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GENERALL INTRODUCTION 

1.. ADENOCARCINOMA OF THE STOMACH 
Gastricc cancer is the result of a long multistage carcinogenic process where 
environmentall and genetic factors interact (1). Despite its declining incidence in the 
Westernn world, it remains one of the leading causes of cancer-related death 
worldwidee (2,3). The prognosis of gastric carcinoma is poor since most patients 
becomee symptomatic when the disease is already in an advanced stage. Patients 
withh so-called early gastric cancer, limited to the mucosa or submucosa, have an 
excellentt prognosis and can be detected by surveillance of high-risk groups (4). 

Histology Histology 
Histologically,, more than 90% of gastric cancers are adenocarcinomas. Over time, 
manyy histological classification systems have been developed. The Lauren 
classificationn has proven useful in evaluating the natural history of gastric carcinoma, 
especiallyy with regard to its association with environmental factors (5). According to 
thiss classification, tumors are divided in two distinctive types: 'intestinal' or 'diffuse'. 
Intestinall carcinomas are characterized by recognizable glands and cohesion 
betweenn tumor cells. They typically arise in a background of chronic atrophic gastritis 
andd intestinal metaplasia. Diffuse carcinomas consist of poorly cohesive cells 
diffuselyy infiltrating the gastric wall with little or no gland formation. The cells usually 
appearr round and small, often with signet cell morphology. Diffuse tumors typically 
arisee in histologically 'normal-appearing' gastric mucosa. Tumors that contain 
approximatelyy equal quantities of intestinal and diffuse components are called 'mixed 
carcinomas'.. If a carcinoma is too undifferentiated to fit neatly into either category, it 
iss classified as 'indeterminate'. 

PrecursorPrecursor lesions 
Studiess of specimens obtained at surgery or autopsy have suggested that gastric 
cancerss often develop in the context of other conditions. Chronic atrophic gastritis 
andd its associated abnormality, intestinal metaplasia, are the lesions most closely 
linkedd to an increased risk of gastric cancer, specifically the intestinal type (6). 
Atrophicc gastritis usually begins as a multifocal process in the distal stomach (7). As 
focii coalesce, a state of reduced acid production results, which may progress to 
metaplasia,, dysplasia, and ultimately carcinoma (8). It is postulated that these 
precursorr lesions of the intestinal type of stomach cancer represent the 
morphologicall substrates of a multistep tumor progression model, comparable to the 
adenoma-carcinomaa sequence of the colorectum (9). 

Epidemiology Epidemiology 
Withh the exception of carcinomas of the gastric cardia (see below), the incidence of 
gastricc adenocarcinoma in the Western world has been declining over the past 
severall decades (1). The male to female ratio is approximately 3:2 for the intestinal 
typee whereas the diffuse type shows no obvious difference in prevalence between 
maless and females. 
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Significantt geographic variability in incidence is observed. The incidence is highest in 
Japan,, China, South America and Eastern Europe (10). There is about a 20-fold 
differencee in the incidence rates when comparing the rates in Japan with those of 
somee white populations in the Western world. In high-risk areas a predominance of 
thee intestinal type adenocarcinoma occurs, while the diffuse type is relatively more 
commonn in low-risk areas (11). Gastric carcinoma is extremely rare below the age of 
30;; thereafter its incidence increases steadily. The highest incidence is found in the 
oldestt age groups. In older patients the intestinal type is more predominant. In 
youngerr patients, particularly those below the age of 45, the diffuse type is more 
predominantt (12). In this age group the disease frequently has hereditary 
characteristics. . 

PathogenesisPathogenesis  and risk  factors 
Thee pathogenesis of gastric cancer is complex and incompletely understood, but 
diet,, infections and genetic factors are involved (13). Epidemiological studies in 
differentt populations show that the most consistent association is diet. This is 
especiallyy true for the intestinal type carcinomas. There is strong evidence that high 
intakee of fresh fruits and vegetables reduces the risk of developing gastric cancer, 
presumablyy due to their antioxidant effects. High intake of salt and foods rich in n-
nitrosoo compounds are likely to increase the risk of gastric cancer and its precursor 
lesionss (14). Intake of smoked or cured meats or fish and pickled vegetables are also 
associatedd with a higher risk of gastric cancer. A large part of the decline in incidence 
off intestinal type gastric cancer in the Western world in the last decades can be 
attributedd to the introduction of the refrigerator and its associated change in 
preservationn of foods. Overall, the role of alcohol and tobacco smoking and other 
environmentall factors has not been well established yet and the potential 
mechanismss of action are not well understood. 

HelicobacterHelicobacter pylori 
Epidemiologicall studies have consistently demonstrated an association between H. 
pyloripylori and the risk of gastric carcinoma (15). Prospective serologic studies have 
reportedd that persons with H. pylori have an approximately three- to sixfold higher 
riskk of gastric cancer than those without infection (16-18). In 1994, H. pylori was 
classifiedd as a group-l carcinogen by the International Agency for Research on 
cancerr (19). In a recent prospective follow-up study of 1526 Japanese patients with 
duodenall ulcers, gastric ulcers, gastric hyperplasia and non-ulcer dyspepsia, gastric 
cancerr only developed in patients (2.9 percent) with H. pylori infection whereas none 
off the patients without infection developed gastric carcinoma (20). 
H.H. pylori has been recognized as the most important factor in the pathogenesis of 
pepticc ulcer disease. Interestingly, patients with peptic ulcers do not have an 
increasedd risk for the subsequent development of gastric cancer (21). Therefore, the 
developmentt of gastric cancer in patients with H. pylori gastritis seems to be largely 
dependentt on host (genetic) factors. Recently, it has been shown that certain 
polymorphismss in the interleukin-1 (IL-1) genes that might modify the host response 
too inflammatory stimuli, are associated with an increased risk of gastric cancer 
(22,23).. The precise role of H. pylori in gastric carcinogenesis remains unclear, 
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althoughh it is associated with the development of chronic atrophic gastritis. Analysis 
off molecular alterations in gastric carcinomas has not revealed any specific 
alterationss associated with H. pylori infection (24,25). Therefore, the role of H. pylori 
inn the process of gastric carcinogenesis seems limited to the induction of chronic 
inflammationn and increased cell proliferation. 

Epstein-BarrEpstein-Barr virus 
Epstein-Barrr virus (EBV) is a ubiquitous human herpesvirus with well-established 
associationss with endemic Burkitt's lymphoma (26), nasopharyngeal carcinoma (27) 
andd opportunistic B-cell lymphomas in immunodeficiency (28). A subset of gastric 
carcinomas,, known as lymphoepithelioma-like gastric carcinoma (LELC) are known 
too harbor the EBV genome in a high proportion of cases (29-31). Furthermore, 
conventionall gastric adenocarcinomas were shown to contain EBV in a small 
proportionn of cases (approximately 8-10%) (29-32). In contrast to Burkitt's lymphoma 
andd nasopharyngeal carcinoma, the causal role of EBV in gastric carcinogenesis is 
nott well understood. The latency type of EBV infection in gastric carcinoma is 
differentt from the known latency types as seen in these malignancies. The latent 
membranee protein-1 (LMP-1), one of the known transforming oncoproteins of EBV is 
usuallyy not expressed in EBV-carrying gastric carcinomas. Nevertheless, findings 
suchh as the clonal nature of EBV in GC cells and the presence of EBV in nearly all of 
thee cancer cells in EBV positive GC are supportive of a causal role of EBV in gastric 
carcinogenesiss (29,30,32). Furthermore, the transforming BARF1 gene was found to 
bee expressed frequently in EBV-positive gastric carcinomas (33). In addition, it was 
recentlyy shown that the expression of RUNX3, a gene causally related to stomach 
cancerr is induced by the EBV transcription factor EBNA-2 (34,35). 

GastricGastric stump carcinoma 
Remotee partial gastrectomy is a premalignant condition (36,37). After peptic ulcer 
surgery,, patients enter an accelerated neoplastic process, similar to that proposed 
forr the intestinal type of gastric cancer in the non-operated stomach. There is a 
steadyy increase in gastric cancer risk with increasing length of the postoperative 
intervall (38). The mechanism for the increased cancer risk is incompletely 
understoodd but bile reflux is thought to play an important role in this process. In the 
longg term after partial gastrectomy, atrophy with intestinal metaplasia and dysplasia 
becomess more frequent and these changes resemble the precursors of the intestinal 
typee of stomach cancer (39,40). Also the cell proliferation kinetics of the 
premalignantt mucosa in the gastric remnant are similar to those observed in the non-
operatedd stomach (41). Therefore it was postulated that gastric stump cancer could 
providee a suitable model to study the molecular genetics of gastric carcinogenesis in 
generall (42). 

GeneticGenetic susceptibility 
Mostt gastric carcinomas occur sporadically; only 8-10% have an inherited familial 
componentt (43). Familial clustering occurs in 12 to 25% with a dominant inheritance 
patternn (44,45). A small but consistent increased risk has been observed in first-
degreee relatives of gastric carcinoma patients (46). 
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Bloodd group A phenotype is associated with gastric cancer (47,48). H. pylori adheres 
too the Lewisb blood group antigen which may be an important host factor facilitating 
chronicc infection and subsequent cancer risk (49). The above-mentioned IL-1 
polymorphismss may be involved in the modulation of the host response as well. 
Gastricc cancers can also develop as part of the hereditary non-polyposis colon 
cancerr syndrome (HNPCC) (50,51). They are mainly intestinal type cancers, without 
aa clear association with hi. pylori infection. Most of these tumors exhibited 
microsatellitee instability (MSI) (52). 
Gastricc carcinomas also occur in patients with gastrointestinal polyposis syndromes 
suchh as Familial Adenomatous Polyposis (FAP), Juvenile Polyposis, and Peutz-
Jegherss syndrome. In general, gastric carcinoma is rare in these settings. Also the 
exactt contribution of the polyposis and the underlying germline mutations of APC, 
SMAD4SMAD4 and LKB1/STK11 to gastric cancer development is as yet unclear. 
Occasionally,, gastric carcinoma develops in families with germline mutations in 
ATM5,ATM5, TP53 (Li Fraumeni syndrome) and BRCA2 (53-56). 
Germlinee mutations in the gene encoding the cell adhesion protein E-cadherin 
(CDH1)(CDH1) have also been found. They lead to an autosomal dominant predisposition to 
gastricc carcinoma, referred to as hereditary diffuse gastric carcinoma (HDGC) 
(57,58).. Predisposing germline CDH1 mutations, generally resulting in truncated 
proteins,, are spread throughout the gene with no apparent hotspots (57-60). HDGC 
hass an age of onset ranging from 14 years upwards and a penetrance of 
approximatelyy 70% (58,59). Histologically, HDGC tumors are of the diffuse type 
accordingg to the Lauren classification. 

MolecularMolecular  alterations  in  gastric  cancer 
Thee current concept of cancer is that it is the result of an accumulation of generalized 
andd specific molecular genetic alterations in which activated oncogenes and 
inactivatedd tumor suppressor genes -sometimes caused by defective proteins 
involvedd in DNA repair- lead to growth deregulation at the cellular level (51,61). 

Oncogenes Oncogenes 
Proto-oncogenes,, genes normally involved in cell proliferation, may become 
constitutivelyy activated, leading to abnormal cellular growth and thereby contributing 
too tumorigenesis. Activation of these genes can be accomplished by amplification, 
pointt mutation, or by fusion to other genes or their regulatory elements as a result of 
chromosomall translocation. Many of these genes encode growth factors, growth 
factorr receptors or other signaling intermediates involved in cell growth. 
Thee K-RAS proto-oncogene is frequently activated in gastrointestinal tumors. K-RAS 
encodess a small 21 kD GTP-ase that is involved in signal transduction (62). K-RAS is 
knownn to be oncogenic when mutated or overexpressed. When mutated in codon 12, 
133 or 61 the gene encodes a protein with impaired intrinsic GTP-ase activity. As a 
consequencee the protein remains in the active GTP-bound state, resulting in a 
constitutivee activation of K-RAS in the signal transduction pathway. K-RAS is not 
frequentlyy mutated in adenocarcinomas of the stomach (63,64). 
Amplification,, overexpression and translocation of the c-MET gene encoding a 
tyrosinee kinase receptor for the hepatocyte growth factor have been described in 
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gastricc carcinoma (65). Amplification of C-ERBB2 (HER2/neu), a transmembrane 
tyrosinee kinase receptor oncogene, occurs in approximately 10% of lesions and 
overexpressionn is associated with a poor prognosis (66). Other growth factor and 
receptorr signal systems that may be involved include epidermal growth factor, cyclin-
E,, TGF-a, interleukin-1a, cripto, amphiregulin, platelet-derived growth factor and K-
SAMM (67,68). 

TumorTumor  suppressor  genes 
Thee loss of genes involved in the regulation of growth inhibition, differentiation and 
celll death also contributes to tumorigenesis. These mechanisms include cell cycle 
control,, regulation of transcription and induction of apoptosis. According to 
Knudson'ss hypothesis (69) both copies of a tumor suppressor gene need to be 
inactivatedd to abrogate its suppressive effects, whereas an activating mutation of one 
allelee of an oncogene is sufficient for its tumorigenic activity. Tumor suppressor 
geness can become inactivated by point mutations, deletions or gene silencing (e.g. 
byy methylation). 
Analysiss of loss of heterozygosity (LOH) and comparative genomic hybridization 
(CGH)) have identified several loci with significant allelic loss, indicating that these 
regionss may harbor tumor suppressor genes important in gastric carcinoma. 
Commonn sites of loss include regions on chromosomal arms 1p, 1q, 3p, 4, 5q, 9p, 
17p,, 18q and 20q (1,68,70-74). 

FHIT FHIT 
Inn gastric cancer, frequent loss of heterozygosity of several regions of chromosomal 
armm 3p has been reported, suggesting the presence of tumor suppressor loci (75,76). 
Thee 3p14 region harbors the fragile histidine triad (FHIT) gene. Abnormal transcripts, 
deletions,, somatic missense mutations and loss of the FHIT protein have been 
reportedd in gastric carcinomas (77). Nevertheless, it has remained uncertain whether 
FHITFHIT is the sole target of the frequent LOH on chromosomal arm 3p in gastric 
cancer.. Other tumor suppressor genes in that region, that are yet to be identified, 
mightt be of more importance in gastric carcinogenesis. 

APC APC 
Thee APC tumor suppressor gene, located on chromosome 5q21, is mutated in 80% 
off sporadic colorectal cancer. APC encodes a 312 kD protein and participates as part 
off a complex in the Wnt/APC/B-catenin signaling pathway that stimulates cell 
proliferationn (51,78). Under physiological circumstances the APC/B-catenin complex 
iss tightly regulated. However, mutations in APC or the B-catenin gene (CTNNB1) can 
disturbb this equilibrium and large amounts of free B-catenin become available. This 
cann then bind and activate the transcription factor TCF-4 resulting in uncontrolled 
transcriptionn of TCF-4 target genes (79). The c-MYC oncogene, CCND1 and PPAR-5 
havee been identified as transcriptional targets of this pathway (80-82). Alterations of 
APCAPC and CTNNB1 have been described in up to 50% of subsets of gastric 
adenocarcinomass (83-86). 
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p16/MTS-1/INK4ap16/MTS-1/INK4a and p14AHh 

Thee p16/ MTS-1/INK4a tumor suppressor gene, located on chromosomal arm 9p21 
iss frequently inactivated in a variety of tumors (87). The p16 protein acts as an 
inhibitorr of the cyclin D-dependent protein kinases. Reduced expression of p16 
resultss in higher cyclin D-dependent protein kinase activity and therefore in aberrant 
phosphorylationn of Rb, which consequently accelerates cell growth (88). Although 
losss of p16 protein has been observed in human gastric carcinoma (GC), genetic 
alterationss of p16 are infrequent in gastric carcinoma (89,90). In contrast, a high 
frequencyy of p16 hypermethylation was reported in GC and this seems to be 
correlatedd with loss of p16 protein expression, which occurs in up to 51% in some 
seriess (91,92). 

ARF F 

p144 is another tumor suppressor protein which is generated through an alternative 
splicingg process that replaces the first exon, 1a, of p16INK4a with exon 16, which is 
locatedd >15 kb upstream of exon 1a. This tumor suppressor gene was recently 
shownn to be frequently inactivated by homozygous deletion or methylation in gastric 
cancerr cell lines and primary gastric carcinomas, particularly of the diffuse type (93). 

E-CadherinE-Cadherin (CDH1) 
Thee CDH1 gene is located on chromosomal arm 16q. E-Cadherin is a calcium 
dependentt cell-cell adhesion molecule, which is essential for the formation and 
maintenancee of normal architecture and function of epithelial tissues (94). The 
adhesivee function of E-cadherin is dependent on interaction of its cytoplasmic 
domainn with a, 8, and y-catenin. Loss of function of E-cadherin will not only reduce 
cellularr adhesion but may also result in release of unbound B-catenin, which is an 
importantt player in the Wnt-signaling pathway (see above). 
Reducedd or abnormal E-cadherin expression has been observed in sporadic gastric 
carcinomas,, especially of the diffuse type (95-97). Furthermore, mutations of the 
genee and abnormalities of its transcripts have been identified in gastric cancer (98). 
CDH1CDH1 splice site alterations lead to exon deletion and -skipping. Large deletions and 
missensee point mutations also occur. Somatic mutations of CDH1 were identified in 
thee diffuse component of mixed tumors, whereas they were absent in the intestinal 
componentt (99). 

TP53 TP53 
Thee p53 tumor suppressor protein, encoded by the TP53 tumor suppressor gene on 
chromosomee 17p, is a transcription factor, which is activated in response to DNA 
damagee (100). Upon activation, p53 can induce apoptosis and G1 cell-cycle arrest. 
Moreover,, p53 is directly involved in DNA repair itself (101). Therefore, functional 
inactivationn of p53 leads to loss of three important elements in cell-cycle control. 
TP53TP53 is frequently inactivated in various types of human cancer. 
Allelicc loss of the TP53 locus on chromosomal arm 17p occurs in >60% of gastric 
carcinomass and mutations are identified in approximately 30-50%, depending on the 
mutationall screening method and sample sizes (102,103). TP53 mutations have 
beenn found in advanced gastric carcinomas but were also identified in lesions as 
earlyy as intestinal metaplasia (104). 
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DCC,DCC, SMAD2, SMAD4 
Likee in other digestive tract tumors, allelic loss of the long arm of chromosome18 is 
frequentlyy observed in gastric carcinoma and is associated with tumor progression 
andd poor prognosis (70-74,105). This suggests that the 18q region harbors a tumor 
suppressorr gene important for gastric carcinogenesis and tumor progression. 
Candidatee tumor suppressor genes on 18q are DCC, SMAD2 and SMAD4. 
Thee DCC (for deleted in colorectal cancer) tumor suppressor gene encodes a large 
proteinn with significant sequence similarity to neural cell adhesion molecules and 
otherr related cell surface glycoproteins. Alterations of this gene may interfere with 
normall cell growth and differentiation by disrupting cell-cell or cell-substrate 
interactions.. Genetic mutations of DCC are rare, both in colorectal and in gastric 
carcinomaa but frequent loss of expression of the DCC protein was recently described 
inn gastric carcinoma (106,107). 
SMAD2SMAD2 and SMAD4 (also known as DPC4, for deleted in pancreatic cancer) are 
otherr candidate tumor suppressor genes in this chromosomal region. Both genes 
participatee in the TGF-B-signaling pathway (108). TGF-6 is a pleiotropic growth factor 
involvedd in the regulation of growth of epithelial cells. Germline mutations of SMAD4 
havee been found in patients with juvenile polyposis. Furthermore, SMAD4 is 
frequentlyy mutated in pancreatic adenocarcinomas. However, mutations of both 
SMAD2SMAD2 and SMAD4 are rare in colorectal and gastric cancer (108-111). 
Therefore,, the target of the frequent loss of chromosome 18q may be yet another, 
stilll unidentified tumor suppressor gene. 

TrefoilTrefoil Factor Family 1 (TFF1) 
Whereass the chromosomal regions 3p, 5q, 9p, 17p and 18q, harboring known tumor 
suppressorr genes, are commonly deleted in a variety of cancers, mice homozygously 
deletedd for Trefoil Factor Family 1 gene (TFF1), specifically show neoplastic 
aberrationss of the stomach. These mice develop high-grade dysplasia of the gastric 
mucosaa at 5 months of age which progresses to invasive carcinomas in 30% (112). 
Furthermore,, TFF1, located on chromosome 21 q, was recently found to be mutated 
inn a subset of human gastric carcinomas (113). 

MismatchMismatch  repair  genes 
Microsatellitee instability (MSI) is a form of genetic instability observed in virtually all 
tumorss from patients with hereditary nonpolyposis colorectal cancer (HNPCC) and in 
aa subset of various sporadic tumors, including colorectal, gastric and endometrial 
cancerr (114,115). The majority of HNPCC patients have germline mutations in one of 
severall DNA mismatch repair (MMR) genes (116). Genes involved in the mismatch 
repairr process are hMLH1, hMSH2, hMLH3, hMSH3, hMSH6, PMS1, PMS2 and 
EX01.EX01. During DNA replication, the products of these genes form complexes that 
ensuree the integrity of the DNA. A mutated MMR gene can lead to a defect MMR 
mechanismm and the accumulation of random DNA errors, especially in repeat 
sequences,, leading to the molecular phenotype of MSI. Defective MMR is thought to 
promotee tumorigenesis by accelerating the accumulation of mutations in oncogenes 
andd tumor suppressor genes. MSI has been observed in a subset of gastric 
carcinomass up to 44% depending on the group of cases studied and the type and 
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numberr of markers examined (117-120). Interestingly, mutations of hMSH2 and 
hMLH1hMLH1 are infrequent in sporadic tumors with MSI, including gastric carcinoma 
(121,122).. Studies of several MSI-High (i.e. MSI in >40% of the tested markers) 
tumorr types including gastric cancer demonstrated a frequent loss of expression of 
hMLH11 and hMSH2, despite the lack of identifiable germline or somatic mutations 
(123-125).. Interestingly, it was shown that hypermethylation of the hMLH1 promotor 
ratherr than inactivating mutations appear to underlie the loss of hMLH1 expression 
(126,127).. MSI-High gastric carcinomas appear to be clinicopathologically distinct 
andd tend to have a better outcome (128,129). 

ProstaglandinsProstaglandins  and Cyclooxygenase 
Humann trials and animal studies have shown that the use of nonsteroidal anti-
inflammatoryy drugs (NSAIDs) is associated with a reduced risk of cancer, especially 
inn the gastrointestinal tract. The best-known targets of NSAIDs are the 
cyclooxygenasee (COX) enzymes that catalyze the rate-limiting step in the conversion 
off arachidonic acid into prostanoids. The COX-2 isoform is overexpressed in a 
varietyy of human malignancies, including gastric cancer (130). Gastric and colon 
cancerr tissues release higher levels of prostaglandin E2 (PGE2) when compared to 
nonneoplasticc mucosa (131,132). This phenomenon seems to be specific for PGE2, 
sincee levels of other prostanoids were not increased. PGE2 has been shown to be 
mechanisticallyy linked to carcinogenesis, since it inhibits apoptosis and enhances 
growthh and motility of colon cancer cells (133,134). An extensive introduction 
regardingg the role of the COX-2 - prostanoid pathway in carcinogenesis of the 
digestivee tract is provided in chapter 6. 

2.. ADENOCARCINOMA OF THE GASTRO-ESOPHAGEAL JUNCTION 
Adenocarcinomass of the gastro-esophageal junction (GEJ) are typically distinguished 
ass adenocarcinomas of the esophagus (Barrett-carcinomas) and adenocarcinomas 
off the gastric cardia. In contrast to adenocarcinomas of the more distal stomach, the 
incidencee of adenocarcinomas of the esophagus and gastric cardia has markedly 
increasedd in the last few decades, for reasons that are unclear (135-137). 
Furthermore,, adenocarcinomas of the esophagus and gastric cardia share other 
epidemiologicall and clinicopathological characteristics (135). Whether all tumors 
arisingg at the GEJ should be regarded as one entity is still a topic of dispute. 
Thee etiology and pathogenesis of GEJ adenocarcinomas has remained largely 
unclearr but Barrett's esophagus, characterized by columnar epithelial metaplasia, 
duee to chronic injury from gastroesophageal reflux is an identified predisposing 
conditionn (138). Barrett's esophagus can subsequently progress to low-grade and 
high-gradee dysplasia and eventually to invasive cancer (139). Furthermore, also 
intestinall metaplasia of the gastric cardia has been recognized (140). Besides reflux 
disease,, other risk factors for GEJ cancer include smoking, increased fat intake and 
obesityy (141-143). In contrast with the etiological factors involved in 'non cardia' 
gastricc cancer, there is no consistent association with diet (135). Interestingly, 
infectionn with H. pylori seems to protect against gastro-esophageal reflux, Barrett's 
esophaguss and GEJ-cancer, whereas it is recognized as a major risk factor for 
cancerr of the more distal stomach (135,144,145). 
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Histopathologicallyy the vast majority of cancers arising at the GEJ are 
adenocarcinomas.. Signet-ring cell carcinomas are much less common in the 
proximall than in the distal stomach. Of the lesser common forms of cancer at the 
GEJ,, adenosquamous carcinoma is the one most likely to be encountered (135). 

MolecularMolecular  alterations  in  GEJ-carcinomas 
Severall oncogenes and tumor suppressor genes are frequently involved in GEJ 
carcinomass (146). The C-ERBB2 (HER2/neu) proto-oncogene is overexpressed in 
10-70%% of esophageal adenocarcinomas. Overexpression of C-ERBB2 appears to be 
correlatedd with advanced tumor stage and metastasis (147). Activation of the RAS 
proto-oncogeness seems to be of little importance in Barrett's adenocarcinomas and 
adenocarcinomass of the gastric cardia. Amplification of cyclin D1 is observed in 22%-
64%% of GEJ-cancer and appears to be a relatively early event (148). Furthermore, 
enhancedd expression of acidic fibroblast growth factor {aFGF), c-MYC and c-SRC 
havee been described in adenocarcinomas of the esophagus (146). 
Frequentt allelic loss has been observed at chromosomes 3p, 5q, 9p, 9q, 13q, 17p 
andd 18q both in adenocarcinomas in Barrett's esophagus as well as in 
adenocarcinomass of the gastric cardia (149-151). The best-characterized somatic 
alterationn found in tumors of this region are mutations of TP53, which are present in 
upp to 60% of carcinomas of the gastroesophageal junction (135). 
Comparativee genomic hybridization (CGH) has been used to compare tumors of the 
gastricc cardia and Barrett carcinomas. Common altered regions included 3p14, 4q, 
5q14-21,, 9p21, 14q31-32.1, 16q23, 18q21 and 21q21. The distribution of these 
imbalancess was similar in both groups. However, loss of 14q31-32.1 was significantly 
moree frequent in Barrett-related adenocarcinomas when compared to cardia 
carcinomass (152-154). 
Microsatellitee instability has been reported but true MSI-High (i.e. instability at >40% 
off the tested markers) appears to be infrequent in both Barrett carcinomas as well as 
inn cardia carcinomas (151,155,156). 
Overexpressionn of COX-2 appears to be a frequent relatively early event in 
carcinogenesiss of tumors at the GEJ, especially in Barrett carcinomas. Interestingly, 
thee expression of COX-2 appears to be inducible by bile acids, both in cell-culture 
modelss as well as in cultured human biopsies from the esophagus (157,158). See 
chapterr 6 for a more detailed introduction on the role of COX-2 in carcinogenesis of 
thee esophagus. 
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OUTLINEE OF THE THESIS 
Ass mentioned earlier, cancer is the endstage of a multistep carcinogenic process 
duringg which many molecular alterations have accumulated. A better understanding 
off the molecular basis of cancer will ultimately be benificial for patients and 
individualss at risk. The studies in this thesis focus on some molecular alterations 
frequentlyy occurring in carcinomas of the stomach and of the esophagus. 

Epstein-Bar rr  viru s (EBV) and gastri c carcinogenesis : 
Remotee partial gastrectomy has been recognized as a major risk factor for gastric 
cancer.. It was postulated that gastric stump cancer could provide a suitable model to 
studyy the molecular genetics of gastric carcinogenesis in general. In chapter s 2 and 
33 a comparison is made between 'conventional' gastric cancer and gastric stump 
cancerr with respect to prevalence of H. pylori (HP) and Epstein-Barr virus (EBV) and 
molecularr alterations of the p53 tumor suppressor pathway and the K-RAS proto-
oncogene. . 
Chapter ss 4 and 5 elaborate on the role of EBV in gastric carcinogenesis. In chapte r 
44 EBV-positive and EBV-negative tumors are compared with respect to alterations at 
severall tumor suppressor loci important in gastric cancer. In chapte r 5 the 'timing' of 
EBVV infection of gastric epithelial cells during gastric carcinogenesis is investigated. 

Cyclooxygenase- 22 (COX-2) expressio n in gastri c and esophagea l cancer : 
Chapter ss 6 - 1 0 focus on the role of cyclooxygenase-2 (COX-2) in carcinogenesis of 
gastricc and esophageal cancer. In chapte r 6 the literature is reviewed with regard to 
thee role of COX-2 in tumors of the gastrointestinal tract. Chapter s 7 and 8 describe 
thee expression of COX-2 in gastric carcinomas of different histological types and in 
precursorr lesions of gastric cancer. Prostaglandin E-synthase is an enzyme 
downstreamm of COX-2 in the prostanoid synthesis pathway. In chapte r 9 the 
expressionn of the microsomal isoform of this enzyme (mPGES) is described in 
gastricc adenocarcinomas and gastric cancer cell lines. In chapte r 10 the prognostic 
valuee of COX-2 expression in adenocarcinomas of the esophagus is evaluated. 

Clinica ll  application s of molecula r biologica l tools : 
Chapter ss 11 and 12 are case-reports dealing with the use of molecular techniques 
inn diagnosis and the investigation of pathogenesis of individual tumors. Chapte r 11 
describess a case of a patient with seven tumors of the aerodigestive tract. In this 
casee several molecular techniques are deployed to test whether the individual tumors 
aree either metastases of a previous one or independent primary tumors. Chapte r 12 
dealss with a rare adenosquamous carcinoma at the gastroesophageal junction. In 
thiss case the molecular techniques are used to test whether the two distinct 
histologicall components share the same molecular make-up and thus in fact 
comprisee one tumor or whether it concerns a so-called collision tumor consisting of 
twoo pathogenetically independent tumors. 

Chapter ss 13 and 14 provide a summary and concluding remarks in English and in 
Dutch. . 
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Abstract t 
AimAim—To—To evaluate similaritie s and differ -
encess between gastric stump cancer  and 
conventionall  carcinoma in die non-
operatedd stomach. 
MethodsMethods—26—26 stump carcinomas were 
comparedd with 24 conventional stomach 
cancers.. Stage, histological type, and 
demographicss were comparable in the two 
groups.. Expression of pS3 and p21-Wafl/ 
Cip ll  was evaluated by immunohisto-
chemicall  staining. Helicobacter pylori 
infectionn was evaluated by examining 
haematoxylin-eosinn stained slides and 
immunohistochemistry.. Epstein-Barr 
viru ss infection was evaluated by RNA in 
situu hybridisation . 
ResultsResults—Expression—Expression of p53 and p21-Wafl/ 
Cip ll  was similar  in both groups and posi-
tivee in more than half of the patients. H 
pyloripylori infection was observed in six stump 
carcinomass and 17 conventional carcino-
mass in the intact stomach (p < 0.01). RNA 
inn situ hybridisation (EBER1-ISH) for 
Epstein-Barrr  viru s was positive in nine 
stumpp carcinomas and two carcinomas in 
thee non-operated stomach (p < 0.05). 
ConclusionsConclusions—There—There appear  to be aetio-
logicall  differences between stump carci-
nomaa and cancer  in the intact stomach. 
Furtherr  study of these differences may 
improv ee our  understanding of gastric car-
cinogenesiss in general. 
(J(J Clin Pathol 1998:51:662-666) 

Keywords:: s tomach; gastric stump; carcinoma; p5 3; 
HH pylon; Epstein-Barr virus 

Despitee its declining incidence, gastric cancer 
remainss an important cause of death in the 
westernn world.' 2 The prognosis of gastric car-
cinomaa is poor, because most patients present 
inn an advanced stage when the disease is 
symptomatic.'' Patients with early gastric can-
cerr have an excellent prognosis and can be 
detectedd by surveillance of high risk groups.' 
Thee natural history of the disease is not well 
established.. Of the two distinctive types of 
stomachh cancer, the one that is thought to be 
governedd by environmental factors, which is 
referredd to as intestinal type of gastric cancer,5 

iss best understood. The intestinal type of 
gastricc cancer is preceded by a precancerous 
process,, characterised by precursor lesions of 
thee gastric mucosa." These precursor lesions 

representt the morphological substrates of a 
multistepp tumour progression model in which 
theree is an interplay between oncogene activa-
tionn and loss of tumour suppressor function, 
similarr to the adenoma-carcinoma sequence in 
thee colorectum.7 * 

Remotee partial gastrectomy is a premalig-
nantt condition.' "' After peptic ulcer surgery, 
patientss enter an accelerated neoplastic process 
thatt looks very similar to that proposed for the 
intestinall  type of gastric cancer in the non-
operatedd stomach. There is a steady increase in 
thee gastric cancer risk with increasing length of 
thee postoperative interval." In the long term 
afterr partial gastrectomy, atrophy with intesti-
nall  metaplasia and dysplasia becomes more 
frequentt and these changes resemble the 
precursorss of the intestinal type of stomach 
cancer.':: " Also the cell proliferation kinetics of 
thee premalignant mucosa in the gastric rem-
nantt are similar to those observed in the 
non-operatedd stomach.'J Therefore we have 
postulatedd that gastric stump cancer could 
providee a suitable model to study the molecu-
larr genetics of gastric carcinogenesis in 
general.1'' ' 

Thee specific molecular changes accompany-
ingg the gastric dysplasia-carcinoma sequence 
aree less well defined than in the 
colorectum.. * '" '" Alterations of the p53 tu-
mourr suppressor gene, associated with the 
transitionn of an in situ into an invasive 
neoplasmm in the colorectum, probably plays a 
similarr role in the stomach,1'' ~" Disruption of 
thee p53 protein function can be detected by 
immunohistochemistry,, since it is mostly ac-
companiedd by a prolonged half life of the 
protein."11 Wild-type p53 protein, but not the 
mutantt p53 protein, binds specifically to DNA 
andd acts as a transcription factor for several 
genes,, including p21-Wafl/Cipl, a potent cyc-
linn dependent kinase inhibitor that controls 
progressionn through the cell cycle." 2' Immu-
nohistochemistryy for expression of p21-Wafl/ 
Cipll  therefore forms another indicator of the 
integrityy of the p53 tumour suppressor path-
way,, even though its expression appears not 
exclusivelyy dependent on intact p53 
function.""  " 

HelicobacterHelicobacter pylori infection is a well estab-
lishedd carcinogenic factor in the non-operated 
stomach,, but its role in carcinogenesis in the 
gastricc remnant is unknown, and has not been 
studiedd in detail.7 8 Recently, it has been 
suggestedd that Epstein-Barr virus (EBV) plays 
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TableTable 1 Comparison of baseline characteristics in tht 
groupgroup of gastric stump carcinomas and conventional 
primaryprimary carcinomas in the intact stomach 

Sex x 
Male e 
FemaJe e 

Agee (mean, years) 
Tumourr stage 

Early y 
Advanced d 

Morphological l 
classification n 
Intestinal l 
Diffuse e 
Mixed d 

Stump Stump 

(n(n = 26) 

20 0 
6 6 

64.8 8 

12 2 
14 4 

19 9 
2 2 
5 5 

Primary Primary 

(n(n = 24) 

12 2 
12 2 
66.8 8 

9 9 
15 5 

16 6 
4 4 
4 4 

aa role in gastric carcinogenesis, particularly in 
gastricc stump cancer.26"'" In addition, binding 
off  one of the EBV encoded proteins to p53 has 
beenn found to inactivate this tumour suppres-
sorr pathway."1 

Inn the present study we have compared gas-
tricc stump cancer with stomach cancer in the 
non-operatedd stomach for these various geno-
typicc and phenotypic molecular markers (p53, 
p21-Wafl/Cipl,, H pylori, EBV) to further 
exploree the possible similarities and differences 
betweenn these two types of tumour. 

Methods s 
Twentyy six stump cancers from the Amsterdam 
postgastrectomyy cohort—of which 10 were 
detectedd by the screening programme—were 
availablee for study.31 i : These were compared 
withh 24 conventional gastric cancers in the 
non-operatedd stomach, which had a similar 
stagee (early carcinoma defined as limited to the 
mucosaa or submucosa) and a comparable 
morphologyy according to the Lauren 
classification.55 The patients' age was the same 
inn the two groups, but there was a male 
predominancee among the stump carcinomas 
comparedd with the primary cancers. The 
demographicc and other features are listed in 
tablee 1. Importantly, carcinomas of the cardia 
weree not included in the study, and all the pri-
maryy carcinomas were located in the distal 

figurefigure 1 Immunohistochemical detection of p53 tumour suppressor gene product with 
monoclonalmonoclonal antibody DO-7 in a gastric stump carcinoma (SA23). Typical nuclear staining 
isis confined to the carcinoma cells. 

stomach;; the stump cancers were located near 
thee gastro-enterostoma. 

Formalinn fixed and paraffin embedded tissue 
blockss of the tumour and environment were cut 
intoo 5 \\xn sections for haematoxylin-eosin 
(H&E)) staining, immunohistochemistry, and 
inn situ hybridisation. Typing and staging of the 
tumourss was done by histopathological exam-
inationn of the H&E stained slides. 

IMMUNOHISTOCHEMISTRY Y 

Immunohistochemistryy for p53 and p21-Wafl/ 
Cipp 1 was performed as described 
previously.211 ~3 " DO-7 (Dako, Glostrup, Den-
mark)) was used as primary antibody to detect 
thee p53 protein (fig 1), Ab-1 (Oncogene 
Science,, Cambridge, Massachusetts, USA) as 
primaryy antibody to detect p21-Wafl/Cipl. As 
inn previous studies, nuclear staining of at least 
10%% of the tumour cell population was 
regardedd as positive. Tumours were scored for 
positivityy by three independent observers with-
outt knowledge of the clinical data. Where there 
wass disagreement, consensus was reached 
usingg a multiheaded microscope. 

RNAA IN SITU HYBRIDISATION FOR EBV DETECTION 

Sectionss (5 urn) were deparaffinised to 70% 
ethyll  alcohol and directly treated with 0.5 M 
EDTA,, pH 8.0, for 15 minutes at 37°C, 
followedd by incubation with 5 fig/ml proteinase 
KK (Boehringer Mannheim, Mannheim, Ger-
many)) in TE buffer (TE = 100 mM Tris-HCl, 
pHH 7.5, 50 mM EDTA) for 30 minutes at 
37°C.. Sections were rinsed in 70% ethyl alco-
hol,, dehydrated in 96% ethyl alcohol, and air 
dried. . 

Probee mixture (12 ul/slide) of 0.45 MNaCl, 
455 mM sodium citrate, pH 7.0, 25% forma-
mid,, lOx Denhardt's solution, 10% dextran 
sulphate,, 1% Triton X100, and 0. 1% sodium 
dodecyll  sulphate (SDS), containing 1 (ig/ml 
fluoresceinn labelled EBlf oligonucleotide, was 
appliedd to the sections and overlaid with an 18 
xx 18 mm glass coverslip. The EBlf probe is a 
newlyy designed 30 mer antisense oligonucle-
otidee (5'-CTAGCAAAACCTCTAGGGCAG 
CGTAGGTCC-3')) with fluorescein molecules 
att both 3' and 5' ends which hybridises with the 
EBER11 EBV infected cell nuclear RNA 
molecules.. Results with this probe are die same 
ass a detection kit (Dako) against EBER1 
nuclearr RNA molecules when tested on 
lymphomas.. Hybridisation was for 18 hours at 
37°CC in a sealed humidified container. 

Alll  subsequent steps were performed at 
roomm temperature and washing in between 
stepss was done with PBST (phosphate buffered 
saline,, 0.05% Tween20). Cover slips were slid 
offf  by gently submerging the sections sideways 
inn PBST, and sections were then rinsed 
thoroughlyy in PBST. Endogenous peroxidase 
activityy was blocked with 0.3% H,02 in PBST 
containingg 1% sodium azide for 15 minutes. 

Thee fluorescein label of the hybridised probe 
moleculess was detected by subsequent incuba-
tionn for 30 minutes with rabbit anti-FITC 
(Dako;; 1/400 diluted in PBST containing 10% 
humann AB serum), biotinylated swine anti-
rabbitt immunoglobulins (Dako; 30 minutes, 
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TableTable 2 pS3,p2l-WafliCipl,H pylori (HP), and 
Epstein-BarrEpstein-Barr virus (EBV) posittvity in stump cancers 
comparedcompared with carcinomas of the non-operated stomach 

TableTable 3 Relation between Epstem-Barr zirus (EBV) and 
p53,p53, according to stage in the EBl 'positive stump 

ss and carcinomas in the intact stomach 

Slump Slump 
(n(n = 26) 

Primary Primary 
(n(n = 24) 

p 5 3 + /-- 14/12 
p21-Wafl'Cipll  + /- 20/6 
HPP +/-* *  6/20 
EBV+/-**  9<17 

144 10 
17/7 7 

"p<0.01;*p<0.05. . 

di lutedd 1/500) and avidin biotinylated horse-
radishh peroxidase complex (ABC; Dako; 30 
minutes,, di luted 1/200). Staining was for three 
too seven minutes in 50 mM TRIS buffer (pH = 
7.. 5) with 0 .03% H , 0, and 0.1% diaminoben-
zidinee (DAB) as chromogen. After rinsing in 
tapp water, nuclei were counterstained with 
haematoxyl inn (fig 2). 

HH PYLORI DETECTION 

Assessmentt for the presence of H pylori was 
donee by histopathological examination of the 
H & EE stained sections. To enhance t he sensitiv-
ityy of our study we subsequently performed 
immunohis tochemist ryy on cases that were 
negativee for H pylori. Antigen enhancement 
wass done by boil ing in 0.1 M sodium citrate 
(pHH 6.0) for 10 minutes. T he B471 polyclonal 
rabbitt ant i -H pylori ant ibody (Dako) was used 
ass a pr imary antibody. Subsequently, the 
sectionss were incubated with biotinylated 
swinee anti-rabbit secondary antibody and 
avidinn biotinylated horseradish peroxidase 
complexx (both Dako). Finally, staining was 
donee with DA B as a chromogen. 

STATISTICS S 

Compar isonn of frequencies among the differ-
entt groups was tested for statistical significance 
byy a conventional Fisher's exact test. Statistical 
significancee levels were set at 5% (two sided). 

Resul ts s 
T hee results of our analyses are summarised in 
tablee 2. 

p533 Immunohistochemistry was positive in 
144 s tump carcinomas (54%) and 14 conven-
tionall  carcinomas (58%) (fig 1); p21-Wafl/ 

EBV++ andp53-
(nn = 4) 

EBV++ and P53+ 
(nn = 7) 

cSoma cSoma 

EarlyEarly Adva 

33 1 

55 0 

need need 

Primary Primary 

EarlyEarly Advanced 

00 0 

11 1 

FigureFigure 2 RNA in sttu hybridisation with EBERl specific EB If oligonucleotide probe in a 
gastricgastric carcinoma (SE8), Typical nuclear staining is only observed in carcinoma cells; the 
relativelyrelatively dense lymphocytic infiltrate does not show positive staining. 

Cipll  immunohistochemistry was positive in 20 
s tumpp carcinomas (77%) and 17 conventional 
stomachh cancers (71%). There was no inverse 
correlationn between p53 positivity and p 2 1-
Waf l /Cipll  expression in any of the two groups, 
norr was a correlation present with tumour type 
orr extension of the tumour and immunohisto-
chemistryy for p53 or p21-Waf l /C ip l. 

T hee prevalence of H pylori was significantly 
(pp < 0.01) greater in conventional stomach 
cancerss (17 positive cancers, 71%) than in the 
s tumpp carcinomas (six positive carcinomas, 
23%). . 

Non-radioactivee RNA in situ hybridisation 
forr EBV was positive in nine s tump carcinomas 
(35%)) and two conventional stomach carcino-
mass (8%) (p <0.05) (fig 2). T he staining was in 
generall  strongly positive, with a specific 
nuclearr pattern limited to the epithelial tumour 
cells.. There was heterogeneity, with only parts 
off  the tumour strongly positive. The two EBV 
positivee conventional cancers were an early and 
ann advanced carcinoma; both occurred in male 
patients.. T he EBV positive s tump cancers 
comprisedd eight early and one advanced carci-
noma.. One EBV positive early s tump cancer 
occurredd in a female patient. T he other EBV 
positivee s tump carcinomas (seven early and 
onee advanced) occurred in male patients. None 
off  the EBV positive carcinomas was a typical 
lymphoepithel ioma,, but in some cases there 
wass a relatively dense infiltrate (fig 2). There 
wass no correlation between p53 positivity and 
EBVV positivity (table 3). 

D i s c u s s i on n 
Althoughh the numbers in the present study are 
relativelyy small, the results suggest similarities 
betweenn the group of s tump carcinomas and 
conventionall  stomach cancers, but more im-
portantlyy also a few remarkable differences. 
T hee two groups were matched as closely as 
possiblee for tumour type and stage to avoid 
confounding,, and the demographics of the two 
groupss were comparable. Cardia carcinomas 
weree excluded from the study because they 
mayy form a separate entity among stomach 
carcinomas. . 

T hee p53 tumour suppressor pathway is often 
involvedd in stomach tumour formation.2" Ex-
pressionn of the p53 protein detected by immu-
nohistochemistryy indicates an altered gene 
productt that is more stable, and positivity was 
thee same in the two groups of carcinomas. This 
suggests,, but does not prove, that molecular 
changee of the p53 tumour suppressor gene is 
thee same, and the similarity in expression of 
p21-Waf l /C ip l—ann intermediate in the p53 
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tumourr suppressor pathway—lends support to 
thiss notion.14 " It is our experience that immu-
nohistochemistryy suffices as a first screening 
testt and on the basis of the results one can then 
decidee to do further analyses.3' However, 
sequencingg of the p53 gene would be needed 
forr precise comparison of the molecular genetic 
changess in p53 in the two groups. 

HH pylori infection was initiall y assessed by 
evaluationn of the available H& E stained slides 
off  the gastric s tump cancers and pr imary 
gastricc carcinomas. This obviously is not the 
optimall  assessment of differences in infection 
ratee between the two groups and such differ-
encess should be interpreted cautiously. Nega-
tivee cases were, however, also stained immuno-
histochemicallyy against H pylori and only a few 
extraa positives were found, which did not 
changee the comparison between the two 
groups.. Bile reflux may provide an explanation 
forr the observed low prevalence of H pylori in 
thee stomach epithelium bordering s tump 
carcinomass (table 2). Bil e salts seem to have a 
bactericidall  effect on H pylori and after a 
Billrot hh resection H pylori disappears rapidly 
fromfrom the gastro-enterostoma.34 Since the role of 
HH pylori in the carcinogenesis of the intact 
stomachh has now been accepted, a possible dif-
ferencee at the gastro-enterostoma anasto-
mosis—aa well established premalignant 
condition-—iss intriguing and needs further 
study. . 

Epste in-Barrr virus involvement in gastric 
carcinomaa has been demonstrated previously 
byy the presence of EBV genome and EBV 
encodedd small RNA (EBER) in the carcinoma 
cells,, monoclonal proliferation of EBV infected 
carcinomaa cells, and raised antibody litres.2* "^ 
Ourr study shows that the prevalence of EBV 
involvementt among gastric carcinomas may be 
moree prominent in gastric remnant cancer, and 
thiss has been suggested before.'7 Whether this 
impliess a direct causal relation cannot be con-
cludedd from these results, however. It might be 
thatt the virus infection is related to the baseline 
diseasee (previous peptic ulcer) for example and 
nott to cancer. Fur ther research wil l be 
necessaryy to clarify this question. In situ 
hybridisationn for EBER1 applied to paraffin 
sectionss revealed 3 5% positivity in s tump can-
cerss versus 8% in primary cancers. The 
presencee of EBV in the carcinoma cells implies 
thatt the EBV encoded EBNA-5 protein (alter-
nativelyy designated EBNA-LP), which can 
formm a molecular complex with the p53 
tumourr suppressor protein,'" may cause a pro-
longedd lifespan of wil d type p53 in the EBV 
infectedd s tump carcinomas, resulting in posi-
tivee p53 immunohistochemistry. However, in 
confirmationn of published observations2" and 
ass shown in table 3, p53 positivity was not cor-
relatedd with EBV positivity in s tump carcino-
mas.. Previous reports on involvement of EBV 
inn carcinogenesis in the gastric s tump were 
fromfrom studies performed in Taiwan and 
Japan.2" ' '' To our knowledge this study is the 
firstfirst to establish an increased prevalence of 
EBVV in gastric s tump cancers in the western 
world,, suggesting that EBV infection is a global 
phenomenon,, independent of geographical 

area.. T he quest ion of why EBV preferentially 
infectss (premalignant) stomach epithelial cells 
inn the vicinity of the Billrot h junction of stom-
achh and duodenum remains obscure. O ne pos-
siblee explanation may be bile reflux in to the 
stomachh which could act as a cofactor mediat-
ingg EBV infection of the epithelial cells, for 
instancee by inducing fusion of EBV carrying B 
cellss and epithelial cells. There was no correla-
tionn with tumour type. 

Thee EBV positive carcinomas were predomi-
nantlyy of the early type, which is consistent 
withh previous observations that EBV infection 
perhapss occurs early in carcinogenesis. As in 
previouss reports, in our present study EBV 
positivityy was strongly correlated with gender, 
alll  positive cases except one being males. 
Al thoughh there was a more striking male 
predominancee in the s tump carcinoma group, 
itt seems unlikely that this gender difference 
couldd be the sole explanation of our observa-
tions. . 

I nn summary then, two impor tant differences 
weree observed between gastric s tump carcino-
mass and conventional pr imary stomach can-
cers.. Hpylori infection, which is associated with 
thee occurrence of cancer in the intact stomach, 
appearss rare near the anastomosis of the gastric 
remnant,, the site prone to carcinogenesis. In 
contrast,, EBV infection appears more common 
inn gastric s tump cancer, not only in Asian 
countr ies,, but in the western world as well. 
Furtherr studies of these differences may help 
uss gain a better understanding of gastric 
carcinogenesiss in general. 
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ABSTRAC T T 
BACKGROUND/AIMS:: Partial gastrectomy is a well-established pre-malignant condition. It is postulated 
thatt in the gastric stump an accelerated neoplastic process takes place, similar to that of (intestinal 
type)) adenocarcinoma from the non-operated stomach. K-ras codon 12 mutation is one of the most 
frequentt oncogenic alterations in human solid neoplasms. It is rare in conventional gastric carcinoma 
andd has not been studied in gastric stump carcinoma. The aim of this study was to compare the 
prevalencee of K-ras codon 12 point mutations in gastric stump carcinomas with those in conventional 
carcinomass from the non-operated stomach. 
METHODOLOGY:: Twenty-four gastric stump carcinomas were compared with 26 conventional gastric 
carcinomas.. Stage, histology, and demographics were comparable in both groups. Mutations in codon 
122 of the K-ras gene were examined with a polymerase chain reaction (PCR)-based method and 
subsequentt dot blot hybridization with mutation-specific probes. The results of Helicobacter pylori 
infection,, Epstein-Barr virus infection and p53 immunohistochemistry were partially known from a 
previouss study. 
RESULTS:: In one of the gastric stump carcinomas as well as in one of the conventional gastric 
carcinomass a K-ras codon 12 point mutation was found. p53 Immunohistochemistry results were 
comparablee in both groups. Interestingly, Helicobacter pylori infection rate and Epstein-Barr virus in 
situsitu hybridization for EBER1, as previously studied, appeared were significantly different in the two 
groups, , 
CONCLUSIONS:: K-ras codon 12 point mutations are rare in both gastric stump carcinomas and 
conventionall  gastric carcinomas. This supports the postulated hypothesis that the pathways of 
carcinogenesiss in both gastric stump carcinoma and conventional gastric carcinoma share common 
features.. However, these groups differ in infection rate of Helicobacter pylori and of Epstein-Barr 
virus,, which suggests that some neoplastic stimuli differ as well. 

INTRODUCTION N 
Althoughh the incidence of gastric carcinoma has 
beenn declining, it remains a common cause of 
cancer-relatedd death (1,2). Because approximately 
85-90%% of patients present in an advanced stage 
Hepato-Gastroenterologyy 1999; 46:2063-2068 
©© H.G.E. Update Medical Publ ishing S.A., Athens-Stut tgart 

whenn the disease is symptomatic, surgery often 
failss to be curative (3). The 5-year survival rate 
followingg resection was recently reported to be 
onlyy 28% (4). However, patients with early 
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gastricc carcinoma (defined as infiltration limited 
too mucosa or submucosa, with or without lymph 
nodee metastasis), which can be detected by 
surveillancee of high risk groups, have an 
excellentt prognosis with 5-year survival rates of 
moree than 80% (5). The natural history of gastric 
carcinomaa is not well established. Of the two 
distinctt types of gastric carcinoma, the intestinal 
typee is best understood (6). This type of 
carcinomaa is thought to be caused by 
environmentall  factors and is preceded by a pre-
cancerouss process, characterized by precursor 
lesionss of the gastric mucosa (7). These precursor 
lesionss represent the morphological substrates of 
aa multi-step tumor progression model, similar to 
thee adenoma-carcinoma sequence in the 
colorectumm (8,9). 
Partiall  gastrectomy is a pre-malignant condition 
(10,11).. After surgery for peptic ulcer, patients 
enterr an accelerated neoplastic process that 
closelyy resembles the one proposed for the 
intestinall  type of gastric carcinoma arising in the 
non-operatedd stomach. The risk of gastric 
carcinomaa rises steadily with the duration of the 
post-operativee interval (12). In the long-term 
afterr partial gastrectomy, atrophy, intestinal 
metaplasiaa and dysplasia, morphological changes 
thatt represent the precursors of intestinal type 
gastricc carcinoma, become more frequent 
(13,14).. In addition to these morphological 
changes,, the cell proliferation kinetics of the pre-
malignantt mucosa in the gastric stump are 
comparablee to those observed in the non-
operatedd stomach (15). These similarities led to 
thee hypothesis that carcinoma arising in the 
gastricc stump may provide a suitable model to 
studyy the molecular genetics of gastric 
carcinogenesiss in general (16). In contrast to 
colorectall  carcinogenesis, the specific molecular 
changess accompanying the gastric dysplasia-
carcinomaa sequence are ill-defined (8,9,17-19). 
Thee p53 tumor suppressor pathway is frequently 
abrogatedd in human cancer. In a previous study 
wee found no difference in p53 expression 
betweenn gastric stump carcinoma (GSC) and 
conventionall  gastric carcinoma (CGC). However, 
thee prevalence of Helicobacter pylori (H. pylori) 
andd Epstein-Barr virus (EBV) were found to be 
differentt in GSC as compared to CGC (20). So, 
besidess similarities, there also seem to be 
etiologicc differences between these two entities of 
gastricc carcinoma. 
Thee human K-ras gene is a member of the 

humann ras proto-oncogene family. Activation of 
thee res genes can be caused by gene 
amplification,, resulting in enhanced expression 
off  the ras proteins, but is usually the result of 
activatingg point mutations at codons 12,13 or 61. 
Thesee mutations lead to a continuous signal 
transduction,, resulting in a growth-promoting 
effectt (21,22). K-ras codon 12 mutation is a 
frequentt event in colorectal and pancreatic 
carcinomaa but is rare in gastric carcinoma (23). 
However,, it has been observed in high-risk 
subsetss of gastric carcinoma patients (24). It has 
nott been studied in gastric stump carcinoma. The 
aimm of the current study was to elaborate on the 
comparisonn between GSC and CGC and to 
investigatee whether they differ in K-ras 
mutationn status. 

METHODOLOGY Y 
Tissuee Specimens 
Twenty-fourr GSCs from the archives of the 
Academicc Medical Center (The Netherlands) and 
thee Lublin Medical Academy (Poland) were 
studied.. These were compared with 26 CGCs 
arisingg in the non-operated stomach, which had a 
similarr stage and a comparable morphology 
accordingg to the Lauren classification. The 
patients'' age was the same in the two groups; the 
malee predominance was more outspoken among 
thee stump carcinomas as compared to the 
primaryy carcinomas (Table 1). Importantly, 
carcinomass from the gastric cardia were excluded 
fromm this study as they may represent a distinct 
entity.. All the CGCs were located in the distal 
stomach,, whereas the GSCs were located near 
thee gastro-enterostoma. Typing and staging of 
thee tumors was done by histopathological 
examinationn of the hematoxylin-eosin (H&E) 
stainedd section slides. 

TABLEE 1 Compariso n of Baselin e Characteristic s 
inn the Grou p of Gastri c Stum p Carcinoma s (GSC) 

andd in the Grou p of Conventiona ll  Gastri c Carcinoma s (CGC) 

Sexx (Male/Female) 
Agee (mean, years) 
Geographyy (NL/P) 
Tumorr stage (E/A) 
Morphologyy (I/M/D) 

NL:: Netherlands, P: 

GSCC (n=24) CGG (n=26) 

Poland;; E 
type,, M: mixed, D: diffuse type 

18/66 15/11 
65.00 68.4 
17/77 19/7 
9/155 7/19 

20/1/33 17/4/5 

early,, A: advanced; I: intestinal 
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DNAA Isolatio n 
Fromm 5um deparaffinized H&E stained tissue 
sections,, the areas with carcinoma were carefully 
microdissected.. Tumor tissue was collected in 
separatee Eppendorf reaction tubes. DNA was 
liberatedd with an overnight Proteinase-K 
digestionn at 56°C, as described previously (25). 
Subsequently,, the samples were heated for 
lOminn at 100°C to inactivate Proteinase-K and 
weree used directly for polymerase chain reaction 
(PCR)) amplification. 

Detectio nn of K-ras Codon 12 Mutation s 

Thee analysis of point mutations in K-ras codon 
122 was performed as described previously (25). 
Briefly,, K-ras point mutations were evaluated by 
PCRR amplification of codon 12 of the K-ras gene 
fromm the DNA samples. Enrichment for possible 
mutantss was achieved by restriction enzyme 
digestionn using Mval, an isoschizomer of BstNI 
(Boehringerr Mannheim, Mannheim, Germany). 
Subsequently,, reamplification of the digested 
andd undigested PCR products was performed 
followedd by allele specific oligodeoxynucleotide 
(ASO)) hybridization. For the first round of 
amplification,, tumor DNA was amplified for 15 
cycless with primers A (5'-
ACTGAATATAAACTTGTGGTAGTTGGACCT--
3')) and D (5'-CATGAAAATGGTCAGAGAAACC-
3').. After restriction enzyme digestion, a second 
roundd of PCR was carried out on both the 
digestedd and undigested first round PCR 
products.. In the second round PCR, DNA was 
amplifiedd for 35 cycles using primers A and B (5'-
TCAAAGAATGGTCCTGGACC-3').. After 
denaturation,, the undigested and digested PCR 
productss were spotted onto seven different nylon 
membraness (Genesereen Plus, NEN Research 
Products,, Boston, Massachusetts, USA) and 
hybridizedd to each of the K-ras codon 12 specific 
oligodeoxynucleotides,, as described previously 
(33).. Finally, stringency washes were carried out 
att 63°C, followed by autoradiography. Mutations 
weree confirmed by duplicate analysis. 

RNAA  in  situ  Hybridizatio n (ISH) for EBV Detectio n 
EBV-RNAA  in situ hybridization status was 
partiallyy known from a previous study and was 
performedd as previously described (20). Briefly, 
deparaffinizedd and EDTA-treated sections were 
treatedd subsequently with Proteinase-K, 
dehydratedd and air-dried. The sections were 
incubatedd for 18 hours at 37°C with the 

fluorescein-labeledd EBlf-probe (5'-
CTAGCAAAACCTCTAGGGCAGG CGTAGGTCC-
3')) against the EBV-EBER1 nuclear RNA 
molecules.. The fluorescein label of the hybridized 
probee molecules was detected using Rabbit anti-
FITCC biotinylated immunoglobulins followed by 
Swinee anti-Rabbit immunoglobulins and avidin-
biotinylatedd horseradish peroxidase complex (all, 
DAKOO Glostrup, Denmark). Staining was done 
withh diamino benzidine (DAB). 

HelicobacterHelicobacter  pylori  Detectio n 
H.H. pylori infection status was partially known 
fromm a previous study (20). Assessment for the 
presencee of H. pylori was done by 
histopathologicall  examination of H&E stained 
slidess and by immunohistochemistry (IHC) using 
thee B 471 polyclonal rabbit anti-H. pylori 
antibodyy (DAKO, Glostrup, Denmark). 

p533 Immunohistochemistr y 
Resultss were partially known from a previous 
studyy (20). IHC was performed as described 
previouslyy (26). The DO-7 antibody (DAKO, 
Glostrup,, Denmark) was used for the detection of 
thee p53 protein. 

Statistica ll  Analysi s 
Thee Fisher exact test was used to compare 
frequenciess among the different groups. 
Differencess were considered statistically 
significantt at p<0.05. 

RESULTS S 
Thee results of our analyses are summarized in 
Tablee 2. K-ras codon 12 mutations could be 
demonstratedd in 1 out of 24 GSCs (PS1) and in 1 
outt of 26 CGCs (PP8) (Figur e 1). 
EBV-ISHH was significantly more often positive in 
thee GSCs (p<0.05), whereas H. pylori was found 
significantlyy more often in CGCs (p<0.05). The 
resultss of IHC for p53 were comparable in both 
groups. . 

DISCUSSION N 
Ourr findings are in line with most other studies 
addressingg K-ras mutations in gastric carcinoma. 
K-rass codon 12 mutations are extremely rare in 
gastricc carcinoma (23), although a few studies 
fromm high-risk areas reported the occurrence of 
suchh mutations (24,27). Also, in a case of 
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TABLEE 2 Compariso n of Result s of K - E S codo n 1? 
Mutatio nn Analysis , EBV inat u Hybridization , 

::  l y la r i . and Immunohistochemistry 

forr  p53 in Gastri c Stum p Carcinoma s (GSC) 
andd Conventiona l Gastri c Carcinoma s (CGC) 

K-rass codon 12 mutation 
EBV* * 
H.H. pylori* 
p53 3 

GSCC (n=24) 
1/244 (4%) 

10/144 (42%) 
6/188 (25%) 
12/122 (50%) 

CGGG (n=26) 
1/255 (4%) 

4/222 (15%) 
14/1.22 (54%) 
16/100 (62%) 

*Statisticallyy significant (p<0.05) 

intramucosall  carcinoma in a hyperplastic polyp 
off  the stomach, a K-ras codon 12 mutation was 
foundd (28). 
Therefore,, when it was postulated that gastric 
stumpp carcinogenesis shares a common pathway 
withh carcinogenesis in the non-operated 
stomach,, comparison of the prevalence of K-ras 
codonn 12 mutation in GSCs versus CGCs 
appearedd as a potentially attractive 
discriminatingg molecular marker. However, in 
thee GSCs only one mutation was found and this 
iss to our knowledge the first study in this regard. 
K-rass codon 12 mutation as a mechanism for 
oncogenee activation is therefore most likely not 
ann important mechanistic event for 
carcinogenesiss in the gastric stump either. 
Technicall  shortcomings were considered as an 
explanationn for the absence of mutations in most 
samples.. DNA obtained from formalin fixed 
tissuee is usually partially degraded into small 
fragmentss depending on many factors like the 
timee between tissue removal and fixation, the 
typee of fixative used and the duration of the 
fixationfixation procedure. The average length of DNA 
extractedd from formalin fixed tissue is normally 
betweenn 100 and 500 nucleotides (29). As only 
smalll  DNA fragments are needed for the 
detectionn of K-ras point mutations by the assay 
usedd in this study, the effect of DNA degradation 
doess not seem to be a likely explanation for our 
results.. Moreover, all cases tested positive for the 
wild-typee sequence of the K-ras gene, thereby 
servingg as internal controls for DNA extraction, 
amplification,, and hybridization procedures. The 
sampless used in a previous study (28) consisted of 
similarlyy fixed archival material confirming the 
abilityy to detect mutations in such tissue 
followingg our procedures. The assay was done in 
duplicatee to confirm the obtained results. 
Therefore,, we consider the absence of K-ras 
mutationss in our samples to be genuine. 

GLY Y 
AA 8 

cc]h ]h 
3.. HI 
4.. m
5.. # , 

H20 0 

Pla.. %% 

ASP P 
AA B 

ALA A 
AA B 

FIGUREE 1 Autoradiograph of K-ras codon 12 point mutation analysis. 
Thee top row contains spots with mutant specific control DNAs (Co.). 
Thee left column of each panel (A) represents the mutant unenriched 
PCRR products whereas the right column (B) represents the PCR 
productss after mutant enrichment (25). The bottom rows represent a 
waterr control sample and a placenta DNA sample, respectively. Row 1 
showss a point mutation (GGT --> GCT) in a gastric stump carcinoma 
(PS1)) resulting in an amino acid change from Glycine (wild type) to 
Alanine.. Row 2 shows a point mutation (GGT --> GAT) in a 
conventionall gastric carcinoma resulting in an amino acid change from 
Glycinee (wildtype) to Aspartic acid. Note that in both cases the 
hybridizationn signal in the mutant enriched column is enhanced and 
thatt the wild type signal is diminished after mutant enrichment. All 
otherr cases are wild type. 

Inn the present study, no evidence was found for 
differencess in the p53 tumor suppressor pathway 
betweenn GSC and CGC. In contrast to K-ras 
oncogenee activation, inactivation of the p53 
tumorr suppressor gene is often involved in 
carcinogenesiss in the stomach (30,31). We 
screenedd for p53 mutations by 
immunohistochemistry.. A similar pattern of p53 
positivityy was found in GSCs and in CGCs. These 
resultss are concordant with other reports in the 
literature,, some of which have not investigated 
expressionn but also looked at p53 gene mutations 
(32). . 
Fromm a prior study comparing GSCs and CGCs, 
wee also found differences between the two types 
off  gastric carcinoma (20). Helicobacter pylori was 
observedd less often in the GSCs than in the 
CGCs.. This might be explained by the increase in 
bilee reflux after a Billroth resection since bile 
saltss apparently have a bactericidal effect on H. 
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pylori.pylori. It has been observed that H. pylori 
disappearss rapidly from the gastro-enterostoma 
afterr a Billroth resection (33). In addition, EBV 
appearss to be more frequently involved in GSC 
whenn compared to CGC (20,34,35). The EBV-
encodedd EBNA-5 protein has been shown to bind 
too the p53 tumor suppressor protein (36). 
However,, no correlation between p53 positivity 
andd the presence of EBV has been demonstrated 
inn GSC so far (20,34), which is in contrast with 
findingsfindings in nasopharyngeal carcinoma (37). 
Thee reason why EBV preferentially infects (pre-
malignant)) epithelial cells near a Billroth 
anastomosiss remains unclear. CD21, the receptor 
forr EBV, has not been demonstrated on gastric 
carcinomaa cells (34). The detergent effect of bile 
saltss might account for this phenomenon by 
actingg as a co-factor in mediating EBV infection 
off  the epithelial cells, for instance by inducing 
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Virus-Positivee Gastric Cancer with Emphasis 
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Bothh Helicobacter pylori (HP) and Epstein-Barr virus 
(EBV)) have been implicated in carcinogenesis of the 
stomach.. Fifty-seven gastric carcinomas were tested 
forr microsatellite instability and allelic loss at several 
tumorr suppressor loci using 21 polymorphic micro-
satellitee markers. Furthermore, immunohistochemis-
tryy for p53 and DPC4/SMAD4 was performed. Results 
weree analyzed according to HP and EBV status of the 
tumors,, as assessed by immunohistochemistry and 
RNAA in situ hybridization, respectively. Fractional al-
lelicc loss was lower in EBV-positive carcinomas (M = 
15)) when compared to EBV-negative carcinomas (P < 
0.001).. EBV positivity was inversely associated with 
allelicc loss at specific markers on chromosomal arms 
5qq C4PC), 17p (77*53), and 18q (DPC4/SMAD4). Alleli c 
losss at the TP53 locus was not encountered in EBV-
positivee carcinomas, but occurred in 51% of EBV-
negativee carcinomas (P < 0.005). Moreover, none of 
thee EBV-positive carcinomas showed unequivocal p53 
immunoposit ivityy in contrast to 39% of the EBV-neg-
ativee carcinomas (F < 0.01). EBV-status was not re-
latedd to microsatellite instability. There 'was no corre-
lationn between HP-status and any of the molecular 
alterationss tested. In conclusion, EBV-positive gastric 
carcinomass follow a distinct pathogenesis at the mo-
lecularr level, in which p53 is not, or differently inac-
tivated.. (Am J Pathol 2002, 161:1207-1213) 

Despitee its declining incidence in the western world, gas-
tricc cancer remains one of the most frequent and lethal 
malignanciess worldwide.1 The natural history of gastric 
cancerr is complex and incompletely understood but diet, 
infections,, and genetic factors are involved. More than 
90%% of gastric cancers are adenocarcinomas, which can 
bee divided into two major histological types (intestinal 
andd diffuse) by the Lauren classification.2 

Off these two types, the tumorigenesis of the intestinal 
typee of gastric cancer is best understood It is thought to 
bee governed by environmental factors and is character-
izedd by precursor lesions of the gastric mucosa.] 3 These 
precursorr lesions are the morphological substrates of a 
stepwisee neoplastic process in which genetic changes 
havee accumulated gradually with tumor progression, sim-
ilarr to the adenoma-carcinoma sequence in colorectal 
cancer.4""' ' 

Infectiouss agents are important factors in carcinogen-
esiss of the stomach. Helicobacter pylori (HP) is a well-
knownn risk factor and it is now considered a first class 
carcinogenn for stomach cancer.67 Epstein-Barr virus 
(EBV)) is encountered in a subset of tumors but its role in 
gastricc carcinogenesis is less well understood.8 The la-
tencyy type in gastric carcinomas is different from the 
knownn EBV latency types as described for Burkitt's lym-
phomaa and nasopharyngeal carcinoma.9 1D For example, 
thee latent membrane protein-1 (LMP-1) is not expressed 
inn EBV-positive stomach cancers.10 Recent in vitro work 
byy Subramanian and colleagues11 suggests that the EBV 
nuclearr protein EBNA-3C may functionally inactivate the 
humann metastatic suppressor protein Nm23-H1. Hyper-
methylationn of CpG islands as a mechanism of tumor 
suppressorr gene silencing in EBV carrying gastric can-
cerss has also been mentioned,1^ and expression of 
RUNX3,RUNX3, a gene causally related to stomach cancer is 
inducedd by the EBV transcription factor EBNA-2.1:114 

Inn the present study, using a variety of molecular mark-
ers,, we investigated gastric cancers for loss of heterozy-
gosityy (LOH) at tumor suppressor loci known to be in-
volvedd in carcinogenesis of the gastrointestinal tract15"17 

andd near tumor suppressor genes involved in syndromes 
thatt include gastric cancer in their phenotype. Further-
more,, the presence of microsatellite instability (MSI), a 
hallmarkk of a defective DNA mismatch repair system, was 
assessed.. The results of these analyses were evaluated 
withh respect to the HP and EBV status of the tumors to 
evaluatee the possible role of these infectious agents in 
carcinogenesiss of the stomach. 
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Tablee 1. Markers for LOH and MSI Analysis 

Marker r 

D2S123 3 
D3S1478 8 
D3S2456 6 
D5S346 6 
D5S107 7 
D9S171 1 
D9S932 2 
D10S2491 1 
D14S68 8 
D16S2624 4 
P533 Alu 
TP53 3 
D17S250 0 
D18S64 4 
D18S474 4 
D19S565 5 
D19S886 6 
D21S49 9 
BAT25 5 
BAT26 6 
BAT40 0 

Chromosomal l 
location n 

2pp 16-21 
3p21 1 
3p p 
5q21 1 
5q11.2-q13.3 3 
9p21 1 
9p p 
10q23 3 
14q24.3-q q 
16q22.1 1 
17p p 
17p13.1 1 
17q11.2-q12 2 
18q21.32 2 
18q q 
19p13.3 3 
19p13.3 3 
21q22,3 3 
4q12 2 
2p16 6 
1p13.1 1 

Repeatt type 

Dinucleotide e 
Dinucleotide e 
Tetranucleotide e 
Dinucleotide e 
Dinucleotide e 
Dinucleotide e 
Tetranucleotide e 
Dinucleotide e 
Dinucleotide e 
Tetranucleotide e 
Aluu repeat 
Dinucleotide e 
Dinucleotide e 
Dinucleotide e 
Dinucleotide e 
Dinucleotide e 
Dinucleotide e 
Dinucleotide e 
Mononucleotide e 
Mononucleotide e 
Mononucleotide e 

Putativee tumor suppressor gene(s)/remarks 

hMSH2;hMSH2; MSI consensus marker 
FHIT;FHIT; hMLHI 
FHIT,FHIT, hMLHI 
AFC.AFC. MSI consensus marker 
ARC ARC 
p14p14ARFARF.p1&.p1&NK4ANK4A,p15',p15'NK4e NK4e 

p14p14Af,FAf,F;p1&;p1&NK4ANK4A;p15>;p15>NK4B NK4B 

PTENPTEN (intragenic marker) 
frequentlyy deleted region in Barrett carcinomas 
E-cadherin E-cadherin 
p53p53 (intragenic marker) 
p53 p53 
BRCA1;BRCA1; MSI consensus marker 
DCC;DCC; DPC4/SMAD4; SMAD2 
DCC;DCC; DPC4/SMAD4; SMAD2 
STK11/LKB1 STK11/LKB1 
STK11/LKB1 STK11/LKB1 
TFF1 TFF1 
MSII consensus marker 
MSII consensus marker 
MSII consensus marker 

MaterialsMaterials  and Methods 

PatientPatient Material 

Formalin-fixed,, paraffin-embedded tissue of 57 gastric 
carcinomass was retrieved from the archives of the pathol-
ogyy departments of the Academic Medical Center (Am-
sterdam,, The Netherlands), the Lublin Medical Academy 
(Lublin,, Poland), and the Johns Hopkins Hospital (Balti-
more,, MD). DNA was isolated from these tumors and 
polymerasee chain reaction (PCR) was performed using 
severall microsatellite primers as described below. Of 
thesee 57 gastric carcinomas the tumors consisted of 28 
gastricc stump carcinomas (GSCs) and 29 gastric carci-
nomass of the intact stomach. The tumors were classified 
accordingg to the Lauren classification by an experienced 
gastrointestinall pathologist (GJAO). None of the tumors 
hadd a lymphoepithelioma-like histology. Patient and tu-
morr characteristics of the GSC and gastric carcinoma of 
thee intact stomach were comparable and not significantly 
different.. GSCs were used in this study because remote 
partiall gastrectomy is a premalignant condition that has 
ourr interest,18 and EBV is relatively common in GSC.1 9 

Thee prevalence of HP and EBV positivity was not signif-
icantlyy different in GSCs and gastric carcinoma of the 
intactt stomach in this series. Baseline characteristics 
accordingg to EBV status are summarized in Table 2. 

DetectionDetection of Epstein-Barr Virus and H. pylori 

InIn situ hybridization for EBER1 nuclear RNA transcripts 
wass performed as previously descr ibed. ' 9 HP status was 
assessedd initially by histopathological examination of the 
hematoxylinn and eosin-stained sections. Cases that were 
negativee for HP were subsequently tested by immunohis-
tochemistryy using the B471 polyclonal rabbit anti-HP an-
tibodyy (DAKO, Glostrup, Denmark), as described previ-
ously.19 9 

MicrodissectionMicrodissection and DNA Isolation 

Tumorr tissue was carefully microdissected from deparaf-
finizedd hematoxylin-stained 5-^m tissue sections. The 
percentagee of cancer cells had to be at least 50 to 60%. 
Forr each case, matching nontumorous tissue was ob-
tainedd from either a tumor-free lymph node or, when this 
wass not available, from duodenum or smooth muscle 
cells.. The tissue was incubated overnight in 50 to 100 /xl 
off PK1 buffer (10 mmol/LTris, pH 8.3, 50 mmol/L KCI, 2.5 
mmol/LL MgCI2 , 0.45% Nonidet P-40, 0.45% Tween 20, 
0 .01%% gelatin) containing 5% Chelex resin (Chelex 100; 
Bio-Radd Laboratories, Hercules, CA) and 3 to 5 /il of 
Proteinase-KK (10 mg/ml) at C followed by a 10-minute 
incubationn at C to inactivate Proteinase-K. 

MicrosatelliteMicrosatellite Analysis 

Microsatellitee analysis was performed by PCR with 21 
microsatellitee primer pairs. Markers were selected either 
becausee of their location at tumor suppressor loci known 
too be involved in gastric carcinogenesis, near (or in) 
geness involved in syndromes that contain gastric cancer 
inn their phenotype or because of their inclusion in marker 
panelss used for the determination of MSI. The markers 
usedd are listed in Table 1. The sequences and their 
correspondingg locations on the chromosomes were ob-
tainedd from the Genome Data Base (http://www.gdb.org), 
thee Cooperative Human Linkage Center {Chttp://lpg. 
nci.nih.gov/CHLC),nci.nih.gov/CHLC), or Genéthon (http://www.genethon.fr). 
Onee of the primers of each marker was fluorescently 
labeled.. Optimal MgCI2 and dNTP concentrations were 
obtainedd for each primer pair at an annealing tempera-
turee of C using control human DNA. PCR was per-
formedd in a PTC-100 thermal cycler (MJ Research, Inc., 
Waltham,, MA) during 40 cycles in a total reaction volume 
off 20 (Lil, containing 40 ng of each primer, 0.1 mg/ml 
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bovinee serum albumin, and 1.0 U of Platinum Taq (Life 
Technologies,, Inc., Rockville, MD) in the buffer supplied 
byy the manufacturer. The PCR products were analyzed 
usingg an automated ABI 377 sequencer and Genescan 
2.11 software (PE Biosystems, Foster City, CA). 

ScoringScoring of LOH and MSI 

Normall samples with two distinctly sized alleles at a 
particularr marker were called "informative." For all infor-
mativee markers the allelic imbalance factor was calcu-
latedd essentially as described by Cawkwell and col-
leagues.200 A tumor was considered to show LOH at a 
particularr marker if the allelic imbalance factor was >1.6 
orr <0.63. A finding of LOH had to be confirmed at least 
onceonce to ensure reproducibility. For each individual the 
fractionall allelic loss (FAL) was calculated as the ratio of 
LOH-positivee markers to the total number of informative 
markerss of that case. The FAL value therefore served as 
ann overall measure of genetic instability at the tested loci. 

Casess with an additional peak in the tumor DNA com-
paredd with their respective normal sample were scored 
ass "microsatellite instable" (MSI) for a given marker. Tu-
morss that exhibited MSI or that showed inconsistent re-
sultss in repeated experiments at a given locus were ex-
cludedd for analysis of LOH at that locus. With respect to 
MSI,, tumors were classified according to international 
criteria.211 Tumors were scored as stable (MSS) when no 
shiftss were observed, as MSI-low (MSI-L) when shifts 
weree seen in <40% of the markers and as MSI-high 
(MSI-H)) with instability in ==40% of the markers. MSI had 
too be confirmed at least once, to ensure reproducibility. 

Immunohistochemistry Immunohistochemistry 

Immunohistochemistryy for p53 and DPC4 was performed 
usingg the monoclonal antibodies DO-7 (DAKO) and clone 
B88 (Santa Cruz Biotechnology Inc., Santa Cruz, CA), 
respectively.. Briefly, paraffin-embedded specimens were 
sectionedd (5 /im), deparaffinized, and heat treated in 
0.011 mol/L of Na-citrate buffer (pH 6.0) for 10 minutes in 
aa Prestige Medical Series 2100 clinical autoclave (Pres-
tigee Medical, Blackburn, UK). Subsequently the slides 
weree immersed in 0.3% hydrogen peroxide in methanol 
forr 30 minutes. Nonspecific binding sites were blocked in 
5%% normal goat serum/phosphate-buffered saline (PBS) 
forr 1 hour at room temperature after which the slides were 
incubatedd with the respective primary antibody in 5% 
normall goat serum/PBS for 1 hour. The Ultravision anti-
polyvalentt HRP detection system (Lab Vision Corp., Fre-
mont,, CA) was used to visualize antibody-binding sites 
withh 3,3'-diaminobenzidine as a chromogen. Sections 
weree counterstained with hematoxylin. 

p533 immunoreactivity was scored as negative, weak 
(withh weak to moderate staining in <30% of the tumor 
cells),, or positive (with moderate to strong staining in 
>30%% of the tumor cells). DPC4/SMAD4 immunoreactiv-
ityy was scored as either negative or positive. 

SE66 AIF: 0.15 

-k -k 
D5S107 7 PP22 AIF: >5 

D3S1478 8 

SE66 AIF: 0.17 

E E 
 t 

D5S346 6 
PP11 AIF,: >5 

If f 
D9S171 1 

SA333 AIF: 0.25 

JLJIL L 

ii i 
tt  t 

D9S171 1 PA599 AIF: >5 

il l 
D18S474 4 

PS55 I AIF: 2.26 

tt  \ 
D19S565 5 

PA59ii  AIF:> 5 

,, T 
D19S883 3 

Figuree 1. Representative examples of LOli. Electropherograms of labeled 
PCKK products of paired tumor (Tl and normal IN) DNA are shown Tile 
tumorr number and the allelic imbalance factor are shown at the to p of each 
framee and the lost alleles are marked by asterisks tsee Materials and 
Methodss for calculation of the allelic imbalance factor and scoring of LOH 1. 
Thee tested marker is indicated at the bottom of each frame and individual 
alleless are marked by arrows 

StatisticalStatistical Analysis 

Forr statistical analysis the Fisher exact test, and the 
Mann-Whitneyy U-test were used where indicated. A two-
sidedd P value <0.05 was considered statistically signifi-
cant. . 

Results Results 

AA total of 57 tumors was studied for the presence of HP 
andd EBV and molecular alterations using polymorphic 
microsatellitee markers and immunohistochemistry. The 
overalll frequency of LOH markers as indicated by the 
meann FAL value was 0 278 for the complete study group. 
Representativee examples of LOH are shown in Figure 1. 
Markerss that showed relatively frequent LOH (>30%) 
weree on chromosomal arms 3p (31%), 9p (37%), 17p 
(40%),, 18q (42%), and 19p (48%). 

Off all 57 tumors, 15 tumors (26%) were positive for EBV 
ass tested by EBER RNA in situ hybridization. Patients with 
EBV-positivee tumors were predominantly male and on 
averagee 5.7 years younger when compared to patients 
withh EBV-negative tumors. Other baseline characteristics 
weree not significantly different between these two groups 
(Tablee 2). A frequency distribution of allelic loss accord-
ingg to EBV status at the chromosomal arms tested is 
depictedd in Figure 2. There was a significant inverse 
relationshipp between positivity for EBV and the mean FAL 
valuee (Table 3). When stratifying LOH results according 
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Tablee 2. Patient and Tumor Characteristics 

Sex--
Male e 
Female e 

Age f f 

Mean n 
SD D 
Median n 

Origin n 
Netherlands s 
Poland d 
U.S.A. . 

Stomachh type 
Primaryy (GC-IS) 
Stumpp (GSC) 

Histology y 
Intestinal l 
Mixed d 
Diffuse e 

Stage e 
Early y 
Advanced d 

HP P 
Positive e 
Negative e 

'P'P = 0.014; Fisher's 

EBV-posit ive e 
(nn = 15) 

13 3 
2 2 

64.5 5 
7.37 7 

63 3 

7 7 
6 6 
2 2 

5 5 
10 0 

14 4 
0 0 
1 1 

4 4 
11 1 

2 2 
13 3 

sxactt test. 
f PP = 0015; Mann-Whitney U-test 

EBV-negative e 
(nn = 42) 

21 1 
21 1 

70.2 2 
9.49 9 

73 3 

28 8 
9 9 
5 5 

24 4 
18 8 

32 2 
5 5 
5 5 

11 1 
31 1 

16 6 
26 6 

too EBV status a significant inverse association was found 
betweenn EBV-positivity and LOH at chromosomal arms 
5qq (APC), 17p (TP53), and 18q (DPC4/SMAD4) (Table 4; 
typicall results are shown in Figure 3). 

Usingg immunohistochemistry, we analyzed the tumors 
forr positivity for p53 (17p) and DPC4/SMAD4 (18q). Im-
munohistochemistryy for p53 was evaluated in 54 carci-

rfirfi  n£ v̂ q><5 N O W < \ \ l \ % > \ ^ 

Chromosoma ll  Arm 
Figur ee 2. Frequency distribution of allelic loss of EBV-positive and EBV-
negativee gastric carcinomas at the chromosomal arms tested. Asterisks 
indicatee statistically significant differences at specific chromosomal arms. 

Tablee 3. Fractional Alleli c Loss and MSI Relative to HP and 
EBVV Status 

FAL L MSI-H H MSI-L L 

EBV-positive e 
EBV-negative e 
HP-positive e 
HP-negative e 

0.097--
0.341* * 
0.295 5 
0.268 8 

2/15(13%) ) 
4/42(10%) ) 
1/18(6%) ) 
5/39(13%) ) 

3/155 (20%) 
8/42(19%) ) 
2/18(11%) ) 
9/399 (23%) 

'EBV-positivee versus EBV-negative; P < 0 001, Mann-Whitney U-test. 

nomass and 33 cases were scored positive (61%). Un-
equivocall positivity, defined as moderate to strong 
positivityy in more than 30% of the carcinoma cells, was 
observedd in 16 cases (29%). None of the EBV-positive 
carcinomass were scored positive for p53 immunoreactiv-
ityy in contrast to 39% of the EBV-negative carcinomas 
(Figuree 3, Table 5). Loss of DPC4/SMAD4 expression was 
observedd in eight cases (15%). No association was found 
betweenn EBV positivity and loss of DPC4/SMAD4 expres-
sion.. In addition, no association was found between EBV 
positivityy and MSI (Table 3). MSI was found in 17 tumors 
(30%),, 6 of which showed MSI-H and 11 of which were 
MSI-L L 

Off the 57 tumors analyzed, 18 tumors (32%) were 
positivee for HP, as tested by histopathological evaluation 
andd immunohistochemistry of the tissue sections. There 
wass no association between HP positivity and mean FAL 
valuee (Table 3). HP status was neither significantly associ-
atedd with LOH at specific markers nor with MSI (Table 3). 

Discussion Discussion 

Inn the present study we compared the prevalence of LOH 
att several tumor suppressor loci and MSI in 57 gastric 
carcinomass using 21 polymorphic microsatellite markers. 
Thee LOH data for the total number of carcinomas were 
comparablee to those reported in other allelotype studies 
off gastric cancer.15-17 

Thee overall prevalence of LOH at the tested loci, as 
measuredd by the mean FAL value, was not associated 
withh HP status. In addition HP status was not significantly 
associatedd with any specific molecular changes, includ-
ingg MSI, which is in line with several previous reports on 
HPP and molecular alterations.22,23 

Inn contrast, a significantly lower FAL value appeared to 
bee associated with the presence of EBV in the carcinoma 
cells,, as tested by in situ hybridization for EBER1 nuclear 
RNAA transcripts. The pattern of LOH was also different in 
thee EBV-positive and EBV-negative tumors. These results 
stronglyy suggest that EBV-positive gastric carcinomas 
followw a different pathogenetic pathway, at least on the 
geneticc level, a notion that is in line with recent reports on 
EBV-positivee gastric carcinomas.12,24'25 

LOHH is thought to contribute to tumor suppressor gene 
inactivation.. Methylation is currently regarded as an al-
ternativee mechanism for silencing tumor suppressor 
genes.. In a recent publication more CpG islands were 
foundd to be methylated in EBV-positive gastric cancers 
whenn compared with cancers negative for EBV.12 It 
wouldd be conceivable that the lower FAL in the present 
studyy among the EBV-positive cancers might be com-
pensatedd for by a higher frequency of gene inactivation 
throughh promotor hypermethylation. Frequent targets of 
hypermethylationn are p16 on chromosomal arm 9p, 
STK11/LKB1STK11/LKB1 on 19p, and the mismatch repair genes.26 

However,, LOH of 9p and 19p or MSI were not signifi-
cantlyy different among the EBV-positive and EBV-nega-
tivee tumors in the current investigation making it some-
whatt less likely that methylation, as an alternative 
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Tablee 4. Result*  of LOH Analysis: EBV-Positive Carcinomas Versus EBV-Negative Carcinomas 

EBVV positive (n = 15) EBVV negative (n = 42) 

Chr.. Arm 

2P P 
3p p 

5q q 

9p p 

10q q 
14q q 
16q q 
17p p 

17q q 
18q q 

19p p 

211 q 

Marker r 

D2S123 3 
D3S1478 8 
D3S2456 6 
Combined d 
D5S346 6 
D5S107 7 
Combine d d 
D9S171 1 
D9S932 D9S932 
Combined d 
D10S2491 1 
D14S68 8 
D16S2624 4 
p533 Alu 
TP53 3 
Combined d 
D17S250 0 
D18S64 4 
D18S474 4 
Combined d 
D19S565 5 
D19S883 3 
Combined d 
D21S49 9 

No.. of 
LOH/intormative e 

cases s 

1/7 7 
1/8 8 
0/9 9 
1/12 2 
0/12 2 
0/12 2 
0/15 5 
1/10 0 
2/12 2 
2/14 4 
0/11 1 
1/9 9 
0/9 9 
0/6 6 
0/10 0 
0/10 0 
2/10 0 
1/11 1 
2/-1 1 
3/14 4 
3/7 7 

1/9 9 
4/11 1 
1/9 9 

%L0H H 

14% % 
13% % 
0% % 
8% % 
0% % 
0% % 
0% % 

10% % 
17% % 
14% % 
0% % 

11% % 
0% % 
0% % 
0% % 
0% % 

20% % 
9% % 

18% % 
21% % 
42% % 
11% % 
36% % 
11% % 

No.. of 
LOH/intormative e 

cases s 

7/24 4 

11/34 4 
6/25 5 

14/37 7 
11/32 2 
9/34 4 

14/40 0 
12/29 9 
11/29 9 
17/38 8 
8/33 3 
4/27 7 
8/30 0 

14/24 4 
12/27 7 
19/37 7 
4/21 1 

12/23 3 
12/31 1 
19/39 9 
15/27 7 
7/30 0 

18/35 5 
7/26 6 

%LOH H 

29% % 

32% % 
24% % 
38% % 
34% % 
26% % 
35% % 
41% % 
38% % 
45% % 
24% % 
15% % 
27% % 
58% % 
44% % 
51% % 
19% % 
52% % 
39% % 
49% % 
56% % 
23% % 
51% % 
27% % 

PP value" 

0.641 1 

0.402 2 
0.162 2 
0.075 5 
0.021 1 
0.086 6 
0.006 6 
0.120 0 
0.275 5 
0055 5 
00 165 
00 999 
0.160 0 
0.019 9 
0.016 6 
0.003 3 
0.999 9 
0.024 4 
0.282 2 
0.115 5 
0.681 1 
0.625 5 
0.497 7 
0.647 7 

"All,, Fisher's exact test. 
Statisticall significant differences are highlighted in bold. 

B B 

PA57 7 
EBER R 

SE8 8 
EBERR p53 

p533 Alu TP53 3 p533 Alu TP53 3 

N N 

tt  t tt  t 
Figur ee 3. Relation of EBV and p53 alterations, illustrated by two representative tumors (PA57 and SE8). A: Epstein-Barr virus was detected by in situ hybridization 
forr EBER1 nuclear RNA transcripts. PA57 is negative whereas SE8 shows strong nuclear positively in the vast majority of tumor cells. Immunohistochemistry for 
p533 is strongly positive in PA57 but negative in SE8. B: Electropherograms of labeled I'CR products of paired tumor (T) and normal (N) DNA. Two microsatellite 
markerss at the TP53 locus are shown (p53 Alu and TP53). Both PA57 and SE8 are informative for each marker. The individual alleles are indicated by arrows. 
PA577 (EBV-negative, p53-immunopositive) shows LOH at both markers. The lost alleles are marked by asterisks. SE8 (EBV-posittve. p53-immunonegative) has 
retainedd both alleles in the tumor. 
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Tab lee 5- EBV and p53 ImmunohistcK hi-mistry 

p533 p53 
immunohistochemistryy immunohistochemistry 

negativee OR weak positive 

EBV-positivee 14 0 
EBV-negativee 25 16 

PP < 0.01. Fisher's exact test. 

mechanismm for tumor suppressor gene inactivation, 
couldd explain the current observations. 

Also,, LOH was measured at a limited number of spe-
cificc loci, and it may not be legitimate to generalize this 
findingg and to conclude that EBV infection is accompa-
niedd by a genome-wide reduction in genetic instability. 
Thee microsatellite markers in this study were chosen 
basedd on the reported frequency of LOH at their respec-
tivee loci in gastric cancer in general and EBV-positive 
carcinomass comprise only a minority (~8 to 10%) of 
conventionall gastric adenocarcinomas. Therefore, these 
resultss may reflect the fact that the LOH markers were in 
somee way selected for EBV negativity of the tumors 

Whenn LOH at specific markers was assessed, a strong 
inversee correlation was seen between EBV positivity and 
LOHH at specific markers at chromosomal arms 5q, 17p, 
andd 18q. Particularly, the inverse relation between EBV 
andd LOH at chromosomal arm 17p suggests a difference 
withh regard to the p53 tumor suppressor pathway. For 
example,, it has been reported that the EBV-encoded 
EBNA-55 protein {alternatively designed EBNA-LP) can 
formm a molecular complex in vitro with both the p53 and 
retinoblastomaa (RB) proteins.27 It is conceivable that 
bindingg with EBNA-5 may lead to an accelerated degra-
dationn of either one or both of these tumor suppressor 
proteins.. This would imply a mechanism sharing analogy 
too that reported for the E6 and E7 proteins of certain 
humann papillomaviruses in the pathogenesis of squa-
mouss cell carcinoma of the cervix, resulting in an abro-
gatedd tumor suppressor pathway without the need of 
geneticc alteration of the involved gene itself. In line with 
this,, immunohistochemical analysis for p53 protein re-
vealedd an inverse correlation of EBV positivity and p53 
positivity. . 

Itt is more difficult to speculate about the possible 
mechanismss that are involved in the observed negative 
associationn between EBV positivity and LOH at 5q and 
18q.. Putative targets of LOH on these chromosomal arms 
mayy be APC on 5q and DCC, DPC4/SMAD4. or JV18 on 
18q.. However, there is little evidence for interaction of 
anyy of these tumor suppressor gene products and EBV. 

LOHH at chromosomal arm 18q21, the location of the 
DPC4/SMAD4DPC4/SMAD4 tumor suppressor gene was observed fre-
quently.. Inactivation of this gene at the genetic level is 
stronglyy correlated to loss of expression of DPC4/SMAD4 
proteinn in pancreatic cancer 2B We observed loss of ex-
pressionn of DPC4/SMAD4 protein in only 15% of all gas-
tricc carcinomas examined and this was not correlated 
withh LOH at 18q21. Furthermore, genetic inactivation of 
OPC4/SMAD4OPC4/SMAD4 is rare in gastric carcinomas,29 suggesting 
thatt DPC4/SMAD4 is not the target of LOH at this locus In 

vieww of the above, also hypermethylation as a potential 
phenomenonn that could explain the observed differences 
inn LOH at 5q, 17p, and 18 is unlikely. 

Inn a previous study using comparative genomic hy-
bridization,, no association was found between DNA 
ploidyy and the EBV status and also loss of chromosomal 
armm 17p was not different.25 These somewhat contradic-
toryy results are not easily explained. Differences in study 
materialss and technicalities because of different method-
ologyy provide the most likely explanation. In general, 
allelicc loss measured by specific microsatellite markers 
willl be considered more sensitive and provide more ac-
curatee results. 

Thee role of EBV in carcinogenesis of the stomach is not 
completelyy understood. The latency type of EBV in gas-
tricc adenocarcinomas is distinct from the known EBV 
latencyy types, eg, in Burkitt's lymphomas and nasopha-
ryngeall carcinomas.910 This is mainly because of the 
expressionn of the latent membrane protein 2A (LMP2A) 
andd the absence of LMP1 in gastric adenocarcinomas. 
Thee transforming BARF1 gene is frequently expressed in 
EBV-positivee gastric carcinomas.10 Sharing homology 
withh the cellular proto-oncogene c-fms, BARF1 may pro-
videe an alternative way for the pathogenesis of EBV-
associatedd epithelial cancers, ie, gastric adenocarci-
nomaa and nasopharyngeal carcinoma, independent of 
LMP-11 expression. In this manner, EBV could provide a 
surrogatee for further accumulation of genetic instability 
oncee the cells are infected and this may also explain our 
findingss in EBV-positive tumors. 

Ann alternative explanation for our results could be that 
susceptibilityy for EBV infection is determined by a spe-
cificc molecular genetic route that involves other genetic 
changess than those reported frequently for conventional 
gastricc carcinomas. This would be in line with our unpub-
lishedd observations (Zur Hausen and colleagues, submit-
ted)) that EBV infection occurs most likely at a relatively 
latee stage of carcinogenesis in the stomach, ie, at the 
transitionn of high-grade dysplasia into invasive carci-
noma,, EBV positivity would then rather be a conse-
quencee of the different molecular pathway. 

Inn conclusion, EBV-positive carcinomas should be re-
gardedd as a separate entity with a distinct pathogenesis 
att the molecular level, when compared to EBV-negative 
carcinomas.. Whether EBV positivity is a cause or merely 
aa consequence of this difference remains to be eluci-
dated.. Likewise, the exact mechanism of a possible on-
cogenicc role of EBV in gastric epithelial cells needs fur-
therr study. 
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ABSTRAC T T 

Backgroun dd & Aims : In order to determine at what stage during gastric 
carcinogenesiss the Epstein-Barr virus (EBV) enters the gastric epithelial 
cellss we investigated the presence of EBV in two pathogenetically related 
butt distinct forms of adenocarcinoma of the stomach, i.e. gastric carcinoma 
off the intact stomach (GCIS) and gastric stump carcinoma (GSC), and their 
presumedd precursor lesions. 
Methods ::  Paraffin embedded tissue of GCIS, GCS and the precursor 
lesionss was subjected to the highly sensitive EBER1/2-RNA in situ 
hybridizationn (RISH) and EBNA-1 and LMP-1 immunohistochemistry. 
Results ::  In both GCIS and GSC and their precursor lesions, EBER1/2-
transcriptss were solely restricted to the carcinoma cells. In addition, 
positivityy of EBNA-1 immunohistochemistry was also restricted to the tumor 
cells.. Immunohistochemistry for LMP-1 was negative in all cases tested. 
Conclusions ::  The absence of EBER1/2-transcripts in pre-neoplastic gastric 
lesions,, e.g. intestinal metaplasia and dysplasia, and the presence in two 
distinctt types of gastric carcinomas strongly suggests that EBV can only 
infectt neoplastic gastric cells and thus is a late event in gastric 
carcinogenesis. . 
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INTRODUCTION N 
Worldwide,, gastric carcinoma is one of the 
leadingg causes of cancer related mortality 
andd clinical prognosis is very poor [1]. The 
pathogenesiss of gastric carcinomas is not 
completelyy understood, but it has been 
shownn that infection with H. pylori is an 
importantt step in the carcinogenesis of 
intestinall type of gastric carcinomas [1]. In 
contrastt to the other major type of gastric 
carcinomas,, i.e. diffuse type, intestinal 
carcinomass are believed to develop via a 
sequencee of preneoplastic lesions [1]. 
Duringg the last decade accumulating 
evidencee indicated a role for the human 
pathogenicc Epstein-Barr virus (EBV) in 
gastricc carcinogenesis [2-4]. EBV is found 
inn approximately 10% of gastric 
adenocarcinomass and it is estimated that 
worldwidee each year 50.000-75.000 new 
casess of EBV-carrying gastric carcinomas 
occurr [4,5]. The role of EBV in gastric 
carcinogenesiss is yet not completely 
understood.. We have recently shown that 
EBV-carryingg gastric carcinomas express 
thee transforming BARF1 gene of EBV and 
thatt EBV-carrying gastric carcinomas are 
characterizedd by distinct chromosomal 
aberrationss [6,7]. These data strongly 
arguee for an important role of EBV in 
gastricc carcinogenesis. In addition, 35% of 
gastricc stump carcinomas (GSC) are 
associatedd with EBV [8]. GSC are 
carcinomass that develop years after peptic 
ulcerr surgery with a steadily increasing risk 
withh increasing length of the postoperative 
interval.. During the neoplastic process the 
variouss precursor lesions of the intestinal 
typee of gastric carcinoma are observed 
[9,10].. Even more than 30 years after the 
firstt report of EBV DNA in an epithelial 
malignancy,, i.e. nasopharyngeal 
carcinomaa (NPC) [11], it remains unclear 
howw EBV enters epithelial cells, because 
thee EBV receptor CD21 is not expressed 
onn epithelial cells. Likewise it is not known 

howw EBV enters gastric epithelium or 
carcinomaa cells. It has been reported that 
EBVV is monoclonally present in all gastric 
carcinomaa cells [12,13]. Knowledge about 
howw and at what time point during 
carcinogenesiss EBV enters the gastric 
epitheliumm may help to determine the role 
off EBV in gastric carcinogenesis. 
Inn an attempt to determine the stage of 
gastricc carcinogenesis at which EBV 
putativelyy enters gastric epithelium we 
performedd the highly sensitive EBER1/2-
RNAA in situ hybridization (EBER1/2-RISH). 
Thee material used included longstanding 
gastricc biopsies of patients after B-ll 
resectionn and preoperative biopsies of 
patientss with GCIS comprising non-
neoplastic,, pre-neoplastic and neoplastic 
gastricc mucosa. EBER1/2-RISH was 
performedd on as many paraffin blocks 
availablee of each case, including normal 
gastricc epithelium, chronic atrophic 
gastritis,, intestinal metaplasia, dysplasia 
andd carcinoma. In addition we applied 
immunohistochemistryy for the EBV-
proteinss LMP-1 and EBNA-1 and the EBV-
receptorCD21. . 

MATERIALSS AND METHODS 
ClinicalClinical materials: 
EBV-carryingEBV-carrying gastric adenocarcinomas of 
thethe intact stomach (GCIS) 
Tenn EBV-carrying GCIS were collected at 
thee Department of Pathology, Vrije 
Universiteitt Medical Center Amsterdam, 
Thee Netherlands. These carcinomas were 
previouslyy tested for the presence of EBV 
byy EBER1/2-RISH [6]. All paraffin 
embeddedd material available of these 
cases,, i.e. all parts of the tumor and non-
neoplasticc tissue was selected and 
submittedd to EBER1/2-RISH, including 
precedingg biopsies. In total 29 normal 
gastricc epithelia, 16 with intestinal 
metaplasia,, 8 with chronic atrophic 
gastritis,, 2 with low grade dysplasia and 1 
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Tablee 1 A: Summary of preoperative biopsy and resection data of patients with an EBV-
carrryingg GCIS. 

Pat. . 
I.D. . 

1. . 

2. . 

3. . 

4. . 

5. . 

6. . 

7. . 
8. . 
9. . 
10 0 

Sex x 

F F 

M M 

M M 

F F 

M M 

M M 

F F 
M M 
M M 
M M 

Preoperativ ee Biopsie s 

Year r 

1985 5 

1986 6 

1987 7 

1989 9 

1994 4 

1993 3 

n.b. . 
n.b. . 
n.b. . 
n.b. . 

Diagnosi s s 

1.. Carcinoma 
2.. Atrophy 
3.. I.M. 
4.. L.G.D. 
5.. M.G.D. 
1.. Carcinoma 
2.. I.M. 
3.. N.E. 
1.. Carcinoma 
2.. N.E. 
3.. I.M. 
4.. L.G.D. 
11 .Carcinoma 
1.. Carcinoma 
2.. I.M. 
3.. N.E. 
1.. Carcinoma 
2.. N.E. 
— — 
--
--
--

EBER R 

1.. Pos. 
2.. Neg. 
3.. Neg. 
4.. Neg. 
5.. Neg. 
1.. Pos. 
2.. Neg. 
3.. Neg. 
1.. Pos. 
2.. Neg. 
3.. Neg. 
4.. Neg. 
1.. Pos. 
1.. Pos. 
2.. Neg 
3.. Neg. 
1.. Pos. 
2.. Neg. 
--
---
— — 
---

Carcinom a a 
Gastrectom y y 

Year r 

1986 6 

1986 6 

1987 7 

1989 9 

1994 4 

1993 3 

1991 1 
1984 4 
1984 4 
1984 4 

Lauré n n 
typ e e 

I I 

I I 

I I 

D D 

I I 

I I 

I I 
I I 
I I 
I I 

Diff . . 

M M 

P P 

P P 

P P 

P P 

P P 

P P 
P P 
P P 
P P 

EBER R 

Pos. . 

Pos. . 

Pos. . 

Pos. . 

Pos. . 

Pos. . 

Pos. . 
Pos. . 
Pos. . 
Pos. . 

Loc . . 

Car. . 

Car. . 

Car. . 

Ant. . 

Car. . 

Ant. . 

Cor. . 
Car. . 
Car. . 
Car. . 

M=male;; F=female; NE=normal epithelium; I.M.=intestinal metaplasia; Postpositive; Neg.=negative; 
l=intestinall type; D=diffuse type; Diff.=Differentiation; M=moderately; P=poorly; Loc.=localization; 
Car.=cardia;; Cor.=corpus; Ant.=antrum 

Tablee 1B: Summary of preoperative biopsy and resection data of patients with EBV-
carryingg gastric stump carcinomas (GSC) 

Pat. . 
I.D. . 
1. . 

2. . 

3. . 

4. . 

5. . 
6. . 
7. . 
8. . 

Sex x 

M M 

M M 

M M 

M M 

M M 
M M 
M M 
M M 

Yearr  Pepti c 
Ulcerr  Surger y 

1946 6 

1957 7 

1954 4 

1954 4 

1951 1 
1942 2 
1955 5 
1944 4 

Preoperativ ee Biops y 

Year r 

1981 1 

1979 9 

1977 7 

1979 9 

1978 8 
1976 6 
1978 8 
1976 6 

Diagnosi s s 

1.. Carcinoma 
1.. Carcinoma 
2.. N.E. 
1.. Carcinoma 
2.. I.M. 
3.. N.E. 
1.. Carcinoma 
2.. N.E. 
1.. Carcinoma 
1.. L.G.D. 
1.. L.G.D. 
1.. L.G.D. 

EBER R 

1.. Pos. 
1.. Pos. 
2.. Neg. 
1.. Pos. 
2.. Neg. 
3.. Neg. 
1.. Pos. 
2.. Neg. 
1.. Pos. 
1.. Neg. 
1.. Neg. 
1.. Neg. 

Carcinom a a 
Yearr  Cancer 

Surger y y 
1982 2 

1979 9 

1980 0 

1980 0 

1979 9 
1980 0 
1996 6 
1994 4 

Lauré n n 
Type e 

I I 

I I 

I I 

I I 

I I 
I I 
I I 
I I 

EBER R 

Pos. . 

Pos. . 

Pos. . 

Pos. . 

Pos. . 
Pos. . 
Pos. . 
Pos. . 

M=male;; F=female; NE=normal epithelium; I.M.=intestinal metaplasia; Postpositive; Neg.=negative; 
l=intestinall type; D=diffuse type 
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withh moderate grade dysplasia were 
evaluated.. Clinicopathological data of 
thesee 10 gastric carcinomas have been 
presentedd previously in part and have 
beenn summarized in table 1A [7]. 

EBVEBV carrying gastric stump carcinomas 
(GSC) (GSC) 
Eightt EBV-carrying GSC, as determined 
byy EBER1/2-RISH, were obtained by the 
Departmentt of Pathology, Academic 
Medicall Center, University of Amsterdam, 
Thee Netherlands. Preceding biopsies, 
containingg normal gastric epithelium, 
intestinall metaplasia, dysplasia and 
carcinoma,, collected in the context of a 
longstandingg follow-up were also 
submittedd to EBER1/2-RISH. In addition, 
tissuee of gastric mucosa with intestinal 
metaplasiaa and dysplasia adjacent to EBV-
positivee gastric carcinomas were also 
submittedd to EBER1/2-RISH. The 
clinicopathologicall data of the gastric 
stumpp carcinoma patients are presented in 
tablee 1B. 

EBER1/2-EBER1/2- and (1-actin RNA in situ 
hybridisationhybridisation (RISH) 
RISHH was performed for the EBER 1/2-
transcriptss and the p-actin target as 
describedd previously [14]. The paraffin-
embeddedd tissue of the tumor adjacent 
non-neoplasticc mucosa of EBV-carrying 
GCISS and GSC was subjected to the non-
radioactivee EBER1/2-RISH using the 
digoxygeninn labeled antisense and sense 
EBER1/22 probe as described previously 
[14]. . 

Immunohistochemistry Immunohistochemistry 
Too detect EBV-specific proteins, 
monoclonall antibodies against LMP-1 
{CS1-4,, DAKO, Glostrup, Denmark and 
S12,, Organon Teknika, Oss, The 
Netherlands),, EBNA-1 (pE2, DAKO), and 
ZEBRAA (DAKO) were used. Detection of 

thee EBV-receptor was performed with a 
monoclonall anti-CD21 antibody (DAKO, 
clonee 1F8). These antibodies were 
visualizedd with an avidin-biotin-horseradish 
peroxidasee complex and diamino-
benzidine/H2022 staining method, as 
previouslyy described by our laboratory [15]. 
EBNA-11 expression was detected in 
paraffin-embeddedd tissues with a recently 
generatedd anti-EBNA-1 specific rat 
monoclonall antibody, 2B4-1. Before 
incubationn with the anti-EBNA-1-antibody, 
tissuess were boiled for 15 min in citrate 
bufferr [0.1M/I (pH 6.0)]. Incubation with the 
antibodyy was done overnight at room 
temperaturee with 1:50 diluted antibody 
(finall concentration: 44 mg/ml). 
Visualizationn of the antibody was 
performedd as described above. 

RESULTS S 
EBV-carryingEBV-carrying GCIS 
EBER1/2-positivityy was previously found in 
alll tumor cells of the 10 EBV-carrying 
GCISS [6]. None of the non-neoplastic 
gastricc mucosa of these EBV-carrying 
GCIS,, including normal gastric tissue 
(n=29),, chronic atrophic gastritis (n=8), 
intestinall metaplasia (n=16) and dysplasia 
(n=3)) was found to express EBER1/2-
transcriptss (Fig. 1 and 2). fc-actin-RISH 
performedd on corresponding tissue 
sectionss revealed sufficient RNA quality. 
Testingg LMP-1 or EBNA-1 expression on 
representativee tissue of each case showed 
noo LMP-1 or EBNA-1 expression in the 
adjacentt non-neoplastic gastric mucosa. In 
addition,, no LMP-1 staining was found in 
intestinall metaplastic cells or neoplastic 
cellss (Fig. 1C). As reported previously, 
EBNA-11 protein expression was found in 
thee carcinoma tissue of 4 cases [6]. In this 
studyy we did not find EBNA-1 expression 
inn normal gastric epithelium (n=3), or 
intestinall metaplasia (n=3) in the 
precedingg biopsies of patients with EBV-
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Figuree 1. A. EBER 1/2-RISH in a GCIS. Specific transcripts (antisense Dig-labeled riboprobes) 
aree located in the nucleus of the carcinoma cells. The sense Dig-labeled riboprobe was negative 
(dataa not shown). B. Specific nuclear expression of EBNA-1 in gastric carcinoma cells. C. 
Absencee of LMP-1 expression in gastric carcinoma cells. D. CD21 expression restricted to 
follicularr dendritic cells next to CD21 negative EBV-carrying gastric carcinoma cells. 

carryingg gastric carcinoma. EBV could 
neverr be detected in dysplastic and 
intestinall metaplastic cells adjacent to 
EBV-positivee tumor cells. 
CD211 immunohistochemistry was 
performedd on EBV-carrying GCIS and its 
precursorr lesions. No positive staining was 
foundd in non-neoplastic or neoplastic 
epitheliall cells (Fig. 1D), whereas positive 
stainingg was observed in dendritic cells 
andd B-cells. 

biopsiess with carcinoma were EBER1/2-
RISHH positive. No EBER1/2-transcripts 
weree detected in preceding biopsies with 
intestinall metaplasia, chronic atrophic 
gastritiss or normal gastric epithelium. Also 
nonee of these lesions adjacent to the 
carcinomaa tissue of the gastrectomy tissue 
wass EBER1/2-positive (Fig. 2A-C). The 
casess tested for LMP-1 expression by 
immunohistochemistryy did not reveal 
positivityy for LMP-1 (Fig. 2D). 

GastricGastric stump carcinomas (GSC) 
Specificc nuclear EBER1/2-RISH tran-
scriptss were restricted to the tumor cells of 
GSCC and their preceding biopsies (n= 16) 
(Fig.. 2). In 4 preoperative biopsies with low 
gradee dysplasias EBER1/2-RISH was 
negativee (Fig. 2B), whereas 4 preoperative 

DISCUSSION N 
Thee purpose of the present study was to 
determinee the stage in gastric 
carcinogenesiss at which EBV possibly 
enterss the gastric epithelium. Therefore we 
investigatedd the presence of EBER1/2-
transcriptss in preceding non-neoplastic 
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Figuree 2. EBER 1/2-RISH in a GSC. Specific nuclear transcripts (antisense Dig-labeled 
riboprobes)) in the carcinoma cells (dark stained nuclei), but not in: A. adjacent intestinal 
metaplasiaa (arrows), B. low grade dysplasia (arrow) or C. moderate grade dysplasia (arrow). D. 
Negativee LMP-1 staining of EBV-carrying gastric carcinoma cells and of EBV-negative adjacent 
gastricc epithelium. 

precursorr lesions and neoplastic gastric 
epitheliumm of EBV-carrying GCIS and 
GSC.. Specific nuclear EBER1/2-
transcriptss were only found in the 
carcinomaa cells of both types of gastric 
carcinomas,, but not in any of the 
precedingg normal, metaplastic or 
dysplasticc epithelium. Also in none of the 
normal,, metaplastic and dysplastic 
epitheliumm adjacent to EBV-positive tumor 
cellss EBV could be detected. 
Itt is of interest that EBV-carrying GCIS and 
EBV-carryingg GSC did not differ with 
respectt to the distribution of EBER1/2-
transcripts,, because the carcinogenesis of 
bothh is closely linked to Helicobacter 
pylori.pylori. In the latter bile reflux is thought to 
playy a major role in the multi-step gastric 
carcinogenesis. . 

Inn addition to EBER1/2-RISH also no 
EBNA-11 and LMP-1 staining was found. 
Immunohistochemicall analysis for EBNA-1 
confirmedd the EBER1/2-RISH findings. 
Expressionn was restricted to gastric 
carcinomaa cells (GCIS and GCS). No 
expressionn was found in the precursor 
lesionss of gastric carcinoma. Our data are 
substantiatedd by Hungermann et al. who 
testedd 242 gastric biopsy specimen with 
mildd to severe chronic gastritis by EBER 
1/2-RISHH [16]. They did not observe any 
stainingg of epithelial or stromal cells in this 
veryy early non-neoplastic condition of the 
gastricc epithelium. Interestingly, LMP-1 
expressionn was not found in the EBV-
positivee gastric carcinomas and its 
precursorr lesions of GCIS. This is in 
contrastt with findings of Yanai and co-
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workerss who found LMP-1 staining in 
chronicc atrophic gastritis and intestinal 
metaplasiaa [17]. Since we found no 
presencee of EBER1/2-transcripts and 
EBNA-11 in these lesions, their findings 
shouldd be substantiated by additional 
EBER1/22 and EBNA-1 stainings. The fact 
thatt the expression of EBER1/2-transcripts 
andd EBNA-1 protein is restricted to the 
tumorr cells - in EBV-carrying GCIS and 
GSC-- strongly indicates that EBV enters 
thee gastric epithelium at a rather late stage 
off the multi-step gastric carcinogenesis. In 
additionn we showed that CD21, the EBV 
receptor,, is not present in normal, 
preneoplasticc and neoplastic gastric cells. 
Thiss is in line with the observation of other 
laboratoriess [18-20], and supports 
indirectlyy the existence of an alternative 
EBV-receptorr on epithelial cells [21,22]. 
Sincee dysplasias are EBER1/2-RISH 
negativee and all tumor cells carry EBV this 
stronglyy suggests that EBV infects a 
neoplasticc gastric epithelial cell, providing 
growthh advantage to the EBV-positive 
tumorr cell. Alternatively, EBV might infect 
aa highly dysplastic gastric epithelial cell 
transformingg it into a carcinoma cell. Both 
possibilitiess are probable for a late EBV 
infectionn of gastric epithelium and could 
explainn why monoclonal EBV has been 
reportedd in all tumor cells of EBV-carrying 
GCISS and GSC. 

Inn summary, our data strongly suggest that 
EBVV is only present in susceptible cells of 
gastricc carcinomas but not in its supposed 
precursorr lesions. This suggests that EBV 
enterss the gastric epithelium at a rather 
latee stage of a long-term multi-step 
carcinogenicc process and that EBV plays a 
latee role in gastric carcinogenesis. This is 
strengthenedd by the demonstration of 
restrictedd EBV-transcription in the tumor 
cellss of two pathogenetically related but 
distinctt models of gastric carcinogenesis. 
Att present we are evaluating the clinical 

significancee of the prevalence of EBV in 
gastricc carcinomas in a large gastric 
cancerr trial. 
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Cyclooxygenase-22 in Carcinogenesis of the Gastrointestinal Tract 

Cyclooxygenasee (CoxI is the rate-limiting enzyme in 
thee conversion of arachidonic acid to prostanoids 
(1).. Two Cox isoformshave been cloned (Cox-1 and 

Cox-2)) that share over 609f identity at amino acid level and 
havee similar enzymatic activities (1-3). The most striking 
differencee between the Cox enzymes is in the regulation of 
theirr expression. While Cox-1 is constitutively expressed, the 
expressionn of Cox-2 is low or not detectable in most tissues, 
butt can be highly induced in response to cell activation by 
hormones,, proinflammatory cytokines, growth factors and 
tumorr promoters. Thus, Cox-1 is considered a housekeeping 
genee and thought to be responsible for the synthesis of 
prostanoidss involved in cytoprotection of the stomach, 
vasodilatationn in the kidney and for the production of the 
proaggregatoryy prostanoid thromboxane by the platelets. In 
contrast,, Cox-2 is an inducible, immediate-early gene, and its 
rolee has been related to inflammation, reproduction and 
carcinogenesiss (1-4). 

Recordd linkage studies in Finland and Sweden have 
demonstratedd a lower relative risk of gastric and colorectal 
cancerss among patients with rheumatoid arthritis (5-7). 
Therefore,, it was suggested that the use of non-steroidal 
anti-inflammatoryy drugs (NSAIDs) could be responsible for 
thiss reduced cancer incidence. Subsequently, several popula-
tion-basedd observational and controlled epidemiological 
studiess have shown that prolonged use of (high doses of) 
aspirinn and other NSAIDs is associated with an approximately 
5095-- reduction in the risk of colorectal, gastric and esophageal 
cancerr (8-11). The best-known targets of NSAIDs are the Cox 
enzymes,, and Cox-2 (but not Cox-1) is elevated in gastro-
intestinall  carcinomas (1-4). This review focuses on the role of 
Cox-22 in carcinogenesis of the gastrointestinal tract. 

EsophagealEsophageal cancer 
Adenocarcinoma.Adenocarcinoma. The incidence of esophageal adenocar-

cinomaa has increased rapidly during the last few decades. The 
pathogenesiss of esophageal adenocarcinoma follows a se-
quencee of events during which the normal squamous 
epitheliumm is replaced by metaplastic specialized columnar 
epitheliumm (Barrett's esophagus) in response to gastro-
esophageall  reflux disease. Barrett's metaplasia can subse-
quentlyy progress to dysplasia and adenocarcinoma (12,13). 

Cox-22 mRNA levels were elevated in 809r of Barrett's 
metaplasias,, when compared to gastric body control samples as 
detectedd by RT-PCR (14). Furthermore, Cox-2 protein expres-
sionn was elevated by 1.6 to 2.2-fold in Barrett's metaplasia, 
whenn compared to either squamous epithelium of the esopha-
guss or columnar epithelium of the duodenum as detected by 

immunoblottingg (15). However, Cox-2 immunohistochemistry 
showedd variable localization in Barrett's metaplasia, and it is 
unclearr to what extent the positivity is present in the connective 
tissuee cells and inflammatory cells of the lamina propria or in 
thee columnar epithelial cells (14-16). This discrepancy may 
partiallyy depend on specificity and sensitivity issues related to 
differentt Cox-2 antibodies and staining protocols or on tissue 
collectionn and handling procedures. 

Bilee acids have been shown to induce Cox-2 expression in 
ann esophageal adenocarcinoma cell line (17) and in organ 
culturess of Barrett's epithelium (15). Reflux of bile salts and 
acidd may thus account for the early expression of Cox-2 
duringg the development of the Barrett's metaplasia, but it is 
uncertainn to what extent this external stimulation is respon-
siblee for expression of Cox-2 in dysplastic and adenocarci-
nomaa cells arising from the Barrett's esophagus. An 
alternativee hypothesis is that neoplastic cells are either 
intrinsicallyy more active in expressing Cox-2 than the non-
neoplasticc cells, for example due to the activation of 
oncogeness or the inactivation of tumor suppressor genes. In 
addition,, stromal cell-derived factors may stimulate Cox-2 
expressionn in cancer cells. 

SquamousSquamous ceil carcinoma. Squamous cell carcinoma of the 
esophaguss has been associated with tobacco and alcohol 
consumptionn and is preceded by squamous dysplasia, fol-
lowedd by in situ carcinoma, which eventually can progress to 
invasivee carcinoma. Cox-2 expression is also elevated in a 
considerablee proportion (709f—100%) of squamous cell 
carcinomass of the esophagus and in its precursor lesions 
(16,, 18, 19). Cox-2 selective inhibitors (NS-398 and flosulide) 
suppressedd the proliferation of a Cox-2 expressing human 
squamouss carcinoma cell line of the esophagus, probably due 
too increased apoptosis. In contrast, no effect of these Cox-2 
inhibitorss was seen in a cell line with only a very weak Cox-2 
expressionn (16). Finally, indomethacin has been shown to 
reducee the number of chemically induced esophageal tumors 
inn mice (20). 

GastricGastric cancer 

Thee pathogenesis of gastric cancer is complex and 
incompletelyy understood, but diet, infections and genetic-
factorss are involved (21). More than 90 9f of gastric cancers 
aree adenocarcinomas, which are divided into two histological 
typess (intestinal and diffuse) by the Lauren classification (22). 
Pathogenesiss of the intestinal type cancer is associated with 
precursorr lesions, such as chronic atrophic gastritis, intestinal 
metaplasiaa and dysplasia, while the diffuse type lacks 
distinctivee premalignant lesions. 
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Fig.. 1. Cox-2 is expressed in human esophageal (A), gastric (B) and colorectal (C) adencarcinomas as detected by immunohistochemistry 
usingg a Cox-2 specific monoclonal antibody (160112, Cayman Chemical Co., Ann Arbor, MI) . Note that the carcinoma cells are positive and 
thee stroma is virtually negative. Paired specimens of non-neoplastic epithelium do not express Cox-2 (inserts). The cancer cell signal was 
completelyy blocked by a preadsorption protocol using the antigenic peptide (not shown). Original magnification. x200. 

Normall  human stomach mucosa expresses almost exclu-
sivelyy the Cox-1 isoform of the two Cox enzymes (23-25). 
Elevatedd levels of Cox-2 mRNA and protein, but not those of 
Cox-1,, have been detected in 67%-100% of gastric adeno-
carcinomaa specimens, when compared to paired non-neo-
plasticc mucosa as measured by Northern and Western blot 
analysess (24-29). A limited number of studies on the 
expressionn of Cox-2 in gastric cancer using immunohisto-
chemistryy have been performed. These data show variable 
frequenciess and diversity in cellular distribution of immuno-
reactivee Cox-2 protein (24, 26, 30, 31). Our data indicate that 
Cox-22 is expressed predominantly in intestinal type gastric 
adenocarcinomass (58%, n = 43) when compared to diffuse 
typee tumors (6%, n= 18) as detected by immunohistochem-
istryy (109). In agreement with these data, colorectal tumors 
withh a histological pattern of signet ring cells, a typical feature 
off  diffuse type gastric cancer (21, 22), also contain low levels 
off  Cox-2 immunoreactivity (32). Our results also suggest that 
Cox-22 is expressed in dysplastic epithelium of the stomach 
(109).. Thus, expression of Cox-2 is not restricted to invasive 
carcinomas.. It is. however, important to note that in our 
experiencee gastric adenocarcinoma specimens have a high 
frequencyy (up to 50%) of Cox-2 positive erosions and 
ulcerations.. This injury-associated Cox-2 expression is found 
inn the connective tissue cells and inflammatory cells. Thus, 

thee frequency of Cox-2 positive tumors may be overestimated 
whenn analysing mRNA or protein from whole tissue 
preparations,, since a proportion of the signal may originate 
fromm non-neoplastic cells at sites of mucosal injury. 

Sungg et al. have reported Cox-2 staining in intestinal 
metaplasiaa and in the stroma and epithelium associated with 
chronicc atrophic gastritis and active gastritis (33). This Cox-2 
positivityy was predominantly Helicobacter pylori associated. 
Inn contrast, others have found that Cox-2 positivity was 
restrictedd to the stromal cells in H. pylori gastritis, with the 
exceptionn of some epithelial cells at the edge of ulcer beds 
(34,, 35). These observational discrepancies may depend on 
methodologicall  variations, since the currently available anti-
bodyy preparations show great variability with respect to 
stainingg patterns and the obtained results appear to be 
modulatedd by differences in staining protocols. Factors 
releasedd by H. pylori induced expression of Cox-2 in a 
gastricc carcinoma cell line (36). Furthermore, Cox-1 was 
expressedd in both normal and H. pylori infected mucosa of 
Mongoliann gerbils. whereas Cox-2 was expressed only in the 
infectedd mucosa (37). Since it is primarily the cancer cells 
ratherr than the stromal cells express Cox-2 in gastric 
carcinomaa (24,26,30,31), we postulate that the expression 
off  Cox-2 in (gastric) cancer cells is most likely to depend on 
intrinsicc events within the carcinoma cell, such as activation 

Tablee I. Cox-2 expression in adenocarcinomas of the gastrointestinal tract 

Cox-2 2 

RNA A 

Proteir r 

genee product 

Northernn Blot 
RT-PCR R 
Westernn Blot 

UK' ' 

Esophageal l 

100%% (n = 5) 

78»» (n = 27) 

Gastric c 

73%% (« = 11) 
91»» (n= 11) 
73%% (« = 186) 
(rangee 67-100%)* 
73»» (n = 199) 
(rangee 43-100»)* 

Colorectal l 

86»» in = 14) 
100»» (n = 5) 
59%% (n=64) 
(rangee 56-76»)* 
82%% (« = 361) 
(rangee 74-100»)* 

Pancreatic c 

100%% (« = 10) 
56»» (n = 23) 

79%% (n= 123) 
(rangee 67-90»)* 

RT-PCRR = Reverse transcriptase-polymerase chain reaction; IHC - Immunohistochemistry . 
Thee following references were used: esophageal (14, 16), gastric (24-31, 109), colorectal (32,62-66,68,75,76) and pancreatic (78-82). 
**  Data were pooled from several studies. 
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off  oncogenes or inactivation of tumor suppressor genes, and/ 
orr paracrine interaction of the tumor cells with the stromal 
compartment.. Furthermore, some genetic alterations are 
associatedd with a low frequency of Cox-2 positive tumors, 
ass was shown for carcinomas exhibiting microsatellite 
instabilityy (MSI), which indicates a defective DNA mismatch 
repairr system (28). 

Cox-22 expression has been reported to correlate with 
invasionn of lymphatic vessels, lymph node metastasis, 
advancedd tumor stage and angiogenesis in gastric cancer 
(27-29).. Furthermore, a Cox-2 selective inhibitor suppressed 
angiogenesiss and tumor growth of a Cox-2 expressing gastric 
cancerr cell line in a nude mice model (38). Interestingly, a 
non-selectivee Cox inhibitor reduced angiogenesis in xeno-
graftss of a non-Cox-2 expressing cell line, indicating that 
inhibitionn of vascular endothelial Cox-1 may also be an anti-
angiogenicc target. These data are consistent with in vitro and 
inn vivo experiments of angiogenesis (39-41). 

Chemicallyy induced gastric tumor multiplicity and inci-
dencee were reduced by sulindac and ibuprofen in mice (42). 
Inn contrast to the mouse model, NSAIDs (aspirin and 
flurbiprofen)flurbiprofen) enhanced chemically induced gastric carcino-
genesiss in the rat (43-45). This may indicate that prostanoids 
producedd by the gastric mucosa protect against the action of 
carcinogenss in the rat model. It is, however, unclear to what 
extentt these experimental models are relevant to human 
carcinogenesis.. In human gastric carcinoma cell lines, aCox-
22 selective inhibitor (NS-398) reduced the growth of a Cox-2 
expressingg cell line, but not that of non-expressing cell lines 
(46,, 47). Inhibition of Cox-2 also reduced growth of the Cox-
22 expressing gastric cancer cell line in nude mice, mainly by 
inducingg apoptosis (48). It remains to be studied whether 
inhibitionn of Cox-2 can suppress genetically induced gastric 
neoplasmss in mice, and whether Cox-2 inhibitors can be used 
inn the treatment of patients who have preneoplastic gastric 
lesionss or who suffer from gastric cancer. 

ColorectalColorectal cancer 
Thee role of Cox-2 in carcinogenesis and the chemopreven-

tivee effect of NSAIDs have been most extensively studied in 
colorectall  cancer. Several comprehensive reviews on this 
topicc have been published to date (2, 4, 10, 49-53) which 
includee epidemiological studies on reduced cancer risk 
associatedd with the use of NSAIDs, clinical trials in patients 
withh familial adenomatous polyposis (FAP) using sulindac to 
regresss colorectal adenomatous polyps, and several animal 
modelss of intestinal carcinogenesis. Here we summarize only 
thee major findings and some recent developments. 

Selectivee Cox-2 inhibitors suppress neoplasia formation in 
rodentt models of intestinal carcinogenesis (54-57), and 
geneticc disruption of Cox-2 suppresses the polyp formation 
inn Apc^l(l-knockout (adenomatous polyposis coli gene 
mutation)) mice and in Min (multiple intestinal neoplasia) 
mice,, which are models for FAP (4, 58-60). These findings 
stronglyy favour a causal role for Cox-2 in carcinogenesis. 

Recently,, Steinbach et al. reported that the selective Cox-2 
inhibitorr celecoxib caused a significant reduction in the 
numberr of colorectal polyps and polyp burden (i.e. the sum of 
polypp diameters) in patients with FAP, in a double-blind, 
placebo-controlledd study (61). 

Elevatedd levels of Cox-2 mRNA and protein, but not those 
off  Cox-1, have been detected in approximately 80% of human 
colorectall  carcinomas and approximately 50% of preneoplas-
ticc adenomatous lesions, whereas the normal intestinal 
mucosaa exhibits virtually no Cox-2 expression (2,4, 62-65). 
Cox-22 overexpression appears to be associated with both the 
histologicall  type and the location of the tumors. Over-
expressionn was less prominent in tumors with signet cell 
morphologyy (32) and was found more frequently in rectal 
carcinomass compared to carcinomas at other sites in the colon 
(66).. Furthermore, the overexpression of Cox-2 in colorectal 
carcinomass appears to be associated with the genetic and 
epigeneticc make-up of the tumors. Karnes et al. demonstrated 
thatt Cox-2 expression was significantly lower in carcinomas 
thatt has the MSI phenotype (32). MSI-positive tumors are 
moree frequently located in the proximal colon, so there may 
bee a relationship between this finding and the observation that 
Cox-22 expression is more frequent in rectal carcinomas. More 
recently,, Toyota et al. reported that a subset of colorectal 
cancerr cell lines and primary tumors do not express Cox-2 due 
too dense methylation of the Cox-2 5'-CpG island (67). 
Altogether,, these findings may implicate that some specific 
subgroupss of patients may not benefit from Cox-2 targeted 
NSAID-mediatedd chemopreventive therapy. 

Besidess overexpression in malignant epithelial cells, Cox-2 
iss also expressed in the stromal compartment of adenomatous 
polypss and of invasive carcinomas both in experimental 
animall  models and in humans (58, 68-70). These stromal 
cellss have the morphological and the immunohistochemical 
characteristicss of inflammatory cells (macrophages), myo-
fibroblastss and sometimes also vascular endothelial cells. 
Althoughh the exact nature of these cells has remained a topic 
off  discussion (71), some of these observational differences 
mayy be explained by the use of technical diversity and/or 
antibodyy characteristics. Yet, the significance of stromal Cox-
22 needs to be determined, since data exist that support the role 
off  stromal Cox-2 expression in tumorogenesis (72). 

Cox-22 expression may influence the tumorigenic charac-
teristicss of neoplastic cells by inducing resistance to apoptosis, 
modulatingg adhesion to the extracellular matrix, promoting 
angiogenesiss and increasing metastatic potential. Rat intestinal 
cellss that were transfected with a Cox-2 expression vector were 
resistantt to butyrate-induced apoptosis, had elevated Bcl-2 
proteinn expression and reduced transforming growth factor beta 
typee II receptor levels (73). Transfection of human colon cancer 
cellss with a Cox-2 expression vector resulted in increased 
invasivenesss compared to the parental cell line and these 
findingsfindings were associated with upregulation and activation of 
matrixx metalloproteinases (74). Also, Cox-2 overexpressing 
cellss produced proangiogenic factors and were able to stimulate 
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endotheliall  migration and tube formation (40). Furthermore, 
mousee fibroblasts devoid of Cox-2 gene were impaired in their 
abilityy to produce the proangiogenic factor VEGF and similar 
resultss were obtained by treatment of wild-type mouse 
fibroblastfibroblast with a selective Cox-2 inhibitor (72). These data 
favorthee role of stromal cell Cox-2 intumorformation. Finally, 
recentt reports suggest that Cox-2 expression correlates with 
tumorr neovascularization, tumor recurrence, metastasis and 
prognosiss of colorectal cancer (70, 75, 76). Obviously, larger 
andd prospective studies will be necessary to establish the value 
ofCox-2overexpressionasaprognosticmarkerforthisdisease. . 

PancreaticPancreatic cancer 
Cox-22 expression has been detected in normal pancreatic 

islett cells, but not in ductal epithelium or acinar cells (77-80). 
Elevatedd levels of Cox-2 mRNA and protein have been 
detectedd in 54%-100% of pancreatic carcinomas (78-82). No 
significantt correlation between Cox-2 expression and prog-
nosiss or clinicopathological factors was evident (81). How-
ever,, stronger and more frequent Cox-2 expression was 
detectedd in invasive ductal adenocarcinomas (72%) than in 
intraductall  papillary-mucinous adenocarcinomas (31%) or in 
intraductall  papillary-mucinous adenomas (0%) (81). Consti-
tutivee expression of Cox-2 has been found in some pancreatic 
carcinomaa cell lines. In three cell lines that originated from 
welll  and moderately differentiated tumors, the level of Cox-2 
expressionn was high, whereas Cox-2 protein was not 
detectablee in two cell lines originating from poorly differ-
entiatedd tumors (78). Sulindac sulfide, indomethacin and NS-
3988 (a selective Cox-2 inhibitor) inhibited cell proliferation of 
pancreaticc cancer cell lines, but this was evident for both Cox-
22 expressing and non-expressing cell lines (78, 82). 

HepatocellularHepatocellular carcinoma 
Cox-22 is expressed in liver cirrhosis, precancerous dyspla-

siass of the liver and in hepatocellular carcinoma (83-85). 
Expressionn of Cox-2 was higher in well-differentiated tumors 
thann in the less differentiated ones. Although Cox-2 expres-
sionn did not correlate with prognosis of hepatocellular 
carcinoma,, it did predict the disease-free survival of patients 
whoo suffered from chronic hepatitis or cirrhosis (84). 

Conclusions Conclusions 
Epidemiologicall  studies indicate that NSAlDs reduce the 

incidencee of cancer throughout the gastrointestinal tract (5-
11,, 86-90). However, the only randomized trial on the effect 
off  aspirin on colorectal cancer risk did not show a protective 
effect,, which may be due to a low dose of the drug and/or a 
shortt follow-up period (91). Cox-2 gene products have been 
consistentlyy shown to be expressed in gastrointestinal 
adenocarcinomas.. It is interesting to note that while the use 
off  NSAIDs has been associated with a lower risk of gastric 
cancerr in the distal part of the stomach (corpus and antrum), 
thee effect of NSAIDs was not apparent in the proximal part 
(cardiaa cancer) of the stomach (88, 89). To this end, it is 

especiallyy intriguing that expression of Cox-2 appears to be 
lesss prominent in cardia carcinomas when compared to 
carcinomass of the distal stomach (30, 109). So there seems 
too be some correlation between the epidemiological data and 
thee expression of Cox-2 in human gastric carcinomas. 

Thee Cox-2-tumor-hypothesi s is further supported by 
experimentss in which non-selective NSAIDs, Cox-2 selective 
drugs,, and disruption of the Cox-2 gene suppress tumor 
formationn in various experimental animal models. However, 
thiss does not rule out the possibility that Cox-1 also plays a 
rolee in carcinogenesis (39,40,60). It should also be recog-
nizedd that, in addition to tumor cells, expression of Cox-2 by 
thee tumor stroma (connective tissue cells, inflammatory cells 
andd vascular endothelium) may contribute to tumorigenesis 
(72,92).. Finally, NSAIDs facilitate effects that are either 
independentt of prostanoids, but still dependent on the Cox 
enzymes,, or totally Cox-independent (93, 94). However, most 
off  these studies have been performed only in vitro and in most 
casess the NSAID concentrations (>100nM) exceeded the 
pharmacologicallyy relevant in vivo doses (95). 

Thee Cox-2 gene itself does not seem to become mutated 
duringg carcinogenesis (96, 97). Thus, activation of oncogenes 
orr inactivation of tumor suppressor genes could enhance Cox-
22 expression in transformed cells, which has been shown to be 
thee case in cell culture conditions (4,98-101). However, it is 
poorlyy known which specific genes are responsible for Cox-2 
expressionn in human malignancies. Furthermore, the Cox 
enzymess do not seem to be necessary for malignant 
transformationn (102). Additionally, cytokines and growth 
factorss could induce Cox-2 expression in malignant cells via 
ann autocrine (tumor cell) or a paracrine (stromal) manner. In 
fact,, it seems that during chronic irritation and inflammation, 
whichh may lead to formation of pre malignant lesions, it is 
predominantlyy the stromal compartment that expresses Cox-2, 
whereass the expression shifts to the neoplastic epithelial cells 
ass the lesion progresses. It is also becoming more apparent that 
bothh phenotypic and genotypic subclasses of adenocarcino-
mass may express Cox-2 with quite different frequency. 

Itt is not known whether Cox-2 contributes to carcinogen-
esiss by removing excess arachidonic acid, by producing 
prostanoids,, or by metabolizing other compounds. It has, 
however,, been demonstrated that many effects of Cox-2 can 
bee facilitated by either PGE; or PGF:o[, which include 
stimulationn of proliferation (in many cases by inhibition of 
apoptosis),, enhanced production of matrix metalloprotei-
nases,, promotion of angiogenesis, and induction of immuno-
suppression.. It will be of great interest to follow the Cox-2 
fieldfield in the following years, and to see whether Cox-2 can be 
usedd as a prognostic marker in (pre)neoplastic conditions. It 
wil ll  also be important to recognize whether expression of 
eitherr Cox-2 and/or Cox-1 has a predictive value for the 
treatmentt of patients with NSAIDs. Clinically, it is important 
too determine whether selective Cox-2 inhibitors will deliver 
saferr and at least as effective anticancer properties as non-
selectivee NSAIDs. In addition, subtypes of premalignant 
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lesionss or advanced cancers (histology, stage and/or geno-

type)) that are especially sensitive to NSAlDs should be 

recognized.. It wil l also be interesting to follow the continuing 

explorationn of the possibil it ies of cancer chemoprevention. 

Already,, the potential power of multiple agent chemopreven-

tionn has recently been demonstrated in APC (Min /+ ) mice 

(103).. Finally, it wil l be important to integrate NSAIDs to 

alreadyy exist ing radio- and/or chemotherapy protocols (104-

106)) and at the same time continue research on alternative and 

lesss toxic combination treatments of cancer (107, 108). 
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ABSTRACT T 
Purpose:Purpose: Cyclooxygenase (Cox) is the key enzyme in 

conversionn of arachidonic acid to prostanoids. Two Cox 
geness have been cloned, and expression of Cox-2 mRNA and 
proteinn has been shown to be elevated in several human 
malignanciess and in animal models of carcinogenesis. The 
purposee of this study was to investigate Cox-2 protein ex-
pressionn in human gastric dysplasias and adenocarcinomas. 

ExperimentalExperimental Design: Performance of several Cox-2 an-
tibodiess was evaluated, after  which Cox-2 protein expression 
wass studied in 67 gastric cancer  specimens and in eight 
definitiv ee dysplasias by using immunohistochemistry. 

Results:Results: Cox-2 positivity was detected in 58% (25/43) of 
thee intestinal-type (well-differentiated) tumors and 6% (1/ 
18)) of diffuse-type (poorly differentiated) tumors. Consistent 
withh these data, we detected higher  expression of Cox-2 
mRNA,, protein, and enzymatic activity in well-differenti -
atedd gastric cancer  cell lines (MKN-28 and MKN-74) when 
comparedd with poorly differentiated cell lines (HSC-39 and 
KAT OO III) . Cox-2 immunoreactivity was localized to the 
carcinomaa cells, but the stroma of the tumors was negative. 
However,, strong Cox-2 positivity was consistently detected 
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inn stromal cells at sites of erosions and ulcerations. Further -
more,, four  of nine (44%) definitive dysplasias of the stomach 
thatt  showed no evidence of invasion were positive for  Cox-2. 

Conclusions:Conclusions: Cox-2 is expressed by the neoplastic cells 
inn the intestinal-type gastric adenocarcinoma and by pre-
carcinogenicc (dysplastic) lesions leading to this disease. 

INTRODUCTIO N N 
Cancerr of the stomach is one of the most frequent and 

lethall  malignancies in the world (1). Etiopathogenesis of gastric 
cancerr is complex and incompletely understood, but diet, infec-
tions,, and genetic factors are involved. More than 90% of gastric 
cancerss are adenocarcinomas, which are divided into two his-
tologicall  types (intestinal and diffuse) by the Lauren classifica-
tionn (2). Pathogenesis of the intestinal-type cancer has been 
connectedd to precursor changes such as chronic atrophic gastri-
tis,, intestinal metaplasia, and dysplasia, whereas the diffuse type 
lackss well-recognized precursor lesions (1. 3). Furthermore, 
thesee two types of gastric cancer seem to express distinct genetic 
backgroundss (1. 4). Thus, the Lauren classification based on 
histologyy divides gastric adenocarcinoma into two different 
diseasee entities. In contrast with adenocarcinoma of the stom-
ach,, incidence of adenocarcinoma of the gastric cardia has 
increasedd (1. 5), which may reflect a closer relationship in 
regardd to risk factors with the adenocarcinoma of the esophagus 
ratherr than with adenocarcinoma of the stomach. 

Recordd linkage studies have found a lower incidence of 
gastrointestinall  cancers among patients with rheumatoid arthri-
tiss (6-8). Because these patients use extensive amounts of 
NSAIDs,44 it was suggested that the use of NSAlDs could be 
responsiblee for the reduction in the cancer incidence. This 
antineoplasticc effect of NSAIDs is supported by both observa-
tionall  and controlled epidemiological studies that have shown 
thatt prolonged use of aspirin and other NSAIDs is associated 
withh a 40 -50% reduction in the risk of colorectal cancer (9-11). 
Furthermore,, sulindac, another NSA1D, causes regression of 
colorectall  adenomatous polyps in patients with FAP, and several 
NSAIDss inhibit chemically induced carcinogenesis in rodents 
(10,, 11). Interestingly, the effect of NSAIDs does not seem to be 
restrictedd to the colorectal carcinoma, because the use of aspirin 
hass been connected to reduced incidence of both cancer of the 
esophaguss and the stomach (12-17). 

Thee best known target of NSAIDs is Cox. the rate-limiting 
enzymee in the conversion of arachidonic acid to prostanoids 
(18).. Two Cox genes have been cloned (Cox-1 and Cox-2) that 
sharee over 60% identity at amino acid level and have similar 
enzymaticc activities (19, 20). The most striking difference be-

44 The abbreviations used are: NSAID, nonsteroidal anti-inflammatory 
drug:: FAP. familial adenomatous polyposis; Cox, cyclooxygenase; 
mAb.. monoclonal antibody: PGE-. prostaglandin E:. 
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TableTable 1 Characteristics of gastric adenocarcinoma cases and results of Cox-2 immunohistochemistry" 

cancer r 

Intestinall  type 

Diffusee type 

Unclassified d 

Sitee of cancer («) 

Cardiaa (21) 
Noncardiaa (22) 
Al ll  (43) 
Cardiaa (4) 
Noncardiaa (14) 
Alll  (18) 
Cardiaa (4) 
Noncardiaa (2) 
Al ll  (6) 

(F/M) ) 

4/17 7 
5/17 7 
9/34 4 
1/3 3 
8/6 6 
9/9 9 
2/2 2 
1/1 1 
3/3 3 

Age e 
(meann  SEl 

655  2 
700 i 3 
688  2 
533  7 
400  6 
433  5 
677  5 
644  21 
666  6 

Negative e 

10 0 
8 8 

18 8 
4 4 

13 3 
17 7 
3 3 
1 1 
4 4 

Cox-2 2 positivityy (n 

Weakk pos. 

8 8 
5 5 

13 3 
0 0 
1 1 
1 1 
1 1 
1 1 
2 2 

Strongg pos 

3 3 
9 9 

12 2 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

forr Cox-2 

52% % 
64% % 
58% % 
0% % 
7% % 
6% % 

25% % 
50% % 
33% % 

""  Cox-2 positivity was almost exclusively restricted to the intestinal type adenocarcinomas (25/43) when compared with those of the diffuse type 
(1/18)) (P< 0.0001). 

tweenn the Cox genes is in the regulation of their expression. 
Whereass Cox-1 is constitutively expressed, and the expression is 
nott usually regulated, expression of Cox-2 is low or undetect-
ablee in most tissues but can be highly induced in response to cell 
activationn by hormones, proinflammatory cytokines, growth 
factors,, and tumor promoters. Thus, Cox-1 is considered as a 
housekeepingg gene, and prostanoids synthesized via the Cox-1 
pathwayy are thought to be responsible for cytoprotection of the 
stomach,, for vasodilatation in the kidney, and for production of 
aa proaggregatory prostanoid, thromboxane, by the platelets. In 
contrast,, Cox-2 is an inducible immediate-early gene, and its 
rolee has been connected to inflammation, reproduction, and 
carcinogenesiss (18-21). 

Recentt studies suggest that Cox-2 is one of the targets of 
NSAIDss in prevention of intestinal carcinogenesis (19, 21). 
Elevatedd levels of Cox-2 mRNA and protein, but not those of 
Cox-1,, are found in human colon carcinoma (22-24). Addition-
ally,, selective Cox-2 inhibitors suppress neoplasia formation in 
rodentt models of intestinal carcinogenesis (25-29), and genetic 
disruptionn of Cox-2 suppresses the polyp formation in ApcA1Ul-
knockoutt and in Min mice, which are models for FAP (25, 30). 
Finally,, a Cox-2 selective inhibitor reduces the number and size 
off  colorectal polyps in patients with FAP (31). In addition to 
colonn cancer, elevated Cox-2 expression has been detected in 
severall  human malignancies (32). We reported recently that 
humann gastric adenocarcinoma tissues contain elevated levels of 
Cox-22 mRNA but not that of Cox-1 (33). Several groups have 
reportedd an identical pattern of Cox protein expression in stom-
achh tumors as detected by immunoblotting (34-37). Because 
veryy littl e is known about the cellular localization of Cox-2 in 
gastricc neoplasias and about its distribution in different histo-
logicall  types of gastric cancer, we investigated the expression of 
Cox-22 in dysplasia of the stomach and in gastric adenocarci-
nomaa by using irnmunohistochemistry and several Cox-2 anti-
bodies. . 

MATERIAL SS AND METHOD S 
Patientt  Samples. Primary gastric adenocarcinomas of 

cardiaa (« = 29) and those distal to the cardia (n = 38) were 
obtainedd from surgically removed tissues (Table 1), which were 
fixedfixed in 10% neutral-buffered formalin and then embedded in 
paraffin.. The tumors were divided to intestinal type (n = 43), 

diffusee type (n = 18). and unclassified (« = 6) as evaluated by 
thee same pathologist (P. S>. Each histological group contained 
sampless from Finland and the Netherlands. Nine gastric biopsy 
specimenss with definitive dysplasia but without evidence of 
invasivee cancer were also examined (as evaluated by P. S.). 

Irnmunohistochemistry.. Formalin-fixed and paraffin-
embeddedd specimens were sectioned (4-5 |xm), deparaffinized, 
andd microwaved for 2.5 min in 800 W and for 15 min in 440 W 
inn 0.01 M sodium-citrate buffer (pH 6.0). The slides were then 
immersedd in 0.6% hydrogen peroxide in methanol for 30 min 
andd then in blocking solution (0.01 M Tris, 0.1 M MgCl2, 0.5% 
Tweenn 20, 1 % BSA, and 5% normal goat serum) for 1 h to block 
endogenouss peroxidase activity and unspecific binding sites, 
respectively.. Immunostaining was performed with a Cox-2-
specificc antihuman mAb (160112; Cayman Chemical Co., Ann 
Arbor,, MI) in a dilution of 1:50 in the blocking solution at 4°C 
overnight.. The sections were thereafter treated with biotinylated 
goatt antimouse immunoglobulin (1:200; Vector Laboratories 
Inc.,, Burlingame, CA), and antibody binding sites were finally 
visualizedd by avidin-biotin peroxidase complex solution (Vec-
tastainn ABComplex, Vector Laboratories) and 3-amino-9-ethyl-
carbazolee (Lab Vision Co., Fremont, CA) The counterstaining 
wass performed with Mayer's hemalum (Merck, Darmstadt, Ger-
many). . 

Polyclonall  Cox-2 antibodies that were used included rabbit 
antimousee antisera and IgG (160116 and 160106; Cayman 
Chemical),, rabbit antihuman antisera and IgG (PG 27; Oxford 
Biomedicall  Research, Oxford, MI; 160107, Cayman Chemical), 
goatt antihuman IgG (sc-1745; Santa Cruz Biotechnology Inc., 
Santaa Cruz. CA), and rabbit antimouse affinity-punfied IgG 
(160126;; Cayman Chemical). All of the antibodies were di-
rectedd against a COOH-terminal peptide of Cox-2, and accord-
ingg to the manufacturers information they detected Cox-2 but 
nott Cox-1. The antimouse antibodies were reported to cross-
reactt with the human Cox-2. Polyclonal antibodies were tested 
inn dilution of 1:100-1:3000, and subsequent stainings were 
donee in dilution of 1:1000 for the polyclonal antisera and IgGs 
andd 1:200 for the affinity-purified polyclonal antibody prepara-
tion.. Antirabbit or antigoat antibodies (1:200; Vector Laborato-
ries)) were used as the secondary antibody for these products. In 
addition,, a mAb (C22420; Transduction Laboratories, Lexing-
ton,, KY) against rat Cox-2 (amino acids 368-604) was tested. 
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However,, this antibody stained mononuclear inflammatory cells 
inn the stroma of the tumors and in the lamina propria of the 
nonneoplasticc epithelium, which could not be blocked by using 
recombinantt human Cox-2 protein (100 .̂g ml). Indeed, it was 
reportedd recently that this mAb may cross-react with Cox-1 
(38).. Because of this unspecific staining, this antibody was not 
additionallyy analyzed. 

Specificityy of the antibodies was determined by preadsorp-
tionn of the antimouse Cox-2 antibodies with a mouse Cox-2 
controll  peptide (20 u.g ml: Cayman Chemical) and antihuman 
Cox-22 antibodies with a human Cox-2 control peptide (20 
u-gg ml; Cayman Chemical) for 1 h in room temperature before 
thee staining procedure. An a-smooth muscle cell actin peptide 
(500 (j.g ml; DAKO. Glostrup. Denmark) was used as a non-
Cox-22 peptide. Nonimmune rabbit serum (1:300; PG 27c: Ox-
fordd Biomedical Research) and IgG (1:10; sc-2027; Santa Cruz 
Biotechnology)) were used as additional controls. The intensity 
off  the staining was estimated on a scale from 0 to 3 [0 (absent), 
11 (weak), 2 (moderate), and 3 (strong)] and the area of positivity 
byy values 1 (focal or <10%). 2 (10-49%). and 3 (>50%)] in 
consensuss of three investigators (P. S., A. R.. and B.v. R). 
Intensityy score of the immunoreactivity was obtained by multi-
plyingg the intensity and area values. A total score of 6 9 was 
consideredd strong, 2-4 weak, and 0-1 negative. 

Celll  Culture. The gastric carcinoma cell lines that orig-
inatedd either from well-differentiated intestinal tumors 
(MKN-288 and MK.N-74) or from poorly differentiated ones 
(HSC-399 and KATO III ) The cells were maintained in RPMI 
16400 supplemented with 10% FCS. 2 mvi L-glutamine. and 
antibioticss (Life Technologies, Inc., Grand Island, NY). 

RNAA Isolation and Northern Blot Analyses. Total 
RNAA was extracted by using the TriZol Reagent (Life Technol-
ogies.. Inc.). For Northern blot analysis. 20 n-g of RNA was 
denaturedd in I M glyoxal. 50% DMSO. and 10 mM phosphate 
bufferr at 50CC for 60 min and then electrophoresed through 
1.2%% agarose gel. The RNA was transferred to nylon mem-
braness (Micron Separation Inc., Westborough. MA), and then 
thee blots were baked for 1 h at 80°C. cDNAs from human open 
readingg frame of Cox-2 and Cox-1 (33) and a 304-bp fragment 
off  human 3-actin were labeled using [a-12P]dCTP (DuPont-
Neww England Nuclear. Boston, MA) and Prime-a-Gene kit 
(Promega.. Madison, WI). Probes were purified with nick col-
umnss (Pharmacia, Uppsala, Sweden) and used at I x I0b 

cpm.ml.. Hybridizations were performed at 60°C for 16 h in 
ExpressHybb Hybridization solution (Clontech Laboratories. 
Paloo Alto, CA). Membranes were rinsed several times and 
washedd three times at 55°C for 15 min each time and twice for 
200 min in 0.1 x SSC and 0.1% SDS and visualized by autora-
diography. . 

Westernn Blot. The cells were lysed in radioimmimopre-
cipitationn assay buffer [150 m\i NaCI, 1% NP-40. 1% sodium 
deoxycholate.. 0.1% SDS, 1 mM EDTA, and 50 mM Tris (pH 
8.0)]]  supplemented with Complete mini protease inhibitor mix-
turee tablets (Boehnnger Mannheim, Mannheim. Germany) and 
centrifugedd at 14,000 g for 15 min. Protein concentration was 
measuredd with BSA protein assay (Pierce, Rockford. IL). Pro-
teinss (100 u.g) were resuspended in sample loading buffer [74 
mMM Tns-HCI (pH 6.8). 2% SDS. 12% glycerol. 5% B-merkap-
toethanol,, and 0.015% bromphenol blue] and separated by SDS-

PAGEE (12%). The proteins were transferred electrophoretically 
too Hybond-C extra nitrocellulose membranes (Amersham, 
Buckinghamshire.. United Kingdom). Nonspecific binding was 
blockedd by TBS-NP40, 5% low-fat dry milk solution, over night 
att 4°C. For immunodetection, the membrane was incubated with 
thee monoclonal Cox-2 antibody (1:1000 dilution: Cayman 
Chemical)) or the monoclonal Cox-1 antibody (dilution 1:500; 
160110;; Cayman Chemical) for 1 h at room temperature. The 
membranee was washed three times in TBS-NP40 and incubated 
withh sheep antimouse antibodies conjugated to horseradish per-
oxidasee (1:2000 dilution; ECL Western blotting analysis sys-
tem;; Amersham) for 1 h at room temperature. After four washes 
withh TBS-NP40. Cox-2 proteins were visualized by enhanced 
chemiluminescencee (Amersham). Loading was controlled by 
goatt antihuman B-actin antibody (1:500 dilution; Santa Cruz 
Biotechnology)) with donkey antigoat antibodies conjugated to 
horseradishh peroxidase (1:2000 dilution; Santa Cruz Biotech-
nology)) as the secondary antibody. 

Measurementt  of PGE2. The gastric cancer cell lines 
weree first incubated with 10 ml of the complete growth media in 
10-cmm tissue culture dishes for 24 h after which the cells were 
washedd once with PBS and additionally incubated with arachi-
donicc acid (10 U.M; Sigma Chemical Co.) for 15 min. PGE2 was 
analyzedd with EIA (Cayman Chemical). 

Statisticall  Analysis. The Spearman correlation was used 
forr calculating the significance of the correlation (Fig. 3A). 
Statisticall  significance was calculated with the Wilcoxon 
signed-rankk test (Fig. 3fi) or Fisher's exact test (Cox-2 positivity 
betweenn intestinal type versus diffuse type and cardia cancer 
versusversus noncardia cancer). All of the results are shown as 
meann  SE, and P < 0.05 was selected as the statistically 
significantt value. 

RESULTS S 
Wee first evaluated Cox-2 immunoreactivity in eight intes-

tinall  type gastric adenocarcinoma specimens, which had been 
shownn previously to express elevated levels of Cox-2 mRNA 
(33).. One polyclonal antibody preparation (160116) stained 88 
tumors,, another polyclonal product (160106) 5 8 tumors, the 
mAbb (1601 12) 7 8 tumors, and the affinity-purified polyclonal 
antibodyy preparation (160126) 5/8 tumors. All of the other 
polyclonall  antibodies stained the tumors only weakly or gave 
highh background staining (160107. PG 27. and sc-1745). Non-
immunee serum or IgG did not stain any of the samples (not 
shown). . 

Too investigate the specificity of the antibodies, we stained 
thee specimens with preadsorption using the antigenic peptides, 
whichh reduced the positivity of the polyclonal antibodies only 
partially:: at some sites the positivity (of diffuse cytoplasmic 
type)) was completely blocked (Fig. 1. A and B). but at other sites 
itt was only slightly reduced or not affected at all (Fig. 2, A and 
B).B). In addition, a cytoplasmic granular type of positivity was 
detectedd with three polyclonal antibodies (160106. 160116, and 
PGG 27). which was not blocked by using the antigenic peptides 
(Fig.. 2, £and F). However, all of the tumor cell signals obtained 
byy the mAb (Fig. 1. C and D) or by the affinity-purified 
polyclonall  antibody preparation were blocked by using the 
antigenicc peptides (Fig. 1. E and F) but not by an unrelated 

72 2 



COX-2COX-2 expression in gastric adenocarcinoma 

Polyclonall  Ab 
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Fig.Fig. 1 Immunostaining specific for Cox-2 in an intestinal-type adenocarcinoma of the gastric cardia. Antibodies that were used included A, 
polyclonall  antiserum (160116, dilution 1:1000) and 5, its preadsorption control; C, mAb (160112, dilution of 1:50) and D, its preadsorption control; 
E,E, affinity-purified polyclonal antibody preparation (160126, dilution of 1:200) and f, its preadsorption control (see Material and Methods for details). 
Cytoplasmicc Cox-2 immunoreactivity was evident in carcinoma cells but not in the stroma of the tumor. X400. 
Fig.Fig. 2 Nonspecific immunoreactivity in two intestinal-type adenocarcinoma specimens of the stomach. Antibodies used for Sample 1 included A, 
polyclonall  antiserum (160116, dilution of 1:1000) and B. its preadsorption control; C, mAb (160112, dilution of 1:50); D, affinity-purified polyclonal 
antibodyy preparation (160126, dilution of 1:200). Antibodies used for Sample 2 included E, polyclonal IgG (160106. dilution of 1:1000) and F, its 
preadsorptionn control; G, the mAb and H, the affinity-purified polyclonal antibody preparation (sec above). The unspecific tumor cell staining that 
couldd not be preadsorbed with the antigenic peptide was only recognized by the nonpurified polyclonal antibodies. X600. 

(a-smoothh muscle cell actin) peptide (data not shown). Further-
more,, neither the mAb nor the affinity-purified polyclonal an-
tibodiess stained the unspecific areas observed with the nonpu-
rifiedd polyclonal antibodies (Fig. 2). Immunoreactivity obtained 
byy the mAb and by the affinity-purified polyclonal antibody 
preparationn colocalized in each of the positively stained tumor 
specimens.. There also existed a positive correlation between the 
stainingg intensity obtained by these two antibodies (Fig. 3A). 
Thus,, the Cox-2 immunoreactivity obtained by both the mono-

clonall  and the affinity-purified antibodies seemed to be specific, 
butt all of the nonaffinity-purified polyclonal antibody prepara-
tionss suffered from either poor sensitivity or specificity. How-
ever,, because the signal intensity of the mAb was stronger than 
thatt obtained by the affinity-purified antibodies (Fig. 3fi), addi-
tionall  evaluation of Cox-2 expression in cancer specimens was 
performedd by using the mAb. 

Cox-22 immunoreactivity was investigated by staining 67 
gastricc adenocarcinoma specimens. Cox-2 immunopositivity 
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Fig.Fig. 3 Comparison of the staining intensity obtained by the mono-
clonall  and the affinity-purified polyclonal antibodies of eight intestinal 
typee adenocarcinomas of the stomach. A, positive correlation between 
thee intensity scores of the monoclonal and the affinity-purified antibod-
iess (r = 0.940, P < 0.005; see "Materials and Methods" for details). B, 
intensityy score obtained by using the mAb was higher than that of the 
affinity-purifiedd polyclonal antibody preparation (P < 0.05). 

wass detected in 58% (25/43) of the intestinal-type tumors but 
onlyy in 1 of 18 (6%) diffuse type-tumors (Table 1). Weak Cox-2 
positivityy was found in 2 of 6 unclassified tumors, and this 
signall  was detected only at areas of better differentiation (not 
shown).. Consistent with these data, well-differentiated gastric 
adenocarcinomaa cell lines expressed more Cox-2 mRNA. pro-
tein,, and enzymatic activity than the poorly differentiated cell 
liness (Fig. 4). No Cox-1 mRNA or protein were detected in any 
off  the four cancer cell lines (not shown). Similar rate of posi-
tivityy was evident in intestinal-type cardia carcinomas (52%; 
nn = 21) when compared with the noncardia ones (64%; n = 22). 
However,, there was a trend of lower incidence of strong Cox-2 
positivityy in cardia versus noncardia tumors (14% versus 41%), 
andd this issue should be additionally investigated, because epi-
demiologicall  studies have found that the use of aspirin is asso-
ciatedd with reduced incidence of stomach cancer distal to the 
cardiaa but not that of gastric cardia (14, 15). 

Fourr of nine (44%) definitive dysplasias of the stomach 
weree positive for Cox-2, and this immunoreactivity localized to 
thee neoplastic epithelial cells (Fig. 5, A—D). In addition to the 
neoplasticc cells, strong Cox-2 positivity was consistently evi-
dentt at sites of erosions and ulcerations in inflammatory cells 
andd in connective tissue cells as judged by the cellular morphol-
ogyy (Fig. 5, E and F), This injury-associated immunoreactivity 
localizedd to the cells positioned close to the lumen, and it was 
detectedd in 50% of diffuse-type tumors and in 47% of intestinal-
typee tumors. However, tumor stroma, including the blood ves-
sels,, were consistently negative for Cox-2 staining outside the 
areass of epithelial injury. 

DISCUSSION N 
Ourr first goal was to characterize several Cox-2 antibodies 

byy using immunohistochemistry. This was achieved by perform-
ingg preadsorption control experiments with the antigenic pep-
tidess or with the recombinant Cox-2 protein, which was neces-
saryy because a simple omission of the primary antibody or its 
replacementt with a control serum or IgG was not sufficient. 
Furthermore,, it became apparent that several cancer specimens 
neededd to be examined, because some nonpurified polyclonal 

antibodiess gave both specific and unspecific signals in the 
cancerr cells. In fact, only the affinity-purified polyclonal anti-
bodyy preparation and the mAb stained the tumor cells in a 
specificc manner, which is supported by the following observa-
tions:: (a) all of the tumor-cell staining obtained by the mono-
clonall  or the affinity-purified antibodies was blocked by the 
preadsorptionn protocol; (b) the cellular distribution of immuno-
stainingg obtained by these two antibodies was similar; and (c) 
thee intensity of immunoreactivity obtained by them correlated. 

Ourr data suggest that Cox-2 is expressed predominantly by 
thee intestinal type but not by the diffuse-type gastric adenocar-
cinomaa as detected by immunohistochemistry. Furthermore, un-
classifiedd tumors expressed Cox-2 only at sites of better differ-
entiation.. Interestingly, colorectal tumors that show a 
histologicall  pattern of signet ring cells, a typical feature of 
diffuse-typee gastric cancer (1, 2), contain low levels of Cox-2 
immunoreactivityy (39). Furthermore, recent reports indicate that 
genotypicc features (e.g., defective mismatch repair) have an 
effectt on expression of Cox-2 in both gastric and colorectal 
cancerss (37, 39). Because a different set of genetic alterations 
mayy take place in the sequence leading to the two histologically 
distinctt types of gastric carcinoma (1, 4), it is possible that a 
cellularr event(s) typical for intestinal-type carcinogenesis is 
responsiblee for induction of Cox-2 expression. 

Onlyy a limited number of observations have been made 
aboutt expression of Cox-2 in gastric cancer by using immuno-
histochemistry.. These data show quite variable frequency (43-
100%.)) and cellular distribution of Cox-2 protein (33, 35, 40, 
41).. In our specimens, the frequency of Cox-2 positive intesti-
nal-typee gastric adenocarcinomas was 58%, and the Cox-2 im-
munoreactivityy localized to the carcinoma cells. Although car-
cinomaa cells have consistently been shown to express the 
highestt levels of Cox-2 in esophageal, gastric, and colorectal 
tumors,, the extent of stromal cell positivity remains unclear (24, 
35,, 40-45). Variable results may depend on specificity and 
sensitivityy issues related to different Cox-2 antibodies and stain-
ingg protocols or alternatively on tissue collection and handling 
procedures. . 

Inn addition to immunohistochemistry. elevated levels of 
Cox-22 mRNA and protein have been detected in gastric cancer 
specimenss by Northern and Western blot analyses (33, 34), and 
elevatedd Cox-2 protein levels have been detected in 67-83% of 
gastricc adenocarcinomas (35-37. 46). However, elevation of 
Cox-22 expression was found in both intestinal- and diffuse-type 
tumorss (33, 35, 46). This apparent discrepancy between our 
presentt immunohistochemical data and that obtained by analyz-
ingg whole tissues may, at least in part, depend on our observa-
tionn that gastric tumor specimens have a high frequency of 
Cox-22 positive erosions and ulcerations. This injury-associated 
Cox-22 expression localized to the stromal cells that were posi-
tionedd close to the lumen of the stomach. However, when no 
mucosall  injury was observed or when intestinal-type carcino-
mass below the mucosa were observed, no Cox-2 immunoreac-
tivityy was detected in the stromal cells of the tumors. Thus, the 
frequencyfrequency of Cox-2 positive tumors may be overestimated when 
wholee tissue preparations are analyzed, because a proportion of 
thee signal may originate from nonneoplastic cells at the site of 
aa mucosal injury. This is especially important in tumors that 
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Fig.Fig. 4 Cox-2 expression in 
gastricc carcinoma cell lines. The 
celll  lines thai originated from 
well  I-differentiated carcinomas 
(MKN-288 and MKN-74) ex-
pressedd more Cox-2 mRNA and 
proteinn as measured by Northern 
blott and Western blot analyses, 
respectively,, when compared 
withh the poorly differentiated 
signett ring cell lines (HSC-39 
andd KATO III) . The well-differ-
entiatedd cell lines also converted 
moree arachidonic acid to PGÊ  
thann the poorly differentiated 
celll  lines. 

expresss low or nondetectable levels of Cox-2, such as diffuse-
typee gastric adenocarcinomas. 

Ourr results suggest, for the first time, that Cox-2 is ex-
pressedd in definitive dysplasias of the stomach that do not show 
evidencee for invasion. In this respect they represent true pre-
neoplasticc lesions of the intestinal-type gastric adenocarcinoma 
(3).. Cox-2 immunoreactivity localized to the dysplastic epithe-
liall  cells, which is consistent with the data published on Bar-
rett'ss dysplasia (42,47). In addition to neoplastic epithelial cells, 
Cox-22 is also expressed in the stromal compartment of intestinal 
adenomatouss polyps (25, 45, 48). These stromal cells have the 
morphologicall  and immunohistochemical characteristics of 
macrophages,, myofibroblasts, and sometimes also vascular en-
dotheliall  cells. Although the exact nature of these cells remains 
aa topic of discussion (48), a recent report suggests that stromal 
expressionn of Cox-2 may contribute to carcinogenesis (49). 

HelicobacterHelicobacter pylori has been classified as a group 1 car-
cinogenn for gastric cancer (1). Although factors released by H. 

pyloripylori have been reported to induce expression of Cox-2 in a 
gastricc carcinoma cell line (50), expression of Cox-2 was de-
tectedd in connective tissue cells and inflammatory mononuclear 
cellss rather than in the epithelial cells in H. pylori gastritis 
(51-55).. However, one report indicates that the highest H. 
pv/or/-associatedd staining is in the epithelial cell compartment 
includingg metaplastic epithelium (56). It is unclear to what 
extentt the infection itself is responsible for Cox-2 expression in 
cancerr cells in v/vo, but we would like to propose that the 
elevatedd Cox-2 expression in transformed cells is more likely to 
dependd on intrinsic events within the neoplastic cell such as the 
activationn of oncogenes or the inactivation of tumor suppressor 
genes.. This is supported by our observations that well-differen-
tiatedd gastric cancer cell lines express the constitutively biolog-
icallyy active Cox-2 enzyme and because invasive gastric cancer 
cells,, which are not in contact with the infection, express Cox-2 
withh comparable or even higher levels than the superficial 
cancerr cells. It is, however, possible that chronic inflammation-
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Fig.Fig. 5 Cox-2 is expressed in epithelial 
ceilss of definitive dysplasias of the 
stomach,, but the stromal cells are posi-
tivee for Cox-2 only at sites of mucosal 
injury.. A, dysplasia of the stomach that 
showedd no evidence for invasion as 
stainedd with the mAb: B. preadsorption 
control.. C, another dysplasia of the 
stomachh stained with the affinity-puri-
fiedd polyclonal antibody preparation 
(notee the positive dysplastic glands on 
thee right, and non-neoplastic glands on 
thee left that remained negative); D, 
preadsorptionn control. E, Cox-2 immu-
noreactivityy at a site of an erosion of the 
stomach.. Cox-2 immunoreactivity local-
izess close to the luminal side of the 
injuryy and is present in the inflammatory 
cellss and connective tissue cells as 
stainedd with the mAb (no neoplastic 
cellss are evident in this specimen); F, 
preadsorptionn control. X600. 

inducedd expression of Cox-2 in stromal cells contributes to the 
sequencee leading to neoplastic transformation, for example, by 
inducingg immunosuppression (57). 

Cox-22 expression has been reported to correlate with inva-
sionn of the lymphatic vessels, lymph node metastasis, and ad-
vancedd tumor stage in gastric cancer (36, 37). Interestingly, 
experimentall  data suggest that expression of Cox-2 may lead to 
increasedd invasive potential (58). Furthermore, a Cox-2 selec-
tivee inhibitor reduced the growth of a Cox-2-expressing human 
gastricc carcinoma cell line but not that of nonexpressing cell 
liness (59, 60), and inhibition of Cox-2 also reduces growth of 
thee Cox-2-expressing gastric cancer cell line in nude mice 
mainlyy by inducing apoptosis (61). It was recently reported that 
Cox-22 expression correlates with density of CD34-positive mi-
crovascularr endothelial cells, which may implicate that Cox-2 
overexpressionn is associated with angiogenesis in gastric cancer 
(46).. This is supported by experimental animal studies in which 
aa Cox-2-selective inhibitor suppressed angiogenesis and tumor 
growthh of a Cox-2-expressing gastric cancer cell line in nude 
micee (62). Interestingly, a nonselective Cox inhibitor reduced 
angiogenesiss in xenografts of a non-Cox-2-expressing cell line 
(62)) indicating that inhibition of vascular endothelial Cox-1 may 
alsoo be an antiangiogenic target (63- 65). 

Ourr data suggest that expression of Cox-2 is elevated in 
intestinal-typee gastric adenocarcinoma and that this expression 
iss not restricted to the invasive cancer, because Cox-2 was also 
detectedd in definitive dysplasias of the stomach. Whether Cox-2 
inhibitorss can be used in treatment of patients who have pre-

neoplasticc gastric lesions or suffer from gastric cancer remains 
too be studied. 
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Abstrac t t 
Thee prolonged use of non-steroidal anti-inflammatory drugs (NSAIDs) has been associated 
withh a reduced risk of gastric cancer. The best-known target of these drugs is cyclooxygenase 
(COX);; the COX-2 isoform is frequently up-regulated in gastric adenocarcinomas. Using the 
post-gastrectomyy stomach as a model, the expression of COX-2 mRNA and protein has been 
investigatedd during tumour progression in the human stomach. COX-2 expression was comparable 
inn gastric stump carcinomas and conventional gastric carcinomas and localized primarily to the 
cytoplasmm of the neoplastic cells. COX-2 mRNA was elevated in biopsies containing intestinal 
metaplasia,, as determined by reverse transcriptase polymerase chain reaction (RT-PCR). COX-2 
immunopositivityy became more frequent during progression from reactive epithelium to high-grade 
dysplasia,, both in the epithelial and in the stromal cell compartment. Co-localization of COX-2-
positivee stromal cells was seen with CD68, «-smooth muscle actin (er-SMA), vimentin, and HLA-
DR,, but an as yet unidentified subpopulation of stromal cells remained. Co-localization with the 
macrophagee marker CD68 was only observed in a minority of COX-2-positive ceils. These data 
showw that COX-2 expression is a relatively early event during carcinogenesis in the stomach. 
COX-22 expression increases during tumour progression in the stomach, suggesting a role for 
COX-22 expression in gastric tumourigenesis. Copyright < 2001 John Wiley & Sons, Ltd. 

Keywords:: stomach; cyclooxygenase; cancer; carcinogenesis; tumour progression 

In t roduc t io n n 

Thee prolonged use of aspirin and other non-steroidal 
anti-inflammatoryy drugs (NSAIDs) is associated with a 
reducedd incidence of colorectal, oesophageal, and 
gastricc cancer [1.2]. Chemically induced carcinogenesis 
cann be inhibited by several NSAIDs in animal models 
andd the NSAID sulindac causes regression of adeno-
matouss polyps in the colon of patients with familial 
adenomatouss polyposis (FAP) [3,4]. 

Thee best-known target of NSAIDs is cyclooxygenase 
(COX),, the rate-limiting enzyme in the conversion of 
arachidonicc acid to prostanoids. To date, two COX 
isoformss (COX-1 and COX-2) have been cloned; they 
sharee over 60% identity at the amino acid level and 
havee similar enzymatic activities [5]. COX-1 is con-
stitutivelyy expressed in most tissues and is considered 
ass a housekeeping gene involved in cytoprotection of 
thee stomach, vasodilatation in the kidney, and control 
off  platelet aggregation. COX-2 is an immediate-
earlyy gene that can be induced by various stimuli 
suchh as hormones, cytokines, growth factors, and 
tumourr promotors. Increased expression of COX-2 
hass been associated with inflammatory processes and 
carcinogenesiss [6]. 

Recentt studies suggest that the effects of NSAIDs in 
thee prevention of gastrointestinal neoplasms are at 
leastt partially COX-2-dependent. although it should be 
notedd that some of the anti-neoplastic effects of these 
drugss cannot be explained solely by the inhibition of 
COXX enzymes [7.8]. Elevated COX-2 expression has 
beenn detected in several common human malignancies, 
predominantlyy of the gastrointestinal tract, including 
colorectal,, oesophageal, pancreatic, and gastric carci-
nomass [9]. In colorectal cancer. COX-2 messenger 
RNAA (mRNA). protein, and prostanoid levels are 
elevatedd in adenomas compared with normal-
appearingg mucosa [10-12]. In Barrett's metaplasia 
andd dysplasia, COX-2 protein expression was also 
significantlyy higher than in the adjacent normal 
squamouss cell oesophageal mucosa [13]. These results 
suggestt a relatively early role for COX-2 expression in 
carcinogenesiss of the colorectum and the oesophagus. 

Off  the two main histological types of adenocarci-
nomaa of the stomach (intestinal and diffuse), tumouri-
genesiss of the intestinal type is better understood; it is 
thoughtt to be governed by environmental factors and 
itt is preceded by a stepwise precancerous process that 
sharess features of the adenoma-carcinoma sequence of 
thee colorectum [14]. We have shown that COX-2 
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cox-, cox-, 
overexpressionn is common in the intestinal type of 
gastricc carcinoma and in dysplastic precursor lesions of 
thiss disease [15], but the role and timing of COX-2 
inductionn in the progression from normal gastric 
mucosaa to malignancy have not been systematically 
studiedd and precisely documented. 

Remotee partial gastrectomy is a well-established pre-
malignantt condition [16]. After peptic ulcer surgery, 
patientss enter an accelerated neoplastic process during 
whichh the putative precursor lesions of the intestinal 
typee of gastric carcinoma, such as atrophy with intes-
tinall  metaplasia and dysplasia, become more prevalent. 
Thiss is very similar to the model that has been pro-
posedd for the intestinal type of gastric cancer in the 
non-operatedd stomach and we have postulated that the 
gastricc remnant could therefore act as a suitable 
humann model to study tumour progression in the sto-
machh [17,18]. 

Inn this study we have used the post-gastrectomy 
stomachh as a model of human gastric carcinogenesis, in 
whichh we have evaluated the expression of COX-2 in 
consecutive,, increasingly severe precursor lesions of 
gastricc (stump) cancer. Furthermore, we have char-
acterizedd the COX-2-expressing stromal cells using 
double-stainingg immunohistochemistry. 

Mater ia lss and m e t h o d s 

Patientt material 

Carcinoma s s 
Archivall  tissues from gastric stump carcinomas (« = 27) 
andd conventional gastric carcinomas of the non-
operatedd stomach (n = 26) were studied. The tumours 
weree classified according to the Lauren classification by 
ann experienced gastrointestinal pathologist (GJAO) 
[14].. All tumours studied were of the intestinal type. 
Thee tumours were obtained from three different hos-
pitalss in The Netherlands, Poland, and the USA. Base-
linee characteristics in both groups were comparable. 

Precurso rr  lesion s 
Biopsiess were available from post-gastrectomy patients 
fromm the Amsterdam post-gastrectomy cohort, who 
underwentt a partial gastrectomy in the remote past 
becausee of peptic ulcer disease. Most of these biopsies 
weree obtained during an endoscopic screening pro-
grammee in this cohort, performed between 1976 and 
19822 [19]. Some biopsies taken from post-gastrectomy 
patientss outside the screening programme were also 
availablee for study. The biopsies were histopatho-
logicallyy evaluated by pathologist GJAO. 

ForFor the RT-PCR analysis, fresh biopsies from the 
non-operatedd stomach were used. RNA was directly 
isolatedd from the biopsies used for RT-PCR analysis, 
ass described previously [20]. For each biopsy used for 
RNAA isolation, another biopsy was taken from the 
immediatelyy adjacent mucosa, for histopathological 
evaluation. . 

'' expression during gastric carcinogenesis 

Immunohistochemistry y 

Formalin-fixed,, paraffin-embedded specimens were sec-
tionedd (5 urn), deparaffinized. and microwave-treated 
forr 10 min in 0.01 M Na-citrate buffer (pH 6.0). The 
slidess were then immersed in 0.3% hydrogen peroxide 
inn methanol for 30 min and then in blocking solution 
(0.011 M Tris, 0.1 M MgCl2, 0.5% Tween-20, 1% BSA. 
5%% normal goat serum) for 1 h to block endogenous 
peroxidasee activity and non-specific binding sites, 
respectively.. Immunostaining was performed with a 
COX-2-specificc mouse anti-human monoclonal anti-
bodyy (160112, Cayman Chemical Co., Ann Arbor, MI , 
USA)) in a dilution of 1:100 in the blocking solution at 
44 C overnight. Recently, we evaluated several COX-2 
antibodiess available for immunohistochemistry and we 
concludedd that the above monoclonal antibody pro-
videdd us with the most specific immunoreactivity, 
whichh could be blocked by preadsorption of the anti-
bodyy with the antigenic peptide [15]. The Ultra vision 
anti-polyvalentt HRP detection system (Lab Vision 
Corporation,, Fremont, CA, USA) was used to visualize 
antibodyy binding sites with 3-amino-9-ethylcarbazole 
(AEC)) as a chromogen. The sections were counter-
stainedd with haematoxylin. Specificity of the antibody 
wass determined in selected slides by preadsorption of the 
primaryy antibody with a human COX-2 control peptide 
(200 ug/ml; Cayman Chemical) for 1 h at room tempera-
ture,, prior to the staining procedure. 

Scorin gg of th e carcinoma s 

Inn the resection specimens, both the intensity and the 
areaa of positivity of the COX-2 immunoreactivity were 
scored.. The intensity of the staining was estimated on a 
scalee from 0 (absent) to 4 (strong) and the area of 
positivityy was assessed by providing values 1 (focal or 
<< 10%), 2 (10-30%), 3 (30-50%) or 4 (>50%). Scoring 
wass performed by two observers (GJAO and BvR) and 
inn the case of disagreement, consensus was reached 
usingg a multi-headed microscope. The ultimate posi-
tivityy score of the immunoreactivity was obtained by 
multiplyingg the intensity and area values. A score of 0 
wass considered 'negative', 1-4 'weak', 5-8 'moderate', 
andd 9-16 'strong'. A carcinoma was considered 
'positive'' for COX-2 overexpression when a score of 5 
orr more was reached. 

Scorin gg of th e biopsie s 

Thee immunoreactivity score of the biopsies was divided 
intoo four categories; 'absent', 'weak' (l + >, 'moderate" 
(22 + ), and 'strong' (3 + ), based on the staining 
intensityy and proportion of positive cells. The epithelial 
andd stromal staining was scored separately. A biopsy 
wass considered 'positive' when a score of 2+ or more 
wass reached. 

Reversee transcriptase PCR 

Totall  RNA (1 ug) was converted to cDNA with 
Superscriptt II (Life Technologies, Grand Island. NY. 
USA)) with both oligo-dT (Pharmacia, Uppsala, 

81 1 



ChapterChapter 8 

Sweden)) and random hexamer primers (Lif e Techno-
logies).. To obtain semi-quantitative results, three para-
meterss were optimized: the number of cycles (24—46). 
thee concentration of primers, and the annealing 
temperature.. The DNA (4 ul) was PCR-ampiified in 
1000 ul of reaction mixture containing 10 m\i Tris-HCl 
(pH8.8>.. 50rrtM KC1. 0.2 mM dNTPs. 1.5 mvi MgCk 
0.55 ug (COX-2) or 0.15 ug [glyceraldehyde-3-phosphate 
dehydrogenasee (GAPDH)] of sense and antisense 
primerss [21]. and 2.5 U of Dynazyme II DNA Poly-
merasee (Finnzymes, Espoo, Finland). Samples were 
amplifiedd for 40 (COX-2) or 28 cycles (GAPDH) of 
denaturationn at 96 C for 1 min, annealing at 56 C 
(COX-2)) or 65 C (GAPDH) for 1 min. and extension 
att 72 C for 1 min. Amplified cDNAs were analysed by 
1.2%% agarose gel electrophoresis and ethidium bromide 
staining.. The amplified products were quantitated with 
aa high-performance CCD camera (Cohu 4910 series 
withh on-chip integration, Cohu Inc., San Diego. CA. 
USA)) and with Scion Image 1.57 software (Scion 
Corp... Frederick. MD. USA) on a Macintosh personal 
computer. . 

Double-stainingg immunohistochemistry 

Deparaffinizing,, blocking of endogenous peroxidase, 
antigenn retrieval, and blocking of non-specific binding 
sitess were performed as described above. Subsequently, 
thee slides were incubated in blocking solution with a 
mixturee of an antibody for COX-2 and a monoclonal 
antibodyy for either CD68. vimentin. x-smooth muscle 
actinn (a-SMA), CD31 or HLA-DR, respectively (all 
Dako.. Glostrup, Denmark). Antibody characteristics 
andd dilutions are summarized in Table 1. According to 
thee antibody specifications as supplied by the manufac-
turer,, the antibody for CD68 recognizes macrophages 
andd monocytes. It does not recognize antigen-
presentingg cells such as Langerhans' cells, interdigitat-
ingg cells, and follicular dendritic cells (which are 
usuallyy recognized by the antibody for HLA-DR). or 
myeloidd precursor cells and peripheral granulocytes. 
Thee antibody for vimentin reacts with a wide variety of 
cellss of mesenchymal origin. Cell types that are clearly 
labelledd include lymphoid cells, endothelial cells, 
fibroblasts,fibroblasts, and smooth muscle cells. The antibody for 

Tablee I. Antibodies used in the double-staining procedure 

Ant ige n n 

COX-2 2 

COX-2 2 

CD68 8 

Vimentir r 

i-SMA A 

CD3 3 

HLA-DR R 

Primar y y 

160112* * 

160126* * 
PG-MI ; ; 

3B4 4 

l / I A 4 ; ; 

IC/7QA--

Tal!B5 ; ; 

antibod y y MIP MIP 

M M 

P P 

M M 

M M 

M M 

M M 

M M 

IgGG subclas s 

IgG G 

lgG3 3 

IgG! ! 

IgGh IgGh 

lgG2< < 

IgGI I 

MM = mouse monoclonal antibod.. P = rabbit DOI.clonal antibocv 

'Cavmann Chemical Co., Ann Arbor. Ml. USA. 

'Southernn BiotecMolog. Associates Inc , BiiTnmgham, Al_, USA. 

'Dako,, Glostrup. Denman. 

j -SMAA recognizes myofibroblasts and smooth muscle 
cellss of vessels and parenchymes but not fibroblasts. 
Thee antibody for CD31 recognizes all endothelial cells. 

Preferentially,, the COX-2 monoclonal was used in 
thee double-staining procedure, but when the other 
monoclonall  antibody was of the same IgG subclass, a 
rabbitt anti-mouse affinity-purified COX-2 polyclonal 
antibodyy was used. After overnight incubation at 4 C. 
sectionss were rinsed three times in TBST (pH 7.4) and 
subsequentlyy incubated (30 min at room temperature) 
withh the appropriate secondary antibodies (Table 1), 
whichh were diluted in TBS containing lO'!^ ABO 
serum.. To bind the COX-2 primary antibodies, a 
biotinylatedd secondary antibody was used, whereas an 
alkalinee phosphatase (AP)-conjugated secondary anti-
bodyy was used to bind the other primary antibody. 
Afterr rinsing three times in TBS (pH 7.4). sections were 
incubatedd with streptABC complex/horseradish per-
oxidasee (HRP) (DAKO, Glostrup, Denmark) in TBS 
containingg 10% ABO serum. After rinsing with TBS 
(pHH 7.4) three times and 0 .05 M Tris HC1 (pH 8.5) 
twice.. AP activity was detected using Fast Blue (Sigma. 
St.. Louis, MO, USA) as a chromogen. Subsequently, 
thee sections were rinsed again in TBS (pH 7.4) three 
timess and HRP activity was detected using AEC as a 
chromogen.. Finally, the slides were counterstained with 
methyll  green. The slides were evaluated by two observers 
(BvRR and GJAO) on a multi-headed microscope. 

Statisticall analysis 

Forr statistical analysis, the Mann-Whitney t-test, the 
chi-squaredd test for trend, and the Wilcoxon rank-sum 
testt were used where indicated. Statistical significance 
wass assumed if the p value was less than 0.05. 

Result s s 

COX-22 expression in gastric stump carcinomas 
andd conventional gastric carcinomas 

Immunohistochemistryy for COX-2 was performed 
onn 27 gastric stump carcinomas and 26 conventional 
gastricc carcinomas. The staining pattern of the carci-
nomass ranged from focal staining to diffuse staining of 

Dilutio n n 

:25 5 

::  100 

11 :200 

11 .20 

11 :50 

11 : 100 

11 50 

Secondar yy antibod y 

Goatt anti-mouse gG 1 -'biotin 

Swinee anti-rabbit IgG/biotin 

Goatt anti-mouse lgG3/AP' 

Goatt a-ti-mouse IgG'ZAP1 

Goatt anti-mouse lgG2a/AP' 

Goatt anti-mouse lgG2a/AP 

Goatt anti-mouse tgGl/AP' 

Dilut i i 

50 0 

:400 0 

:50 0 

11 '50 

,20 0 

20 0 

11 :50 
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cox-, cox-, 
alll  cancer cells. Overall, 62% (33/53) of these carcino-
mass were positive for COX-2, with positivity defined as 
aa moderate to strong immunoreactivity score. The 
gastricc stump cancers had an overall positivity of 63% 
(17/27),, whereas the conventional gastric carcinomas 
hadd an overall positivity of 62% (16/26) (^=0.36. 
Mann-Whitneyy (/-test). 

Thee immunoreactivity was predominantly observed 
inn the cytoplasm of the cancer cells, sometimes with 
strongg perinuclear staining (Figures 1A and IB). When 
surroundingg non-cancerous epithelium was present in 
thee same slide, this was either negative or only weakly 
positivee (Figure tC). The immunoreactivity of intest-
inall  metaplasia was generally higher than that seen at 
sitess without intestinal metaplasia. At sites of epithelial 
injury,, such as erosions or ulcerations, strong immun-
oreactivityy was always observed in stromal cells 
(Figuree ID) . 

COX-22 expression in precursor lesions 

Usingg immunohistochemistry, the expression of COX-
22 was evaluated in 43 biopsies from the gastroenter-
ostomiess of post-gastrectomy patients. This series of 
biopsiess represented the whole spectrum of precursor 
lesionss of the tumour progression model proposed for 
thee intestinal type of gastric cancer (Figures 1E-IH). 
Histopathologically,, these biopsies were classified into 
fourr categories: those containing epithelium with 
reactivee changes («=I4), those containing intestinal 
metaplasiaa (n = 10), those with low-grade dysplasia 
(n=10),, and those containing high-grade dysplasia 
(/ii  = 9). The COX-2 immunoreactivity score in both the 
epitheliall  (Table 2) and the stromal component 
(Tablee 3) was determined. 

Inn parallel with the progression of reactive epi-
theliumm to the highest degree of epithelial dysplasia, 
thee proportion of cases scored as 'positive' increased. 
Thiss observation was similar in both the epithelial 
(p<(p< 0.0005) and the stromal cell compartment 
(p<0.05,(p<0.05, chi-squared test for trend). 

RT-PCRR for COX-2 mRNA was performed in 
biopsiess containing intestinal metaplasia from ten 
patients,, as well as in matched biopsies of the same 
patientss without intestinal metaplasia (Figure 2). In 
eightt out of ten cases, the arbitrary value of density 
correspondingg to the amount of PCR product was 
higherr in the sample containing intestinal metaplasia 
thann in its paired control sample without intestinal 
metaplasia.. In these eight cases, the mean elevation of 
thiss arbitrary value was 11.5-fold (range 1.5- to 34.0-
fold).. The difference in COX-2 mRNA levels bet-
weenn the biopsies with intestinal metaplasia and their 
pairedd controls was statistically significant (/><0.02, 
Wilcoxonn rank-sum test). 

Characterizationn of COX-2-positive stromal cells 

Strongg immunoreactivity was always observed in the 
stromall  cells at sites of epithelial injury. Furthermore, 
immunopositivityy was occasionally observed in stromal 

expressionexpression during gastric carcinogenesis 

cellss underneath the intact gastric mucosa, mainly 
whenn a carcinoma or dysplasia was present. We 
attemptedd to characterize these COX-2-positive stro-
mall  cells with respect to morphology and by using 
double-stainingg immunohistochemistry in ten cases of 
gastricc adenocarcinoma and in seven biopsies that were 
knownn to contain COX-2-positive stromal cells. The 
sampless were stained with an antibody for COX-2 and 
ann antibody for CD68, for HLA-DR, for s-SMA, for 
vimentin,, or for CD31, respectively. The percentage of 
double-stainingg cells was estimated as a proportion of 
thee COX-2-positive cells. 

Co-localizationn of COX-2 and the macrophage 
markerr CD68 (Figures 3A-3D) was seen in 0-10% of 
thee COX-2-positive stromal cells on average, with 
occasionallyy focal double staining in up to 30% of the 
cells.. When double staining was performed with an 
antibodyy against HLA-D R (Figure 3E), co-localization 
wass observed in approximately 10-20% of the cells. 
Co-localizationn of COX-2 and vimentin (Figure 3F) 
wass seen in an average of 0-10% of the cells with a 
focall  double-staining frequency of 50%. Co-
localizationn of COX-2 and a-SMA (Figures 3G and 
3H)) was seen in 0-20% of the cells and focally in up to 
100%% of the cells in ulcer beds at sites of actively 
inflamedd granulation tissue. Although the COX-2-
positivee stromal cells were occasionally surrounding 
vascularr structures, they were always situated outside 
thee vessels and were clearly no part of the vascular 
lining.. This was confirmed by double-staining immu-
nohistochemistry,, in which no co-localization of COX-
22 and the endothelial cell marker CD31 was observed 
(Figuress 31 and 3J). 

Discussio n n 

AA number of studies have reported up-regulation of 
COX-22 in gastric cancer, but only limited data are 
availablee on COX-2 expression in preneoplastic lesions 
off  the stomach [20,22-25]. Our study confirms these 
findingsfindings and provides more precise documentation of 
thee gradual increase of COX-2 expression during 
subsequentt stages of tumour progression in the 
stomach.. It also investigates the cells responsible for 
COX-22 overexpression during tumourigenesis in the 
stomach. . 

Inn the present study we used the post-gastrectomy 
stomachh as a human model for carcinogenesis to 
investigatee the expression of COX-2 during tumour 
progressionn in the stomach. In the long term, after 
partiall  gastrectomy, atrophy with intestinal metaplasia 
andd various degrees of dysplasia become more frequent 
andd these changes morphologically resemble the pre-
cursorss of the intestinal type of stomach cancer [17]. 
Thee cell proliferation kinetics of these lesions is also 
similarr to that observed in the non-operated stomach 
[26].. We have therefore previously postulated that the 
longstandingg gastric stump provides a suitable model 
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Figur ee I. Immunohistochemistry for COX-2 in human gastric (stump) carcinomas (A-D) and precursor lesions (E-H). (A) Diffuse 
cytoplasmicc immunoreactivity in carcinoma cells (inset: preadsorption control). (B) Variably strong immunoreactivity within a 
tumour.. Note the strong perinuclear staining in some of the cancer cells (arrowheads). (C) Weak immunoreactivity in non-
cancerouss epithelium (arrowheads) adjacent to moderately positive cancer cells (arrows). (D) Strong immunoreactivity in stromal 
cellss along an ulcer bed in a stomach with cancer {inset: preadsorption control). Cancer cells are marked with arrowheads. 
(E)) Chronically inflamed gastric mucosa with focally sparse immunoreactivity (arrowheads) in the epithelial cells. (F) Intestinal 
metaplasiaa with diffuse and weak to moderate immunoreactivity in the epithelial cells. (G) Low-grade dysplasia with diffuse and 
moderatee immunoreactivity in the dysplastic epithelial cells (arrowheads). Adjacent superficial cells without dysplasia exhibit less 
intensee positivity (arrows). Subepithelial stromal cells exhibit strong immunoreactivity (asterisks). (H) High-grade dysplasia with 
diffusee and moderate immunoreactivity in the epithelial cells and strong positivity in subepithelial stromal cells (arrowheads) 

too study the molecular changes of the neoplastic intestinal type of gastric cancer [15]. It is interesting 
processs of (intestinal type) cancer in the stomach [18]. to note that while the use of NSAIDs has been 

Ourr data indicate that COX-2 overexpression occurs associated with a lower risk of gastric cancer in the 
inn approximately 58% of gastric carcinomas and that distal part of the stomach (corpus and antrum), this 
thiss overexpression is virtually restricted to the effect was not apparent in the proximal part (cardia 
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Tablee 2. COX-2 immunoreactivity in precursor lesions: 

epitheliall staining. The immunoreactivity score and the histo-

pathologicall classification of the 43 biopsies are indi-

cated,, both in absolute numbers and in percentages 

Reactivee epithelium 

Intestinall metaplasia 

Low-gradee dysplasia 

High-gradee dysplasia 

nn  = 43 

14 4 

10 0 

10 0 

9 9 

Negative/wea k k 

--
i i 

7% % 

0 0 

0% % 
0 0 

0% % 
0 0 
0% % 

+ + 

10 0 
71% % 

7 7 

70% % 

2 2 
20% % 

1 1 

11% % 

Positiv e e 

4-4--

3 3 

21% % 

3 3 
30% % 

3 3 
30% % 

3 3 
33% % 

4-4-4--

0 0 

0% % 

0 0 
0% % 

5 5 
50% % 

5 5 
55% % 

p << 0.0005 (chi-squared for trend). 

Tablee 3. COX-2 immunoreactivity in precursor lesions: 

stromall staining. The immunoreactivity score and the 

histoo path o logical classification of the 43 biopsies are indi-

cated,, both in absolute numbers and in percentages 

Reactivee epithelium 

Intestinall metaplasia 

Low-gradee dysplasia 

High-gradee dysplasia 

p<0.055 (chi-squared 

nn = 

14 4 

10 0 

m m 

9 9 

43 3 

forr trend). 

Negative/wea k k 

--
7 7 

50% % 
5 5 

50% % 
2 2 

20% % 
1 1 

11 1% 

4--

5 5 

36% % 
4 4 

40% % 
3 3 

30% % 
4 4 

44% % 

Positiv e e 

4-- + 

0 0 

0% % 
0 0 
0% % 
1 1 

10% % 
0 0 

0% % 

++ + + 

2 2 
14% % 

1 1 

10% % 
4 4 

40% % 
4 4 

44% % 

cancer)) [2,27]. This is intriguing, because overexpres-

sionn of COX-2 appears to be less prominent in cardia 

carcinomass than in carcinomas of the distal stomach 

[28].. Thus, there seems to be a correlation between 

thesee epidemiological data and the expression of COX-2 

inn human gastric carcinomas. 

Ass expected, a similar frequency of COX-2 expres-

sionn was observed in stump cancers and conventional 

primaryy gastric carcinomas in the present study. Both 

H.H. pylori and biliary reflux have been implicated in 

thee induction of COX-2 overexpression [13,24]. After 

partiall  gastrectomy, the biliary reflux increases and this 

wouldd favour higher expression of COX-2 in the post-

gastrectomyy stomach. On the other hand, the same 

biliaryy reflux eliminates the pre-existing H. pylori from 

"" C IM C IM C 

Cox-22 *m *m.jmm-mm*m 

B B 
x x 
Q Q 
Q_ _ 
< < 
CD D 
OJ J 

X X 

o o 
O O 

IMM C IM C a H , 0 

0.001 1 
IM M 

F igu r ee 2 . C O X - 2 and G A P D H m R N A levels w e r e de te rm ined 

byy a semi-quantitat ive RT-PCR analysis in biopsies containing 

intestinall metaplasia and in matched con t ro l biopsies w i t h o u t 

intestinall metaplasia. (A) Representative gel o f RT-PCR products 

f r o mm cont ro l biopsies (C) and biopsies containing intestinal 

metaplasiaa (IM). A carcinoma, known to express C O X - 2 (Ca), 

andd a water sample ( H 2 0 ) served as a posit ive and a negative 

con t ro l ,, respectively. (B) Dens i tomet ry o f all samples f r o m 

biopsiess w i th intestinal metaplasia (IM) and the i r matched 

cont ro lss (C) (IM vs. C, p < 0 . 0 2 , W i l c o x o n rank-sum test) 

thee gastroenterostomy, which has an opposite effect on 

COX-22 expression. 

Thee expression of COX-2 is not restricted to invasive 

carcinomas.. In this study, the morphological substrates 

off  the progression model as postulated for the 

intestinall  type of gastric carcinoma were represented 

byy a series of biopsies from the gastric remnant [17]. 

Ourr results show that COX-2 is also expressed in these 

preneoplasticc epithelial lesions of the stomach and 

thatt the staining intensity appears to increase with the 

progressionn towards invasive carcinoma. Variably 

strongg immunoreactivity has recently been reported in 

thee epithelial and stromal cells of intestinal metaplasia, 

andd in the stroma and epithelium associated with 

chronicc atrophic gastritis and active gastritis [24]. 

Otherss have reported that in H. pylori gastritis, the 

COX-22 positivity was predominantly found in the 

stromall  cells, with the exception of a very few epithelial 

cellss at the edges of ulcer beds [29-31]. 

F igu r ee 3. Double-staining immunohistochemist ry . In all pictures, red staining represents C O X - 2 immunoreact iv i ty , whereas blue 

stainingg represents immunoreact iv i ty fo r the o ther antigen. (A, B) C D 6 8 / C O X - 2 double staining in subepithelial COX-2-express ing 

cellss w i t h co-local izat ion in some cells (arrowheads), but not in the major i ty of the cells. {C, D) C D 6 8 / C O X - 2 double staining of 

COX-2-express ingg cells in ulcer beds; no co-localization of C O X - 2 and C D 6 8 . (E) H L A - D R / C O X - 2 double staining o f C O X - 2 -

positivee cells showing co-localization in a p ropo r t i on of the cells (arrowheads). (F) Viment in double staining of COX-2-pos i t i ve cells 

w i thh focally f requent co-localization (arrowheads). (G, H) 2 -SMA/COX-2 double staining of COX-2-pos i t i ve cells in ulcer beds. In 

general,, there is no co-localization of C O X - 2 and x-SMA in ulcer beds (G), but focally up to 100% co-localization is found at sites of 

highlyy prol i ferat ive granulation tissue (H). ( I , J) C D 3 I / C O X - 2 double staining o f COX-2-pos i t i ve cells; no co-localization in 

subepitheliall COX-2-express ing cells (I) o r in COX-2-pos i t i ve cells in ulcer beds (J) 
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COX-2COX-2 expression during gastric carcinogenesis 

Thee fact that not only the epithelial, but also the 
stromall  COX-2 positivity increases during the progres-
sionn of the neoplastic process in the (post-gastrectomy) 
stomachh raises questions about the role of the COX-2-
expressingg stromal cells during carcinogenesis. The 
expressionn of COX-2 by stromal cells may be a pure 
epiphenomenon,, unrelated to the carcinogenesis itself, 
andd may just reflect an inflammatory response to 
mucosall  injury. On the other hand, COX-2 expression 
byy the stromal cell component could possibly stimulate 
thee (pre)neopiastic epithelium in a paracrine fashion 
andd thus actively contribute to the neoplastic process. 
Thiss is supported by findings in C57BL/6 mice, in 
whichh the growth of a lung carcinoma cell line is 
markedlyy attenuated in COX-2 _/ mice or mice 
treatedd with a COX-2-selective inhibitor, when com-
paredd with wild-type untreated mice [32], This mechan-
ismm has recently also been suggested for carcinogenesis 
inn the colorectum [12]. Although speculative, one could 
evenn envisage a mechanism in which initially a noxious 
stimuluss (e.g. by H pylori or biliary reflux) induces 
COX-22 predominantly in the stromal cells. The 
increasedd prostaglandin E2 (PGE2) synthesis by these 
COX-2-expressingg stromal cells might subsequently 
havee a paracrine effect on the gastric epithelial cells. 
Forr example, PGE2 can inhibit apoptosis and activate 
thee phosphatidylinositol 3-kinase/protein kinase B 
pathwayy in colorectal cancer cells [33,34]. Further-
more,, administration of PGE2 to healthy volunteers 
resultedd in an increased thickness of gastric mucosa 
[35].. Thus, increased PGE2 synthesis can lead to 
increasedd proliferation of the gastric epithelial cells, 
whichh could be accompanied by an increased vulner-
abilityy to the induction of genetic alterations in these 
cells.. In turn, the activation of oncogenes or inactiva-
tionn of tumour suppressor genes may then induce 
COX-22 expression in the epithelial cells themselves. 
Forr example, COX-2 expression is reduced in cells 
expressingg wild-type p53 tumour suppressor protein 
whenn compared with cells expressing mutant p53. A 
correlationn was also reported recently between p53 
mutationss and COX-2 overexpression [36,37]. 

Dataa on the identity of the COX-2-expressing 
stromall  cells are limited, particularly in the stomach, 
andd most findings have been based on morphological 
characteristicss only, or on immunohistochemical data 
onn serial sections. Oshima et al. suggested that these 
cellss are both inflammatory cells and (subepithelial) 
myofibroblastss within adenomas of ApcA716 mice, 
usingg a COX-2-LacZ reporter and subsequent electron 
microscopyy [38]. This was confirmed in a recent paper 
byy Shattuck-Brandt et al. in several mouse models of 
colorectall  cancer [39], However, Hull et al. argued that 
thesee cells are predominantly macrophages and cau-
tionedd against the overestimation of the myofibroblast 
ass a prominent source of COX-2 in murine intestinal 
tumourss [40,41]. In a recent paper by the same group 
onn COX-2 expression in human colorectal adenomas, 
itt was concluded that the majority of these cells are 
macrophages,, as demonstrated by co-localization with 

thee macrophage marker CD68, which is in line with 
previouss findings of Bamba et al. [12,42]. 

Inn the present study, we attempted to characterize 
thee COX-2-expressing stromal cells in the mucosa of 
thee stomach by means of double-staining immuno-
histochemistry.. COX-2 immunoreactivity co-localized 
withh the macrophage marker CD68 in only a minority 
off  cells. This was observed both at sites of ulceration 
andd underneath intact superficial epithelium. This low 
frequencyy of COX-2-expressing macrophages is appar-
entlyy different from that reported for colorectal 
neoplasms,, as mentioned above. Technical and meth-
odologicall  differences may account for these differ-
encess and obviously the COX-2-expressing stromal cell 
populationn in the stomach may be different from that 
inn the colon. In addition to CD68, co-localization was 
moree frequently observed with HLA-DR-expressing 
cells,, suggesting that at least a proportion of the COX-
2-expressingg stromal cells are antigen-presenting cells. 
Generally,, a low frequency of co-localization of COX-2 
wass also seen with vimentin and a-SMA, but a high 
frequencyy of co-localization with i-SMA was seen in a 
feww cases with actively inflamed granulation tissue in 
ulcerr beds. When double staining was performed with 
thee endothelial marker CD31, no co-localization was 
observed,, suggesting that in the stomach, COX-2 is not 
expressedd by vascular endothelium. It appears, there-
fore,, that COX-2 expression can occur in a wide 
varietyy of stromal cells in the stomach. These cells may 
representt macrophages and myofibroblasts, but most 
likelyy also a yet unidentified population of cells. At 
leastt some of these cells appear to have antigen-
presentingg properties, as demonstrated by the expres-
sionn of the HLA-DR antigen. 

Inn summary, our results suggest that the expression 
off  COX-2 is comparable in gastric stump carcinomas 
andd conventional gastric carcinomas, of the intestinal 
type.. The expression of COX-2 increases during the 
progressionn of gastric carcinogenesis, both in the 
epitheliall  and in the stromal cells. Further study of 
thee role of COX-2 inhibitors in suppressing carcino-
genesiss in the stomach and of the identity of the COX-
2-expressingg stromal cells is warranted. 
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ABSTRAC T T 
Adenocarcinomass of the gastrointestinal tract release elevated levels of 
prostaglandinn E2 (PGE2), which has been mechanistically linked to 
carcinogenesis.. Recently, two distinct forms of prostaglandin E synthase 
(PGES)) were cloned, of which the microsomal isoform (mPGES) appears to 
bee inducible and linked to cyclooxygenase-2 (COX-2) in the biosynthesis of 
PGE2.. We examined expression of mPGES mRNA and protein in intestinal 
typee gastric adenocarcinomas and in gastric cancer cell lines. The transcript 
forr mPGES was elevated in 57% (4/7) of gastric carcinomas as detected by 
Northernn blot analysis. Moderate to strong mPGES immunoreactivity was 
observedd in 56% (5/9) of the carcinomas as detected by 
immunohistochemistry.. Furthermore, mPGES mRNA and protein were 
expressedd in three gastric cancer cell lines, of which two originated from 
intestinall type tumors (MKN-7 and MKN-28) and one from an 
adenosquamouss tumor (MKN-1). Activity of microsomal PGES correlated 
withh the expression data. In contrast to COX-2, expression of mPGES 
mRNAA or protein were not induced by interleukin-1 li or phorbol 12-myristate 
13-acetatee in any of the gastric cancer cell lines. In conclusion, mPGES is 
expressedd in gastric adenocarcinoma, in which it may facilitate the efficient 
releasee of PGE2 via the COX-2 pathway. Regulation of mPGES and COX-2 
expressionn occur via separate pathways in gastric cancer cell lines. 
Furthermore,, our data suggest that the optimal induction of PGE2 production 
requiress both basal expression of mPGES and induction of COX-2 
expression. . 
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INTRODUCTION N 
Gastricc and colon cancer tissues release 
higherr levels of prostaglandin E2 <PGE2) 
whenn compared to non-neoplastic mucosa 
[1,2].. This phenomenon seems to be 
specificc for PGE2, since levels of other 
prostanoidss were not increased. PGE2 has 
beenn shown to be mechanistically linked to 
carcinogenesis,, since it inhibits apoptosis 
andd enhances growth and motility of colon 
cancerr cells [3,4]. A recent study also 
demonstratedd that PGE2 can mediate its 
actionn by transactivation of epidermal 
growthh factor receptor in gastric epithelial 
cells,, colon cancer cells, and in rat gastric 
mucosaa [5]. Furthermore, mice lacking 
PGE22 receptor subtypes EP1 or EP4 
showedd a decreased formation of 
chemicallyy induced aberrant crypt foci 
[6,7],, and genetic disruption of EP2 

receptorr decreased number and size of 
intestinall polyps in ApcA716 mice [8]. 
Prostaglandinn E synthase (PGES) is the 
terminall isomerase involved in the 
synthesiss of PGE2. Two distinct isoforms 
off PGES have been cloned [9-11], of 
whichh cytosolic PGES (cPGES) appears to 
bee constitutively expressed [11], while 
microsomall PGES (mPGES) seems to be 
induciblee and responsible for delayed 
PGE22 synthesis in response to 
inflammatoryy stimuli [9,10,12,13]. Recent 
studiess describe mPGES overexpression 
inn cancers of the lung, colorectum, and 
endometriumm [14-16]. It is not, however, 
knownn whether mPGES is expressed in 
gastricc cancer. Here we describe the 
expressionn of mPGES in human gastric 
cancerr specimens and in gastric cancer 
celll lines. 

MATERIALSS AND METHODS 
PatientPatient Samples 
Sevenn intestinal type primary gastric 
adenocarcinomaa specimens and their 
pairedd control samples of gastric mucosa 

thatt contained no macroscopic tumor 
tissuee or histologically detectable cancer 
cells,, were obtained from surgically 
removedd tissues that were frozen in liquid 
nitrogenn and stored at -70 C until 
extractionn of the total RNA [17]. In 
addition,, nine archival samples of intestinal 
typee gastric adenocarcinoma were 
analyzedd by immunohistochemistry. 

RNARNA Isolation and Northern Blot Analysis 
Totall RNA was extracted by using the 
TriZoll Reagent (Life Technologies, 
Paisley,, Scotland) and analyzed by 
Northernn blotting as previously described 
[17].. Purified cDNA fragments of human 
COX-22 (1.8 kb) [18] and mPGES (459 bp) 
[9]] were used as probes. Loading was 
controlledd by staining ribosomal 28S RNA 
withh GelStar (FMC Bio Products, Rockland 
ME). . 

Immunohistochemistry Immunohistochemistry 
Formalinn fixed and paraffin embedded 
specimenss were sectioned (4-5 urn), 
deparaffinized,, and microwaved for 2.5 
minn in 800 W and for 15 min in 440 W in 
0.011 M Na-citrate buffer (pH 6.0). The 
slidess were then immersed in 0.6 % 
hydrogenn peroxide in methanol for 30 min 
andd then in blocking solution (0.01 M Tris, 
0.11 M MgCI2, 0.5 % Tween-20, 1 % BSA, 
55 % normal goat serum) for 1h to block 
endogenouss peroxidase activity and 
unspecificc binding sites, respectively. 
Immunostainingg was performed with a 
rabbitt anti-human mPGES affinity-purified 
polyclonall antibody preparation (160140, 
Caymann Chemical Co., Ann Arbor, Ml) in a 
dilutionn of 1:50 in the blocking solution at 
4CC overnight. Subsequently, the sections 
weree treated with goat anti-rabbit 
immunoglobulinn (1:200; Vector 
Laboratoriess Inc., Burlingame, CA). 
Antibodyy binding sites were finally 
visualizedd by avidin-biotin peroxidase 
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Figuree 1. Expression of mPGES mRNA in intestinal type adenocarcinoma of the stomach. 
Northernn blot hybridization analysis of mRNA extracted from gastric cancer specimens (T) and 
fromm their paired non-neoplastic control samples (C) was performed by using probes for human 
mPGESS and fi-actin as the loading control. Four of seven tumor specimens are shown that 
expressedd an elevated level of mPGES mRNA when compared to their controls. 

complexx solution (Vectastain ABComplex, 
Vectorr Laboratories) and 3-amino-9-
ethylcarbazolee (Lab Vision Co., Fremont, 
CA).. The specificity of the antibody was 
determinedd by preadsorption of the 
primaryy antibody with human mPGES 
controll peptide (20 ug/ml, Cayman 
Chemical)) for one hour at room 
temperaturee prior to the staining 
procedure.. Counterstaining was performed 
withh Mayer's hemalaum (Merck, 
Darmstadt,, Germany). The intensity of the 
stainingg was scored as 0 (absent), 1 
(weak),, 2 (moderate) and 3 (strong) in 
consensuss of three investigators (BvR, AS, 
andd AR). 

CellCell Culture 
Thee gastric carcinoma cell lines originated 
eitherr from well or moderately 
differentiatedd intestinal type tumors (MKN-
7,, MKN-28, and MKN-74), from a poorly-
differentiatedd diffuse type tumor (MKN-45), 
orr from an adenosquamous carcinoma 
(MKN-1).. The cells were cultured in RPMI-
16400 supplemented with 10% fetal calf 
serumm (FCS; HyClone, Logan, UT), 2 mM 

L-glutamine,, and antibiotics (BioWhittaker 
Europe,, Belgium) and maintained in 37C 
att 5% C02 in air. A lung adenocarcinoma-
derivedd cell line (A549, American Type 
Tissuee Collection ATCC, CCL-185) was 
maintainedd in Dulbecco's modified Eagle's 
mediumm (DMEM) supplemented with 10% 
fetall calf serum, L-glutamine, and 
antibiotics.. Before each experiment the 
confluentt cultures were starved for 24h. in 
RPMI-16400 or DMEM containing 0.5% 
FCSS and then treated with or without 
humann recombinant interleukin-1fi (IL-1fi; 
100 ng/ml; R&D Systems, Minneapolis, UK) 
orr phorbol 12-myristate 13-acetate (PMA; 
100 ng/ml; Sigma Chemical Co., St. Louis, 
MO)) in starvation medium in 10 cm tissue 
culturee dishes for 2-48h. 

WesternWestern Blot 
Thee cells were lysed in RIPA buffer (150 
mMM NaCI, 1% NP-40, 1% sodium 
deoxycholate,, 0 .1% sodium dodecyl 
sulfate,, 1 mM EDTA, 50 mM Tris pH 8.0) 
supplementedd with Complete mini 
proteasee inhibitor cocktail tablets (Roche 
Diagnosticss GmbH, Mannheim, Germany) 
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Figure22 Human gastric tissues were stained with polyclonal mPGES antibodies. A: Intestinal 
typee gastric adenocarcinoma. B: Non-neoplastic mucosa adjacent to the tumor. An antigenic 
peptidee was used as a blocking control (inserts). Original magnification was 200x. 

andd centrifugated at 14000 g for 15 min. 
Proteinn concentration was measured using 
thee bovine serum albumin assay (Pierce, 
Rockford,, IL). Proteins (70 ug) were 
resuspendedd in sample loading buffer (74 
mMM Tris-HCI pH 6.8, 2% SDS, 12% 
glycerol,, 5% ft-mercaptoethanol, and 
0.015%% bromophenol blue), and separated 
byy SDS (12 or 15%)-PAGE. The proteins 
weree transferred electophoretically to 
Hybond-CC Extra nitrocellulose membranes 
(Amershamm Pharmacia Biotech, 
Buckinghamshire,, UK). Nonspecific 
bindingg was blocked by TBS-NP40-5% 
low-fatt dry milk solution overnight at 4C. 
Forr immunodetection the membrane was 
incubatedd with the polyclonal mPGES 
antibodiess (1:250), with a monoclonal 
COX-22 antibody (1:1000; 160112, Cayman 
Chemicall Co.), with a monoclonal COX-1 
antibodyy (1:500; 160110, Cayman 
Chemicall Co.), or with a cPGES anti-
humann affinity-purified polyclonal antibody 
preparationn (1:250; 160150, Cayman 
Chemicall Co.) for one hour at room 
temperature.. The membrane was washed 
threee times in TBS-NP40, and incubated 
withh sheep anti-mouse antibodies (COX-2 
andd COX-1) or donkey anti-rabbit (mPGES 

andd cPGES) conjugated to horseradish 
peroxidasee (1:2000; ECL Western blotting 
analysiss system, Amersham Pharmacia 
Biotech)) for one hour at room temperature. 
Afterr four washes with TBS-NP40, 
mPGES,, COX-2, COX-1, and cPGES 
proteinss were visualized by enhanced 
chemilumi-nescencee (Amersham 
Pharmaciaa Biotech). 

PGESPGES Enzyme Assay 
Microsomall and cytosolic PGES activities 
weree evaluated in MKN-1, MKN-7, MKN-
28,, MKN-45, MKN-74, and A549 cells as 
previouslyy described [19]. 

MeasurementMeasurement of PGE2 

Thee cancer cell lines were first starved in 
RPMI-16400 or DMEM containing 0.5 % 
FCSS in 12-well cell culture clusters 
overnightt and then treated with or without 
PMAA (10 ng/ml; Sigma Chemical Co., St. 
Louis,, MO) in starvation medium for 6 h. 
Subsequently,, the cells were washed 
oncee with RPMI-1640 and incubated 
furtherr with arachidonic acid (10 uM, 
Sigma)) for 20 min. PGE2 was analyzed 
withh EIA (Cayman Chemical Co.). 
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Tabl ee 1 . Activity of PGES in microsomal and cytosolic fractions of gastric cancer cell 
liness and in A-549 cells. 

Celll  Line 
MKN-1 1 
MKN-7 7 

MKN-28 8 
MKN-45 5 
MKN-74 4 

A549 9 

Microsoma l l 
62 2 

405 5 
408 8 

0 0 
0 0 

135 5 

Cytosoli c c 
1.5 5 
13.9 9 
17.7 7 
7.9 9 
9.2 2 
11.9 9 

Microsomall and cytosolic PGES activities were measured in five gastric adenocarcinoma cell 
liness and in a lung adenocarcinoma cell line (A549). Proteins (0.1 mg/ml) isolated from cell 
lysatess were incubated on ice for 1 min. in the presence of 10 pM PGH2 after which PGE2 (pMol) 
waswas measured. 

Tabl ee 2. Effect of PMA on synthesis of PGE2 in gastric cancer cell lines and in A-549 
cells. . 

Celll  line 

MKN-1 1 
MKN-7 7 

MKN-28 8 
MKN45 5 
MKN-74 4 

A549 9 

Contro l l 
(ng/ml) ) 

5 5 
3 3 
0 0 
8 8 
2 2 
2 2 

PMA A 
(ng/ml) ) 

4 4 
4 4 

4 4 
4 4 
1 1 
1 1 

PMA A 
(foldd induction) 

5.0 0 
7.0 0 
25.0 0 
3.5 5 
3.0 0 
19.7 7 

Synthesiss of PGE2 was measured in five gastric adenocarcinoma cell lines and in the lung 
adenocarcinomaa cell line (A549). The cells were first incubated with or without PMA (10 ng/ml) 
forr 6h, washed once, and then incubated with arachidonic acid (10 uM) for 20 min after which 
PGE22 was measured. Results are shown as M (n=3). 

RESULTS S 
Firstt we evaluated expression of mPGES 
inn intestinal type gastric adenocarcinoma 
specimens.. Four out of seven (57%) 
carcinomass showed elevated levels of 
mPGESS mRNA (range 1.4-3.7 -fold; Figure 
1)) and the mean elevation was 4 -
foldd (range 0.8-3.7) when compared to 
pairedd non-neoplastic gastric mucosa as 
detectedd by Northern blot analysis (Figure 
1).. Subsequently, expression of mPGES 
proteinn was evaluated in nine gastric 
adenocarcinomaa samples using 
immunohistochemistry.. Moderate to strong 
mPGESS immunoreactivity was observed in 
thee cytoplasm of gastric cancer cells in five 
outt of nine (56%) cases (Figure 2A). In 

addition,, strong immunoreactivity was 
observedd in surface lining cells of the non-
neoplasticc gastric glands (8/8; Figure 2B). 
Expressionn of mPGES and COX-2 were 
evaluatedd in five gastric cancer cell lines 
(MKN-1,, MKN-7, MKN-28, MKN-45, and 
MKN-74)) after incubation with and without 
IL-1SS or PMA for 2, 6, 24, and 48 hours. A 
non-smalll cell lung cancer cell line (A549) 
servedd as a positive control for induction of 
mPGESS by IL-1 H [9]. Expression levels of 
mPGESS and COX-2 mRNAs were induced 
byy both IL-1R and PMA in A549 cells as 
detectedd by Northern blot analysis (Figure 
3A).. The peak induction of mPGES was 
observed d 
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Figur ee 3. Expression of mPGES and COX-2 in five gastric adenocarcinoma cell lines and in a 
lungg adenocarcinoma cell line (A549) incubated with or without IL-1fi (10 ng/ml) or PMA (10 
ng/ml)) for 2-48h. A: COX-2 (top panel) and mPGES middle panel) mRNAs were detected by 
Northernn blot analysis. For COX-2 the 6h. time point is shown and for mPGES the 24h. time 
point.. Exposure times were 6h. for the A549 COX-2 blot, 2 days for the A549 mPGES blot, 10 
dayss for MKN-45 and MKN-74 mPGES blots, and 1 day for the rest of the blots. Ribosomal RNA 
28SS served as a loading control (bottom panel). 

att the 24h. time-point and for COX-2 at the 
6h.. time-point. Three gastric carcinoma 
celll lines expressed mPGES mRNA 
constitutivelyy (MKN-7 > MKN-28 > MKN-1) 
butt expression of the transcript was not 
inducedd in any of the gastric cancer cell 
lines.. In fact, PMA downregulated mPGES 
mRNAA expression in two of the cell lines 
(MKN-11 and MKN-28) at 6h., 24h., and 
48h.. time-points. In contrast to mPGES, 
COX-22 mRNA expression was induced by 
eitherr IL-1 ft or PMA or both in all cell lines 
testedd (Figure 3A). Our data on expression 
off mPGES and COX-2 proteins as 

detectedd by Western blot analysis are 
consistentt with the mRNA expression data 
(Figuree 3B). COX-1 protein was expressed 
byy only one cell line (MKN-1) whereas 
variablee amounts of cPGES were detected 
inn each cell line as measured by Western 
blottingg (Figure 4). 
Microsomall and cytosolic PGES activities 
weree analyzed next. Activity of mPGES 
(microsomal)) was observed in three 
gastricc cancer cell lines (MKN-1, MKN-7, 
andd MKN-28) and in A549 cells (Table 1). 
Inn contrast, MKN-45 and MKN-74 were 
devoidd of mPGES activity. Cytosolic PGES 
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Positivee control 
(A549) ) 

— — — 

MKN-1 1 

MKN-7 7 

-- Cox-2 -

-- mPGES -

-- P-Actin -

-- Cox-2 -

-- mPGES -

-- |3-Actin -

-- Cox-2 -

-- mPGES -

-- P-Actin -

MKN-28 8 

MKN-45 5 

MKN-74 4 

Figuree 3. Expression of mPGES and COX-2 in five gastric adenocarcinoma cell lines and in a 
lungg adenocarcinoma cell line (A549) incubated with or without IL-1R, (10 ng/ml) or PMA (10 
ng/ml)) for 2-48h. B: COX-2 and mPGES proteins were measured by Western blot analysis. For 
COX-22 the 24h. time point is shown and for mPGES the 48h. time point. Exposure times were 15 
sec.. for the A549 COX-2 blot and 5 min. for the rest of the blots. fi-Actin was used as the loading 
control. . 

activityy was detected in all cell lines tested 
(Tablee 1). Combined activities of COX and 
PGESS enzymes were studied by 
measuringg conversion of arachidonic acid 
too PGE2. All cell lines were able to convert 
arachidonicc acid to PGE2. However, in the 
threee cell lines (MKN-1, MKN-7, MKN-28) 
thatt expressed mPGES the extent of 
inductionn of PGE2 release was higher than 
inn the two cell lines devoid of mPGES 
expressionn (MKN-45 and MKN-74) (Table 
2).. Furthermore, we have previously 
shownn that two gastric cancer cell lines 
thatt were derived from diffuse type tumors 
(KATOO III and HSC-39) expressed low or 

non-detectablee levels of COX-2 mRNA 
andd protein and converted relatively low 
amountss of arachidonic acid to PGE2 [20]. 
Ourr current data suggest that these two 
celll lines do not express any detectable 
mPGESS mRNA, protein, or enzymatic 
activityy (data not shown). 

DISCUSSION N 
Wee have studied the expression of 
mPGESS in primary gastric adeno-
carcinomass and in gastric cancer cell lines. 
Ourr results show that expression of 
mPGESS mRNA is elevated by 
approximatelyy 2-fold in the gastric 

96 6 



mPGESmPGES expression in gastric cancer 

Cox-l l 

cPGES S 
—— -

* * 

Figur ee 4. Expression of COX-1 and cPGES proteins were measured in five gastric 
adenocarcinomaa cell lines and in the lung adenocarcinoma cell line (A549) by Western blot 
analysis. . 

carcinomaa specimens when compared to 
pairedd non-neoplastic controls. It was 
recentlyy reported that mPGES is 
expressedd in 79-100% of lung, colorectal, 
andd endometrial carcinomas [14-16]. 
However,, while expression of mPGES was 
loww or non-detectable in normal bronchial 
mucosa,, non-neoplastic colonic 
epithelium,, and secretory phase 
endometriumm [14-16], we found high levels 
off mPGES expression in non-neoplastic 
gastricc surface epithelium next to the 
tumors.. Since lipopolysaccharides have 
beenn shown to induce mPGES expression 
inn normal rat stomach [10], it is possible 
thatt tumor-derived factors stimulate 
expressionn of mPGES in the non-
neoplasticc surface epithelium of the gastric 
mucosa.. Alternatively, this expression may 
bee of physiological nature, since mPGES 
mRNAA expression has been detected in 
normall human stomach tissues [9]. 
Proinflammatoryy cytokines IL-1IJ and 
tumorr necrosis factor-a induce 
coordinatedd mPGES and COX-2 
expressionn in lung and colorectal cancer 
celll lines [15,16]. In addition, we found that 
mPGESS expression is induced by PMA in 
thee lung cancer (A549) cell line. However, 
althoughh expression of COX-2 and 
conversionn of arachidonic acid to PGE2 

wass induced (by IL-1R, or PMA or both) in 
alll five gastric cancer cell lines, mPGES 
expressionn was not stimulated in any of 
thesee cell lines. In fact, PMA down-
regulatedd the expression of mPGES 
transcriptt in two (MKN-1 and MKN-28) of 
thee cell lines. This suggests that regulation 
off mPGES and COX-2 expression occur 
viaa separate pathways in gastric cancer 
celll lines. In gastric cancer cell lines only 
expressionn of COX-2 but not that of 
mPGESS was induced by PMA. 
Furthermore,, COX-1 was expressed by 
onlyy the MKN-1 cell line, which is of 
adenosquamouss origin. Thus, COX-2 is 
thee primary COX enzyme in the gastric 
cancerr cells that originated from adeno-
carcinomas.. We have previously 
publishedd that expression of COX-2 is 
elevatedd by approximately 10-fold in 
gastricc cancer tissues, while COX-1 is not 
[17]]  and that COX-2 expression is 
predominantlyy a property of the intestinal 
typee gastric tumors [20]. Our current data 
showw that mPGES is expressed in two out 
off three cell lines derived from intestinal 
typee tumors (MKN-7 and MKN-28) and in 
onee that originated from an adeno-
squamouss tumor (MKN-1) but in none of 
thee cell lines that were derived from 
diffusee type tumors (MKN-45, KATO III 
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andd HSC-39). Interestingly, two of the cell 
liness (MKN-45 and MKN-74) that were 
devoidd of any mPGES activity were still 
ablee to release PGE2. This may depend on 
cPGES,, that was expressed by all cell 
liness tested. However, our data suggest 
thatt mPGES may be necessary for 
efficientt inducible and COX-2 dependent 
productionn of PGE2, since the relative 
inductionn of PGE2 production after 
treatmentt with PMA was higher in the 
mPGESS expressing cells when compared 
too the cell lines devoid of this enzyme. 
Ourr data suggest that mPGES is 
expressedd in gastric adenocarcinoma and 
thatt this enzyme may be necessary for 
efficientt production of PGE2 via the COX-2 
pathway. . 
However,, regulatory mechanisms that 
drivee the expression of mPGES and COX-
22 dissociate in gastric cancer cell lines, 
sincee only expression of COX-2 was 
inducedd by IL-1 fl and PMA. 
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BackgroundBackground & Aims: Use of nonsteroidal anti-inflamma-
toryy drugs (NSAIDs) is associated with a reduced risk of 
cancerr in the digestive tract. Cyclooxygenase (COX) is 
thee best-known target of NSAIDs, and expression of the 
COX-22 isoform is elevated in esophageal carcinomas but 
itss clinical significance remains unclear. We examined 
COX-22 expression in esophageal adenocarcinomas and 
itss relation to clinicopathologic parameters. Methods: 
Tumorr sections from 145 consecutive patients undergo-
ingg intentionally curative surgery for an adenocarcinoma 
arisingg from a Barrett's esophagus were immunohistc-
chemicallyy stained using a COX-2-specific anti-human 
monoclonall antibody. The specimens were scored based 
onn the intensity and extent of COX-2 immunopositivity. 
Results:Results: COX-2 immunoreactivity was negative to weak 
inn 2 1 % (COX-2 low) and moderate to strong in 79% 
(COX-22 high) of the carcinomas. Patients with high 
COX-22 expression were more likely to develop distant 
metastasess (P = 0.02) and local recurrences (P = 0.05), 
andd survival was significantly reduced (P = 0.002, log-
rankk test) among patients with high COX-2 expression 
whenn compared with the COX-2 low group. Five-year 
survivall rates were 35% (95% confidence interval [CI ], 
23-47)) and 72% (95% CI, 53-90) in COX-2 high and 
COX-22 low categories, respectively. Furthermore, expres-
sionn of COX-2 was recognized as an independent prog-
nosticc factor by multivariate analysis (relative risk, 3.5; 
95%% CI, 1.6-7.9). Conclusions: Elevated expression of 
COX-22 protein is associated with significantly reduced 
survivall of patients undergoing surgery for esophageal 
adenocarcinoma.. These findings support the effort to 
initiatee clinical studies to investigate the effect of COX-2 
inhibitorss as a novel (adjuvant) chemotherapeutic mo-
dalityy for the treatment of adenocarcinoma arising from 
Barrett'ss esophagus. 

A denocarcinomaa of the esophagus is a highly lethal 
disease,, and its incidence has markedly increased 

duringg the past few decades.1- The pathogenesis of 
esophageall  adenocarcinoma follows a sequence of events 

duringg which the normal squamous epithelium is re-
placedd by metaplastic specialized columnar epithelium 
(Barrett'ss esophagus) in response to (duodeno-) gastro-
esophageall  reflux disease. Barrett's esophagus can subse-
quentlyy progress to low-grade and high-grade dysplasia 
andd eventually to invasive cancer.3 Surgical resection is 
currentlyy the only curative treatment. However, postop-
erativee mortality and morbidity are substantial, and 
5-yearr survival rates rarely exceed 259? even after inten-
tionallyy curative resection.- Preoperative knowledge of 
prognosticc factors (i.e., depth of invasion, lymph node 
involvement,, and distant metastases) is necessary to iden-
tifyy patients eligible for surgery, but clearly new prog-
nosticc markers and novel adjuvant treatment strategies 
aree needed. 

Epidemiologicc studies indicate that the use of nonste-
roidall  anti-inflammatory drugs is associated with a re-
ducedd risk of cancer, especially in the digestive tract. 's 

Thee best known target of nonsteroidal anti-inflammatory 
drugss is the cyclooxygenase (COX) enzyme. Two COX 
enzymess are known, but it is the inducible COX-2 
isoenzymee that has been linked to diseases such as 
chronicc inflammation and carcinogenesis/" Recently, a 
selectivee COX-2 inhibitor was shown to reduce polyp 
burdenn in patients with familial adenomatous polyposis." 
However,, it is not known whether the use of COX-2 
selectivee drugs reduces the incidence of cancer in hu-
mans.. Expression of COX-2 messenger RNA and protein 
iss elevated in approximately 709?-809? of esophageal, 
gastric,, and colorectal carcinomas,9 but its clinical sig-
nificancee in esophageal adenocarcinoma has remained 
unclear.. The aim of this study was to assess whether 
expressionn of COX-2 protein is associated with survival 

Abbreviation ss  used  in  this  paper:  CI, confidenc e interval ; COX, 

cyclooxygenase . . 
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andd c l in icopatho log ic parameters in pa t ien ts undergo ing 

in tent iona l lyy cuta t ive resection for esophageal adenocar-

c inoma. . 

Patient ss and Method s 

Patients s 

Betweenn January 1, 1993, and December 31, 2000, 

3066 patients underwent esophageal resection for adenocarci-

nomaa of the esophagus or gastroesophageal junction with 

curativee intent (i.e., locally resectable disease without distant 

metastases)) at the Department of Surgery of the Academic 

Medicall  Center, Amsterdam, The Netherlands. Preoperative 

workupp included endoscopy with biopsy, external ultrasonog-

raphyy of rhe abdomen and neck, radiography of the chest, 

esophageall  endosonography, and indirect laryngoscopy. 

Lymphh node metastases at the celiac trunk, which are consid-

eredd distant metastatic disease for intrathoracic esophageal 

carcinomaa (Mia) according to the 1997 Union International 

Contree la Cancrum (UICC) T NM classificarion, were a contra-

indicationn for resection only when considered nonresectable 

andd confirmed by sonographically guided rranscuraneous cy-

tologicc puncture. The data from these original 306 patients 

weree prospectively collected in a database. 

Al ll  pathology reports were reviewed to identify those pa-

tientss who had undergone surgery tor adenocarcinoma devel-

opedd in a histologically proven Barrerrs esophagus (defined by 

thee presence of goblet cells). Patients with an adenocarcinoma 

off  the cardia or gastroesophageal junction without a Barrett's 

segmentt were excluded (n = 155). Archival material of the 

remainingg 151 patients was reevaluated by 2 of the investiga-

torss (C.J.B. and B.P.V.R.) to obtain the sample with deepest 

invasionn of each tumor. Another 6 specimens were excluded 

duringg the immunohistochemical analyses (3 samples with no 

definitivee invasive cancer, 2 samples with adenosquamous car-

cinoma,, and 1 sample that repeatedly detached from the slide), 

soo that the remaining 145 patients were included into this 

study. . 

Al ll  patients were treated with subtotal esophagectomy and 

resectionn of the lesser curvature of the stomach. In 95 patients 

(65.5%),, resection was performed by a Transhiatal approach 

withoutt thoracotomy. Lymphadenectomy comprised en bloc 

removall  of all lympharic tissue in the lower posterior medias-

t inum,, along the cardia and the lesser curvature of the stom-

ach.. Fifty patients (34.5%) underwent esophagectomy through 

aa right-sided thoracotomy followed by a laparotomy in com-

binationn with 2-field lymph node dissection. This procedure 

includedd an abdominal lymphadenecromy as described plus 

thee removal of lymph nodes along the common hepatic attery, 

thee splenic artery, and the celiac trunk as well as an extended 

lymphh node dissection in the chest (i.e., including the right 

parattacheal,, infra-aortic arch, and subcarinal lymph nodes). 

Betweenn Apri l 1994 and February 2000, 96 patients (66%) 

weree randomly assigned to either transhiatal or transthoracic 

esophagectomyy as part of a randomized trial comparing both 

techniques.. In the remaining 49 patients, a standard Transhi-

atall  procedure was performed. Parients were followed up until 

deathh or June 30, 2001, ensuring a minimal follow-up of 6 

monrhss (median, 38.2 months; range, 8 days to 7.3 years). 

Theyy were seen on a regular basis for 5 years in the outpatient 

clinicc (at 3- to 4-month intervals for the first 2 years and 

thereafterr at 6-month intervals). For the present study, pa-

tientss and/or their family practitioners were contacted by 

telephonee to assess their current status when they had been 

dischargedd by the surgeon after 5 years. No patients were lost 

too follow-up. None of the patients received chemotherapy 

and/orr radiotherapy preoperatively, and no adjuvant treatment 

wass administered postoperatively. The study was performed in 

accordancee with rhe guidelines of the local ethics committee. 

Immunohistochemistry y 

Formalin-fixedd and paraffin-embedded specimens were 

secrionedd (5 |xm), deparaffinized, and microwaved for 4 X 5 

minutess in 700 W in 0.01 mol/L sodium citrate buffer (pH 

6.0)) for antigen retrieval. The slides were then immersed in 

0.6%% hydrogen peroxide in methanol for 30 minutes to block 

endogenouss peroxidase acrivity and in blocking solution (1.5: 

1000 normal horse serum in phosphate-buffered saline) for 15 

minutess to block unspecific binding sites. Immunostaining 

wass performed with a COX-2 specific mouse anti-human 

monoclonall  antibody (160112; Cayman Chemical Co., Ann 

Arbor,, MI ) in a dilution of 1:200 (2.5 pg/mL) in phosphate-

bufferedd saline containing 0 . 1% sodium azide and 0.5% bo-

vinee serum albumin at room remperature overnight. Then the 

sectionss were treated with biotinylated horse anti-mouse im-

munoglobulinn (1:200; Vector Laboratories Inc., Burl ingame, 

CA)) and avidin-biotin peroxidase complex (Vectastain AB -

Complex;; Vectot Laboratories). The peroxidase staining was 

visualizedd with 3-amino-9-ethylcarbazole (Sigma Chemical 

Co.,, St. Louis, MO), and the sections were counterstained with 

Mayer'ss hematoxylin. Every 20th sample of the trial series was 

aa known colon adenocarcinoma specimen, in which stromal 

cellss at an area of ulceration were scored 3 + , cancer cells from 

2++ to 3 + , and adjacent nonneoplastic epithelium 1+ (for 

scoringg criteria, see below). This procedure confirmed that 

theree was no significant intra-assay and interassay variability of 

thee staining intensity and helped us to score the trial speci-

mens.. Recently, we evaluated several COX-2 antibody prepa-

rationss and concluded that the monoclonal antibody used in 

thiss study provided us with the most specific and reproducible 

immunoreactivity.100 Specificity of the antibody was confirmed 

inn this trial by restaining a randomly selected subset of spec-

imenss (every 10th sample, n = 15) with and without pread-

sorptionn of the primary antibody with a human COX-2 control 

peptidee (10 p.g/mL, Cayman Chemical) for 1 hour at room 

temperaturee before the staining procedure. 

Scoring g 

COX-22 immunohistochemical staining was scored in-

dependentlyy and in a blinded manner by an experienced gas-

trointestinall  pathologist (G.J.A.O.) and by another investiga-

torr (A.R.). The following scoring criteria of the tumor cells 
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weree determined before the analysis: 0, no staining; l +, weak 

diffusee cytoplasmic staining (may contain stronger intensity in 

< 1 0 '?? of the cancer cells); 2 + , moderate to strong granular 

cytoplasmicc staining in IOC?-90°? ot the cancer cells; and 3 + . 

moree than 90 '? of the tumor cells stained with strong inten-

sity.. Scores 0 and 1 were categorized as COX-2 low and scores 

22 and 3 as COX-2 high tor the statistical analyses (see below). 

Thee allocation of tumors to the COX-2 low versus the COX-2 

highh category by the 2 investigators was similar O ' JW ot the 

specimenss were categorized identically). In cases of disagree-

mentt (n = f>), the slides were reevaluated by a group of 

investigatorss (C.J.B., B.P.V.R., G.J.A.O., and A.R.) using a 

mult iheadedd microscope. In addition to the tumor cell stain-

ing,, positivity of nonneoplastic squamous epithel ium, meta-

plasticc Barrett 's mucosa, and stromal cell staining were noted. 

Statisticall Analysis 

Thee association between demographic and clinicopath-

ologicc features and COX-2 expression was analyzed using 

Studentt / test (continuous data) and x~ test (categorical data). 

Overalll  survival was estimated according to the Kaplan-Meier 

methodd and compared using the log-rank rest. We included all 

deathss since the t ime ot surgery, including 2 perioperative 

deaths. . 

Thee Cox proportional hazards model was used to examine 

thee effect of COX-2 expression in relation to other prognostic 

factors.. Age. sex, operation type, and the variables related to 

tumorr characteristics as differentiation grade, tumor stage, and 

radicalityy ot the resection were included in this model. The 

limitedd number of events (trom a statistical point of view) 

meantt that only a restricted number of possible confounders 

couldd be examined.1 - Therefore, variables with multiple-

categoriess were recoded into dichotomous variables by com-

biningg categories with a comparable prognosis (differentiation 

grade,, well vs. moderate and poor; radicality of resection, 

microscopicallyy radical [RO] vs. microscopically nonradical 

[ R l ]]  and macroscopically nonradical [R2]; tumor stage, stage 

II  and Ha vs. l ib , III , and IV) . P values £ 0 . 05 were considered 

statisticallyy significant. Al l statistical analyses were performed 

usingg the Statistical Software Package version 9.0 (SPSS Inc., 

Chicago,, ID . 

Result s s 

Formationn and Demographic 
Characteristicss of the Cohort 

Off  the or ig inal 306 esophageal resect ions for an 

adenoca rc inoma,, 151 pa t ien ts had a Bar re t t 's carcinoma. 

Sixx spec imens were exc luded du r i ng the immunoh is to-

chemicall  analyses, so 145 pat ien ts were inc luded into 

th iss s tudy (see Pat ients and M e t h o ds for detai ls). There 

weree 120 m en (82.80?) and 25 w o m en (17.29?) with a 

meann age of 65 .7 years ( range, . 3 4 . 8 - 8 5 .2 years). 

Immunohistochemicall Expression of COX-2 

C O X -22 immunoreact iv i ty was detected in 143 of 

thee 145 esophageal adenocarcinoma specimens (98.60?). 

Moderatee to strong staining wi th a granular cytoplasmic' 

pat ternn (as opposed to weak and diffuse cytoplasmic posi-

t ivi ty ;; see Patients and Methods for details) was observed in 

11 15 of 145 cases Ü9.39?), ot which 1 3 were scored as strong 

andd 102 as moderate. C O X -2 expression was mainly local-

izedd in the neoplastic cells (Figure \A and B). 

Weakk epithelial positivity was observed in 500f of the 

Barrett 'ss metaplasias, whereas the rest were negative (Figure 

\C).\C). Similarly, only weak or no staining was observed in 

stromall  cells (connective tissue cells, smooth muscle cells, 

andd blood vessels) except at sites of erosions and ulcerations 

(nn = 29) and around necrosis (n = 4). In fact, a significant 

proport ionn (1,3 of 30 {43.30?]) of the specimens in the 

C O X -22 low category expressed high levels of C O X -2 in the 

stromall  cells at a site of mucosal injury (Figure ID) . Squa-

mouss epi thel ium ot the esophagus was consistently negative 

orr only weakly positive (Figure IE). 

Bothh intra-assay and interassay var iat ion of d is t r ibu-

t ionn of the immunoreac t i v i ty and in tensi ty of the stain-

ingg were m in imal as assessed by using an internal control 

samplee w i t h known sta in ing in tensi t ies (see Pat ien ts and 

Me thodss for detai ls). In terobserver var iat ion was 4.10?. 

Al ll  specimens that were d iscrepant (n = 6) were reeval-

uatedd as descr ibed in Pat ients and Methods, and the 

consensuss scote was used for further analysis. Fur ther-

more,, 15 randomly selected spec imens were restained 

w i t hh and w i thout the b lock ing procedure us ing the 

ant igenicc pept ide (F igure \ei-d). Al l t u m or cell s ignals 

weree b locked by this control procedure in all spec imens, 

andd only 1 sample was scored to a different category 

whenn compared wirh rhe or ig inal evaluat ion. 

Correlationn Between COX-2 Expression and 
Clinicopathologicc Parameters 

C O X -22 expression was nor stat ist ical ly signif icant 

correlatedd w i t h c l in icopatholog ic parameters at the t ime 

off  operat ion, a l though possibly a t rend was seen toward 

aa posi t ive associat ion w i t h the presence of l ymph node 

metastasess (P = 0 .09) (Table 1). A signif icant association 

wass found between elevated C O X -2 expression and the 

deve lopmentt of d is tant metastases (P = 0.02) and lo-

coregionall  recurrences (P = 0.05) (Table 2). 

Associationn of COX-2 Expression With 
Overalll Survival 

Kaplan—Meierr curves for pat ient survival are 

shownn in Figure 2. A signif icant difference in survival 

wass observed between pat ients in the C O X -2 low cate-

goryy when compared w i t h the C O X -2 high category 
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PrognosticPrognostic significance of COX-2 expression 

Figur ee 1 . Representative examples of COX-2 immunohistochemistry. {A) Strong (3 + ) immunoreactivity in the tumor cells (Tu). Note that the 
nonneoplasticc stroma (Str) including a blood vessel (BV) is negative. This tumor was categorized as COX-2 high (original magnification 2 0 0 X ) . 
(6)) Weak (1+) immunoreactivity in the tumor cells (Tu). The stroma (Str) is again negative. This tumor was categorized as COX-2 low (original 
magnificationn 2 0 0 x ) . (C) Intestinal metaplasia (IM) that shows weak (1 + ) immunoreactivity. This specific sample expressed the highest intensity 
off metaplastic COX-2 positivity (original magnification 2 0 0 x ) . (D) Strong (3 + ) immunoreactivity in the stromal cells (Str) at a site of an ulceration 
(originall magnification 2 0 0 x ; stromal immunoreactivity was not scored}. (E) Esophageal squamous epithelium (Sq) was either negative or weakly 
positivee ( 1 + ; usually in the basal cells). The immunoreactivity of the tumor (Tu) in this specimen was scored as moderate (2 + ) and categorized 
ass COX-2 high (original magnification 4 0 0 x ) . Blocking controls for A-D are shown in a-d, respectively (see Patients and Methods for details). 

(P(P — 0.002; log-rank test). After 2 years, the probability 
forfor survival was 81.8% (95% confidence interval {CI} , 
67.3-96.3)) in the COX-2 low group and 51.7% (95% 
CI,, 41.9-61.5) in the COX-2 high group, which de-
clinedd after 5 years to 71.6% (95% CI, 53.2-89.9) and 
35.1%% (95% CI, 23.2-47.1), respectively. 

Univariatee and Multivariate Analyses 

Too evaluate the role of COX-2 as an independent 
prognosticc factor, a multivariate analysis was performed 
includingg 7 possible confounding variables as described 
inn Patients and Methods. 

Inn the univariate Cox regression analysis, a significant 
effectt was found for COX-2 expression, tumor stage, 
differentiationn grade, and radicality of the resection. The 
impactt of high COX-2 expression on mortality did not 
changee after adjustment for age, sex, operation type, 
tumorr stage, differentiation grade, and radicality of re-
sectionn (Table 3). 

Discussion n 

Ourr data indicate that elevated expression of 
COX-22 is associated with reduced survival in patients 
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Tabl ee 1 . Correlation of Clinicopathologic Findings and COX-2 
Expression n 

Patient t 
characteristics s 

COX-22 expression 

Loww High 
(nn = 30) (n = 115) 

P P 

value e 

Agee (yr; ) 
Sex x 

Tumorr characteristics 
Depthh of invasion3 

Lymphh node 
involvement" " 

Distantt metastasis 

Tumorr stageL 

666  9 65  9 66  10 0.8 
Malee (120) 22 98 0.1 
Femalee (25) 8 17 

Tll  (45) 
T22 (17) 
T33 (83) 

NOO (67) 
N ll (78) 
MOO (117) 
M ll (28) 
1(32) ) 
Maa (33) 
Mbb (16) 
IIII (36) 
IVV (28) 

11 1 

18 8 
12 2 
26 6 

4 4 
7 7 
9 9 
4 4 
6 6 
4 4 

Differentiation n 
grade e 

Operation n 
Operationn type0 

Radicalityy of 
resectione e 

Welll (11) 3 
Moderatee (56) 10 
Poor(78)) 17 

THEE (95) 
TTEE (50) 

ROO (112) 
Rll (28) 
R2(5) ) 

21 1 
9 9 

23 3 
7 7 
0 0 

34 4 
13 3 
68 8 

49 9 
66 6 
91 1 
24 4 
25 5 
24 4 
12 2 
30 0 
24 4 

46 6 
61 1 

74 4 
41 1 

89 9 
21 1 

5 5 

0.7 7 

0.09 9 

0.6 6 

0.7 7 

a T l ,, tumor limited to the submucosal T2, tumor infiltrates muscularis 
propriaa but not adventitial T3, tumor infiltrates adventitia. 
bN0,, no regional lymph node metastasis; N l , regional lymph node 
metastasiss present. 
H,H, T1N0M0; lla. T2-3N0M0; lib, T1-2N1M0; III, T3N1M0 and 
T4anyNM0;; IV, anyTanyNMl. 
dTHE,, transhiatal resection; TTE, transthoracic resection. 
eR0,, microscopically radical; Rl , microscopically nonradical; R2, mac-
roscopicallyy nonradical. 

undergoingg surgery for adenocarcinoma of the esopha-

gus.. Patients with tumors with high COX-2 expression 

hadd a more aggressive course of their disease, because 

theyy were more likely to develop distant metastases and 

locall  recurrences, leading to higher mortality rates. This 

Tablee 2. Correlation of Clinical Outcome Parameters and 
COX-22 Expression 

Clinicall outcome 

Locoregionall recurrence 

Distantt metastas is 

Noo (83) 
Yes (62 ) ) 
Noo (94) 
Yess (51) 

COX-2 2 

Low w 

(nn = 30) 

22 2 
8 8 

25 5 
5 5 

sxpression n 

High h 

(nn = 115) 

6 1 1 
54 4 
69 9 
46 6 

P P 

value e 

0,05 5 

0.02 2 

> > c c 
c c 

o o 
.22

COX-22 low 
M II m i n i 

COX-22 high 

I I 

200 40 60 80 

Survivall  in months 

100 0 

Figuree 2. Kaplan-Meier curves of 145 patients with esophageal Bar-
rett'ss carcinoma. There were 30 patients with low COX-2 expression 
andd 115 with high COX-2 expression. A statistically significant differ-
encee was observed between the 2 groups (P = 0.002; log-rank test). 

higherr mortality could not be explained by a more 

advancedd disease stage at the time of surgery. Multivar-

iatee analyses suggest that elevated COX-2 expression is 

ann independent prognostic factor for patient survival 

togetherr with radicality of the resection and tumor stage, 

whichh are the well-established prognostic markers for 

Barrett'ss carcinoma.13 However, because short-term mor-

talityy and long-term survival occur in both COX-2 

groups,, COX-2 is obviously not the only meaningful 

factorr for patient survival; for the individual patient, 

COX-22 expression per se wil l not be able to act as a 

guidelinee for eligibilit y for surgery. 

Inn a recent study on squamous cell carcinoma of the 

esophagus,, elevated COX-2 expression did nor correlate 

Tablee 3. Results of Univariate and Multivariate Analyses of 
Clinicopathologicc Parameters Related to Survival 
byy the Cox Proportional Hazards Model 

Variable e 

10-yearr age increase 

Femalee sex 

Operationn type (TTE) 
Highh tumor stage 
Poorr differentiation grade 

Nonradicall resection 
Highh COX-2 expression 

Univariate e 

RR R 

1.1 1 

0.8 8 

0.8 8 

2.2 2 
1.3 3 

1.2 2 

3.2 2 

analysis s 

95%% CI 

0 .9 -1 .5 5 
0 .4-1 .5 5 

0 .5 -1 .3 3 

1 .6 -3 .1 1 
1.1-1,5 5 

1.1-1,5 5 
1 .5 -7 .1 1 

Multivariate e 

RR R 

1.2 2 

0.7 7 
0.8 8 

4.2 2 

2.5 5 

2.5 5 

3.5 5 

analysis s 

95%% CI 

0 .9 -1 .5 5 

0 .4 -1 .5 5 

0.5-1.4 4 
2.3-7.7 7 
0.3-19 9 
1.5-4.1 1 
1.6-7.9 9 

RR.. relative risk; TTE. transthoracic resection. 

106 6 



PrognosticPrognostic significance of COX-2 expression 

withh various clinicopathologic parameters, including 
prognosis.144 In gastric adenocarcinoma, elevated expres-
sionn of COX-2 has been associated with lymph node 
metastasiss but not with distant metastasis.1516 Moreover, 
noo statistically significant correlation between expression 
off  COX-2 and survival was found in this tumor type.1718 

Inn colorectal adenocarcinoma, elevated expression of 
COX-22 correlates with several clinicopathologic param-
eters,, such as tumor size and tumor differentiation as 
welll  as poorer survival, but it remains unclear whether 
COX-22 is an independent prognostic factor in this dis-
ease.19-211 These differences may depend on the number 
off  patients included in the trials, distinct pathogenesis of 
esophageall  versus gastnc and colorectal adenocarcino-
mas,, or variations in the techniques, reagents, and scor-
ingg criteria used. The strength of our study is a large 
numberr of consecutive patients with an identified Bar-
rett'ss adenocarcinoma combined with the prospectively 
collectedd database with an extensive and complete fol-
low-upp of survival. We chose immunohistochemistry for 
evaluationn of COX-2 expression in the tumor samples 
becausee this is virtually the only method that can be used 
too analyze protein expression from formalin-fixed and 
paraffin-embeddedd archival material, the signal can be 
preciselyy localized at the cellular level, and large number 
off  specimens can be analyzed in a reproducible manner. 
Itt was also helpful that the performance of the monoclo-
nall  antibody (compared with several other COX-2 anti-
bodies)) was recently characterized.10 Our data suggest 
thatt the immunohistochemical evaluation of COX-2 pro-
teinn expression was specific, sensitive, and reproducible. 
However,, quantitation is a challenge when using immu-
nohistochemistry.. To this end, we were able to design a 
relativelyy simple scoring method that produced highly 
concordantt results between 2 independent evaluators. 

Expressionn of COX-2, but not that of COX-1, has 
beenn shown to be elevated in Barrett's metaplasia, dys-
plasia,, and adenocarcinoma, whereas the nonneoplastic 
squamouss epithelium is virtually negative.22-25 Expres-
sionn of COX-2 is primarily localized in the cytoplasm of 
thee neoplastic cells in invasive adenocarcinoma. In our 
cancerr specimens, metaplastic lesions were either nega-
tivee or weakly positive (primarily in the epithelial com-
partment).. Thus, it seems that expression of COX-2 is 
progressivelyy elevated during progression from metapla-
siaa to invasive carcinoma, as has been recently reported 
forr both the esophagus and stomach.23-25 26 In our series, 
tumorr stroma was positive for COX-2 only at sites of 
mucosall  injury or around necrosis, which often occurs in 
thesee tumors. Thus, the frequency of COX-2-positive 
tumorss may be overestimated when whole tissue prepa-

rationss are analyzed consisting of both epithelial and 
stromall  components (e.g., Western blots for proteins and 
Northernn blots or reverse-transcription polymerase chain 
reactionn for messenger RNA, in which histology is no 
longerr available), because a proportion of the signal may 
originatee from nonneoplastic cells. This is especially 
importantt when using superficial biopsy specimens from 
tumorss that express low or nondetectable levels of 
COX-2,, because we found COX-2—positive mucosal in-
juriess in 43% of the samples in the COX-2 low category. 

Epidemiologicc data indicate that there is a reduced 
riskk for developing esophageal cancer in patients who 
regularlyy take nonsteroidal anti-inflammatory drugs.27-29 

Thee precise mechanism of a chemopreventive effect of 
nonsteroidall  anti-inflammatory drugs is not known. Al -
thoughh COX-2 enzyme does not seem to be necessary for 
malignantt transformation in some systems,*0 expression 
off  COX-2 is necessary in the development of intestinal 
neoplasiass in certain knockout mouse models31-32 and 
sufficientt for mammary gland tumorigenesis in a trans-
genicc mouse model.33 COX-2 expression may participate 
inn intestinal carcinogenesis by inhibiting apoptosis, in-
ducingg angiogenesis, and promoting metastasis,34-36 and 
aa selective COX-2 inhibitor suppressed growth and in-
ducedd apoptosis in human esophageal adenocarcinoma 
cells.377 This suggests that COX-2 may increase the met-
astaticc potential of malignant cells and is consistent with 
ourr finding that the expression of COX-2 is related to the 
developmentt of distant metastases. It is not known why 
COX-22 is up-regulated in adenocarcinomas of the esoph-
agus,, but because bile acids induce COX-2 expression in 
ann esophageal adenocarcinoma cell line38 and in organ 
culturess of Barrett's epithelium,2i it is possible that 
refluxx disease may induce the early expression of COX-2 
duringg the development of the Barrett's metaplasia. 
However,, it is unlikely that reflux would be a precondi-
tionn for the expression of COX-2 in invasive cancer cells. 
AA more likely explanation is that neoplastic cells are 
eitherr intrinsically more active in expressing COX-2 
thann the nonneoplastic cells (e.g., due to the activation of 
oncogeness or the inactivation of tumor-suppressor genes) 
orr that they are stimulated by stromal cell-derived 
factors. . 

Inn conclusion, this is the first report on reduced sur-
vivall  with elevated expression of COX-2 in adenocarci-
nomaa of the esophagus. Although no conclusions about 
treatmentt can be drawn from the association between 
COX-22 expression and poor outcome, the present find-
ingss support efforts to initiate clinical studies on the 
effectt of COX-2 inhibitors in (adjuvant) treatment of 
adenocarcinomaa developed in Barrett's esophagus. 
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MOLECULARR EVIDENCE OF FIELD CANCELATIO N IN A PATIENT WITH 7 TUMORS 
OFF THE AERODIGESTIVE TRACT 

BASTIAA NN P. VAN REES, MD, ANNE-MARI E CLETOS-JANSEN. P H D. H I I B A. CENSE, MD, 

MIRJAMM M. POIAK, BSO, MARION J. CLEMENT, BS<:, PALI DRILI ENBIRI., MD, P H D, 

J A N J . B.. VAN IANSCHOT, MD, P H D, AND G. JOHAN A. OFFE.RHAI s, MD, MPH, P HD 

Exposuree of the mucosa of the upper aerodigestive ma to 
carcinogenss can induce genetic changes resulting in various indepen-
dentt clones of neoplastic growth, a concept defined as "field cancer-
ization.""  The risk of developing multiple tumors in this compartment 
off  the body is well established. We studied 6 distinct tumors of the 
upperr aerodigestive tract of a single patient for loss of heterozygosity 
(LOH),, microsatellite instability (MSI), p53 mutations, and K-ros 
codonn 12 point mutations. We detected a unique pattern of LOH and 

Inn a recent clinical report we described a patient with 7 
pr imaryy tumors of the aerodigestive tract.1 Temporal, morpho-
logical,, and immunohistochemical data suggested that these 
tumorss were independent primary tumors. This is concordant 
u i thh the concept of "fiel d cancerizat ion" as proposed by-
Slaughterr et al-': the hypothesis that carcinogen-induced DMA 
changess throughout the mucosa of the upper aerodigestive 
tractt may lead to various clonal expansions and ultimately to 
tumorr growth at different sites. Once a tumor is detected in 
thee upper aerodigestive tract, the risk of developing other 
tumorss is well establ ished/ Carcinogenesis is characterized by 
mult ip lee genetic events resulting in activation of oncogenes 
andd inactivation of tumor suppressor genes. These genetic 
al terat ionss can also provide a tool to discriminate primary 
tumorss from metastases.'^ Thev can be detected by polymer-
asee chain reaction (PCR) -based microsatellite analysis, by 
DN'AA sequencing, and occasionally by immunohistochemistrv. 
Inn this report, we used such molecular techniques to prove the 
"fiel dd cauter izat ion" hypothesis in the case under study. 

CASEE REPORT 

AA detai led description of the patient was repor ted previ-
ously.'' Briefly, a 66-vear-old man was diagnosed with 7 tumors 
off  the upper aerodigestive tract dur ing a period of 14 vears. 
Hee had been a heavy smoker and a regular dr inker for 50 
vears.. The family history was negative. 

Inn 1981 he had been successfully treated for a squamous 
celll  carc inoma of the larynx by radiotherapy. In 1990 a 
lobectomyy was performed for a squamous cell carcinoma of 
thee right lung. In 1995 he presented with 3 distinct early 
squamouss cell carcinomas of the esophagus and 2 distinct 
tumorss of the left lung: 1 small cell carcinoma and 1 large cell 
undif ferent iatedd carcinoma. The patient underwent a left 
upperr lobectomy and received radiation therapy but devel-
opedd a stenosis of the esophagus. Since our previous report,1 

thee pat ient has died after developing a tracheo-esophagcal 
fistula. . 

MATERIAL SS AND METHODS 

Formalin-fixed,, paraffin-embedded tissue was available 
fromm all tumors, except for I of the 3 esophageal carcinomas. 
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p533 mutations in all 6 tumors. No tumor showed a K-rru mutation or 
MSI.. The results support the mechanism of "field cancerization" and 
illustratee the potential power of molecular techniques to elucidate 
pathogenesis.. HUM PATHOL 31:269-271. Copyright E 2000 by W.B, 
Saunderss Company 

KeyKey words: cancer, carcinogenesis, field cancerization. 
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factor,, MSI, microsatellite instability; PCR, polymerase chain reaction. 

AA standard Proteinase-K digestion was used to isolate DNA 
fromm the tumors and from normal lymphocytes. 

Losss of heterozygosity (LOH) analysis was performed 
usingg polymorphic microsatellite markers: 1 teltanucleotide 
repeatt (D3S2456) and 4 dinucleotide repeats. In addition, the 
mononucleot idee repeal BAT-26 was used because of its high 
sensitivityy to detect microsatellite instability (MSI). Primer 
sequencess are described in the Cjenome Database ( h u p : // 
www.gdb.org).. Markers were selected on the basis of their 
locationn near loci that are frequently involved in these tumor 
typess or then location near a known tumor suppressor gene 
andd their heterozygosity in this patient. 

D3S24566 represents a locus on chromosomal arm 3p. 
whichh is frequently involved in I.OH in lung, larynx, and 
esophaguss carcinomas.' '7 D5S107 is near the APC tumor 
suppressorr gene on chromosomal arm 5q. and D9S51 is near 
p!6/MTSlp!6/MTSl at 9p. D17S513 represents p53 and a current 
unknownn gene at 17p, and D18S.38 may detect LOH targeted 
att the tumor suppressor genes I)!'(]4/Smad4, DC(\ and [VIH, 
alll  located at chromosomal arm lfiq . 

Forr all microsatellite markers, except for D3S2456 and 
B.AP26.. PCR amplification was performed in a 10-ul reaction 
containingg 15 ng of each pr imer of which one pr imer was 
labeledd with '-P dATP. 0.2 m o l /L dNTPs. and 0.5 units 
AmpliTaqq (Perkin Elmer), in the buffer supplied by the 
manufacturer.. Cycling was performed in a PTC 100 cycler (MJ 
Research)) dur ing 35 cycles at an anneal ing temperature of 
555 C. LOH was identified by visual inspection and was defined 
byy reduction of allele intensity by at least 50% in tumor DNA 
whenn compared with the PCR results on normal DNA. 

Markerss D3S2456 and BAT-2ti were available for nonradio-
activee testing. For these 2 markers, the PCR amplification was 
performedd in a 20-pl reaction containing 40 ng of each pr imer 
off  which one pr imer was labeled with a fluorescent marker, 0.2 
mo l / I .. dNTPs. 1.5 mo! /L MgCL, and 1.0 units of Platinum 
Taqq (Gibco BRL/Lif e Technologies, Inc, Rockville, MD), in 
thee buffet supplied by the manufacturer. Cycling was per-
formedd in a PTC100 cvcler (M) Research, Inc, Waltham, MA) 
dur ingg 40 cycles at an anneal ing temperature of DÖ^C, and the 
PCRR products were analyzed using an automated ABI 377 
sequencerr and the Genescan 2.1 software (PE Biosvstems, 
Fosterr City, CA). To determine the presence of LOH in the 
casee of D3S2456, the ratio of peak heights of the smaller and 
largerr allele was calculated first for each tumor DNA sample and 
lorr the normal DNA sample. Subsequently, the allelic imbal-
ancee factor (AIF) was calculated by dividing this ratio from 
eachh tumor sample bv the ratio from the normal tissue. LOH 
off  the larger allele was defined as an AIF of 1.7 or more, and 
LOHH of the smaller allele was defined as an AJFof 0.6 or less. 

112 2 

http://www.gdb.org


MolecularMolecular evidence of field cancerization 

480C C 
384C C 

288C C 
192CJ J 

960. . 
0. . 

1. . 

AIF=0.22 . 
618 8 

AA ft. 

3043 3 

1_ _ 
480C C 
384C C 

2880 0 
192C C 

960 0 
0. . 

5. . 

AIF=6.00 ., A A 466 6 

4800 0 
3840 0 
288C C 
192C C 

96C C 
0 0 

4800 0 
3840 0 
2880 0 
1920 0 
960 0 

0 0 

2. . 

*IF=099 ^Ji^-^ji 

56866 5805 

AIF=0.4 4 

4800 0 
3840 0 
2880 0 
1920 0 
96C, , 

0 0 

4800 0 
3840. . 
2880 0 
1920. . 
960. . 

0 0 

6. . 

AIF=0.2 2 -J L L 

|l1jBbpp J 1 3 0 b P 

Al ll  PCR reactions were repeated at least once to ensure 
reproducibility. . 

P53genee mutation analysis for exon 5-8 and p53 immuno-
histochemistryy were performed as described previously.8 K-ras 
codonn 12-point mutat ion analysis was performed by PCR 
amplificationn and subsequent dot-blot hybridization with 
allele-specificc oligonucleotide probes, as described previ-
ously9 9 

RESULTS S 

Thee LOH results of 3 microsatellite markers are shown in 
Figuress 1 and 2. For all markers, the results are shown in 
Tablee 1. LOH could be detected in all 6 tumor specimens and 
occurredd in 1 to 4 of the markers. Al l markers showed LOH in 
22 to 4 cases, but none of the tumors showed an identical LOH 
pattern.. Not only are there tumors with and without LOH for 
eachh marker, there are also tumors showing LOH of different 
alleless at the same marker. No tumor showed shifts indicative 
off  MSI at any of the markers. No tumor showed a K-ras codon 
122 point mutat ion. 

P53P53 gene mutation analysis resulted in the identification 
off  2 different mutations in the lung tumors (Table 1). Both 
mutationss result in amino acid substitutions and are reported 
inn the p53 database (ht tp: / /p53.genome.ad. jp) to occur in 
lung,, esophagus and bladder (158 arginine [Arg] > leucine 
[Leu]) ,, and in bladder (287 glutamic acid [Glu] > lysine 
[Lys]) .. In the tumors of the right lung and of the esophagus 
noo mutations were identified. 

Al ll  6 tumors had a clearly unique pattern of LOH and 
p533 mutations. 

DISCUSSION N 

Thee identification of distinct LOH patterns and differ-
encess in p5S mutational status in 6 tumors of die upper 
aerodigestivee tract from 1 patient strongly favours the "fiel d 

.. 3648 

Li l l 

FIGUREE 1. LOH results of mi-
crosatellitee marker D3S2456. 
Thee numbers correspond to 
thee different tumors as listed 
inn Table 1; N = normal, lym-
phocytee DNA. The peaks 
representingg the 2 alleles 
(1188 basepairs and 130 
basepairs,, respectively) are 
highlightedd and indicated 
byy arrows. The peak height 
off the respective alleles and 
thee allelic imbalance factor 
(AIF)) are indicated. 

fl18bpp [l30bp 

cancerizat ion""  model, ie the independent growth of multiple 
neoplasticc clonal expansions owing to simultaneous exposure 
too carcinogens. In this case, K-ras or MSI could not be used to 
discriminatee between tumors. 

22 4 5 6 N 

w w 

D17S513 3 

11 2 3 4 5 6 N 
«MM»» - M . — -

D18S38 8 
FIGUREE 2. LOH results of microsatellite markers D17S513 and 
D18S38.. The numbers correspond to the different tumors as listed in 
Tablee l; N = normal, lymphocyte DNA. Arrows indicate the 2 alleles. 
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TABLEE 1. Results of Histology. LOH Analysis, p53 Imrnunohistochemistry, and p53 Mutation Analysis 

Orig in n Diagnosis s D3S24566 D5S107 D9S51 D17S5I3 D18SS8 p 53 IH C p53p53 Mutat ion 

Larynxx Well d i f ferent iated squamous 
celll  ca. 

L u ngg (r ight) Poorly d i f ferent ia ted s q u a m o us 
celll  ca. 

Esophaguss Poorly d i f ferent ia ted squamous 
celll  ca. 

Esophaguss Poorlv d i f ferent ia ted squamous 
celll  ca. 

L u ngg (left) Small cell ca. 
L u ngg (lelt) I^arge cell und i f fe rent ia ted ca. 

LS S 

R R 

nd d 

15 5 

LL L 
LS S 

R R 

R R 

R R 

US S 

R R 
LL L 

R R 

l.S S 

LI, , 

LS S 

R R 
J.L L 

nd d 

R R 

nri i 

LL L 

LS S 
R R 

LS S 

R R 

R R 

LL L 

R R 
R R 

noo mutant) 

noo muta t ion 

noo muta t ion 

exonn 8: ^87 Glu > Lvs 
exonn 3: 158 Arg > l .eu 

Abbreviat ions:: R, re ten t ion; LL , L OH of t he larger allele; [S, LOH of t he smaller al lele; nd, not de te rm ined; ca, carc inoma; - , no or 
sporad icc s ta in ing; + , weak sta in ing; + + , s t rong sta in ing; Glu. glutamic acid; Lvs. lysine: A ig . a rg in ine; Leu, leuc ine 

Al ll  6 tumors have a unique pattern of LOH and p53 
mutat ionss and, therefore, clearly must have arisen indepen-
dently.. Theoretically, tumor 6 (left lung) might represent a 
metastaticc lesion from tumor 3 (esophagus) with the addition 
off  a p53 mutat ion and LOH at D5S107. However, differences 
inn histology' strongly suggest that these 2 tumors are unrelated. 
Also,, inactivation of p53 is thought to be an early event in (he 
carcinogenesiss of these tumors. Moreover, even if tumor 3 and 
66 would indeed be related, this does not take away from the 
conclusionn that the patient has molecular evidence formally 
distinctt tumors. 

Also,, the radiation therapy might have caused some of 
thee DNA changes. However, also in this regard, the nature of 
thesee alterations is such that the not ion that these lesions 
consistt of independent clonal expansions remains. 

Anotherr mechanism for field cancerization has recently 
beenn proposed bv Franklin et all ü who identified the same 
somaticc point mutat ion in codon 245 of the p53gene in 7 out 
off  10 sites of bronchial epithel ium in a patient with wide-
spreadd dvsplastic changes in the respiratory epithel ium. These 
authorss suggested the broad expansion of a single mutant 
progeni torr epithelial clone. In the currently described patient 
aa similar mechanism is ruled out bv the identification of 2 
distinctt p53 mutations in 2 tumors and the absence of p53 
mutat ionss in the remaining 3 tumors and in normal cells. 

Noo p53 gene mutat ions were found in the right lung 
tumorr and the 2 esophageal carcinomas, whereas p53 imrnu-
nohistochemistryy showed positive staining. This may be ex-
plainedd bv a mutation outside exons 5-8 or by other alter-
ations,, eg mutation of the MDM 2 gene, which is responsible 
forr the degradat ion of p53. It is well known that there is no 
absolutee correlat ion between mutat ions in exons 5-8 of the 
£.5?genee and positive staining. 

Califanoo et a l" have proposed a genetic progression 
modell  for head and neck cancer which was based on a 
microsatelhtee analysis similar to the one reported here but was 
per formedd on both benign and malignant lesions. LOH of 
chromosomee 3p, 9p, and 17p were identified as early events, 
occurr ingg in benign and preinvasive lesions. Indeed, we found 
thesee chromosomal regions to show LOH frequently in the 6 
tumorss studied, but the targeted allele differed among the 
tumors. . 

Thee negative familv historv for cancer, the smoking 
behavior,, and the regular alcohol uptake of this patient are 
alsoo in line with field cancerization as a mechanism. Obvi-
ously,, predisposit ion owing to hereditary factors cannot be 
excludedd completely in the present patient. Cancer susceptibil-
ityy may depend on the inher i tance of alleles involved in 
metabol izingg carcinogens. 

Whereass much epidemiological data on cancer suscepti-
bility ,, environmental circumstances, and genetic variants are 
currentlyy collected.1- it is in general too early to make firm 
statementss on cancer risk for individual patients in this 
regard.. The case reported here is an exception for the 
followingg reason: it is well known that patients, once they have 
presentedd with a carcinoma of the upper aerodigestive tract, 
carryy a high risk of other, metachronous carcinomas, particu-
larlyy when thev use alcohol and are heavy smokers.3 The 
underlyingg mechanism is supposedly field cancerization, and 
molecularr analyses can support this concept in individual 
patients.. In the future it wil l probably be possible to translate 
thee results of larger genetic epidemiological studies and the 
effectss of carcinogens on patients to many more individuals, 
therebyy providing guidelines for counseling and possibly 
surveillance. . 
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Molecula rr  Evidenc e for the Same Clonal Origi n of Both 
Component ss of an Adenosquamou s Barret t Carcinom a 

BASTIAA NN P. VAN REES,* REMIGIO W. ROUSE,* MIREILLE J. DE WIT,* 
CARELL J. M. VAN NOESEL,* GUIDO N. J. TYTGAT,* J. JAN B. VAN LANSCHOT,§ 
andd G. JOHAN A. OFFERHAUS* 

ss of Pathology, ^Gastroenterology, and ^Surgery, Academic Medical Center, Amsterdam, the Netherlands 

Wee describ e an uncommo n case of adenosquamou s 
carcinom aa arisin g In a Barret t esophagu s In a 72-year-
oldd whit e man who occasionall y used alcohol , and was a 
nonsmoke rr  for 34 years . Polymeras e chai n reaction -
basedd microsatellit e analysi s was performe d on the ad-
enocarcinom aa componen t (AC) and squamou s cell car-
cinom aa componen t (SC) of the tumor . The metaplasti c 
Barret tt  epitheliu m (BE), the AC and the SC all showe d 
losss of the same allel e at 4 marker s on chromosom e 9p. 
Furthermore ,, the AC and the SC both showe d loss of the 
samee allel e at all Informativ e marker s teste d on chro -
mosoma ll  arms 3p, 5q, lOq , 14q, and 18q. In addition , 
bot hh the SC and AC componen t containe d the same 
mlssens ee mutatio n In the p53 tumor-suppresso r gene. 
Thee only observe d differenc e was a shif t at a marker on 
chromosom ee 16q In the AC, wherea s no shif t was foun d 
inn the BE and the SC. These finding s sugges t that thi s 
blphasl cc  tumo r has a monoclona l origin . The divergenc e 
presumabl yy occurre d late In the tumorigenesi s of thi s 
carcinoma . . 

CCancerr of the esophagus is almost always either a 
squamouss cell carcinoma or an adenocarcinoma. 

Mostt adenocarcinomas arise in a Barrett esophagus, and 
Barrettt carcinoma is currently the most rapidly increas-
ingg cancer in the Western world.1 Adenosquamous car-
cinomaa of the esophagus is an uncommon malignant 
tumorr with biphasic histology of an adenocarcinoma and 
squamouss cell carcinoma component simultaneously. Be-
causee these tumors have an admixture of diverse neoplas-
ticc cells, their origin and histogenesis has been uncertain. 
Adenosquamouss carcinoma has been described in the 
Barrettt mucosa bearing esophagus,2-4 but glandular dif-
ferentiationn in conventional squamous cell carcinoma or 
tumorss arising from the submucosal glands have also 
beenn described, and finally collision of an adenocarci-
nomaa and a squamous cell carcinoma at the squamoco-
lumnarr junction would also be conceivable.5 

Inn this report, a case of adenosquamous carcinoma in 
Barrettt esophagus is presented in which molecular anal-
ysiss of the various neoplastic components provided con-
vincingg evidence that both the adenocarcinoma and squa-
mouss cell carcinoma component originated from the 
Barrettt mucosa that surrounded the cancer. 

Casee Repor t 

AA 72-year-old white man presented with pyrosis 
andd long-standing complaints of severe gastroesophageal 
reflux.. He had no difficulty with food passage and had no 
weightt loss. There was no history of smoking for the last 
344 years and he occasionally used alcohol, on average 3 
unitss per week. Physical examination was unremarkable, 
sedimentationn rate was 6 mm/hour, and hemoglobin 9-4 
mmol/L.. At gastroscopy, Barrett mucosa over a length of 
99 cm (29 to 38 cm from the incisors) and a hiatus hernia 
(388 to 41 cm from the incisors) were observed. In the 
Barrettt mucosa a small, well-circumscribed exophytic 
fragilee tumor was present over a length of 3 cm and 30% 
off  the circumference. A computed tomography scan and 
endoscopicc ultrasonography indicated that the tumor 
growthh was limited to the esophageal wall, which was 
8-mmm thick. No metastases were detected. A transhiatal 
esophagectomyy with partial gastrectomy was performed, 
followedd by gastric tube reconstruction. 

Macroscopically,, the resected specimen contained ul-
ceratedd Barrett mucosa in which a well-circumscribed 
exophytic-growingg tumor with a diameter of 3 cm was 
seen.. The tumor was located in the Barrett lined segment 
off  the esophagus, 2.5 cm above the anatomic esophago-

AbbrevtatlonsAbbrevtatlons  used In this  pape r AC, adenocarcinom a component ; 
AlF ,, alleli c Imbalanc e factor ; BE, Barret t epithelium ; LOH, lo w of 
heterozygosity ;;  NSË, norma l squamou s epithelium ; PCR, polymeras e 
chai nn reaction ; SC, squamou s cel l carcinom a component . 

©© 2002 by th e America n Gastroenterologica l Associatio n 
0016-5085/02/S35.00 0 
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ClonalityClonality of adenosquamous Barrett carcinoma 

Figur ee 1 . (A) Macroscopy of the resected specimen: the tumor is indicated by an arrow. SM, preëxistent squamous cell mucosa of t h e 
esophagus;; BE, Barrett esophagus; GM, gastric mucosa. A small patch of squamous cell mucosa adjacent to the tumor is indicated by an 
asterisk.asterisk. (6) Microscopy of the adenosquamous carcinoma; white arrows indicate the squamous cell carcinoma component, black arrows point 
too the adenocarcinoma component (H&E). (C) Microscopy of a representative part of the adenocarcinoma component that was microdissected 
andd used for the p53 mutation analysis and microsatellite analyses (H&E). (D) Positive staining for the cytokeratin marker Cam 5.2 in t h e 
adenocarcinomaa component. (E) Microscopy of a representative part of the squamous cell carcinoma component that was microdissected and 
usedd for the p53 mutation analysis and microsatellite analyses (H&E). (F) The squamous cell carcinoma component is negative for Cam 5 .2 . 

gastricc junction, and extended to the squamocolumnar 
junctionn of a patch of squamous cell mucosa adjacent to 
thee tumor (Figure IA). Paraffin-em bedded tissue blocks 
weree routinely sampled from which H&E-stained section 
slidess were prepared for microscopy. The microscopy of 
thee esophagus showed Barrett mucosa of the distinctive 
type,, and invasive adenocarcinoma, focally intermingled 
withh squamous cell carcinoma (Figure IS). Both com-
ponentss were confined to the submucosa. The esophagus 
andd stomach resection margins were unremarkable. One 

lymphh node contained a metastasis with adenocarcinoma 
differentiation. . 

Material ss  and Method s 

Immunohistochemistry y 

Immunohistochemistryy for cytokeratin (clone Cam 
5.2;; Becton Dickinson, San Jose, CA) and p53 (clone DO-7; 
Dako,, Glostrup, Denmark) was performed using standard 
methods. methods. 
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TaMee 1_ Results of the Microsatellite Marker Analysis and 
p53p53 Sequence Analysis 

Microsatellitee analysis 

Marker r 

BAT26 6 
D3S1478 8 
D5S346 6 

D5S107 7 
D9S162 2 
D9S171 1 
D9S259 9 
D9S925 5 

D10S2491 1 
D14S68 8 
D16S2624 4 
D18S64 4 

Chromosomal l 
arm m 

2p p 
3p p 

5q q 

5q q 

9p p 
9p p 

9p p 
9p p 

l O q q 
14q q 
16q q 
18q q 

BE E 

Noo shift 
R R 
R R 

R R 

LL L 
LL L 

LL L 
LL L 
R R 
R R 

Noo shift 
R R 

AC C 

Noo shift 

LL L 
LS S 

LS S 
LL L 
LL L 
LL L 

LL L 
LS S 
LL L 

Shift t 
LS S 

SC C 

Noo shift 
LL L 

LS S 

LS S 
LL L 
LL L 

LL L 
LL L 
LS S 
LL L 

Noo shift 
LS S 

LN N 

TAC C 

(Wtt - Tyr) 

NSE E 

TAC C 
(Wt) ) 

p53p53 sequence analysis 
(codonn 163) 

BEE AC 

TACC TAC -> AAC 
(Wt)) (Tyr -* Asn) 

SC C 

TACC -> AAC 
(Tyrr ->Asn) 

BE,, Barrett epithelium; AC, adenocarcinoma component; SC, squa-
mouss cell component; LN, lymph node; NSE, normal squamous epi 
thelium;; R, retention (no LOH); LL, LOH of the larger allele; LS, LOH of 
thee smaller allele; Wt, wild-type. 

Microsatellitee Analysis 

Formalin-fixed,, paraffin-embedded tissue was available 

fromm normal lymphocytes, normal squamous cell epithelium 

(NSE),, metaplastic Barrett epithelium (BE), invasive adeno-

carcinomaa (AC), and squamous cell carcinoma (SC). Enrich-

mentt for metaplastic and tumor cells was achieved by careful 

microdissection.. Microdissection for the AC and SC compo-

nentt was performed on areas of the tumor in which each 

individuall  component was present separately (Figure 1C-F) to 

avoidd contamination of 1 componenc with the other. DNA was 

isolatedd using a standard proteinase-K digestion. Loss of het-

erozygosityy (LOH) analysis was performed using 18 polymor-

phicc microsatellite markers and an Al u repeat located within 

thee p53 gene. Polymerase chain reaction (PCR) amplification 

wass performed in a 20 U.L reaction volume containing 40 ng of 

eachh primer of which 1 primer was labeled with a fluorescent 

marker,, 0.2 mmol /LdNTPs, 1.5 mmoI/L MgCI2 and 1.0 units 

off  Plat inum Taq DNA polymerase (Gibco BRL/Lif e Technol-

ogiess Inc., Rockville, MD) in the buffer supplied by the 

manufacturer.. Cycling was performed in a PTC-100 cycler(MJ 

Researchh Inc., Wal tham, MA ) dur ing 40 cycles at an annealing 

temperaturee of 55°C and the PCR) products were analyzed 

usingg an automated ABI-377 sequencer and Genescan 2.1 

softwaree (Applied Biosystems, Foster City, CA). For rhe 12 

informativee markers (Table 1), LOH was determined by cal-

culatingg the ratio of the peak heights of the smaller and larger 

allelee for rhe normal D NA and for the D NA from rhe different 

neoplasticc components. Subsequently, the allelic imbalance 

factorr (A IF) was calculared for each neoplastic component by-

dividingg its allelic ratio by the ratio from the normal DNA." 

LOHH of the larger allele was defined as an AI F of 1.7 or more 

andd LOH of the smaller allele was defined as an AIF of 0.59 or 

less.. Al l PCR reactions were repeated at least once to ensure 

reproducibility. . 

p53p53  Mutatio n Analysi s 

Full-lengthh complementary D NA (cDNA) was derived 

fromm snap-frozen material of the AC component using stan-

dardd methods. This was subjected to sequence analysis as 

describedd by Rozemuller et al.7 using an AB1 3100 automated 

sequencerr (Applied Biosystems, Foster City, CA) and the 

softwaree provided by the manufacturer. Subsequenrly, the 

DNAA of normal lymphocytes, NSE, BE, AC, and SC was 

analyzedd by direct sequencing for the presence of the same 

missensee mutation that was found in the cDNA of the AC 

component. . 

Result s s 

Adenosquamouss carc inoma of the esophagus is a 

veryy rare t u m or w i t h an obscure histogenesis. W e de-

scribee a case of adenosquamous carc inoma in Barrert 

esophaguss in a pa t ient who occasionally used alcohol, but 

wass a nonsmoker. 

I nn this case, we used a molecular-genet ic approach to 

characterizee and to unders tand the histogenesis of th is 

adenosquamouss carc inoma ar is ing in Barrett mucosa. 

Tablee 1 summar izes the results of the L O H and p 53 

sequencee analysis for BE, AC, and SC. 

Thee L O H on chromosomal arm 9p clearly indicates 

thatt th is is an early event in the cumor igenesis because in 

add i t ionn to the L O H at 4 markers (D9S162, D 9 S 1 7 1, 

D 9 S 2 5 9,, and D9S925) in the A C and the SC, loss of the 

samee alleles was also found in the BE (Figure 2A). L OH 

att th is locus as an early event in metaplast ic Barrett 

mucosaa has also been descr ibed by other invest igators." 

Besidess the L O H on chromosome 9p, the A C and the SC 

bo thh show L O H w i t h loss of the same alleles at all 

informat ivee markers tested on chromosomal arms 3p, 5q, 

lOq,, 14q, and 18q (Table 1, F igure 2A). Th is indicates 

thee evo lu t ion of a clonal popu la t ion w i t h an accumula-

t ionn of molecu lar -genet ic a l terat ions.9 

I nn add i r ion ro the L O H analysis, sequence analysis of 

rhee p53 tumor -suppressor gene revealed rhe same mis-

sensee mu ta t i on in the A C and SC component (F igure 

26—D,, Tab le 1). It is ext remely unl ike ly that 2 different 

tumorss share the loss of the same alleles at so many 

differentt loci and harbor the exact same po int mu ta t i on. 

Thee molecular s tudies in th is case show the potent ial 

powerr of th is approach to follow the clonal evolut ion of 

tumorss w i t h markers that identify L O H. A coll ision 

t u m orr or a mucoep ide rmo id rumor ar ising from a sub-
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MM ft f t NSE E AC C SC C 
Figur ee 2. (4) Representative examples of the microsatellite marker analysis. The results of markers at loci on chromosomal arms 9p (D9S259), 
16qq (D16S2624), and 3p (D3S1478) are shown for normal lymphocytes (N), Barrett epithelium (BE), adenocarcinoma (AC), and squamous cell 
carcinomaa (sc) component. The alleles are highlighted by arrows and the AIF is indicated in red. where applicable. There is LOH of the larger allele 
att marker D9S259 in BE, AC, and SC. At marker D16S2624 there is a shift only in the AC component (red arrowhead). There is LOH of the larger 
allelee at marker D3S1478 both in the AC and in the SC component. [B and C) Positive staining for p53 in both the (S) AC component and (C) 
thee SC component. (D) Sequencing of the p53 gene revealed the same T-<A missense mutation in codon 163 in both the AC and the SC 
componentt [black arrowheads). 

Invasiv ee SC -componen t 
[9p,, 3p, 5q, 10q, 14q, 18q; p53 mut ] 

LOHH at 9p 

Normall  Squamou s 
Celll  Epitheliu m 

Barret t t 
Epitheliu m m 

Accumulatio nn of furthe r geneti c changes : 
LOHH at 3p, 5q, 10q, 14q, 18q; 

TAC—*  AAC mutatio n in p53 

T T T T 
Dysplasi a a 

Instabilit yy  at 16S2624 

Invasiv ee AC -componen t 
pp .. 3p, 5q, 10q, 14q, 18q; p53 mut , 16q shift ] 

Figur ee 3. Schematic representation of the postulated tumor progression pathway in this case of adenosquamous carcinoma. LOH at 
chromosomall arm 9p has occurred as an early event because it was found already in Barrett epithelium and is shared by both the SC and the 
ACC component. LOH at chromosomal arms 3p, 5q, lOq, 14q, and 18q and the p53 point mutation occurred before the divergence because these 
eventss are observed in both components. A shift at marker D16S2624 is found only in the AC-component, and therefore must have occurred as 
aa late event, after the divergence. 
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mucosall  esophageal gland could be ruled out. Given the 
manyy molecular-genetic similarities between the 2 com-
ponents,, the divergence in differentiation presumably 
occurredd as a lare event in tumorigenesis (Figure 3)-

Discussio n n 
Thee molecular alterations associated with adeno-

carcinomaa and squamous cell carcinoma of the esophagus 
havee been addressed in many recent studies and some ot 
thesee studies have compared the molecular make-up of 
adenocarcinomaa and squamous cell carcinoma. Our find-
ingss are in agreement with these studies; i.e., loss of the 
locii  on chromosomal arms 3p. 5q, 9p, and 18q, as well 
ass mutation of the p5.1 tumor-suppressor gene are fre-
quentlyy seen in both tumor types.1" " Surprisingly, ad-
enocarcinomaa and squamous cell carcinoma of the esoph-
aguss have many molecular alterations in common and 
theree is littl e evidence for a specific distinction between 
thesee 2 tumors at the molecular-genetic level. 

Inn this study, the only observed difference between the 
22 components was a shift at a marker on chromosomal 
armm 16q (Figure 2A }. It is reasonable to question 
whetherr this observed difference between the molecular-
geneticc make-up of the 2 components can account fur the 
phenotypicc divergence. Thus, it remains unclear at the 
geneticc level why in this particular patient an adenosqua-
mouss carcinoma developed in a Barrett mucosa, but 
perhapss epigenenc factors may explain the difference. 
Squamouss cell carcinomas in the esophagus of patients 
withh Barretr mucosa have been reported.1J These are 
explainedd by rhe pathogenetic relationship of the 2 con-
ditionss that share many risk factors and carcinogens. 
Somee of these carcinogens may push the neoplastic cells 
inn different lineage directions, but the molecular basis ot 
suchh phenomenon is still completely obscure. For prac-
ticall  purposes it is important to realize that patients with 
Barrettt esophagus carry a risk not only tor Barrett car-
cinomaa but also for carcinomas at other sites ot the upper 
aerodigestivee tract.' 
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SUMMARYY AND CONCLUDING REMARKS 

Cancerr of the stomach and of the esophagus are both leading causes of cancer-
relatedd death worldwide. The prognosis of these tumors remains poor since most 
patientss become symptomatic when the disease is already in an advanced stage. 
Surgicall resection is generally only curative when the disease is limited and has not 
yett spread to the lymphnodes or other organs. Furthermore, the currently available 
chemotherapeuticc options generally have disappointing results in patients with these 
tumors. . 

Duringg the last few decades there has been a tremendous increase in our 
understandingg of human cancer. The current concept of cancer is that it is the result 
off an accumulation of generalized and specific molecular genetic alterations in which 
activatedd oncogenes and inactivated tumor suppressor genes -sometimes caused by 
defectivee proteins involved in DNA repair- lead to growth deregulation at the cellular 
level.. The accumulation of such changes generally accompanies the morphological 
substratess of a stepwise tumor progression model. In the gastrointestinal tract, 
carcinogenesiss of the colorectum has been most extensively studied. This has led to 
aa better understanding of the molecular pathogenesis of this tumor type and human 
cancerr in general. The adenoma-carcinoma sequence, as originally proposed by 
Vogelsteinn is now regarded as a major model of carcinogenesis. Nevertheless, many 
differencess between cancers of different organs remain. For example, the 
pathogenesiss of gastric and esophageal cancer is less well understood. Therefore, it 
iss necessary to characterize the molecular alterations that are associated with 
carcinogenesiss in these organs. 

AA better understanding of the underlying molecular alterations of a specific cancer 
typee is important since this may lead to the development of new treatment modalities 
suchh as gene therapy, for example. Furthermore, some molecular alterations may be 
usedd to predict disease outcome or the susceptibility of individual tumors to existing 
therapeuticc interventions. Finally, specific molecular alterations may be used in 
surveillancee strategies to improve the early diagnosis of cancer at stages when it is 
stilll curable and may hence improve patient survival. Therefore, this knowledge will 
ultimatelyy be beneficial for patients and individuals at risk. The studies described in 
thiss thesis focus on some molecular alterations frequently occurring in carcinomas of 
thee stomach and of the esophagus. 

Epstein-Bar rr  viru s (EBV) and gastri c carcinogenesi s 
Remotee partial gastrectomy has been recognized as a major risk factor for gastric 
cancer.. It was postulated that gastric stump cancer could provide a suitable model to 
studyy the molecular genetics of gastric carcinogenesis in general. In chapter s 2 and 
33 a comparison was made between 'conventional' gastric cancer and gastric stump 
cancerr with respect to molecular alterations of the p53 tumor suppressor pathway 
andd the K-RAS proto-oncogene and the prevalence of H. pylori (HP) and Epstein-
Barrr virus (EBV) in these tumors. Mutations in codon 12 of the K-RAS gene were rare 
inn both the conventional gastric carcinomas and the gastric stump carcinomas. 
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Expressionn of p53 and p21-Waf1/Cip1 was similar in both groups. Interestingly, there 
wass a significant difference in the prevalence of HP and EBV between both groups. 
HPP was more frequently seen in the conventional gastric carcinomas whereas EBV 
wass more frequently seen in gastric stump carcinomas. Thus, there appear to be 
etiologicall differences between gastric stump carcinoma and cancer of the intact 
stomach.. In chapte r 4 the role of HP and EBV in the molecular pathogenesis of 
gastricc carcinoma was assessed. For this purpose, an extensive allelotype study of 
fifty-sevenn gastric carcinomas was performed using a variety of molecular markers. 
Thee markers were located at tumor suppressor loci known to be involved in 
carcinogenesiss of the gastrointestinal tract and near tumor suppressor genes 
involvedd in syndromes that include gastric cancer in their phenotype. The results of 
thee molecular studies were subsequently analyzed according to the HP and EBV 
statuss of the tumors. As seen in many other studies, there was no correlation 
betweenn HP-status and any of the molecular markers tested. However, significant 
differencess in molecular alterations were observed between EBV-positive and EBV-
negativee tumors. Fractional allelic loss at the tested markers was significantly lower in 
thee EBV-positive carcinomas when compared to the EBV-negative ones. In addition, 
somee interesting differences were observed at specific chromosomal arms with 
respectt to EBV-status of the tumors. EBV-positivity was inversely associated with 
allelicc loss at markers on chromosomal arms 5q, 17p and 18q. Allelic loss at the 
TP533 locus on chromosomal arm 17p was not observed in EBV-positive tumors in 
contrastt to approximately half of the EBV-negative ones. This finding was confirmed 
usingg p53-immunohistochemistry. None of the EBV-positive carcinomas showed 
unequivocall p53-immunopositivity in contrast to almost 40% of the EBV-negative 
carcinomas.. Thus, EBV-positive carcinomas appear to have a different molecular 
pathogenesiss in which p53 is not, or differently inactivated. The findings in this study 
aree in line with recent evidence in the literature suggesting that EBV-positive gastric 
cancerr is a distinct entity of gastric adenocarcinoma. Differences in methylation of 
tumorr suppressor genes and gross chromosomal alterations as measured by 
comparativee chromosomal hybridization have been observed between EBV-positive 
andd negative tumors. However whether EBV-positivity in these tumors is a cause or a 
consequencee of a different molecular profile has not yet been elucidated. Some clues 
too this may also be answered by the timing of EBV-infection during gastric 
carcinogenesis.. However, up to date it has remained unclear at which stage during 
carcinogenesiss in the stomach EBV is activated in the gastric epithelial cells. This 
wass investigated in chapte r 5. In this chapter a variety of gastric preneoplastic 
lesionss and gastric carcinomas were tested for the presence of EBV by EBER1/2 in 
situsitu hybridization and immunohistochemistry for EBNA-1 and LMP-1. Lesions were 
obtainedd both from the gastric remnant as well as the non-operated stomach. 
EBER1/2-transcriptss and EBNA-1 immunopositivity were observed only in carcinoma 
cellss and were absent in preneoplastic gastric epithelial cells. Immunohistochemistry 
forr LMP-1 was negative in all cases tested. The absence of signs of EBV-infection in 
pre-neoplasticc gastric lesions, e.g. intestinal metaplasia, low-grade dysplasia and 
high-gradee dysplasia strongly suggests that EBV enters the neoplastic gastric 
epitheliumm at a late stage during gastric carcinogenesis. How EBV enters the gastric 
cancerr cells still remains unexplained. 
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Cyclooxygenase- 22 (COX-2) expressio n in gastri c and esophagea l cance r 
Thee use of nonsteroidal anti-inflammatory drugs (NSAIDs) is associated with a lower 
incidencee of cancer, particularly of the gastrointestinal tract. The best known target of 
NSAIDss is cyclooxygenase (COX), the rate limiting enzyme in the conversion of 
arachidonicc acid to prostanoids. Expression of the COX-2 isoform has been observed 
inn a variety of human cancers. In chapte r 6 the literature was reviewed on the role of 
COX-22 in carcinogenesis tumors of the gastrointestinal tract. In chapte r 7 the 
performancee of several commercially available COX-2 antibodies was evaluated. 
Subsequently,, COX-2 protein expression was studied in 67 gastric cancer specimens 
andd in nine cases with unequivocal dysplasia without evidence of invasion, using 
immunohistochemistry.. COX-2 immunopositivity was observed in 58% of the 
intestinall type tumors but only in 6% of the diffuse type tumors. COX-2 positivity was 
predominantlyy seen in the malignant epithelial cells and the stroma of the tumors was 
generallyy negative. However, strong COX-2 positivity was consistently detected in 
stromall cells at sites of erosions and ulcerations. In addition to the discrepancy 
betweenn intestinal type and diffuse type tumors, a much higher expression of COX-2 
mRNA,, protein and enzymatic activity was measured in well-differentiated gastric 
cancerr cell lines when compared with poorly differentiated cell lines. Four of nine of 
thee dysplasias were positive for COX-2. Therefore, this study showed that COX-2 
expressionn appears to be restricted to gastric carcinomas of the intestinal type and 
occurss also in premalignant (dysplastic) lesions of the stomach. In chapte r 8 we 
elaboratedd on this latter finding by investigating the timing and localization of COX-2 
expressionn during carcinogenesis in the stomach. For this purpose we used the 
postgastrectomyy stomach as a model of human gastric carcinogenesis. First we 
evaluatedd the expression of COX-2 in gastric stump carcinomas and conventional 
gastricc carcinomas. COX-2 expression was comparable in both groups which 
supportedd the assumption that the gastric remnant could serve as a model system for 
humann gastric carcinogenesis with respect to the expression of COX-2. 
Subsequently,, the expression of COX-2 was evaluated in a series of biopsies from 
thee gastroenterostoma of post-gastrectomy patients, using immunohistochemistry. 
Thiss series of biopsies represented the whole spectrum of precursor lesions of the 
tumorr progression model proposed for the intestinal type of gastric cancer. COX-2 
immunopositivityy gradually became more frequent during the progression from 
reactivee epithelium to high-grade dysplasia, both in the epithelial cells and in nearby 
stromall cells. Furthermore, COX-2 mRNA expression was assessed in fresh biopsies 
withh and without intestinal metaplasia, using reverse transcriptase polymerase chain 
reactionn (RT-PCR). COX-2 mRNA levels were increased in biopsies containing 
intestinall metaplasia. Thus, it was concluded that COX-2 upregulation is a relatively 
earlyy event during carcinogenesis in the stomach. In addition, an attempt was made 
too characterize the COX-2 immunopositive stromal cells that were observed near 
precursorr lesions and ulcerations and erosions, using double staining 
immunohistochemistry.. At sites of highly proliferative granulation tissue, these cells 
appearedd to be positive for the smooth muscle cell marker a-smooth muscle actin (a-
SMA).. In contrast to findings in colorectal carcinogenesis, only a minority of the 
subepitheliall COX-2 positive stromal cells showed double-staining with the pan-
macrophagee marker CD68. Interestingly, a significant proportion of these cells 
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showedd co-localization of COX-2 and HLA-DR, suggesting antigen-presenting 
properties.. No co-localization of COX-2 and the endothelial cell marker CD31 was 
observed,, suggesting that in the stomach COX-2 is not expressed by vascular 
endothelium.. Nevertheless, a yet unidentified subpopulation of stromal cells 
remained.. In conclusion, COX-2 expression is comparable in gastric stump cancer 
andd conventional gastric carcinoma. Furthermore, it appears to be an early event in 
gastricc carcinogenesis. COX-2 expression appears to increase gradually during 
tumorr progression both in the premalignant epithelium as well as in the stromal cells 
surroundingg it, suggesting a role of the subepithelial stromal cells in gastric 
carcinogenesis.. The exact nature of these cells remains to be elucidated. 

Thee overexpression of COX-2 in gastrointestinal tumors suggests a role of 
prostaglandinss in their pathogenesis. Increased levels of prostaglandin E2 (PGE2) 
havee been found in both gastric and colon cancer tissues. Also, mechanistic studies 
havee suggested a role of PGE2 in carcinogenesis. Recently, two distinct forms of 
humann prostaglandin E-synthase were cloned of which the microsomal isoform 
(mPGES)) appears to be inducible and linked to COX-2 in the biosynthesis of PGE2. 
Inn chapte r 9 the expression of mPGES messenger RNA (mRNA) and protein was 
examinedd in intestinal type gastric adenocarcinomas and in gastric cancer cell lines. 
Elevatedd levels of mPGES mRNA were observed in 57% of the tumors when 
comparedd to matched non-neoplastic gastric mucosa. The mean elevation was 
approximatelyy two-fold. Moderate to strong mPGES immunoreactivity was observed 
inn 56% of gastric adenocarcinoma samples. The positivity was localized to the 
cytoplasmm of the gastric cancer cells. Interestingly, strong immunoreactivity was also 
observedd in the surface lining of non-neoplastic gastric glands. In three gastric 
cancerr cell lines (basal) expression of mPGES mRNA and protein was observed. 
Activityy of mPGES correlated with the expression data. In contrast to COX-2, the 
expressionn of mPGES mRNA or protein could not be induced in any of the gastric 
cancerr cell lines. Thus, mPGES is (over)expressed in gastric adenocarcinoma where 
itt may facilitate the release of PGE2, via the COX-2 pathway. The regulation of 
mPGESS and of COX-2 expression appears to occur via separate pathways in gastric 
cancerr cell lines. The optimal induction of PGE2-synthesis seems to require basal 
expressionn of mPGES and induction of COX-2. 

Thee expression of COX-2 occurs frequently in adenocarcinomas of the esophagus. 
Furthermore,, it appears to be a relatively early event since it can be observed 
alreadyy in the metaplastic epithelium of Barrett's esophagus preceding this disease. 
Thereforee COX-2 expression seems to be important in carcinogenesis of 
adenocarcinomass arising in Barrett's esophagus. However, little is known about the 
clinicall significance of COX-2 expression in this tumor type. Studies in gastric and 
colorectall cancer showed an association of COX-2 expression and 
clinicopathologicall parameters such as tumor size, differentiation grade and lymph 
nodee metastasis. However, whether COX-2 expression (independently) correlated 
withh survival remained unclear from these studies, presumably because of 
methodologicall difficulties. In chapte r 10 COX-2 (over)expression in 
adenocarcinomass of the esophagus was correlated with clinicopathological 
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parameterss and survival in 145 consecutive patients undergoing intentionally curative 
surgeryy for this disease. Based on the intensity and extent of COX-2 
immunopositivityy the tumors were categorized as 'COX-2 High' and 'COX-2 Low'. 
Patientss with tumors showing high COX-2 expression were more likely to develop 
distantt metastases and local recurrence. Furthermore, survival was significantly 
reducedd in the 'COX-2 High' category when compared to the 'COX-2 Low' category 
withh five-year survival rates that were 35% and 72%, respectively. Multivariate 
analysiss of the data recognized COX-2 expression as an independent prognostic 
factorr in this study. Therefore, these findings support the effort to initiate clinical 
studiess to investigate the effect of (specific) COX-2 inhibitors as a novel adjuvant 
chemotherapeuticc modality to treat patients with adenocarcinoma arising in Barrett's 
esophagus. . 

Clinica ll  application s of molecula r biologica l tool s 
Thee case reports in chapter s 11 and 12 illustrate the potential power of molecular 
biologicall techniques in the diagnosis and the analysis of pathogenesis of individual 
tumors.. In chapte r 1 1 a case of a patient -a heavy smoker and regular drinker- with 
sevenn tumors of the aerodigestive tract was described. In this case several molecular 
techniquess were deployed to test whether the individual tumors are either 
metastasess of a previous one or independent primary tumors. Material of six tumors 
wass available for study. These tumors were tested for loss of heterozygosity (LOH) 
usingg five polymorphic microsatellite markers at chromosomal arms 3p, 5q, 9p, 17p 
andd 18q. In addition, p53 immunohistochemistry and p53 point mutation analysis 
weree performed. Also, mutational analysis of K-RAS codon 12 was carried out. A 
uniquee pattern of LOH and p53 mutations was detected in all 6 tumors tested. Taken 
together,, the results pointed to an independent nature of each of the tested tumors 
andd supported the mechanism of 'field cancerization' in this patient. In chapte r 12 a 
raree case of adenosquamous carcinoma arising in Barrett's esophagus was 
described.. Little is known about the pathogenesis of these tumors. For example, in 
thiss case it was unknown whether it concerned one tumor with two morphologically 
differentt components or a so-called collision tumor consisting of two pathogenetically 
independentt tumors. Furthermore, it would be of interest to know if the tumor 
originatedd from either the squamous cell epithelium, the metaplastic columnar 
epitheliumm or both. For these purposes, several techniques were used to assess the 
molecularr make-up of the two distinct histological components of this tumor, i.e. the 
adenocarcinomaa component (AC) and the squamous cell carcinoma component 
(SC).. Loss of the same allele at all informative microsatellite markers was observed 
inn both the AC component and the SC component. The same allele of four distinct 
markerss on chromosomal arm 9p was also lost in the metaplastic Barrett epithelium 
(BE).. Sequencing of the p53 tumor suppressor gene revealed the same missense 
mutationn in both the SC and the AC component. The only observed difference was a 
shiftt at a marker on chromosomal arm 16q in the AC component which was absent in 
thee BE and the SC component. Altogether, the results in this case strongly 
suggestedd that it concerned one monoclonal tumor originating from the metaplastic 
Barrettt epithelium. Furthermore, it was concluded that the divergence presumably 
occurredd late in the tumorigenesis of this carcinoma. 
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Finall y y 
Molecularr events during carcinogenesis may indeed improve our understanding and 
insightss in tumorigenesis in the stomach and the esophagus. In this thesis we have 
particularlyy focussed on EBV and COX-2 and the accompanying molecular genetic, 
histopathologicall and clinical characteristics. Both EBV-activation and increased 
COX-22 expression could potentially act as suitable targets for new therapeutic 
strategies.. EBV could serve as a target for immune and/or gene therapy whereas 
COX-22 similarly could act as a target for chemopreventive and adjuvant 
chemotherapeuticc measures. Obviously, more research is needed for implementation 
off such novel strategies into the daily practice of gastric and esophageal cancer 
treatment.. Nevertheless, it illustrates how studies as the ones described in this thesis 
mayy ultimately lead to applications from which the patients may benefit. 
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SAMENVATTINGG EN CONCLUSIES 

Maag-- en slokdarmkanker zijn wereldwijd allebei belangrijke kankergerelateerde 
doodsoorzaken.. De prognose van deze tumoren blijft slecht aangezien de meeste 
patiëntenn pas klachten krijgen als de ziekte zich al in een vergevorderd stadium 
bevindt.. Resectie van deze tumoren is in het algemeen slechts curatief als de ziekte 
beperktt is en nog niet is uitgezaaid naar lymfeklieren of andere organen. Daarnaast 
iss het effect van de momenteel gangbare chemotherapie in het algemeen 
teleurstellendd in patiënten met deze tumoren. 

Tijdenss de laatste tientallen jaren is de kennis over kanker enorm toegenomen. De 
huidigee inzichten laten zien dat kanker het resultaat is van een opeenstapeling van 
algemenee en specifieke moleculair genetische afwijkingen waarbij geactiveerde 
oncogenenn en geïnactiveerde tumor suppressor genen - soms tengevolge van 
functioneell inactieve DNA herstelmechanismen - leiden tot ongereguleerde groei van 
cellen.. De opeenstapeling van deze veranderingen gaat in het algemeen gepaard 
mett stapsgewijze morfologische afwijkingen. In de tractus digestivus is de 
carcinogenesee van colorectale tumoren het best bestudeerd. Dit heeft geleid tot een 
beterr inzicht in de moleculaire pathogenese van deze tumoren en van kanker in het 
algemeen.. De adenoma-carcinoma sequentie zoals oorspronkelijk gepostuleerd door 
Vogelsteinn wordt nu beschouwd als het belangrijkste model van carcinogenese in de 
mens.. Desondanks blijken er ook veel verschillen te bestaan tussen tumoren van 
verschillendee organen. Het inzicht in de pathogenese van maag- en 
slokdarmtumorenn is veel minder uitgebreid bijvoorbeeld. Daarom is het noodzakelijk 
datt de moleculaire veranderingen geassocieerd met carcinogenese in deze organen 
ookk goed worden gekarakteriseerd. 

Eenn beter begrip van de onderliggende moleculaire afwijkingen in een bepaald soort 
kankerr is belangrijk daar het kan leiden tot de ontwikkeling van nieuwe 
behandelingsmogelijkhedenn zoals bijvoorbeeld gentherapie. Daarnaast kunnen 
sommigee moleculaire afwijkingen worden gebruikt om de prognose van patiënten 
beterr in te schatten en/of de gevoeligheid van individuele tumoren voor specifieke 
behandelingenn te beoordelen. Tenslotte kunnen specifieke moleculaire afwijkingen 
wordenn gebruikt om de vroege detectie van kanker te verbeteren zodat de diagnose 
reedss kan worden gesteld als de tumor zich nog in een stadium bevindt waarbij 
curatievee resectie nog kan plaatsvinden. Hierdoor kan de overleving van patiënten 
significantt worden verbeterd. Daarom is een beter begrip van de moleculaire 
pathogenesee van kanker belangrijk voor zowel patiënten als voor mensen met een 
verhoogdd risico op kanker. Het onderzoek beschreven in dit proefschrift betreft een 
aantall moleculaire afwijkingen die frequent voorkomen bij carcinomen van de maag 
enn slokdarm. 

Epstein-Bar rr  viru s en carcinogenes e in de maag 
Partiëlee maagresectie in het verleden wordt beschouwd als een belangrijke 
risicofactorr voor maagkanker. Gepostuleerd is dat het carcinoom van de maagstomp 
eenn model zou kunnen leveren voor de studie van moleculaire afwijkingen tijdens 
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carcinogenesee in de maag. In hoofdstukke n 2 en 3 werden 'conventionele' 
maagcarcinomenn vergeleken met maagstompcarcinomen met betrekking tot 
moleculairee afwijkingen van het p53 tumor suppressor eiwit, p21 Waf1/Cip1 en het K-
RASRAS proto-oncogen. Tevens werd gekeken naar de prevalentie van H. pylori en het 
Epstein-Barrr virus in deze tumoren. Mutaties van codon 12 van het K-RAS gen waren 
zeldzaamm in zowel de conventionele maagcarcinomen als in maagstompcarcinomen. 
Expressiee van p53 en p21-Waf1/Cip1 was vergelijkbaar in beide groepen. Interessant 
genoegg had het verschil in voorkomen van HP en EBV een relatie met het type 
tumor.. HP werd vaker aangetroffen in de conventionele maagcarcinomen terwijl EBV 
vakerr werd gezien in de maagstomp carcinomen. Blijkbaar zijn er dus etiologische 
verschillenn tussen het carcinoom van de maagstomp en het carcinoom in de niet 
geopereerdee maag. 
Inn hoofdstu k 4 werd de rol van HP en EBV in de moleculaire pathogenese van 
maagcarcinomenn nader onderzocht. Hiervoor werd een uitgebreide allelotypering van 
577 maagcarcinomen uitgevoerd met verschillende moleculaire markers. Deze 
markerss waren gelokaliseerd nabij tumor suppressor loci die worden verondersteld 
betrokkenn te zijn bij carcinogenese van tumoren van de tractus digestivus en nabij 
tumorr suppressor genen die betrokken zijn in syndromen met maagkanker in hun 
fenotype.. De resultaten van deze moleculaire testen werden vervolgens 
geanalyseerdd in relatie tot de HP- en EBV-status van de individuele tumoren. Zoals 
ookk aangetoond in andere studies was er geen aantoonbare correlatie tussen de HP-
statuss van de tumoren en specifieke moleculaire markers. Daarentegen werden 
significantee verschillen gezien tussen EBV-positieve en EBV-negatieve tumoren. De 
waardee van 'fractional allelic loss' (FAL) van het aantal geteste markers was 
significantt lager in de EBV-positieve tumoren in vergelijking met de EBV-negatieve 
tumoren.. Daarnaast werden interessante verschilfen gevonden met betrekking tot 
EBV-statuss en afwijkingen aan markers op specifieke chromosoom armen. EBV-
positiviteitt bleek negatief geassocieerd met allelverlies op chromosomen 5q, 17p en 
18q.. Allelverlies op het TP53-locus gelegen op chromosoom 17p werd niet gezien in 
EBV-positievee tumoren in tegenstelling tot de EBV-negatieve tumoren waarin dit 
locuss in ongeveer 50% bleek aangedaan. Deze bevinding werd bevestigd met 
immunohistochemiee gericht tegen het p53 eiwit. Geen van de EBV-positieve 
carcinomenn liet duidelijke p53 immunopositiviteit zien in contrast met ongeveer 40% 
vann de EBV-negatieve carcinomen. EBV-positieve maagcarcinomen hebben dus 
blijkbaarr een andere moleculaire pathogenese dan EBV-negatieve tumoren. Hierin 
blijktt p53 niet of op een andere manier geïnactiveerd. De bevindingen van deze 
studiee zijn in overeenstemming met recente andere bevindingen in de literatuur 
waarinn wordt gesuggereerd dat EBV-positieve maagcarcinomen een afzonderlijke 
entiteitt vormen. Recent werden ook verschillen in methylering van tumor suppressor 
genenn en in grove chromosomale afwijkingen, gemeten met behulp van 
comparatievee chromosomale hybridisatie (CGH), beschreven tussen EBV-positieve 
enn -negatieve tumoren. Echter, of de EBV-positiviteit in deze tumoren een oorzaak of 
eenn gevolg is van een ander moleculaire pathogenese is tot op heden nog niet 
duidelijkk geworden. Het moment waarop EBV-infectie / -activatie van de tumoren 
plaatsvindt,, in de carcinogenese van deze tumoren kan eventueel aanwijzingen 
gevenn die kunnen leiden tot de beantwoording van deze vraag. Tot op heden is nog 
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niett aangetoond tijdens welk stadium van de carcinogenese het EBV wordt 
geactiveerdd in het maagepitheel. 
Ditt werd onderzocht in hoofdstu k 5. In dit hoofdstuk werd een aantal premaligne 
maagslijmvliesafwijkingenn en maagcarcinomen getest voor de aanwezigheid van 
EBVV door middel van EBER1/2 in situ hybridisatie en immunohistochemie tegen 
EBNA-11 en LMP-1. De maagslijmvlieslaesies werden verkregen uit zowel de 
geopereerdee als de niet geopereerde maag. EBER1/2-transcripten en EBNA-1 
immunopositiviteitt werden slechts aangetroffen in carcinoomcellen en waren afwezig 
inn premaligne maagepitheel. LMP-1 immunohistochemie was negatief in alle 
gevallen.. De afwezigheid van tekenen van EBV-infectie in premaligne laesies van het 
maagslijmvliess zoals intestinale metaplasie en diverse gradaties van dysplasie 
suggererenn dat EBV pas in een laat stadium van carcinogenese van de maag het 
neoplastischee epitheel binnendringt. Hoe dit gebeurt is echter nog onduidelijk. 

Expressi ee van cyclooxygenase- 2 (COX-2) in maag- en oesophagu s carcinome n 
Hett gebruik van non-steroïde anti-inflammatoire stoffen (NSAID's) is geassocieerd 
mett een lagere incidentie van kanker, met name van de tractus digestivus. Het 
belangrijkstee beschreven aangrijppunt van deze stoffen is cyclooxygenase (COX), 
hett snelheidsbepalende enzym in de omzetting van arachidonzuur in prostanoïden. 
Expressiee van het COX-2 iso-enzym is beschreven in diverse tumoren. Hoofdstu k 6 
iss een overzichtsartikel van de literatuur met betrekking tot de rol van COX-2 in de 
carcinogenesee van tumoren van de tractus digestivus. In hoofdstu k 7 werden 
verschillendee commercieel verkrijgbare antilichamen tegen COX-2 geëvalueerd. 
Vervolgenss werd de expressie van COX-2 bestudeerd met behulp van 
immunohistochemiee in 67 maagcarcinomen en in 9 gevallen van welomschreven 
dysplasiee zonder tekenen van invasie. COX-2 expressie werd aangetroffen in 58% 
vann de maagcarcinomen van het intestinale type maar slechts in 6% van de tumoren 
vann het diffuse type. COX-2 positiviteit werd voornamelijk gezien in de maligne 
epithelialee cellen en het stroma van de tumoren was voornamelijk negatief. 
Daarentegenn werd sterke COX-2 positiviteit zonder uitzondering aangetroffen in het 
stromaa van erosies en ulceraties. Naast de verschillen tussen tumoren van het 
intestinalee en het diffuse type werd een verhoogde expressie van COX-2 mRNA, 
eiwitt en enzymatische activiteit gemeten in goed gedifferentieerde maagkanker 
cellijnenn in vergelijking met slecht gedifferentieerde cellijnen Vier van de negen 
gevallenn van dysplasie waren positief voor COX-2. Deze studie toont daarom aan dat 
COX-22 expressie lijkt voorbehouden aan maagcarcinomen van het intestinale type en 
ookk voorkomt in premaligne (dysplastische) laesies van het maagslijmvlies. 
Inn hoofdstu k 8 werd nader gekeken naar het tijdstip van COX-2 expressie tijdens 
carcinogenesee van de maag en naar de lokalisatie van COX-2 expressie. Hiertoe 
werdd de geopereerde maag gebruikt als model voor maagcarcinogenese. Eerst werd 
dee expressie van COX-2 in maagstompcarcinomen en 'conventionele' 
maagcarcinomenn geëvalueerd. COX-2 expressie bleek vergelijkbaar in beide 
groepenn hetgeen de aanname ondersteunde dat de maagstomp kan dienen als 
modell voor carcinogenese in de maag, in elk geval met betrekking tot COX-2 
expressie.. Vervolgens werd COX-2 expressie met behulp van immunohistochemie 
bestudeerdd in een serie maagbiopten van het gastro-enterostoma van patiënten met 
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eenn partiële maagresectie in het verleden. Deze biopten vertegenwoordigden het 
helee spectrum van premaligne laesies uit het tumor progressie model zoals 
gepostuleerdd voor het maagcarcinoom van het intestinale type. Tijdens de progressie 
vann reactief epitheel tot hooggradige dysplasie nam de COX-2 immunopositiviteit 
geleidelijkk aan toe, zowel in de epitheliale cellen als in de omgevende stromacellen. 
Tevenss werd gekeken naar de expressie van COX-2 mRNA in verse biopten met en 
zonderr intestinale metaplasie met behulp van RT-PCR. COX-2 messenger RNA 
(mRNA)) bleek toegenomen in biopten met intestinale metaplasie in vergelijking met 
dee biopten zonder intestinale metaplasie. Geconcludeerd werd dat overexpressie van 
COX-22 een relatief vroege gebeurtenis is in de carcinogenese van maagtumoren van 
hett intestinale type. In dezelfde studie werd gepoogd de COX-2 positieve stromale 
cellenn van premaligne laesies en nabij ulceraties en erosies nader te karakteriseren 
mett behulp van dubbelkleuringstechnieken. Op plaatsen van sterk proliferatief 
granulatiee weefsel bleken deze stromale cellen positief voor de gladde spiercel 
merkstoff a-Smooth Muscle Actin (a-SMA). In tegenstelling tot bevindingen in de 
carcinogenesee van het colon bleek slechts een minderheid van de COX-2 positieve 
stromalee cellen ook aankleuring te vertonen voor de pan-macrofaag merkstof CD68. 
Interessantt genoeg liet een significant deel van deze stromale cellen co-lokalisatie 
zienn van COX-2 en HLA-DR hetgeen suggereert dat deze cellen antigeen 
presenterendee eigenschappen bezitten. Co-lokalisatie van COX-2 werd niet gezien 
mett de endotheelcel merkstof CD31 hetgeen suggereert dat in de maag COX-2 niet 
tott expressie wordt gebracht door vasculair endotheel. Een deel van de COX-2 
positievee stromale cellen bleef ongekarakteriseerd. In conclusie: COX-2 expressie is 
vergelijkbaarr in maagstompcarcinomen en conventionele maagcarcinomen. COX-2 
expressiee is een relatief vroege gebeurtenis tijdens de carcinogenese in de maag en 
neemtt geleidelijk aan toe tijdens tumor progressie, zowel in het premaligne epitheel 
alss in het stroma eromheen. Dit suggereert een rol voor het subepithelial stroma in 
dee carcinogenese van het maagslijmvlies. Deze cellen dienen nader te worden 
gekarakteriseerd. . 

Dee overexpressie van COX-2 in tumoren van de tractus digestivus suggereert een rol 
voorr prostaglandines in de pathogenese van deze tumoren. Verhoogde niveaus van 
prostaglandinee E2 (PGE2) zijn beschreven in zowel maagtumoren als colontumoren. 
Eenn actieve rol voor PGE2 in carcinogenese wordt verder ondersteund door 
mechanistischee studies. Recent werden twee verschillende vormen van humaan 
prostaglandinee E-synthase gekloneerd. Hiervan blijkt het microsomale iso-enzym 
(mPGES)) induceerbaar en gekoppeld aan COX-2 in de biosynthese van PGE2. In 
hoofdstu kk 9 werd de expressie van mPGES mRNA en eiwit onderzocht in 
maagcarcinomenn van het intestinale type en in maagkanker cellijnen. In 57% van de 
onderzochtee tumoren werden hogere niveaus mPGES mRNA aangetroffen in 
vergelijkingg met gepaard niet neoplastisch maagslijmvlies. De gemiddelde toename 
wass ongeveer tweevoudig. Matige tot sterke immunoreactiviteit werd gezien in 56% 
vann de maagcarcinomen. De positiviteit was gelokaliseerd in het cytoplasma van de 
kankercellen.. Interessant genoeg werd ook aankleuring gezien in het oppervlakkige 
niett maligne maagslijmvlies. In drie maagkanker cellijnen werd expressie van 
mPGESS mRNA en eiwit aangetoond onder basale kweekcondities. mPGES activiteit 
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bleekk overeen te komen met de expressie. In tegenstelling tot COX-2 kon de 
expressiee van mPGES mRNA of eiwit niet worden geïnduceerd in de maagkanker 
cellijnen.. Microsomaal PGES wordt dus tot (over)expressie gebracht in 
maagcarcinomenn en kan daarin de synthese van PGE2 via het COX-2 pad 
bevorderen.. In maagkankercellijnen blijkt de regulatie van expressie van mPGES en 
COX-22 via verschillende paden te verlopen. Optimale inductie van PGE2 synthese lijkt 
eenn basale expressie van mPGES en inductie van COX-2 te vereisen. 

Expressiee van COX-2 komt ook frequent voor in adenocarcinomen van de 
oesophagus.. Ook in dit tumor type lijkt COX-2 expressie een relatief vroege 
gebeurteniss tijdens carcinogenese daar het al wordt beschreven in het metaplastisch 
epitheell van Barrett's oesophagus. COX-2 expressie lijkt daarom een belangrijke 
factorr in de carcinogenese van adenocarcinomen in Barrett's oesophagus. Er is 
echterr weinig bekend over de klinische betekenis van expressie van COX-2 in dit 
typee tumor. In studies in patiënten met maag- en colonkanker werd een associatie 
aangetoondd tussen COX-2 expressie en klinische en pathologische parameters zoals 
tumorgrootte,, mate van differentiatie en de aanwezigheid van lymfeklier-metastasen. 
Echter,, of COX-2 expressie een (onafhankelijke) voorspellende factor voor overleving 
was,, bleef onduidelijk in deze studies, waarschijnlijk als gevolg van methodologische 
problemen.. In hoofdstu k 10 werd de relatie van COX-2 (over)expressie onderzocht 
inn relatie tot klinische en pathologische parameters en overleving in 145 
opeenvolgendee patiënten die in principe curatief werden geopereerd voor deze 
ziekte.. Gebaseerd op de intensiteit en uitgebreidheid van de COX-2 
immunopositiviteitt in de tumoren werden de patiënten onderverdeeld in twee 
groepen:: 'COX-2 Hoog' en 'COX-2 Laag'. Patiënten met tumoren met een hoge 
COX-22 expressie bleken vaker metastasen op afstand en lokaal recidief te vertonen. 
Daarnaastt bleek de overleving in de 'COX-2 Hoog'-groep significant lager in 
vergelijkingg met de 'COX-2 Laag' groep, met 5-jaars overlevingspercentages van 
respectievelijkk 35% en 72%. In multivariate analyse van de gegevens bleek de COX-
22 expressie een onafhankelijke voorspellende prognostische factor. Deze gegevens 
steunenn verder onderzoek naar het effect van (specifieke) COX-2 remmers als 
nieuwee adjuvante chemotherapeutische mogelijkheid om patiënten met een 
adenocarcinoomm uitgaande van Barrett's oesophagus te behandelen. 

Klinisch ee toepassin g van moleculair e biologi e 
Dee casussen in hoofdstukke n 11 en 12 illustreren de potentiële kracht van 
moleculairee technieken als hulpmiddel bij de diagnose en de analyse van individuele 
tumoren.. In hoofdstu k 11 wordt de casus beschreven van een patiënt -een zware 
rokerr en alcoholgebruiker - met zeven tumoren van de bovenste tractus digestivus en 
tractuss respiratorius. In dit geval werden diverse moleculaire technieken aangewend 
omm te testen of de individuele tumoren metastasen dan wel onafhankelijke primaire 
tumorenn waren. Voor deze studie was materiaal van zes van de zeven tumoren 
beschikbaar.. De tumoren werden getest voor allelverlies op chromosomale armen 
3p,, 5q, 9p, 17p en 18q met behulp van polymorfe microsatelliet markers. Tevens 
werdd p53-immunohistochemie en puntmutatie analyse van p53 verricht. Tevens werd 
dee aanwezigheid van puntmutaties in codon 12 van het K-RAS gen onderzocht. In 
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allee zes tumoren werd een uniek patroon van LOH en p53 mutaties aangetroffen. De 
resultatenn toonden een onafhankelijke origine van de individuele tumoren aan. Deze 
gegevenss steunen de 'field cancerization' theorie in deze patiënt. In hoofdstu k 12 
werdd een zeldzame casus van een adenosquameus carcinoom in een Barrett's 
oesophaguss beschreven. Er is slechts weinig bekend met betrekking tot de 
pathogenesee van deze tumoren. In dit geval was het onduidelijk of het hier één tumor 
betroff met twee histologische componenten of een zogenaamde 'collision tumor' 
bestaandee uit twee tegen elkaar groeiende pathogenetisch onafhankelijke tumoren. 
Naastt het beantwoorden van deze vraag was het interessant te weten of deze tumor 
uitgingg van het plaveiselcelepitheel van de oesophagus, het metaplastische 
cylindercelepitheel,, of van beiden. Diverse moleculaire technieken werden 
aangewendd om het moleculaire profiel van de individuele componenten van deze 
tumorr te bepalen: de adenocarcinoom-component (AC), de plaveiselcelcarcinoom-
componentt (SC). Tevens werd het omgevende metaplastische Barrett-epitheel (BE) 
enn het normale plaveiselcel epitheel van de oesophagus van deze patiënt 
onderzocht.. Bij het onderzoek van de microsatelliet markers bleek bij alle markers 
consequentt hetzelfde allelverlies te tonen in zowel de AC-component als de SC-
component.. Tevens werd in het metaplastische BE verlies gezien van hetzelfde allel 
bijj analyse van vier afzonderlijke markers gelegen op chromosoom 9p. Sequentie 
analysee van het p53 tumor suppressor gen toonde exact dezelfde puntmutatie aan in 
dee SC- als in de AC-component. Het enige verschil tussen beide componenten was 
eenn verschuiving van een marker gelegen op chromosoom 16q in de AC-component. 
Dezee verschuiving was afwezig in de SC-component en in BE. Bij elkaar genomen 
tonenn de resultaten van deze casus aan dat het hier één monoklonale tumor betreft 
diee zijn oorsprong vindt in het metaplastische Barrett-epitheel. Daarnaast werd 
aangetoondd dat de opdeling in twee histologisch afzonderlijke componenten meest 
waarschijnlijkk laat heeft plaatsgevonden in de tumorigenese van dit carcinoom. 

Tenslott e e 
Dee inzichten in de carcinogenese van de maag en de oesophagus kunnen zeker 
wordenn vergroot door het bestuderen van de moleculaire veranderingen die 
plaatsvindenn tijdens hun carcinogenese. In dit proefschrift is met name gelet op EBV 
enn COX-2 en hiermee gepaard gaande moleculair-genetische, histopathologische en 
klinischee eigenschappen. Zowel EBV-activatie als toegenomen COX-2 expressie 
zoudenn uiteindelijk kunnen dienen als doelwit voor nieuwe therapeutische 
strategieën.. EBV zou kunnen dienen als doelwit voor immuno- en/of gentherapie 
terwijll COX-2 het aangrijpingspunt kan zijn van chemopreventief dan wel 
chemotherapeutischh ingrijpen. Natuurlijk is meer onderzoek nodig voordat zulke 
nieuwee mogelijkheden hun toepassing zullen vinden in de dagelijkse praktijk. 
Desalnietteminn laat het zien dat de studies zoals die in dit proefschrift uiteindelijk 
kunnenn leiden tott toepassingen waar patiënten iets aan kunnen hebben. 
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Ditt proefschrift is tot stand gekomen dankzij het werk van velen. Iedereen die op 
welkee wijze dan ook hieraan heeft meegewerkt wil ik daarvoor bedanken en enkelen 
will ik graag met name noemen. 

Prof.. Dr. G.J.A. Offerhaus, beste Johan, bedankt voor je uitstekende begeleiding, 
inspiratiee en steun door de jaren heen. Een betere promotor kan een promovendus 
zichh niet wensen! Dit geldt niet alleen voor mij persoonlijk maar ik ben er zeker van 
datt dat ook zo is voor al je eerdere en toekomstige promovendi. 

Dr.. A.P. Ristimaki, dear Ari, thank you for the opportunity to work in your lab. The 
"Amsterdamm - Helsinki - COX-2 - connection" started as an interesting side-project 
andd turned out to be about half of this thesis. The times spent in Helsinki have been 
veryy instructive and pleasant experiences for me. I am grateful that you are willing to 
bee my 'co-promotor'. 

Ericc Caspers wil ik speciaal bedanken voor de grote hoeveelheid werk die je altijd 
mett veel enthousiasme hebt gedaan. Zonder jouw hulp was dit proefschrift een heel 
stukk dunner geworden. Daarnaast ben ik blij datje als paranimf naast me wilt staan. 

Metinn Tascilar, collega, vriend binnen en ver buiten het lab, paranimf en levende 
spellingcheckerr bedanj_. Mijn dankwoord begint al aardig op dat van jou te lijken. 
Geenn toeval natuurlijk want de laatste tien jaar (zo ongeveer) hebben we dan ook wel 
heell veel gezamenlijk gedaan. 

Allee andere (voormalige) leden van "de groep Offerhaus" wil ik bedanken voor ieders 
bijdragee aan de studies in dit proefschrift. Folkert Morsink, Alex Musier, Marian 
Weterman,, Rakesh Birjmohun, Mirjam Polak, Paul Drillenburg, Stijn Tersmette, Inge 
Baas,, Marjon Clement en Anne-Marie Cleton-Jansen: hartelijk dank voor jullie hulp 
enn advies! De kamergenoten van L2-260, Mark Entius en Josbert Keiler: bedankt 
voorr de goede samenwerking en de -zoals Mark dat al eerder zo goed verwoordde-
"beschouwendee koffierondes". Also I would like to thank my (lab-)friends in Helsinki 
forr the many warm welcomes and lots of help that I received during my various stays 
overr there. The Ristimaki-family, Pentti Sipponen, Tuija Hallikainen, Kaija Antila, 
Annaa Sivula and Kirsi Saukkonen: Kiitos! Mijn co-auteurs Axel zur Hausen en 
Christiannee Buskens wil ik bedanken voor de prettige samenwerking op de 
betreffendee projecten Verder gaat mijn dank uit naar iedereen, binnen of buiten de 
afdelingg Pathologie, binnen of buiten het A.M.C., met wie ik, op welke manier dan 
ook,, tijdens het werken aan dit proefschrift heb samengewerkt. 

Tenslottee wil ik mijn ouders bedanken voor alle mogelijkheden, vrijheid en steun die 
zee me altijd hebben geboden. 
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"Molecularr Alterations in Gastro-Esophageal Carcinogenesis" 
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1.1. Epstein-Barr Virus (EBV) wordt frequenter aangetoond in carcinomen van de 
maagstompp dan in carcinomen van de niet geopereerde maag. Dit proefschrift. 

2.2. EBV-positieve maagcarcinomen hebben een ander moleculair-genetisch profiel 
dann EBV-negatieve maagcarcinomen. Dit proefschrift. 

3.3. EBV-infektie van maagepitheelcellen is een relatief late gebeurtenis tijdens de 
pathogenesee van het maagcarcinoom. Dit proefschrift. 

4.4. Overexpressie van Cyclooxygenase-2 (COX-2) wordt frequent gezien in 
maagcarcinomenn van het intestinale type en nauwelijks in maagcarcinomen van 
hett diffuse type. Dit proefschrift. 

5.5. COX-2 overexpressie in zowel maagepitheel als in het onderliggende stroma 
speeltt een rol in de pathogenese van het maagcarcinoom. Dit proefschrift. 

6.6. Aangezien COX-2 overexpressie in de tumor een onafhankelijke prognostische 
factorr is bij patiënten met een adenocarcinoom van de oesophagus (dit 
proefschrift)proefschrift) dient het effect van (specifieke) COX-2 remmers op de prognose van 
dezee patiënten nader te worden onderzocht. 

7.. "If you have cancer and you're a mouse, we can take good care of you." 
Dr.Dr. Judah Folkman, cancer researcher. TIME magazine May 18, 1998. 

8.8. Het oneigenlijk gebruik van de term 'evidence based medicine' is vaak 
omgekeerdd evenredig met het zelf genereren van 'evidence'. 

9.9. Ondanks het ontbreken van een partiële maagresectie in het verleden kan, met 
namee op vrijdagmiddag en vlak voorafgaand aan vakantieperiodes, bij een deel 
vann de zorgbehoeftige oudere patiënten die op de 'Spoedeisende Hulp' worden 
gezienn toch worden gesproken van een 'dumping syndroom'. 

10.. In navolging van de waarschuwingen op sigarettenverpakkingen dient op korte 
termijnn op verpakkingen van McDonalds- en andere fastfood-produkten de 
vermeldingg "VET ETEN IS DODELIJK" te worden afgedrukt. 

11.. Niet alle sigaren zijn Agio's maar de meeste AGIO'S zijn regelmatig 'de sigaar'. 

12.. Op de auteur van dit proefschrift is veel aan te merken, maar niet op zijn 
maagslijmvlies.. Dit proefschrift (omslag). 
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