distant metastases, of patients who 
previously underwent a complete removal of the tumour, has led to the realisation 
that in many cases undetectable deposits of tumour cells must remain in the patient 
after removal of the tumour. Studies with newly developed sensitive methods for 
the detection of tumour cells in lymph nodes and in the sera of cancer patients, 
including immunohistochemistry and (reverse transcriptase) polymerase chain 
reaction, have indicated that tumour cells are detectable in a significant proportion 
of the patients who were judged to de be ftee of metastases by routine 
histopathologic methods (20-22). However, the clinical significance and usefullness 
have not been established yet. 

SUMMARY AND CONCLUSIONS 

Characterisation of the epidemiology, clinical aspects and molecular pathology of 
the metaplasia-dysplasia-carcinoma sequence of Barrett's oesophagus has only 
recently begun to resolve the complexities of the disease first described and 
debated nearly 50 years ago. As with many of the clinical and histopathological 
features of the disease, the molecular pathology of Barrett's oesophagus and 
adenocarcinoma does not readily or necessarily comply with the known molecular 
events that occur in other epithelial neoplasms. Yer, failure to unravel the 
complexities of the pathogenesis of columnar lined oesophagus is potentially 
devastating: the dramatic increase in incidence of oesophageal adenocarcinoma in 
Western communities. Advances in understanding the pathological and molecular 
mechanisms involved in the metaplasia-dysplasia-adenocarcinoma sequence will 
surely result in the development of markers of early stages of carcinogenesis and 
this, in combination with surveillance, has the potential to allow identification of 
patients at high risk of neoplastic change. This will in tum allow earlier 
intervention, either by molecular therapy, or perhaps more likely in the near future, 
early application of ablative or surgical methods of treatment. Elucidation of events 
at the molecular level will also have impact on the clinical management of 
adenocarcinomas of the gastro-oesophageal junction. For example, genetic markers 
can identify patients who are at risk for recurrence of the disease after surgical 
treatment. Expression analysis with DNA microarrays will certainly provide 
important clues to biological and clinical behaviour of cancers in the nearby future. 
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However, as more information becomes available concerrung the molecular 
abnormalities encountered during the progression of Barrett's oesophagus to 
adenocarcinoma, the more complex the picture becomes. 
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SAMENV ATTING EN CONCLUSIES 

De laatste drie decennia neemt de incidentie van het adenocarcinoom van de 
gastro-oesophageale overgang, hier gedefinieerd als adenoeatcinoom van de distale 
slokdarm en maag-cardia, toe. Dit is cen zorgzame onrwikkeling arodat de 
progrlOse van patienten met een dergelijk gezwel teleurstellend is: de 5-jaars 
overleving na een in opzet curatieve operatic bedraagt slechts 25%. De 
voomaamste risicofactor vaor het ontwikkelen van een adenocarcinoom van de 
gastro-oesophageale overgang is langdurige reflu.'\. (=terugvloed) van maagzuur en 
duodenumsappen in de slokdarm: het zogenaamde "zuurbranden". Dit leidt tot cen 
ontsteking van de slokdarm en kan in circa 10-20 % van de patienten leiden tot de 
vorming van metaplastisch cylinderepitheel, beter bekend als de "Barrett 
slokdarm". Er zijn sterke aanwijzingen dar adenocarcinomen van de gastro­
oesophageale overgang ontstaan uit dit Barrett epitheel door middel van een aantal 
genetische en histologiscbe veranderingen die in de tijd plaatsvinden. De studies die 
beschreven worden in dit proefschrift hebben tot doel om een beter inzicht te 
vcrevcrven in de epidemiologische-, klinische- en genetische aspecten van 
adenocarcinomen van de gastro-oesophageale overgang. 

DEEL I, HOOFDSTUK 1 beschrijft de genetische veranderingen die optreden bij het 
ontstaan van adenocarcinomen van de gastro-oesophageale overgang uit pre­
maligne Barrett epithee!. Ondanks de enorme vlucht die de moleculaire biologie 
heeft genomen en die heeft geleid tot vele publicaties omtrent genetische 
afwijklngen die een rol spelen bij het ontstaan van deze tumoren, is er nog geen 
duidelijk beeld over de volgorde en het tijdspad waarin deze veranderingen 
plaatsvinden. Dit in tegenstelling tot dikkedarmkanker waar een duidelijk 
omschreven lineair genetisch model geldt. De laatste jaren is echter wei duidelijk 
geworden dat inactivatie van de p 16 en p53 tumorsuppressorgenen (door mutaties 
en/of epigenetische fenomenen) en veranderingen in de celdeling of aneuploidy 
(=een afwijkende hoeveelheid chromosomaal DNA) een van de meest frequente en 
vroeg optredende genetische afwijkingen zijn die een rol spelen bij het ontstaan van 
het adenocarcinoom van de gastro-oesophageale overgang. 
In de afgelopen decennia is de interesse in de werking van ei"litten die eel-eel 
adhesie tOt stand brengen toegenomen. Het belangrijkste ehvitcomplex dat zorg 
draagt voor deze integriteit is het E-cadherine-catenine complex. Dit complex blijkt 
vaak te disfunctioneren in kankercellen waardoor eel adhesie verloren gaat. De 
kankercellen kunnen dan ongestoord delen, losraken van hun omgeving, en 
migreren naar de bloedbaan en lymfebanen alwaar ze aanleiding kunnen geven tot 
uitzaaiingen. HOOFSTUK 2 geeft een overzicht van de recente literatuur over de rol 
van het E-cadherin-catenine complex bij het ontstaan van kanker. De mate van 
expressie van dit complex neemt af gedurende de onDNikJ.:;:eling van Barrett epitheel 
tot invasief carcinoom. Een andere interessante bevinding is dat de mate van 
expressie nauw gecorreleerd is aan tumor karakteristieken en ook aan klinische 
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parameters, zoals de 5-jaars overleving na operatieve ingrepen. In het algemeen 
geldt dat cen tumor met weinig expressie van het E-cadherine-catenine complex 
vaak een slechte graad van differentiatie heeft, een ongunstig tumor stadium heeft 
en daaruit voortvloeiend een slechte prognose. Gezien deze samenhang zal in de 
toekomst mogelijk de expressie van het E-cadherine-catenine complex een rol 
kunnen spelen bij het voorspellen van het (klinisch) gedrag van een tumor. 
~-Catenine is een onderdeel van het E-cadherine-catenine complex. Dit eiwit 
bevindt zich in de cel gebonden aan het E-cadherine en draagt mede zorg voor de 
adhesie. Daarnaast speelt het ~-catenine tevens een belangtijke rol bij signaal 
transductie. ~-Catenine kan zich namelijk ook in de kern van de cel bevinden, 
gebonden aan transcriptiefactoren. Het ~-catenine kan op die manier de 

transcriptie van genen betrokken bij de carcinogenese stimuleren. Dit maakt het ~­
catenine tot een bijzonder eiwit: enerzijds heeft het een tumorsuppressor functie 
(namelijk het tot stand brengen van cel-cel adhesie), anderzijds is ~-catenine een 
oncogen (het stimuleerd de transcriptie van genen betrokken bij tunlorvormlng). 
Hoofdstuk 2 besluit met de conclusie dat het verder ontrafelen van de 
mechanismen die de veranderingen in de expressie van het E-cadherine-caterune 
complex veroorzaken en het identificeren van andere eiwitten die verder deel 
uitmaken van dit complex, van cruciaal belang zijn en kunnen leiden tot het 
ont\vikkelen van nieuwe therapieen tegen kanker. 

In DEEL 2 van dit proefschrift wordt de epidemiologie en de klinische aspecten 
van adenocarcinomen van de gastro-oesophageale overgang besproken. 
HOOFDSTUK 3 beschrijft de incidentie- en sterftecijfers van slokdarm en 
maagkanker in Zuidoost Nederland in de periode 1978-1996. De incidentie en 
sterftecijfers van slokdarmkanker stegen gedurende deze periode bij zowel manen 
als vrouwen. Daarentegen daalde zowel de incidentie van als sterfte aan 
maagkanker. Indien de incidentiecijfers worden uitgesplitst naar sublokalisatie en 
histologische type, dan blijkt dat de incidentie van adenocarcinomen van de distale 
slokdarm en maag-cardia toeneemt. Onder mannen steeg de incidentie van deze 
tumoren rond de gastro-oesophageale overgang van 3.9 in 1978 tot 6.7 per 100.000 
persoonsjaren in 1996, en onder vrouwen van 0.2 tot 1.4 per 100.000 
persoonsjaren. Omdat gedurende de onderzoeksperiode de incidentie van tumoren 
die niet nader gespecificeerd of geclassificeerd waren niet evident afnam, is het 
waarschijnlijk dat de geobserveerde toenarne in incidentie van het adenocarcinoom 
van de gastto-oesophageale overgang een "echte" toename is. Deze wordt met 
name gezien bij mannen van middelbare leeftijd sinds 1990. 
In de praktijk is het vaak moeilijk om te bepalen of een tumor van de gastro­
oesophageale overgang ptimair uitgaat van de slokdarm of van de maag-cardia. Uit 
de literatuur komt naar voren dat beide tumoren gemeenschappelijke risicofactoren 
hebben en een zelfde pheno- en genotype. De huidige klassificatie/ stagerings 
criteria, zoals van de Union International Contre Le Cancer CUICC) en de 
American Joint Committee on Cancer (AJCC), gebruiken separate classificaties 
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voor beide tumoren. I<anker van de maagcardia wordt gestageerd volgens de 
principes van het maagcarcinoom, en kanker van de distale slokdarm wordt 
gestageerd volgens de principes van slokdarmkanl,er. 
In HOOFDSTUK 4 wordt onderzocht of beide tumoren gelegen rond de gastro­
oesophageale overgang beschouwd kunnen worden als een entltelt en 
dientengevolge gestageerd kunnen worden volgens een zelfde classificane. De 
pathologische kenmerken, T:\fM klassificatie en S-jaars overleving werden 
onderzocht en vergeleken tussen 111 patienten met een adenocarcinoom van de 
slokdarm en 141 patienten met een adenocarcinoom van de maag-cardia. De 
macroscopische en microscopische kenmerken van beide groepen tumoren 
kwamen grotendeels overeen. Barrett epitheel werd echter frequenter gezien in de 
nabijheid van slokdarmtumoren. Hoewel het T -stadium van cardiacarcinomen 
ongunstiger was (d.w.z. diepere infiltratie in de wand van slokdarm-maag), was het 
percentage tumoren met loco-regionale kliermetastasen gelijk voor beide groepen 
(ongeveer 60%). Klaarblijkelijk worden slokdarm tumoren in een vroeger stadium 
gedi~onostiseerd, De 5-jaars overleving na in opzet curatieve chirnrgie was 26% 
voor de slokdarmgroep versus 27% v~~r de cardia groep. Ook de S-jaars 
overleving uitgesplitst naar tumorstadia liet geen verschillen zien russen beide 
groepen. Tenslotte werd een multivariante analyse verricht: leeftijd van de parient 
diepte van infiltratie (T-klassificatie), lymfkliermetastasen (J';-klassificatie), 
metastasen op afstand (M-Idassificatie), differentiatiegraad (G-klassificatie) en 
radicaliteit van de ingreep (R-klassificatie) zijn alle onafhankelijke variabelen die de 
S-jaars overleving kunnen voorspellen. Samenvattend kan worden gesteld dat 
adenocarcinomen van de distale slokdarm en maag-cardia een klinische entiteit zijn 
en dientengevolge gestageerd dienen te worden volgens uniforme criteria, 

Zoals reeds bediscussieerd in hoofdsruk 1, er is nog relatief weinig bekend over de 
cellulaire en genetische afurijkingen van adenocarcinomen van de gastro­
oesophageale overgang, Het gebrek aan goede in m'vo en in ,/itro modelsystemen is 
hier zeker debet aan. DEEL 3 van dit proefschrift beschrijft de ontwikkeling en 
karakterisering van cellijnen afkomstig van adenocarcinomen van de slokdarm en 
maag-cardia. 
HOOFDSTUK 5 beschrijft onze eigen ervaring sinds 1997 met het genereren en 
karakteriseren van cellijnen. Stukjes primaire tumor en lymfkliermetastasen, 
verkregen van resectiepreparaten van adenocarcinomen van de gastro-oesophageale 
overgang, werden subcutaan geimplanteerd bij een immuun-deficiente naakte muis 
(deze methode wordt ook wei xeJ10grafting genoemd). Daarnaast werd een deel van 
het verkregen tumor weefsel gebruikt voor het direct in k-week brengen. Subcutane 
transplantatie van 70 primaire tumoren en 17 lymfkliermetastasen resulteerde in 
inirie!e groei van respectievelijk 22 en 6 tumoren (32%). Na retransplantarie werden 
6 permanent groeiende ceJlijnen (xenografts) verkregen van de primaire tumoren en 
3 cellijnen van metastasen Het direct k-weken van 34 tumoren en 9 metastasen 
resulteerde in het genereren van 3 (7%) permanente in vitro cellijnen. Van een 
patient lukte het om zowel de primaire tumor en de lymfkliermetastase te k-weken. 
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Alle in vivo en in vitro cellijnen werden gekarakteriseerd door middel van 
immunohistochemie, microsatellietenanalyse en karyotypering om de epitheliale en 
humane origine te verifieren. 
Recent werden 5 humane cellijnen van slokdarm en maag-cardia adenocarcinomen 
in Engeland gegenereerd, gedeponeerd in cen cellijnbank, en beschikbaar gesteld 
voor wetenschappelijk onderzoek. Twee van deze cellijnen (JROECL 47 en 50) 
werden door ODS gebruikt voor E-cadherine en /3-catenine mutatie analyses (zie 
hoofdstukken 7 en 8). In deze twee cellijnen, die beiden afkomstig zijn van een 
primaire tumor, venden we cen E-cadherine en een 13-caterune mutane. Echter, 
deze mutaties konden ruet worden aangetoond in de primaire tumor. Identieke E­

cadherine en J3-catenine mutaties zijn beschreven voor een coloncarcinoom cellijn 
HCT 116, die in 1981 is gegenereerd. In HOOFDSTUK 6 wordt de oorsprong van 
de slokdarmcellijnen JROECL 47 en 50 nader onderzocht met behulp van HLA­
typcring, mutatie- en microsatelliet analyses. AJlercerst werd het groeipatroon van 
de cellijnen JROECL 47 en HCT 116 met elkaar vergeleken na subcutane 
transplantatie op een immuundeficiente naakte muis. Beide cellijnen groeiden 
ongeveer even snel en bestonden voomamelijk uit ongedifferentieerde, 
spoelvormige tumorcellen. JROECL 47 en HCT 116 hadden allebei hetzelfde 
HLA-DR alle!. Dit was een ander allel dan de primaire slokdarm tumor waaruit 
JROECL 47 en 50 waren gegenereerd. Mutatieanalyse van de E-cadherine, 13-
catenine en K-Ras genen toonde aan dat alle 3 de cellijnen dezelfde mutaties 
bezitten. :;\ficrosatellietanalyse daarentegen liet wel verschillen zien tussen de 
cellijnen. Men dient zich echter te realiseren dat alle 3 de cellijnen sterk 
microsatelliet-instabiel zijn. Daardoor is het mogelijk dat het k-weken van separate 
klonen van coloncarcinoom cellijn H CT 116 resulteen in verschillende 
microsatellieten. De conclusies die kunnen worden getrokken uit dit hoofdstuk zijn: 
(1) de slokdarmkanker cellijnen JROECL 47 en 50 zijn in fdte klonen van 
coloncarcinoom cellijn HCT 116; (2) controleer altijd de afkomst van de cellijn 
omdat er een (klein) risico is op contaminatie met andere cellijnen; (3) allelotypering 
is niet de juiste techniek om de microsatelliet-instabiele cellijnen te karakteriseren. 

In DEEL 4 van dit proefschrift wordt nader ingegaan op het E-cadherine-catenine 
cel-cel adhesie complex in adenocarcinomen van de gastro-oesophageale overgang. 
In HOOFDSTUK 7 wordt de hypothese getoetst dat genetische veranderingen in het 
E-cadherine gen een belangrijke rol spelen tijdens pathogenese van 
adenocarcinomen van de slokdarm en dat deze genetische veranderingen 
verantwoordelijk zijn voor de verminderde expressie van E-cadherine in deze 
tumoren. Aile 16 exonen van het E-cadherine gen werden gescreend op mutaties 
d.m.v. de "polymerase chain reaction-single strand conformation polymorphism 
analysis" (pCR-SSCP) techniek in 57 tumor D:0:A's, inclusief 4 cellijnen en 4 
xenografts. In 2 cellijnen van dezelfde patient werd een mutatie gevonden die leidt 
tot een stopcodon in het DNA. Er werden geen andere mutaties gezien. Verlies van 
heterozygotie (LO H) van het E-cadherine locus op 16q22.1 werd gezien bij 65% 
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van de tumoren. Hieruit kunnen we conduderen dat E-cadherine mutaties geen 
belan"arijke rollijken te spelen tijdens de progressie van het Barrett epitheel naar het 
adenocarcinoom van de slokdarm. Het relatief hoge percentage verlies van 
heterozygotie van het E-cadherine locus op 16q22.1, zonder mutatie van het andere 
ailel, wijst op de mogelijkheid van een ander kandidaat tumorsuppressorgen op 
16q22.1 dat bettokken is bij de pathogenese van deze tumoren. AIs LOH van 
16q22.1 toch daadwerkelijk verlies van een E-cadherine ailel weerspiegelt is het 
mogelijk dat een "dosage-effect" optteedt. Vooralsnog lijkt LOH van 16q22.1 geen 
relatie te vertonen met verrninderde expressie van E-cadherine~ maar elit verelient 
nader onderzoek. 
Zoals reeds besproken is io hoofdstuk 2, is J3-catenioe tevens een oncogen. Het 
speelt een centtale rol in de Wiogless/Wnt signaal transductie cascade. 
Fosforylering van arnioozuren die gecodeerd worden door exon 3 van het 13-
catenioe gen is noodzakelijk voor afbraak van vrij, ongebonden J3-catenine door 

o.a. APC. Mutaties io exon 3 van J3-catenine kunnen lijden tot vermioderde afbraak 
van J3-catenine en stabilisatie van het ei",1t, dat vervolgens io de kern van de eel 
transcriptie van genen betrokken bij tumorvormiog stimuleert. In HOOFDSTUK 8 

wordt de rol van ~-catecine in adenocardnomen van de slokdarm nader 
onderzocht. 'wutatieanalyse door middel van PCR-SSCP werd verricht io 69 
tumoren. Er werden geen mutaties in exon 3 gevonden, en ook geen deleties van 
het J3-catenine gen. In 3 geselecteerde tumoren met homogene kemkleuring voor 
J3-catenioe, hetgeen activatie van het Wg/Wnt signaal transductie cascade 
impliceert, werden ook geen mutaties in APC gevonden. Klaarblijkelijk ligr een 
ander mechanisme ten grondslag aan de cytoplasmatische en kernkleuring van 13-
catenine in adenocarcinomen van slokdarm. 
Oalangs is een nieuw eiwit ge'identificeerd dat deel uirmaakt van het E-cadherine­
catenioe complex: p120-catenioe (P1200M

). De functie van dit eiwit io normale en io 
kankercellen is nog onbekend. In HOOFDSTUK 9 is de in vivo expressie en 
lokalisatie van dit eiwit onderzocht door middel van immunohistochemie io 
normaal slokdarm- en maagepitheel, io Barrett epitheel, io 96 adenocarcinomen van 
de gastro-oesophageale overgang en io 13 lytnfkliermetastasen. Tevens werd de 
relatie tussen p 120= expressie en pathologische en klinische parameters 
onderzocht. Verrninderde membraanexpressie werd gezien in 20% van de Barrett 
preparaten, io 68% van de primaire tumoren en in 85% van de lytnfkliermetastasen. 
Verminderde membraanexpressie van p 120ctn was significant gecorreleerd aan 
slechtere elifferentiatiegraad van de tumor en een ongunstige 5-jaars overleving. De 
5-jaars overleving van patienten met normrue membraanexpressie van p120= 
bedroeg 54% en de 5-jaars overleviog van patienten met vermioderde 
membraanexpressie van p1200m was 12% (P=0.001). In de subgroep van patienten 
met tumorvrije lytnfeklieren (KO-tumoren) was de 5-jaars overleviog 63% voor de 
groep met normrue e:::-::pressie van p120cm 

lJerStiS 20% voor patienten met 
verminderde membraanexpressie p120"" (P=0.02). De expressie van p1200m lijkt 
derhalve een bruikbare prognostische parameter. Een ioteressante vondst is de 
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aanwezigheid van het p 120= in de kern van een aantal tumoren. Dit kan wijzen op 
de mogelijke betrokkenheid van p120,rn in signaaltransductie cascades zoals ook 

voor ~-caterune geldt. Dit verdient vervolgonderzoek. 
In HOOFDSTUK 10 wordt de rol van het E-cadherine-caterune complex in 
adenocarcinomen van de gastro-oesophageale overgang nogmaals nader 
onderzocht. Het E-cadherine en de cateninen zijn in verscbillende ftacties aanwezig 
in de eel: membraangebonden, in vrije vonn in het cytoplasma en gebonden aan 
het cytoskelet. De expressie van het complex en hun biochemische distributie 
tussen de Triton X-100 oplosbare (=membraangebonden fractie) en Triton X-100 
onoplosbare fractie (=fractie gebonden aan het cytoskelet) werd onderzocht door 
gebruik te maken van gefractioneerde eiwit extractie gevolgd door Western 
blotting. Dit gebeurde bij 11 tumoren en corresponderend norrnaal weefsel De 
ruimtelijke verdeling van de eiwitten tussen de celmembraan en het cytoplasma 
werd onderzocht met behulp van immunohistochemie. Immunohistochemie 
toonde een verschuiving aan van E-cadherine en de cateninen van membraan naar 

cytoplasma in 50-75% van de tumoren. Kemexpressie van ~-catenine werd gezien 
in 5 tumoren. Een verandering van de expressie en biochemische verdeling van E­
cadherine en de caterunen tussen de Triton X-100 oplosbare en onoplosbare fractie 
in vergelijking tot normaal epitheel werd gezien in 45-65% van de tumoren. Dit 
hoofdstuk laat zien dat veranderingen in de expressie, in de ruimtelijke- en 
biochemische verdeling van het E-cadherine-caterune complex hetgeen leidt tot een 
verminderde adhesie, frequent aanwezig is bij adenocarcinomen van de gastro­
oesophageale overgang. Immunohistochemie en Western blotting van de oplosbare 
en onoplosbare fractie van het E-cadherine-caterune complex zijn beide 
waardevolle technieken om een abnormaal E-cadherine-catenine complex te 
detecteren. Het is vooralsnog ruet duidelijk welke van de twee technieken 
specifieker/ sensiciever is in het detecteren van een abnonnaal E-cadherine-catenine 
complex. 

DEEL 5 van dit proefschrift beschrijft de genetische analyse van tumor suppressor 
genen in adenocarcinomen van de gastro-oesophageale overgang. 
Tumorsuppressorgenen zijn genen clie primair betrokken zijn bij de regulering van 
celproliferacie, celdood celadhesie en genexpressie. In een normale cel remmen 
deze genen de cel groei en stimuleren ze clifferenciacie. In tumoren is hun 
remmende funccie verloren gegaan ten gevolge van inaccivacie of ten gevolge van 
verlies van beide gen kopieen (allelen). Microsatelliet analyse, ook wel verlies van 
heterozygocie (LOB) genoemd, is een eenvouclige techniek om tumoren te 
screenen op het verlies van delen van het chromosoom. Als er vaak verlies van een 
bepaalde chromosomale regio in tumoren wordt gevonden, dan is dat een suggescie 
voor de aanwezigheid van een tumor suppressor gen in of nabij het gebied van 
verlies. 
HOOFDSTUK 11 richt zich op de korte arm van chromosoom 3 (3p25.2). Kandidaat 
tumorsuppressorgenen die hier liggen zijn het von Hippel-Lindau (VHL) gen en 
het hurnaan peroxisome proliferator-acrivated receptor gamma (pP ARy) gen. 
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Mutatiescreening van belde genen met behulp van de PCR-SSCP en LOH werd 
verricht in 44 tumor DNA's afkomstig van 41 patienten met een adenocarcinoom 
van de gastro-oesophageale overgang. Ondanks het hoge percentage LOH van 
3p25 in deze rumoren (63% ), werden er geen mutaties gevonden in deze genen. Dit 
suggereen dat epigenetische mechanlsmen, mutaties buiten de onderzochte DNA 
sequenties, of cen "gene dosage" effect een rol spelen. De mogelijkheid van de 
aanwezigheid van andere, nog niet gerdentificeercie, tumorsuppressorgenen op 3p 
dient oak oveNlogen te worden. 
HOOFDSTUK 12 levert sterke aanwijzigingen veor de aanwezigheid van een 
tumorsuppressorgen op chromosoom 14q dat een rol speelt bij de patbogenese van 
adenocarcinomen van de gastro-oesophageale overgang. Verlies van heterozygotie 
(LOH) van het gebied 14q31.1-32.11 werd bepaald met 22 microsatelliet markers 
op tumor en normaal DJ'.:A verkregen van 36 patienten (inclusief 15 xenografts en 
5 cellijnen). LOH ofwel verlies van de chromosomale regio werd gevonden bij 
15/37 (41%) monsters. Er werden geen homozygote deleties gezien in de 
xenografts en cellijnen. De minimale regio van overlappend verlies is 8.6cM en ligt 
tussen marker markers D14S983 en CCCl op de cyrogenetische band 14q31.1-
32.11. Verlies van 14q31.1-32.11 is waarschijnlijk een relatief laat optredende 
genetische afwijking tijdens de onmilleling van een adenocarcinoom van de 
gastro-oesophageale overgang: (1) 11 DNA monsters afkomstig van dysplastisch 
Barrett epitbeel vertoonden geen verlies van 14q32.1; (2) tumoren met LOH van 
14q vertoonden veelal een ongunstiger tumorstadium en vertoonden vaker 
lymfkliermetastasen op afstand in vergelijking met de tumoren zonder verlies van 
14q. Echter, van een tumor was er tevens DNA geYsoleerd van omringend 
dysplastisch Barrett slijmvlies. Ook in dit monster werd verlies van 14q 
aangetoond. Kandidaat tumorsuppressorgenen die in de regio 14q31.1-32.11 liggen 
zijn de tbyroid stimulating hormone receptor (TSHR) 1, het glutathione transferase 
zeta 1 (GSTZ1) en het checkpoint supressor 1 (CHES 1) gen. Of deze genen 
daadwerkelijk een rol spelen tijdens de progressie van Barrett epitbeel tot 
adenocarcinoom dient nog onderzocht te worden. 

CONCLUSIES 

• De incidentie van het adenocarcinoom van de gastro-oesophageale overgang, 
d.w.z. van de distale slokdarm en maag-cardia, neemt toe in Zuidoost Nederland 
onder mannen en in mindere mate ook onder vrouwen (hoofdstuk3). 

• Adenocarcinomen van de distale slokdarm en maag-cardia 7ijn "en klinische 
entiteit en dienen gestageerd te worden volgens uniforme criteria (hoofdstuk 4). 

• De volgende parameters hebben allen een onafhankelijke voorspellende waarde 
ten aanzien van de 5-jaars overleving van patienten die een in opzet curatieve 
resectie ondergingen i.v.m. een adenocarcinoom van de gastro-oesophageale 
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overgang, te weten: leeftijd van de patient, inflltratie diepte van de tumor (PT­
klassificatie), locoregionale en metastasen op afstand (PN- en pM-klassificaties), 
differentiatiegraad (pG-klassificatie), radicaliteit van de operatie (pR-klassificatie) 
en de p120= expressie (hoofdstukken 4 en 9). 

• Er is geen allesomvattende moleculaire thecrie omtrent het ontstaan van 
adenocarcinomen van de gastro-oesophageale overgang illt Barrett epitheel: er is 
juist een complex patroon van verschillende klonen van turrlorcellen en geen 
simpellineair model (hoofdstuk 1). 

• Het ontwikkelen en karakteriseren van cellijnen van adenocarcinomen van de 
gastro-oesophageale overgang is goed mogelijk en deze cellijnen zijn onmisbaar 
voor verder studies naar het genetisch pmfiel van deze tumoren (hoofdstuk 5). 

• De sinds 1997 commercieel verkrijgbare cellijnen jROECL 47 en 50 zijn niet 
afkomstig van een adenocarcinoom van de slokdarm maar zijn klonen van de 
coloncarcinoom cellijn HCT 116 (hoofdstuk 6). 

• Verstoring van het E-cadherine-catcnine complex, bestaande cit E-cadherine, 

a-, ~-, y- en p120-catenine, treedt vaak op tijdens de progressie van Barrett 
epitheel naar het adenocarcinoom van de ga.stro-oesophageale overgang 
(hoofdstukken 9 en 10) 

• Immunohistochemie als onderzoeksmiddel is niet de "gouden standaard" om 
afwijkingen in het E-cadherine-catenine complex aan te tonen (hoofdstuk 10). 

• Somatische mutaties in het E-cadherine, ~-catenine, APC, VHL of PPARy gen 
spelen geen belangrijke rol bij de pathogenese van adenocarcinomen van gastro­
oesophageale overgang (hoofdstukken 7, 8 en 11). 

• Verlies van heterozygotie van chromosoom 14q31.1-32.11 impliceert de 
aanwezigheid van een tumorsuppressorgen dat een rol speeh tijdens de 
carcinogenese van adenocarcinomen van de gastro-oesophageale overgang 
(hoofdstuk 12). 
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