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Disease is very old, 

and nothing about it has changed. 

It is we who change, 

as we learn to recoqnize 

what was formerly imperceptible 

Jean Martin Charcot (1825-1893) 



World-wide, adenocarcinomas of the distal oesophagus and gastric cardia 

show an increase over the past three decades at a rate that exceeds that of 

any other malignancy. The exact cause of this rise is not yet known. Several 

risk factors have been identified, of which longstanding gastro-oesophageal 

reflux is probably the most important one. The reflux of duodenal and gastric 

contents into the oesophagus leads to oesophagitis which can result in 

replacement of normal squamous epithelium by metaplastic specialised 

columnar epithelium (Barrett's oesophagus). In a subset of patients, this 

Barrett's oesophagus can subsequently progress via low-grade and high-

grade dysplasia into invasive adenocarcinoma. 

Due to the late onset of symptoms, approximately 50% of the patients with 

oesophageal cancer is already incurable at the time of diagnosis due to local 

tumour irresectability or the presence of distant metastases. So far, surgical 

resection is the best curative treatment. However, postoperative mortality and 

morbidity are substantial and even after intentionally curative resection, five-

year survival rates rarely exceed 25%. The addition of (neo-)adjuvant chemo-

and radiotherapy has shown some beneficiary effect in several trials but even 

with the current advances in multimodal therapy, the prognosis for invasive 

oesophageal adenocarcinoma remains poor. Therefore, improving diagnostic 

possibilities and therapeutic options is the current challenge for doctors 

treating these patients. 

Understanding the genetic alterations that occur during the multistep 

progression of Barrett's oesophagus into invasive cancer is hereby of crucial 

importance. This insight in the molecular pathogenesis can aid the clinician in 

stratifying patient's risk of progressing to adenocarcinoma. Moreover, novel 

molecular biomarkers can lead to a better prognostication and identification 

of patients who are at high risk for tumour metastases or recurrence and who 

might or might not benefit from (curative) surgical intervention or (palliative) 

radio- and chemotherapy. In addition, the genetic alterations recognised in 

oesophageal cancer might provide a useful conceptual basis for developing 

cancer treatment and preventive strategies that are based on the molecular 

biology of the tumour. 



This thesis focuses on the clinical and genetic aspects of adenocarcinomas of 

the distal oesophagus and gastric cardia. It has been a challenge to attempt 

to unravel some of the processes involved in the carcinogenesis and to 

contribute to the development of new treatment strategies for this aggressive 

disease. 

The work was performed at the Academic Medical Center, Amsterdam, The 

Netherlands. For clinical assessments, data from the department of surgery 

on patients operated upon for adenocarcinomas of the distal oesophagus or 

gastric cardia were used. Histopathologica data were derived from archives at 

the AMC department of pathology. Most of the laboratory experiments 

utilised to develop gene therapy were conducted at the AMC Liver Center. 

Immunohistochemical stainings for the detection of micrometastases were 

carried out at the surgical laboratory of the University Hospital Eppendorf, 

Hamburg, Germany. Finally, the author of this thesis was also able to perform 

part of her research at the Biomedicum Helsinki, University of Helsinki, 

Helsinki, Finland to optimise the development of a new prognostic marker 

and to initiate a new biochemical treatment strategy for patients with 

oesophageal cancer. 

Christianne J. Buskens 

Amsterdam, June 2004 
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INTRODUCTION 

Since 1970, the incidence of adenocarcinoma of the oesophagus has 

increased in western countries at a rate that exceed that of any other 

malignancy.' It is now generally accepted that oesophageal adenocarcinomas 

develop from a premalignant lesion of the oesophagus, also referred to as 

i Barrett's oesophagus. Barrett's oesophagus is a metaplastic change of the 

2 normal squamous cell epithelium of the oesophagus to a columnar type as 

Y< result of longstanding gastro-oesophageal reflux. Three subtypes of Barrett's 

ij] have been described, but the specialised intestinal type is the only subtype 

< clearly associated with malignant transformation.2-3 Endoscopic surveillance 

o can detect oesophageal adenocarcinomas in an early and curable stage, but 

§ most tumours are detected at an advanced stage/ Until now, surgery is the 

best curative option, but even after a potentially curative resection long-term 

| survival rates rarely exceed 25%/ Extensive research on how to improve 

u survival has been performed. Over the past decades, surgeons have had an 

° important role in improving the management of oesophageal cancer. 

However, more extensive resections seem to increase overall survival only to a 

limited extent6 and it is unlikely that the recently reported five-year survival 

rates of oesophageal cancer will be further improved by surgery alone. The 

addition of (neo-)adjuvant chemo/radiotherapy has shown some beneficiary 

£ effect in several trials but even with the current advances in multimodal 
HI 

£ therapy, the prognosis for invasive oesophageal adenocarcinoma remains 

5 poor. A better understanding of the molecular evolution of the Barrett's 

metaplasia to dysplasia to adenocarcinoma sequence may allow improved 

diagnosis, therapy and prognosis. 

MOLECULAR BIOLOGY OF BARRETT'S 
ADENOCARCINOMA 

Proliferation and apoptosis 
The cell cycle comprises intracellular events that occur during the period 

between two mitotic divisions. The cycle is divided into four phases called G1 

(first gap) in which RNA and proteins needed for DNA replication are 

synthesised, S (DNA synthesis) phase, G2 (second gap) in which the tetraploid 

cell prepares for the upcoming mitotic division, and M (mitosis) phase.7 Late in 

the G1 phase, there is a critical juncture called the 'restriction-point' (R-point) 

which is the final check-point before the cell either completes or exits the cell 

cycle. After mitosis, cells may withdraw from the cell cycle to enter a quiescent 



state termed GO. Under certain conditions, such cells can be stimulated to 

leave the GO phase and re-enter the cell cycle (Figure 1) 

Genetic alterations can cause the transformation of a normal cell into a 

malignant tumour cell. Most tumour cells are characterized by genomic 

instability, facilitating the accumulation of mutations. This genomic instability 

occurs in two forms: microsatellite instability (MSI) and chromosomal instability. 

The targets of genomic instability are protooncogenes, tumour suppressor 

genes, mismatch repair genes and mitotic checkpoint genes.v These altered 

genes, which ultimately exert their effect via the cell cycle apparatus, render 

the cell independent of regulated proliferative and cell death pathways. 

Hyperproliferation has been demonstrated by immunostaining for Ki-67 and 

proliferating cell nuclear antigen (PCNA) in metaplastic Barrett's epithelium 

with a significant increase in the number of Ki-67 positive nuclei in high-grade 

dysplasia and oesophageal adenocarcinoma.'0'2 Apoptosis, or programmed 

cell death, is responsible for cell loss and provides a protective mechanism by 

removing DNA-damaged cells that may cause neoplastic proliferation. 

FIGURE 1 

Overview of the cell cycle. Mitosis (M phase) is the process of nuclear division. Replication of d ip lo id 2n DNA 

into tetraploid 4n DNA occurs in the S (synthesis) phase. The interval between M phase and 5 phase is called 

t h e G 1 (gap) phase, and the interval between the end of the S phase and the beginning of the M phase is the 

G2 phase. Cells can exit the cell cycle and enter the GO phase, which is the quiescent state. R-point is the 

restriction point late in the G1 phase, which is the final check-point before the cell either completes or exits 

the cell cycle. 

G2 phase (4n) 

GO phase 

S phase (2-4n 

R-point 



Apoptosis can be detected immunohistochemically by staining DNA 

fragmentations as markers for apoptosis. An increase has been detected in 

the apoptotic rate with increasing histologic severity in Barrett's dysplasia and 

adenocarcinoma'0, whereas others found few apoptotic cells in the Barrett's 

metaplasia-dysplasia-carcinoma sequence." 

Genes involved in controlling the cell cycle 
Various pathways involved in cell cycle progression and inhibition are 

illustrated in Figure 2. 

FIGURE 2 

Pathways involved in cell cycle progression and inhibit ion. 

Abbreviations: EGF = epidermal growth factor; TGF-a = transforming growth factor a ; EGFR= epidermal 

growth factor receptor; MAPK = mi togen activated protein kinase; COX-2 = cyclooxygenase-2; PGE-2 = 

prostaglandin E2; APC = adenomatous polyposis coli; GSK-3 = glycogen synthase kinase-3; TCF = T cell 

factor; LEF-1 = lymphoid enhanced b inding factor-1; Cdk = cyclin dependent kinases; Rb = retinoblastoma. 
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RETINOBLASTOMA PROTEIN The retinoblastoma (Rb) tumour suppressor gene 

appears to be the molecular switch that controls progression through the 

R-point/' Rb protein that is not phosphorylated functions to block cell cycle 

progression. Phosphorylation inactivates the Rb protein, allowing the cell cycle 



to advance through the R-point. So far, no studies have demonstrated 

mutation of the Rb gene in Barrett's oesophagus or Barrett's carcinoma, but 

the loss of allelle 13q, the locus for the Rb gene, has been detected in up to 

50% of oesophageal cancers.' 

CYCLINS AND CYCLiN-DEPENDENT KINASES Phosphorylation and inhibition of the 

Rb protein occurs by interaction with cyclin-dependent kinases (cdks) and 

cyclins. Cyclins D1 and E function as homing vehicles to carry the cdks4 and 6 

to their Rb protein target thereby allowing the cell to enter the cell cycle. An 

increased nuclear expression of cyclin D1 protein has been observed in 22%-

64% of oesophageal adenocarcinomas and is already present in Barrett's 

metaplasia.'' ! Overexpression of cyclin E has not been detected in Barrett's 

oesophagus, but has been found in 18% of the patients with high-grade 

dysplasia and in 14% of the adenocarcinomas.'1' The p16 and p15 genes 

encode proteins that form complexes with the cdk4 and 6, inhibiting their 

ability to phosphorylate the Rb protein. Thus, inactivation of these genes may 

lead to uncontrolled cell growth. P16 gene mutations with loss of 

heterozygosity have been reported in 23% of oesophageal adenocarcinoma" 

and two studies showed that p16 promoter methylation is a common 

mechanism of p16 inactivation during neoplastic progression in Barrett's 

oesophagus that is already present in metaplastic Barrett's epithelium." 

P53 The tumour suppressor p53 can stop cell cycle progression by inhibiting 

the actions of cyclin D1 and E and preventing phosphorylation of Rb protein, 

thereby allowing the cell to repair its damaged genome. The prolonged half-

life time of the mutant p53 protein and the concomitant increased cellular p53 

concentration make visualization by immunohistochemistry possible. 

Immunostaining for p53 has been found in metaplastic Barrett's epithelium 

and is detected with increasing frequency up to 40% as dysplasia progresses 

in severity.1*aa For oesophageal adenocarcinoma, p53 mutation is one of the 

most frequently detected alterations approaching 100%/'? ?3 Loss of 

heterozygosity (LOH) of 17p, the p53 locus, has been found at similar high 

rates (52-100%) of oesophageal adenocarcinomas.'" LOH of 17p has also been 

detected in the nonmalignant metaplastic cells, suggesting that inactivation of 

p53 is an early step in the carcinogenesis of Barrett's carcinomas.25 

Growth factors and their receptors 
EPIDERMAL GROWTH FACTOR AND TRANSFORMING GROWTH FACTOR-0C T h e b i n d i n g o f 

growth factors to the Erb family of receptor tyrosine kinases can promote 

cellular proliferation by activating signal transduction cascades that induce the 



expression of cyclin D1. The growth factor ligands epidermal growth factor (EGF) 

and transforming growth factor-a (TGF-a) have been implicated in the 

development of adenocarcinomas in Barrett's oesophagus. Increased expression 

of TGF-a and the EGF receptor (also called ErbB-1) have been detected in 

metaplastic Barrett's epithelium as well as Barrett's carcinomas, whereas EGF 

=> overexpression was only found in oesophageal adenocarcinomas."''^ The role of 

i the oncogenic form of the normal receptor tyrosine kinase ErbB-2 (c-ErB-2 or 

HER-2/NEU) is still debated but some studies found 10-30% overexpression in 

& adenocarcinomas with an association to decreased overall survival rate.29,30 

£ Overexpression was not demonstrated in dysplastic Barrett's oesophagus, 

< suggesting that it is a late event in the dysplasia-carcinoma sequence.31 

o 

TRANSFORMING GROWTH FACTOR-B In contrast to TGF-a, transforming growth 

| factor-6 (TGF-6) can exert inhibitory effects on normal cell growth. One 

< mechanism is by inducing transcription of the p16 and p15 genes (described 

u above). TGF-b1 has two membrane receptors, type I and II, that have to be 

° activated for appropriate signalling.32 Loss of expression of the TGF-6 receptor 

II appears to be associated with Barrett's oesophagus and adenocarcinomas, 

but the exact role of TGF-61 and its receptors needs to be clarified.3: 

RAS FAMILY Growth factors binding to their tyrosine kinase receptors often 

^ activate membrane-associated Ras proteins which activate signal transduction 
UJ 

£ cascades. Ras signals can either induce cellular proliferation by activation of 

5 the Ras/Raf/mitogen activated protein kinase (MAPK) pathway that activates 

cyclin D1 or inhibit proliferation by inducing expression of p16 and p15 

proteins that block cyclin D1-cdk complexes.' Oncogenic Ras (H-Ras or K-Ras) 

was the first major class of cancer-related genes to be evaluated in Barrett's 

associated neoplasms, but an important role could not be established. H-ras 

mRNA expression has not been detected in intestinal metaplasia, and 

mutations in codons 12 and 13 of K-ras (areas frequently mutated in extra-

oesophageal malignancies, especially pancreatic cancer) have only been 

found rarely in dysplasia and Barrett's carcinomas.36,37 

CYCLOOXYGENASE-2 Another enzym that can induce the activation of the 

Ras/Raf/MAPK pathway is the cyclooxygenase (COX) protein. Cyclooxygenase 

catalyzes the rate-limiting step in prostaglandin synthesis."' There are two 

different isoforrns of COX: COX-1 and COX-2. COX-1 is constitutively 

expressed and is involved in processes like cytoprotection of the gastric 

mucosa, vasodilatation, and platelet aggregation. In contrast, COX-2 is 

normally absent in normal tissues but can be readily induced in inflammation 



and carcinogenesis where it produces prostaglandin E2, which is involved in 

many processes fundamental for tumour development (e.g. resisting 

apoptosis, increasing cell proliferation, stimulating angiogenesis, and 

modulating the invasive properties of cancer cells)." COX-2 upregulation has 

been demonstrated to be an early event during the carcinogenesis of Barrett's 

carcinomas with progressively enhanced expression during the various stages 

of oesophageal carcinogenesis up to 80-100% in adenocarcinomas on both 

mRNA and protein level.'10''' In addition, COX-2 overexpression was 

demonstrated to be an independent prognostic variable for patients with 

Barrett's carcinomas together with tumour stage and radicality of resection." 

Cell-cel! adhesion 
CADHERINS AND cATENiNS Cadherins comprise a large family of cell adhesion 

molecules that mediate cell adhesion. Cadherins bind to cytoplasmic proteins 

called catenins that are linked to the cell's actin cytoskeleton. In non- n 

malignant epithelia, E-cadherin and the B-catenin show a membranous | 

localization at intercellular borders. In Barrett's adenocarcarcinomas, reduced 

membranous expression of E-cadherin and the catenins is observed in 60-80% 

of the tumours.'v 'J Moreover, reduced expression of E-cadherin and B-catenin 

correlated significantly with reduced overall survival^, but so far no mutations 

of E-cadherin have been demonstrated in oesophageal cancers despite 

frequent loss of heterozygosity at its locus 16q22.''' | 
r-m n 

Wingless/wnt-pathway | 
APC PROTEIN Besides establishing cell-cell adhesion, B-catenin also has a 

function in cell signalling. Under normal conditions, B-catenin is bound to the o 

cytoplasmic tail of E-cadherin. Free, unbound B-catenin is degraded via o 
Tl 

phosphorylation by a complex of the adenomatous polyposis coli (APC) protein, g 

glycogen synthase kinase-3 (GSK-3) and axin. Inactivation of the APC protein £ 

leads to free B-catenin accumulation in the cytoplasm which can enter the cell ^ 

nucleus where it binds to and activates the T cell factor/lymphoid enhanced K 
o 

binding factor-1 (TCF/LEF-1) family of transcription factors that mediate the ? 
> 

expression of growth related target genes such as the oncogene c-myc and 

cyclin D1.15 Besides inactivation of APC, mutations in the phosphorylation sites of 

the B-catenin gene itself can also lead to stabilisation of the protein. In 

oesophageal adenocarcinomas, increased cytoplasmic and nuclear localisation 

of B-catenin has been observed'1', implying activation of the signal transduction 

wingless/wnt-pathway. However, inactivation of APC is rare and no mutations in 

B-catenin have been detected in oesophageal adenocarcinomas.^This may 

imply that other proteins that function in this pathway are involved. 



Telomeres 
While resistance to apoptosis, insensitivity to growth-inhibitory signals and 

growth signal autonomy all result in unregulated cell growth, a protective 

intrinsic mechanism exists which limits the proliferative capacity of normal 

human cells. This autonomous mechanism of physiologic telomeres 

shortening must be disrupted in order for a clone of abnormal cells to expand 

into a macroscopic tumour. Telomerase is a ribonucleoprotein complex that 

synthesizes telomeric DNA located at the chromosome ends, thereby 

maintaining telomere length.'- Only weak levels of telomerase RNA have been 

detected in normal squamous oesophageal epithelial cells by using in situ 

hybridisation. In contrast, moderate to strong levels of telomerase RNA 

expression was seen in 70% of the Barrett's metaplasias, in 90% of the low-

grade dysplasias, and in 100% of the high-grade dysplasias and oesophageal 

adenocarcinomas/"8 

The various genetic alterations involved in the progression from premalignant 

Barrett's oesophagus to invasive oesophageal adenocarcinoma are 

summarised in Figure 3. 

FIGURE 3 

Genetic alterations involved in the progression of Barrett's metaplasia toward Barrett's adenocarcinoma. 

Squamous epithel ium Barrett 's metaplasia Barrett's dysplasia Barrett's adenocarcinoma 

T Cyclin D1 T p53 mutations f HER-2/NEU 

T COX-2 T growth factors/receptors f |<_ ras mutations 

T telomerase T p16 gene mutations 

J' E-cadherin/p-catenin 



DEVELOPMENT OF NEW DIAGNOSTIC MODALITIES 
AND NOVEL TREATMENT STRATEGIES 

Detection and treatment of early lesions 
The prognosis of patients who present with symptomatic oesophageal cancer 

is poor. Due to endoscopic surveillance programs of patients with a Barret's 

oesophagus, an increased proportion of patients has lesions detected at an 

early stage (HGD or pT1) with a significantly improved 5-year survival rate of 

80-100%.",49 Unfortunately, detection of HGD or early carcinoma in a Barrett's 

oesophagus can be difficult due to heterogeneity of the Barrett's epithelium 

that can not be discriminated with standard endoscopy.50 The detection of 

these early lesions by random biopsies is hampered by sampling error, and 

the intra- and interobserver variation of histological classification of observed 

abnormalities. Several new endoscopic techniques have been studied for 

their contribution to accurate detection of early lesions in a Barrett's 

oesophagus, but so far methylene blue staining and magnification 

chromoendoscopy are the only techniques that have shown to increase the 

detection rate of HGD.51-52 

The presence of genetic alterations in metaplastic and dysplastic Barrett's 

epithelium might be used in the future surveillance of patients with Barrett's 

oesophagus since these molecular markers might identify a subset of 

patients with an increased risk of malignant degeneration. In this context, 

DNA-flowcytometry has been described as a promising technique. With this 

technique, the relative amount of DNA can be analysed, hereby detecting 

aneuploid cell populations and identifying an increase in the number of cells 

in the S or G2 phase. Patients with an increase of tetraploid or aneuploid cell 

populations in their Barrett's biopsies, showed a significantly higher risk for 

carcinoma development during follow-up (RR 7.5).53 

So far, the diagnosis of HGD or adenocarcinoma has been an indication for 

surgical resection. However, since subtotal oesophagectomy is associated 

with high morbidity and substantial mortality, local endoscopic therapies 

have been developed to treat these early lesions. There are two techniques 

that can be used: tissue ablation and/or mucosal resection.^The limited 

invasiveness in comparison to surgical resection results in decreased 

procedure related mortality and morbidity and the preservation of a 

functional oesophagus is associated with an increased quality of life. Recent 

studies demonstrated that these techniques are feasible and safe5556, but 

long-term follow-up results have to awaited before it can be considered as 

gold standard. 



Pharmacodynamic strategies 
TYROSINE KINASE INHIBITION Inhibition of tyrosine kinase receptors through the 

use of targeted small molecule drugs or antibody-based strategies has 

emerged as a promising approach to cancer therapy.57 An antibody directed 

against the ligand-binding domain of the EGF receptor has been 

demonstrated to decrease proliferation and increase aoptosis and Herceptin" 

(antibody against HER-2/NEU) has already been successfully introduced in the 

treatment of breast cancer and leukemia.56 An in vitro study with a synthetic 

molecule that targets the EGFR-ATP binding site, showed selective inhibition 

of EGFR tyrosine kinase activity and a decreased proliferation rate with 

synergistic potentiation of tumour cell killing in combination with 

chemotherapy or radiation for squamous cell carcinoma cell lines.w For 

oesophageal adenocarcinoma, no results have yet been published, but the 

EGFR tyrosine kinase inhibitor gefitinib (Iressa®) is currently tested in patients 

with irresectable Barrett's carcinoma in a phase II trial. 

RAS-MAPK PATHWAY INHIBITION Farnesyltransferase inhibitors are a novel class of 

compounds that block the critical enzymatic step in the formation of active 

Ras proteins.60 Lonafarnib is a tricyclic nonpeptidomimetic compound that is 

active against a variety of tumours in vitro and in animal models of cancer.6' In 

a phase I study promising results were obtained with 40% of patients with 

solid tumours (e.g. non-small cell lung cancer) showing durable partial 

response.62 Although no studies have been performed on oesophageal 

cancer, it might be hypothesised that inhibition of the Ras-MAPK pathway 

could have a role in the development of new treatment strategies for this 

malignancy. 

SELECTIVE cox-2 INHIBITION The suggestion that aspirin and other nonsteroidal 

anti-inflammatory drugs (NSAIDs) may have a role as anticancer agents first 

came from epidemiological studies. Of the five published observational 

studies on oesophageal cancer, four demonstrated a protective effect of 

NSAIDs.6-67 Although the precise anticancer actions of NSAIDs are yet not fully 

explained, they involve inhibition of the cyclooxygenase-2 (COX-2) enzyme 

and inhibition of the wingless/wnt-pathway. In vitro studies and animal studies 

have been published which support a possible chemopreventive effect of 

selective COX-2 inhibitors in Barrett's epithelium. In primary cultured 

endoscopic biopsy specimens from patients with Barrett's oesophagus, 

selective COX-2 inhibitors significantly decreased proliferation of epithelial 

cells,63and in a rat model selective COX-2 inhibitors reduced the relative risk of 

developing oesophageal cancer.69 These findings led to the initiation of phase 



II and phase III randomised clinical trials on the prevention of oesophageal 

adenocarcinoma in patients with Barrett's oesophagus, which are currently 

being performed. Since COX-2 upregulation has also been demonstrated to 

be an independent prognostic variable for patients with oesophageal 

adenocarcinomas1', several clinical trials have been started with NSAIDs as 

(neo-) adjuvant therapy. 

Gene therapy 
Cancer gene therapy can be defined as the introduction of new genetic 

material into a tumour cell aiming at the correction of absent or mutated 

genes, or inducing selective cell death.'0 This new genetic material is delivered 

to a cell by vectors that can be either viral or non-viral. One approach that has 

been analysed for oesophageal carcinoma is based on the introduction of 

wild-type tumour suppressor genes (e.g. p53). Gene replacement therapy with 

the tumor suppressor gene p53 transduced in several oesophageal n 

adenocarcinoma cell lines by adenoviral vectors, resulted in efficient apoptosis £ 

and a significant reduction in cell growth.71 Another gene therapy strategy 

using immunotherapy with transduction of TNF-cx by an adenoviral vector 

under control of the EGR-1 promoter resulted in regression of subcutaneously 

injected oesophageal adenocarcinoma cell line tumours in nude mice after 

radiation." Another promising new gene therapy strategy is the use of 

replicating viral vectors to induce cell death by viral oncolysis.' To obtain =* 

selective elimination of tumour cells, a conditionally replicating adenovirus, 

only replicating in p53-deficient cancer cells, has been developed (ONYX-015). > 

Although so far no results for oesophageal adenocarcinoma have been 5 

published with this vector, a remarkable clinical effect was achieved with the ° 

use of ONYX-015 in combination with chemotherapy in patients with head o 
•ri 

and neck cancer.''4 Since for oesophageal adenocarcinomas p53 mutation is g 

one of the most frequent alterations identified (52-100%)221\ ONYX-015 I 

potentially could have a role in the management of these cancers. w 

FUTURE DIRECTIONS 

There is need for improved understanding of the molecular biology of 

Barrett's oesophagus and oesophageal adenocarcinoma since the exact 

pathogenesis is still poorly understood. Despite enormous progress in the 

characterization of molecular changes in Barrett's oesophagus7-, the clinical 

impact of this acquired knowledge is still limited. Recently developed micro-

array technology and proteomics will probably contribute significantly in the 



o 

attempt to unravel more of the Barrett's metaplasia-dysplasia-adenocarcinoma 

sequence. Novel insights into these genetic events are critical for the 

development of potential molecular markers stratifying a patient's risk for 

progression to oesophageal adenocarcinoma, and the development of new 

therapeutic approaches. With this increasing knowledge, a larger subset of 

patients might be treated with early stage lesions, resulting in improved 

i overall survival, and new treatment strategies for advanced carcinomas will 

| become more specific since they are directed towards characteristic features 

* of the cancer cell. First attempts in this context have been made with the 

ui development of EGFR inhibitors, selective COX-2 inhibitors, and gene 

< replacement therapy, and the results of various clinical trials are anxiously 

o awaited. In the next years, it will become clear if the development of more 

o targeted treatment strategies for oesophageal adenocarcinoma will ultimately 

- lead to an improved clinical outcome for patients with this aggressive disease. 
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INTRODUCTION 

The incidence of adenocarcinomas of the distal oesophagus (developing via 

the Barrett metaplasia-dysplasia-carcinoma sequence) and gastric cardia is 

rising.1 As a result of the increased awareness of the malignant potential of 

Barrett's oesophagus, and endoscopic surveillance programs in patients with a 

known Barrett's oesophagus, HGD and early oesophageal adenocarcinoma 

are being diagnosed with increasing frequency in the Western world.2"4 

So far, oesophageal resection with lymphadenectomy is considered the 

therapeutic gold standard for oesophageal cancer when curation is aimed at. 

However, this resection is associated with high morbidity and substantial 

mortality,5 and the question rises if this extensive resection is also necessary in 

patients with early lesions of the esophagus.' Currently, local endoscopic and 

m organ-preserving treatment modalities (e.g. endoscopic mucosal resections 

5 and ablative therapies like photodynamic therapy or argon beam plasma 

£ coagulation) are being developed for patients with an early lesion of 

< oesophagus or gastro-oesophageal junction (GOJ).3'° To identify patients 

eligible for these new techniques, it is important to have preoperative 

diagnostic modalities identifying patients with superficial lesions without 

lymph node dissemination, since for other patients, local endoscopic ablation 

therapy severely compromises the chances for long-term survival. 

£ Endoscopic ultrasonography (EUS) provides detailed images of the 

t oesophageal wall and has become the most reliable imaging technique in 

5 clinical staging of patients with oesophageal carcinoma for T and N stage.': 

Another recently developed preoperative staging method is endoscopic 

mucosal resection (EMR). With EMR, the mucosa and submucosa of the 

oesophagus are elevated using injection of saline, hypertonic glucose, or 

other substances capable of creating a cushion under the mucosa. The 

mucosa is then elevated further, either mechanically (by biopsy forceps or 

variceal ligation band) or by suctioning a pseudo-polyp, which is subsequently 

removed with a snare. This method is capable of removing large pieces of 

epithelial tissue with preservation of histopathological evaluation. Therefore, 

EMR can be used as a diagnostic tool during preoperative work-up, while it 

can be considered as a therapeutic resection procedure for specific early 

lesions at the same time. 

To contribute to rational therapeutic decision making for patients with 

oesophageal cancer, the aim of this study was to determine the reliability of 

current preoperative work-up in identifying early lesions without lymph node 

metastases, by comparing preoperative EUS results to the pathologic 

evaluation of resection specimens. In addition, histopathological 



characteristics were analysed for possible correlations with the presence of lymph 

node metastases and compared to the available literature, in order to evaluate 

which lesions would have been eligible for local endoscopic treatment. 

PATIENTS AND METHODS 

Patient population 
Data from all patients operated upon for carcinoma of the oesophagus or 

GOJ in the AMC (Amsterdam, The Netherlands), are collected in a 

prospective database. Between January 1993 and December 2001, 367 

patients underwent subtotal oesophageal resection with proximal 

gastrectomy for preoperatively diagnosed HGD or adenocarcinoma. None of 

the patients received neo-adjuvant chemo- or radiotherapy 

To determine the efficiency of preoperative EUS and identify which early <-> 

lesions would have been eligible for local treatment, all patients with a 3 

pathologically proven HGD (n=13) or pT1 invasive adenocarcinoma (n=64) * 

were included in this study to assess the pathological features of these lesions 

and their regional lymphatic dissemination. This retrospective study was done 

in accordance with the guidelines of the local ethics committee. 

Preoperative procedures > 
The EUS procedures were performed with a radial scanning echo-endoscope 

(UM20/ UM130), or a miniprobe (12 MHz/ 20 MHz/ 30 MHz). The § 

determination that a lesion was superficial was based on preservation of the * 

integrity of the submucosal layer as demonstrated by the absence of 

disruption of the hyperechoic, third sonographic layer. In the EUS procedure, 

lymph nodes were assessed along the length of the oesophagus and in the 

proximal gastric and celiac regions. For staging purposes, lymph nodes were 

classified as positive (N1) if they exhibited at least two of the following criteria: 

greater than 1 cm in diameter, round shape with discrete margins, and/or 

hypoechoic texture. EUS guided fine needle aspiration (EUS-FNA) was not 

performed in patients included in this analysis. Additionally, a chest X-ray, 

indirect laryngoscopy and external ultrasonography of the neck and upper 

abdomen were made to exclude distant metastases. 

Operative procedures 
All 77 included patients underwent subtotal oesophagectomy and proximal 

gastrectomy with curative intent. In 60 patients (78%) resection was performed 

by a transhiatal approach while 17 patients (22%) underwent oesophagectomy 



through a right-sided thoracotomy followed by a laparotomy in combination 

with two-fields lymph-node dissection (transthoracic approach). Selection for 

either transhiatal or transthoracic oesophagectomy was made randomly for 31 

patients (40%) as part of a randomized trial comparing both techniques 

(between April 1994 and February 2000).'- In the other patients a standard 

transhiatal procedure was performed. 

Histopathologic assessment 
Processing of the resected specimens was done using a standardized 

protocol. Tissue samples were routinely taken from the proximal and distal 

resection margins, from longitudinal strips through the primary tumour and 

adjacent mucosa, and from normal-appearing mucosa proximal and distal to 

the tumour. If no macroscopic tumour was visible, the entire mucosal surface 

was dissected in longitudinal direction, bound proximally by squamous 

epithelium and distally by gastric epithelium. All resected lymph nodes were 

evaluated for tumour involvement. From the pathology reports, the size and 

location of the tumour as well as the number of resected lymph nodes, and 

the radicality of resection were extracted. All tumours were staged according 

to the UICC TNM classification 2002.;j For a detailed evaluation of histologica 

features of these early oesophageal lesions, the original slides were re

examined independently and in a blinded manner by two experienced Gl-

pathologists, who were unaware of the clinical data and lymph node status. 

Depth of invasion was measured and classified according to the criteria 

proposed by the Japanese Society for Oesophageal Diseases.1" High-grade 

dysplasia arising in a Barrett segment without invasion through the basement 

membrane (carcinoma in situ lesions) were classified as mucosal 1 (ml). 

Carcinoma with tumour cells extending beyond the basement membrane into 

the lamina propria was classified as mucosal 2 (m2), and carcinoma with 

deepest invasion into the muscularis mucosae was defined as mucosal 3 (m3). 

Early carcinoma infiltrating into the submucosa without invasion of the 

muscularis propria was further subclassified into three groups (sm1, sm2, sm3) 

by equally dividing the depth of the submucosal layer (Figure 1). Degree of 

differentiation, patterns of local tumour spread {i.e. lymph-angio invasion, 

peri-neural growth, hidden metaplasia/ dysplasia/carcinoma under adjacent 

squamous epithelium, concomitant HGD) and multifocality were also 

assessed. 

The allocation of lesions to the six different tumour stages by the two 

investigators was similar (94% of the specimens were categorized identically). 

In cases of disagreement (n=5) the slides were re-evaluated using a 

multiheaded microscope. 



FIGURE 1 

Pathologic subclassification of early lesions of the oesophagus or gastro-oesophageal junct ion, m l : 

carcinoma in situ, m2: carcinoma in lamina propria mucosae; m3: carcinoma in musculans mucosae, s m l : 

carcinoma in upper third of submucosa; sm2: carcinoma in middle third of submucosa; sm3: carcinoma in 

lower third of submucosa. (Hematoxylin and eosin staining, magnification 20x) 

sm1 sm2 sm3 £| 
m 
¥1 
O 
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Statistical analysis 
All statistical analyses were performed using the Statistical Software Package 

version 11.5 (SPSS INC., Chicago, IL, USA). Categorical variables were 

compared with Chi-square test, while Student's t-test was used for continuous 

data with a normal distribution. Binary logistic regression analysis was used to 

identify factors predictive of N1 disease. All tests were performed two-sided 

and p-values of 0.05 or below were considered statistically significant. Those 

factors found to be significant in univariate analyses were included in a 

multivariate logistic regression analysis, to estimate the independent effect of 

each factor after adjusting for the contributions of other factors. To interpret 

p-values in light of the multiple testing of outcome data from individual 

patients, the results from the multivariate logistic regression analysis were 

taken as definitive, with the p-values from the univariate analyses presented 

uncorrected as they were taken as exploratory only. 



RESULTS 

Patients 
Of the 367 patients operated upon for HGD or adenocarcinoma, 77 patients 

(21%) were found to have an early lesion. There were 69 men (90%) and 8 

women (10%), with a median age of 67 years (range: 48 - 83 years). 

Preoperat ive EUS results 
Preoperative EUS was performed in all but 2 patients. However, in 30 patients 

a T1 lesion was described without discriminating between intramucosal or 

submucosal growth. The correlation between EUS staging of the 45 patients in 

whom visualization of the muscularis mucosae layer was documented and 

postsurgical histology is shown in Table 1 . A continuous, nondisrupted third 

sonographic wall layer was noted by EUS in 20 patients, suggesting no 

submucosal invasion (HGD, T1im, T1mm). Only one patient of this group 

showed infiltration into the submucosal layer (pT1sm1) on pathologic 

evaluation. Albeit derived from a small number of patients, the negative 

predictive value of EUS for submucosal invasion is therefore 95% (95% 

confidence interval: 66-99). In the one patient with undetected submucosal 

invasion, a large ulcer in a Barrett segment was present at time of EUS, and 

although no submucosal infiltration could be demonstrated preoperatively, 

there was already strong suspicion noted in the EUS-report for a more 

advanced invasive carcinoma. Submucosal invasion was confirmed by 

histopathology in 20 of the 25 patients. Three of the 5 false-positive EUS 

interpretation of submucosal invasion could be accounted for by the presence 

of a nodule or exophytic tumour growth, which was endoscopically apparent. 

The preoperative detection of lymph node involvement by EUS is also shown 

in Table 1 . In four patients the presence of a positive lymph node was missed, 

TABLE 1 

Accuracy of preoperative EUS for detect ion of presence or absence of submucosal invasion in 45 patients in 

whom visualisation of the muscularis mucosae layer was documented and the absence or presence of lymph 

nodal invasion in 75 patients with high-grade dysplasia or early adenocarcinoma (T1). 

o e s o p h a g e c t o m y spec imens 

EUS 

no 5m invasion 

no sm invasion 

19 

sm invasion 

1 

EUS 

NO 

NO 

57 

N1 

4 

sm invasion 5 20 N1 6 8 



but in all these patients the presence of submucosal invasion was correctly 

predicted. None of the patients with superficial lesions (HGD, T1 im, T1 mm) 

had positive lymph nodes, as was always predicted with EUS. The overall 

negative predictive value regarding lymph node metastasis was 93% (95% 

confidence interval: 79-98) in these series. 

Histopathologic findings in the ©esophagectomy 
specimens 
HGD or adenocarcinoma developed in a Barrett segment was identified in 

68 patients. In one patient, no (more) Barrett's epithelium could be 

identified around the distal oesophageal adenocarcinoma, whereas the 

other eight patients had an early cardia carcinoma without Barrett 

metaplasia. 

Macroscopically, the growth pattern was polypoid in 17% (13 patients), flat 

in 73% (56 patients) and ulcerating in 10% (8 patients). The median lineary n 

extension was 1.8cm (range 3mm - 6.7cm). Microscopically, thirteen | 

patients (17%) had HGD without invasive growth in the resection specimen 

(ml). In 13 patients (17%) invasion was limited to the mucosa (m2), 9 

patients (12%) had the deepest tumour infiltration into the muscularis 

mucosae (m3), and in 42 patients (54%) the tumour extended into the 

submucosal layer (sm1 38%, sm2 31%, sm3 31%). 

In Table 2, the correlation of infiltration depth to other histopathological > 

features is shown. Lymph node metastases were not found in any of the 

patients with m l , m2, m3 or sm1 cancers. Histological tumour grading was ^ 

also significantly associated to infiltration depth with no poorly S 

differentiated carcinomas in m2 and m3 lesion. Lymph-angio invasion was 

detected in 16 cases (21%) and was present exclusively in sm2 (31%) and 

sm3 (92%) cancers. Peri-neural growth was never present in any of the early 

lesions. Areas of HGD surrounding a Barrett carcinoma were identified in 28 

patients (44%), which was seen more frequently in early carcinomas without 

submucosal invasion. Metaplastic Barrett epithelium extending under 

normal squamous epithelium was observed in 16 of the 77 patients (21%), 

with normal squamous epithelium covering areas of invasive carcinoma in 

four of these patients. In six of the 13 patients with HGD (46%), secondary 

areas of HGD were present at other sites in the Barrett segment in the 

distal oesophagus. Of the 64 patients with invasive carcinoma, 14 patients 

(22%) had secondary lesions found at distinct sites of the primary tumour: 

HGD in six patients, and another invasive carcinoma in eight patients. 

These secondary lesions were found equally distributed between mucosal 

and submucosal tumours. 



TABLE 2 

Histopathological features in 77 oesophagectorny specimens with high-grade dysplasia or early invasive 

adenocarcinoma of the oesophagus or gastro-oesophageal junct ion. 

ml 

Tumour characteristics (n=13) 

M2 

(n=13) 

m3 

:;-:-9; 

sm1 

;n=i6) 

sm2 

(n=13) 

sm3 

(n=13) p-value 

Macroscopic appearance 

Flat/exophytic 13 

Ulcerating 0 

11 

2 

Q 

0 

15 

1 

11 

2 

10 

3 

0.7 

Maximum size of tumour 

< 3 c m 13 

> 3 c m 0 

13 

0 

9 

0 

15 

1 

8 

5 

ó 

7 

0.0001 

Lymph node involvement 

Negative 13 

Positive 0 

13 

0 

9 

0 

16 

0 

10 

3 

4 

9 

0.0001 

Differentiation grade 

Well 13 

Moderate 0 

Poor 0 

10 

3 

0 

4 

5 

0 

1 

12 

3 

0 

7 

6 

0 

5 

8 

0 0001 

Lymph-angio invasion 

Absent 13 

Present 0 

13 

0 

9 

f j 

16 

0 

9 

4 

1 

12 

0.0001 

HGD around tumour 

Ab .en-

Present 

2 

11 

4 

5 

9 

7 

9 

A 

12 

1 

0.0001 

Barrett under squamous mucosa 

Absent 10 

Present 

10 

3 

6 

3 

12 

4 

12 

1 

10 

3 

0.5 

Multifocal lesions 

Absent 7 

Present 6 3 4 

14 

2 

9 

4 

12 

1 

0.1 



Correlation between histopathologic findings and 
lymph node metastasis 
To analyse if histopathologic findings could predict the presence of lymph 

node metastasis, a binary logistic regression analysis was performed for the 

various histopathologic variables. Each of the following factors had a 

significant influence on the presence of lymph node metastasis: a tumour of 

more than 3 cm, infiltration beyond the superficial submucosal layer, a poor 

differentiation grade and the presence of lymph-angio invasion (p = 0.003, 

0.0007, 0.0013, and 0.03 respectively). However, a multivariate analysis of these 

variables could only identify T-stage as an independent prognostic variable 

(Table 3). 

TABLE 3 

Results of histopathological parameters predicting lymph node metastasis by the binary logistic regression 
model and multivariate analysis. 

0 
> 

NO N1 Univariate analysis Multivariate analysis 

Tumour characteristics n = 65 n=12 OR' 95%CI : ' OR 95% CI 

Maximum size tumour 

< 3 cm 

> 3 c m 

58 

7 

6 

6 

3.0 1.0-7.9 n.s. 

Infiltration depth 

m1/r-n2/m3/sm1 

sm2/sm3 

51 

14 

0 

12 

11.6 2.8-47.6 3.4 1.1 -19.1 

Differentiation grade 

Well/moderate 

Poor 

55 

10 

5 

7 

4.7 1.5-14.8 - = 

Lymph-angio invasion 

Absent 

Present 

59 

6 

/ 
10 

5.3 1.7-16.6 n.s. 

aOdds Ratio; "95% Confidence Interval; cnot significant 



DISCUSSION 

Preoperative identification of lymph node involvement in patients with HGD 

or early carcinoma of the oesophagus or GOJ by endoscopic ultrasonography 

or histopathologic tumour characteristics is of crucial importance, in order to 

identify patients eligible for endoscopic treatment. In preoperative clinical 

staging modalities, EUS has become the most important imaging technique 

for patients with carcinoma of the oesophagus or GOJ." '2 In these series, only 

one of the 20 patients who underwent oesophagectomy for a 

endosonographically diagnosed mucosal lesion showed submucosal invasion 

in the resection material and 7% of the patients with lymph node involvement 

were missed by EUS. These promising negative predictive values (95% and 

93% respectively) are comparable to the high diagnostic accuracy rates for 

discrimination between intramucosal and submucosal cancer reported in the 

literature (up to 100% for T stage).' :~ These findings suggest that EUS is 

useful in the selection of patients eligible for local therapy, although the 

preoperative endosonographic staging should be interpreted with caution 

when local irregularities or ulcers are seen, since they may compromise the 

reliability of EUS. In addition, it might be hypothesized that the current 

possibility to refine EUS lymph node staging with fine needle aspiration (EUS-

FNA) will even further increase the negative predictive value of EUS for lymph 

node involvement.'8 

The analysis of histopathological tumour characteristics demonstrated that 

patients with mucosal lesions (ml and m2), tumours infiltrating the muscularis 

mucosae (m3) and tumours with minimal submucosal involvement (sm1) never 

had lymph node metastases or lymph-angio invasion. In contrast, in 23% of 

the patients with an sm2 tumour and 69% of the patients with an sm3 tumours, 

lymphatic spread was observed. Other tumour characteristics with a significant 

influence on the presence of lymph node metastasis were a tumour of more 

than 3 cm and a poor differentiation grade. Relating these results to the 

literature is difficult since studies devoted specifically to early 

adenocarcinomas of the oesophagus or GOJ are scarce and so far there are 

only small reports comparing combined T1 m and combined T1 sm carcinomas. 

In these studies, 2% lymph node metastases has been reported in patients 

with a mucosal adenocarcinoma developed in a Barrett segment, versus 25% 

lymph node metastases in patients with submucosal carcinomas (Table 4)."'" 

The paucity of (Western) histopathological data of early adenocarcinomas is 

contrasted by numerous (Japanese) studies reporting large series of 

superficial squamous cell carcinomas of the oesophagus (Table 4). In most 

of these studies the depth of invasion is subdivided into six stages 



TABLE 4 

Lymph node invasion in surgical resection specimens of patients with early adenocarcinoma of the 

oesophagus or gastro-oesophageal junction compared to early oesophageal squamous cell carcinoma 

Review of the literature. 

A d e n o c a r c i n o m a " ' " ' " Squamous cell carcinoma"1 '21 '34 

T- stage 

HGD 

T1a' 

Tib* 

Patients 

(n) 

59 

150 

154 

Lymph node 

involvement 

0 (0%) 

3 (2%) 

39 (25%) 

95% CI 

0-6% 

0-4% 

19 32% 

T- stage 

M1 

M2 

M3 

Sm1 

Sm2/3 

Patients 

(n) 

171 

108 

109 

96 

442 

Lymph node 

involvement 

0 (0%) 

0 (0%) 

4 (4%) 

25 (26%) 

208 (47%) 

95% CI 

0-2% 

0-3% 

1 9% 

18-36% 

42-52% 

aT1a: tumour limited to the mucosa or musculans mucosae, " T i b tumour infiltrates submucosa but not rnusculans propria 

comparable to the tumour stages used in this manuscript. In tumours limited 

to the epithelium or lamina propria (ml and m2), lymph node metastases were 

never found. For tumours infiltrating the muscularis mucosae (m3), the chance 

for lymph node metastases was 3.7%. Tumours infiltrating the submucosal 

layer had significantly higher lymph node metastases rates: 26% and 47% for 

sm1 and sm2/3 tumours respectively. It is questionable if these data on 

squamous cell cancer can be simply extrapolated to early invasive 

adenocarcinoma, since it is unclear whether the two types of early 

oesophageal carcinoma are comparable in biology and outcome. A better 

prognosis for patients with T1 adenocarcinoma than for those with T1 

squamous cell carcinoma has been reported/5 Therefore, the two types of 

early tumours should probably be studied as distinct entities. 

With the currently available diagnostic staging modality EMR, histopathologic 

characteristics like infiltration depth, differentiation grade and the presence of 

lymph-angio invasion can be assessed preoperatively to identify patients in 

whom the risk of lymphatic dissemination is very low. However, it should be 

bared in mind that identification of sm1 lesions in an EMR specimen has its 

limitations, since the actual segment of tumour involvement in the submucosal 

layer involvement cannot be reliably measured due to absence of the proper 

muscle layer. 

Apart from the histopathologic features increasing the likelihood of lymph 

nodal involvement, other pathological factors found in early adenocarcinomas 

of the oesophagus or GEJ need to be taken into account as well when local 

endoscopic therapy is considered. In almost 50% of Barrett carcinomas, HGD 



was found to accompany the tumour and the presence of intestinal metaplasia 

or invasive carcinoma underlying pre-existent squamous epithelium was 

identified in 21% of our cases. Additional foci of HGD or invasive tumour 

development at distinct sites throughout the Barrett segment were found in 

six of the 13 patients with HGD (46%) and in 14 of the 64 patients (22%) with 

invasive carcinoma. Previously reported data, including ours, also indicate that 

multifocality of early adenocarcinomas developing in a columnar-lined 

oesophagus is common. '' To prevent the risk of incomplete clearance of 

(pre-)malignant Barrett's epithelium due to concomitant HGD, hidden 

metaplastic or neoplastic lesions, and multifocal invasive lesions, extensive 

and careful mapping of the complete Barrett segment and the proximal, 

normally appearing, squamous epithelium should always accompany a 

diagnostic EMR procedure/'0 ';2 For patients with a radically resected lesion in 

« the EMR specimen and no additional lesions, the EMR procedure can be 

I considered as curative treatment. For other patients, additional treatment is 

£ possible and may consist of either a surgical resection or an additional EMR 

< procedure with or without ablative Photodynamic Therapy (PDT).;: An 

algorithm outlining the preoperative diagnostic work-up for patients with 

HGD and adenocarcinoma of the oesophagus or GOJ for a tailored 

endoscopic approach is proposed in Figure 2. Obviously, after successful 

endoscopic treatment strict endoscopic follow-up is required to detect 

£ metachronous lesions at an early stage. 

£ In identifying which patients are eligible for (a combination of) these endoscopic 

techniques, we acknowledge that a retrospective study has its limitations. A 

limitation of this study is the small study size. Although the patients come from a 

large database of 367 patients, only a small percentage of the patients had early 

lesions. However, in comparison to the literature our series is relatively large. In 

addition, this is the first study in which early adenocarinomas subclassified into 

six different stages are analysed. Another weakness of this study is the majority 

of transhiatal resections. A transhiatal oesophagectomy is generally considered 

as a suboptimal staging procedure understaging 23% of the patients.'* To 

analyse regional dissemination of early carcinomas, it would be appropriate to 

analyse the frequencies of nodal metastases exclusively in those patients who 

underwent a transthoracic resection with two-fields lymph node dissection. 

However, in the present study, such a selective analysis seems to be irrelevant as 

only 22% of the patients underwent an extended transthoracic resection. 

Therefore the results of this study can only be considered as a guideline 

identifying a potential subset of patients benefiting from endoscopic treatment 

awaiting long-term survival results from randomised controlled trials comparing 

EMR to surgical resection/5 



In conclusion, this study describes the efficiency of preoperative EUS in 

identifying T and N stage of HGD and early adenocarcinoma of the 

oesophagus or GOJ and identifies histopathological features of these 

tumours (subclassified into six different stages) related to the presence of 

lymph node metastases. The results suggest that EUS can reliably predict 

intramucosal lesions without lymph node involvement and that m l , m2, m3 or 

sm1 lesions are eligible for endoscopic treatment when the lesion is smaller 

than 3 cm, has a good or moderate differentiation grade and no lymph-angio 

invasion. In contrast, for patients with a T1 sm2 or T1 sm3 lesion a surgical 

resection with lymphadenectomy should be considered for curation. It should 

also be taken into account that half of these patients had areas of HGD 

accompanying the invasive cancer and one quarter of the patients had 

additional lesions at distinct sites. Therefore, extensive mapping should 

always accompany EUS or a diagnostic (and potentially therapeutic) EMR, and 

after successful endoscopic treatment strict endoscopic follow-up is required 

to detect metachronous lesions at an early stage. 

FIGURE 2 

Algor i thm outl ining the preoperative diagnostic work-up t o HGD and adenocarcinoma of the oesophagus or 

gastro-oesophageal junction for a tailored endoscopic approach. 
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INTRODUCTION 

Oesophageal cancer is a highly aggressive carcinoma with poor long-term 

outcome. Surgery is generally considered to offer the best chance for cure, 

but even after resection with curative intent long-term survival is only 25%.' ' 

This is due to the development of locoregional recurrences, distant 

metastases or a combination of both/ 

Controversy exists on how to improve survival. One strategy aiming to reduce 

locoregional recurrences is to perform a transthoracic resection with en bloc 

lymph node dissection in the posterior mediastinum and the upper abdomen, 

since an extended resection removing more (possibly tumour positive) lymph 

nodes might improve patient outcome when compared to a more limited 

transhiatal resection/ 

Another strategy to improve survival and to reduce locoregional and distant 

recurrence is the addition of non-surgical treatment to surgery. Recent studies 

suggest that preoperative chemoradiotherapy improves overall survival and 

disease specific survival.'' 

To optimize treatment strategies for individual patients, prognostic factors car 

help to identify patients who will not be cured by surgery alone. Lymph node 

status as assessed by conventional histological examination is the most 

important prognostic factor in patients with oesophageal cancer. However, 

even when histological examination does not show lymphatic dissemination, 

tumour recurrence is not rare after potentially curative oesophagectomy. 

Locoregional recurrence or distant relapse after radical resection in node 

negative patients indicates that disseminated tumour cells, undetectable by 

current methods, must already have been present at the time of surgery. 

Immunohistochemical assays with monoclonal antibodies against tumour-

associated antigens or epithelial-cell proteins can be used to detect isolated 

tumour cells or micrometastases {i.e. small cluster of tumour cells) in lymph 

nodes that are tumour-free on routine histological examination. However, the 

clinical significance of these immunohistochemical assays is still controversial 

with different prognostic values in different studies.6'1 This is probably due to 

variations in techniques, antibodies, and interpretations. 

For clinical application, a marker for micrometastases has to be both highly 

specific and sensitive. With respect to specificity, the marker should be able to 

distinguish tumour cells from normal (esp. haematopoietic) cells. For 

sensitivity, the marker has to detect at least a large majority of the tumour 

cells. In addition, the question has to be answered whether all disseminated 

tumour cells are precursors of clinically relevant metastases or that they are 

just transiently shed cells with limited life span. 



The aim of the present study was to analyse the incidence of nodal isolated 

tumour cells and micrometastases (as assessed by three different 

immunohistochemical assays) in patients with histologically node negative 

adenocarcinoma of the distal oesophagus or gastric cardia after transthoracic 

oesophageal resection, and to determine the clinical significance of these 

immunohistochemical assays. 

METHODS 

Patients 
Between April 1994 and February 2000, 161 patients were included in a 

randomized controlled trial comparing limited transhiatal oesophagectomy to 

transthoracic oesophagectomy with extended en bloc lymphadenectomy for 

high-grade dysplasia (HGD) or adenocarcinoma of the distal oesophagus or 

gastro-oesophageal junction (GOJ), in the Academic Medical Center, 

Amsterdam, The Netherlands.'2 Six of these 161 patients did not undergo 

resection due to locoregional irresectability and/or distant dissemination, as 

detected during the operation. One hundred thirteen patients (73.91%) were 

excluded since they showed lymph node metastasis detected by routine 

pathologic examination with hematoxylin and eosin staining. Since it is 

acknowledged that a transhiatal oesophagectomy with limited lymph node 

dissection is not an optimal staging procedure, another 20 patients who 

underwent transhiatal resection were also excluded. The remaining 22 

patients represent the study population. None of the patients received 

chemo- and/or radiotherapy preoperatively, and no adjuvant treatment was 

administered postoperatively. A limited number of patients received palliative 

external radiotherapy for symptomatic tumour recurrence. 

The study was done in accordance with the guidelines of the local ethics 

committee. 

Operative procedure 
All 22 patients underwent subtotal oesophagectomy and resection of the lesser 

curvature of the stomach through a right-sided thoracotomy and a midline 

laparotomy, followed by a left-sided cervical oesophagogastrostomy. The 

thoracic lymphadenectomy comprised the lower and middle mediastinal, 

subcarinal, and right-sided paratracheal lymph nodes dissected en bloc, and the 

ortapulmonary-window nodes dissected separately The paracardiac, lesser 

curvature, left gastric artery (along with the lesser curvature), celiac trunk, common 

hepatic artery, and splenic artery nodes were dissected via the laparotomy. 



In all resection specimens, the origin of the left gastric artery was marked. 

Subcarinal nodes were marked separately. 

Follow-up 
All patients were seen at the outpatient clinic at intervals of three to four 

months during the first two years and every six months for three more years. 

After five years, follow-up data were obtained by telephone from the patient 

or his/her family practitioner. Recurrence of disease was diagnosed on clinical 

grounds. However, when relapse was suspected, radiologic, endoscopic, or 

histologic confirmation was sought for. Recurrent disease was classified as 

locoregional (including lymphogenic recurrence in the upper abdomen, 

mediastinum or cervical region) or distant (occurring as haematogenic 

recurrent disease). None of the patients were lost to follow-up. 

Conventional pathologic examination 
Processing of the resection specimens was done using a standardized 

protocol. Pathologic examination was performed by or under supervision of 

an experienced gastro-intestinal pathologist. Tumours were staged according 

to the UICCTNM classification 2002.ia Carcinoma of the gastric cardia and 

distal oesophagus were considered one clinical entity.14-15 

All lymph nodes identified by the pathologist were collected in separate 

boxes and marked according to location, then cut in two with both sides 

stained with hematoxylin and eosin and evaluated for tumour involvement. 

Immunohistochemistry 
Three serial sections of 5 um were cut at two separate levels from the 

formalin-fixed and paraffin-embedded archival tissue blocks. Specimens were 

deparaffinised, and pre-treated with 1% pronase (Dako, Hamburg, Germany) 

for antigen retrieval. To block unspecific binding sites, the slides were 

immersed in blocking solution (1:10 normal horse serum in Tris-saline). The 

antibody reactions for the anti-epithelial cell monoclonal antibody Ber-EP4 

(dilution 1:200) and the monoclonal anticytokeratin antibody cocktail AE1/AE3 

(dilution 1:150) (both Dako, Hamburg, Germany) were developed with the 

alkaline phosphatase-antialkaline phosphatase technique combined with the 

newfuchsin stain (Sena, Heidelberg, Germany), as described previously.' 

Ber-EP4 is an antibody against two glycopolypeptides of 34 and 49 kD on the 

surface and in the cytoplasm of all epithelial cells (except parietal cells, 

hepatocytes, and the superficial layers of squamous epithelium). This antibody 

does not react with mesenchymal tissue, including lymphoid tissue.'6 The 

antibody cocktail AE1/AE3 is specific for a range of human cytokeratins in 



epithelial cells and does not react with lymphoid tissue.' 

Immunohistochemical stainings for BerEP4 and AE1/AE3 were performed at 

the surgical laboratory of the University Hospital Eppendorf, Hamburg, 

Germany. The mouse monoclonal antibody CAM 5.2 (Becton-Dickinson, San 

Jose, CA, USA) is specific for intracellular cytokeratin-8 and -18 and does not 

react with haematopoietic and lymphoid cells.'8 This staining was performed at 

the department of pathology, Academic Medical Center, Amsterdam, The 

Netherlands, according to the routine PAP/Giemsa method. In representative 

slides of the original adenocarcinoma, expression of the marker molecules 

was assessed within the original tumour, hereby demonstrating the presence 

of the specific markers for each tumour. Formalin fixed, paraffin embedded 

tissue sections of normal colonic mucosa served as positive staining controls, 

and isotype-matched irrelevant murine monoclonal antibodies served as 

negative controls (purified immunoglobulin mouse myeloma protein for lgG1; 

Sigma, Deisenhofen, Germany). 

Detection of micrometastases 
Micrometastasis was defined as the presence of a cluster of at least two 

tumour cells and was distinguished from the presence of an isolated positive 

cell (Figure 2A and B). Isolated tumour cells were discriminated from 

micrometastases since they seem to show a different level of clinical 

significance.1920False-positive non-neoplastic haematopoeitic cells (e.g. 

reticular cells and plasma cells which can also show staining for cytokeratins), 

were discriminated from isolated tumour cells by microscopic morphological 

and nuclear differences (Figure 1C). Clusters of positive cells with malignant 

characteristics were designated as micrometastases when detected in the 

sinuses or lymphoid interstitium. In contrast, tumour cells surrounding the 

lymph node were considered as contamination occurred during the 

processing of the resection specimen (Figure 2D). The immunostained slides 

were evaluated by an experienced Gl-pathologist (FJWtK), who was unaware 

of the clinical data. 

Statistical analysis 
Results are expressed as mean ± SD. All statistical analyses were performed 

using the Statistical Software Package version 11.5 (SPSS INC., Chicago, IL, USA). 

The association between clinicopathological features and the presence of 

micrometastases was analysed using Student's t-test (continuous data) or 

Chi-squared test (categorical data). Overall survival was estimated according 

to the Kaplan-Meier method and compared using the log-rank test. 

P-values of 0.05 or less were considered statistically significant. 



RESULTS 

Pat ient and t umou r characterist ics 
There were 17 males (77.3%) and 5 females (22.7%) with a median age of 64 

years (range 48 - 76 years). Two patients underwent oesophageal resection for 

HGD. Fourteen patients had and adenocarcinoma of the distal oesophagus 

developed in a Barrett segment, whereas the other eight patients had an 

adenocarcinoma of the GOJ or gastric cardia without Barrett's metaplasia. The 

majority of patients (64%) had an early lesion (HGD or T1). 

Detec t ion of nodal micrometastases 
Lymph node micrometastases (Figure 1B) were detected in five of the 22 

patients (22.7%). They were found in 16 of the 636 lymph nodes examined 

(2.5%). Lymph nodes containing micrometastases were widely distributed, but 

the truncal nodes (M1 a nodes) were most frequently involved (1 x subcarinal, 

4x distal oesophagus, 10x celiac trunk, 1x lesser omentum). 

The BerEP-4 and EA1/AE3 antibody showed an intense staining in all primary 

tumours and detected micrometastases in all five patients (15 and 13 out of 16 

positive lymph nodes, respectively). In contrast, the CAM5.2 antibody with a 

moderate to strong staining in the primary tumours, only detected two 

micrometastases in two separate lymph nodes from one patient. 

In four lymph nodes, an isolated tumour cell was identified in the lymphoid 

interstitium (Figure 1 A), but only in one patient this finding was not 

accompanied by the presence of micrometastases in other lymph nodes. In 

124 of the 616 negative lymph nodes (20,1%), positive single cells were found 

that did not demonstrate malignant characteristics. These false-positively 

immunostained cells predominantly possessed haematopoeitic cell 

morphology (e.g. plasma cells, lymphoid cells or mast cells) with a nucleus size 

comparable to surrounding cells and large cytoplasm (Figure 2C) and were 

more frequently found with the AE1/AE3 staining. In addition, in five 

micrometastases negative lymph nodes (0.8%) there were positive epithelial 

cells with malignant characteristics found at the edge of a lymph node which 

were considered false-positive due to contamination (Figure 2D). 

Corre la t ion be tween micrometastases and 
c l in icopatholog ica l parameters 
The presence of micrometastases was not significantly correlated with 

clinicopathological parameters at the time of operation (esp. age, gender, 

location of tumour, depth of tumour invasion, tumour differentiation grade 

and radicality of resection), although a trend was seen towards a positive 



FIGURE 1 

Representative examples of immunohistochemically detected isolated tumour cells (A), micrometastases (A) 

and false positive cells (C and D) in lymph nodes. A: single positive cell with malignant characteristics (e.g. 

double nucleus); B: cluster of positive cells with malignant characteristics in lymph node sinus. C: single 

positive cell wi th haematopoiet ic characteristics (e.g. nuclear size comparable to surrounding cells) D: cluster 

of positive cells with malignant characteristics but suspect for contaminat ion due to location. 

association with lymph-angio invasion (p=0.07) (Table 1 A). A significant 

association was found between the presence of micrometastases and the 

development of locoregional recurrences (p=0.01) and distant metastases 

(p=0.006) (Table 1b). Of the 17 patients without immunohistochemically 

detected micrometastases no patient developed a locoregional recurrence 

and only one patient developed liver metastases after two years. In contrast, 

of the five patients with micrometastases one patient developed a 

locoregional recurrence, two a distant metastasis, and one patient developed 

both a locoregional recurrence and a distant metastasis. The one patient with 

a single isolated tumour cell in the lymphoid interstitium without a cluster of 

tumour cells did not develop recurrent disease after four and half years. 



TABLE 1 A 

Correlation of micrometastases and clmicopathological findings 

Lymph node micrometastasis 

Patient characteristics 

Age (yrs, mean ± SD) 

j ; . - : J ü ' 

(n) 

64±8 

male (17) 

female (5) 

Absent (n=17) 

No. (%) 

64±9 

12 (71) 

5 (29) 

Present (n=5) 

No. (%) 

65±8 

5 (100) 

0 (0) 

p-value 

0.7 

0.2 

Tumour characteristics 

Tumour location 

Depth of invasion ' 

Differentiation grade 

Vascular/lymphatic invasion 

Oesophagus (16) 

gastric cardia (6) 

TO (2) 

T1 (12) 

T2(1) 

T3(7) 

well (5) 

moderate (9) 

poor (8) 

absent (14) 

present (8) 

12 (71) 

5 (29) 

2 (12) 

10 (59) 

1 (6) 

4 (23) 

5 (29) 

6 (35) 

6 (35) 

12 (71) 

5 (29) 

4 (80) 

1 (20) 

0 (0) 

2 (40) 

0 (0) 

3 (60) 

0 (0) 

3 (60) 

2 (40) 

2 (40) 

3 (60) 

0.7 

0.4 

0.6 

0.07 

Operation 

Radicality of resection" R0(18) 

R1(4) 

14 (82) 

3 08) 

4 (80) 

1 (20) 

0.9 

aT0 carcinoma in situ, T1: tumour limited to the (sub)mucosa, T2: tumour infiltrates musculans propria, but not adventitia. 

T3: tumour infiltrates adventitial "R0: microscopically radical, R1: microscopically Irradlcal. 

TABLE 1B 

Correlation of micrometastases and clinical outcome parameters. 

Lymph node micrometastasis 

Clinical outcome 

Locoreoional recurrence 

Distant metastasis 

(n) 

No (20) 

Yes (2) 

No (18) 

Absent (n=17) 

No. (%) 

17 (100) 

0 (0) 

16 (94) 

Present (n 

No. (%) 

3 (60) 

2 (40) 

2 (40) 

=5) p-value 

0.01 

0.006 

Yes (4) 1 (6) 3 (60) 



Association of micrometastases with overall survival 
The median overall survival for the 22 patients with histologically node 

negative adenocarcinoma was 82.8 months (95% CI 70.9 - 94.6), which was 

significantly higher than the median overall survival of 21.0 months (95% CI 

12.5-29.5) for the 113 pN1 patients (p<0.001, log-lank test) 

A significant difference in overall survival was observed between patients with 

(n=5) and without (n=17) micrometastases (p=0.005; log-rank test) (Figure 2). 

After 2 years the probability for overall survival was 94% (95% CI 82 - 100) for 

the micrometastases negative group which remained unchanged up to 5 

years, while for the patients with micrometastases, the 2 year survival was 60% 

(95% CI 39 -100) which declined after 5 years to 40% (95% CI 23 - 88). The 

overall survival of these pNO micrometastases positive patients was not 

significantly different from the overall survival of the 113 pN1 patients (p=0.3; 

log-rank test). 

DISCUSSION 

Lymphatic dissemination is known to be the most important prognostic factor 

for patients with oesophageal carcinoma.5 In this study it was demonstrated 

that immunohistochemically detected micrometastases of at least two tumour 

cells in lymph nodes also have prognostic significance for patients operated 

upon for adenocarcinoma of the distal oesophagus or gastric cardia. Several 

other studies have demonstrated the frequent presence of micrometastatic 

tumour cells in bone marrow and lymph nodes in these patients with an 

incidence varying from 25% to 65% (Table 2).' ; ': However, whether these 

micrometastases have clinical significance remains controversial. Two studies 

which assessed the prognostic value of micrometastases in bone marrow, 

showed a similar significant impact on survival and recurrent disease in a 

combination of patients with pNO or pN1 oesophageal cancer.'' i2 However, 

three of the six studies analysing the prognostic value of micrometastases in 

lymph nodes could not demonstrate such an adverse effect on patient 

outcome/"'0 Interestingly, these three negative studies all included exclusively 

pNO patients. This is in contrast with the results of our study in which the 

presence of micrometastasis in histologically negative lymph nodes was 

significantly associated with the development of locoregional recurrences, 

distant metastases, and a reduced overall survival. 

A possible reason for these contradictory results involves differences in the 

number of lymph nodes examined between studies. Oesophageal carcinomas 

are known to metastasize frequently to lymph nodes at considerable distance 



FIGURE 2 

Kaplan-Meier curves of 22 patients with histologically node negative adenocarcinoma of the distal 

oesophagus or gastric cardia. There were 17 patients without micromet3stases and five patients with 

micrometastases. A statistically significant difference was observed between the two groups (p=0.005; 

log-rank test). 
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from their primary sites, even at an early stage of tumour invasion, while 

leaving lymph nodes in the immediate vicinity of the tumour unaffected (skip-

metastases). Therefore, the extent of lymphadenectomy and number of nodes 

examined influences staging accuracy.-''"' In previous studies the mean 

number of lymph nodes examined varied widely, ranging from less than 106-8 

to 379 per patient. To exclude variable results due to suboptimal staging 

procedures, only patients who underwent transthoracic resection with 

extended lymphadenectomy were included in this study with a mean of 29 

lymph nodes examined per patient. Consistent with other studies, the lymph-

nodes containing micrometastases were widely distributed. Skip-

micrometastases were frequently found in truncal nodes (stage M1a for distal 

oesophageal carcinoma) without positive cells in peri-oesophageal lymph 

nodes. 

Another explanation for these conflicting data is that comparison of results 



between studies is hampered by the substantial variation in methods with 

respect to staining protocols and antibodies. Even in our small series, the use 

of three different antibodies yielded variable results. In contrast to the anti-

cytokeratin marker CAM5.2, the Ber-EP4 and AE1/AE3 antibodies both seem 

sensitive enough to detect the majority of clinically relevant micrometastases 

although both antibodies failed to identify the presence of micrometastases in 

one and three lymph nodes respectively. With respect to specificity, the 

AE1/AE3 antibody did stain more false-positive haematopoietic cells, which 

would make the Ber-EP4 antibody the marker of first choice. 

Moreover, the variation in terminology and definitions of micrometastases 

between studies is reason for confusion. It has been suggested that the 

finding of isolated tumour cells should be distinguished from micrometastases 

since it is unclear whether these single cells are all precursors of clinically 

relevant metastases or that they are just transiently shed cells with limited life 

span. Although O'Sullivan et al. showed that cultured single metastastic cells 

from rib marrow of patients with oesophagogastric cancer were found to be 

tumourigenic when inoculated subcutaneously in athymic nude mice3, it has 

been demonstrated that the formation of a metastasis is a complex process''', 

TABLE 2 

Micrometastases in oesophageal cancer: reported data on incidence and prognostic significance in bone 
marrow and lymph nodes. 

Bone marrow micrometastases 

Author Patients 

(n) 

Tumour 

type* 

N -st age Antibody Presence of 

Dositive cells 

Overall 

survival 

Local 

relapse 

Distant 

metasasis 

(%) 
Thorban 

Macadam 

Izbicki-

Natsugoe 

Glickman^ 

Sato' 

Nakamura 

Komukai 

Present stu ;. 

30 

31 

63 

69 

78 

50 

53 

104 

22 

sec 
AC/SCC 

AC/SCC 

sec 
AC/SCC 

sec 
sec 
sec 
AC 

NO/1 

NO/1 

Lymph nc 

NO/1 

NO/1 

NO 

NO 

NO 

NO/1 

NO 

CK2 

Ber-EP4 

37 

36 

de micrometastases 

Ber-EP4 

AE1/AE3 

AE1/AE3 

AE1/AE3 

AE1/AE3 

AE1/AE3 

Ber-EP4 & 

65 

42 

25 

40 

26 

45 

23 

nd ' 

p=0.02 

p<0.001 

P<0.05 

--. 
' :: 
' : 

p<0.01 

P=0.005 

p<0.01 

p=0.08 

nd 

ns 

ns 

0.04 

P< 

0.01 

p<0.01 

id 

p<0.001 

ns 

0.01 

0.006 

AE1/AE3 

histological type of tumour SCC » squamous cell carcinoma, AC = adenocarcinoma; Dnot determined; cnot significant 



and only a small percentage of circulating tumour cells (0.05%) survive and 

initiate a metastastic focus.7' In addition, data on patients with breast cancer 

show that the finding of isolated tumour cells in sentinel lymph nodes has no 

impact on outcome and recurrent disease in these patients is very low.28 

Therefore, it was decided not to consider isolated tumour cells as early 

dissemination in this study. This hypothesis would be in line with the finding 

that the one patient with an isolated tumour cell without micrometastases did 

not develop recurrent disease. Interestingly, exclusion of isolated tumour cells 

in lymph nodes as micrometastasis was not applied in the three studies in 

which lymph node micrometastases are not a prognostic factor for pNO 

patients, which could be an explanation for the discrepant results. 

Despite the demonstrated prognostic significance of micrometastases in 

„ oesophageal carcinoma in this study, the question remains whether clinical 

< implementation of this immunohistochemical analysis is feasible and useful. 

Immunohistochemical examination of lymph nodes is time-consuming and 

o costly. In the literature there is still no consensus about how many slides 

g should be considered as representative samples for the detection of 

micrometastases. As more sections are cut from tissue blocks, more 

micrometastases might be identified, but examination of numerous 

consecutive sections is not practical as a routine procedure. The results of this 

study, however, show that examining two levels is sufficient to detect the 

™ presence of the majority of clinically relevant micrometastases, since none of 
UJ 

a. the pNO micrometastasis negative patients developed a locoregional 
< 
5 recurrence and only one patient developed a distant metastasis. 

Another problem is the frequent presence of false-positive cells. The 

possibility of non-specific reactions has particular importance when the 

detection of isolated tumour cells also would have therapeutic consequences. 

This study shows that haematopoietic cells can be falsely immunostained with 

anti-cytokeratin markers, implicating the need for morphological evaluation to 

exclude these false-positive cells. However, this evaluation is subject to inter-

observer variation2* and a study analysing non-specific staining in bone 

marrow of breast cancer patients by double immunolabelling revealed false-

positive cells in 5.4% of the patient samples even after morphological 

evaluation.50 Moreover, positive tumour cells can sometimes be identified at 

the edge of the lymph node, which should be considered as contamination. 

Therefore, histological verification of positive cells would always be of crucial 

importance. These methodological difficulties, and the possibility of false-

negative results due to heterogeneous expression of a marker molecule within 

and between tumours, make the clinical application of this technique less 

useful for daily practice. 



In conclusion, this study demonstrates that immunohistochemically detected 

micrometastases in lymph nodes have prognostic significance for patients 

operated upon for adenocarcinoma of the distal oesophagus or gastric cardia. 

We demonstrated that even minimal lymphatic dissemination is associated 

with a high incidence of systemic and/or locoregional recurrence. Extensive 

transthoracic resection with 2-field lymphadenectomy does not always prevent 

locoregional recurrences. Therefore, even for these early disseminated 

carcinomas, systemic (neo-)adjuvant treatment and/or additional radiotherapy 

is needed to improve long-term survival. In this context, immunohistochemical 

assessment of lymph nodes has the potential to refine the staging system for 

oesophageal cancer and to help identification of patients who will not be 

cured by surgery alone. However, the clinical application of this technique is 

still hampered because of the risk of false-positivity, false-negativity and high 

costs. 
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INTRODUCTION 

Oesophageal adenocarcinoma is one of the most aggressive human 

malignancies. Over the last decades, the incidence of this malignancy has 

increased in many Western countries, at a rate that exceeds that of any other 

tumour. 'It is now generally accepted that oesophageal adenocarcinomas 

develop from a premalignant lesion of the oesophagus, also referred to as 

Barrett's oesophagus. Barrett's oesophagus is a metaplastic change of the 

normal squamous cell epithelium of the oesophagus to a columnar type due 

to longstanding gastro-oesophageal reflux disease (GORD).; 

Cancers in Barrett's oesophagus evolve through a sequence of genetic 

alterations in which the metaplastic cells develop the ability of autonomous 

growth stimulation and acquire the ability to avoid triggering of the 

programmed cell death mechanism (apoptosis) which destroys cells that 

acquire genetic damage.5 The extending knowledge of mechanisms 

underlying carcinogenesis, provides insights that are necessary for the 

development of novel treatment strategies for both the prevention and 

treatment of (oesophageal) malignancies. 

Over the past decade, a series of studies have suggested that the enzyme 

cyclooxygenase-2 (COX-2) represents a potential therapeutic target for cancer 

prevention and treatment.'' ' Numerous epidemiological studies showed that 

the long-term use of nonsteroidal anti-inflammatory drugs (NSAIDs), which 

inhibit cyclooxygenase enzymes, was associated with a reduced risk of 

developing malignant disease, especially gastrointestinal cancer.39 With the 

recent development of selective COX-2 inhibitors, which have antineoplastic 

activity in certain experimental models and in FAP patients but cause fewer 

serious adverse effects than traditional NSAIDs, the benefit-risk balance of this 

treatment strategy has improved.' " Since selective COX-2 inhibitors appear 

to be safe enough for long-term use (e.g. in rheumatoid arthritis patients), 

there are several ongoing chemoprevention and adjuvant therapy trials. 

This review considers the mechanisms by which COX-2 can contribute to 

carcinogenesis through effects on proliferation of cancer cells and to 

prognosis by increasing the metastatic potential of malignant cells. It focuses 

specifically on its role in the development of oesophageal adenocarcinomas 

and describes clinical and experimental data to provide a rationale for using 

selective COX-2 inhibitors as chemopreventive or (neo-)adjuvant agent in this 

malignancy. 



CYCLOOXYGENASE-1 AND -2 

COX is the rate-limiting enzyme in the conversion of arachidonic acid to 

prostaglandins (Figure 1).' The first step in prostaglandin synthesis is 

hydrolysis of phospholipids to produce free arachidonate in a reaction 

catalysed by phospholipase /k^ Next, COX catalyses a reaction in which 

molecular oxygen is inserted into arachidonic acid. This reaction produces an 

unstable intermediate, prostaglandin G2 (PGG2)- PGG2 is converted rapidly to 

prostaglandin H2 (PGH2) by the peroxidase activity of COX. Specific isomers 

then catalyse the reactions of the specific common precursor PGH2 to 

different prostaglandins and thromboxane, which all have their own range of 

biological activities.1 

Recently, two COX isoforms have been cloned (COX-1 and COX-2) which 

share over 60% identity at amino acid level and have similar enzymatic 

activities.;: The most striking difference between the COX enzymes is in the 

regulation of expression. COX-1 is expressed constitutively in most tissues and 

seems to mediate production of prostaglandins that control normal 

physiological functions, such as protection of the stomach, regulation of renal 

blood flow, and platelet aggregation. COX-2 on the other hand, is usually not 

detectable in normal tissues, but can be readily induced in response to cell 

activation by hormones, proinflammatory cytokines, growth factors, and 

tumour promoters.1''''5 In part, the inducibility of COX-2 is explained by the 

presence of the nuclear factor responsible for the interleukin-6 expression 

(NF-IL6) and the cyclic AMP response element (CRE) sites in the 5'-flanking 

promoter region of the COX-2 gene. ' On the other hand, enhanced stability 

of COX-2 mRNA may also contribute to an increased expression of COX-2.17 

CONTRIBUTION OF COX-2 TO CARCINOGENESIS 

Beginning in the late 1970, it was noted that neoplastic lesions had elevated 

concentrations of prostaglandins, and increased expression of COX-2 was found 

in many premalignant tissues and malignant tumours (e.g. colorectal, gastric, 

oesophageal, pancreatic, lung, breast, bladder, cervical and ovarian cancer)." 

Various oncogenes, growth factors and tumour promoters were shown to be 

able to induce COX-2 expression in malignant cells. Moreover, wild-type but 

not mutant p53 suppresses COX-2 transcription, raising the possibility that 

p53 is also a determinant of COX-2 expression.' 

There are also data which demonstrate a direct relation between induction of 

COX-2 expression and carcinogenesis. Knocking out the COX-2 gene in the 



APC6716 mouse (a model for human familial adenomatous polyposis) caused a 

significant reduction in both the number and size of intestinal polyps'", 

whereas overexpression of COX-2 was sufficient to induce tumorigenesis in 

the mammary gland in transgenic mice.23 

Finally, pharmacological evidence also implicates a role for COX-2 in 

carcinogenesis. Selective COX-2 inhibitors such as celecoxib and rofecoxib 

reduced the formation of intestinal, breast, skin, lung and bladder tumours in 

animals'0, and the non-selective COX inhibitor sulindac causes the reduction 

of adenomas in familial adenomatous polyposis patients/' 

These data suggest that COX-2 represents a potential molecular target for 

preventing and treating cancer. 

<N 
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MECHANISMS BY WHICH COX-2 CONTRIBUTES 
I? TO CANCER DEVELOPMENT 
X 
O 

| 
COX-2 affects many processes, which are important in carcinogenesis, and is 

therefore an attractive therapeutic target. These processes include apoptosis, 

proliferation, angiogenesis, invasiveness, immunosuppression and 

inflammation. Inhibition of these COX-2 processes by NSAIDs and selective 

COX-2 inhibitors may be the primary mechanisms of their antineoplastic 

| action described in various studies (Figure 1). 
LU 

£ In addition, COX-2 independent mechanisms of action might also exist, 

possibly through inhibition of the wingless/wnt-pathway." Recent animal 

studies and in vitro experiments suggest that NSAIDs decrease transcriptional 

activity of the nuclear hormone receptor peroxisome proliferator-activated 

receptor 5 (PPARS), a potential downstream target of the APC/8-catenin/T-cell 

factor 4 pathway/" However, this review will only focus on the molecular 

mechanisms by which NSAIDs contribute to cancer-treatment by inhibition of 

its best-known target: the COX-2 enzym. 

Apoptosis 
The size of a cell population depends on the balance between cell 

proliferation and programmed cell death (apoptosis). Decreased apoptosis 

may lead to a prolonged survival of abnormal cells, which favors the 

accumulation of sequential genetic changes that increase the risk of 

tumourigenesis, and inhibition of apoptosis will lead to clonal expansion. 

In vitro studies suggest that carcinoma cells expressing COX-2 have the 

tendency to become resistant to apoptosis/' a Epithelial cells overexpressing 

COX-2 have increased amounts of the anti-apoptotic protein Blc-2 and are 



FIGURE 1 

The mechanism of cyclooxygenase enzymes (COX-1 and COX-2) in the biosynthesis of prostaglandins and 

the potent ial targets of inhibitory actions of NSAIDs. 

PG = prostaglandin; TX = thromboxane; immunosurv = immunosurveillance; Blc-2 - anti-apoptotic protein Blc-2; Par-4 = pro 
apoptotic prostate apoptosis response gene; NF-Kp = nuclear factor K{J; MAPK - Ras/Raf/mitogen-activated protein kinase 
pathway; VEGF = vascular endothelial growth factor; MMPs = matrixmetalloproTeinases; CD44 = adhesion molecule CD44; nk 
cells » natural killer cells; TNF-H - tumour necrosis factor a; MHC antigens = major histocompatibility complex antigens 

resistant to butyrate-stimulated apoptosis.7"'Treatment with NSAIDs reversed 

this resistance to apoptosis.?; Recent studies also indicate that both selective 

and non-selective cyclooxygenase inhibitors induce the expression of the pro-

apoptotic gene, prostate apoptosis response (Par-4)i8, and that accumulation 

of arachidonic acid caused by the inhibition of cyclooxygenase enzymes 

activates the production of ceramide, a strong apoptosis inducer.2" Finally, 

NSAIDs have been shown to decrease the expression of nuclear factor KB 

(NF-KB) , a transcriptional factor that prevents apoptosis.30 

Proliferation 
COX-2 can induce activation of the Ras/Raf/mitogen-activated protein kinase 

(MAPK) pathway, which is one of the key growth-stimulating cascades that 

causes cellular proliferation", and NSAIDs can inhibit this process. 

It was demonstrated that selective COX-2 inhibitors have an anti-proliferative 

effect by preventing epithelial cells from progressing from the quiescent state 

(G0/G1) into the phase of DNA replication (S-phase). Sulindac decreases the 



levels of mitotic cyclins, thereby reducing the phosphorylation of the 

retinoblastoma protein, which process normally allows the cell to enter the 

S-phase.';>This decrease in proliferation activity by NSAIDs was also 

demonstrated on colon carcinoma cells by a significant decrease in the Ki67 

antigen, which is a proliferation marker, after treatment with sulindac.33 

Angiogenesis 
The growth of a tumour partly depends on an increase in blood supply. 

Tumour cells ensure their own growth by secreting growth factors, especially 

vascular endothelial growth factor (VEGF), that stimulate angiogenesis. COX-2 

has been implicated in this aspect of carcinogenesis as well. Overexpression 

of COX-2 in cancer cells increases the production of vascular growth factors, 

and the formation of capillary-like networks in vitro/' These effects can be 

blocked by selective COX-2 inhibitors.31 It was demonstrated that selective 

COX-2 inhibitors also diminish angiogenesis through inhibition of the MAPK 

pathway in endothelial cells." 

Invasiveness 
COX-2 is important in modulating the invasive properties of human cancer 

cells. When COX-2 is overexpressed in cancer cell lines, the production of 

prostaglandins increased, and the cells became more invasive.3? This increased 

invasiveness was associated with the activation of the 

matrixmetalloproteinases (MMPs) 1 and 2. These enzymes digest the collagen 

matrix of the basement membrane, thus stimulating the invasive and motile 

phenotype of tumour cells. Additionally, overexpression of COX-2 was 

associated with increased amounts of CD44, the cell surface receptor for 

hyaluronate, and specific blockade of CD44 significantly decreased tumour 

cell invasion." Consistent with these in vitro findings, selective COX-2 

inhibitors have been observed to inhibit dissemination in animals.35: 

Immunosuppression 
The growth of tumours is associated with suppression of the immune system. 

Colony-stimulating factors released by tumour cells activate monocytes and 

macrophages to synthesize PGE2, which suppresses T-cell and B-cell 

proliferation, lymphokine production, macrophage activation, and the 

cytotoxic activity of natural killer cells." PGE2 also inhibits the production of 

tumour necrosis factor-awhile inducing the production of interleukin 10 (IL-10), 

which has immunosuppressive effects." These actions may allow the tumour 

to escape normal immune surveillance. By inhibiting prostaglandin synthesis, 

NSAIDs can indirectly enhance immune responses. *' "Additionally, they might 



upregulate expression of major histocompatibility complex antigens, as was 

demonstrated in azoxymethane-induced colonic tumours in the rat.43 

Mechanistically this can depend on cytokine microenvironment, since COX-2 

dependent synthesis of prostanoids by lung cancer cells altered release of IL-

10 and IL-12 from lymphocytes and macrophages resulting in repression of 

host immunity;14 

Inflammation 
Chronic inflammation, which is particularly associated with the development of 

a Barrett's oesophagus, is a recognized risk factor for carcinogenesis.'5 

Inflammation induces the synthesis of prostaglandins via a cytokine-mediated 

induction of COX-2. With the data reviewed above, a mechanism can be 

suggested in which chronic inflammation and an increased expression of 

COX-2 contribute to the malignant degeneration of a Barrett's oesophagus. 

COX-2 EXPRESSION IN BARRETT'S METAPLASIA-
DYSPLASIA-CARCINOMA 

English-language reports on COX-2 expression in the Barrett's metaplasia-

dysplasia-adenocarcinoma sequence are summarized in Table 1 . In all studies, 

the normal squamous epithelium of the oesophagus was consistently negative 

or only weakly positive. Wilson et al. reported for the first time an elevated 

COX-2 mRNA expression in 81% of the Barrett's metaplasias and a 

consistently increased COX-2 protein expression in associated oesophageal 

adenocarcinoma when compared to normal tissue.46 

TABLE 1 

COX-2 expression in normal squamous epithelium of the oesophagus and the metaplasia-dysplasia-
adenocarcinorna sequence during malignant degeneration. 

Normal Metaplasia Low-grade High-grade Adeno-

epithelium dysplasia dysplasia carcinoma 

Wilson etal . 1998(44) 

Zimmerman et al. 1999 (45) 

Shirvani e ta l . 2000(46) 

Morris etal . 2001(47) 

0% 

0% 

0% 

81% nd nd 

0% nd nd 

Significant increase in expression of COX-2 (p < 0.05) 

75% 83% 100% 

100% 

77.8% 

100% 

nd » not determined 



In contrast, Zimmerman et al. found no immunoreactivity for COX-2 in 

metaplastic columnar epithelial cells, whereas COX-2 immunostaining was 

observed in smooth muscle cells, fibroblasts and endothelial cells.4' In two 

studies (Shirvani et al., and Morris et al.), progressively enhanced expression of 

COX-2 was shown with each stage of oesophageal carcinogenesis from 

Barrett's metaplasia via low-grade dysplasia, high-grade dysplasia and 

adenocarcinoma on both mRNA and protein level."3-49 So far, the clinical 

significance of upregulated COX-2 expression in Barrett's carcinomas is still 

debated. In one study, an association between COX-2 expression and 

decreased overall survival has been found'18, but this relation to prognosis 

could not be confirmed by other studies. In addition, no association between 

COX-2 expression and prognosis was found in oesophageal squamous cell 

2 carcinomas and qastric adenocarcinomas.5' "The discrepant results found in 

I the different studies, may partially depend on specificity and sensitivity issues 

related to different COX-2 antibodies and staining and scoring protocols or on 

8 tissue collection and handling procedures. 

< 

SELECTIVE COX-2 INHIBITORS AS 
CHEMOPREVENTION 

The evidence to use NSAIDs as a chemopreventive agent in carcinogenesis first 

came from epidemiological studies. Of the five published observational studies 

on oesophageal cancer, four demonstrated a protective effects of NSAIDs 

(Table 2).-''* Thun et al. found that subjects who used aspirin 16 times per month 

or more often for at least one year, had an approximately 40% lower risk of 

oesophageal cancer (p=0.054).w Data from the National Health and Nutrition 

Examination Survey and the National Epidemiological Follow-up Studies showed 

a 90% (95% CI = 0.01-0.76) decreased risk of developing oesophageal cancer in 

subjects who reported occasional aspirin use.;° Data from a large population-

based case-control study showed a reduced risk of oesophageal 

adenocarcinoma (OR=0.37, 95% CI=0.24-0.58), and squamous cell carcinoma 

(OR=0.49, 95% CI=0.28-0.58) in patients with aspirin use relative to nonusers.5" 

Langman et al. also demonstrated the protective effects of NSAIDs against 

oesophageal cancer (OR = 0.64, CI = 0.41-0.98).55 Although the last study 

(Coogan et al.) did not find a significant reduced risk of oesophageal cancer with 

NSAIDs, the odds ratio was < 1.0 with regular NSAIDs use relative to never use.56 

In addition, in vitro studies and animal studies have been published which 

support the possible chemopreventive effect of selective COX-2 inhibitors in 

Barrett's epithelium. Buttar et al demonstrated in primary cultured endoscopic 



TABLE 2 

Summary of retrospective studies on the protective effect of NSAIDs for oesophageal adenocarcinoma. 

Reference Method Sample Outcome NSAIDs results 

Thun et al. 

1993(49) 

Funkhousereta 

1995(50) 

Farrow et al. 

1998(51) 

Langman et al. 

2000 (52) 

Coogan et al. 

2000 (53) 

Epidemiologic 

study 

Epidemiologic 

study 

Case control 

Population-based 

Case control 

Population-based 

Case control 

Hospital based 

n = 635,031 

n = 14.407 

Cases: 650 

Controls: 695 

Cases: 12,174 

Controls: 34,934 

Cases: 1,149 

Controls: 5,952 

Death rates 

Oesophageal cancer 

incidence 

Oesophageal cancer 

incidence 

Oesophageal cancer 

incidence 

Oesophageal cancel 

incidence 

RR = 

95% CI = 

RR = 

95% CI = 

OR-

95% CI • 

OR 

95% CI = 

OR 

95% CI 

0.59, 

0.34-1.03 

0.10, 

0.01-0.76 

= 0.37, 

0.24-0.58 

= 0.64, 

0.41-0.98 

= 0.8, 

= 0.5-1.4 

RR = relative risk; CI = 95% Confidence Interval; OR = Odds Ratio. 

o -< 
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biopsy specimens from patients with Barrett's oesophagus that selective COX-2 5 

inhibitors significantly decreased COX-2 activity and decreased proliferation 

of epithelial cells by 55% (95% CI 47.1 -63.8).57 The same investigators also 3 

found in a rat model that two different selective COX-2 inhibitors reduced the <p 

relative risk of developing oesophageal cancer by 55% (95% CI 43-66, 

p<0.008) and by 79% (95% CI 68-87, p<0.001) after oesophagojejunostomy, 

when compared with controls.^ However, the prevalence of a Barrett's 

oesophagus was not significantly different between the groups (p=0.98). 

Finally, Kaur et al. indirectly demonstrated the possible chemopreventive 

effect of selective COX-2 inhibitors fn vivo.-' Biopsy specimens of human 

Barrett's epithelium were compared with biopsy specimens obtained after 10 

days of therapy with rofecoxib 25 mg orally daily. After rofecoxib therapy, the 

COX-2 expression decreased by 77% (p<0.005), the PGE2 content decreased 

by 59% (p<0.005), and the proliferating cell nuclear antigen (PCNA) expression 

decreased by 62.5% (p<0.005). 

These findings led to the initiation of one phase II and one phase III 

randomised clinical trial, which are currently being performed. In a multicenter 

study, Forastiere et al. (Baltimore, Maryland, USA) randomise patients with 



low- or high-grade columnar dysplasia between daily selective COX-2 

inhibitors and no additional treatment with dysplasia regression as primary 

endpoint. Attwood et al. (Manchester, UK) recently started a large European 

trial with a two-by-two factorial design, in which patients with a Barrett's 

oesophagus are randomised for selective COX-2 inhibition plus proton pomp 

inhibitors, versus only selective COX-2 inhibition, only acid inhibition or no 

additional treatment, to analyse their value in the prevention of oesophageal 

adenocarcinoma. 

SELECTIVE COX-2 INHIBTORS AS 
(NEO-) ADJUVANT THERAPY 

Therapeutic trials are easier to conduct and more cost-effective than 

prevention trials because of their smaller size and shorter follow-up. There are 

strong experimental data supporting the initiation of therapeutic trials with 

selective COX-2 inhibitors as (neo-)adjuvant therapy for oesophageal 

adenocarcinoma. In vitro studies have shown that NSAIDs inhibit cellular 

growth and induce apoptosis in carcinoma cell lines.23 So far, the emphasis has 

predominantly been on the chemopreventive effects of NSAIDs and solid 

evidence from randomized trials suggesting that selective COX-2 inhibtors 

inhibit recurrences or distant metastases of gastrointestinal malignancies, and 

prolong survival is not yet available. However, various trials (mainly for 

colorectal cancer) have started with NSAIDs as adjuvant therapy. In Sweden, a 

randomized trial has been started in patients with adenocarcinoma of the 

oesophagus or the gastro-oesophageal junction, with celecoxib after 

potentially curative oesophageal resection, to evaluate the influence of 

adjuvant selective COX-2 inhibition on survival. 

CONCLUSIONS AND FUTURE DIRECTIONS 

Numerous epidemiological and experimental studies indicate that NSAIDs 

show promise as anticancer drugs in gastrointestinal malignancies. So far, the 

clinical application of these drugs is still limited. Several randomized clinical 

trials have shown the chemopreventive effect in FAP patients, but only indirect 

evidence is available for the value of these drugs as adjuvant therapy. In 

addition, unresolved questions about the mechanism(s) by which these drugs 

act, the optimal drug, drug dose and the balance of risks and benefits of the 

longterm use in different populations need to be answered. 



Recently, other novel therapeutic agents (e.g. drugs activating apoptotic 

pathways and inhibiting angiogenesis) have been developed and combination 

therapies including COX-2 inhibitors, should be tested for a chemopreventive 

or adjuvant effect. In this respect, Torrance et al. showed that the combination 

of sulindac with a novel inhibitor of epidermal growth factor receptor kinase 

was more efficient than either agent alone in reducing intestinal tumour 

formation in APC5"6 knockout mice.60 

In conclusion, the role of COX-2 and selective COX-2 inhibitors in the 

prevention and treatment of gastrointestinal tumours and more specifically of 

oesophageal cancer is promising, but further investigations are needed 

before they can be incorporated in daily clinical practice. 
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Cyclooxygenase-2 (COX-2) expression 

has been demonstrated 

to be upregulated in 

oesophageal cancer, 

but its clinical significance 

remains unclear. 

Prognostic significance of 
To support the init iat ion of 

elevated cyclooxygenase-2 
clinical studies investigating 

expression in patients with 
selective COX-2 inhibitors as 

adenocarcinoma of 
a novel chemotherapeut ic t reatment 

the oesophagus 

modal i ty for patients 

w i th this disease, the correlation 

between COX-2 expression and 

prognosis of patients w i th 

oesophageal adenocarcinoma 

was analysed in this study. 



INTRODUCTION 

X 

Adenocarcinoma of the oesophagus is a highly lethal disease, which incidence 

has markedly increased during the last few decades.' :' The pathogenesis of 

oesophageal adenocarcinoma follows a sequence of events during which the 

normal squamous epithelium is replaced by metaplastic specialised columnar 

epithelium (Barrett oesophagus) in response to (duodeno-)gastro-oesophageal 

reflux disease. Barrett oesophagus can subsequently progress to low-grade 

and high-grade dysplasia and eventually to invasive cancer.-' Surgical resection 

is currently the only curative treatment. However, postoperative mortality and 

morbidity are substantial and even after intentionally curative resection, five-

year survival rates rarely exceed 25%.: Preoperative knowledge of prognostic 

factors [i.e. depth of invasion, lymph node involvement and distant 

metastases) is necessary to identify patients eligible for surgery, but clearly 

new prognostic markers and novel adjuvant treatment strategies are needed. 

Epidemiological studies indicate that the use of nonsteroidal anti-

o inflammatory drugs (NSAIDs) is associated with a reduced risk of cancer 

especially in the digestive tract/' -' The best known target of NSAIDs is the 

cyclooxygenase (COX) enzyme. Two COX enzymes are known, but it is the 

inducible COX-2 isoenzyme that has been linked to diseases, such as chronic 

inflammation and carcinogenesis.0 ' Recently, a selective COX-2 inhibitor was 

shown to reduce polyp burden in patients with familial adenomatous 

polyposis.3 It is, however, not known whether these drugs reduce the incidence 

of cancer in humans. Recent studies suggest that expression of COX-2 mRNA 

and protein is elevated in approximately 70-80 % of oesophageal, gastric and 

colorectal carcinomas9, but its clinical significance in oesophageal 

adenocarcinoma has remained unclear. The aim of this study was to assess 

whether expression of COX-2 protein is associated with clinicopathological 

parameters and survival in patients undergoing intentionally curative resection 

for oesophageal adenocarcinoma. 

METHODS 

Patients 
Between January 1° 1993 and December 31" 2000, 306 patients underwent 

oesophageal resection for adenocarcinoma of the oesophagus or gastro-

oesophageal junction with curative intent (i.e. locally resectable disease 

without distant metastases), at the Department of Surgery of the Academic 

Medical Center, Amsterdam, the Netherlands. Preoperative work-up consisted 

< 



of endoscopy with biopsy, external ultrasonography of abdomen and neck, 

chest X-ray, oesophageal endosonography and indirect laryngoscopy. Lymph 

node metastases at the celiac trunk, which are considered distant metastatic 

disease for intrathoracic oesophageal carcinoma (M1a) according to the '97 

Union International Contre le Cancer (UICC) TNM classification, were only a 

contraindication for resection when considered irresectable and confirmed by 

sonographically guided transcutaneous cytological puncture. The data from 

these original 306 patients were prospectively collected in a database. 

All pathology reports were reviewed in order to identify those patients who 

had been operated upon for adenocarcinoma developed in a histologically 

proven Barrett's oesophagus (defined by the presence of goblet cells). 

Patients with an adenocarcinoma of the cardia or gastro-oesophageal junction 

without a Barrett's segment were excluded (n=155). Archival material of the 

remaining 151 patients was re-evaluated by two of the investigators (CJB and 

BvR) to obtain the sample with deepest invasion of each tumour. Another 6 

specimens were excluded during the immunohistochemical analyses (three 

samples with no definitive invasive cancer, two samples with adenosquamous 

carcinoma, and one sample that repeatedly detached from the slide), so that 

the remaining 145 patients were included into this study. 

All patients were treated with subtotal oesophagectomy and resection of the 

lesser curvature of the stomach. In 95 patients (65.5%) resection was 

performed by a transhiatal approach without thoracotomy. Lymphadenectomy 

comprised en bloc removal of all lymphatic tissue in the lower posterior 

mediastinum, along the cardia and the lesser curvature of the stomach. Fifty 

patients (34.5%) underwent oesophagectomy through a right-sided 

thoracotomy followed by a laparotomy in combination with two-fields lymph 

node dissection. This procedure included an abdominal lymphadenectomy as 

described above, plus the removal of lymph nodes along the common hepatic 

artery, the splenic artery and the celiac trunk and an extended lymph node 

dissection in the chest (i.e. including the right paratracheal, infra-aortic arch 

and subcarinal lymph nodes). Between April 1994 and February 2000, 

96 patients (66%) were randomly assigned to either transhiatal or transthoracic 

oesophagectomy as part of a randomized trial comparing both techniques. 

In the remaining 49 patients, a standard transhiatal procedure was performed. 

Patients were followed until death or June 30'' 2001, ensuring a minimal 

follow-up of 6 months (median 38.2 months; range 8 days to 7.3 years). They 

were seen at a regular basis for five years in the outpatient clinic. In the first 

two years patients were seen at three to four -month intervals, afterwards at 

six-month intervals. For the present study, patients and/or their family 

practitioners were contacted by phone to assess their current status when they 
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had been discharged by the surgeon after five years. No patients were lost to 

follow-up. None of the patients received chemo- and/or radiotherapy 

preoperatively, and no adjuvant treatment was administered postoperatively. 

The study was done in accordance with the guidelines of the local ethics 

committee. 

COX-2 immunohistochemical staining 
Formalin-fixed and paraffin-embedded specimens were sectioned (5 pm), 

deparaffinized, and microwaved for 4 x 5 min in 700 W in 0.01 M Na-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 endogenous 

peroxidase activity and in blocking solution (1.5:100 normal horse serum in 

PBS) for 15 minutes to block unspecific binding sites. Immunostaining was 

performed with a COX-2 specific mouse anti-human monoclonal antibody 

(160112, Cayman Chemical Co., Ann Arbor, Ml, USA) in a dilution of 1:200 

(2.5 jig/ml) in PBS containing 0.1% sodium azide and 0.5% bovine serum 

o albumin at room temperature overnight. Then the sections were treated with 

biotinylated horse anti-mouse immunoglobulin (1:200; Vector Laboratories 

Inc., Burlingame, CA, USA) and avidin-biotin peroxidase complex (Vectastain 

ABComplex, Vector Laboratories). The peroxidase staining was visualized with 

3-amino-9-ethylcarbazole (Sigma Chemical Co., St. Louis, MO, USA), and the 

£ sections were counterstained with Mayer's hematoxylin. Every 20th sample of 
UJ 

£ the trial series was a known colon adenocarcinoma specimen, in which stroma 

5 cells at an area of ulceration were scored 3+, cancer cells from 2+ to 3+, and 

adjacent nonneoplastic epithelium 1+ (for scoring criteria see below). This 

procedure confirmed that there was no significant intra- and interassay 

variability of the staining intensity, and helped us to score the trial specimens. 

Recently we evaluated several COX-2 antibody preparations, and concluded 

that the monoclonal antibody used in this study provided us with the most 

specific and reproducible immunoreactivity." Specificity of the antibody was 

confirmed in this trial by re-staining a randomly selected subset of specimens 

(every 10th sample, n=15) with and without preadsorption of the primary 

antibody with a human COX-2 control peptide (10 ug/ml, Cayman Chemical) 

for one hour at room temperature prior to the staining procedure. 

COX-2 scoring 
COX-2 immunohistochemical staining was scored independently and in a 

blinded manner by an experienced gastrointestinal pathologist (GJAO) and 

by another investigator (AR). The following scoring criteria of the tumour cells 

were agreed upon before the analysis: 0, no staining; 1 +, weak diffuse 



cytoplasmic staining (may contain stronger intensity in less than 10% of the 

cancer cells); 2+, moderate to strong granular cytoplasmic staining in 10-90 % 

of the cancer cells; 3+, over 90 % of the tumor cells stained with strong 

intensity. Scores 0 and 1 were categorized as 'COX-2 low' and scores 2 and 3 

as 'COX-2 high' for the statistical analyses (see below). The allocation of 

tumours to the 'COX-2 low' versus the 'COX-2 high' category by the two 

investigators was similar (>95% of the specimens were categorized identically). 

In cases of disagreement (n=6) the slides were re-evaluated by a group of 

investigators (CJB, BvR, GJAO and AR) using a multiheaded microscope. In 

addition to the tumour cell staining, positivity of nonneoplastic squamous 

epithelium, metaplastic Barrett's mucosa, and stromal cell staining were 

noted. 

Statist ical analysis 
The association between demographic and clinicopathological features and 

COX-2 expression was analysed using Student's t-test (continuous data) or 

Chi-squared test (categorical data). Overall survival was estimated according 

to the Kaplan-Meier method and compared using the log-rank test. We 

included all deaths since the time of surgery, including two perioperative 

deaths. 

The Cox proportional hazard model was used to examine the effect of COX-2 

expression in relation to other prognostic factors. Age, gender, operation 

type, and the variables related to tumour characteristics as differentiation 

grade, tumour stage, and radicality of the resection were included in this 

model. The limited number of events (from a statistical point of view) meant 

that only a restricted number of possible confounders could be examined.'' 

Therefore, variables with multiple categories were recoded into dichotomous 

variables by combining categories with comparable prognosis (differentiation 

grade: well versus moderate and poor; radicality of resection: microscopically 

radical (R0) versus microscopically nonradical (R1) and macroscopically 

nonradical (R2); tumour stage: stage I and lla versus lib, III and IV). 

P-values of 0.05 or below were considered statistically significant. All statistical 

analyses were performed using the Statistical Software Package version 9.0 

(SPSS INC., Chicago, USA). 



RESULTS 

Format ion and demographic characterist ics of the cohort 
Of the original 306 oesophageal resections for an adenocarcinoma, 151 

patients had a Barrett's carcinoma. Six specimens were excluded during the 

immunohistochemical analyses, so that 145 patients were included into this 

study (see Methods for details). There were 120 males (82.8%) and 25 females 

(17.2%) with a mean age of 65.7 years (range 34.8 - 85.2 years). 

| Immunohis tochemical expression of COX-2 
COX-2 immunoreactivity was detected in 143 of the 145 (98.6%) oesophageal 

< adenocarcinoma specimens. Moderate to strong staining with a granular 

£ cytoplasmic pattern (as opposed to weak and diffuse cytoplasmic positivity; 

FIGURE 1 

Q Representative examples of COX-2 irnmunohistochemistry. A Strong (3+) immunoreactivity in tumour cells 

(Tu). Note that the nonneoplastic stroma (Str) including a b lood vessel (BV) is negative. This tumour was 

categorized as 'COX-2 High ' (200x). B: Weak (1 +) immunoreactivity in tumour cells (Tu). This tumour was 

categorized as 'COX-2 Low' (200x). C: Intestinal metaplasia (IM) showing weak (1+) immunoreactivity (200x). 

D: Strong (3+) immunoreactivity in the stromal cells (Str) at a site of an ulceration E: Oesophageal squamous 

epithel ium (Sq) was consistently negative (200x). Blocking controls for A-D are shown in a-d, respectively (see 

Methods for details). 

u 

Str 

; 
Sq 

• 

Tu 
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see Methods for details) was observed in 115/145 (79.3%) cases of which 13 

were scored as strong and 102 as moderate. COX-2 expression was mainly 

localized in the neoplastic cells (Figure 1A and B). 

Weak epithelial positivity was observed in 50% of the Barrett's metaplasias 

while the remaining of them were negative (Figure 1C). Similarly, only weak or 

no staining was observed in stromal cells (connective tissue cells, smooth 

muscle cells and blood vessels), except at sites of erosions and ulcerations 

(n=29) and around necrosis (n=4). In fact, a significant proportion (13/30, 43.3%) 

of the specimens in the 'COX-2 low' category expressed high levels of COX-2 

in the stromal cells at a site of mucosal injury (Figure 1D. Squamous epithelium 

of the oesophagus was consistently negative or only weakly positive (Figure 1E). 

Both intra- and interassay variation of distribution of the immunoreactivity and 

intensity of the staining were minimal as assessed by using an internal control 

sample with known staining intensities (see Methods for details). Interobserver 

variation was 4.1 %, and all specimens which were discrepant (n=6) were re- o 

evaluated as described in the Methods section, and the consensus score was £ 

used for further analysis. Furthermore, 15 randomly selected specimens were 

restained with and without the blocking procedure using the antigenic 

peptide (Figure 1A-D). All tumour cell signal was blocked by this control 

procedure in all specimens, and only one sample was scored to a different 

category, when compared to the original evaluation. 
n 
O 

Correlation between COX-2 expression and S 
clinicopathological parameters I 
COX-2 expression was not statistically significant correlated with =S 

clinicopathological parameters at the time of operation, although possibly a ~] 

trend was seen towards a positive association with the presence of lymph > 
node metastases (p=0.09) (Table 1 A). A significant association was found 5 

o 
between elevated COX-2 expression and the development of distant | 

metastases (p=0.02) and locoregional recurrences (p=0.05) (Table 1B). 

Association of COX-2 expression with overall survival 
Kaplan-Meier curves for patient survival are depicted in Figure 2. A significant 

difference in survival was observed between patients in the 'COX-2 low' 

category when compared to the 'COX-2 high' category (p=0.002; log-rank test). 

After 2 years the probability for survival was 81.8% (95% 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 declined after 5 years to 71.6% (95% CI 53.2 - 89.9) and 35.1% (95% CI 

23.2 - 47.1) respectively. 



TABLE I A 
Correlation of clinicopathological findings and COX-2 expression. 

COX-2 expression 

Patient characteristics 

Age (yrs) 

Gender 

(n) 

66±9 

Male (120) 

Female (25) 

Low (n=30) 

No. (%) 

22 

8 

65±9 

(73.3) 

(26.7) 

High (r =115) 

No. (%) 

98 

17 

66-10 

(85.2) 

(14.8) 

p-value 

0.8 

0.1 

Tumour characteristics 

Depth of invasion' 

Lymph node involvement' 

Distant metastasis 

Tumour stage 

Differentiation grade 

fV 

T1 (45) 

T2(17) 

T3 (83) 

NO (67) 

N1 (78) 

MO (117) 

M1 (28) 

I (32) 

lla (33) 

lib (16) 

III (36) 

IV (28) 

Well (11) 

oderate (56) 

Poor (78) 

11 

4 

15 

18 

12 

26 

4 

7 

9 

4 

6 

4 

3 

10 

17 

(36.7) 

(13.3) 

(50.0) 

(60.0) 

(40.0) 

(86.7) 

(13.3) 

(23.3) 

(30.0) 

(13.3) 

(20.0) 

(13.3) 

(10.0) 

(33.3) 

(56.7) 

34 

13 

68 

49 

66 

91 

24 

25 

24 

12 

30 

24 

8 

46 

61 

(29.6) 

01.3) 

(59.1) 

(42.6) 

(57.4) 

(79.1) 

(20.9) 

(21.7) 

(20.9) 

(10.4) 

(26.1) 

(20.9) 

(7.0) 

(40.0) 

(53.0) 

0.7 

0.09 

0.6 

0.7 

0.7 

Operation 

Operation type ' 

Radically of resection" 

THE (95) 

TTE (50) 

R0 (112) 

R1 (28) 

R2(5) 

21 

9 

23 

7 

(70.0) 

(30.0) 

(76.7) 

(23.3) 

0 (0) 

74 

41 

89 

21 

5 

(64.3) 

(35.7) 

(77.4) 

(18.3) 

(4.3) 

0.6 

0.4 

a T 1 . tumour l imi ted to the submucosa, T2: tumour infi ltrates muscularis propr ia, but not adventit ia, T3: tumour infiltrates 

advent i t ia; " N O : no regional lymph node metastasis. N 1 : regional lymph node metastasis present. c I: T1N0M0, lla: T2-3NOM0, 

l ib: T1-2N1M0, III: T3N1M0, T4anyNM0. IV- anyTanyNMl ; d T H E : transhiatal resection, TTE: transthoracic resection; e R 0 : 

microscopical ly radical, R1: microscopically nonradical, R2: macroscopical ly nonradical 



TABLE 1B 

Correlation of clinical outcome parameters and COX-2 expression. 

COX-2 express ion 

Clinical outcome 

Locoregional recurrence 

Distant metastasis 

(n) 

No (83) 

Yes (62) 

No (94) 

Yes (51) 

Low (n=30) 

No. (%) 

22 (73.3) 

8 (26.7) 

25 (83.3) 

5 (16.7) 

High(n=115) 

No. (%) 

61 (53.0) 

54 (47,0) 

69 (60.0) 

46 (40.0) 

p-value 

0.05 

0.02 

FIGURE 2 

Kaplan-Meier curves of 145 patients with oesophageal Barrett carcinoma. There were 30 patients with low 

COX-2 expression and 115 with high COX-2 expression. A statistically significant difference was observed 

between the two groups (p=0.002; log-rank test). 

Under the graph, the numbers of patients still at risk at different t ime points (in months) dur ing the fol low-up 

are shown. 
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Univariate and multivariate analysis 
To evaluate the role of COX-2 as an independent prognostic factor, 

a multivariate analysis was performed including seven possible confounding 

variables as described in Methods. 

In the univariate Cox regression analysis a significant effect was found for 

COX-2 expression, tumour stage, differentiation grade, and radicality of the 

resection (Table 2). The impact of high COX-2 expression on mortality did not 

change after adjustment for age, gender, operation type, tumour stage, 

differentiation grade and radicality of resection. 

TABLE 2 

Results of univariate and multivariate analyses of clmicopathological parameters related to survival by the Cox 

proport ional hazards model . 

Variable 

10-year age increase 

Female gender 

TTE Operation type 

High TNM classification 

Poor differentiation grade 

Non-radical resection 

High COX-2 expression 

Univariate analysis 

RR' 

1.1 

0.8 

0.8 

2.2 

1.3 

1.2 

3.2 

95% CI" 

0.9-1.5 

0.4-1.5 

0.5-1.3 

1.6-3.1 

1.1-1.5 

1.1-1.5 

1.5-7.1 

Mul 

RR 

1.2 

0.7 

0.8 

4.2 

2.5 

2.5 

3.5 

ivariate analysis 

95% CI 

0.9-1.5 

0.4-1.5 

0.5-1.4 

2.3-7.7 

0.3-19 

1.5-4.1 

1.6-7.9 

a Relative Risk; b 95% Confidence Interval 

DISCUSSION 

Our data indicate that elevated expression of COX-2 is associated with 

reduced survival in patients operated upon for adenocarcinoma of the 

oesophagus. Patients with tumours with high COX-2 expression had a more 

aggressive course of their disease, as they were more likely to develop distant 

metastases and local recurrences leading to higher mortality rates. This higher 

mortality could not be explained by a more advanced disease stage at the 

time of operation. Multivariate analyses suggest that elevated COX-2 

expression is an independent prognostic factor for patient survival together 

with radicality of the resection and tumour stage, which are the well 

established prognostic markers for Barrett's carcinoma."' However, since short-

term mortality and long-term survival occur in both COX-2 groups, COX-2 is 

obviously not the only meaningful factor for patient survival and for the 



individual patient, COX-2 expression per se will not be able to act as a 

guideline for eligibility for surgery. 

In a recent study on squamous cell carcinoma of the oesophagus, elevated 

COX-2 expression did not correlate with various clinicopathological 

parameters including prognosis.'In gastric adenocarcinoma, elevated 

expression of COX-2 has been associated with lymph node metastasis but not 

with distant metastasis."1 ' Moreover, no statistically significant correlation 

between expression of COX-2 and survival was found in this tumour type." '8 In 

colorectal adenocarcinoma, elevated expression of COX-2 correlates with 

several clinicopathological parameters, such as tumour size and tumour 

differentiation, and with poorer overall survival, but it remains unclear whether 

COX-2 is an independent prognostic factor in this disease." ' These 

differences may depend on number of patients included in the trials, distinct 

pathogenesis of oesophageal versus gastric and colorectal adenocarcinomas, 

or variations in the techniques, reagents and scoring criteria used. The 

strength of our study is a large number of consecutive patients with an 

identified Barrett's adenocarcinoma combined with the prospectively 

collected database with an extensive and complete follow-up of survival. We 

chose immunohistochemistry for evaluation of COX-2 expression in the 

tumour samples, since this method is virtually the only one that can be used to 

analyse protein expression from formalin fixed and paraffin embedded 

archival material, the signal can be precisely localized at the cellular level and 

large numbers of specimens can be analysed in a reproducible manner. It was 

also helpful that the performance of the monoclonal antibody (in comparison 

to several other COX-2 antibodies) was recently characterized.'"' Our data 

suggest that the immunohistochemical evaluation of COX-2 protein 

expression was specific, sensitive and reproducible. However, quantitation is a 

challenge when using immunohistochemistry. To this end, we were able to 

design a relatively simple scoring method that produced highly concordant 

results between two independent evaluators. 

Expression of COX-2, but not that of COX-1, has been shown to be elevated 

in Barrett's metaplasia, dysplasia and adenocarcinoma while the nonneoplastic 

squamous epithelium is virtually negative.22'25 Expression of COX-2 is primarily 

localized in the cytoplasm of the neoplastic cells in invasive adenocarcinoma. 

In our cancer specimens, metaplastic lesions were either negative or weakly 

positive (primarily in the epithelial compartment). Thus, it seems that 

expression of COX-2 is progressively elevated during progression from 

metaplasia to invasive carcinoma, as has been recently published for both the 

oesophagus and the stomach.2-"26 In our series, tumour stroma was positive 

for COX-2 only at sites of mucosal injury or around necrosis, which often 



occurs in these tumours. Thus, the frequency of COX-2 positive tumours might 

be overestimated when whole tissue preparations are analysed consisting of 

both epithelial and stromal components (e.g. Western blots for proteins and 

Northern blots or RT-PCR for mRNA, in which histology is no longer available), 

since a proportion of the signal can originate from nonneoplastic cells. This is 

especially important when using superficial biopsy specimens from tumours 

that express low or non-detectable levels of COX-2, since we found COX-2 

positive mucosal injuries in 43% of the samples in the 'COX-2 low' category. 

Epidemiological data indicate that there is a reduced risk for developing 

oesophageal cancer in patients who regularly take NSAIDs/' ; 9The precise 

mechanism of a chemopreventive effect of NSAIDs is not known, but COX-2 

enzyme does not seem to be necessary for malignant transformation in some 

systems.30 However, COX-2 is necessary in the development of intestinal 

neoplasias in certain knockout mouse models'",32 and sufficient for mammary 

gland tumourigenesis in a transgenic mouse model." COX-2 expression may 

participate in intestinal carcinogenesis by inhibiting apoptosis, by inducing 

angiogenesis and by promoting metastases3"36 and a selective COX-2 inhibitor 

suppressed growth and induced apoptosis in human oesophageal 

adenocarcinoma cells.'' This suggests that COX-2 might increase the 

metastatic potential of malignant cells, and is consistent with our finding that 

the expression of COX-2 is related to the development of distant metastases. 

It is not known why COX-2 is upregulated in adenocarcinomas of the 

oesophagus, but since bile acids induce COX-2 expression in an oesophageal 

adenocarcinoma cell line33 and in organ cultures of Barrett's epithelium23, it is 

possible that reflux disease induces the early expression of COX-2 during the 

development of the Barrett's metaplasia. It is however, unlikely that reflux 

would be a precondition for the expression of COX-2 in invasive cancer cells. 

A more likely explanation is that neoplastic cells are either intrinsically more 

active in expressing COX-2 than the non-neoplastic cells, for example due to 

the activation of oncogenes or the inactivation of tumour suppressor genes, or 

that they are stimulated by stromal cell derived factors. 

In conclusion, this is the first report on reduced survival with elevated 

expression of COX-2 in adenocarcinoma of the oesophagus. The present 

findings support efforts to initiate clinical studies on the effect of COX-2 

inhibitors in (adjuvant) treatment of adenocarcinoma developed in Barrett's 

oesophagus.'" 
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INTRODUCTION 

Gastric cancer is a highly aggressive disease. Worldwide, it ranks second after 

lung cancer among malignancy associated deaths. Gastric cancer can be 

subdivided into distal gastric malignancies and proximal cardia carcinomas. 

The incidence of distal gastric carcinoma has decreased from 32/100.000 in 

1935 to 8/100.000 in 1983', whereas the incidence of cardia carcinoma has 

increased at a rate of 5 to 10% per year over the last few decades.2 This 

increase in cardia carcinomas is comparable to the increase seen in distal 

oesophageal adenocarcinomas.2 3 

According to the pathological tumour node metastasis (pTNM) criteria 

established by the Union Internationale Contre le Cancer (UICC) and the 

American Joint Committee on Cancer (AJCC), carcinoma of the gastric cardia 

is classified as gastric cancer, and carcinoma of the distal 8 cm of the 

oesophagus, including the intra-abdominal oesophagus is classified as distal 

oesophageal cancer.4 c' However, several studies suggest that this distinction in 

classification is rather artificial, since a similar phenotype was found for these 

malignancies."1"'Additionally, carcinomas originating from the gastric cardia 

(and invading the distal oesophagus) and those originating from the distal 

oesophagus are mostly treated as one clinical entity, by subtotal 

oesophagectomy and proximal gastrectomy, with no major differences in five 

year overall survival and survival according to tumour stage between the two 

groups/011 Therefore, a classification in which both carcinomas are regarded 

as one clinical entity is nowadays often favoured. 

Apart from the common pattern of increasing incidence, a comparable 

prognosis and the same optimal treatment options, it is questionable whether 

these two carcinomas have the same molecular characteristics and are one 

pathological entity. In a previous study, we demonstrated that the enzyme 

cyclooxygenase-2 (COX-2), which plays a central role in the production of 

prostaglandins, is upregulated in distal oesophageal adenocarcinomas 

developed in a Barrett's segment.'2 This COX-2 expression, which is in vitro 

associated with many oncogenetic processes (e.g. decreased apoptosis and 

increased proliferation, angiogenesis, invasiveness and formation of 

metastasis)' '* was an independent prognostic factor for patients with a 

Barrett's carcinoma.'' With the availability of selective COX-2 inhibitors, these 

findings justify the investigation of their role as a new chemopreventive or 

(neo-) adjuvant treatment strategy for this aggressive malignancy. 

The aim of this study was to analyse the expression of COX-2 in cardia 

carcinomas by using immunohistochemistry and to correlate the COX-2 

expression with clinicopathological parameters and survival in order to assess 



whether there might be a potential place for selective COX-2 inhibition in this 

malignancy. In addition, these results in cardia carcinomas were compared to 

those previously obtained by studying Barrett's carcinomas to determine 

whether both upper gastrointestinal malignancies might have a comparable 

oncogenetic pathway. 

METHODS 

Patients 
Between January l " 1993 and December 31* 2000, 306 patients underwent 

oesophageal resection with proximal gastrectomy for adenocarcinoma of the 

oesophagus, gastro-oesophageal junction or gastric cardia (invading the distal 

oesophagus) with curative intent {i.e. locally resectable disease without distant 

metastases). The data from these 306 patients were prospectively collected in 

a database. 

One hundred and fifty one patients (of which 6 patients were excluded during 

the immunohistochemical analyses) with a distal oesophageal 

adenocarcinoma developed in a histologically proven Barrett's oesophagus 

were analysed previously.1"'The pathology reports of the remaining 155 

patients were reviewed for the purpose of the present study. All patients were 

included who presented with an adenocarcinoma arising from the gastric 

cardia and substantially invading the distal oesophagus. The tumour was 

considered to be cardiac when no Barrett's metaplasia was identified and 

when the epicentre was in the gastric cardia, defined as the area at and 

immediately below the gastro-oesophageal junction (GOJ).'5 Carcinomas with 

the epicentre of the mass located in the tubular oesophagus but without a 

Barrett's segment were excluded, to prevent inclusion of cannibalized Barrett's 

tumours (n=15). Tumours arising from the fundus or the corpus of the stomach 

and infiltrating the gastric cardia or distal oesophagus were also excluded 

(n=4), as were another 2 cases with an adenosquamous carcinoma. Thus, 134 

patients remained for further analysis. 

For all patients preoperative work-up consisted of endoscopy with histological 

biopsy, external ultrasonography of abdomen and neck, chest X-ray, 

endosonography and indirect laryngoscopy. In 98 patients (73.1%) resection was 

performed by a transhiatal approach without thoracotomy and extended lymph-

node dissection. Thirty-six patients (26.9%) underwent oesophagectomy 

through a right-sided thoracotomy followed by a laparotomy in combination 

with two-field lymph node dissection. Patients were followed until death or July 

1 ' 2002, ensuring a minimal potential follow-up of 18 months. 



The median actual follow-up was 18 months (range 15 days to 7.8 years). They 

were seen at a regular basis for five years in the outpatient clinic. In the first two 

years patients were seen at three to four-month intervals, afterwards at six-

month intervals. For the present study, patients and/or their family practitioners 

were contacted by phone to assess their current status when they had been 

discharged by the surgeon after five years. No patients were lost to follow-up. 

None of the patients received chemo- and/or radiotherapy preoperatively, 

and no adjuvant treatment was administered postoperatively. A limited 

number of patients received palliative external radiotherapy for symptomatic 

tumour recurrence. The study was done in accordance with the guidelines of 
< 
I the local ethics committee. 
z 
u 

1 COX-2 immunohistochemical staining 
o The COX-2 immunohistochemical staining procedure is described in detail 

elsewhere.7 Briefly, formalin-fixed and paraffin-embedded specimens were 

^ sectioned (5 um), and deparaffinized for antigen retrieval. Immunostaining was 

o performed with a COX-2 specific mouse anti-human monoclonal antibody 

(160112, Cayman Chemical Co., Ann Arbor, Ml, USA) in a dilution of 1:200. 

Every 20th sample of the trial series was a known colon adenocarcinoma 

specimen, in which stromal cells at an area of ulceration were scored 3+, 

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

scoring criteria see below). Specificity of the antibody was confirmed by re-

£ staining a randomly selected subset of specimens (every 10th sample, n=13) 
< 
5 with and without pre-adsorption of the primary antibody with a human COX-2 

control peptide (10 ug/ml, Cayman Chemical) for one hour at room 

temperature prior to the staining procedure (i.e. blocking controls). 

COX-2 immunohistochemical staining was scored independently and in a 

blinded manner by two investigators (CB and AS). The following scoring 

criteria of the tumour cells were agreed upon before the analysis: 0, no 

staining; 1 +, weak diffuse cytoplasmic staining (may contain stronger intensity 

in less than 10% of the cancer cells); 2+, moderate to strong granular 

cytoplasmic staining in 10-90% of the cancer cells; 3+, over 9 0 % of the 

tumour cells stained with strong intensity. Scores 0 and 1 were categorized as 

'COX-2 Low' and scores 2 and 3 as 'COX-2 High' for the statistical analyses 

(see below). The allocation of tumours to the 'COX-2 Low' versus the 'COX-2 

High' category by the two investigators was similar (>90% of the specimens 

were categorized identically). In cases of disagreement (n=14) the slides were 

re-evaluated using a multiheaded microscope (CB, AS and AR). These scoring 

criteria and immunohistochemical control procedures are identical to those 

used in our previous report on COX-2 expression in oesophageal 



adenocarcinoma.' In addition to tumour cell staining, positivity of the 

adjacent nonneoplastic mucosa, and stromal cell staining were noted. 

Statistical analysis 
The association between demographic and clinicopathological features and 

COX-2 expression was analysed using Student's t-test (continuous data) or 

Chi-squared test (categorical data). Overall survival was estimated according 

to the Kaplan-Meier method and compared using the log-rank test. 

The Cox proportional hazard model was used to evaluate various factors 

simultaneously. P-values of 0.05 or below were considered statistically 

significant. All statistical analyses were performed using the Statistical 

Software Package version 9.0 (SPSS INC., Chicago, IL, USA). 

RESULTS 

Patients 
There were 113 males (84.3%) and 21 females (15.7%) with a median age of 

64 years (range 39 - 83 years). 

Immunohistochemical expression of COX-2 
Normal gastric mucosa adjacent to the adenocarcinomas was consistently 

negative or only weakly positive for COX-2 expression. COX-2 

immunoreactivity was detected in 112 of the 134 (86.7%) adenocarcinomas of 

the cardia, whereas 22 tumours had no COX-2 expression. Moderate to strong 

staining ('COX-2 High') with a granular cytoplasmic pattern was observed in 

55/134 (41.0%) cases of which 2 were scored as strong and 53 as moderate. 

COX-2 expression was mainly localized in the neoplastic cells of the invading, 

peripheral margin of the tumour. Superficial tumour cells towards the lumen 

were often less intense, and only weak or no staining was observed in stromal 

cells (connective tissue cells, smooth muscle cells and blood vessels), except 

at sites of erosions and ulcerations and around necrosis (Figure 1). 

Correlat ion between COX-2 expression and 
cl inicopathological parameters 
COX-2 expression was not significantly correlated with any clinicopathological 

parameter at the time of operation, although possibly a trend was seen 

towards a positive association with the presence of lymph node metastases 

(p=0.08) (Table 1 A). Neither could any correlation be found between elevated 

COX-2 expression and the development of distant metastases or locoregional 

recurrences during follow-up (Table 1 B). 



FIGURE 1 

Representative examples of COX-2 immunohistochemistry. A: Weak (1 +) immunoreactivity in the tumour cells. 

This tumour was categorized as 'COX-2 Low' (200x). In the lower right corner the blocking control is shown 

(see Materials and Methods for details). B: Moderate (2+) immunoreactivity in the tumour cells. This tumour 

was categorized as 'COX-2 High ' (200x). In the lower right corner the blocking control is shown. C: The 

immunoreactivity is stronger in the invading, peripheral margin of the tumour. 

COX-2 expression and overall survival 
Kaplan-Meier curves for patient survival are depicted in Figure 2A. As can be 

seen in the survival curves, there is no significant difference in survival 

between patients in the 'COX-2 Low' category when compared to the 'COX-2 

High' category with a median survival of 22 months (95% confidence interval 

13-31) and 25 months (95% confidence interval 8 - 42), respectively (p=0.50; 

log-rank test). Subgroup analysis of the prognostic value of COX-2 per tumour 

stage did not show any significant difference in survival. Because this might be 

due to the low numbers of patients available per tumour stage, tumour stage 

was recoded into a dichotomous variable by combining categories with 

comparable prognosis (tumour stage la, lb, II versus Ilia, 1Mb, IV). There was no 

significant survival advantage for patients with a 'COX-2 Low' expression in 

either group, although there is a slight indication that COX-2 expression is a 

better predictor for poor outcome in relatively early cancers (p=0.17, Figure 2B). 



TABLE 1 A 

Correlation of cl inicopathological findings and COX-2 expression. 

C O X - 2 express ion 

Patient characteristics 

Age (yrs) 

Gender 

(n) 

63±9 

Male (113) 

Female (21) 

Low (n=79) 

70 

9 

n (%) 

64±10 

(88.6) 

(11.4) 

High (n=55) 

n (%) 

62 • 9 

43 (78.2) 

12 (21.8) 

p-value 

0.3 

0.1 

Tumour characteristics 

Depth of invasion 

Lymph node involvement7" 

Distant metastasis 

Differentiation grade 

Tumour stage 

Operation type' 

Radicality of resection 

T1 (5) 

T2(9) 

T3(112) 

T4(8) 

NO (26) 

N1 (64) 

N2 (37) 

N3(7) 

MO (128) 

M1 (6) 

Well (3) 

Moderate (46) 

Poor (85) 

la (3) 

lb (3) 

II (26) 

Ilia (57) 

11 lb (39) 

IV (6) 

THE (98) 

TTE (36) 

RO (98) 

R1 (35) 

R2(1) 

4 

6 

64 

5 

17 

37 

24 

1 

75 

4 

2 

29 

48 

3 

i 

16 

32 

23 

4 

58 

21 

58 

21 

0 

( 5.1) 

( 7.6) 

(81.0) 

( 6.3) 

(21.5) 

(46.8) 

(30.4) 

( 1-3) 

(94.9) 

( 5.1) 

( 2.5) 

(36.7) 

(56.4) 

(3.4) 

(1.3) 

(20.3) 

(40.5) 

(29.1) 

(5.1) 

(73.4) 

(26.6) 

(73.4) 

(26.6) 

( 0.0) 

1 ( 1.8) 

3 ( 5.5) 

48 (87.3) 

3 ( 5.5) 

9 (16.4) 

27 (49.1) 

13 (23.6) 

6 (10.9) 

53 (96.4) 

2 ( 3.6) 

1 ( 1-8) 

17 (30.9) 

37 (67.3) 

0 (0.0) 

2 (3.6) 

10 (18.2) 

25 (45.5) 

16 (29.1) 

2 (3.6) 

40 (72.7) 

15 (27.3) 

40 (72.7) 

14 (25.5) 

1 (1.8) 

0.7 

0.08 

0.5 

0.7 

0.7 

0.5 

0.5 

3 T i tumour limited to the submucosa. T2: tumour infiltrates muscularis propria, but not adventitla. T3: tumour infiltrates 
adventitial T4 tumour infiltrates adjacent structures. ^NO no lymph node metastasis, N l : 1-6 lymph node metastases, N2 7-15 
lymph node metastases, N3. more than 15 lymph node metastases; c la:TlN0M0, lb:T1N1M0, T2N0M0, II T1N2-3M0. T2N1M0, 
T3N0M0. Ilia: T2N2-3M0. T3N1M0. Mb: T3N2-3M0, T4N1M0, IV: T4N2-3M0, anyTanyNMI; dTHE- transhiatal resection, TTE: 
transthoracic resection; eR0: microscopically radical, Ri: microscopically nonradical, R2: macroscopically nonradical 



FIGURE 2A 
Kaplan-Meier curves of 134 patients with an adenocarcinoma of the gastric cardia. There were 79 patients in 
'COX-2 Low' catgory and 55 in 'COX-2 High' category. No significant difference was observed between the 
two groups (p=0.50; log-rank test). 
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TABLE 1B 

Correlation of clinical outcome parameters and COX-2 expression. 

COX-2 expression 

Clinical outcome 

Locoregional recurrence 

Distant metastasis 

(n) 

No (72) 

Yes (62) 

No (76) 

Yes (58) 

Low (n=79) 

n (%) 

41 (51.9) 

38 (48.1) 

45 (57.0) 

34 (43.0) 

High (n=55) 

n (%) 

31 (56.4) 

24 (43.6) 

31 (56.4) 

24 (43.6) 

p-value 

0.6 

0.9 



FIGURE 2B 

Kaplan-Meier curves of 32 patients with relatively early adenocarcinoma of the gastric cardia (stage la, lb and 

II) versus 102 patients with a more advanced tumour stage (stage Ilia, 1Mb and IV). There was no significant 

difference in survival between patients in the 'COX-2 Low' category when compared to the 'COX-2 High ' 

category, but there is a trend of better prognosis in the 'COX-2 Low' category in early carcinomas when 

compared to more advanced tumours (p=0.17 versus p=0.41, respectively). 
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Comparison with oesophageal Barrett's carcinoma 
The finding that COX-2 expression is not a prognostic variable for cardia 

carcinomas, is different from the results of the distal oesophageal adenocarcino

mas in which it was shown an independent prognostic variable together with 

tumour stage and radicality of resection.'2 Comparison of the COX-2 staining 

results showed a significantly less intense COX-2 staining in cardia carcinomas 

when compared to the Barrett's carcinomas (p=0.0001, Table 2). 

TABLE 2 

Comparison of the COX-2 staining between adenocarcinomas of the gastric cardia (present study) and 

adenocarcinomas of the distal oesophagus developed in a Barrett's segment (reference 12). In cardia 

carcinomas, significantly less (intense) COX-2 staining was found (p=0.0001). 

COX-2 expression (n) 

0(24) 

1(85) 

2(155) 

Tumour 

Cardia care 

(n=134) n(%) 

22 (16.4) 

57 (42.5) 

53 (39.6) 

bcalisation 

Oesopl 

(n= 

ageal care 

145) n(%) 

2 ( 1.4) 

28 (19.3) 

102 (70.3) 

p-value 

0.0001 

3(15) 2 ( 1.5) 13 ( 9.0) 



Overall there was no significant difference in survival between the patients 

with a gastric cardia carcinoma and the patients with a Barrett's carcinoma 

(p=0.22; log-rank test), although a trend was seen towards a more favourable 

outcome for patients with a Barrett's carcinoma (median 25 months; 95% 

confidence interval 18 -33 versus median 38 months; 95% confidence interval 

16 - 60, respectively). This can at least partly be explained by a more 

favourable T and N stage in the patients with a Barrett's carcinoma (p<0.001). 

DISCUSSION 
< 
5 
O 

p This study shows that elevated COX-2 expression is present in the majority of 

patients (87%) with a cardia carcinoma. However, it did not correlate with 
< 
ö prognosis. This finding is in contrast with our previous study in which we 

demonstrated that elevated COX-2 expression is an independent prognostic 

™ variable for Barrett's carcinomas, and is surprising in view of the 

epidemiological and clinical similarities {i.e. rapidly rising incidence, stage-by-

stage prognosis and optimal surgical treatment) shared by both distal 

oesophageal and gastric cardia adenocarcinomas.6' ''- However, it is consistent 

with the results of a large epidemiological study in which a substantial 

protective effect of nonsteroid anti-inflammatory drugs was observed for 

£ adenocarcinomas arising at distal gastric or oesophageal sites but not for 

£ cardia caricnomas.'7 

u A possible explanation for the different prognostic role of COX-2 in 

adenocarcinomas of the gastric cardia and distal oesophagus, is that these two 

diseases develop via different pathways of carcinogenesis. Apart from the 

significant difference in the intensity of the COX-2 expression in carcinoma 

cells, it was also noted that there was a discrepancy in the pattern of 

expression. In cardia carcinomas, the strongest (heterogeneous) COX-2 

expression was seen in the invading, peripheral margin of the tumours, which 

was in contrast to the homogeneous and predominantly superficial, luminal 

expression of COX-2 seen in Barrett's carcinomas. This suggests that in cardia 

carcinomas, COX-2 upregulation is a relatively late event and occurs in invasive 

malignant cells that are often already infiltrating the lymphatic system or blood 

vessels, which could explain why COX-2 expression is not a prognostic factor. 

This difference in COX-2 expression with respect to intensity, localization and 

prognostic significance is suggestive for a different pathogenesis and different 

genetic constitution of these two adenocarcinomas. So far, the strongest 

supportive evidence that Barrett's and cardia carcinomas represent two separate 

clinical entities came from an epidemiological study identifying symptomatic 



reflux as a strong risk factor for oesophageal adenocarcinomas, and only a 

relatively weak risk factor for adenocarcinomas of the gastric cardia.'8 

Other evidence indicating that these tumours should be regarded as two 

different clinical entities comes from recent reports comparing intestinal 

metaplasia of the gastric cardia to that of the distal oesophagus.'' " Intestinal 

metaplasia of the cardia is predominantly of the complete type and is associated 

with pathological features of the stomach, especially pangastritis. This is in 

contrast to the incomplete type of intestinal metaplasia in the distal oesophagus 

{i.e. Barrett's mucosa), which is characterized by the presence of goblet cells and 

non-secretory columnar cells and carries an increased risk of dysplasia and 

cancer/ Adenocarcinomas of the cardia were also reported to have a different 

oncogenetic profile compared to distal oesophageal carcinomas/'2i In particular, 

the prevalence of p53 mutations in cardia carcinomas is less than 50% (31 -42%)21 n, 

whereas for oesophageal carcinomas a p53 mutation is the most frequent 

alteration identified (75-100%)/M "Since p53 mutations induce COX-2 n 

transcription in vitro by disrupting binding of p53 to the promoter region of -5 

COX-226, this could be an explanation for the less pronounced COX-2 " 

upregulation in cardia carcinomas in comparison to Barrett's carcinomas. 

Another explanation for the difference in prognostic value of COX-2 for 

adenocarcinomas of the cardia and adenocarcinomas of the distal oesophagus 

arising in a Barrett's segment, might be that elevated expression of COX-2 is only 

a prognostic variable for poor prognosis in relatively early carcinomas. In lung g 

cancer, upregulation of COX-2 was demonstrated to be associated with worse & 

overall survival in patients with stage I non-small cell lung cancer/''- This would n 

> 
be in line with the prognostic significance of COX-2 expression for patients with 5 

Barrett's carcinomas who had significantly more favourable T and N stages than n 

patients with cardia carcinomas. This is also supported by the finding that there 

seemed to be a trend of prognostic role for COX-2 in early carcinomas of the | 

gastric cardia when compared to more advanced tumour stages. 

There are several ongoing chemoprevention and adjuvant chemotherapy trials 

with selective COX-2 inhibitors for gastrointestinal malignancies.2'' Although the 

role of selective COX-2 inhibitors in the prevention and treatment of 

gastrointestinal cancer is promising'", further investigations are needed before 

they can be incorporated in daily clinical practice. This study demonstrates that 

different tumours might require different treatment strategies. Therefore, it is 

important to gain further insight in the mechanisms by which COX-2 contributes 

to the carcinogenesis of various cancers. So far, the finding that COX-2 

expression is not related to poorer overall survival in adenocarcinomas of the 

gastric cardia, makes the role of selective COX-2 inhibitors in the treatment of 

this cancer less promising than in Barretts cancers. 
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INTRODUCTION 

Four out of five epidemiological studies have indicated that the use of 

nonsteroid anti-inflammatory drugs (NSAIDs) is associated with a reduced risk 

of oesophageal cancer.' -' The best-known target of NSAIDs is the 

cyclooxygenase (COX) enzyme, and it is primarily the inducible COX-2 

isoenzyme that has been linked to human carcinogenesis.'"' Genetic deletion 

of COX-2 leads to reduced polyp burden in mouse models of familial 

adenomatous polyposis (FAP)", and overexpression of COX-2 is sufficient to 

promote mammary gland tumourigenesis in a transgenic mouse model.12 

Recently, two different selective COX-2 inhibitors have been shown to reduce 

polyp burden in patients with FAR-' , ; Furthermore, elevated expression of 

COX-2 is an independent factor of poor prognosis in patients with 

adenocarcinoma of the oesophagus.'•' In contrast, in patients with 

oesophageal squamous cell carcinoma and in patients with adenocarcinoma 

of gastric cardia, COX-2 expression is not associated with patient outcome.'*' 

Thus, the prognostic role of COX-2 is dependent on the histological type and 

location of the tumour. Since inhibition of COX-2 activity seems a rational 

strategy for chemoprevention, several clinical trials are ongoing to study the 

effect of selective COX-2 inhibitors on prevention of progression or as inducers 

of regression of both Barrett's dysplasia and squamous dysplasia of the 

oesophagus.2-;''Therefore, further understanding of the role of COX-2 in human 

oesophageal carcinogenesis is of interest. 

In clinical studies, elevated COX-2 expression has been associated with 

resistance to treatment and reduced overall survival for patients who received 

(neo-) adjuvant chemo- and/or radiotherapy.":'k Animal models have 

demonstrated that selective COX-2 inhibitors can enhance the efficacy of 

radiotherapy or chemotherapy -''''° and in human carcinoma cell lines these 

drugs were able to increase radioresponsiveness and cytotoxicity of 

chemotherapeutic agents.3''32 For patients with squamous cell carcinoma of 

the oesophagus, neo-adjuvant radiotherapy alone seems to have no role in 

the treatment of this disease, and for neo-adjuvant chemotherapy (with or 

without radiotherapy) only a small improvement of overall survival has been 

demonstrated.33 In this context, it would be desirable to identify subgroups of 

patients who might benefit from (neo-) adjuvant therapy. 

The aim of the present study was to assess the expression of COX-2 by 

immunohistochemistry in patients with oesophageal squamous cell carcinomas. 

The analysis was done in patients who underwent potentially curative resection 

with or without neoadjuvant chemotherapy, and the results were correlated with 

clinicopathological parameters and overall survival. 



MATERIALS AND METHODS 

Patients 
Between January 1 s t 1993 and December 3 1 s t 2000, 504 patients underwent 

oesophageal resection with proximal gastrectomy for an oesophageal 

malignancy with curative intent {i.e. locally resectable disease without distant 

metastases). The data from these patients were prospectively collected in a 

database. The pathology reports of all patients were reviewed to identify 138 

patients diagnosed with a squamous cell carcinoma of the oesophagus. 

Thirteen tumours with adenosquamous characteristics were excluded during 

review of the slides, and another eight patients were excluded during 

immunohistochemical analyses due to non-representative archival slides 

compared to the original tumour. Thus, 117 patients remained for further 

analysis. 

In 71 patients resection was performed by a transhiatal approach without n 

thoracotomy and extended lymph-node dissection. Forty-six patients 

underwent oesophagectomy through a right-sided thoracotomy followed by a 

laparotomy in combination with two-field lymph node dissection. Patients 

were followed until death or December 2003, ensuring a minimal potential 

follow-up of three years. The median actual follow-up was 33.0 months (range 

7 days to 8.5 years). The patients were seen on a regular basis for five years in 

the outpatient clinic. For the first two years they were seen at three to four- | 

month intervals, afterwards at six-month intervals. For the present study, ^ 

patients and/or their family practitioners were contacted by phone to assess ^ 

their current status when they had been discharged by the surgeon after five > 

years. None of the patients were lost to follow-up. The four patients (3.4%) g 

who died in the hospital within 30 days were not excluded from the present £ 

analyses. £ 

Neo-adjuvant treatment 
Thirty-six patients received chemotherapy preoperatively as part of a 

randomized controlled trial.'4 They received cisplatin (CddP; 80 mg/m" iv day 

1) and etoposide (E; 100 mg iv day 1+2; 200 mg/rrv' orally day 3+5). After two 

cycles of chemotherapy, a clinical response was evaluated based on clinical 

findings (e.g. decrease of dysphagia) and repeated endoscopy and CT-scanning. 

Patients with tumour response received another two cycles followed by surgery, 

whereas non-responding patients underwent surgery after the second cycle. 

No adjuvant treatment was administered postoperatively. 



X 

Immunohistochemistry 
Formalin-fixed and paraffin-embedded specimens with deepest tumour 

infiltration were sectioned (5 urn), deparaffinized, and microwaved for 4 x 5 min in 

700 W in 0.01 M Na-citrate buffer (pH 6.0) for antigen retrieval. The slides were 

then immersed in 0.6% hydrogen peroxide in methanol for 30 min to block 

endogenous peroxidase activity and in blocking solution (1.5:100 normal horse 

serum in PBS) for 15 min to block unspecific binding sites. Immunostaining was 

performed with a COX-2 specific mouse anti-human monoclonal antibody 

o (160112, Cayman Chemical Co., Ann Arbor, Ml, USA) in a dilution of 1:200 (2.5 

pg/ml) in PBS containing 0.1% sodium azide and 0.5% bovine serum albumin at 

room temperature overnight. Then the sections were treated with biotinylated 

u horse anti-mouse immunoglobulin (1:200; Vector Laboratories Inc., Burlingame, 

g CA, USA) and avidin-biotin peroxidase complex (Vectastain ABComplex, 

< Vector Laboratories). The peroxidase staining was visualized with 3-amino-9-

ethylcarbazole (Sigma Chemical Co., St. Louis, MO, USA), and the sections 

were counterstained with Mayer's hematoxylin. Every 20th sample of the trial 

series was a known colon adenocarcinoma specimen, in which stromal cells at 

an area of ulceration were scored 3, cancer cells from 2 to 3, and adjacent 

nonneoplastic epithelium 1 (for scoring criteria see below). This procedure 

confirmed that there was no significant intra- and interassay variability of the 

staining intensity, and helped us to score the trial specimens. Recently, we 

£ evaluated several COX-2 antibody preparations, and concluded that the 

£ monoclonal antibody used in this study provided us with the most specific and 

5 reproducible immunoreactivity.^-3'5 Immunostaining of p53 was carried out 

using established procedures as described previously.* 

Scoring 
COX-2 immunohistochemical staining was scored independently and in a 

blinded manner by two investigators (AS and CJB) without knowledge of the 

status of the patients. The following scoring criteria of the tumour cells were 

agreed upon before the analysis: 0, no staining; 1, weak diffuse cytoplasmic 

staining (may contain stronger intensity in less than 10% of the cancer cells); 2, 

moderate to strong granular cytoplasmic staining in 10-90% of the cancer 

cells; 3, over 90% of the tumour cells stained with strong intensity. Scores 0 

and 1 were categorized as 'COX-2 low' and scores 2 and 3 as 'COX-2 high' for 

the statistical analyses (see below). The allocation of tumours to the 'COX-2 

low' versus the 'COX-2 high' category by the two investigators was similar 

(93% of the specimens were categorized identically). In cases of disagreement 

(n = 9) the slides were re-evaluated by a group of investigators (AS, CJB and 

GJAO) using a multiheaded microscope. Immunoreactivity of p53 was 



considered weakly positive if 0-50% of the tumour cells were immunopositive 

and strongly positive if 50-100% of the tumour cells were immunopositive. 

Presence of necrosis was evaluated from HE-stained samples. 

Stat ist ical analysis 
The association between demographic and clinicopathological features and 

COX-2 expression was analysed using Student's t-test (continuous data) and 

Chi-squared test (categorical data). Overall survival was estimated according to 

the Kaplan-Meier method and compared using the log-rank test. The Cox 

proportional hazard model was used to examine the role of COX-2 expression 

in relation to other prognostic factors. The limited number of events (from a 

statistical point of view) meant that only a restricted number of possible 

confounders could be examined. Therefore, variables with multiple categories 

were recoded into dichotomous variables by combining categories with 

comparable prognosis (differentiation grade: well versus moderate and poor; 

radicality of resection: microscopically radical (R0) versus microscopically 

nonradical (R1) and macroscopically nonradical (R2); tumour stage: stage I and 

lla versus lib, III and IV). P-values of 0.05 or below were considered statistically 

significant. All statistical analyses were performed using the Statistical Software 

Package version 11.5 (SPSS Inc., Chicago, IL, USA). 

RESULTS 

Patients 

In the patient group who did not receive neo-adjuvant chemotherapy, there 

were 45 males (55.6%) and 36 females (44.4%), with a median age of 60 years 

(range 33-79 years). For the 36 patients who received neo-adjuvant 

chemotherapy the age and gender distribution was similar (19 males, 52.8%, 

and 17 females, 47.2%; median age 59 years, range 38-78 years). 

COX-2 p ro te in expression in oesophageal squamous 
cell carcinoma 
Expression of COX-2 protein was evaluated in the 117 oesophageal squamous 

cell carcinoma specimens using immunohistochemistry (Figure 1). COX-2 

expression was mainly localized in the neoplastic cells, while nonneoplastic 

squamous epithelium was consistently negative or only weakly positive. 

However, immunoreactivity in the cancer cells was relatively heterogeneous 

when compared to the previously analysed oesophageal adenocarcinoma 

specimens.'" Among the 81 patients, who did not receive neo-adjuvant 
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chemotherapy, immunoreactivity was negative in 34 (42.0%), weakly positive in 

27 (33.3%), moderately positive in 19 (23.5%) and strongly positive in 1 (1.2%) 

of the specimens. Of the 36 patients who received neo-adjuvant treatment no 

immunoreactivity was observed in 14 (38.9%), weak in 11 (30.6%), moderate in 

11 (30.6%) and strong in none of the samples. There was no statistically 

significant difference in COX-2 expression between the groups with or without 

neo-adjuvant chemotherapy (p = 0.8). 

Correlation between COX-2 expression and 
5 clinicopathological parameters 

In the patient group who did not receive neoadjuvant treatment, COX-2 

expression was associated with the location of the tumour with a higher COX-2 

expression in distal tumours (p = 0.02). For the other clinicopathological 

parameters no correlation with COX-2 expression was demonstrated (Table 1). 

In the group of 36 patients who received neo-adjuvant chemotherapy there 

was no association with tumour location, but a correlation was found between 

high COX-2 expression and male gender (p = 0.02) and response to neo

adjuvant chemotherapy (p = 0.04). Furthermore, a significant association was 

found between low COX-2 expression and the development of distant 

metastases (p = 0.03), with all of the eight distant metastases developing in 

the COX-2 low group. Although 13 of the 16 locoregional recurrences 

developed in the COX-2 low group, this was not statistically significant (p = 

0.1). For all other parameters, there was no significant association with COX-2 

expression (Table 2). Notably, there were no statistically significant differences 

in the clinicopathological parameters between oesophageal squamous cell 

carcinoma patients with or without chemotherapy treatment. 



TABLE 1 
Correlation of clinicopathological parameters and COX-2 expression of 81 patients with a squamous cell 
carcinoma of the oesophagus. Patients did not receive chemotherapy before operation. 

COX-2 expression 

Patient characteristics 

Age (mean + SD) 

Gender 

n 

Years 

Male (45) 

Female (36) 

Low (n = 61) 

n (%) 

60.5*10.5 

34(56) 

27(44) 

High (n = 20) 

n (%) 

60.5 ±9.5 

11(55) 

9 (45) 

P-value 

1.0 

0.9 

Tumour characteristics 

Tumour location 

Depth of invasion' 

Lymph node involvement 

Distant metastasis 

Differentiation grade 

Tumour stage 

Operation type' 

Radicality of resection 

Distal (29) 

Middle (35) 

Proximal (1 7) 

T1(15) 

T2(5) 

T3 (59) 

T4(2) 

NO (41) 

N1 (40) 

MO (65) 

M1 (16) 

Well (3) 

Moderate (34) 

Poor (44) 

1(12) 

I la (24) 

lib (4) 

III (25) 

IV (16) 

THE (52) 

TTE (29) 

R0 (56) 

R l £17) 

R2(8) 

17(28) 

28 (46) 

16(26) 

13(21) 

4(7) 

44(72) 

0(0) 

33 (54) 

28 (46) 

49 (80) 

12(20) 

2(3) 

28 (46) 

31 (51) 

10(16) 

19(31) 

4(7) 

16(26) 

12(20) 

38 (62) 

23 (38) 

45 (73) 

12(20) 

4(7) 

12(60) 

7(35) 

1(5) 

2(10) 

K5) 

15(75) 

2(10) 

8(40) 

12 (60) 

16(80) 

4(20) 

1(5) 

6(30) 

13 (65) 

2(10) 

5(25) 

0(0) 

9(45) 

4(20) 

14(70) 

6(30) 

11 (55) 

5(25) 

4(20) 

0.02 

0.07 

0.3 

1.0 

0.5 

0.5 

0.5 

0.2 

Clinical outcome 

Locoregional recurrence 

Distant metastases 

No (47) 

Yes (34) 

MO (54) 

M1 (27) 

38 (62) 

23 (38) 

42 (69) 

19(31) 

9(45) 

11 (55) 

12(60) 

8(40) 

0.2 

0.5 

a T 1 : tumour limited to the submucosa, T2: tumour infiltrates muscularis propria, but not adventitia, T3: tumour infiltrates 
adventitia, T4: tumour Infiltrates adjacent structures; "NO. no lymph node metastases, N1: lymph node metastases present; c l : 
T1N0M0, Ha: T2-3N0M0, Mb: T1-2N1M0. Ill: T3N1M0, T4anyNM0. IV: anyTanyNMI; dTHE: transhiatal oesophagectomy, TTE: 
transthoracic oesophagectomy; eR0: microscopically radical, R1: microscopically nonradical, R2: macroscopically nonradical. 



TABLE 2 

Correlation of clmicopathological findings and COX-2 expression of 36 patients with a squamous eel 
carcinoma of the oesophagus. Patients received chemotherapy before operation. 

COX-2 expression 

Patient characteristics 

Age (mean + SD) 

Gender 

Years 

Male (19) 

Female (1 7) 

Low (n = 25) 

n (%) 

58.2 +8.9 

10 (40) 

15(60) 

High ( n - 1 1 ) 

n (%) 

60.1 +12.7 

9(82) 

2(18) 

P-value 

0.6 

0 02 

Tumour characteristics 

Tumour location 

Depth of invasion 

Lymph node involvement-

Distant metastasis 

Differentiation grade 

Tumour stage 

Operation type 

Radicality of resection 

Neo-adjuvant response 

Tumour necrosis 

Distal (12) 

Middle (21) 

Upper (3) 

T1(2) 

T2(5) 

T3 (27) 

T4(2) 

NO (17) 

N1 (19) 

MO (30) 

M1 (6) 

Well (4) 

Moderate (14) 

Poor (18) 

KD 
lla(15) 

lib (3) 

111(11) 

IV (6) 

THE (19) 

TTE(17) 

R0 (28) 

RK6) 

R2(2) 

No (25) 

Yes (11) 

Absent (20) 

6(24) 

18(72) 

1 (4) 

1(4) 

3(12) 

19(76) 

2(8) 

12(48) 

13(52) 

21 (84) 

4(16) 

2(8) 

12 (48) 

11 (44) 

0(0) 

11 (73) 

2(67) 

8(73) 

4(67) 

12(48) 

13(52) 

19(76) 

4(16) 

2(8) 

20 (80) 

5(20) 

13(56) 

6(55) 

3(27) 

2(18) 

1 (9) 

2(18) 

8(73) 

0(0) 

5(45) 

6(55) 

9(82) 

2(18) 

2(18) 

2(18) 

7(64) 

1 (100) 

4(27) 

1(33) 

3(27) 

2(33) 

7(64) 

4(36) 

9(82) 

2(18) 

0(0) 

5(45) 

6(55) 

7(55) 

0.3 

0.7 

0.9 

0.9 

0.2 

0.7 

0.4 

0.7 

0.04 

0.5 

Present (16) 12(44) 4(45) 



COX-2 expression 

Tumour characteristics 

p53 expression Negative (12) 

Positive (24) 

Low n = 25) 

n(%) 

8(36) 

17(64) 

High(n = 11) 

n (%) 

4(27) 

7(73) 

P-value 

0.8 

Clinical outcome 

Locoregional recurrence 

Distant metastases 

No (20) 

Yes (16) 

MO (28) 

M1 (8) 

12(48) 

13(52) 

17(68) 

8(32) 

8(73) 

3(27) 

11 (100) 

0(0) 

0.1 

0.03 

a T l tumour limited to the submucosa, T2: tumour infiltrates muscularis propria, but not adventitia, T3: tumour infiltrates 
adventrtia, T4: tumour infiltrates adjacent structures; "NO: no lymph node metastases, N l : lymph node metastases present; cl. 
T1N0M0, Na: T2-3N0M0, lib: T1-2N1M0, III: T3N1M0. T4anyNM0, IV: anyTanyNMI; dTHE: transhiatal oesophagectomy. TTE: 
transthoracic ©esophagectomy; eR0: microscopically radical, R1: microscopically nonradical, R2: macroscopically nonradical. 

Association of COX-2 expression with overall survival 
Kaplan-Meier curves for patient survival are depicted in Figure 2. 

COX-2 expression did not associate with overall survival in the patient group 

who did not receive neoadjuvant treatment (p = 0.4, log-rank test). In contrast, 

in those 36 patients who received neoadjuvant chemotherapy, a significant 

association was found between low COX-2 expression and reduced overall 

survival (p = 0.02, log-rank test). There was no difference in overall survival | 

between the combined therapy group and the surgery alone group (p = 0.5). 
X 

Univariate and multivariate analysis > 
To evaluate the role of COX-2 as an independent prognostic factor in the £ 

group of neo-adjuvant treated patients a multivariate analysis was performed. £ 

In the univariate Cox regression analysis, a significant prognostic effect was ^ 
> 

found for tumour stage, radicality of resection and low COX-2 expression. The * 

impact of low COX-2 expression on decreased overall survival persisted after o 

adjustment for the other possibly confounding variables in the multivariate 

analysis (Table 3). 

Presence of necrosis and p53 expression in the 
neo-adjuvant treated group 
We and others have previously shown that COX-2 expression can associate 

with tumour necrosis and p53 immunopositivity.37'42 To address this issue, COX-

2 expression was re-analysed and correlated to presence of necrosis and p53 

immunopositivity. Tumoural necrosis was demonstrated in 16 (44%) of HE-

stained samples derived from the 36 patients with neo-adjuvant treatment. 



FIGURE 2 

Kaplan-Meier curves of patients with a squamous cell carcinoma of the oesophagus. A. In the group of patients 

(n = 81), who did not receive chemotherapy before operation, there were 61 patients with COX-2 low (scores 0-

1) expression and 20 with COX-2 high (scores 2-3) expression. No significant difference was observed between 

the two groups (p = 0.4, log-rank test). B. In the group of patients (n = 36), who received neo-adjuvant 

chemotherapy, there were 25 patients with COX-2 low expression and 11 with COX-2 high expression. A 

statistically significant difference was observed between the two groups (p = 0.02, log-rank test). 
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TABLE 3 

Univariate and multivariate analysis of prognostic factors in the 36 patients with a squamous cell carcinoma of 

the oesophagus who received neoadjuvant chemotherapy. 

Variable 

Differentiation grade 

High tumour stage 

Nonradical resection 

Response to treatment 

Low COX-2 expression 

RR 

2.0 

2.6 

2.0 

1.9 

5.8 

Univariate 

95% Clb 

0.9-4.8 

1.0-6.7 

1.0-4.4 

0.6-5.6 

1.3-24.8 

p-value 

0.1 

0.04 

0.05 

0.09 

0.02 

RR 

1.6 

2.4 

1.7 

1.2 

7.5 

Multivariate 

95% CI 

0.7-3.7 

0.9-6.8 

0.8-3.5 

0.4-3.9 

1.6-35.3 

p-value 

0.2 

0.08 

0.2 

0.7 

0.01 

aRR = relative risk, bCI ~ confidence inteival 



Although necrosis did not significantly correlate with COX-2 expression (p = 

0.5) or overall survival (p=0.4), there was an association between the presence 

of necrosis and clinical response to the neoadjuvant chemotherapy (p = 0.03). 

High expression of p53 protein was detected in 24 (67%) of the samples. There 

was no association between high COX-2 expression and p53 expression (p = 

0.8), nor was there any correlation between p53 expression and tumour 

response to chemotherapy (p = 0.7) or overall survival (p = 0.8) in this group of 

patients. Thus, it seems that COX-2 expression is independent of necrotic 

processes and loss of p53 function in this material. 

DISCUSSION 

This study demonstrates that low COX-2 expression in patients with 

oesophageal squamous cell carcinoma who underwent neoadjuvant 

chemotherapy followed by surgery is associated with the development of 

distant metastases and reduced overall survival. This finding is different in the 

group of patients who did not receive neoadjuvant treatment for which COX-2 

expression was not a prognostic factor. Several studies have reported elevated 

expression of COX-2 mRNA and protein in squamous cell carcinoma of the 

oesophagus."'' ; n,4MA In these studies, expression of COX-2 increased 

progressively when nonneoplastic oesophageal tissues were compared to 

dysplastic or invasive lesions.'"'"Similarly to our study, a heterogenic 

intratumoural staining pattern of COX-2 was found"1"3 with a significantly 

higher expression in tumours located in the distal oesophagus when 

compared to more proximal ones.' We have previously reported that high 

COX-2 expression is an independent prognostic variable for reduced overall 

survival in oesophageal adenocarcinoma.' This is in contrast to the present 

results, which show that COX-2 expression did not associate with any 

clinicopathological parameter including survival, which is in line with results 

published earlier by other groups.'6 ' In fact, one study demonstrated a 

correlation between low expression of COX-2 and advanced tumour stage 

and presence of distant metastases.'' Therefore, the prognostic role of COX-2 

is distinct in different histological types of oesophageal carcinoma. 

In patients who received neo-adjuvant chemotherapy, low COX-2 expression 

was associated with the development of distant metastases and it was an 

independent prognostic variable for poor outcome. Although we have 

previously shown that COX-2 expression associates with necrotic areas in lung 

and bladder carcinomas37 3S and that COX-2 is induced in experimental 

necrosis models", in the present work high COX-2 expression was associated 



with a clinical response to chemotherapy, but not to histologically detectable 

necrotic areas in the resection specimens. We investigated a possible 

correlation between p53 overexpression as an indicator of mutation of p53 

gene and elevated COX-2 expression since there seems to be a direct link 

between a defective p53 pathway and induction of COX-2 expression in 

oesophageal squamous cell carcinomas'7 as well as in other cancers.40"4 

Furthermore, the COX-2 gene has been shown to be induced in p53 defective 

cells and down-regulated by wild-type p53."7 "s However, we found no 

o association between p53 immunoreactivity and COX-2 expression, 

ü Ferrandina et al. recently demonstrated that in locally advanced cervical 

cancer patients who received neo-adjuvant chemotherapy, COX-2 expression 

o increased progressively from responders to partial responders and to non-

responders.4vFurthermore, COX-2 positive patients had shorter overall survival 

< than COX-2 negative patients. We cannot directly compare these results to 

S our data since the cervical cancer biopsy specimens were obtained before 

p neoadjuvant treatment and in our study the samples were obtained from 

g surgical resection material after the chemotherapy. We decided not to include 

an analysis of the preoperative biopsy specimens since the COX-2 staining 

pattern was relatively heterogeneous in the histological tumour samples, and 

it was assumed that staining results of preoperative biopsies might only reflect 

sampling artefacts. Several in vitro studies and one 'in vivo study show that 

£ radiation or chemotherapeutic agents can enhance expression of COX-2.50 -

a. Although in this study the frequency of COX-2 expression did not differ 

5 between non-treated and neoadjuvant treated patients groups, we cannot 

exclude the possibility that COX-2 expression was induced by the 

chemotherapy. If this was the case, it could be hypothesized that COX-2 

signals a favourable response to the neo-adjuvant treatment. 

In conclusion, this study demonstrates that low COX-2 expression is 

associated with poor prognosis in patients with oesophageal squamous cell 

carcinomas who received neo-adjuvant chemotherapy. For patients who did 

not receive neo-adjuvant therapy, COX-2 expression was not associated with 

overall survival. This is in contrast to a previous study in which we 

demonstrated that elevated COX-2 expression is an independent prognostic 

variable for reduced overall survival in patients with oesophageal 

adenocarcinoma. Therefore, these results suggest that the prognostic 

significance of COX-2 is different depending on the histological type of 

oesophageal carcinoma and on the applied treatment. Although we cannot 

make any conclusions on the effect of selective COX-2 inhibitors for the 

various patient groups with oesophageal cancer, the present findings make 

the role of selective COX-2 inhibitors in the treatment of squamous cell 



carcinomas of the oesophagus less promising than in the treatment of 

adenocarcinomas of the oesophagus. However, COX-2 might serve as a 

possible marker for favourable response to neo-adjuvant treatment. 
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INTRODUCTION 

Adenocarcinoma of the oesophagus, developing via the Barrett's metaplasia-

dysplasia sequence, is associated with a rapidly rising incidence and a poor 

prognosis.'? The best curative option is surgical resection, but even after 

extensive surgery, overall survival rates rarely exceed 25%.'' Advances in careful 

preoperative selection, radical surgery and (neo-) adjuvant chemo- and 

radiotherapy, have only shown limited improvement of prognosis/ l To 

improve the therapeutic options for patients with oesophageal cancer, current 

research focuses on novel molecular targets for specific chemotherapeutic 

treatment strategies. 

Epidemiological studies have demonstrated approximately 50% reduction in 

the incidence of gastrointestinal adenocarcinomas in persons regularly taking 

aspirin or other nonsteroidal anti-inflammatory drugs (NSAIDs)/ One of the 

target enzymes of NSAIDs is cyclooxygenase-2 (COX-2), a rate-limiting 

enzyme in the formation of prostanoids, like prostanglandin E2 (PGE-2) from 

arachidonic acid.7 The importance of COX-2 in carcinogenesis and cancer 

progression has been implicated in cervical, breast, prostate and various 

gastrostrointestinal cancers, including oesophageal adenocarcinoma.3-c 

During the multi-step tumour progression from Barrett's epithelium towards 

oesophageal adenocarcinoma COX-2 is increasingly expressed, suggesting an 

important role in this carcinogenic process. In addition, COX-2 expression was 

recently identified as an independent prognostic variable for oesophageal 

adenocarcinoma, suggesting that this enzyme could be an attractive 

molecular target for specific chemotherapeutic treatment.1' Although the 

exact processes by which NSAIDs and in particular selective COX-2 inhibitors 

exert their anti-carcinogenic effects remain uncertain, several mechanisms 

have been suggested to be involved. The inhibition of COX-2 by NSAIDs 

results in a decreased synthesis of PGE-2, that mediates cellular processes 

involved in inflammation and growth. The decreased PGE-2 levels result in 

increased apoptosis, decreased proliferation and decreased angiogenesis in 

cancer cells.'"Consequently, NSAIDs and selective COX-2 inhibitors have 

been shown to decrease proliferation and induce apoptosis both in vitro and 

in vivo.'6 ,!> Down-regulation of the hepatocyte growth factor (HGF) induced 

signal transduction has been suggested as one of the mechanisms."'' C-Met, 

the receptor for HGF, has been implicated in the progression and 

dissemination of several cancer types including oesophageal cancer.'3 v' In 

malignancies of the colon, lung, stomach, breast, and nasopharynx, the 

expression of c-Met was reported as a prognostic factor for patient survival.20' 

In in vitro models, the activation of c-Met causes increased cellular viability, 



proliferation, angiogenesis and invasion of carcinoma cell lines.26 

Therefore, inhibition of c-Met may constitute an important factor in the anti-

carcinogenic NSAID effects. 

Although results from the various epidemiological studies and preclinical 

experiments all support the initiation of COX-2 inhibition as a novel 

chemopreventive or chemotherapeutic strategy for oesophageal 

adenocarcinoma, clinical implementation in daily practice is still debated. 

Most evidence of the anti-carcinogenic mechanisms of NSAIDs and selective 

COX-2 inhibitors is derived from in vitro studies with higher concentrations 

than those achievable in vivo and the biochemical anticancer effects in vivo 

remain to be elucidated. Therefore, the aim of this study was to characterize 

the potential clinical role of selective COX-2 inhibitors in the treatment of 

oesophageal adenocarcinoma. First, the anti-carcinogenic effects of a 

selective COX-2 inhibitor were assessed in vitro with concentrations 

achievable in vivo. Subsequently, to investigate the potential clinical 

significance of the biochemical results of neo-adjuvant selective COX-2 

inhibition in vitro, the effects of celecoxib on COX-2 and c-Met expression 

with its influences on cell proliferation (assessed by Ki67 immunostaining), 

angiogenesis (assessed by immunohistochemical expression of the 

endothelial marker CD31), and apoptosis (assessed by cleaved caspase-3 

staining as marker for cellular apoptosis) were analysed in vivo in a clinical 

phase II trial. 

PATIENTS, MATERIALS A N D METHODS 

Reagents 

The selective COX-2 inhibitor celecoxib was kindly provided by Pharmacia 

(Pharmacia, St Louis, MO, USA). For in vitro analysis stock solutions were made 

in dimethyl sulfoxide (DMSO). Primary antibodies used for Western blot (WB) 

analysis and immunohistochemistry (IH) were: anti-COX-2 (Cayman Chemical 

Co., Ann Arbor, Ml, USA), anti-c-Met (DL21 (WB) Do24 (IH); Upstate 

Biotechnology, Lake Placid, NY, USA), anti-Ki67 as marker for proliferation 

(clone MIB1; Ylem, Rome, Italy), the endothelial marker anti-CD31 (clone 

JC/70 A; DAKO, Glostrup, Denmark), anti-cleaved caspase-3 as marker for 

cellular apoptosis, (Cell Signalling Technology, Beverly, MA, USA), the 

housekeeping gene anti-P-actin for WB loading control (c19; Santa Cruz 

Biotechnology, CA, USA). PowerVision-horseradish peroxidase (HRP)-

conjugated goat anti-rabbit/mouse Ig (PowerVision-GAR/AP) was purchased 

from ImmunoVision Technologies (Daly City, CA, USA). The substrate used in 

IH was Diaminobenzidine Peroxidase Substrate. (Sigma, St. Louis, Mo, USA) 



Cel! cultures 
To evaluate the biochemical effects of COX-2 inhibition in vitro with 

concentrations achievable in vivo, two human oesophageal adenocarcinoma 

cell lines were used: OE19 and OE33. Both cell lines were originally derived 

from an oesophageal adenocarcinoma and obtained from the European 

Collection of Cell Cultures. The adherent cells were cultured in Dulbecco's 

modified Eagle medium (Sigma-Aldrich, St. Louis, MO, USA), supplemented 

with 10% foetal calf serum (Integro, Leuvenheim, the Netherlands), 5 mmol/L 

L-glutamine, 100 U/mL penicillin, and 100 (Jg/mL streptomycin (Invitrogen 

Corp., Carlsbad, CA, USA) at 37°C in a 5% C02 atmosphere. Cells were 

passaged 20 times maximally. Cells were grown with or without the addition of 

celecoxib for 48 hours. The concentration range of celecoxib in the 

experiment was chosen to resemble the in vivo situation (10-80 uM). 

Equivalent concentrations of DMSO were used in the control samples (0.05%). 

Cell viability in cell culture 
The cell viability was assessed by the mitochondrial function, measured by 3-

(4,5-dimethylthiazol-2-yl)-2,5-diphenil tetrazolium bromide (MTT) reduction 

activity as previously reported.2! Briefly, cells were seeded in a 14 well plate 

and stimulated with increasing concentrations of celecoxib (10-80 JJM). After 

72 hours, 0.5 mg/ml MTT (Sigma-Aldrich, St. Louis, MO, USA) was added for 

30 min at 37°C. Subsequently, the media were aspirated and the cells were 

lysed in isopropanol/0.04 M HCI 

Western Blot analysis. 
The OE19 and OE33 cell lines were seeded in 6-well plates to be at 50% 

confluence at the time of stimulation. After incubation, cells were kept on ice 

and washed with ice-cold phosphate-buffered saline. Cells were harvested by 

adding 300 ul of sample buffer (125 mM Tris/HCI, pH 6.8; 4% Sodium Dodecyl 

Sulfate (SDS); 2% -mercaptoethanol; 20% glycerol; 1 mg of bromphenol blue), 

and scraping after which lysates were stored at -20°C. After 5 sec of 

sonification and 5-min of incubation at 95°C, 20 [i\ was loaded onto SDS-

PAGE and subsequently transferred to a polyvinylidene difluoride membrane. 

The membranes were blocked with Tris-buffered saline (TBS) supplemented 

with 0.05% Tween-20 (wash buffer) and 1% casein and incubated with the 

primary antibody overnight at 4°C, diluted in blocking buffer (COX-2 1:1000, c-

Met 1:1500, cleaved caspase-3 1:1000, p-actin 1:4000). Subsequently, the 

membranes were washed and incubated with a HRP-conjugated secondary 

antibody in blocking solution, containing 2% low fat milk powder. Enhanced 



chemiluminescence (ECL) was used for detection of the HRP-antibodies. Each 

sample was corrected for loading by comparison with the appropriate (3-actin 

signal. 

RNA isolation and semi quantitative Reverse Transcription-PCR 
Frozen resection specimens were selected after histological verification that 

they contained more than 70% tumour cells. Total RNA was isolated from the 

frozen resection specimens using Trizol reagent (Life Technologies Inc, 

Gaithersburg, MD, USA) according to the manufacturer's protocol and 

quantified by spectrophotometry. Reverse transcription was performed with 5 

| ig of total RNA using superscript transcriptase III (Life Technologies Inc, 

Gaithersburg, MD, USA). Primers for c-Met mRNA were designed to amplify 

across an exon/exon boundary to prevent amplification of genomic DNA and 

were chosen to lie in regions of the sequence not showing significant 

homology with other known gene family members. Primers used for 

amplification of c-Met were 5'-CAGATGTGTGGTCCTTTG-3' (forward); 5'-

ATTCGGGTTGTAGGAGTCT-3' (reverse). The level of human TATA binding 

protein (TBP)-proteasome component, a housekeeping gene, was determined 

to serve as a control. The PCR was performed on the LightCycler instrument 

(Roche Diagnostics, Hamburg, Germany) using the LightCycler FastStart DNA 

Master SYBR green 1 reaction components (Roche Diagnostics). The final 15 [i\ 

reaction mixture contained PCR buffer (containing FastStart Taq polymerase 

and dNTP), MgCI2, 1.6 M primers and cDNA. The cycling conditions were as 

follows: initial denaturation/Taq activation at 95°C for 10 min, followed by 40 

cycles of 95°C for 5s, 60°C for 10s and 72°C for 15s. Fluorescence acquisition 

was performed once per cycle at the 65°C annealing stage and all 

temperature transition rates were at 20°C/s. A melting curve was performed at 

the end of each run using a temperature range of 55°C to 85°C and 0.15°C/s 

temperature transition rate. All runs included a negative water control. The 

samples were quantified using Roche Lightcycler software, version 3.5 (Roche 

Diagnostics) and linregPCR software, version 7.4 as described previously.28 

Patients 
To evaluate the biochemical effects of selective COX-2 inhibition in vivo, 

celecoxib (400 mg twice daily) was administered as neo-adjuvant treatment in 

patients with oesophageal adenocarcinoma. The duration of treatment was 4 

weeks until the day of surgery. The protocol was approved by the institutional 

Medical Ethics Committee. All patients were informed and asked to sign a 

written informed consent before inclusion. Over a 12 months period, 12 

consecutive patients were selected for celecoxib treatment and 15 patients 



were included as a control group. Inclusion criteria were age >18 years, 

histologically proven adenocarcinoma of the distal oesophagus (Siewerttype 

1) and eligible for curative surgery. Patients were excluded in case of renal 

insufficiency, history of gastric/duodenal ulcer or inflammatory bowel disease, 

use of aspirin or other non-steroidal anti-inflammatory drugs, known 

hypersensitivity to these drugs, and history of heart failure or hypertension. All 

patients were preoperatively evaluated with CT-scan, PET-scan, endoscopic 

ultrasonography, external ultrasonography of the neck, indirect laryngoscopy 

and a chest X-ray to adequately determine cTNM stage. None of the patients 

underwent neo-adjuvant treatment other than celecoxib. 

Tissue collection 
At the time of diagnosis, endoscopic biopsies were taken from the primary 

tumour and adjacent normal oesophageal mucosa, snap-frozen in liquid 

Nitrogen at -180°C and stored at -80°C. In addition, biopsies taken from the 

same location were fixed in 10% neutral-buffered formalin and paraffin 

embedded according to standard procedures. After surgery, a small 

representative sample of the tumour and normal oesophageal tissue were 

taken from the resection specimen as assigned by a Gl-pathologist (GJAO). 

The specimens were both snap-frozen at -180°C and stored in -80°C, and 

paraffin embedded. For the purpose of this study these tissue samples were 

immunohistochemically analysed for expression of COX-2, c-Met, ki-67, CD31 

and cleaved caspase-3. 

Tissue microarray 
For each of the patients a representative tumour sample was selected as 

donor block for the microarray. Using H&E-stained slides, three 

morphologically representative regions were defined for each of the tumour 

samples. From these regions, cylindrical core tissue specimens (diameter = 0.6 

mm) were acquired and arrayed precisely into a new recipient paraffin block 

(20 x 35 mm) using a custom-built precision instrument (Beecher Instruments, 

Silver Spring, MD, USA). 

Immunohistochemical analysis. 
The clinical study was set up to immunohistochemically investigate the 

biochemical effects of celecoxib treatment in vivo. To assess direct effects of 

selective COX-2 inhibition, it would be ideal to compare tumour tissue before 

and after treatment. However, due to the heterogeneous expression pattern 

of various tumour markers, it was acknowledged that preoperative biopsies 

could reflect sampling errors. Therefore, the study was designed to analyse 



patient material in two ways. First, the results of the patient group 

preoperatively treated with celecoxib were compared to the non-treated 

control group. In addition, biopsies at the time of diagnosis of the patients 

included for preoperative celecoxib treatment were compared to 

oesophageal resection specimen samples after treatment, for internal patient 

control. 

Four-micrometer-thick sections of representative blocks from each patient 

were deparaffinized in xylene, rehydrated, and treated with 3% H2Q2 in 

methanol for 10 min to block endogenous peroxidase activity. All specimens 

were subjected to heat-induced epitope retrieval for ten minutes at 95°C. 

Sections were incubated with anti-COX-2 (1:100), anti-c-Met (1:100), anti-Ki67 

(1:100), anti-CD31 (1:50), anti-cleaved caspase-3 (1:200) diluted in TBS with 1% 

bovine serum albumin (BSA) overnight at 4°C. Specificity of the antibody was 

confirmed by negative controls using irrelevant mouse or rabbit IgG instead of 

primary antibodies. Colon cancer tissue was included as a positive control. 

The analysis of all tissue sections was independently performed by two > 
-a 

different investigators (CJB and JBT) without patient identification parameters. ™ 

For COX-2 immunohistochemical staining, the following scoring criteria of 

tumour cells were agreed upon before the analysis: 0, no staining; 1 +, weak 

diffuse cytoplasmic staining (may contain stronger intensity in less than 10% of 

cancer cells); 2+, moderate to strong granular cytoplasmic staining in 10-90% 

of cancer cells; 3+, over 90% of tumour cells stained with strong intensity. ^ 

These scoring criteria have previously been described and are identical to m 

those used in our previous report on COX-2 expression in oesophageal < 

adenocarcinoma.8" For evaluation of c-Met the same scoring criteria were g 

used, since the staining pattern is similar except for the membranous ^ 

localization of the c-Met receptor. The evaluation of microvessel density by 5 
CO 

CD31 was performed as described by West et al. with minor modifications/* d 

Briefly, tumour sections were analysed at low-power magnification to assess 

areas of neo-angiogenesis. Within these areas, individual microvessels were 

counted in two or three separate random fields within a superimposed grid 

(area, 0.0625 mm2). A single countable microvessel was defined as any 

endothelial CD31 -positive cell or group of cells that was clearly separated 

from other vessels, stroma, or tumour cells without the necessity of a vessel 

lumen or red blood cells within the lumen. Areas of diffuse haemorrhage or 

necrosis were neglected. Ki67 and cleaved caspase-3 immunopositivity was 

determined as the percentage of tumour cells with positive staining counted 

in three separate x40 microscopic fields (at least 200 cells per field were 

counted). Subsequently samples were scored as 1, when less than 1 % of the 

cancer cells were positive. A score of 2 was considered if 1-5% immunostained 



cancer cells were positive, a score of 3 when 5-10%, a score of 4 when more 

than 10% of the tumour cells were positive. 

Statistical analysis 
Data obtained from Western Blot analysis or immunohistochemistry were 

analysed using the Student's t-test (two sided) with a level of significance at p-

value < 0.05. Graphically, data are shown as bar graphs depicting the mean 

values and the standard errors of mean (SEM). All statistical analyses were 

performed using the Statistical Software Package version 11.5 (SPSS Inc., 

Chicago, IL, USA). 

RESULTS 

Effects of celecoxib on cell viability and apoptosis in vitro 
Before the effects of COX-2 inhibition in patients with oesophageal cancer 

were investigated, it was essential to show that oesophageal adenocarcinoma 

cells react to COX-2 inhibition by decreasing viability and by inducing 

apoptosis. For this purpose, two human oesophageal adenocarcinoma cell 

lines OE19 and OE33 were cultured and exposed to celecoxib at various 

concentrations. Celecoxib reduced viability by inducing apoptosis in both cell 

lines at 20 uM and more as detected by the reduced incorporation of tryptan 

blue by the MTT assay after 72h (Figure 1 a). Accordingly, after 72h incubation 

with celecoxib, an increase in cleavage of caspase-3, an unequivocal marker 

for cellular apoptosis was detected on Western blot analysis (Figure 1 b) 

Effects of celecoxib on COX-2 protein and c-Met 
expression in vitro 
Subsequently, the expression of COX-2 and c-Met were determined in vitro by 

Western blot analysis after 48 hrs of celecoxib treatment to avoid cell death. 

Expression levels were corrected for protein levels to ensure equal loading. 

Celecoxib administration resulted in decreased COX-2 protein levels. 

Moreover, the levels of c-Met protein were decreased when compared to the 

levels of (3-actin (Figure 2). 

Clinical data 
To investigate the potential clinical significance of the biochemical results 

obtained in vitro, 12 patients with an adenocarcinoma of the distal 

oesophagus were preoperatively treated with celecoxib (Celebrex 200mg 

tablets) 400 mg orally twice a day, from the day of diagnosis until the day 



FIGURE 1 
A: The viability of oesophageal adenocarcinoma cells (OE19 and OE33) was measured by MTT assay. After 72 
hours of exposure to celecoxib, cell viabil ity was decreased at low concentrat ions of celecoxib whi le higher 
concentrations resulted in almost 75% percent decrease in viability. 
B: Western b lo t analysis of OE33 cell lysate after 72h incubat ion with celecoxib. The cleaved caspase-3 
products of 17 and 19 Kda are shown as a marker for apoptosis. Celecoxib progressively induces apoptosis at 
increasing concentrations. The level of |3-actin is shown as a loading control. 
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FIGURE 2 
Western blot analysis of OE33 cell lysate after 48h incubation with celecoxib. COX-2 protein levels decreased 
after 48h incubation with low concentrations (20 u.M, 40 |iM and 80 (.iM celecoxib), whereas c-Met protein is 
downregulated at higher concentrations (80 |iM celecoxib). The level of b-actin is shown as a loading control. 
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before surgery. One adverse event of celecoxib treatment was registered in a 

patient experiencing a mild cutaneous rash which spontaneously resolved 

after discontinuation of celecoxib treatment. This patient was excluded for 

further analysis. 

The median treatment duration of the remaining 11 patients was 4 weeks with 

a compliance rate of 100%. Expression data were compared to those in the 

control group consisting of 15 prospectively included patients, who did not 

receive celecoxib or any other NSAIDs medication. The clinicopathological 

parameters of both groups are described in Table 1. 



FIGURE 3 
Examples of immunohistochemical analysis of human resection specimens p lo t ted in the tissue microarray 
A: h igh COX-2 expression; B: low COX-2 expression; C high c-Met expression, D. low c-Met expression; E: 
high CD-31 expression; F: low CD-31 expression; G: high Ki67 expression; H: low Ki67 expression; I; h igh 
cleaved caspase-3 staining; J: low cleaved caspase-3 staining. Magni f icat ion = 10x. The squares at the lower 
right corner represent the same tissue at magnification = 50X 
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TABLE 1 
Clinicopathological parameters of patients preoperatively treated with celecoxib in comparison to the non-
treated control group. 

Untreated Treated p-value 

Patient characteristics 

Age (yrs) 

Gender 

(n) 

65=9 

Male (23) 

Female (3) 

(n=15) 

64±8 

12 

3 

(n=11) 

66±8 

11 

0 

0.6 

0.1 

Tumour characteristics 

Depth of invasion-

Lymph node involvement' 

Differentiation grade 

T1 (1) 

T2(3) 

T3 (22) 

NO (5) 

M (21) 

Well (0) 

Moderate (16) 

Poor (10) 

0 

2 

13 

4 

11 

0 

11 

4 

1 

1 

9 

1 

10 

0 

5 

6 

0.5 

0.3 

<0.001 

a T1: tumor limited to the submucosa, T2: tumor infiltrates muscularis propria, but not adventitia, T3 :tumor infiltrates adventitia, 
" NO; no regional lymph node metastasis. N1: regional lymph node metastasis present. 

Comparison between tumoural biochemical parameters in 
patients after celecoxib treatment and control patients 
A tissue microarray of paraffin embedded resection tissue with histologically 

confirmed adenocarcinoma of patients treated with celecoxib and control 

patients was used to immunohistochemically evaluate COX-2 and c-Met 

expression, and proliferation (Ki67), angiogenesis (CD31) and apoptosis 

(cleaved caspase-3) in the adenocarcinoma tissue (Figure 3). 

In line with the results obtained in vitro, the level of COX-2 protein was 

significantly lower in patients treated with celecoxib when compared to the 

untreated control group (p=0.002). Also, a significant decrease in c-Met 

expression was observed (p=0.003). No significant discrepancy in the 

immunohistochemically determined level of proliferation, angiogenesis, and 

apoptosis was detected, although a trend was observed towards a decrease in 

proliferation (p=0.1, Figure 4). 



FIGURE 4 
Quant i f icat ion of immunohistochemical analysis in resect ion specimens. After preoperat ive celecoxib 
treatment, tumoural COX-2 and c-MET protein levels were significantly decreased (p=0.002 and p =0.003 resp.) 
in patients treated with celecoxib when compared to non-treated control patients. Proliferation, as quant i t f ied 
by Ki67 staining, was decreased in treated patients al though this d id not reach statistical significance (p=0.1). 
A decrease in angiogenesis (CD-31 expression) or increase in apoptosis (cleaved caspase-3 expression) was 
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FIGURE 5 
Quantif ication of c-Met RNA from frozen resection specimens. Total RNA was extracted from surgical resection 
specimens contain ing at least 70% tumour tissue. After correct ion for TATA b ind ing pro te in -pro teasome 
component , a housekeeping gene. c-Met RNA levels were decreased in patients preoperat ively treated with 

celecoxib when compared to the cont ro l g roup , 

a l though this d id not reach statistical signif icance 

Relative amount of c-Met (p=0.2). 
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FIGURE 6 
Quant i f icat ion of immunohistochemical analysis in b iops ies before t reatment compared to resection 
specimens after neo-adjuvant celecoxib treatment in the same patient. 
A: In 2 o u t of 3 pat ients COX-2 expression was decreased. B: In 3 ou t of 4 pat ients a decl ine of c-MET was 
demonstrated. C: The amount of apoptot ic cancer cells, detected by immunohistochemical analysis of cleaved 
caspase-3, is decreased in 2 out of 3 patients. 
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To validate the results obtained by the immunohistochemical analysis, RNA 

levels of c-Met in the resection specimens of patients treated with celecoxib 

versus control patients were determined. The relative amount of c-Met RNA 

was decreased in patients treated with celecoxib as compared to untreated 

control patients although this did not reach statistical significance (p=0.2, 

Figure 5) 

Comparison between tumoural biochemical parameters in 
preoperative biopsies and surgical resection specimens 
after celecoxib treatment 
To confirm the effects of celecoxib on biochemical parameters observed both 

in vitro and in vivo, the expression patterns of COX-2, c-Met, Ki67 

(proliferation), CD31 (angiogenesis), and cleaved caspase-3 (apoptosis) were 

also measured in tissue samples from the same patient taken before and after 

treatment. So far, we have only been able to analyse the tissue specimens of 

three patients. Soon the data of the eight remaining patients will become 

available, after which a more definite statistical analysis will be performed. 

Again, a decline in COX-2 and c-Met protein expression was detected by 

immunohistochemistry. In addition, apoptosis was substantially increased 

during the four weeks of treatment which is consistent with the in vitro data 

described above (Figure 6). 



DISCUSSION 

This study demonstrates that low concentrations of the selective COX-2 

inhibitor celecoxib significantly decrease cell viability in oesophageal 

adenocarcinoma cell lines and that they induce cell apoptosis at higher 

concentrations in vitro after 72 hours. This decrease in viability was associated 

with diminished COX-2 protein expression levels after 48 hours, in 

combination with decreased expression of c-Met protein. These findings led 

to the initiation of a clinical phase II study with selective COX-2 inhibition as 

neo-adjuvant treatment in patients with an adenocarcinoma of the 

oesophagus. The preliminary results of this study show that 4 weeks celecoxib 

treatment significantly inhibits the tumoural expression of COX-2 and c-Met in 

vivo. Although the decrease in proliferation and angiogenesis or increase in 

apoptosis in vivo was not statistically significant, the current results suggest 

that the role of selective COX-2 inhibition in the treatment of oesophageal 

adenocarcinoma is promising. 

The decrease in COX-2 expression after selective COX-2 inhibition in vivo is in 

agreement with the study of Kaur et al. They convincingly showed a decrease 

of COX-2 expression and cell proliferation in patients with metaplastic 

Barrett's epithelium after 10 days of rofecoxib, a selective COX-2 inhibitor.30 

In addition, celecoxib administration in patients with cervical cancer has also 

been shown to decrease COX-2 expression.'" In in vitro and in animal studies, 

this decrease in COX-2 expression is associated with a decrease of tumour 

proliferation, angiogenesis and increase in apoptosis.3233 A possible 

explanation for this observation is that selective COX-2 inhibition reduces 

oncogenic signal transduction mediated by growth factors and their 

receptors, such as c-Met, via downregulation of PGE-2. Pai et al. 

demonstrated that PGE-2 transactivates epidermal growth factor receptor and 

c-Met, which latter was demonstrated to increase tyrosine phosphorylation 

and nuclear accumulation of b-catenin.'' Tyrosine phosphorylation of P-catenin 

by HGF is suggested to promote metastatic potential and tumour 

invasiveness by stabilizing p-catenin and binding of T cell factor/lymphoid 

enhanced binding factor-1 (TCF/LEF-1) DNA transcription factors, which in 

turn stimulate cell proliferation.'' This increase in c-Met by PGE-2 stimulation 

can explain our in vivo finding that celecoxib treatment was associated with a 

significantly lower tumoural COX-2 and c-Met expression when compared to 

COX-2 and c-Met expression in the non-treated patient group, and that a 

similar decrease in expression levels was observed before and after celecoxib 

therapy in the same patient. Although no definite conclusions can be drawn 

about the exact anti-carcinogenic pathway, the significant concomitant 



decrease in COX-2 and c-Met expression suggests that c-Met is indeed an 

important target of selective COX-2 inhibition. This is in agreement with a 

previous report demonstrating that celecoxib delayed wound healing by 

down-regulation of the HGF/c-Met signalling pathway in a rat model for 

oesophageal ulcers.34 

C-Met is expressed in various cancers and is associated with an advanced 

stage of disease. Moreover the activation of the HGF receptor is one of the 

main mechanisms involved in the development of metastases/"3' In this study 

it was demonstrated that the patients with oesophageal cancer have a high 

expression of the c-Met protein. Compared to other cancers of the 

gastrointestinal tract, lymphatic dissemination occurs relatively early during 

the development of oesophageal cancer.5'- It has been suggested that this 

relatively early lymphatic dissemination is due to the extensive lymphatic 

network in the submucosa of the oesophagus, which is absent elsewhere in 

the digestive tract. However, specific molecular mechanisms like the 

expression of adhesion molecules and growth receptors can also account for 

this oncogenic behaviour. The observed decrease of C-Met expression by 

short term celecoxib administration in vivo, provides a rational to analyse its 

significance in prevention of cancer progression and dissemination. 

It should be realized that this is a phase II trial comparing treated and non-

treated patients, set up to create insight in the biochemical mechanisms 

underlying selective COX-2 inhibition in vivo. Whether selective COX-2 

inhibition truly improves patient survival has to be demonstrated in a 

randomized controlled trial with long term survival data which is currently 

being performed. It is acknowledged that the results of this study may be 

hampered by sampling errors since oesophageal biopsies might be affected 

by the tissue handling. However, this is less likely since the observed changes 

in the described parameters were also present when non-treated patients 

were compared to celecoxib treated patients in resection tissue analysis. 

In conclusion, this study demonstrates for the first t ime that neo-adjuvant 

celecoxib administration can downregulate COX-2 and the HGF receptor c-

Met in vivo, in oesophageal adenocarcinoma. Therefore, not only COX-2 but 

also c-Met is interesting as a promising molecular target for selective COX-2 

inhibition. So far, most studies have predominantly focused on the potential 

chemopreventive value of NSAIDs and selective COX-2 inhibitors. Since COX-

2 and c-Met are both important oncogenes involved in cancer progression 

and the development of distant metastases, the role of selective COX-2 

inhibition in the treatment of oesophageal adenocarcinoma seems also 

promising. However, the results of a randomized controlled trial with long-

term follow-up data will have to be awaited before this new treatment strategy 

can be implemented in daily clinical practice. 
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INTRODUCTION 

Over the last decades, enormous progress has been made in the understanding 

of basic molecular genetics. This is particularly true for oesophageal 

adenocarcinoma with its well defined premalignant lesions. It is now generally 

accepted that oesophageal adenocarcinoma develops via a sequence of 

genetic changes in which the normal squamous cell epithelium is replaced by 

columnar epithelium (Barrett's oesophagus) due to longstanding gastro-

oesophageal reflux disease (GORD).1 The metaplastic Barrett's epithelium is 

associated with an increased risk of malignant degeneration via low-grade and 

high-grade dysplasia into adenocarcinoma/' Insights into the mechanism of 

> pathological processes during malignant degeneration in combination with the 

% synergistic progress in recombinant DNA technology, have stimulated efforts to 

^ develop therapeutic approaches to prevent or correct the genetic changes in 

£ oesophageal malignancies and optimize the limited current treatment 

S strategies for this aggressive disease. 

< In general, gene therapy can be described as the introduction and expression of 

an exogenous gene into human cells with resulting therapeutic benefit. It was 

originally developed for inherited disorders with well defined single gene 

defects. The first human gene transfer study (pioneered by Anderson Blease in 

1990) attempted to correct adenosine deaminase deficiency in patients with 

£ severe combined immune deficiency disorder (SCIDD).' In a clinical trial, patient 
LU 

£ T lymphocytes were genetically modified in the laboratory (ex vivo) and so far 

5 this is the only study with good long-term results. Nowadays, the largest 

proportion of gene therapy targets cancer with 608 of the 918 (66%) registered 

clinical trials being for various malignancies (Table 1). In oncology, gene therapy 

can be defined as the introduction of DNA into cells (either neoplastic or 

normal) in order to eliminate malignant cells.'1 This can be achieved by 

modulating the immune response to a tumour (genetic immunotherapy), 

reversing the malignant process by correcting genetic abnormalities (gene 

replacement therapy), or inducing malignant cell death (suicide gene therapy or 

viral oncolysis). Another possibility is to enhance a tumour's responsiveness to 

conventional treatment strategies such as chemotherapy and radiotherapy, or to 

protect normal tissue by introduction of genetic material that renders resistance 

to toxic effects of such treatment (drug resistance gene therapy).' 

A number of strategies have been developed to accomplish cancer gene 

therapy. These approaches include immunotherapy, gene corrections, and 

cytotoxic gene therapy. ' However, despite substantial progress in the field, 

wide clinical application and success have not been achieved. In cancer gene 

therapy, the main problem is efficient gene delivery. At present, both 



TABLE 1 

Clinical trials for cancer gene therapy registered at the official trial sue of the Journal of Gene Medicine until 

January 31, 2004 (http://www.wiley.co.uk/genetherapy/clinical/). 

Gene therapy clinical trials 

Malignant disease 

Melanoma 

Prostate 

Breast 

Head and neck 

Lung 

Ovanan 

Renal 

Leukaemia 

Colorectal 

Cervical 

Ekrlriei 

Brain/neuroblastoma 

Solid tumour 

Hepatocellular 

Gastric 

Oesophageal 

Other 

Total 

Number 

127 

78 

65 

57 

53 

45 

27 

21 

19 

14 

/ 
6 

6 

4 

2 

2 

75 

608 

% 
20.9 

12.8 

10.7 

9.4 

8.7 

7.4 

4.4 

3.5 

3.1 

2.3 

1.2 

1.0 

10 

0.7 

0.3 

0.3 

12.3 

100 

o 
m 
z 
iti 
H 

transduction efficiency and selectivity are far from optimal. Another obstacle is | 

the lack of good study models to analyse novel vectors for gene therapy. This 5 

overview is intended to describe the general principles of cancer gene 

therapy and specifically reviews the present status of developments in gene 

therapy for oesophageal cancer. 

GENE DELIVERY METHODS 

To introduce new genetic material into malignant cells, vectors are used. The 

gene of interest must be inserted into a vector adjacent to a promoter that 

induces transcription. Then the construct must be packaged and delivered to 

the specific target cells, transcribed and expressed in high enough 

concentration to exert its effect. The transfer of transgene constructs into 

living cells can be accomplished using non-viral or viral vectors. 

http://www.wiley.co.uk/genetherapy/clinical/


TABLE 2 
Vectors used in clinical trials for cancer gene therapy as registered at the official trial site of the Journal of 
Gene Medicine until January 31, 2004 (http://www.wiley.co.uk/genetherapy/clinical/). 

Gene therapy clinical trials 

Vector 

Adenovirus 

Adeno-associated virus 

Retrovirus 

Pox virus 

Vaccinia virus 

Herpes simplex virus 

Salmonella typhimurium 

Measles virus 

Naked/plasmid DNA 

Lipofection 

RNA transfer 

Gene gun 

Adenovirus + retrovirus 

Pox virus + vaccinia virus 

Other 

Total 

Number 

181 

3 

126 

52 

30 

25 

2 

2 

85 

69 

10 

5 

2 

10 

6 

608 

% 
29.8 

0.5 

20.7 

8.6 

4.9 

4.1 

0.3 

0.3 

14,0 

11.3 

1.6 

0.8 

0.3 

1.6 

1.0 

100 

Non-viral vectors 
Non-viral gene transfer systems include the direct tissue injection of DNA 

which can be enhanced by electroporation. Another way to enhance gene 

transfer is to use reagents that allow DNA transfer across the cell membrane 

like liposomes, peptide delivery systems, or polymer vectors/ All non-viral 

methods have a high level of safety since they are considered non-toxic and 

non-immunogenic. However, efficiency of gene transfer is lower than can be 

achieved when using viral vectors.' Furthermor, the limited expression period 

of the introduced DNA and the absence of any mechanism to maintain the 

introduced 'dna within the cell can be another disadvantage. Therefore, the 

use of non-viral approaches seems to be limited as vectors for cancer gene 

therapy.'0 

Viral vectors 
Viral vectors are used in the majority of gene therapy studies due to their 

higher efficiency of gene transfer compared to non-viral techniques. Viral 

vectors can be either DNA or RNA based. DNA viral vectors include 

http://www.wiley.co.uk/genetherapy/clinical/


adenoviruses and adeno-associated viruses (AAVs), and RNA viral vectors are 

retroviruses (for example the lentivirus derived from human immunodeficiency 

virus). Each vector system has its own advantages and disadvantages which 

determine their suitability for different clinical applications. Selection is based 

on the maximum permissible transgene size, transfection efficiency, maximum 

viral titre attainable, tendency to provoke inflammatory and immune response, 

persistence of gene expression, ability to transduce non-dividing cells, target 

cell-specificity, and impact on the host genome. 

Adenoviruses are non-enveloped linear double-stranded DNA viruses. Uptake 

of the adenoviral particles involves binding of the viral fiber knob with cell 

receptors and integrins, followed by internalization via receptor mediated 

endocytosis.'' The viral genome does not integrate into the host genome but 

instead replicates as episomal elements in the nucleus of the host cell with no 

risk for insertional mutagenesis. The adenoviral genome can accommodate up 

to a 30 kb DNA insert. Adenoviral vectors can efficiently deliver genes to a n 

wide variety of dividing and non-dividing cell types, but for the most part £ 

transfections are transient. A significant problem associated with adenoviral 

vectors is initiation of an immune response and the associated generation of 

neutralizing antibodies that prevents subsequent treatment with the vector.1213 

AAV vectors are non-enveloped single-stranded DNA human parvoviruses 

that are dependent on a helper virus, adenovirus or herpes simplex virus, to 

proliferate. They are also capable of infecting both dividing and non-dividing 2 

cells. Although AAV was thought to integrate into the genome, current data £ 

indicate that this vector mostly remains in an episomal form. Still the large £ 

concatemers formed by this vector do result in prolonged expression.'4 In 

contrast to adenoviruses, they do not cause a significant host inflammatory | 

response.'3 A significant limitation of AAVs as vectors is that the viral genome 5 

can only accept DNA inserts up to 4.7 kb in length. 

Retroviruses are single-stranded RNA viruses that attach to a cell surface 

receptor via an envelope surface protein, followed by receptor mediated 

endocytosis. The outer envelope protein coat is shed and the viral genome 

undergoes reverse transcription to form a double-stranded DNA 

intermediate. The viral nucleoprotein complex then enters the cell nucleus 

and integrates randomly into the host genome.'' An advantage of this vector 

is that the permanently integrated viral genome can be transmitted to the 

progeny of the transduced parent cell resulting in sustained transgene 

expression, but transfections occur with low efficiency in non-dividing cells.': 

Another disadvantage is the potential risk for insertional mutagenesis due to 

the random integration. An overview of the various vectors used in clinical 

cancer gene therapy trials is given in Table 2. 



STRATEGIES FOR CANCER GENE THERAPY 

The various strategies for cancer gene therapy used in clinical trials are 

summarized in Table 3. 

TABLE 3 
Gene therapy approaches used in clinical trials for various cancers as registered at the official trial site of the 
Journal of Gene Medicine until January 31, 2004 (http://www.wiley.c0.uk/genether3py/clinical/). 

Gene type 

Immunotherapy 

Tumour suppressor 

Antigen 

Antisense 

Suicide 

Viral oncolysis 

Drug resistance 

Receptor 

Oncogene regulator 

Hormone 

Others 

Total 

Gene 

Number 

179 

114 

111 

6 

68 

51 

13 

25 

4 

3 

34 

608 

therapy clinical trials 

% 
29.4 

18.8 

18.3 

10 

11.2 

8.4 

2.1 

4.1 

0,7 

0.5 

5,6 

100 

Genetic immunotherapy 
The main principle of genetic immunotherapy is to improve the host's immune 

response to a particular tumour.'-' Passive immunopotentiation involves 

boosting the natural immune response to make it more effective. Active 

immunopotentiation requires the initiation of an immune response against a 

previously unrecognized tumour. Strategies of passive immunopotentiation 

include transfection of cytotoxic T cells, natural killer cells, macrophages, and 

dendritic cells with genes encoding cytokines and growth factors." The 

population of transfected cells is expanded and then returned to the patient. 

Immune cells can also be induced to recognize specific cancer cells. 

Active immunotherapy (tumour vaccines) is used to initiate an immune response 

against an unrecognized or poorly antigenic tumour. Tumour cells can be 

genetically modified to express a variety of factors (e.g. major histocompatibility 

antigens, cytokines, tumour antigens). The transfected tumour cells are then 

http://www.wiley.c0.uk/genether3py/clinical/


irradiated both to minimize malignant potential and to improve immunogenicity 

before being reintroduced by vaccination into the patient/70 Nowadays, the 

majority of cancer gene therapy trials use the immunotherapy approach. Phase II 

immunotherapeutic clinical trials based on dendritic cell immunotherapy for 

patients with glioma and hepatocellular carcinoma patients are ongoing21 ^and 

a variety of melanoma tumour cell vaccines have been developed, including 

immunization with IL-7^3 and IFN-y.2J 

Gene replacement 
Loss of tumour suppressor genes is an important mechanism in the 

carcinogenesis by which cancer cells with DNA mutations can continue to 

proliferate and avoid apoptosis. The potential to correct these losses in a 

tumour genome seems an attractive approach for cancer gene therapy to 

inhibit cell growth and induce apoptosis." Phase I and II clinical trials with 

tumour suppressor gene replacement for non-small cell lung cancer have n 

demonstrated that direct intratumoural injection can cause tumour regression 

or prolonged stabilization of local disease.*' In addition, this gene transfer was 

associated with low toxicity and therefore it has been hypothesized that 

tumour suppressor gene replacement can be readily combined with existing 

and future treatments.2'' More recent data from laboratory studies 

demonstrate that these genes may even be useful in early intervention, 

diagnosis, and even prevention of cancer. 5 

Another form of this type of cancer gene therapy is inactivation of oncogenes. £ 

The propagation of cancer cells by activation and amplification of oncogenes £ 

can be inhibited using the following strategies: 1) Inhibition of oncogene ™ 

transcription into mRNA by using DNA oligonucleotides {i.e.. short single- | 

stranded DNA sequences) that are designed to bind to specific oncogene 3 

promoter regions.2* These oligonucleotides form triple helix structures that 

prevent oncogene transcription. 2) Reduction of mRNA translation into 

protein by using antisense RNA oligonucleotides that bind in a 

complementary manner to the mRNA. The resulting double-stranded RNA 

complexes are subsequently destroyed by intracellular enzymes. Antisense 

oligonucleotides have been used to block bcl-2 oncogene translation in 

prostate and breast cancer cells.29 3) After mRNA translation, transportation of 

the oncoprotein to its target can be blocked by intracellular expression of 

single chain antibodies directed against the oncoprotein, called intrabodies.*' 

Although there are only a few clinical studies with this approach, intrabodies 

have been developed against p53, erb2, and cyclin E proteins expressed in 

ovarian and breast cancers with good in vitro results.3'-32 



Suicide gene therapy 
One of the most promising strategies of gene therapy is the transfection of 

cancer cells with suicide genes that encode enzymes able to transform a non

toxic 'prodrug' into a toxic product. The advantage of this approach is the so-

called bystander effect of the toxic drug that can induce cell death of 

neighbouring tumour cells without the need of viral transduction. There are 

two commonly used approaches: 1) The use of Herpes Simplex Virus (HSV)-

thymidine kinase (tk), followed by treatment with nucleoside analogues such 

as gancyclovir.'- Viral tk converts the monophosphate ganciclovir into the 

triphosphate form by cytoplasmic enzymes. This triphosphate ganciclovir is 

incorporated into replicating DNA and stops chain elongation resulting in cell 

death. 2) Transfection of cancer cells with the Escherichia coli gene coding for 

Cytosine Deaminase (CD) followed by systemic use of 5-fluorocytosine (5-FC).34 

CD transforms the non-toxic pro-drug 5-FC into the cytotoxic drug 5-fluorouracil 

(5-FU). Sixty-eight clinical trials for various carcinomas (e.g. brain, prostate, 

bladder, kidney) using the suicide gene therapy strategies are currently being 

performed, most of which are still in a phase I stage.35,34 

Drug resistance gene therapy 
One major obstacle to successful treatment with high-dose chemotherapy is 

myelosuppression. The transfer of drug-resistance genes into haematopoietic 

stem and progenitor cells has been explored as a method for overcoming this 

problem. Overexpression of the human multidrug resistance 1 (MDR1) drug-

efflux P-glycoprotein in cells confers resistance to a variety of 

chemotherapeutic agents including paclitaxel and etoposide.3' 

Retroviral transfer of the MDR1 gene into human stem and progenitor cells 

prior to autologous transplantation has been used with variable results in the 

treatment of human germ cell tumours, metastatic breast cancer, and other 

advanced cancers not involving bone marrow.39,J0 

Viral oncolysis 
Most strategies for cancer gene therapy as described above use non-

replicative viral vectors encoding for a target gene. A relatively new class of 

therapeutic vectors are replicative viruses which induce destruction of 

tumour cells as a result of viral replication with the advantage of 

subsequent multiplication and spread (Figure 1).':1 Viruses that have been 

examined for their oncolytic potential include the adenovirus, herpes 

simplex virus and vaccinia virus. The adenovirus has the most favourable 

characteristics since the natural adenoviral replication cycle is lytic and 

results in killing of the infected cell.'1' For safety and effectivity reasons, 



FIGURE 1 

The concept of adenoviral oncolysis: conditionally repl icating adenoviral vectors (CRAds) infect tumour cells, 

replicate their genome, assemble new viral particles and kill the host tumour cell by lysis. This results in the 

release of progeny viruses, which are able to transfect neighbour ing cells. In normal cells the viral replication 

is attenuated. 

oncolytic adenovirus 



it is of crucial importance that these constructs have tumour specific 

characteristics. In the adenoviral context this has led to the development of 

conditionally replicative adenoviruses (CRAds).42Two general mechanisms 

have been used to achieve tumour-selective viral replication: 1) The 

deletion of viral genes that are dispensable on infection of neoplastic cells 

but are critical for viral replication in non-neoplastic cells. An example is the 

ONYX-015 virus, in which tumour specificity is obtained by a deletion in the 

viral E1B region that normally encodes a 55-kDa protein. When an 

adenovirus infects a normal cell, p53 levels are upregulated and the cell 

undergoes cell-cycle arrest or apoptosis, thereby preventing viral 

replication. Wild-type adenoviruses escape this 'cellular suicide' by 

expressing the E1 B 55-kDa protein which binds to and inactivates p53, 

allowing viral replication to proceed. ONYX-015 lacks this gene, restricting 

viral replication to cells with a defective p53 pathway.4- ONYX-015 has been 

analysed in clinical trials for the treatment of several p53-deficient 

malignancies, including head and neck cancer and ovarian malignancies.44' 

Phase I studies demonstrated the safety of ONYX-015 administered 

intratumourally and intravenously, but most phase II studies did not induce 

significant tumour regression. 2) Replacing the replication controlling viral 

EA1 promoter by a tumour specific promoter.46 Such a selective promoter 

can be derived from genes that are upregulated specifically in tumour 

tissue. An example is the oncolytic adenovirus under transcriptional control 

of an alfa fetoprotein (AFP) promoter that replicates selectively in AFP-

producing cell lines (e.g. HCC cell lines).47 

GENE THERAPY FOR OESOPHAGEAL CANCER 

Potential applications 
There are at least three potential strategies for application of gene therapy 

in the treatment of oesophageal carcinoma. The first scenario is the patient 

with locally irresectable or metastastic disease who is not a candidate for 

surgical resection. For these patients, gene therapy could be used to 

reduce tumour load as a palliative regimen by either systemic or local 

endoscopic administration. In another scenario gene therapy could be used 

as adjuvant therapy either to treat local residual disease after a non-radical 

resection or to treat (micro-) metastases. It has been demonstrated that 

even after a presumed radical oesophagectomy, undetected malignant 

cells may still be present in bone marrow or lymph nodes. With a specific 

vector one could eradicate these metastases by systemic delivery. 



The third scenario is for the patients with high-grade dysplasia in a 

Barrrett's oesophagus, for whom there is very high risk of the presence or 

soon development of cancer, or patients with an intramucosal lesion 

without lymph node metastases. So far, these patients are advised to 

undergo an oesophagectomy which is associated with a significant 

morbidity and substantial mortality. Currently, various endoscopic 

techniques (e.g. endoscopic mucosal resection and photodynamic therapy) 

are being explored as local treatment strategies for these lesions. In the 

context of gene therapy, a specific gene delivering vector eliminating 

dysplastic and neoplastic cells could potentially be used for these early 

lesions endoscopically. 

In vitro studies 
Most studies on gene therapy for oesophageal cancer make use of in vitro 

models in which the various strategies of genetic immunotherapy, gene 

replacement therapy and suicide gene therapy are analysed in human 

oesophageal cancer cell lines. For genetic immunotherapy it was 

demonstrated that a replication-deficient adenoviral vector encoding TNF-a 

under control of the early growth response-1 gene (EGR-1) promoter, which is 

sensitive for radiation, resulted in TNF-a secretion and cytotoxicity upon 

radiation of transduced oesophageal adenocarcinoma cells/8 In another study, 

retrovirally expressed interleukin-2, interleukin-6 and granulocyte 

macrophage-colony stimulating factor inhibited the metabolism of transduced 

oesophageal squamous carcinoma cells after irradiation.w 

Gene replacement therapy with the tumour suppressor genes p53 and p21 

transduced in several oesophageal squamous cell carcinoma cell lines using 

adenoviral vectors, resulted in efficient apoptosis and a significant reduction in 

cell growth.50 5' Antisense therapy has also been used in oesophageal cancer 

cell lines. Proliferating cell nuclear antigen (PCNA) has been shown to 

stimulate DNA synthesis by DNA polymerase delta, and it is expressed in the 

majority of oesophageal cancers. Antisense oligonucleotides specific for 

PCNA mRNA were demonstrated to inhibit the growth of oesophageal 

carcinoma cell lines, whereas random sequence oligonucleotides had no 

effect.52 

For suicide gene therapy, the HSV-tk system was tested on oesophageal 

squamous carcinoma cell lines. It was shown that the HSV-tk system resulted in 

a cytotoxic effect of transduced cells, accompanied by a cytotoxic bystander 

effect of the surrounding non-transduced tumour cells.5" In this study, the 

effect of HSV-tk was enhanced by uracil phophoribosyltransferase, which alters 

the 5-FU metabolism and sensitivity.5' 



In vivo animal studies 
In vivo gene therapy studies for oesophageal cancer are more limited, since 

most animal models are laborious and associated with a high morbidity and 

mortality of the animals. Subcutaneously injected cell lines in nude mice, is the 

most commonly used animal model. In this model it was demonstrated that 

immunotherapy with TNF-a under control of the EGR-1 promoter resulted in 

regression of oesophageal carcinoma cell line tumours after radiation.48 When 

the HSV-tk system was used for subcutaneous tumours in nude mice, the cell 

lines with wild type p53 showed better response on adenoviral suicide gene 

therapy when compared to tumours with mutated p53.b~ For this latter group 

adenoviral p53 gene replacement therapy with the recombinant adenoviral-

>- p53 vector is suggested to be more effective since significant growth 

S suppression in a xenograft nude mice model was demonstrated." A gene 

£ transfer study in normal rat oesophagus showed that squamous epithelium 

S can also be transduced with the use of liposomes, although this transduction 

is limited.-5 This transduction of normal squamous epithelium is an application 

< that has successfully been used to transduce the manganese superoxide 

dismutase transgene which prevented radiation-induced damage."'6 

Clinical studies 
So far, two clinical phase II trials using gene therapy for oesophageal 

* carcinoma have been initiated. Both protocols are for locally advanced 
Ui 

È oesophageal carcinoma. One multi-center study at the University of California 

5 uses preoperative immunotherapy with an adenovirus encoding TNF-a 

(AdGVEGR.TNF.11D) in combination with chemotherapy 

(http://www.wiley.co.uk/genetherapy/clinical/). The other study, performed at 

the University of Tokyo, Japan, introduces an adenoviral vector intratumorally 

encoding for the wild type p53. Although the results have to be awaited, the 

latter trial has reported preliminary data indicating that the feasibility of this 

treatment appeared fairly good in nine patients and that so far no serious 

adverse events were seen.57 

In patients with head and neck cancer remarkable clinical effect was achieved 

with the use of ONYX-015, the adenovirus that selectively replicates in p53-

deficient cancer cells as described above, in combination with 

chemotherapy.58 Since head and neck cancers are squamous cell carcinomas 

with malignant characteristics comparable to oesophageal sqamous cell 

carcinomas, ONYX-015 potentially could have a role in the management of 

these cancers. 

http://www.wiley.co.uk/genetherapy/clinical/


OPTIMIZ ING GENE THERAPY FOR 
OESOPHAGEAL CANCER 

As with all forms of cancer gene therapy, the main problem in developing this 

new therapeutic approach for oesophageal malignancies is to optimize gene 

delivery in order to maximize the proportion of successfully transduced 

tumour cells and increase selective transduction to spare normal cells. 

Although numerous vector systems for gene transfer have been developed, a 

perfect vector system has not yet been constructed. So far the adenovirus 

seems the most promising vector due to its relatively high transduction 

efficiency, but clinical studies still demonstrate difficulties of gene transfer due 

to resistance of human cells for viral infection. To increase infection efficiency 

and selectivity targeting is used. Several targeting approaches have been 

developed with promising in vitro results. However, it has been demonstrated 

that there is a significant discrepancy between the vector efficiencies 

observed in vitro using established cell lines and the tumour transduction 

rates achievable in vivo. Therefore, optimising gene therapy should focus on 

both developing adequate study models and improving vector systems. 

Study models 
With the currently available study models, human cancer cell lines are most 

often used to analyse vector efficiencies. However, established cell lines are 

transformed due to multiple passages and consist of only one cell type, which 

makes the similarity to the original heterogeneous tumour cells limited. 

Therefore, it is important to create a cell culture system with human tumour 

cells that is more comparable to the in vivo situation. Primary cell cultures from 

human biopsies or resection material have been established in which different 

(heterogeneous) cell types could be studied59, but this is still an artificial 

monolayer test-system in which the original tumour architecture is lost. To 

perform experiments in complex three-dimensional heterogeneous tumours, 

xenografts can be used.60 For survival of these xenografts, the primary human 

specimens are often implanted in a nude mouse." Although this is an 

attractive model comparable to the in vivo situation, the results should be 

interpreted with caution because of the lack of immune-response on 

adenoviral administration in nude mice, possibly resulting in false-positive 

results. Another option to analyse vector efficiencies for gene therapy is the 

use of animal models with spontaneously developed tumours. Several studies 

have demonstrated that the carcinogen 2,6-dimethylnitrosomorpholine 

(DMNM) induces squamous cell carcinomas and adenocarcinomas in rats.62-63 

Other reports also showed the development of a Barrett's segment and 

z 



adenocarcinoma after gastro-duodenal-oesophageal reflux without 

carcinogens M,6S, but so far the true nature of these lesions remains to be 

elucidated. In addition, one also has to realize that as a general rule 

humanadenoviral vectors do not replicate in most animal cells and that animal 

models most frequently used to study cancer gene therapy {e.g. rat and 

mouse) are therefore not suitable to assess the selectivity of CRAds. 

Targeting 
Several targeting approaches to increase the selectivity and/or efficiency of 

gene delivering vectors for oesophageal cancer were analysed. To increase 

tumour selective transduction, peptides that bind a specific tumour antigen 

> can be cloned into the viral vector allowing specific tumoural infection. For 
< 
2j oesophageal carcinoma a marked difference in expression of the human 

Jü epithelial cell adhesion molecule (EpCAM) between normal and 

g (pre)malignant lesions of the oesophagus was demonstrated. Based on these 

£ findings, the feasibility of a bispecific antibody against the adenovirus fiber-

< knob protein and EpCAM was explored for selective gene transfer.65 

Adenoviral vectors redirected to EpCAM using bispecific antibodies 

specifically infected gastric and oesophageal cancer cell lines. Using primary 

human cells, an improved ratio of tumour transduction over normal epithelium 

transduction was accomplished by these EpCAM-targeted vectors. Other 

| targets like the epidermal growth factor receptor, c-met and HER2/neu have 
UJ 

t also been suggested as potential epitopes to which a gene delivering vector 

o could be targeted to for specific transduction.2"' 

To increase transduction efficiency, genetic targeting can be used. From 

literature it is known that adenoviral cell entry via the Coxsackie and 

adenoviral receptor (CAR) is the rate-limiting step of gene delivery.07 An 

important problem in vivo is the decreased expression of CAR in tumour cells. 

By inserting an arginine-glycine-aspartate (RGD) tri-peptide in the fiber knob, 

the adenoviral vector can be targeted to integrins."'' Studies have 

demonstrated that this RGD-retargeted adenovirus infects pancreatic and 

ovarian carcinoma cells with enhanced efficiency.-'76" Since oesophageal 

tumour cells also express various integrins abundantly, genetic targeting 

might be an attractive approach for this malignancy. 

The use of tumour specific promoters to develop selective CRAds has also 

been proposed as an attractive targeting strategy for oesophageal cancer. All 

genes upregulated specifically in dysplastic or tumour tissue can potentially 

be used. Examples are the Cyclooxygenase-2 (COX-2) and midkine enzyme 

which are frequently upregulated in oesophageal cancer while undetectable in 

normal squamous cell epithelium.69-70 



CONCLUSIONS 

Oesophageal cancer is an aggressive disease for which current treatment 

modalities are limited. For the last two decades there have been significant 

developments in the field of surgery and adjuvant regimens, but even despite 

these advances in multimodal therapy, the prognosis for patients with invasive 

oesophageal cancer remains poor. Therefore, new and innovative treatment 

modalities are needed to improve the management of these patients. 

The field of cancer gene therapy has evolved tremendously with many 

potential applications. Especially in the field of targeting and new therapeutic 

genes there have been promising developments in recent years. Most of this 

research is still in a preclinical phase and so far clinical studies have mainly 

focused on safety issues. The results of the first clinical efficacy trials are 

anxiously awaited, but obviously a lot of research is still needed before gene 

therapy can play a significant role in the management of oesophageal cancer. 

The focus of this research should be on developing new experimental models as 

well as on improving gene delivering vectors or novel therapeutic genes that can 

have a synergistic effect with current adjuvant therapies. Although it is unlikely 

that cancer gene therapy will replace the conventional methods of treatment, 

selective and efficient vectors might be used as monotherapy for a specific 

subset of patients or it might be used as (neo-) adjuvant therapy improving the 

therapeutic options for patients with oesophageal cancer in the future. 
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INTRODUCTION 

Oesophageal cancer is a highly aggressive disease with poor long-term 

outcome. So far, surgical resection is still the treatment of choice when 

curation is aimed at. However, this treatment is associated with high morbidity 

and mortality, and even after potentially curative surgery, five-year survival 

rates rarely exceed 25%.' Therefore, new approaches in the treatment of this 

malignancy are searched for. Gene therapy with adenoviral vectors seems a 

promising novel treatment modality for various malignancies in preclinical 

studies^ :', but so far clinical results are often disappointing. This is at least 

partly due to the following two important problems. 

First, there is a significant discrepancy between the adenoviral vector 

efficacies observed in vitro using established cell lines and the tumour 

transduction rates achievable in in vivo delivery:1 Although carcinoma cell lines 

are valuable tools for investigating various aspects of transduction efficiencies, 

only specific cell types can be studied. In addition, these cells consist of a 

monolayer of monoclonal tumour cells which are transformed due to multiple 

passages with limited similarity to the heterogeneous carcinoma cell 

population in vivo. Therefore, it would be desirable to have a culture system of 

primary cells to study adenoviral transduction in cells more comparable to the 

In vivo situation. 

A second important limitation of the in vivo application of the current 

adenoviral cancer gene therapy, is the resistance of carcinoma cells to 

adenoviral infection. Adenoviral entry into target cells is the rate-limiting step 

of gene delivery. The initial binding of an adenovirus to the cell surface is a 

receptor-mediated process, and therefore efforts have been made to 

characterize the cellular receptors of the adenovirus. Recently, one of the 

adenoviral receptors on the surface of a host cell was identified as the 

Coxsackie and adenoviral receptor (CAR), which is a protein that is also 

involved in maintaining tight junction integrity."' Upon binding of the knob 

domain of the viral fiber protein to CAR, the virion enters the cell through the 

interaction of its penton base with the 0^63 and the 0^65 integrins on the 

host cell surface.7 This is followed by the internalization of the virus within a 

clathrin-coated endosome. Finally, the virus escapes the endosome, 

translocates to the nuclear pore complex, and releases its genome into the 

nucleoplasm where subsequent steps of viral replication take place 

(Figure 1). 

Several investigations have revealed a decrease in expression of the CAR 

protein in neoplastic cells, which may explain the low transduction efficiency 

of carcinoma cells seen in vivo.' ' In order to overcome the limitations imposed 



FIGURE 1 

A: Entry of native adenoviral vector by binding the viral fiber knob (closed circles) to the Coxsackie and 

adenoviral receptor (CAR). B: Genetical targeting of the adenoviral vector by inserting an Arginine-Glycine-

Aspartate (RGD) pept ide into the HI loop of the fiber knob (open circles). C: The retargeted adenoviral vector 

can directly b ind to the integrins, al lowing a CAR independent gene transfer. 

genetic targeting 

B 

by the CAR dependence of adenoviral infection, targeting can be used by 

genetically modifying the fiber knob, enabling the virus to attach and infect 

via another cell surface receptor. Since tumour cells express integrins 

abundantly, a retargeted adenoviral vector with an Arginine-Glycine-Aspartate 

(RGD) peptide inserted into the Hl-loop of the fiber knob might solve the 

problem of poor transduction of tumour cells by allowing a CAR independent 

gene transfer directly through integrins." 



The first aim of this study was to establish a culture system from fresh surgical 

resection specimens to study adenoviral transduction in cells more 

comparable to the in vivo situation. An additional advantage of such a system 

is that apart from analysing infection percentages in (heterogeneous) 

carcinoma cells of various patients, the transduction efficiencies of adenoviral 

vectors in carcinoma cells can directly be compared to normal squamous 

mucosal cells of the same patient. 

The secondary aim of this study was to analyse the efficiency of the genetically 

retargeted vector for oesophageal carcinoma in comparison to the native 

| adenovirus. The RGD-retargeted adenovirus was tested on four established 

| human oesophageal carcinoma cell lines, and on ten primary cell cultures from 

Q fresh surgical oesophageal resection material. Because primary cultures of 

ÏÏ human material will contain various cell types (especially fibroblasts, lymphocytes 

H and hematopoietic cells) in addition to cancer cells'0 y', we subsequently 

=! characterized the origin of the cells that were infected by both vectors. 

MATERIALS A N D METHODS 

Establ ished oesophageal carcinoma cell l ines 
The human oesophageal adenocarcinoma cell lines OE19 and OE33 were 

purchased from the European Collection of Cell Cultures (Salisbury, UK). The 

squamous cell carcinoma cell lines TE1 and TE2 have been isolated and 

characterized at Tohoku University (Sendai, Japan).n These cell lines were 

maintained in Dulbecco's Modified Eagle's Medium (DMEM) supplemented 

with 10% heat-inactivated fetal calf serum, 300 ug/ml L-glutamine, 100 U/ml 

penicillin, and 100 ug/ml streptomycin (DMEM/ 10% FCS/ L-glu/ Pen/ Strep), 

at 37°C in a humidified, 10% CO2 atmosphere. 

Primary cell cultures of oesophageal resection specimens 
This study was performed in accordance with the guidelines of the local ethics 

committee. In the Netherlands, a written informed consent is not required to 

perform additional experiments on primary resected material. 

In patients who underwent subtotal oesophageal resection and proximal 

gastrectomy with curative intent for adenocarcinoma of the oesophagus or 

gastro-oesophageal junction or squamous cell carcinoma of the oesophagus, the 

left gastric artery was preserved until the end of the resectional phase of the 

operation to maintain maximal viability of the removed specimen. Samples of 

normal squamous oesophageal mucosa without the underlying submucosal 

connective tissue and proper muscle, and vital tumour (assigned by experienced 



Gl pathologists GJAO or FTK) were collected, washed in phosphate-buffered 

saline (PBS), and minced into small pieces. The fragments of mucosa or tumour 

were resuspended in 10 ml Liver Digest Medium (LDM) (Life Technologies, 

Breda, The Netherlands) and floated in a shaking waterbath at 37°C. After two 

hours, the supernatant containing dissociated cells was decanted, supplemented 

with 50% FCS and centrifuged (1500 rpm/min. for 5 min. at 4°C). The single cells 

were resuspended in cold culture medium (DMEM/ 10% FCS/ L-glu/ Pen/ Strep) 

and stored on ice until use. The dissociation step was repeated with fresh LDM 

three-times. All dissociated cells obtained per tissue-sample were pooled and 

applied to tissue culture plates coated with collagen type IV. 

Two x 10- cells in a well of a 24-well plate or in iso-concentration in 6 well 

plates were cultured for 24 hours in 0.5 ml DMEM/ 10% FCS/ L-glu/ Pen/ Strep 

supplemented with 0.1mg/ml fungizone, in a humidified atmosphere 

containing 10% C 0 2 at 37°C. 

Adenoviral constructs 
The native adenoviral vectors (Ad), derived from human adenovirus type 5, 

were obtained from R.D. Gerard (University of Leuven, Leuven, Belgium). For 

adenoviral transduction analysis, the adenovirus was made replication 

deficient by deleting the E1 region. Into this deleted E1 region, the reporter 

genes luciferase (Adluc) and Green Fluorescent Protein (AdGFP) were cloned, 

and constructed to be driven by the human cytomegalovirus (CMV) promoter. 

These reporter genes were used to analyse viral transduction levels by 

measuring the amount of luciferase and GFP transcription. 

The genetically retargeted adenoviral vectors containing the recombinant 

RGD (Arg-Gly-Asp) peptide in the Hl-loop of the fiber knob were generated 

by transfection of 293 cells with Pad-digested pVK70314, and constructed to 

encode for either the luciferase or GFP reporter gene (AdlucRGD and 

AdGFPRGD respectively).' The viral vectors were propagated on the 

permissive cell line 293, and purified by double cesiumchloride gradients 

centrifugation. ' All virus preparations were dialyzed against PBS, aliquoted, 

and stored at -80°C until use. Adenovirus titers in plaque forming units (pfu) 

were determined in parallel by a plaque forming assay using 293 cells and the 

number of viral particles (vp) was measured by optical density-based physical 

titration. The vp/pfu ratios of the native vectors were 10-20 and those of the 

RGD modified vectors were 40-50. 

Adenoviral gene transfer 
The adenoviral transduction experiments on the four cell lines were 

performed in triplicate. Cell lines were grown overnight at a count of 1 x 10' 



cells/well in 6 well plates to allow adherence. The monolayers of cells were 

then washed with PBS, and incubated for one hour with the different 

adenoviral constructs at various multiplicity of infection (moi) of 1, 10 and 100 

pfu/cell. Then, complete fresh medium was added, and after 24 hours of 

incubation, the luciferase and GFP expression was analysed for the different 

viral constructs. For all experiments a sample of cells in which no virus was 

added, was used as a negative control. 

After cell lysis, quantitative levels of viral luciferase production in the cells 

were measured in a luminometer (Berthold Detection System, Pforzheim, 

Germany) using a luciferase assay system (Promega, Madison, Wl, USA). The 

ft protein concentration of the lysates was determined with a protein assay 

£ (Pierce Biotechnology, Rockford, IL, USA). 

S Infection percentages were analysed by determining the percentage of GFP 
DC 

£ expressing cells by fluorescence activated cell scanning (FACS; BD 

J Biosciences, San Jose, CA, USA). Cultured cells were trypsinized, washed in 

PBS, and fixated in 1 ml 2% paraformaldehyde (PAF). After centrifuging the 

cells at 1000 rpm for 5 min, the cells were resuspended in PBS with 1% bovine 

serum albumin. The percentage of transduced cells was determined by gating 

the right-hand tail of the distribution of the negative control sample for each 

individual cell line at a 1% positivity (based on the negative control results), 

which was considered as autofluorescence of the cell line. 

° To analyse adenoviral transduction levels in primary cells, the single cells were 

K cultured for 24 hours after isolation. Then, cultures were rinsed with PBS and 

i vital cells (i.e. cells attached to the collagen coating) were exposed to the 

different adenoviral vectors as described above. Dependent on the amount of 

primary cells available, the experiments were performed at least in duplicate 

at various moi's. For quantitative viral expression levels, cells were infected 

with Adluc or AdlucRGD and lysed after 24 hours for luciferase measurement. 

The transduction ratio (i.e. luciferase activity per sample infected with 

AdlucRGD divided by the luciferase activity per sample infected with Adluc) 

was used to analyse the differences between gene transfer increase in 

carcinoma cells and normal epithelial cells from the same patient. 

To analyse if the quantitative increase in viral expression levels was due to an 

increase in the number of transduced cells or an increase in the viral 

expression per cell, the primary cultures were also infected with AdGFP and 

AdGFPRGD and analysed by fluorescence microscopy. 

Characterization of primary cultures 
Three of the ten primary cultures infected with AdGFP and AdGFPRGD were 

used to characterize the origin of the different primary cells and to determine 



the infection percentages of the various cell types by two-color flowcytometric 

analysis. Cells were trypsinized, washed, and resuspended in PBS-Tween 

(0.2%) to make the cells permeable for the detection of intracellular 

cytokeratin proteins by FACS analysis. Cytokeratins are part of the 

cytoskeleton of epithelial cells and are not present in fibroblasts and other 

stromal cells. All cells were incubated for 60 min with saturating concentration 

of the MNF116 mouse-anti-human cytokeratin monoclonal antibody (DAKO, 

Glostrup, Denmark),"- which reacts with human epithelial tissue and malignant 

epithelial lesions. Cells were then washed three times in PBS, and incubated 

for another 60 minutes with the secondary Fluorescein-isothiocyanate (FITC) 

labeled goat anti-mouse immunoglobulin G antibody (Jackson, Westgrove, 

PA, USA). After three more washing steps, the cells were resuspended in 1 ml 

2% paraformaldehyde. As a negative control, an aliquot of cells from each 

patient was used in which control IgG was added to the cells without previous 

labeling with MNF116. The percentage of transduced epithelial cells was 

analysed by determining the percentage GFP positivity and cytokeratine 

positivity per primary cultured tissue by quadrant statistics after two-color 

flowcytometry. 

Statist ical analysis 
To analyse if the increase in luciferase activity with the retargeted adenoviral 

vector was significantly higher in carcinoma cells than in normal squamous 

epithelial cells, a parametric Student's t-test was used to compare the 

transduction ratios of the primary cells. A p-value of 0.05 or below was 

considered statistically significant. The statistical analysis was performed using 

the Statistical Software Package version 11.5 (SPSS Inc., Chicago, IL, USA). 

RESULTS 

Adenoviral gene transfer in established esophageal 
carcinoma cell lines 
To compare the efficiency in gene transfer of the parental virus to the genetically 

modified virus, the four oesophageal carcinoma cell lines were infected with 

Adluc and its retargeted variant AdlucRGD as described in Material en Methods. 

A dramatic augmentation of luciferase activity was seen with the vector 

containing the Arg-Gly-Asp (RGD) peptide inserted into the Hl-loop of the fiber 

knob (Figure 2). With a multiplicity of infection (moi) of 1 and 10 pfu/cell, 

AdlucRGD demonstrated in the oesophageal carcinoma cell lines OE19, OE33, 

TE1, and TE2 an approximately 250-, 30- 300-, and 700-fold increase 



respectively in luciferase activity, compared to the cells infected with the 

parental virus. With a moi of 100, this increase was less pronounced, 

but there was still a 80-, 10-, 150- and 400-fold enhancement in viral expression 

for the carcinoma cell lines with AdlucRGD. 

To analyse whether this enhancement was due to an increase in luciferase 

expression per cell or an increase in number of cells infected, the experiments 

were repeated with the viruses encoding GFP. With all experiments, an 

increase in the percentage of infected cells with the AdGFPRGD vector was 

seen for all four cell lines (Figure 3). 

FIGURE 2 

Adenovirus mediated gene transfer of the parental adenoviral vector and the integrin retargeted adenoviral 

vector, both encoding luciferase (Adluc and AdlucRGD respectively) to human oesophageal carcinoma cell 

lines (OE19, OE33, TE1, and TE2). Cells were infected with either virus at a moi of 1, 10 or 100. Luciferase 

levels were corrected for the protein concentration and are shown in light units (LU)/mg protein. Background 

luciferase activity in the samples in which no virus was added (negative control) is also shown. 
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FIGURE 3 

An example of f low cytometric analysis showing the percentage of infected cells from four oesophageal 

carcinoma cell lines (OE19, OE33, TE1, and TE2) compar ing the parental to the retargeted virus encoding 

GFP (AdGFP and AdGFPRGD respectively). On the Y-axis, the number of counted cells is shown (counts), 

and on the X-axis, the intensity of the Green Fluorescent Protein expression (FL1 -height) is depic ted. 
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In addition, there was also an increase in the intensity of fluorescence per cell, 

as was seen by the shifting of the bulk of the cells to the right. This indicates 

that the increase in luciferase expression seen with AdlucRGD is caused by 

both an increased expression per cell, as well as a higher percentage of 

infected cells. 

Adenoviral gene transfer in primary cell cultures of 
oesophageal resection specimens 
Promising results in established cell lines do not always reliably predict efficient 

| adenoviral transduction of carcinoma cell in vivo. Therefore, ten cultures of both 

I normal oesophageal epithelium and carcinoma cells were established as 

g described in Materials and Methods. This primary material was derived from 6 

S men and 4 women with a median age of 62 years (range 46 - 82). Three patients 

£ had a distal oesophageal adenocarcinoma developed in a Barrett segment, four 

=! patients had an adenocarcinoma of the cardia and three patients had a 

i= squamous cell carcinoma. The tumour characteristics are described in Table 1 . 

| All ten primary cultures were infected with the four viral constructs expressing 

either luciferase (Adluc and AdlucRGD) or GFP (AdGFP and AdGFPRGD). The 

increase in viral luciferase expression of the retargeted viral vector versus the 

parental vector is shown for both the carcinoma cells and the normal 

o 

I TABLE 1 
o_ 

< Characteristics and histopathologic findings of 10 tumours used to establish primary cultures. 
u 

Patient Operation Tumour 

type 

Tumour 

length 

Infiltration 

depth 

Lymph 

node 

Distant 

metastasis 

Differentiation 

grade 

Radicality 

status 

1 
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3 

4 

5 
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7 

8 

9 

10 

THE3 

THE 

THE 

TTEb 

THE 

THE 

THE 

TTE 

THE 

TTE 

Barrettc 

Barrett 

Barrett 

AC cardial 

AC cardia 

AC cardia 

AC cardia 

SSCe 

SSC 

SSC 

6.4 cm 

7.1 cm 

3.0 cm 

4.5 cm 

6.2 :m 

7.0 cm 

4.5 cm 

8.0 cm 

11.0 cm 

5.4 cm 

T3 

T3 

T1 

T2 

T3 

T3 

T1 

T3 

T3 

T3 

N1 

N1 

NO 

N1 

NO 

N1 

N1 

N1 

N1 

NO 

M0 

M0 

M0 

M0 

M0 

M0 

M0 

M1 

M0 

M0 

poor 

poor 

good 

moderate 

poor 

moderate 

moderate 

poor 

poor 

moderate 

R0f 

R0 

R0 

R0 
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squamous epithelial cells in Figure 4A and B. In all patients an increase in 

viral expression was seen with AdlucRGD versus the native adenoviral vector, 

varying from 5- to almost a 100-fold increase. This transduction ratio for both 

normal squamous epithelial cells and carcinoma cells is shown in Figure 4 C 

The increase in gene transfer was significantly less pronounced in normal cells 

(p=0.03). In combination with the fact that the absolute luciferase expression 

of AdRGD was higher in carcinoma cells than in normal cells, this suggests a 

more specific transduction of oesophageal carcinoma cells by the RGD 

retargeted adenoviral vector. 

To assess whether this increase in viral expression represented more 

transduced cells or an increase in viral expression per cell, all primary cultures 

were also infected with both the parental AdGFP and the genetically 

retargeted variant AdGFPRGD, and subsequently analysed by fluorescence 

microscopy. It was demonstrated that with the retargeted virus both the 

number of infected cells, and the fluorescence intensity per cell increased in 

all cultures (Figure 5, upper pannels). However, the cultures of primary tumour 

material seemed to contain two cell populations with different morphology. 

About 50% of the cells revealed a fibroblast like morphology and most likely 

were stromal cells. The remaining cells showed a more epithelial cell like 

shape and probably were cancer cells (Figure 5, lower pannels). These data 

therefore suggest that the increased transduction of the primary cultures 

might result from a better transduction of stromal cells, cancer cells, or both. 

Characterization of infected eel! types 
To discriminate between tumour cells and stromal cells, the primary cultures of 

patient 1, 3, and 6, were analysed by flowcytometry for the epithelial 

cytokeratin marker MNF116. As expected, the primary cultures were indeed a 

mixture of cells from different origin. To analyse differences in the transduction 

efficiency of AdGFP and AdGFPRGD in both tumour cells and stromal cells, a 

two-color FACS analysis for GFP positivity and cytokeratine positivity was 

performed for the three primary cultures (Figure 6). The percentages of 

uninfected epithelial cells, infected epithelial cells, uninfected stromal cells, 

and infected stromal cells per culture were analysed by quadrant statistics. 

The increase in percentage of transduction with AdGFPRGD was determined 

for the different cell populations. In these three cultures, an increase was seen 

of 13.8%, 28.7% and 4.5% respectively in the percentage of transduced 

epithelial cells, and an increase of 30.0%, 23.3% and 8.1% respectively in the 

percentage of transduced stromal cells when compared to infection with 

AdGFP. These results indicate that the RGD retargeted adenovirus infected 

both primary epithelial cells and stromal cells more efficiently. 



FIGURE 4 

A; Luciferase levels in LU/mg protein representing the adenoviral gene transfer of Adluc and AdlucRGD in 

primary cultured normal squamous epithelial cells from resection material of 10 patients. B: Luciferase levels 

(LU/mg protein) in carcinoma cells of the same 10 patients. C: Transduction ratio (i.e. increase in luciferase 

expression) in normal squamous epithelial cells compared to carcinoma cells. The increase in gene transfer 

was significantly lower in normal cells (p=0.03). 
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FIGURE 5 

Example of fluorescence microscopy analysis of primary oesophageal carcinoma cells transduced with the 

native and retargeted virus encoding GFP (AdGFP and AdGFPRGD respectively). The infected cells (green) 

are shown in the upper panels. With light microscopy of the same material, the cultures of primary tumour 

material seemed to contain two cell populations with different morphology (lower panels). About 50% of the 

cells had a fibroblast like morphology (black arrow), the remaining cells were smaller and had a more 

epithelial cell like shape (white arrow). Magnif ication: x 10 objective. 
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DISCUSSION 

In this study, the utility of a retargeted adenoviral vector containing an RGD 

peptide in the Hl-loop of the fiber knob was examined for gene therapy for 

oesophageal carcinoma. It was shown that the retargeted virus had a 5-800 times 

more efficient gene transfer than the native virus in established oesophageal 

cancer cell lines and in primary cultured oesophageal carcinoma cells. Since the 

transduction increase was significantly less pronounced in normal cells with 

AdRGD and the adenoviral transgene levels were higher in carcinoma cells, the 

retargeted adenoviral vector was also demonstrated to be more efficient for 

carcinoma cells than the parental virus. The observation that a higher percentage 

of carcinoma cells is transduced with a more specific gene transfer is of clinical 

importance, because the therapeutic effect of gene therapy will depend on 



FIGURE 6 

Example of two-color f lowcytometr ic analysis to determine the percentage of transduced epithelial and 

stromal cells. The cultured carcinoma cells were infected with AdGFP and AdGFPRGD, and incubated with 

the cytokeratin antibody MNF116. The percentage of GFP positive cells (FL1-height) and cytokeratine positive 

cells (FL-2 height) was analysed by quadrant statistics for the upper left (uninfected epithelial cells), upper 

right (infected epithelial cells), lower left (uninfected stromal cells), and lower right quadrant (infected stromal 

cells) (UL, UR, LL, LR respectively). 
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efficient gene transfer to carcinoma cells and with fewer viral particles needed for 

the same therapeutic effect, the vector-related toxicity is likely to be decreased. 

Gene therapy, although originally developed for correction of genetic 

deficiencies of inherited disorders, has become a promising therapeutic entity for 

various carcinomas.' In cancer gene therapy, therapeutic genes are introduced 

into tumour cells aiming at arrest of tumour growth. To compete with 

conventional therapeutic modalities, cancer gene therapy should be both safe 

and effective. Targeting of vectors can be used to increase both the selective 

transduction and the transduction efficiency. Genetic targeting by inserting the 

tri-peptide RGD into the Hl-loop of an adenoviral vector was previously 

demonstrated to enhance infection of ovarian, pancreatic, and head-and-neck 

carcinomas with promising in vitro results. 

Despite promising adenoviral cancer gene therapy results in pre-existing cell 

lines, so far only two of the more than 500 approved clinical trials, are being 

evaluated in a phase III clinical trial due to disappointing results in w'vo.21,22 To be 

able to analyse gene therapy vectors in cells more resembling the in vivo 

situation, a culture system was successfully established from fresh surgical 

resection specimens. Culturing gastrointestinal mucosa has been proven to be 

extremely difficult/1 We also encountered several difficulties of this primary 



culture system. It was noted that preserving the left gastric artery intact until 

the end of the resectional phase of the operation was important to maintain 

maximal viability of the oesophageal cells. Sometimes a fungal overgrowth 

developed (especially in specimens from patients with an obstructing tumour 

or Candida oesophagitis), or the viability of the cultures was limited (especially 

in specimens from patients with an ulcerating tumour). However, ultimately our 

established culture system was reproducible and unique in allowing a 

comparison of gene transfer in primary carcinoma cells and normal squamous 

epithelial cells. 

Apart from epithelial cells, primary cultures established from fresh surgical 

resection specimens were demonstrated to contain stromal cells which were 

also more efficiently transduced with the retargeted virus. Due to the artificial 

culturing conditions, these primary cultures will probably contain a relatively 

high percentage of fibroblasts, which are susceptible for viral infection.'" u' 

However, fibroblasts will also be present in the stroma of a primary tumour. 5 

Thus, transduction of stromal cells may also play a role in vivo. On the one hand, 

transduction of stromal cells might have a positive therapeutic effect because " 

the vitality of a tumour is at least partly dependent on its stroma, and attacking 

these stromal cells may result in a more efficient gene therapy, but on the other 

hand, tumoural stroma is considered a barrier limiting tumour expansion^, and 

tumours lacking stromal cells have been reported to be more aggressive and to 

induce more metastases/"" This phenomenon therefore implies that transduction § 

of stromal cells may counteract the therapeutic possibilities of non-replicating 5 
1 1 1 n 

cytotoxic adenoviral vectors in cancer gene therapy. > 

For treating neoplastic diseases, carcinoma cells should be efficiently H 

transduced and killed. In previous studies of our group, it was demonstrated o 

that the absolute luciferase expression after viral transduction is representative g 

for the amount of cell kill with a suicide gene. However, non-replicating m 

adenoviral vectors encoding suicide genes were demonstrated to be not the g 

most efficient vectors to be used in a clinical setting. Nowadays, conditionally 

replicating adenoviruses (CRAds) represent a promising and novel way for 

cancer gene therapy.'6 These agents are designed to replicate specifically in 

tumour cells, followed by the spread of the viral progeny to neighbouring 

cancer cells. This specific replication will at the same time prevent the adverse 

effects that could be caused by infection of stromal cells. An example is the 

ONYX-015 virus which has been modified in the early regulatory protein E1 b 

that normally allows the virus to bind and inactivate the host p53 gene to 

promote its own replication. The mutated adenovirus however, only replicates 

in and lysis human cells with a defective p53 pathway.27-28 This virus is expected 

to be especially useful in oesophageal carcinomas, since for this malignancy a 



o 

p53 mutation is the most frequent alteration identified (75-100%).29 It has also 

been demonstrated that p53 mutations are an early event during the malignant 

degeneration of oesophageal cells29. Therefore, this virus could even be used 

for the treatment of premalignant stages. Targeting such CRAds with the RGD 

tri-peptide, could improve the utility of this adenoviral vector by creating a CAR 

independent infection capability for tumour cells. 

To our knowledge, this is one of the first reported studies which has 

investigated the possibilities for adenoviral gene therapy to treat a 

gastrointestinal malignancy in primary tumour cells. However, we 

acknowledge that although this culture system is more resembling to the in 

| vivo, situation than the established monoclonal cell lines, it is still an artificial 

| monolayer test-system. Because the complex three-dimensional structure of a 

o tumour might influence the transduction efficiency of an adenoviral vector, the 

2 development of a system using cultured biopsies to test viral infection is 

=jj currently under investigation. 

It should also be noted that using the RGD-virus will only partly solve the 

jy current difficulties with cancer gene therapy. Also with this retargeted 

adenoviral vector it seems impossible to transduce 100% of the tumour cells, 

which is necessary to create efficient cancer treatment and although this 

vector did establish a more efficient gene transfer in carcinoma cells in 

comparison to normal squamous epithelial cells, it did not create a selective 

° viral transduction. Therefore, further research has to be focussed on more 

selective targeting motifs, before gene therapy could be incorporated in daily 

x clinical practice.'' 

In conclusion, this study demonstrates that adenoviral entry via the primary 

adenoviral receptor CAR is limited in oesophageal carcinoma cells. Adenoviral 

entry was increased when an integrin retargeted adenoviral vector was used. 

The increase in viral expression was not only due to an increase in the 

percentage of infected cells, but also to an increased gene expression per cell. 

Therefore, genetical targeting of the adenoviral vectors with an RGD tri-peptide 

seems a promising treatment strategy to optimize cancer gene therapy. 
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INTRODUCTION 

Over the last decades there has been a significant increase in the incidence of 

oesophageal adenocarcinoma.1 Curative treatment consists mostly of surgery, 

which is only feasible in a subset of patients. Due to distant metastases, local 

irresectability, or poor condition of the patient, only 20-30 percent of the 

patients are candidates for a potentially curative resection/ 'The other 

patients receive palliative treatment with intraluminal radiotherapy or stenting. 

Recently (neo-) adjuvant modalities, such as chemotherapy and radiotherapy, 

have been explored for downstaging of the tumour and improving the 

prognosis after surgery." 

Patients with a so-called Barrett's oesophagus, he. intestinal metaplasia of the 

oesophagus, are at increased risk for development of oesophageal 

g adenocarcinoma.5 Malignant degeneration is characterized by a stepwise 

5 process from intestinal metaplasia through low grade dysplasia and high 

| grade dysplasia into oesophageal adenocarcinoma. When high grade 

| dysplasia is diagnosed, many guidelines still advise a surgical resection.' 

A surgical resection, however, is accompanied by a significant morbidity and 

even mortality. Therefore other endoscopic modalities are being explored for, 

mainly, early lesions {e.g. photodynamic therapy, endoscopic mucosal 

resection).7 

Gene therapy might play a future role in the management of patients with 

K oesophageal carcinoma. Therapeutic genes can be selectively transduced into 

x cancer cells and eradicate them by expression of a suicide gene.p Adenovirus 

is most commonly used as a vector for cancer gene therapy because it can 

transduce both dividing and non-dividing cells and it is easy to produce in a 

high titer. Moreover, a large therapeutic gene can be inserted into its genome. 

Currently, several clinical trials using adenovirus as a cancer gene therapy 

vector are forthcoming.9 In the setting of oesophageal carcinoma, both the 

patient with metastatic disease and the patient with early malignant lesions in 

a Barrett's oesophagus might potentially benefit from the use of local and / or 

systemic gene therapy. 

In the clinical setting the use of adenovirus is hampered by a strong 

immunological response of the host. Moreover, the in vivo adenoviral 

transduction efficacy into cancer cells is still rather limited.'1'Therefore, 

research is focused on adenoviral targeting in order to improve the 

transduction of cancer cells. For cell entry, the adenovirus is dependent on the 

presence of integrins and the Coxsackie and adenovirus receptor (CAR) on the 

surface of the host cell.1' In order to improve cell entry, genetic targeting is an 

attractive option. An adenovirus in which the peptide Arg-Gly-Asp (RGD) is 



incorporated into the HI loop of the viral fiber knob revealed an improved 

transduction in different cancer cell lines. ' This modification results in an 

improved adenoviral transduction via integrins, and obviates the need for cell 

entry via CAR. 

Different experimental models are available to study the targeting capacity of 

a gene delivering vector. Established cell lines are most commonly used for 

both in vitro and in vivo experiments. These cells, however, are transformed 

due to multiple passages and only one specific cell type can be studied, which 

does not reflect the in vivo tissue heterogeneity of a tumour. Therefore it is 

desirable to have a more relevant model, which consists of primary patient 

material in which the original tissue architecture is preserved. For this reason, 

we set up an oesophageal explant model with oesophageal biopsies obtained 

from different patients. This model was used to study both non-targeted and 

RGD-targeted adenoviral transduction in different oesophageal tissues. 

MATERIALS AND METHODS 

Adenoviral constructs 
An E1-deleted adenovirus type 5 expressing green fluorescent protein (AdGFP) 

under control of a CMV promoter, and an RGD-targeted adenovirus 

(AdGFPRGD), with an RGD peptide cloned into the HI loop of the fiber knob, 

were kindly provided by Dr. V. Krasnykh (University of Alabama, Birmingham, 

AL, USA).1 The viruses were propagated and plaque titered on the permissive 

cell line 293 using standard techniques.M The virus titer was expressed as 

plaque forming units (pfu). Purification was performed by centrifugation on a 

CsCI gradient and all virus aliquots were stored at -80 C until use. 

FIGURE 1 
Histological viability of a biopsy with metaplastic intestinal metaplasia which was cultured for 24 hours. The 
viability was categorized in a good (A), moderate (B) and poor (C) viability. (H&E, 25x) 
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FIGURE 2 

Flowcytometric transduction efficacy of adenoviral vectors in an oesophageal adenocarcinoma cell line OE33 
(A-D) and an oesophageal squamous cell carcinoma cell line TE1 (E-H). The cell lines were incubated with a 
non-targeted adenoviral vector at an MOI of 1 and 10 (A, C and E, G) and an RGD-targeted adenoviral vector 
with an MOI of 1 and 10 (B. D and F, H). 
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FIGURE 3 

Viability of biopsies which were cultured for 24 hours in the oesophageal explant system. Viability was assesse 

microscopically and categorized in good , moderate and poor viability (see also Figure 1). 

normal squamous intestinal adenocarcinoma squamous cell 
epithel ium metaplasia carcinoma 

(n-16) (n=9) (n-20) (n-14) 

Adenoviral transduction in established cell lines 
Two established oesophageal cancer cell lines were used in an in vitro model 

to test the transduction of a non-targeted and RGD-targeted adenoviral 

vector. The OE33 cell line was originally derived from an oesophageal 

adenocarcinoma and obtained from the European Collection of Cell 

Cultures.'' The TE1 cell line was originally derived from an oesophageal 

squamous cell carcinoma and provided by Dr. M. Yamamoto (University of 

Alabama, Birmingham, AL, USA).'6 The cell lines were propagated every 3 days 

and cultured in Dulbecco's modified Eagle's medium (DMEM) supplemented 

with L-glutamine (300ug/ml), 10% heat-inactivated foetal calf serum, penicillin 

(100 U/ml) and streptomycin (100ug/ml). To assess adenoviral transduction in 

cell lines, 10s cells/well were plated in a 24-well plate and incubated overnight 

to allow adherence. Then the cells were transduced with the adenoviral 

constructs. Before transduction the cells were washed with phosphate 

buffered saline (PBS) and incubated with the adenoviral vector for one hour 

with a multiplicity of infection (MOI) of 1 and 10 respectively. Fresh culture 

medium was added and 48 hours thereafter transduction efficacy was 

assessed by measuring GFP expression using flowcytometry. The cells were 

prepared for flowcytometry as follows. The cells were trypsinised and fixated 

with 4% buffered formalin. Then they were pelleted at 1200 rpm for 5 minutes 

and resuspended in PBS with 1% bovine serum albumin. 
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FIGURE 4 
Adenoviral transduction m cultured oesophageal biopsies. Transduction was detected by immunohistochemical 
analysis of GFP. Transduction is located in the basal layer in normal squamous epithelium (A,25x; B,100x), 
is mainly stromal in metaplastic columnar mucosa (C,25x; D,100x), very limited in adenocarcinoma (E,25x; FlOOx) 
and localized in both stromal and cancer cells in squamous cell carcinoma (G,25x; H.IOOx). 
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FIGURE 5 

CAR immunohistochemistry in normal oesophageal tissue (A.100X) and Barrett's oesophagus (B,100X). In the 

normal oesophagus CAR is mainly present at the basal layer, while in Barrett's oesophagus it is mainly 

present in the crypts. 
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Resuspended cells were used for flowcytometry (Calibrite; Becton Dickinson 

Immunocytometry Systems; Franklin Lakes, NJ, USA). At least 10,000 cells 

were counted and data on the number of transduced cells were obtained by 

setting a 1% quadrant marker for nonspecific staining in the non-transduced 

cells. Transduction efficacy of AdGFPRGD was compared to AdGFP in both 

cell lines. 
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At our endoscopy unit patients with oesophageal carcinoma or Barrett's ^ 

oesophagus with high grade dysplasia, undergo endosonography for staging ° 

purposes. During this staging procedure additional biopsies were taken from 

normal looking oesophageal mucosa and, if present, from squamous cell 

carcinoma, adenocarcinoma or a columnar lined metaplastic segment. These 

biopsies were transported in culture medium and processed within 15 

minutes. The medical ethical committee of the Academic Medical Center 

approved this protocol and all patients gave a written informed consent. 

Explant model 
Endoscopically obtained biopsies were cultured as has been previously 

described. After collection the biopsies were washed in PBS. Then they were 

placed on a stainless steel grid, which was mounted in a 10-mm transwell 

plate (Corning, New York, NY, USA). Culture medium (1 ml) was added until it 

just covered the surface of the biopsy. Culture medium consisted of DMEM 

supplemented with L-glutamine (300ug/ml), 10% heat-inactivated foetal calf 

serum, penicillin (100 U/ml) and streptomycin (100ug/ml). 



The transwell plate was placed in an airtight jar (Oxoid, Basingstoke, England) 

which was continuously gassed with 95% O2 and 5% CÜ2- The jar was placed 

in a water bath with a temperature of 37°C. After 24 hours of culture the 

biopsies were fixated in 4% buffered formalin and embedded in paraffin. 

Staining was done with haematoxylin and eosin. Viability was assessed by an 

experienced Gl pathologist (GJO). Histological signs of cell death included 

complete lyses of cells, swelling of cells and syncytial formation. Viability was 

scored and categorized in three groups: good viability, moderate viability and 

poor viability (Figure 1A, 1B and C). 

Adenoviral transduction in the explant model 
Biopsies were infected with an adenoviral construct one hour after initiation 

of the biopsy culture. One million pfu of the adenovirus was dissolved in 3 

ul PBS and pipetted on the biopsy. Then the culturing conditions were re

established and the biopsies were evaluated histologically after 24 hours of 

culture. Only biopsies with a good or moderate viability were used to 

assess adenoviral transduction. 

To assess the transduction of the adenovirus in the biopsies, immunohisto-

chemical analysis for GFP expression was done using a three-step detection 

method. The paraffin-embedded biopsies were dewaxed, rehydrated in 

graded alcohols and endogenous peroxidase activity was blocked with 

0.3% hydrogen peroxide. Non-specific staining was blocked with 10% 

normal goat serum. Then the slides were incubated overnight with a mouse 

monoclonal anti-GFP JL-8 (Clontech, Palo Alto, CA, USA) in a 1:1000 

dilution. This step was fol lowed by an incubation with rabbit anti-mouse 

HRP in a 1:100 dilution (Dako, Glostrup, Denmark) and a subsequent 

incubation with streptABComplex/HRP (Dako) was done according to the 

manufacturer's instructions. Peroxidase activity was measured with a 

diaminobenzidine reaction. The TE1 oesophageal squamous cell carcinoma 

cell line was transduced with AdGFP and used as a positive control. A non-

transduced cell line and cultured biopsy were used as negative controls. 

These controls were fixed in 4% buffered formalin and embedded in paraffin. 

Transduction efficacy was scored and categorized in three groups: no 

transduction for biopsies without detectable GFP; minimal transduction for 

biopsies with less than 10 GFP positive cells per biopsy; moderate to good 

transduction for biopsies with more than 10 GFP positive cells per biopsy. 

All biopsies were endoscopically obtained using a standard jumbo forceps. 



Differences in transduction efficacy between AdGFP and AdGFPRGD in the 

biopsies were tested for significance using the chi-square test. 

For cell entry, the adenovirus is dependent on the presence of CAR and 

integrins." We studied the presence of CAR immunohistochemically in normal 

oesophagus and Barrett's oesophagus. This was done on a resection specimen 

of a patient operated on an oesophageal adenocarcinoma in a Barrett's 

oesophagus. CAR 72 (ONYX Pharmaceuticals, Richmond, CA, USA) was used as 

a primary antibody and immunohistochemistry was performed as described 

previously.'8 Briefly, the sections were incubated with 0.01 % trypsin and 

microwaved in a citrate buffer for antigen retrieval. After blocking with goat 

serum, the sections were incubated for 12 hours with CAR 72, in a dilution of 

1:7000. Subsequent steps were performed as described above. Incubation 

without the primary antibody was used as a negative control. The primary 

antibody CAR 72 was kindly provided by Dr. Qing Wang (ONYX 

Pharmaceuticals). 

RESULTS 

Adenoviral transduction in established cell lines 
Established oesophageal cancer cell lines were used to investigate the 

adenoviral transduction and the effect of RGD-targeting in an in vitro model. 

Transduction efficacy was assessed by the detection of GFP positive cells using 

flowcytometry. The established oesophageal adenocarcinoma cell line, OE33, 

was readily transducable with the non-targeted adenovirus with a transduction 

rate of 29.2% and 79.1% at an MOI of 1 and 10 respectively (Figure 2A and Q. 

In this cell line the RGD-targeted adenovirus showed a 3 fold increased 

transduction, with an efficacy of 84.0% and 98.5% at an MOI of 1 and 10 

respectively (Figure 2B and D). Transduction of the established squamous cell 

carcinoma cell line, TE1, was poor using the non-targeted adenovirus, with a 

transduction rate of 14.5% and 66.9% with a MOI of 1 and 10 respectively 

(Figure 2E and G). This transduction improved markedly up to 5 times using the 

RGD-targeted adenovirus with an efficacy of 71.8% and 99.5% with an MOI of 1 

and 10 respectively (Figure 2F and H). These results show an improved 

transduction with the RGD-targeted adenovirus for both the oesophageal 

adenocarcinoma cell line OE33 and the oesophageal squamous cell carcinoma 

cell line TE1. 



Viability of the oesophageal explants 
To validate the quality of the oesophageal explant model as it was described 

in the literature' , we first performed biopsy cultures without adenoviral gene 

transfer and assessed the viability microscopically, categorized in good, 

moderate and poor viability (Figure 3). Forty-five biopsies were taken from 8 

patients who underwent endosonographic staging for oesophageal 

carcinoma. Sixteen biopsies contained normal squamous epithelium of which 13 

(81%) had a moderate to good viability. Nine biopsies contained metaplastic 

intestinal metaplasia, i.e. Barrett's mucosa, of which 8 (89%) had a moderate to 

good viability. Twenty biopsies contained oesophageal adenocarcinoma, of 

which only 4 (20%) had a moderate to good viability. After this initial period all 

subsequently procured biopsies were incubated with an adenoviral vector. 

Transduction with an adenovirus did not influence the viability of the explants. 

g Fourteen biopsies contained oesophageal squamous cell carcinoma, and all 

5 these biopsies showed a moderate to good viability. 
Z < 
| Adenoviral transduction in the oesophageal explants 

The oesophageal explant system was used to study the transduction of adenoviral 

vectors on different types of primary human oesophageal tissues. Ninety-four 

oesophageal biopsies were obtained from 23 different patients (Table 1). 

£ NORMAL SQUAMOUS EPITHELIUM Twenty-seven biopsies were taken from normal 
en 

squamous epithelium in 7 patients. Four of these biopsies had a poor viability, 

i which left 23 biopsies, with a moderate or good viability, suitable for 

assessment of adenoviral transduction. Twelve biopsies were transduced with 

AdGFP and 11 biopsies were transduced with AdGFPRGD. Transduction of 

either AdGFP or AdGFPRGD occurred only in the basal layer of the biopsies 

and no transduction was observed at the luminal side (Figure 4A and B). Most 

biopsies had a minimal to moderate transduction and there was no significant 

difference between the transduction efficacy of AdGFP and AdGFPRGD. 

INTESTINAL METAPLASIA Twenty-seven biopsies were taken from an oesophageal 

Barrett's segment in 6 patients and contained intestinal metaplasia on 

histological examination. Three biopsies had a poor viability, which left 24 

biopsies, with a moderate or good viability, suitable for assessment of adenoviral 

transduction. Eighteen biopsies were transduced with AdGFP and 6 biopsies 

were transduced with AdGFPRGD. Transduction was limited to stromal tissue 

and there was hardly any transduction of the epithelial layer (Figure 4C and D). 

Most biopsies had a minimal to moderate transduction. The transduction efficacy 

and localization was similar for both adenoviral constructs. 



TABLE 1 

Transduction of a non-targeted and RGD-targeted adenovirus in different oesophageal tissues in the 

oesophageal explant system. Only biopsies with a moderate to good viability were included for transduction 

analysis. Transduction was categorised in no transduction, minimal transduction and moderate t o g o o d 

transduction with no GFP positive cells, less than 10 GFP positive cells and more than 10 GFP positive cells in a 

biopsy respectively. Differences of transduction efficacy were tested for significance using the chi-square test. 

A d G F P ( % ) A d G F P R G D (%) 

Normal squamous epithelium 

no transduction 

minimal transduction 

moderate transduction 

Intestinal metaplasia 

no transduction 

minimal transduction 

moderate transduction 

Adenocarcinoma 

no transduction 

minimal transduction 

moderate transduction 

Squamous cell carcinoma 

no transduction 

minimal transduction 

moderate transduction 

12(100) 

2(17) 

H :6oi 

2(17) 

18(100) 

5(28) 

10(56) 

3(16) 

5(100) 

3(60) 

2(40) 

0(0) 

7(100) 

2(29) 

4(57) 

1 (14) 

11 (100) 

2(18) 

3(27) 

6(55) 

6(100) 

0(0) 

4(67) 

2(33) 

6(100) 

3(50) 

3(50) 

0(0) 

7 (100) 

0(0) 

5(71) 

2(29) 

0.2 

0.2 

0.9 

0.5 

OESOPHAGEAL ADENOCARCINOMA Fourty-two biopsies were taken from oesophageal 

adenocarcinomas in 10 patients. Thirty-one biopsies had a poor viability and only 

11 biopsies, with a moderate or good viability, were suitable to assess adenoviral 

transduction. Five biopsies were transduced with AdGFP and 6 biopsies were 

transduced with AdGFPRGD. Transduction was very limited, and in 6 biopsies no 

transduction was observed at all (Figure 4E and F). AdGFPRGD did not show 

any improved transduction. 

OESOPHAGEAL SQUAMOUS CELL CARCINOMA Fourteen biopsies were taken from an 

oesophageal squamous cell carcinoma in 4 patients. None of these biopsies 

showed a poor viability, and therefore all biopsies were suitable to assess 

adenoviral transduction. Seven biopsies were transduced with AdGFP and 7 



biopsies were transduced with AdGFPRGD. Overall the transduction was 

minimal to moderate and localized both in stromal cells and cancer cells 

(Figure 4G and H). Transduction efficacy of AdGFPRGD and AdGFP was 

similar. 

CAR IMMUNOHISTOCHEMISTRY The presence of CAR was studied in normal 

oesophageal tissue and in tissue with intestinal metaplasia from a resection 

specimen of a patient with an oesophageal adenocarcinoma in a Barrett 

oesophagus. In the normal oesophagus CAR was present in the basal layer, 

and not at the luminal side (Figure 5A). This corresponds with the location of 

adenoviral transduction in normal oesophageal tissue, which occurred at the 

basal layer and not at the luminal side. In the Barrett's oesophagus CAR was 

mainly present in the crypts and not in the villi (Figure 5B). This did not 

g correspond with the limited stromal transduction as we observed with 

5 adenoviral transduction in biopsies taken from a Barrett's oesophagus. 
Ü < 
- i 
a. 
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DISCUSSION 

For the development of cancer gene therapy, experimental models play an 

essential role. Established cell lines are commonly used for these models. 

£ However, the use of established cell lines has its limitations. Cell lines consist 

K of selected cell types, which have been transformed due to multiple cell 

i passages. In addition, cell lines represent only one cell type and do not 

include stromal cells or normal epithelial cells. In vitro as a monolayer, cells are 

readily accessible in contrast to a dense mass of tumour cells. Moreover in 

vitro, cell lines are highly proliferative compared to the in vivo situation. This is 

important because the grade of proliferation plays an important role in 

transduction of a gene delivering vector.'9 In addition, several in vivo models 

have been developed to study adenoviral gene transfer. The most popular 

model consists of subcutaneously injected tumour cells in nude mice. Again 

established, and thus transformed, cell lines are used in these models, which 

give a different histology and anatomy compared to the original tumour. In 

addition, this model does not represent normal non-cancerous tissue. Despite 

encouraging results using adenoviral vectors in these models, still limited 

progress has been made in the clinical setting.6 The large difference between 

these experimental models and the in vivo situation may explain this 

discrepancy. 

Taking the limitations of the current models into account, it is desirable to 

apply models in which primary patient material is used to study the gene 



transfer capacity of different adenoviral vectors. In this study we established 

such a model by using an oesophageal explant system. Oesophageal 

biopsies were cultured and transduced with adenoviral vectors. Culturing 

gastrointestinal mucosa has proven to be difficult. Under standard conditions 

only short-term experiments are feasible with marked epithelial necrosis and 

disintegration beyond 2-3 hours of culturing. Several techniques have been 

tested to extend the culture time of mucosal explants. An environment of 

95% O2 and 5% CO2 appeared to be crucial to have a good viability of 

cultured intestinal explants up to 48 hours.1' x In this explant system mainly 

normal mucosa of the colon and small intestine has been used. More recently 

this technique was used to study explants of intestinal metaplasia, obtained 

from a Barrett's oesophagus.?12 a Culturing oesophageal adenocarcinoma or 

squamous cell carcinoma has not been described previously. In our hands we 

obtained a good viability of the cultured oesophageal biopsies which 

contained normal squamous epithelium, intestinal metaplasia and squamous 

cell carcinoma. This in contrast to the viability of cultured oesophageal 

adenocarcinoma, which was very poor. Possibly the adenocarcinoma cells 

have a higher metabolic activity which might lead to a relatively high oxygen 

deficiency.24 In addition ischemic damage might have been present in the 

primary tumour at the beginning of the culture. 

For attachment and internalization the adenovirus is dependent on the 

presence of integrins and CAR, Many cells, however, lack the presence of 

CAR and are therefore resistant to transduction of the adenovirus. To 

overcome this problem the adenovirus can be genetically retargeted. When 

an RGD peptide is cloned into the viral fiber knob of the HI loop, this will 

improve transduction via integrins, independently of the presence of CAR." 

This RGD-targeted adenovirus has shown an improved transduction in many 

different tumour cell lines. We tested the RGD-targeted adenovirus on two 

oesophageal cell lines: OE33 obtained from an oesophageal 

adenocarcinoma and TE1 obtained from an oesophageal squamous cell 

carcinoma. In both cell lines the RGD-targeted adenovirus showed an 

improved transduction. 

To overcome the limitations of the established cell lines, we also tested the 

different adenoviruses in the oesophageal explant system. The main 

objectives were to study which cell types are transduced in the tissue culture 

and what the impact of RGD-targeting is. Overall the adenoviral transduction 

efficacy was limited and localized. In normal squamous epithelium, only the 

basal layer was transduced and no transduction was observed at the luminal 

side. Transduction in intestinal metaplasia was limited to stromal tissue, only 

one biopsy showed limited transduction in the epithelial layer. 



Because of a poor viability only a few biopsies from oesophageal 

adenocarcinoma were suitable to assess adenoviral transduction, which was 

very limited. The transduction in the cultured squamous cell carcinoma was 

minimal to moderate and occurred both in stromal cells and cancer cells. 

This limited and localized transduction, underlines how important it is to 

study transduction histologically in primary material. Obviously, the important 

observation that adenoviral transduction in normal squamous epithelium is 

limited to the basal layer can only be made in primary material and not in 

established cell lines. 

CAR is the main receptor for the transduction of adenoviral vectors. We studied 

the presence of CAR in normal oesophageal tissue and it appeared to be 

present in the basal layer which corresponds with the localization of adenoviral 

transduction. In addition, cells in the basal layer are relatively undifferentiated 

and have a high integrin expression." The combination of the presence of CAR 

and integrins might explain the selective adenoviral transduction in the basal 

layer. Stromal cells are rather undifferentiated compared to epithelial cells, which 

might explain the preferential stromal adenoviral transduction in the biopsies 

obtained from a Barrett's oesophagus.'6 This did not correspond with the 

presence of CAR, which is mainly present in the crypts, and not in the stroma of a 

Barrett's oesophagus. Transduction in Barrett's oesophagus, however, was too 

limited in order to localize staining and correlate it to the presence of CAR. 

We compared the transduction efficacy of the non-targeted and RGD-targeted 

adenoviruses in the oesophageal explant model. In the different oesophageal 

tissues we observed a similar transduction efficacy and localization of the two 

adenoviral vectors. While the RGD-targeting showed a clear advantage in the 

two established cell lines, this advantage did not hold up for the ex vivo situation. 

In conclusion, we used the oesophageal explant system to study adenoviral 

transduction. Cultured biopsies from normal oesophageal squamous 

epithelium, intestinal metaplasia and squamous cell carcinoma have a good 

viability and can be used to study different vectors and different means of 

transduction. Cultured biopsies from oesophageal adenocarcinoma had a very 

poor viability and were less useful for transduction studies. Overall the 

transduction was poor and not specific for cancer cells, even when using the 

RGD-targeted adenovirus. These findings stress the importance to use 

primary material for adenoviral targeting studies. The targeting properties of 

the adenoviral vectors have to be improved to obtain selective transduction in 

(pre-) malignant tissue, before any clinical trials for oesophageal carcinoma or 

high grade dysplasia can be undertaken. 
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INTRODUCTION 

The development of a Barrett's oesophagus is clinically associated with 

longstanding (duodeno)-gastro-oesophageal reflux, which replaces the 

normal squamous mucosa of the oesophagus by columnar mucosa.'J This 

Barrett's epithelium is generally considered as a pre-malignant condition, 

because a stepwise progression from intestinal metaplasia into dysplasia and 

finally into adenocarcinoma has clearly been observed.2,'The specialized, 

intestinal-type, columnar epithelium is characterized by a change in 

morphology to an intestinal phenotype with the presence of goblet cells and 

a change from neutral to acid mucins (sialomucins and sulphomucins)/' 

Immunohistochemically, Barrett's oesophagus resembles incomplete intestinal 

metaplasia of the gastric mucosa. It differs from complete intestinal 

metaplasia (characterized by goblet cells, Paneth cells and nonsecretory 

absorptive cells), by the presence of mucous secreting columnar cells, which 

contain both neutral and acid mucins. Incomplete intestinal metaplasia is 

more frequently associated with the development of dysplasia and 

adenocarcinoma than the complete type." During this stepwise progression of 

malignant degeneration, an accumulation of genetic changes is observed. 

Frequently described alterations in the intermediate steps of low-grade and 

high-grade dysplasia are an increase in the proliferation markers Ki67 and 

PCNA and mutation of the tumour suppressor gene p53.'J! 

An animal model of Barrett's oesophagus and adenocarcinoma would allow to 

study the various steps during malignant degeneration and would create the 

possibility to investigate new prevention and treatment strategies for this type 

of oesophageal cancer. There have been several attempts to develop animal 

models for Barrett's oesophagus and/or oesophageal adenocarcinoma. In 

some studies different types of oesophageal tumours {i.e. squamous cell 

carcinoma, adenocarcinoma and mixed tumours) were seen after the 

administration of exogenous carcinogens such as 2,6-dimethylnitroso-

morpholine.8•' The carcinomas which develop in these models do not 

resemble human Barrett's carcinomas. However, recent reports describe 

several surgical animal models in which Barrett's oesophagus and/or 

adenocarcinomas of the oesophagus develop without the administration of 

such exogenous carcinogens. Duodeno-forestomach anastomosis 'n, 

pancreatico-oesophageal anastomosis ", oesophagoduodenostomy 12'M, and 

oesophagojejunostomy with or without gastrectomy '- " have all been 

reported in the literature. Unfortunately, these studies have shown 

contradictory results, and the histogenesis of the columnar epithelium and 

adenocarcinoma in these models is not clear. 



The aim of the present study was to investigate two rat models for the 

development of Barrett's oesophagus and adenocarcinoma of the 

oesophagus. To analyse the histogenesis of the various morphological 

changes in these models, histopathologic evaluation with 

immunohistochemical stainings was performed. 

MATERIALS A N D METHODS 

Approva l 

Both experiments were approved by the Animal Ethics Committee of the 

Academic Medical Center at the University of Amsterdam. Due to the 

expected high dropout rates, both studies were also carefully monitored by 

the 'animal study co-ordinator' of the Animal Ethics Committee. 

Animals 
In both experiments, 8-week-old male Sprague Dawley rats weighing 250-300 g 

were used (Harlan CBP, Austerlitz, The Netherlands). The rats were housed 

under standard laboratory conditions with a 12 h light-dark cycle and five 

animals per cage. Before use, the animals were allowed to acclimatize for at 

least one week. All animal handling was carried out by experienced bio-

technicians. The animals were fed a regular diet (a commercially available 

rodent food) and had free access to tapwater, without exposure to 

carcinogens. Solid food was withdrawn the day prior to surgery, and for one 

day after surgery. All animals were weighed on a daily basis for the first two 

months, afterwards on a weekly basis. 

To analyse morphological changes, animals were scheduled to be killed 4 and 

12 months after surgery, or sacrificed earlier if indicated. Reasons for early 

termination were weight loss of 30% of the pre-operative body weight, severe 

regurgitation and/or aspiration not recovering within 24 hrs. 

Surgical Techniques 
EXPERIMENT I Forty-four rats underwent a end-to-side oesophagojejunostomy 

with gastrectomy (Figure 1 A). After premedication with Buprenorfine 0.09 mg 

and Depomycine 0.15 cc, inhalation anaesthesia was induced (Isoflurane, N2O 

and O2). Via a midline laparotomy the oesophagus was transected at the 

oesophago-gastric junction and anastomosed end-to-side to the jejunum with 

a one layer, running suture (7/0 prolene). Care was taken to include the 

oesophageal mucosa to ensure adequate mucosal to mucosal apposition. 

The stomach was resected, as a previous study had shown that gastric 



FIGURE 1 A 

End-to-side anastomosis of the oesophagus and the je junum with gastric resection (Experiment 

FIGURE 1 B 

Side-to-side anastomosis (oesophago-gastro-jejunostomy) with gastric preservation (Experiment 



perforation frequently occurs when the stomach is left in situ.'8 In this way, 

duodeno-oesophageal reflux (without gastric acid) was established. Immediately 

post-operatively, the rats received 2 ml of glucose 10% subcutaneously. 

EXPERIMENT II Side-to-side oesophago-gastro-jejunostomy without gastrectomy 

was performed in 30 animals. After premedication with Buprenorfine 0.09 mg 

and Depomycine 0.15 cc, inhalation anaesthesia was induced (Isoflurane, N2O 

and 02)- After a median laparotomy, the oesophagus, stomach and duodenum 

were identified, and the jejunum was anastomosed side-to-side with the distal 

oesophagus, with an anastomotic diameter of one cm (Figure 1 b). A one layer 

running 7/0 prolene suture was used for the anastomosis, ensuring an accurate 

mucosal to mucosal apposition. Care was taken to avoid damage to the 

glandular stomach. In this way duodeno-gastro-oesophageal reflux was 

established, while leaving the stomach in place. Immediately post-operatively, 

the rats received 2 ml of glucose 10% subcutaneously. 

Histological examination 
Animals were sacrificed under general anaesthesia and subsequent 

exsanguination. The thoracic and abdominal cavities were inspected, 

especially for the presence of metastases, and the oesophagus, stomach and 

jejunum were excised en bloc, including the anastomosis. The oesophagus 

was opened longitudinally, examined macroscopically, and curled up from 

proximal to distal (Swiss roll), since with this technique the full length of the 

oesophagus could be examined. The specimens were fixed in 10% neutral 

buffered formalin, embedded in paraffin, and stained with haematoxylin and 

eosin (H&E). An experienced gastrointestinal pathologist (FJWtK) reviewed all 

slides. The oesophagus was examined for the presence of hyperkeratosis, 

squamous hyperplasia, oesophagitis, ulcerations and finally intestinal 

metaplasia, dysplasia and carcinoma. Microscopically, intestinal metaplasia 

was defined as the presence of columnar mucosa with characteristic goblet 

cells/ '9 Dysplasia, arising in either squamous or columnar epithelium, was 

diagnosed using the Hamilton criteria.20 Carcinomas were classified in two 

groups: adenocarcinomas and squamous cell carcinomas. 

Immunohistochemistry 
To identify the histogenesis of pathologic changes seen after 4 and 12 

months, immunohistochemical stainings were performed on 5 um paraffin 

slides from tissue blocks. Intestinal metaplasia was demonstrated with high-

iron diamine-alcian blue (HID-AB) staining, which is indicative of sulfomucin 

and sialomucin, and is characteristic for the presence of goblet cells. 



To discriminate between complete and incomplete intestinal metaplasia, 

alcian blue pH 2.5 / periodic acid Schiff (AB-PAS) was used to distinguish blue 

acid mucins (AB-positive) from magenta neutral mucins (PAS-positive). 

Complete intestinal metaplasia was characterized by the presence of goblet 

cells secreting acid mucins and adjacent non-secretory columnar cells 

resembling normal absorptive enterocytes. Goblet cell metaplasia in 

association with secretory columnar neutral mucin cells, rather than mature 

absorptive cells, was considered indicative of incomplete intestinal 

metaplasia.':" To search for dysplastic and/or malignant changes 

immunohistochemically, the anti-rabbit-PCNA antibody at a dilution of 1:200, 

and the anti-rabbit-p53 antibody at a dilution of 1:500 were used (both 

Novocastra Laboratories, Newcastle, UK). The peroxidase reaction was 

developed with the use of diaminobenzidine. Cells were considered positive 

for PCNA and p53, when evident nuclear staining could be identified. 

RESULTS 

Histopathologic findings experiment I 
Of the 44 operated animals, 33 (75%) died before the intended end of the 

experiment. Five (11%) due to peroperative complications, 15 (34%) from early 

anastomotic leakage, 5 (11 %) from malnutrition due to late anastomotic 

stricturing and 8 (18%) from pulmonary complications due to massive aspiration. 

The body weight curve of the remaining eleven animals is depicted in Figure 2. 

From this curve it becomes clear that after the initial drop in weight immediately 

postoperatively, the surviving animals did not gain weight. The eleven surviving 

animals all had a very poor general condition, and it was decided to sacrifice all 

remaining animals after a median of 79 days (range 57 - 106) postoperatively. 

In all animals, the oesophagus was markedly dilated with a diameter varying 

from 3 to 5 mm. They all showed severe oesophagitis, with ulcerations 

extending into the proper muscular layer. There were small islands of 

regenerating squamous epithelium with a strong proliferation of the basal cell 

layer. In all animals this basal cell hyperplasia could be identified, together 

with papillary elongation and hyperkeratosis. 

Columnar epithelium was seen in all rats at the site of the anastomosis and in 

the lower end of the oesophagus (Figure 3A). The length of this segment was 

always less than 2 mm. It was in continuity with the columnar epithelium of 

the jejunum in most of the cases, but in three cases the columnar cells moved 

upwards under the squamous epithelium of the oesophagus, to break through 

the covering squamous epithelium into the luminal surface more proximally. 



FIGURE 2 

Changes In body weight over t ime in both experimental groups (median weight + SEM of each group at 

various t ime points). 
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In four of the eleven animals (36%) there were macroscopically visible tumours 

near the anastomosis, consisting of circumscript areas of atypical tubular 

glands with large lakes of extracellular mucin (Figure 3B). The median 

diameter of these tumours was 5 mm (range 3 to 9 mm). On first sight these 

findings were described as well-differentiated mucinous adenocarcinomas, 

with large amounts of mucus, resembling the tumours described by Chen et a!.'3 

and Clark et al.-7 However, a closer look did not reveal convincing malignant 

characteristics. Although there was some apoptotic necrosis, and some 

ruptured tubules with mucinous dissection, nuclear polymorphia was rare. 

There were also very few mitotic figures in the outer cell layers of these 

tumours. The tumours were situated in the submucosa, covered by normal 

squamous mucosa, and did not infiltrate the proper muscular layer. There was 

no visible tumour growth on the luminal surface of the oesophagus or 

jejunum. In addition, there were no precursor lesions (dysplasia) found in the 

covering mucosa. The histological findings are summarized in Table 1. 

Histopathologic findings experiment II 
Six rats (20%) died perioperatively, one immediately after induction of 

anaesthesia and five from anastomotic leakage. Two additional (7%) animals 

were sacrificed at 2 months due to persistent weight loss and failure to thrive. 

The median body weight of the remaining animals over time is shown in Figure 2. 

These animals with a side-to-side anastomosis without gastric resection gained 

significantly more weight than those with total gastrectomy (experiment I). 

Ten animals were sacrificed according to protocol at 4 months. Pathology results 

of these animals showed a moderate oesophagitis with histological changes 



TABLE 1 : 

Histological findings 2-3 months after end-to-side oesophago-jejunostomy (ETS) with gastrectomy 

(experiment I), and 4 and 12 months after side-to-side oesophago-gastro-jejunostomy (STS) with gastric 

preservation (experiment II). 

H is to log ica l F ind ings 

ETS 2-3 months STS 4 months STS 12 m o n t h s 

Hyperkeratosis 

Squamous hyperplasia 

Oesophagitis 

Ulcerations 

Columnar epithelium (median length) 

Dysplasia in Barrett 

(n=11) 

11 

11 

11 

11 

1-2 mm 

0 

(n=10) 

8 

6 

10 

6 

1-2 mm 

0 

(n = 10) 

10 

10 

1 

4 

10 mm 

0 

Tumours histologically resembling 

oesophagitis cystica profunda 4 5 0 

Tumours histologically resembling 

adenocarcinoma 0 7 

Tumours immunohistochemically 

resembling adenocarcinoma 

Squamous dysplasia 

Squamous cell carcinoma 

0 

0 

0 

0 

0 

0 

0 

6 

4 

x similar to the animals in experiment I {i.e. a 1-2 mm segment of columnar 

metaplasia at the anastomotic site, Table 1). Two additional animals were 

sacrificed at six months due to recurrent weight loss and failure to thrive. 

Pathology results were the same as in those rats sacrificed at 4 months. 

Interestingly, in the animals surviving one year, oesophagitis, ulcerations or 

erosions could hardly be identified anymore. Apparently, the previously 

damaged mucosa had been replaced by columnar epithelium and/or 

hyperplastic squamous epithelium. Histologic characteristics are summarized in 

Table 1. A segment of columnar epithelium was found in 9 out of 10 animals 

with a median length of 10 mm (range 0-22 mm) (Figure 3C). In this columnar 

epithelium, neither low-grade nor high- grade dysplasia could be identified. 

A large mucinous tumour (median diameter 12mm, range 9 to 20mm) could be 

found in seven out of ten animals (Figure 3D). These tumours were also located 

at the site of the anastomosis (often under normal squamous epithelium), and 

always limited to the submucosa, without involvement of the mucosa or proper 

muscular layer. In two cases the tumour was directly adjacent to the liver, but 

ingrowth rather than mechanical displacement could not be demonstrated. 



FIGURE 3 

Haematoxylin-eosin stained histology of the intestinal wall after oesophago-jejunostomy with (experiment I: 

panel A+B) and without (experiment II: panel C+D) gastric resection. 

Experiment I: A: columnar epithel ium at the anastomosis with severe ulcerative oesophagit is after 4 months. 

B: 'oesophagitis cystica profunda' after 2-3 months. The tumour is well-differentiated and is confined to the 

submucosa. There is no involvement of either the muscular layer or the mucosa. Experiment II: C: segment of 

columnar epithel ium with goblet cells after 12 months. D: Tumour histologically resembling oesophageal 

adenocarcinoma after 12 months. There is glandular disrupt ion with the formation of mucin lakes, some 

nuclear polymorphia, a few mitoses, and apoptot ic necrosis. Magnification = 10x. 

B 

;•&. I 

* n 

In comparison to the histological results at 4 months these tumours were 

significantly larger, and did have more malignant characteristics like 

cytonuclear polymorphia and disrupted and disorganised tubules. Therefore, 

these lesions were histologically resembling well-differentiated 

adenocarcinomas. 

In four animals one or more squamous cell carcinomas were found in the 

middle or distal oesophagus at some distance from the anastomosis. These 

tumours ranged in diameter from 3 to 6mm (median 5 mm). In two other 

animals atypical, dysplastic squamous epithelium was found, which was 

considered as carcinoma in situ. 



FIGURE 4 

Immunohistochemistry of Barrett's epithel ium (A-C) after 12 months and of tumours histologically resembling 

oesophageal adenocarcinomas, but immunohistochemically resembling 'oesophagitis cystica profunda' (D-F) 

after 12 months. 

A and D: high-iron diamine-alcian blue (HID-AB), B and E: alcian blue/per iodic acid-Schiff (AB/PAS), C and F: 

PCNA. Magnif icat ion = 10x. 

2 Immunohistochemical stainings 
The columnar cells found above the anastomosis after 4 and 12 months were 

i positive for acid mucins and the HID-AB staining showed typical goblet cells as 

demonstrated by the presence of sialomucins and sulphomucins. This was 

clearly different from the adjacent jejunal epithelium without HID-AB-positivity 

indicating that the columnar segments were resembling the specialized 

columnar epithelium of Barrett's oesophagus in humans (Figure 4A). 

With AB/PAS staining, acid mucins were identified in the absence of magenta 

neutral mucins, which is indicative of complete type intestinal metaplasia (with 

a supposedly lower malignant potential as compared to incomplete intestinal 

metaplasia) (Figure 4B). Immunohistochemically, there was neither evidence 

for dysplastic characteristics in the columnar mucosa after 4 months nor after 

12 months. Expression of PCNA was predominantly restricted to the basal layer 

and normal maturation of columnar cells was seen (Figure 4C). Interestingly, 

areas with papillary hyperplasia showed stronger expression of PCNA than 

the columnar metaplastic segments. Also, p53 staining was consistently 

negative. In the tumours at the anastomosis resembling well differentiated 

adenocarcinomas, the HID-AB and AB/PAS staining showed a mucin profile 

which was comparable to the more proximal columnar epithelium 



(Figure 4D and E) after 4 and 12 months. After 12 months, there was a slight 

increase in intensity and number of PCNA positive cells in comparison to the 

surrounding normal and metaplastic epithelium (Figure 4F). However, p53 

immunohistochemistry did not confirm any conversion towards malignant 

degeneration. Based on these immunohistochemical results, the diagnosis of 

reactive lesions fitting the diagnosis oesophagitis cystica profunda was 

established rather than well differentiated adenocarcinomas. 

DISCUSSION 

To investigate the histogenesis of Barrett's oesophagus and oesophageal 

adenocarcinoma, and to develop novel treatment strategies, the availability of 

an animal model would be of great value. This study demonstrates that 

duodeno-(gastro-)oesophageal reflux in a rat can induce columnar epithelium 

with immunohistochemical characteristics resembling human specialized 

intestinal metaplasia of a Barrett's oesophagus. 

Although many studies demonstrated the presence of a short segment of 

columnar epithelium directly proximal to the anastomosis, most segments did 

not exceed 2 mm.-2 ,óThe origin of this epithelium has been previously 

discussed in several publications. One hypothesis suggests stitching of jejunal 

mucosa to the oesophageal wall during surgical reconstruction with 

subsequent proximal migration of columnar epithelium.22 The other 

hypothesis suggests a true metaplastic process with the 'Barrett's oesophagus' 

originating from a pluripotent undifferentiated stem cell.23 24 We also found a 

1-2 mm short columnar epithelial segment surrounded by squamous mucosa 

at the anastomotic site after 2 to 4 months in both models. Although the 

presence of squamous epithelium distal to the area of columnar epithelium as 

found in a minority of rats is suggestive for a true metaplastic event, it is still 

doubtful whether this short segment is not mechanically displaced columnar 

duodenal mucosa. After 12 months, a segment of columnar epithelium of ca. 

10 mm was identified in 90% of the animals. These data are consistent with 

those of Van den Boogert et al. who described a long segment of metaplastic 

mucosa in the oesophagus {I.e. 6 mm of Barrett's mucosa after 8 months, and 

16 mm after 12 months)/' Such a large area of columnar epithelium is not 

likely to develop solely due to mechanical forces. In addition, clear 

immunohistochemical differences were found from adjacent jejunal mucosa 

(especially the presence of typical goblet cells. From these observations we 

conclude that longstanding duodeno-gastro-oesophageal reflux is able to 

induce a Barrett's oesophagus in rats. 



However, histological characteristics of dysplasia or immunohistochemical 

evidence of genetic changes associated with malignant degeneration were 

not found within the mucosa of any Barrett's segment. This is consistent with 

other animal studies that never demonstrated dysplastic epithelium in a short 

segment or long segment of columnar epithelium. This is in line with our 

observation that the intestinal metaplasia was predominantly of the complete 

type, which is in humans more frequently present at the oesophago-gastric 

junction and which is associated with a lower malignant potential in 

comparison with the incomplete type. 

Unfortunately, the question whether this animal model of longstanding reflux 

without administration of exogenous carcinogens is also able to induce 

adenocarcinomas is not answered by this study. The question remains whether 

these tumours are true reflux-induced mucinous adenocarcinomas, or that 

they should be considered as mechanically induced inclusion bodies with 

changes fitting the diagnosis 'oesophagitis cystica profunda'. This description 

parallels the diagnosis of proctitis and gastritis cystica profunda in humans,2" 

Proctitis cystica profunda is a rare, benign disease of the rectum, most often 

seen in patients with rectal prolaps, but also in combination with inflammatory 

bowel disease or radiation therapy.1'526 It is characterized by the presence of 

mucinous cysts in the colonic or rectal wall. These cysts are found in the 

submucosa, sometimes reaching the tunica muscularis. The cysts are lined by 

a single layer of benign epithelial cells of variable appearance, ranging from 

normal-appearing mucosal elements to nondescript, atypical, cuboidal or 

flattened cells. The tumours described in the present experiments and 

previously described by others, fit this description. In a rat-model of radiation 

induced colitis cystica profunda, Geisinger described 'the insinuation of 

glands herniating from the mucosa through narrow gaps in the muscularis 

mucosae into the superficial submucosa'.25 Cells lining these herniating glands 

had normal appearances, and mitotic activity was also not noted. It is 

conceivable that the construction of an oesophago-jejunal anastomosis 

induces herniation of individual glands from the jejunum into the oesophageal 

submucosa, or that mechanical forces such as surgical stitches transpose these 

glands into the submucosa. Interestingly, in many of our tumours, stitches 

were present. 

In man these 'cystica profunda' tumours do not develop into malignancy. The 

tumours observed after 4 months in the present study did not show 

characteristics of malignancy, and were considered as benign or reactive tumours 

due to mechanical forces. At one year however, the tumours had increased 

significantly in size, and the glands had become more disrupted with increasing 

nuclear atypia. In the lakes of mucin, single-floating cells could be observed. 



Therefore, these tumours were histologically resembling adenocarcinomas. 

However, all tumours remained confined to the submucosa and did not infiltrate 

into deeper layers or adjacent structures. In addition, immunohistochemical 

evidence for malignancy could not be demonstrated, since p53 mutations were 

absent and only a slight increase in proliferation activity was seen. In most 

previous studies performing oesophagojejunostomy with gastric preservation, 

there has also been no definite evidence for a malignant nature of these 

tumours/' Most so-called adenocaricnomas are well differentiated tumours 

limited to the submucosa with histological characteristics similar to the lesions 

described in the present study. The observation that selective COX-2 inhibition 

prevents the development of reflux induced 'adenocarcinomas' in rats by Butter 

et al.*, is in our opinion also not conclusive for the origin of these tumours, since 

COX-2 inhibition could also prevent reactive inflammatory lesions. However, 

Nishijima et al. demonstrated that a biliary diversion procedure, in which the 

end-to-side oesophagojejunostomy with gastrectomy was converted to Roux-

en-Y oesophagojejunostomy after 20 or 30 weeks, prevented the development 

of oesophageal adenocarcinoma." This observation can not be explained if the 

lesions resembling oesophageal adenocarcinomas are solely mechanically 

induced inclusion bodies. Therefore, further studies into the true nature of the 

tumours found in these animal experiments are needed. Surprisingly, one or 

more squamous cell carcinomas were found in the middle or distal oesophagus 

at some distance from the anastomosis in four animals after 12 months. This 

finding has never been described in previous reports. However, since dysplastic 

squamous epithelium with a PCNA and a p53 increase was found to accompany 

the tumours, these lesions were considered to be true malignant degeneration 

of normal squamous oesophageal epithelium. 

In conclusion, this study demonstrates that it is possible to induce a long 

segment Barrett's oesophagus in the rat by performing a side-to-side 

oesophago-gastro-jejunostomy. After one year, ca. 1 cm of Barrett's mucosa is 

present. Within 3 to 4 months tumours appear at the anastomotic site, which 

develop histological signs of malignancy after one year. However, these tumours 

are always confined to the submucosa, and since precursor lesions or 

immunohistochemical characteristics of malignant degeneration can not be 

identified, these tumours are likely to develop via mechanical forces (such as 

stitches) transposing mucosal glands into the submucosa. These transposed 

glands subsequently develop into large well-differentiated cyst-forming tumours 

fitting the diagnosis of 'oesophagitis cystica profunda'. It seems to be unlikely 

that these tumours are induced by duodeno-gastro-oesophageal reflux. This 

animal model is, therefore, not suited for the study of true adenocaricnoma 

developed in a Barrett's segment. 
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INTRODUCTION 

All clinical cancer gene therapy trials using non-replicating adenoviral vectors 

(serotype 5) show that this approach is save but lacks clinical efficacy. 2 A major 

problem is the limited transduction of tumors cells. Upon injection into a 

tumor, most studies show that only cells in the proximity of the needle track 

are transduced.' Replicating adenoviral vectors could solve this problem 

because after transducing an initial small cell population, replication will result 

in a burst of adenovirus followed by spreading of the viral progeny to 

surrounding tumour cells. Considering the broad tropism and more 

specifically the hepatotropism of adenoviral serotype 5 vectors1, replication of 

these adenoviral vectors should be restricted to tumor tissue. 

Conditionally replicating adenoviral vectors (CRAds) are a relatively new class 

of therapeutic vectors that use the normal adenoviral replication cycle to 

selectively lyse tumour cells, while sparing normal cells.5 Tumour specific viral 

replication can be achieved in two ways. One approach is to mutate viral 

genes essential for viral control of the cell cycle. An example is the ONYX-015 

virus, in which tumor specificity is obtained by a deletion in the viral E1B 

region, restricting viral replication to cells with a defective p53 pathway." 

However, such mutations seem to result in impaired replication which could 

reduce the efficacy in patients/ A second approach to produce CRAds is to 

replace replication controlling viral promoters by tumor specific promoters 

{i.e. transcriptionally targeted CRAds).3 Such a promoter can be derived from 

genes that have been found to be upregulated specifically in tumour tissue. 

Well known examples are the promoter regions of the carcinogenic embryonic 

antigen (CEA)' and that of the alpha-feto-protein (AFP).' In addition to a 

selective 'tumour on' phenotype, the candidate promoters should also exhibit 

a 'liver off' phenotype for mitigation of hepatotoxicity. 

Recently, promoter fragments of the cyclooxygenase-2 (COX-2) gene have 

emerged as promising tumour specific elements.'1 u COX-2 is the rate-limiting 

enzyme in the conversion of arachidonic acid to prostaglandins. Under 

physiological conditions this inducible isoform of the cyclooxygenase family is 

undetectable in normal tissues, including liver, whereas it is frequently 

upregulated in pathological conditions especially in gastrointestinal 

malignancies.''Seventy-five to 100% of oesophageal, gastric, colorectal, liver 

and pancreatic cancers have been reported to show increased expression of 

COX-2 at the mRNA and the protein level." ' However, COX-2 is not only 

expressed in tumours but also in inflamed normal tissue. Since adenoviral 

vectors have been shown to initiate inflammation by activation of immune 

cascades'" '*, it might be expected that the administration of adenoviral 



vectors could also induce COX-2 expression. Although this induction may 

involve post-transcriptional mechanisms, detectable expression of COX-2 

does indicate that the promoter is active. If adenoviral induction indeed 

results in increased COX-2 promoter activity, this could compromise the 

selectivity of CRAds driven by a COX-2 promoter. Inflammation, either directly 

induced by the adenoviral particles or by cell debris resulting from adenovirus 

induced cell lysis, could start a positive feedback loop resulting in 

transcriptional upregulation of COX-2. If COX-2 expression is induced in 

normal hepatocytes by adenoviral treatment, this could result in viral 

replication in this organ leading to liver toxicity. 

In this study we investigated the therapeutic potential of a COX-2 promoter, in 

adenoviral context, for the treatment of gastrointestinal tumors. We 

addressed the possibility of self activation by investigating basal and 

adenoviral induced COX-2 expression in a panel of gastrointestinal cancer cell 

lines and freshly isolated primary human hepatocytes. In addition, we 

determined in vivo COX-2 expression patterns in liver samples of 10 patients 

who underwent hemi-hepatectomy for primary or metastastic liver cancer, 

treated with and without preoperative adenoviral cancer gene therapy. 

MATERIALS AND METHODS 

Established human carcinoma cell lines 
The oesophageal squamous cell carcinoma cell line TE-2 was kindly provided 

by Dr. M. Yamamoto (University of Alabama, Birmingham, AL, USA). Human 

bileduct carcinoma cell lines CCLP-1 and MzChA-1 were obtained from 

Dr. T. Whiteside (Pittsbrug, PA, USA) and Dr. J.G. Fitz (University of Colorado, 

Denver, CO, USA) respectively. HT29 and CaCo-2 (colon carcinoma), and OE33 

(oesophageal adenocarcinoma) cells were purchased from the European 

Collection of Cell Cultures (Salisbury, UK). Adenoviral producer cells HEK 293 

(human embryonic kidney) were obtained from the American Type Culture 

Collection (ATCC). All cell lines were maintained in Dulbecco's modified 

Eagle's medium supplemented with 10% heat-inactivated fetal calf serum, 300 

pg/ml L-glutamine, 100 U/ml penicillin, and 100 ug/ml streptomycin, at 37'C in 

a humidified, 10% CO2 atmosphere. 

Primary hepatocyte cultures 
Human hepatocytes were isolated from small liver resection samples 

(2-5 grams) of patients undergoing partial hepatectomy. Cells were isolated by 

a standard two-step collagenase perfusion as essentially described by Seglen 



et al., and Ballet et a l /9 2 0 After isolation, cells were seeded in primaria plates 

(Falcon, Becton Dickinson Labware, Milleville, NJ, USA) in complete Williams 

E medium (supplemented with 10% heat-inactivated fetal calf serum, 2uM 

L-glutamine, 1 mM Dexamethason, 20 mU/ml insulin, 100 U/ml penicillin, 

100 ug/ml streptomycin, 0.25 ug/ml Fungizon and 1mM ornithin). Hepatocytes 

were allowed to attach for four hours after which the culture medium was 

replaced with RocketFuel activated complete CS-C serum free medium 

(Cell Systems, Kirkland, WA, USA) in order to avoid dedifferentiation and 

preserve hepatocyte function. Hepatocytes were cultured in a 10% CO2 

atmosphere and were allowed to recover for 48 hours before they were used 

in subsequent experiments. This study was performed in accordance with the 

guidelines of the local ethics committee. 

Adenoviral constructs 
Recombinant E1-deleted adenoviral vectors expressing the firefly luciferase 

gene from the human cytomegalovirus (CMV) promoter or one of two control 

regions of the human COX-2 promoter, COX-2M (-883 to +59 bp) and COX-2L 

(-1432 to +59 bp), were kind gifts from Dr. I. Dmitriev (University of Alabama, 

Birmingham, AL, USA).1' An E1-deleted adenovirus expressing green 

fluorescent protein under control of a CMV promoter (AdCMVGFP) was kindly 

provided by Dr. V. Krasnykh (University of Alabama, Birmingham, AL, USA). 

Recombinant viral vectors were constructed using the AdEASY system.2' In 

short, promoter regions driving the firefly luciferase gene (pGL3 basic vector, 

Promega, Madison, Wl, USA) were cloned into the AdEASY pShuttle vector. 

The resultant plasmid was recombined with the AdEASY-1 adenoviral 

backbone in Escherichia coli BJ5183. Recombinant plasmids were transfected 

into HEK 293 cells to generate AdCMVluc, AdCOX-2Mluc, AdCOX-2Lluc and 

AdCMVGFP. Adenoviral preparations were purified by double cesium chloride 

(CsCI) density centrifugation, dialyzed against PBS containing 10% glycerol23, 

aliquoted and stored at -80°C until use. All titers were determined on HEK 293 

cells and expressed as plaque forming units (PFU)/ml as described previously/" 

Adenoviral gene transfer and luciferase assays 
Adenoviral transduction experiments were routinely performed as follows: 

carcinoma cell lines were seeded in 24 well plates with a density of 2x10' cells per 

well and primary hepatocytes were seeded in primaria 6 well plates with 5x10" 

cells per well. Cell lines were used 24 hours after seeding, and hepatocytes after 

48 hours. After rinsing the cells once with PBS, cells were transduced in 

Dulbecco's Modified Eagle's Medium (DMEM) without serum for 1 hour. 

To analyse the adenoviral COX-2 induction, cell cultures were incubated for 



24 hours with virus either in the presence or absence of 10 ng/ml of the strong 

COX-2 inducer phorbol 12-myristate 13-acetate (PMA; Sigma Chemical Co., St 

Louis, MO, USA)/" Twenty-four hours post transduction cells were harvested for 

Western blotting (see below) or for luciferase activity assays. Luciferase activity 

was measured according to manufacturers protocols using the Berthold 

luminometer (Berthold Detection System, Pforzheim, Germany), the Promega 

luciferase assay system (Promega, Madison, Wl, USA) and the Pierce protein 

assay (Pierce Biotechnology, Rockford, IL, USA). 

Western blot analyses of COX-2 expression 
Cells were lysed in ice-cold radioimmunoprecipitation assay (RIPA) buffer (150 

mM NaCI, 1% Tergitol type NP-40, 1% sodium deoxycholate, 0.1% sodium 

dodecyl sulfate, 1mM EDTA, 50 mM Tris/HCI pH 8.0 plus freshly added 

complete mini protease inhibitor cocktail tablets (Roche Diagnostics GmbH, 

Mannheim, Germany) and sonicated. Proteins were resuspended in sample 

loading buffer (125 mM Tris/HCI pH 6.8, 2% SDS, 20% glycerol, 

5% 6-mercaptoethanol, and 0.015% bromophenol blue) and protein 

concentration was measured using the Pierce protein assay (Pierce 

Biotechnology, Rockford, IL, USA). Equivalent samples were separated by 10% 

SDS-PAGE and transferred to a PVDF membrane (Milipore, Bedford, MA, USA) 

which was subsequently incubated overnight at 4°C with a monoclonal COX-2 

antibody (160112, Cayman Chemical Co., Ann Arbor, Ml, USA) in a dilution of 

1:1000, and for 1 hour with 1:2000 diluted Horse Radish Peroxidase (HRP) 

conjugated secondary antibody (DAKO, Duiven, The Netherlands). The bands 

were visualized, using Lumilight plus substrate (Roche Molecular Biochemicals, 

Almere, The Netherlands) and chemiluminescence detection (Lumi Imager, 

Roche, Almere, The Netherlands). Each sample was corrected for loading by 

normalization with the appropriate 3-actin signal. Antibody bands were 

quantified using Genetools software (Syngene systems, Frederick, MD ; USA). 

COX-2 immunohistochemistry 
To analyse adenoviral COX-2 induction in normal hepatocytes in vivo, liver 

samples of 10 patients who underwent hemi-hepatectomy for primary or 

metastastic liver cancer were immunohistochemically stained for COX-2. Five 

of these patients were treated preoperatively with gene directed enzyme 

prodrug therapy. The gene therapy treated patients were from the CTL 

102/CB 1954 CTC99020 study, in which 1 x 10 or 1x10'' particles of a 

replication deficient adenovirus (CTL 102) encoding the nitroreductase suicide 

gene were administered intratumourally/'' Five days after treatment, the 

tumour was removed surgically to assess the nitroreductase gene expression 



and sections from this material were obtained for this study. The COX-2 

immunohistochemical staining procedure was performed as described 

previously.''7 Briefly, formalin-fixed and paraffin-embedded specimens were 

sectioned (5 um), and deparaffinized for antigen retrieval. Immunostaining was 

performed with the COX-2 specific mouse anti-human monoclonal antibody 

(160112, Cayman Chemical Co., Ann Arbor, Ml, USA) in a dilution of 1:200. 

An experienced Gl-pathologist (GJAO) scored the COX-2 immunoreactivity in 

both tumour cells and normal hepatocytes of the liver resection specimens. 

RESULTS 

Endogenous COX-2 expression predicts COX-2 
promoter activity in an adenoviral vector 
To assess the transcriptional efficiency of the COX-2 promoter, the expression of 

endogenous COX-2 protein and the transcriptional activity of two COX-2 

promoter fragments (a long 1491 bp fragment designated L and a shorter 942 

bp fragment of the same region designated M) were analysed in a panel of 

gastrointestinal carcinoma cell lines. ' The cells were transduced with AdCOX-

2Mluc and AdCOX-2Lluc, and the COX-2 driven luciferase expression was 

compared to that of AdCMVIuc. The COX-2 promoter driven luciferase 

expression was correlated to the amount of COX-2 protein present in each cell 

line as shown in Figure 1. Low COX-2 expressing cell lines like the oesophageal 

cell line TE-2 and bile duct carcinoma cell line MzChA-1 showed a low COX-2 

driven luciferase activity, while high COX-2 expressing cell lines like the 

cholangiocarcinoma cell line CCLP-1 and oesophageal cell line OE33 showed 

COX-2 driven luciferase expression levels approaching that of the CMV 

promoter. Virtually no difference in luciferase activity was observed between the 

two COX-2 promoter constructs. From these results we conclude that, in the 

tested panel of gastrointestinal cell lines, the endogenous COX-2 protein 

expression predicts the activity of the COX-2 promoter in an adenoviral context. 

Induction of COX-2 expression increases COX-2 
promoter activity 
To investigate if the promoter region present in the adenoviral vectors is still 

inducible, PMA was used which is an established pharmacological activator of 

the COX-2 pathway. Carcinoma cell lines were cultured either in the absence 

or presence of PMA, and effects on COX-2 protein expression and COX-2 

driven luciferase expression were analysed. These experiments show that 

when COX-2 expression is upregulated, the transcriptional activity of the 



FIGURE 1 

Carcinoma cells from a panel of gastrointestinal cell lines were infected with AdCOX-2Mluc and AdCOX-2Lluc 
(MO110). The adenoviral COX-2 promoter driven luciferase expression was correlated to the amount of COX-
2 protein levels in all cell lines as demonstrated by irnmunoblots Equal loading was confirmed by showing 
equal fJ-actin levels. 
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COX-2L and COX-2M promoters increases accordingly (Figure 2). 

No significant increase in viral expression was observed with vectors containing 

the CMV promoter. Particularly strong activation, up to a 23 fold increase in 

lucifersae activity, was seen in the oesophageal carcinoma cell line TE-2 and 

cholangiocarcinoma cell line Mz-ChA-1 cells, which both have low basal levels 

of COX-2 expression. These results indicate that inflammation responsive 

elements are still functional in the COX-2 M and L promoter constructs. 

Replication deficient adenoviral vectors induce COX-2 
expression in carcinoma cell lines and primary human 
hepatocytes 
Adenoviral vectors can induce inflammatory responses'7 and since COX-2 

expression is affected by inflammation, it was hypothesized that the 

administration of adenoviral vectors could induce COX-2 expression in cells. 



FIGURE 2 

Upregulation of COX-2 expression by treatment of human gastrointestinal carcinoma cell lines with PMA 
leads to increased transcriptional activity of the COX-2L and COX2M promoters as shown by the increased 
luciferase levels (MOI 10). No significant increase in viral expression was observed with vectors containing 
the CMV promoter. 

~E, -PMA MzCha-1 rPMA CaCo-2 -PMA 

COX-2 

B-actin 

20000 

f 

z < 
1-

E 

0 

"8 
a 
X 
0) 
0) 

15000 

10000 

5000 D AdCOX-2Mluc 

AdCOX-2Lluc 

TE2 + PMA 1zCha-1 +PMA CaCo-2 -PMA 

Although this may enhance the efficiency of COX-2 driven adenoviral vectors 

it could impair their tumour selectivity. To determine if adenovirus indeed can 

induce COX-2 expression, we transduced TE-2 and CaCo-2 cells with 

AdCMVluc (MOI 50). COX-2 expression was analysed by Western blot at 12 

and 24 hours post-transduction. The results were comparable to those seen 

after PMA induction. In the TE-2 cell line, which was also very responsive to 

PMA, strong induction of COX-2 was seen 24 hours after viral transduction 

(Figure 3). This indicates that in human cancer cells the COX-2 gene can be 

induced by adenoviral vectors. 

Since, one of the main goals of transcriptional targeting is to mitigate liver 

toxicity, COX-2 induction was also analysed in six primary human hepatocyte 

isolates. Freshly isolated hepatocytes were cultured and treated with 

adenoviral vectors (AdCMVluc, moi 50 and AdCMVGFP, moi 10) or with PMA 

for 24 hours. Cell viability was confirmed by identifying green fluorescent cells 

with fluorescent microscopy before cells were harvested for Western blot 

analysis. Clear induction of COX-2 expression by PMA was observed in four 



FIGURE 3 

Induction of COX-2 expression in gastro-intestmal carcinoma cell lines by adenoviral treatment. After 24 

hours, the COX-2 protein is readily induced in the human esophageal carcinoma cell line TE-2, whereas in the 

human colon carcinoma cells line CaCo-2 the COX-2 induction is l imited. Both cell lines were transduced 

with a non-replicative adenoviral vector (AdCMVluc, moi 50). 
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out six hepatocyte isolates, and adenoviral COX-2 induction was observed in 

two out of four hepatocyte isolates (Figure 4A). This COX-2 protein induction 

was associated with an increase in viral expression (AdCOX-2L, moi 5) 

(Figure 4B), which was even more pronounced when cell lysates were added 

to the adenoviral vectors (Figure 4C). Together these data indicate that in 

normal human hepatocytes COX-2 expression is induced by inflammatory 

stimuli provided by either PMA or adenoviral vectors. 

Induction of COX-2 expression 
in normal hepatocytes in vivo 
Expanding on the in vitro results in primary hepatocytes, COX-2 protein 

expression was determined in three patients with primary hepatocellular 



FIGURE 4 

Effect of PMA and adenoviral vectors on COX-2 induction and activation of a COX-2 promoter in eight 

independent human hepatocyte isolates. Cell viability was confirmed by identifying green fluorescent cells 

with fluorescent microscopy before cells were harvested (AdCMVGFP, moi 10). A: COX-2 protein induction 

by PMA (isolate 1-6) or adenoviral vectors (AdCMVluc, moi 50) (isolate 3-6). B: Activation of the COX-2L 

promoter (AdCOX-2L. moi 5) by PMA (isolate 4-8). C: Activation of the COX-2L promoter (AdCOX-2L, 

moi 5) by adenoviral vectors with cell lysates (AdNULL-eGFP, moi 100 and 1000). 
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carcinoma and seven patients with liver metastases from colorectal cancer, 

who underwent partial hepatectomy. Representative slides of the tumour and 

surrounding normal liver tissue were stained immunohistochemically for COX-

2 expression. COX-2 immunoreactivity was detected in all tumours, of which 8 

were classified with moderate to strong staining intensity. In contrast, only 

weak or no staining was observed in normal hepatocytes, except at sites 

around inflammation and necrosis (n=4). In tumour bordering non-tumorous 

tissues, a more intense staining of COX-2 was observed than in non tumour 

bordering normal liver cells (Figure 5). No identifiable difference in COX-2 

expression was observed between the gene therapy treated patients (n=5) 

and the patients (n=5) who only underwent surgery. These data indicate that 

COX-2 expression can be induced in normal hepatocytes in vivo. 

FIGURE 5 

Representative examples of COX-2 immunohistochemistry. A: Strong COX-2 immunoreactivity in tumour 

cells (40x). B: In tumor bordering non-tumorous tissues, a more intense staining of COX-2 was observed 

than in non tumor border ing normal liver cells (40x). C. Weak COX-2 immunoreactivity in normal 

hepatocytes (100x). 
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DISCUSSION 

The successful clinical use of adenoviral cancer gene therapy, specifically 

strategies involving replicating adenoviral vectors, relies on the ability to 

restrict viral activity to tumour cells. The frequent involvement of the liver in 

tumour pathology, both as a primary tumour source and major site of 

metastasis, combined with the natural hepatotropism of adenoviral vectors 

(serotype 5), makes the need for targeting especially stringent in this organ/" 

An attractive strategy to reduce adenoviral liver toxicity is to use 

transcriptionally targeted replicating adenoviral vectors. A major obstacle in 

determining the safety profile of CRAds and their controlling elements is the 



lack of adequate animal models. The athymic nude mouse implanted with 

human tumours is still the only widely available system. However, since the 

replication of human adenoviral vectors is severely impaired in mouse tissues, 

these mice models are not suitable to determine 'leakiness' of vector 

specificity. Therefore normal human material, although difficult to obtain, is 

still best suited for analysing leakiness of potential tumour specific elements. 

In this study we have been able to obtain fresh primary normal human 

hepatocytes, which allowed us to investigate tumour selectivity of the COX-2 

promoter in an adenoviral context. High COX-2 expression has been 

demonstrated in many human gastrointestinal malignancies1*, whereas it is not 

expressed in normal tissue including liver, making the COX-2 promoter a 

potential tumour targeting element. In recent studies by Yamamoto et al., two 

regions of the cyclooxygenase-2 promoter have been identified as promising 

tumour specific transcriptional targeting elements." 12 In the present study, the 

activity of the COX-2 promoter was demonstrated to be correlated with the 

endogenous COX-2 status of various gastrointestinal carcinoma cell lines. 

Using the strong COX-2 activator PMA?5, it was also shown that COX-2 

promoter fragments cloned into adenoviral vectors can still be transcriptionally 

activated, indicating that regions essential for the transcriptional upregulation 

of COX-2 are present in the used promoter fragments. Previous studies 

showed that the inducing effects of PMA are mediated by the cyclic AMP 

response element (CRE, located at -59bp to -53 bp)29 and to a lesser extent the 

nuclear factor-K6 (NF-KB, located at -223 to -214 bp)30 of the COX-2 promoter. 

Furthermore these elements have also been implicated in adenoviral and 

inflammatory cytokine mediated COX-2 promoter activation.?: "Both elements 

are indeed present in the promoter fragments used in this study and may 

therefore play a role in the activation of the COX-2 promoter. 

Recently, Hirschowitz et al. showed that adenoviral vectors induce dose-

dependent increases in COX-2 protein and Prostaglandin E2 (PGE-2) 

production in non-small cell lung cancer cell lines and that this increase was 

independent of the transgene expressed.33 In concordance with the results 

from Hirschowitz et al. we could also induce COX-2 expression by incubating 

gastrointestinal carcinoma cells with non-replicating adenoviral vectors. More 

generally, adenovirus induced inflammation has also been described 

previously. Adenoviral particles, whether replication competent or deficient, 

are able to induce inflammation upon binding and/or internalization of viral 

components.-" The cell-virus binding, internalization and predominantly 

adenoviral expression of the E4 coding region, stimulate signal transduction 

pathways (e.g. mitogen-activated protein kinase (MAPK) and p38/ 

stress-activated protein kinase (p38/SAPK)) that activate transcription factors. 



These inflammation cascades are not restricted to tumour cells and can also 

be activated in normal cells. Considering this, we investigated the inducibility 

of COX-2 in primary human hepatocytes and found that PMA and adenoviral 

COX-2 induction can also occur in normal human hepatocyte cultures, 

although it must be noted that COX-2 induction could not be detected in all 

isolates. Because of these heterogeneous results and the limited availability of 

primary human hepatocyte isolates, we also analysed COX-2 expression in 

resection material from ten patients who underwent hemi-hepatectomy for 

primary or metastatic liver cancer. Five of these patients were preoperatively 

treated with intratumoural injection of different doses of a non-replicating 

adenoviral vector.2'-' Based on the nitro-reductase expression no spread of the 

injected virus was seen into the surrounding normal liver tissue, which could 

explain why in the gene therapy group no additional COX-2 induction was 

observed. Comparable to the in vitro hepatocyte cultures, COX-2 expression 

was heterogeneous in liver in vivo. Still, clear COX-2 expression could be 

observed in normal hepatocytes, specifically in those surrounding the tumour 

cells. The presence of COX-2 expression in normal hepatocytes demonstrates 

that other factors can also disrupt COX-2 tumour specificity in vivo. Activation 

of MAPK/ERK and p38/SAPK pathways can increase the quantity and activation 

state of nuclear transcription factors leading to pro-inflammatory cytokine gene 

expression, especially in tissue macrophages. These various cytokines 

(e.g. TNF-a, IL-1 and IL-8) can rapidly induce the COX-2 protein level and 

enzyme activity via activation of the nuclear factor-K6 (NF-KI3) transcription 

factor/' " A publication of Reid et al. demonstrated a systemic upregulation of 

COX-2 inducing cytokines after hepatic arterial infusion of a replication-selective 

oncolytic adenovirus in patients with liver metastasis of gastrointestinal 

malignancies." Together these data suggest that the COX-2 promoter activation 

can be more pronounced in v/Vothan demonstrated in the in vitro experiments 

due to additional cytokine production and activation of immune cells. 

The results of this study seem to contradict the outcome of a previous study 

conducted by Yamamoto et al. regarding the COX-2L and COX-2M promoter 

elements.'1 ''2 Yamamoto et al. administered COX-2 promoter controlled 

CRAds systemically in non-tumour bearing mice and histopathological analysis 

did not reveal findings of toxicity in major organs. However, they did observe 

increased numbers of acute inflammatory cells in the liver parenchyma.'2 

Considering the impaired replication of human adenoviral vectors in mouse 

tissues, the presence of inflammation in the liver complements our data and 

also suggests that the tumour specificity of COX-2 promoter elements can be 

compromised when replicating adenoviral vectors are used to treat primary 

and secondary liver tumours. 



One could easily imagine the loss of COX-2 tumour specificity when, after 

initial tumor specific replication, considerable amounts of adenoviral particles 

are released from the tumour to adjacent normal cells, inducing inflammation 

and subsequent activation of COX-2 in normal cells. In fact, in their study 

Yamamoto et al detected E1A mRNA in the livers of treated animals indicating 

that the COX-2 promoter is active albeit on a very low level. Since low levels of 

E1A are already sufficient for adenoviral replication, even this low expression 

could result in efficient replication and cell lysis in a permissive tissue such as 

human liver.37 Furthermore adenovirus induced cell lysis does not only result in 

the release of viral particles but also exposes surrounding cells to cellular 

debris. Since cell debris is also able to induce pro-inflammatory cytokines'7, 

extensive release of both adenoviral particles and cellular debris is expected 

to have enhanced effects on COX-2 induction in vivo. This cascade would 

further compromise the clinical use of COX-2 transcriptionally targeted CRAds. 

Therefore, our results indicate that in its present form the COX-2 promoter 

may not be suitable for controlling the replication of a CRAd. Still, in light of 

the promising results in intestinal cancers, we think that modifications of the 

COX-2 promoter to enhance tumour specificity may result in an attractive 

tumour specific vector. 

In this context, it would be interesting to see how deletions or mutations in 

the CRE and N F - K B domains that reduce the inflammation sensitivity, would 

influence the tumour specificity of the COX-2 promoter. A complementary 

approach could be to reduce COX-2 activating activity via mutations in the E4 

region of adenoviral vectors, although it should be considered that such 

mutations can have severe implications for the oncolytic activity of the virus 

(e.g. complete deletion of the E4 region renders the virus replication 

incompetent).3B In addition, adapting the viral genome does not affect cell 

debris induced inflammation. Other interesting possibilities are to combine 

the currently used COX-2 promoter fragments with additional tumour specific 

promoters in dual promoter activated CRAds55 w and/or combine the use of 

the COX-2 promoter with transductional targeting. 

In conclusion, this study demonstrates that awareness of adenoviral vector 

effects on infected tumour cells and especially normal human (liver) cells is 

relevant and should be acknowledged in the development of adenoviral 

cancer gene therapy. Although the tumour specificity of the COX-2 promoter 

still warrants further research, our data suggest that the tumour-specificity of 

COX-2 promoter elements can be compromised when incorporated into 

adenoviral vectors systems due to possible self-activation of these vectors. 

Therefore, the currently used native COX-2 promoter regions seem unsuitable 

as tumour specific regulators in replicating adenoviral vector systems. 
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SUMMARY 

Adenocarcinoma of the distal oesophagus or gastric cardia is an aggressive 

disease with poor overall survival. At this moment, surgical resection is still the 

best curative option, but even after intentionally curative resection, five-year 

survival rates rarely exceed 25%. So far, research has mainly focused on 

improving surgical techniques and developing (neo-) adjuvant chemo- and 

radiation therapies, with limited result. To improve treatment options for these 

patients, insight in the premalignant stage (also called Barrett's oesophagus) 

and the subsequent metaplasia-dysplasia-adenocarcinoma sequence is of 

crucial importance. Knowledge of the pathways involved in the malignant 

degeneration might lead to early detection with increased overall survival and 

the development of more specific treatment strategies for invasive cancer. The 

studies described in this thesis intend to provide a better insight in the 

qenetic alterations and metastatic behaviour of adenocarcinomas of the 

oesophagus or gastric cardia in correlation to patient-outcome. It describes 

1 how this knowledge can be used to develop new treatment strategies for 

these aggressive tumours. 

PART I 

In Chapter 1, a review is provided of the molecular mechanisms underlying 

i the initiation and progression of adenocarcinomas via the histological 

sequence of Barrett's metaplasia and dysplasia. This sequence is associated 

with several changes in gene structure and gene expression. Although the 

pathogenesis remains poorly understood, the genetic alterations that have 

been recognized almost all exert their effect via the cell cycle clock apparatus, 

which is the molecular machinery in the cell nucleus that controls whether a 

cell will proliferate, differentiate, become quiescent or die. The development 

of new treatment strategies based on these molecular changes focus on early 

detection with subsequent possibility of endoscopic treatment of lesions and 

the development of pharmacological strategies interfering with oncogenic 

pathways. Another approach is the development of gene therapy aiming at 

the correction of genetic alterations or selective killing of tumour cells. 



PART II 

In this part of the thesis, the use of diagnostic modalities for a tailored 

therapeutic approach is assessed. To identify patients eligible for local 

endoscopic techniques, Chapter II describes the efficiency of preoperative 

identification of lymph node involvement by endoscopic ultrasonography. In 

addition, histopathologic features of HGD and early oesophageal 

adenocarcinoma (subclassified into six different stages) are related to the 

presence of lymph node metastases. The results suggested that EUS can 

reliably predict early lesions without lymph node involvement and that m l , 

m2, m3 or sm1 lesions are eligible for endoscopic treatment when the lesion is 

smaller than 3 cm, has a good or moderate differentiation grade and no 

lymph-angio invasion. In contrast, for patients with an sm2 or sm3 lesion 

surgical resection with lymphadenectomy should be considered for curation. 

In these lesions with high risk of lymph node metastases, endoscopic 

treatment will compromise chances for long-term survival. 

In Chapter 3, the clinical significance of immunohistochemically detected 

micrometastases in lymph nodes is assessed in adenocarcinoma of the distal 

oesophagus or gastric cardia. Micrometastases were demonstrated to have a 

prognostic significance for patients operated upon for histologically node 

negative tumours. Even this minimal lymphatic dissemination was associated 

with a high incidence of both locoregional and systemic recurrence. Moreover, 

extensive transthoracic resection with a two-field lymphadenectomy did not 

completely prevent locoregional recurrences. Therefore, it was suggested that 

even for patients with these early disseminated carcinomas, systemic (neo-) 

adjuvant therapy is needed to achieve long-term survival. 

PART III 

Chapter 4 is used to introduce the cyclooxygenase (COX) enzyme and its role 

in the malignant degeneration of Barrett's oesophagus. COX is the rate-limiting 

enzyme in the conversion of arachidonic acid to prostaglandins. 

Two isoforms of this enzyme (COX-1 and COX-2) have been identified. 

COX-1 is constitutively expressed and considered to be a housekeeping gene. 

In contrast, COX-2 is usually not detectable in normal tissues, but can be readily 

induced in processes like inflammation and carcinogenesis where it is involved 

in processes like resisting apoptosis, increasing cell proliferation, stimulating 

angiogenesis, and modulating the invasive properties of cancer cells. 



In Chapter 5, COX-2 expression in oesophageal adenocarcinomas developed 

in a Barrett's segment is analysed and correlated to clinicopathological 

parameters and prognosis. High COX-2 immunoreactivity was present in 79% 

of the tumours. Patients with high COX-2 expression were more likely to 

develop distant metastases (p=0.02) and local recurrences (p=0.05) and overall 

survival was significantly reduced (p=0.002, log rank test) in patients with high 

COX-2 expression when compared to patients with low COX-2 expression. 

Furthermore, expression of COX-2 was recognized as an independent 

prognostic factor by multivariate analysis (p=0.002). These findings supported 

the effort to initiate a clinical study to investigate the effect of selective COX-2 

inhibitors as a novel (neo-) adjuvant chemotherapeutic modality in the 

treatment of Barrett's cancers. 

Next, the COX-2 expression in oesophageal adenocarcinomas was compared 

to expression of COX-2 in cardia carcinomas. Chapter 6 shows that high 

COX-2 expression was found in 41% of the cardia tumours, which was 

significantly lower than in the Barrett carcinomas (p<0.0001). COX-2 

expression was not correlated with any clinicopathological parameter, and a 

correlation between elevated COX-2 expression and survival, as described for 

Barrett's carcinomas, was not identified for cardia carcinomas. Therefore, a 

different pathogenesis and different genetic constitution of these two cancers 

was suggested. 

After analysing the prognostic value of cyclooxygease-2 in adenocarcinomas 

of the oesophagus and gastric cardia, the clinical relevance of COX-2 

expression in oesophageal squamous cell carcinoma was assessed in patients 

treated with and without neo-adjuvant chemotherapy in Chapter 7. In 

patients who received no chemotherapy, COX-2 expression was low in 75% 

and high in 25% of the tumours. In this group, Kaplan-Meier analysis revealed 

no association between COX-2 expression and overall survival. In contrast, in 

those patients who received neo-adjuvant chemotherapy, COX-2 expression 

was low in 69% and high in 31%, and a low COX-2 expression was correlated 

to the development of distant metastases (p = 0.03) and reduced overall 

survival (p = 0.02). These results suggested that the prognostic significance of 

COX-2 is different depending on the histological type and treatment of 

oesophageal carcinoma and that the role of selective COX-2 inhibitors in the 

treatment of squamous cell carcinomas is expected to be less promising than 

in oesophageal adenocarcinomas. However, for squamous cell carcinomas 

COX-2 expression might serve as a possible marker for favourable response to 

neo-adjuvant treatment. 

The results of the studies on COX-2 expression in oesophageal cancer led to 

the initiation of a biochemical phase II study to analyse the value of a selective 



COX-2 inhibitor (celecoxib) as neoadjuvant therapy in patients with an 

adenocarcinoma of the oesophagus. The effect of preoperative treatment 

with celecoxib on various tumour markers was assessed and although the trial 

is still continuing, the results of the first 26 patients are presented in Chapter 8. 

Eleven patients received neo-adjuvant treament with celecoxib at 400 mg 

twice a day and the results were compared to 15 patients in the control group. 

In addition, biopsies from patients before treatment were compared to the 

resection specimen after treatment. A significant down-regulation of tumoural 

COX-2 and c-Met expression was demonstrated in patients with 

adenocarcinoma of the oesophagus after 4 weeks of treatment with 

celecoxib. Tumour cell proliferation was decreased whereas apoptosis was 

increased although both not significantly. It was concluded that the role of 

selective COX-2 inhibition in the treatment of oesophageal adenocarcinoma 

seems promising, although the results of a randomised controlled trial with 

long term follow-up data will have to be awaited before this treatment 

strategy can be implemented in daily practice. 

PART IV 

This part of the thesis presents the studies on the development of efficient 

and selective gene therapy for oesophageal cancer. In Chapter 9, the general 

principles of gene therapy are explained and it is described how these genera 

principles can be applied to oesophageal cancer. 

So far, clinical results of this promising new treatment strategy are 

disappointing. This is mainly due to two important problems: the lack of 

adequate study models to analyse vector efficiencies and the low transduction 

efficiency of tumour cells with adenoviral vectors. To analyse vector 

transduction efficiencies in tumour cells comparable to the human situation, a 

primary culture system was established from fresh surgical resection 

specimens as is described in Chapter 10. The refraction of tumour cells to 

adenoviral infection is at least partly due to the decreased tumoural 

expression of the Coxsackie and adenovirus receptor (CAR), which mediates 

wild-type adenoviral entry. Therefore, a retargeted adenoviral vector with a tri-

peptide (RGD) inserted in the fiber knob was also analysed in Chapter 10. 

This RGD-vector skips the step of CAR-binding and is directly internalized in 

the cell via the integrins. With the RGD-retargeted virus, an increase in viral 

expression per cell and an increase in the percentage of transduced cells was 

seen in oesophageal carcinoma cell lines. Also, in the primary cultures of 

oesophageal carcinoma cells established from human resection specimens, a 



more efficient gene transfer was seen when the retargeted vector was used. 

Therefore, the retargeted vector is expected to have a better performance in 

vivo, when compared to non-retargeted vectors used for cancer gene therapy 

so far. 

Although the cells in a primary culture system from oesophageal resection 

specimens are more comparable to the heterogeneous carcinoma cells in 

vivo, they still lack the complex three-dimensional architecture of tumours in 

vivo. Therefore, an oesophageal explant model using oesophageal biopsies 

from patients was established as is described in Chapter 11 . Viability was a 

limiting factor in this system. Cultured squamous epithelium, intestinal 

metaplasia and squamous cell carcinoma had a sufficient viability to study 

adenoviral transduction, but viability of the cultured adenocarcinoma biopsies 

was poor. Adenoviral transduction in the explant model was limited and 

localized in particular cells. In addition, the RGD-targeted adenovirus did not 

show an improved transduction in this system since the transduction of the 

non-targeted and RGD-targeted adenovirus was similar in localization and 

efficiency. 

Chapter 12 subsequently describes two attempts to develop a rat model in 

which Barrett's oesophagus and/or adenocarcinoma is spontaneously induced 

by duodeno-(gastro-) oesophageal reflux, to analyse new treatment strategies. 

In the first experiment, 44 male Sprague-Dawley rats underwent end-to-side 

oesophagojejunostomy with gastric resection, to ensure duodeno-

oesophageal reflux without gastric acid. Unfortunately, all rats died before the 

end of the experiment due to failure to thrive. In the second experiment a 

side-to-side oesophagojejunostomy with gastric preservation was performed 

in 30 rats. The development of a long Barrett's segment after 12 months of 

duodeno-gastro-oesophageal reflux was demonstrated. Mucinous tumours 

resembling adenocarcinomas did develop around the anastomosis but these 

were probably not reflux induced and are more likely to be reactive lesions, 

although the true nature of the tumours remains to be elucidated. Therefore, 

it was concluded that this rat model is not an adequate study model to 

analyse new treatment strategies for Barrett's carcinomas. 

To further optimise the application of cancer gene therapy, vectors have to be 

tumour specific. In the last chapter, Chapter 13, the use of transcriptional 

targeting of adenoviral vectors was analysed. Since cyclooxygenase-2 is 

frequently upregulated in gastrointestinal carcinoma cells, while 

undectectable in normal cells, the selectivity of a COX-2 tumour specific 

promoter was analysed in an adenoviral context. It was demonstrated that the 

activity of vectors under control of a COX-2 promoter was directly correlated 

to the amount of COX-2 expression in cell lines confirming COX-2 specificity. 



Unfortunately, adenoviral vectors themselves were also shown to be able to 

induce COX-2 expression in cancer cell lines and, more importantly, 

also in primary human hepatocytes. Therefore, it was concluded that 

inflammation mediated activation of the COX-2 promoter, in an adenoviral 

context, can compromise the tumour specificity of this promoter and that this 

COX-2 promoter seems therefore unsuitable to drive replicating adenoviral 

vectors in cancer gene therapy. 



SAMENVATTING 

Het adenocarcinoom van de distale slokdarm en maag-cardia is een 

agressieve ziekte met een slechte prognose voor patiënten. Tot nu toe is een 

operatieve behandeling nog steeds de beste curatieve optie, maar zelfs na 

een in opzet curatieve chirurgische resectie is de vijfjaarsoverleving slechts 

ongeveer 25%. Onderzoek naar nieuwe behandelingen om de overleving van 

deze patiënten te verbeteren was tot nu toe gericht op het verbeteren van 

chirurgische technieken en het ontwikkelen van (neo-) adjuvante chemo- en 

radiotherapie, maar de resultaten waren meestal teleurstellend. Om de 

behandelingsmogelijkheden te kunnen optimaliseren is inzicht in het ontstaan 

van slokdarmkanker onmisbaar. 

De voornaamste risicofactor voor het ontwikkelen van een adenocarcinoom 

van de distale slokdarm of maag-cardia is langdurige reflux van maagzuur en 

duodenumsappen in de slokdarm (het zogenoemde 'zuurbranden'). Dit kan 

leiden tot een verandering van het normale plaveiselepitheel in metaplastisch 

cylinderepitheel, beter bekend als de 'Barrett-slokdarm'. Er zijn sterke 

aanwijzingen dat het adenocarcinoom ontstaat uit dit Barrett-epitheel door 

middel van een aantal genetische en histologische veranderingen die in de 

ti jd plaatsvinden (de metaplasie-dysplasie-adenocarcinoom-sequentie). Meer 

inzicht en mogelijkheden tot detectie van de moleculaire veranderingen die 

ontstaan tijdens de maligne degeneratie van het Barrett-epitheel kunnen 

leiden tot het eerder detecteren van een kwaadaardig proces, wat resulteert 

in betere overlevingskansen. Ook kan deze kennis gebruikt worden voor de 

ontwikkeling van meer specifieke behandelingsstrategieën voor patiënten 

met slokdarmkanker. 

De studies die beschreven worden in dit proefschrift hebben tot doel een 

beter inzicht te krijgen in de genetische aspecten van slokdarmtumoren en 

hun vermogen om uit te zaaien. Er is gekeken hoe deze afwijkingen invloed 

hebben op de overleving, en vervolgens wordt beschreven hoe deze kennis 

gebruikt kan worden om nieuwe behandelingstragediën te ontwikkelen voor 

patiënten met deze agressieve tumoren. 

DEEL I 

Hoofdstuk 1 beschrijft de genetische veranderingen die optreden tijdens het 

ontstaan van adenocarcinomen van de distale slokdarm uit pre-maligne 

Barrett-epitheel. Ondanks de enorme vlucht die de moleculaire biologie heeft 

genomen en die heeft geleid tot vele publicaties omtrent genetische 



afwijkingen die een rol spelen bij het ontstaan van deze tumoren, blijft de 

exacte pathogenese voor het grootste deel onduidelijk. De genetische 

afwijkingen die wel duidelijk beschreven zijn, leveren bijna allemaal een 

bijdrage aan de maligne ontaarding van een cel door hun effecten op de 

celcyclus-machine in de kern. Deze 'machine' is het mechanisme dat controleert 

of een cel gaat delen, differentiëren of sterft. Kennis over deze processen kan 

daarom gebruikt worden in het ontwikkelen van nieuwe therapeutische opties. 

Identificatie van vroege genetische veranderingen in het slokdarmepitheel kan 

bijdragen tot het eerder detecteren van een kwaadaardig proces. Het vroeg 

ontdekken van slokdarmtumoren leidt niet alleen tot een betere overleving van 

patiënten, maar biedt ook de mogelijkheid van endoscopische behandeling. 

Deze lokale behandeling zorgt voor een aanzienlijk lagere procedure-

gerelateerde morbiditeit en mortaliteit in vergelijking met een chirurgische 

slokdarmresectie. Daarnaast wordt op basis van bepaalde genetische 

afwijkingen geprobeerd nieuwe selectieve farmacologische behandelingen te 

ontwikkelen. Ook kunnen gen-afwijkingen gebruikt worden voor het creëren van 

een gentherapeutische aanpak gericht op het corrigeren van genetische 

afwijkingen of het selectief aanvallen van tumorcellen. 

DEEL II 

In dit deel van het proefschrift wordt de waarde van verschillende diagnostische 

mogelijkheden geanalyseerd om een op maat gemaakte aanpak voor patiënten 

met slokdarmkanker te creëren. Voor patiënten met lymfkliermetastasen is een 

lokale endoscopische behandeling onvoldoende. Om te identificeren welke 

patiënten wél in aanmerking komen voor lokale behandeling, wordt in 

Hoofdstuk 2 de nauwkeurigheid van de pre-operatieve detectie van 

lymfkliermetastasen door de echo-endoscopie (EUS) beschreven. Daarnaast 

worden de histopathologische karakteristieken van hooggradige dysplasie en 

vroege adenocarcinomen (onderverdeeld in zes stadia) gerelateerd aan de 

aanwezigheid van lymfkliermetastasen. De resultaten suggereerden dat de EUS-

techniek betrouwbaar vroege afwijkingen zonder lymfkliermetastasen kan 

detecteren. Ook werd gezien dat m1-, m2-, m3- en sm1-laesies in aanmerking 

kunnen komen voor endoscopische behandeling als ze kleiner zijn dan 3 cm, 

een goede of matige differentiatiegraad hebben en er geen lymfangio-invasie 

is. Echter, voor de patiënt met een sm2- of sm3-laesie moet altijd een 

chirurgische resectie worden overwogen omdat het risico op uitzaaiingen in de 

lymfklieren erg hoog is voor deze tumoren. Een lokale behandeling zou daarom 

de kans op lange termijnoverleving verkleinen voor deze patiënten. 



In Hoofdstuk 3 wordt de klinische relevantie van immunohistochemisch 

gedetecteerde micrometastasen in lymfklieren uitgezocht voor het 

adenocarcinoom van de distale slokdarm en maag-cardia. Een 

micrometastase is een uitzaaiing van een enkel of klein groepje tumorcellen 

dat nog niet te detecteren is met conventioneel pathologische onderzoek. In 

dit onderzoek werd aangetoond dat deze micrometastasen een significante 

invloed hebben op de prognose van patiënten die geopereerd werden voor 

slokdarmkanker zonder histologisch gedetecteerde lymfkliermetastasen. Zelfs 

deze hele vroege uitzaaiingen waren geassocieerd met een hoge incidentie 

van locoregionale recidieven en het ontstaan van afstandsmetastasen. 

Bovendien bleek uit deze studie dat een uitgebreide (tweevelds) 

lymfklierdissectie het ontstaan van lokale recidieven niet volledig kan 

voorkomen. Daarom werd uit dit onderzoek geconcludeerd dat zelfs voor de 

| curatie van slokdarmkankerpatiënten met deze vroege uitzaaiingen, 

| systemische (neo-)adjuvante behandeling noodzakelijk is om 

z langetermijnoverleving te bereiken. 
5 

DEEL III 

Hoofdstuk 4 is een introductie over het enzym cyclooxygenase (COX) en de 

? rol daarvan in de maligne ontaarding van het Barrett-epitheel. COX is een 
(E 

enzym dat oa zorgt voor de omzetting van arachidonzuur naar 

x prostaglandines in de cel. Recent is ontdekt dat er twee vormen bestaan van 

dit enzym (COX-1 en COX-2). COX-1 komt in alle cellen tot expressie en kan 

beschouwd worden als een 'huishoud-enzym'. In tegenstelling tot COX-1 is 

COX-2 normaal gesproken niet aanwezig in weefsels, maar dit enzym kan 

opgereguleerd worden in onder meer ontstekingsprocessen en tijdens 

carcinogenese. In deze carcinogenese is COX-2 betrokken bij vele processen 

in de cel zoals het resistent worden voor apoptose-signalen, het verhogen van 

de celdeling, het stimuleren van de angiogenese en het moduleren van 

invasieve eigenschappen van de kankercel. 

In Hoofdstuk 5 is de COX-2 expressie bekeken in adenocarcinomen van de 

slokdarm ontwikkeld in een Barrett-segment. Vervolgens is deze expressie 

gecorreleerd aan klinische parameters, pathologische karakteristieken van de 

tumor, en de prognose van patiënten. Een hoge COX-2-expressie werd gezien 

in 79% van de tumoren. Patiënten met een hoge COX-2-expressie kregen 

vaker een lokaal recidief (p=0.05) en ontwikkelden significant vaker 

afstandsmetastasen (p=0.02). Ook de totale overleving van de patiëntengroep 

met een hoge COX-2-expressie was duidelijk afgenomen (p=0.002, 



log rank test) ten opzichte van patiënten met een lage COX-2-expressie. 

Bovendien kon worden aangetoond dat COX-2-expressie een onafhankelijk 

prognostische variabele is voor overleving in een multivariate analyse 

(p=0.002). Deze resultaten ondersteunden het initiatief om een klinisch 

onderzoek op te zetten naar de waarde van selectieve COX-2-remmers als 

nieuwe (neo-) adjuvante chemotherapeutische behandeling voor Barrett-

carcinomen. 

Hierna werd de COX-2-expressie in adenocarcinomen van de distale slokdarm 

vergeleken met de COX-2-expressie in adenocarcinomen van de maag-cardia. 

Hoofdstuk 6 laat zien dat de COX-2-expressie in cardiatumoren significant 

lager is dan in Barrett tumoren. Cardiatumoren hadden slechts een hoge 

COX-2 expressie in 41% van de patiënten (p<0.0001). De COX-2 expressie in 

cardia-carcinomen was niet gerelateerd aan klinische of pathologische 

parameters en er was geen relatie met overleving, zoals eerder beschreven 

voor de Barrett-carcinomen. Op basis van deze resultaten werd 

geconcludeerd dat deze twee tumoren een verschillende pathogenese en 

een andere genetische constitutie hebben, en daarom beschouwd moeten 

worden als twee afzonderlijke pathologische identiteiten. 

Na het analyseren van de prognostische waarde van COX-2 in 

adenocarcinomen van de distale slokdarm en maag-cardia, werd in 

Hoofdstuk 7 tenslotte ook de klinische relevantie van COX-2 expressie in 

plaveiselcelcarcinomen van de slokdarm geëvalueerd in patiënten behandeld 

met en zonder pre-operatieve chemotherapie. Van de patiënten die geen pre-

operatieve chemotherapie hadden gekregen had 75% een hoge en 25% een 

lage COX-2-expressie in de tumor. In deze groep lieten de Kaplan-Meier 

curven geen associatie zien tussen COX-2-expressie en overleving. 

Daarentegen was in de patiëntengroep die wel neo-adjuvant behandeld was 

met chemotherapie juist een lage COX-2-expressie (in 31 % van de patiënten) 

significant gerelateerd aan het ontstaan van afstandsmetastasen (p=0.03) en 

een verminderde overleving (p=0.02). Deze resultaten suggereerden dat de 

prognostische significantie van COX-2 verschilt per tumortype en kan 

veranderen na behandeling, maar dat de waarde van selectieve COX-2-remmers 

in ieder geval minder veelbelovend lijkt te zijn voor het plaveiselcelcarcinoom 

dan voor het adenocarcinoom van de slokdarm. Echter, voor 

plaveiselcelcarcinomen zou COX-2-expressie gebruikt kunnen worden als een 

mogelijke marker voor een goede tumorrespons op neo-adjuvante 

chemotherapie. 

De resultaten van voorgaande studies resulteerden in de start van een 

biochemische fase H-studie naar de waarde van selectieve COX-2-remming 

met celecoxib in patiënten met een adenocarcinoom van de distale slokdarm. 



In deze studie wordt het effect van pre-operatieve behandeling met celecoxib 

op diverse tumormarkers geanalyseerd, en hoewel de studie nog steeds loopt 

worden de resultaten van de eerste 26 patiënten in Hoofdstuk 8 

gepresenteerd. Elf patiënten kregen celecoxib (400mg 2dd) als neo-adjuvante 

behandeling waarbij hun resultaten werden vergeleken met 15 patiënten uit 

de controlegroep. Daarbij werden ook de pre-operatieve biopten van de 

patiënten voor de celecoxib-behandeling vergeleken met weefsel uit het 

chirurgisch resectiepreparaat. Na een behandeling van gemiddeld 4 weken, 

werd een significante downregulatie van COX-2 en c-Met-expressie in de 

tumor gevonden. Hierbij was de celdeling in de tumor verminderd terwijl de 

hoeveelheid cellen in apoptose was gestegen. Uit deze resultaten werd 

geconcludeerd dat de rol van selectieve COX-2-remmers veelbelovend is. 

Echter, de langetermijnoverlevingsdata zullen moeten worden afgewacht 

voordat deze behandelingsstrategie kan worden geïmplementeerd in de 

dagelijkse behandeling van slokdarmkanker. 

DEEL IV 

Dit deel van het proefschrift gaat over studies naar de ontwikkeling van 

efficiënte en selectieve gentherapie voor slokdarmkanker. In Hoofdstuk 9, 

worden de algemene principes van gentherapie uitgelegd en wordt 

beschreven hoe deze algemene principes kunnen worden gebruikt in de 

behandeling van patiënten met slokdarmkanker. 

Tot nu toe zijn de klinische resultaten van deze (als veelbelovende 

behandeling geïntroduceerde) techniek teleurstellend. Dit is voornamelijk te 

wijten aan twee belangrijke problemen: het gebrek aan een adequaat 

onderzoeksmodel om gentherapie-vectoren te analyseren, en de lage 

transductie-efficiëntie van adenovirale vectoren in tumorcellen. Om 

vectortransductie-efficiënties te kunnen onderzoeken in tumorcellen die 

vergelijkbaar zijn met de humane situatie, werd eerst een kweeksysteem 

opgezet met primaire humane cellen uit chirurgische resectiepreparaten, zoals 

beschreven in Hoofdstuk 10. 

De slechte transductie van tumorcellen met de standaard gentherapie 

vectoren komt waarschijnlijk door een verminderde expressie van de Coxsacki 

en adenovirus receptor (CAR), die betrokken is bij de binding van het 

adenovirus aan de cel. Daarom is in hoofdstuk 10 ook onderzoek gedaan naar 

een nieuw getarget adenovirus met een tri-peptide (RGD) in de virus-knop. 

Deze RGD-vector kan de stap van binding aan CAR overslaan zodat het direct 

geïnternaliseerd kan worden in de tumorcel. Met dit RGD-virus werd een 



stijging in de hoeveelheid virale expressie per tumorcel gezien, maar ook een 

stijging van het aantal getransduceerde cellen in slokdarmcarcinoom-cellijnen. 

Daarnaast werd ook een betere gentransfer gezien in de primaire celkweken van 

slokdarmcarcinoom cellen van humaan resectiemateriaal wanneer de getargete 

vector werd gebruikt. Daarom ligt in de lijn der verwachting dat deze nieuwe 

vector betere resultaten zal laten zien 'm vivo, in vergelijking met de niet-

getargete virussen die tot nu toe in de kankergentherapie werden gebruikt. 

Hoewel primair gekweekte cellen van slokdarmresectiemateriaal beter 

vergelijkbaar zijn met de heterogene tumorcelpopulatie in vivo, mist dit systeem 

de complexe driedimensionale architectuur van tumoren in vivo. Daarom is 

vervolgens in Hoofdstuk 11 een slokdarm 'explant model' opgezet waarbij 

slokdarmbiopten van patiënten werden gekweekt om een betrouwbaarder 

onderzoeksmodel voor slokdarmkanker te creëren. Viabiliteit van deze biopten 

bleek een limiterende factor voor dit onderzoeksmodel. Gekweekte biopten van 

normaal plaveiselepitheel, intestinale metaplasie en plaveiselcelcarcinomen 

bleken voldoende viabel om adenovirale transductie te analyseren, maar de 

viabiliteit van gekweekte adenocarcinoombiopten was slecht. Adenovirale 

transductie in het explant model bleek beperkt te zijn. Ook was het slechts 

gelokaliseerd in bepaalde cellen. Daarnaast liet het RGD-getargete virus in dit 

onderzoekssysteem geen verbeterde gentransfer zien. 

Om nieuwe behandelingsstrategieën 'm vivo te kunnen onderzoeken, worden 

vervolgens in Hoofdstuk 12 twee pogingen beschreven om een ratmodel voor 

Barrett-epitheel en adenocarcinomen te ontwikkelen. Het doel van dit 

onderzoek was om een diermodel te creëren waarbij de afwijkingen spontaan 

geïnduceerd worden door reflux van maagzuur en duodenumsappen. In het 

eerste experiment ondergingen 44 mannelijke Sprague-Dawley-ratten een end-

to-side oesofagojejunostomie met resectie van de maag om duodeno-

oesofageale reflux zonder maagzuur te bewerkstelligen. Helaas werd hierbij de 

conditie van de ratten zodanig aangetast dat het experiment voortijdig gestopt 

moest worden. In het tweede experiment werd een side-to-side 

oesofagojejunostomie gemaakt waarbij de maag in situ werd gelaten. Na 12 

maanden werd een lang Barrett-segment gezien met de vorming van mucineuze 

tumoren op de plaats van de anastomose. Hoewel deze tumoren in eerste 

instantie leken op adenocarcinomen van de distale slokdarm, bleek bij nader 

onderzoek dat deze laesies waarschijnlijk niet reflux-geïnduceerd waren, maar 

waarschijnlijk berustten op reactieve afwijkingen op de hechtingen. De ware 

oorsprong van deze tumoren is echter tot op heden nog niet opgehelderd. De 

conclusie van dit onderzoek was dan ook dat dit ratmodel niet geschikt is om 

nieuwe behandelingsstrategieën voor Barrett-carcinomen te onderzoeken. 

Om de mogelijkheden van kankergentherapie voor slokdarmkanker verder te 



optimaliseren is het noodzakelijk dat de vectoren tumorspecifiek zijn. 

In het laatste hoofdstuk, Hoofdstuk 13, is het gebruik van transcriptionele 

targeting met behulp van een tumorspecifieke promotor onderzocht. Omdat 

COX-2 regelmatig is opgereguleerd in gastrointestinale tumorcellen terwijl 

het niet te detecteren is in normale cellen, werd de selectiviteit van een COX-

2-tumor-specifieke promotor geanalyseerd in adenovirale context. In deze 

studie werd aangetoond dat de activiteit van de vectoren onder controle van 

een COX-2-promotor direct was gecorreleerd aan de hoeveelheid COX-2-

expressie in de cellijnen, wat de COX-2-specificiteit bewees. Helaas bleken de 

adenovirale vectoren zelf ook in staat om COX-2-expressie in de 

tumorcellijnen te induceren door middel van activatie van 

ontstekingsprocessen. Dit effect was bovendien ook aanwezig in normale 

primaire humane levercellen wat zeer belangrijk is gezien de natuurlijke 

o voorkeur van de adenovirale vectoren voor levercellen. Daarom was de 
z 
t. conclusie van dit onderzoek dat de ontstekingsgemedieerde activatie van de 
< 

COX-2-promotor in adenovirale context, de tumorspecifieke eigenschappen 

< van deze promotor compromitteert en dat deze COX-2-promotor daarom 

ongeschikt is om replicerende adenovirussen aan te zetten in de 

kankergentherapie. 
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INTRODUCTION 

To improve the clinical outcome of patients with oesophageal cancer, insight 

in the premalignant stage (also called Barrett's oesophagus) and the 

subsequent metaplasia-dysplasia-adenocarcinoma sequence is important, as 

is described in this thesis.' • Preoperative knowledge of prognostic factors {i.e. 

depth of invasion, lymph node involvement and distant metastases) is 

necessary to identify patients eligible for surgery, but clearly new prognostic 

markers and novel adjuvant treatment strategies are needed. Knowledge of 

the pathways involved in the malignant degeneration might lead to early 

detection with increased overall survival and the development of more 

specific treatment strategies for invasive cancer. 

With the completion of the human genome project, almost one hundred 

thousand genes and their accompanying proteins have been identified. ; 

Although with this genomics project, the DNA origin of most proteins is 

| known, the function of the majority of enzymes remains largely unknown. 

£ Especially identifying enzymes involved in the malignant degeneration of 

normal tissues will be the next challenging goal." So far, in our institute the 

molecular analysis of oesophageal cancer has mainly focused on the 

prognostic significance of alterations in single candidate genes like 

cyclooxygenase-2 (COX-2) and the oncogenic form of the normal receptor 

£ tyrosine kinase c-erbB-2. These single candidate genes do not have sufficient 

H prognostic power in the clinical setting to justify clinical implementation. 

i However, recent advances in molecular biology have resulted in the so-called 

DNA expression microarray technology. This method provides detailed gene 

expression profiles of individual cancer tissues and has been recently 

introduced in the context of tumour staging in cancer research. The results 

can be used to help identify alterations common to all tumours as well as 

signatory mRNA expression profiles unique to a subcategory of cancers. In 

breast and prostate cancer such mRNA expression profiles of the cancer tissue 

have proved to be a more powerful predictor of outcome of disease than 

standard clinical and histological criteria.- For oesophageal adenocarcinoma, 

this technique will contribute significantly in the attempt to unravel more of 

the Barrett's metaplasia-dysplasia-adenocarcinoma sequence. To make 

optimal use of this development, tissue specimens available for research are 

of crucial importance. Therefore, one of the targets in current research is the 

adequate storage of fresh frozen patient-material to create a 'tissue-bank' in 

combination with prospectively collected patient follow-up data. 



DEVELOPMENT OF NOVEL D IAGNOSTIC 
MODALIT IES 

Endoscopic imaging 
Detection of high-grade dysplasia (HGD) or early carcinoma in a Barrett's 

oesophagus can be difficult due to heterogeneity of the Barrett's epithelium 

that can not be discriminated with standard endoscopy.0 The detection of 

these early lesions by random biopsies is hampered by sampling error, and 

the intra- and interobserver variation of histological classification of observed 

abnormalities. The presence of genetic alterations in metaplastic and 

dysplastic Barrett's epithelium might be used in the future surveillance of 

patients with Barrett's oesophagus since these molecular markers might 

identify a subset of patients with an increased risk of malignant degeneration.7 

At this moment, a large project in our institute is the addition of brush-

cytology in combination with fluorescence-in-situ hybridasation (FISH) to the 

surveillance program of patients with a Barrett's oesophagus. This technique 

can be used to detect genetic alterations like tetraploidy and loss of tumour 

suppressor genes (p53 or p16). Because the entire Barrett's segment is 

brushed in stead of taking random biopsies, the sampling error might be 

decreased. 

In addition, several new endoscopic techniques are being studied for their 

contribution to optimize detection of early lesions in a Barrett's oesophagus. 

Examples are high-resolution endoscopy, chromoendoscopy, fluorescence 

endoscopy and optical coherence tomography, but so far methylene blue 

staining and magnification chromoendoscopy are the only techniques that 

have shown to increase the detection rate of HGD.8'' At this moment there is a 

randomized controlled trial at the department of gastroenterology analysing 

the adjuvant value of light induced fluorescence endoscopy (LIFE) which uses 

standard white-light endoscopy in combination with monochromatic blue-light 

for LIFE:0 

Positron Emission Tomography imaging 
There is also need for more accurate staging of more advanced carcinomas to 

select those patients who will benefit from potentially curable surgery while 

avoiding unnecessary operations in patients with locally irresectable tumours 

or distant metastases. The relatively low accuracy in determining surgical 

curability of the current staging methods (CT-scan and endoscopic 

ultrasonography) indicates the need for a different approach. Whole body 

positron emission tomography (PET) uses radioactive metabolites to detect 

metabolic derangements in malignant tissues.'' This technique uses a one 



step single staging method with metabolic tracers such as 18 F-Fluorodeo-

xyglucose (FDG). The diagnostic value of FDG-PET for improving preoperative 

staging of oesophageal cancer (especially detection of unsuspected non-

regional lymphatic or haematogenic disease) is currently analysed our 

institute.'2 

DEVELOPMENT OF NOVEL THERAPEUTIC 
APPROACHES 

Local endoscopic treatment strategies 
Endoscopic treatment of patients with HGD and/or early cancer of the 

mucosa in a Barrett's oesophagus by mucosal resection and/or tissue ablation 

techniques seems a promising alternative to surgical resection.H The limited 

invasiveness in comparison to surgical resection results in decreased 

procedure related mortality and morbidity and the preservation of a functional 

oesophagus is probably associated with an increased quality of life. Recent 

studies demonstrated that these techniques are feasible and safe14, 's, but 

long-term follow-up results have to be awaited before they can be considered 

as gold standard. Currently, patients in our institute with HGD or early 

adenocarcinoma of the oesophagus are treated according to the protocol as 

described in this thesis. Patients with a suspected early lesion not infiltrating 

the submucosa as diagnosed by endoscopic ultrasonography (EUS), undergo 

an endoscopic mucosal resection (EMR) for histological verification. In case of 

a radically resected HGD or an intramucosal carcinoma smaller than 3 cm, with 

good or moderate differentiation grade and no lymph-angio invasion, the 

EMR is considered therapeutic and the patient is followed strictly for the 

potential development of new lesions. When the lateral resection margin 

shows HGD or other areas of HGD are identified, the patient is treated with 1-2 

sessions of adjuvant photodynamic therapy (PDT). If this treatment results in 

complete eradication of HGD, the patient is considered in remission and 

placed under stringent follow-up. However, if there is still HGD or invasive 

carcinoma after PDT, surgical resection of the oesophagus is advocated. 

Pharmacodynamic strategies 
First attempts in the development of specifically targeted chemotherapeutic 

treatment strategies for oesophageal adenocarcinoma have been made with 

the development of EGFR inhibitors and selective COX-2 inhibitors. The 

rationale of the latter approach is described in this thesis.'* : ; Several large 

clinical trials with selective COX-2 inhibitors for the prevention of malignant 



degeneration of a Barrett's oesophagus or selective COX-2 inhibitors as (neo-) 

adjuvant therapy for Barrett's cancer are currently being performed. In our 

institute, the value of celecoxib as neo-adjuvant therapy in patients with an 

adenocarcinoma of the oesophagus or gastric cardia is investigated by 

analysing its effect on various tumour markers. With this approach we also 

hope to increase the knowledge of the role of COX-2 in the development of 

oesophageal adenocarcinoma. 

To improve the clinical application of the new generation of targeted 

chemotherapeutic drugs, it has been suggested that combination therapies 

might increase their chemopreventive or adjuvant effect." ,v A remarkable 

phenomenon in this context of pharmacodynamic treatment strategies is the 

finding that newly developed cytostatic chemotherapeutics are often 

synergistic with the traditional cytotoxic chemo- and radiotherapy. Various 

studies suggest that specific inhibition of proliferation pathways increases the 

sensitivity of cancer cells for apoptosis.20 2' Therefore, future research has to 

focus on therapies with combinations of novel therapeutic agents (e.g. drugs 

inhibiting proliferation pathways and/or inhibiting angiogenesis) and 

combination strategies of cytostatic and cytotoxic chemotherapies. 

Gene therapy 
Gene therapy has evolved as a new therapeutic strategy with great potential 

for various malignancies. So far, most of the research is still in a preclinical 

phase. The first steps in the development of gene therapy for oesophageal 

cancer are described in this thesis.22,23 As with all forms of cancer gene therapy, 

the main problem in developing this new therapeutic approach for 

oesophageal malignancies is to optimise gene delivery in order to maximize 

the proportion of successfully transduced tumour cells while increasing 

selective transduction to spare normal cells. 

Several targeting approaches to increase the efficiency and/or selectivity of 

gene delivering vectors for oesophageal cancer have been analysed with 

promising in vitro results. Examples are genetic targeting with insertion of an 

RGD peptide into the fiber knob to skip binding of the virus to the CAR-

receptor, and the development of conditionally replicating adenoviruses 

(CRAds) to increase gene transfer efficiency/4 >:' To increase tumour selectivity, 

transciprional targeting strategies (e.g. placing the vector under control of a 

tumour specific promoter) are analysed.a Unfortunately, most currently 

performed clinical trials show disappointing results and obviously a lot of 

research is needed before gene therapy can play a significant role in the 

management of oesophageal cancer. At this moment, the focus of this 

research is on developing new experimental models as well as improving 



gene delivering vectors or novel therapeutic genes that can have a synergistic 

effect with current adjuvant therapies. Another interesting field of research is 

the development of fiber chimeric adenoviruses.' There are at least 50 

serotypes of human adenoviruses, of which the serotypes Ad2 and Ad5 

(subgroup C) are most frequently used. Since it has been suggested that other 

serotypes have different tropism for various tissues with distinct cellular 

receptors, this has led to the construction of adenoviruses with chimeric 

fibers.28 At this moment the serotypes of subgroup B (e.g. Ad5/fiber 16 and 

Ad5/fiber 35), which have been demonstrated to have a CAR independent 

transfection and show increased infectivity in pancreatic carcinoma cell lines, 

are analysed at the laboratory of the AMC Liver Center. Although it is unlikely 

that cancer gene therapy will replace the conventional methods of treatment, 

selective and efficient vectors might be used as monotherapy for specific 

patient groups or as (neo-) adjuvant therapy improving the chance for cure in 

patients with oesophageal cancer in the future. 
z> 
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CONCLUSIONS 

There is need for increased understanding of the molecular biology of 

Barrett's oesophagus and oesophageal adenocarcinoma to improve 

2 diagnosis, therapy, and prognosis for patients with this aggressive disease. 

Recently developed microarray technology and proteomics will probably 

i contribute significantly in the attempt to unravel more of the Barrett's 

metaplasia-dysplasia-adenocarcinoma sequence. It is expected that this 

knowledge will lead to new target-specific treatment strategies with or without 

conventional aspecific chemo- and radiotherapy in the near future. One of the 

problems in this area is the choice of target enzymes to be inhibited since it 

might be hypothesized that inhibition of various pathways will lead to 

selection of resistant tumour cells with more aggressive behaviour. 

Obviously, a lot of research has to be done in the field of diagnosis and 

treatment of oesophageal malignancies. The studies described in this thesis 

have attempted to address some of these issues and hopefully it will become 

clear in the next few years if better targeted treatment strategies will lead to 

improved clinical outcomes for patients with oesophageal cancer. 
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STELLINGEN 

beho rende bij het proefschr i f t 

The d e v e l o p m e n t of new t r ea tmen t s t ra teg ies for oesophageal cancer 

I De winst die behaald kan worden bij de behandeling van patiënten met 

slokdarmkanker ligt in een op maat gemaakte therapeutische aanpak. 

II Patiënten met slokdarmkanker lijken niet meer alleen afhankelijk van een 

chirurg voor een curatieve behandeling. (Dit proefschrift) 

III Adenocarcinomen van de distale slokdarm en maag-cardia zijn misschien wel 
één klinische entiteit, maar biologisch twee verschillende tumoren en dienen 
als zodanig behandeld te worden. (Dit proefschrift) 

IV De prognostische waarde van COX-2 in slokdarmkanker is een goede reden 
om het effect van selectieve COX-2-remmers op de overleving te testen. 
(Dit proefschrift) 

V Virussen zijn vooralsnog beter in het introduceren van DNA in humane cellen 
dan gentherapeuten. (Dit proefschrift) 

VI Het creëren van een klinisch relevant onderzoeksmodel voor slokdarmkanker 
is onmisbaar voor de implementatie van nieuwe behandelingsstrategieën. 
(Dit proefschrift) 

VII Hoe meer inzicht we krijgen in de genetische veranderingen van het oesofagus-
carcinoom, hoe duidelijker het wordt dat we nog maar zo weinig weten. 

VIII Het blijkt dat pieken in het 'euro-tijdperk' nog steeds mogelijk is. 

IX Het cellentekort is geen probleem in de oncologie. 

X Sprookjes hebben ten onrechte een positieve connotatie. 

XI Het idee dat men daadwerkelijk begrijpt is veelal het begrijpen niet waard. 

XII Dankzij de auteurslijst begint en eindigt ieder artikel met een discussie. 

XIII De waarde van voorgaande stellingen ontleent zijn kracht aan de inhoud van 
het begeleidende boekje. 






