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Abstract

Mediators of epithelial permeability, angiogenesis and invasion may serve as prognostic
indicators and targets for therapies in esophageal cancer (EC). The expressions of claudins,
hypoxia inducible factor-1α (HIF-1α), vascular endothelial growth factor-A (VEGF), nitric oxide
synthases (iNOS, eNOS, nNOS) and toll-like receptor 9 (TLR9) were evaluated by
immunohistochemistry in EC. The results were compared with clinicopathological variables,
tumor proliferation and apoptosis. 

All of the claudins were expressed in most of the cancers. Esophageal adenocarcinomas (EAC)
displayed more often increased claudin 3 and 5 expression than esophageal squamous cell
carcinomas (ESCC). Loss of claudin 3 expression associated with distant metastases in EC and a
tendency in this direction was also observed for claudin 4. Cancers with stronger claudin 4
expression showed increased apoptosis in both EAC and ESCC. 

HIF-1α was present in most of the ECs and like iNOS more often in ESCC than in EAC. Strong
HIF-1α expression tended to associate with positive VEGF immunostaining. In ESCC, both strong
HIF-1α expression and VEGF positivity tended to associate with increased microvessel density
(MVD). In EAC, tumors showing VEGF positivity associated with increased MVD outside the
tumor. Patients with strong HIF-1α expression had more often distant metastases than other
patients in EC. There was no VEGF expression in normal esophageal mucosa and T3-4 tumors
tended to be more often VEGF positive than T1-2 tumors. 

The expression of TLR9 was more intensive in dysplasia than in normal epithelium and ESCC
and abundant TLR9 expression could serve as a marker of squamous cell high grade dysplasia.
Intensive TLR9 expression was associated with higher grade tumors and the presence of nodal and
distant metastases in ESCC. 

EC and its progression may be related to increased angiogenesis regulated by VEGF and HIF-
1α. In EC, claudin expression varies along with the histology of the tumor. Claudin expression
may be associated with apoptosis or proliferation and contribute to tumor behavior. An association
was detected between moderate to strong expression of claudin 3 and a high TLR9 histoscore in
ESCC. Altered expression of claudin 3 may result to upregulation of endosomal TLR9. TLR9 may
serve as a marker for squamous cell dysplasia and ESCC progression. 

Keywords: angiogenesis, claudin, esophageal cancer, hypoxia inducible factor-1α (HIF-
1α), nitric oxide synthase (NOS), toll-like receptor 9 (TLR9), vascular endothelial
growth factor (VEGF)
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Tiivistelmä

Solukerrosten läpäisevyyttä, verisuonten uudismuodostusta ja kasvainsolujen liikkuvuutta sääte-
levät tekijät voivat toimia ruokatorvisyövän ennustetekijöinä ja hoidon kohteina. Tässä tutki-
muksessa selvitettiin klaudiinien, hypoksia-indusoituvan tekijän 1α (HIF-1α), verisuonen endo-
teelin kasvutekijän A (VEGF), kolmen typpioksidisyntaasin (iNOS, eNOS ja nNOS) sekä tollin
kaltaisen reseptorin 9 (TLR9) ilmentymistä ja merkitystä ruokatorvisyövässä immunohistokemi-
allisin menetelmin. Tuloksia arvioitiin suhteessa proliferaatioon ja apoptoosiin. 

Useimmat syöpäkasvaimet ilmensivät jokaista tutkittua klaudiinia. Ruokatorven rauhassyö-
vässä ilmeni levyepiteelisyöpää useammin klaudiineja 3 ja 5. Klaudiinin 3 vähäinen ilmentymi-
nen oli yhteydessä etäpesäkkeiseen tautiin. Sama suuntaus näkyi klaudiinin 4 kohdalla. Apop-
toosia todettiin enemmän kasvaimissa, jotka ilmensivät muita enemmän klaudiini 4:ä. 

Useimmat syöpäkasvaimet ilmensivät HIF-1α:a. Sekä iNOS että HIF-1α ilmentyivät run-
saammin levyepiteeli- kuin rauhassyövässä. Tutkimus viittasi yhteyteen voimakkaan HIF-1α:n
ilmentymisen ja VEGF:n ilmentymisen välillä. Voimakas HIF-1α:n ilmentyminen ja VEGF:n
ilmentyminen vaikuttivat liittyvän ruokatorven levyepiteelisyövän uudissuonituksen lisääntymi-
seen. Rauhassyövän lisääntynyt uudissuonitus kasvaimen ulkopuolella saattaa liittyä VEGF:n
ilmentymiseen. Potilailla, joiden kasvaimissa HIF-1α:n ilmentyminen oli voimakasta, todettiin
etäpesäkkeitä muita useammin. VEGF:a ei todettu normaalissa limakalvossa, ja sen ilmentymi-
nen vaikutti olevan yleisempää syvälle kasvavissa kuin pinnallisissa syövissä. 

TLR9 ilmentyi voimakkaammin levyepiteelin dysplasiassa kuin normaalissa tai kasvainepi-
teelissä. Huonosti erilaistuvissa ja levinneissä kasvaimissa TLR9 ilmentyi voimakkaammin kuin
muissa kasvaimissa. 

Ruokatorvisyövän synty ja eteneminen voivat liittyä HIF:n ja VEGF:n säätelemään verisuon-
ten uudismuodostukseen. Klaudiinit saattavat vaikuttaa syövän käyttäytymiseen myös apoptoo-
sin ja proliferaation kautta. Tutkimuksessa todettiin yhteys lisääntyneen klaudiinin 3 ilmentymi-
sen ja voimakkaasti ilmentyvän TLR9:n välillä. Muutos klaudiinin 3 ilmentymisessä saattaa lisä-
tä levyepiteelin läpäisevyyttä johtaen TLR9:n aktivoitumiseen. TLR9 voi vaikuttaa ruokatorven
levyepiteelin dysplasian ja syövän syntyyn sekä toimia vaikean dysplasian ja aggressiivisen
levyepiteelisyövän merkkiaineena. 

Asiasanat: hypoksia-indusoituva tekijä 1α (HIF-1α), klaudiini, ruokatorvisyöpä, tollin
kaltainen reseptori 9 (TLR9), typpioksidisyntaasi (NOS), verisuonen endoteelin
kasvutekijä (VEGF), verisuonten uudismuodostus
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1 Introduction 

Esophageal cancer (EC) exists in two main histological types with different 

etiologies and epidemiologies, namely esophageal adenocarcinoma (EAC) and 

esophageal squamous cell carcinoma (ESCC). Although the incidence of ESCC 

shows a decreasing trend, that of EAC is increasing and the overall incidence of 

EC may be increasing. Despite advances in screening and multimodal 

management of this disease, overall survival for both cancers remains poor 

(Ferlay et al. 2010, Parkin et al. 2005). The need to identify tumor markers as 

prognostic indicators and as targets for new therapeutic strategies remains a major 

challenge in EC research. 

Epithelial and endothelial sheets constitute the cellular border in multicellular 

organism separating and protecting underlying tissues from the external 

environment, including carcinogens and other tumor promoting agents. Within 

these sheets, the structures involved in attaching adjacent epithelial or endothelial 

cells include tight junctions (TJs). Claudins are a group of proteins mainly 

responsible for permeability functions of tight junctions, which are the most 

apical intercellular junctions between epithelial and endothelial cells. TJs regulate 

permeability of cellular layers and maintain cell polarity by regulating the 

movement of proteins and lipids within the plasma membrane (Farquhar & Palade 

1963, Turksen & Troy 2011). There are several studies describing associations 

between the expression of claudins and prognostic factors in various human 

cancers such as breast, prostate, pancreatic and gastric cancers (Kominsky et al. 
2004, Long et al. 2001, Michl et al. 2003, Soini 2005). 

The growth of a tumor is restricted to a size of 1 to 2 mm3 without 

angiogenesis i.e. the growth of new blood vessels (Folkman et al. 1966, Folkman 

1990). The production of angiogenic factors, such as VEGF induced by HIF-1α or 

nitric oxide (NO), stimulates neovascularisation, thus enabling tumor growth to 

be supported by blood perfusion. NO produced by different NO synthases has 

also direct preventive or inductive effects on cancer progression. NO can also 

cause mutations through the production of free radical species (Bentz et al. 2000, 

Kimura & Esumi 2003, Ma et al. 2010). 

Toll-like receptors are pattern-recognizing receptors that mediate innate 

immune responses, when exposed to pathogen associated molecular patterns such 

as microbial RNA or DNA (Chen et al. 2007). TLR9 is a protein that has also 

been detected in various cancers and its stimulation by bacterial DNA or its 

synthetic analog (CpG-DNA sequence containing synthetic oligonucleotide) can 
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induce cancer cell invasion (Ilvesaro et al. 2007). Epithelial permeability 

abnormalities associated with disrupted claudin expression are one potential 

inducer of aberrant TLR expression in carcinogenesis. In breast and prostate 

cancer cells, TLR9 activated invasion appears to be mediated by the induction of 

matrix metalloproteinases (MMP), which are known to be crucial proteinases in 

neoplastic invasion since they digest the connective tissue surrounding the tumor 

(Clarke et al. 2011, Ilvesaro et al. 2007, Merrell et al. 2006). 

This study evaluates the expression and significance of tight junction proteins 

claudins 1, 3, 4, 5 and 7 in EC. Furthermore, the expression and significance of 

angiogenesis related proteins HIF-1α, VEGF, iNOS, eNOS and nNOS were 

analyzed. In the light of earlier reports on TLR9-mediated invasion in other 

cancers and the known microbial colonization of the esophagus, the present study 

also evaluated the relationship between TLR9 expression and clinicopathological 

variables in esophageal squamous cell dysplasia and carcinoma. The association 

of expression patterns with tumor proliferation and apoptosis were also assessed. 
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2 Review of the literature 

2.1 Epidemiology 

The worldwide overall incidence of esophageal carcinoma is on the rise because 

of an increase in the rate of adenocarcinoma in the Western countries. EC is the 

eighth most common cancer in the world with approximately 482 000 new cases 

worldwide diagnosed in 2008. In the same year, the age-standardized incidence 

rate for EC was 7.0/105. Despite the rising numbers of cases of esophageal 

adenocarcinomas, the majority of ECs in the world are still squamous cell 

carcinomas. About 83% of ECs occur in the less developed countries. There is 

considerable geographic variation in both the incidence and the sex ratio of EC, 

reflecting local risk factors in the genome, environment and life style. For 

example, more than a 15-fold difference in the incidence has been noticed 

between high incidence Southern Africa and low-risk Western Africa (Ferlay et al. 
2010, Parkin et al. 2005). ESCC occurs at very high frequencies in parts of China, 

Iran, South Africa, Uruguay, France, Italy and Puerto Rico and half of the ESCC 

cases in the world are found in China (Stoner et al. 2007). The phenomenon of 

male dominance in incidence rates can be observed in most areas of the world and 

the male to female sex ratio for ESCC is 2–4:1 and 7:1 for EAC (Crew & Neugut 

2004). In the USA, African-Americans have an over five-fold higher incidence of 

ESCC compared to Caucasians (Pickens & Orringer 2003). The patient with EC 

is typically male between 60–70 or 50–60 years of age in ESCC and EAC, 

respectively (Layke & Lopez 2006). 

During the period 1971 to 1975, the age-standardized incidence rates of EC 

in Finland were 4.2/105 among males and 3.1/105 among females. In 2009, the 

corresponding figures were 3.9 and 1.2 among males and females, respectively. 

The declining trend in female incidence rate took place from 1963 to 1992 and 

has remained quite stable since that time. Among the Finnish male population, the 

age-standardized incidence rate has declined from 1963 to the late 70´s to the 

present level. In Finland, the number of new ECs has risen from 219 to 274 new 

cases annually during years 1983–2009 (Finnish Cancer Registry 2011). 

Despite the relative constant incidence figures during the last decades, there 

has been a change in histological distribution of EC also in Finland as has 

occurred in the United States, Australia and many other European countries 

(Finnish Cancer Registry 2011, Vizcaino et al. 2002). In the USA, EAC is now 
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the most prevalent type of EC (Stoner et al. 2007). Less than five per cent of ECs 

were EACs before the mid-1970´s in Finland (Bollschweiler et al. 2001, Sihvo et 
al. 2000, Voutilainen & Juhola 2005). From the early 70´s to the year 2002, the 

incidence of EAC has risen in Finland from 0.11 to 1.11 in males and from 0.04 

to 0.18 in females presenting to a tenfold increase in men (Voutilainen & Juhola 

2005). The latest figures for 2009 indicate that there were 128 (47%) ESCCs, 102 

(37%) EACs, and 44 other cancers among 274 Finnish EC patients. However, 

EAC was only marginally most prevalent type of EC among 190 male patients 

with 82 (43%) EACs and 76 (40%) ESCCs. In the 84 female patients there were 

54 (64%) ESCCs and 20 (24%) EACs diagnosed during the year 2009 (Finnish 

Cancer Registry 2011). 

2.2 Risk factors and etiology of esophageal squamous cell 
carcinoma 

Based on clinical observations, excessive use of alcohol and tobacco, low 

socioeconomic status, poor oral health and consumption of hot drinks have been 

listed as risk factors for ESCC as early as in the 1930´s (Craver 1932, Watson 

1939). The presence of N-nitrosoamine in food stuffs, low intake of fresh fruits 

and vegetables, vitamin and trace mineral deficiency, smoking opium, chewing 

betel squid, drinking maté and diseases affecting the esophagus like achalasia and 

Plummer-Vinson syndrome have also been linked to ESCC. Based on large 

geographical differences in the incidence of ESCC, it has been hypothesized that 

environmental carcinogens may play role in the etiology of this disease (Stoner & 

Gupta 2001). 

2.2.1 Tobacco and alcohol 

ESCC is associated with smoking and alcohol consumption, both of which 

contain carcinogens and are also known to be associated with alterations in the 

oral microbiome (Delima et al. 2010, Falk 2009, Morita et al. 2005, Toh et al. 
2010). Many components of tobacco, such as aromatic amines, nitrosamines, 

polycyclic aromatic hydrocarbons, aldehydes and phenols may contribute to the 

pathogenesis of ESCC (Stoner & Gupta 2001). The risk for EC is increased three- 

to seven-fold in current smokers and in the USA in the late 1980´s almost 80% of 

EC deaths were attributed to smoking tobacco (Kamangar et al. 2009). The 

highest risk is present, when smoking is combined with heavy intake of strong 
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liquor (Pickens & Orringer 2003). This synergistic effect increases the ESCC risk 

to OR 15.5 for smokers consuming ≥ 49 drinks per week and to an OR 107 for 

people with a family history of EC and these same smoking and drinking habits 

(Garavello et al. 2005). 

An increased risk of ESCC is associated with moderate and high alcohol 

drinking also among never-smokers worldwide and also with light drinking in 

Asian populations. When smokers were included in the meta-analyses, the 

relative risk for EC was higher, verifying the observations from single studies. 

The association to light drinking in Asian studies may be related to genetic factors. 

A polymorphism in the aldehyde dehydrogenase 2- (ALDH2) gene is common in 

East Asia and this is considered to be a risk of EC (Islami et al. 2011). People 

with this polymorphism are unable to detoxify the carcinogenic acetaldehyde, 

which is the first metabolite formed in ethanol oxidation. Microbial production of 

acetaldehyde in saliva is associated with ethanol concentration and smoking 

cigarettes, and poor oral health has been also linked to ESCC. Thus when one has 

a combination of heavy drinking and smoking, the salivary production of 

acetaldehyde is doubled as compared with non-smokers and moderate-drinkers 

(Salaspuro 2003). 

2.2.2 Other stimulants 

Other stimulants associated with increased risk of ESCC include chewing of 

tobacco and betel (India), drinking hot beverages and maté (Uruguay, parts of 

Brazil and Argentina) or consumption of opium residues (Iran) and pipe stem 

residues (Transkei in Southern Africa)(Parkin et al. 2005). Smoking opium 

produces carcinogenic compounds like polycyclic aromatic hydrocarbons. In a 

recent case-control study from a high risk area in Iran, where alcohol 

consumption is very uncommon, the use of any form of tobacco and opium was 

associated with an elevated risk of ESCC (Nasrollahzadeh et al. 2008). 

Maté is an extract of the herb Ilex paraguayensis often consumed hot or very 

hot. The combination of five case-control studies showed a dose-related 

association with amount, duration and temperature of the infusion. In addition, 

intake of very hot tea and coffee with milk were associated also with increased 

risk of ESCC (Castellsague et al. 2000). However, an opposite conclusion with 

coffee having a protecting effect against esophageal and many other cancers, was 

recently published in a large meta-analysis (Yu et al. 2011). The repeated thermal 

injury by the hot drink and the polycyclic aromatic carbohydrates present in maté 
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may explain the carcinogenicity of this beverage (Castellsague et al. 2000, 

Kamangar et al. 2009). 

2.2.3 Nutritional factors 

Diets high in starch but low in fresh fruits and vegetables have been linked to 

carcinogenesis of ESCC (Layke & Lopez 2006). In a large prospective cohort 

study, total fruit and vegetable intake was significantly associated with decreased 

ESCC risk, but not with EAC risk (Freedman et al. 2007b). Trace mineral (like 

zinc and selenium) and vitamin A, C and E deficiencies have been observed to 

associate with ESCC in high risk areas (Stoner & Gupta 2001). Despite these 

findings, results from vitamin chemoprevention trials in risk areas have been 

disappointing. However, selenium increased regression and reduced progression 

of mild epithelial squamous dysplasia in a randomized trial in Linxian China 

(Limburg et al. 2005). In addition, a significant dose-response relationship 

between lower levels of zinc and increased risk of EC has been observed (Abnet 
et al. 2005). 

Salt-cured, salt-pickled, smoked and moldy foods contaminated with N-

nitrosoamine or fungal toxins are also considered as risk factors for ESCC. In 

addition to preformed exogenous exposure, nitrosamines are also produced 

endogenously from nitrates and nitrites. Water and vegetables are the main 

sources of exogenous nitrates. Nitrites are also produced in mouth by reduction of 

salivary nitrates by oral bacteria, which may also explain the association between 

poor oral health and ESCC. Nitrites can be transformed to carcinogenic 

nitrosoamines in the acidic conditions of the stomach (Jakszyn & Gonzalez 2006, 

Ribeiro et al. 1996). In high incidence rate areas of China and South Africa, the 

levels of N-nitroso compounds have been shown to associate with ESCC (Li et al. 
1986, Lu et al. 1991, Stoner et al. 2007). Among other nitrosoamines, a potent rat 

esophageal carcinogen, N-nitrosomethylbenzylamine has been observed in the 

diets and gastric juice collections from people in Henan province in China (Stoner 
et al. 2007, Umbenhauer et al. 1985, Yang 1992). In their review, Jakszyn and 

Gonzalez found that eating processed meat, a major source of nitrates and 

nitrosamines, was associated with a higher risk of esophageal cancer (Jakszyn & 

Gonzalez 2006). 
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2.2.4 Diseases and conditions affecting the esophagus 

Achalasia is a chronic esophageal motility disorder with an incidence of 1/105 in 

the Western world. Achalasia patients suffer from dysphagia and regurgitation 

because of impaired lower esophageal sphincter relaxation and peristalsis. 

Retention of food, fluids and acid gastric contents and bacterial overgrowth in the 

distended esophagus can evoke chronic mucosal inflammation, dyplasia and 

ultimately EC. In a recent long term prospective study, 15/448 (3%) of achalasia 

patients developed EC with a mean of 24 years after symptom onset and 11 years 

from diagnosis (Leeuwenburgh et al. 2010). In a Swedish population based study, 

the risk of EC was elevated over 16-fold compared with the expected number of 

cases during 24 years of survey. The mean age of patients at the entry was 57.2 

and it was 71 years at the time of cancer diagnosis. In this cohort of 1065 patients 

there were 24 carcinomas identified (14 ESCC, six EAC and four undifferentiated 

cancers) (Sandler et al. 1995). 

Plummer-Vinson or Paterson-Kelly syndrome is a triad of iron-deficiency 

anemia, esophageal webs and dysphagia. It is a very rare disease which affects 

mostly white women in their fourth to seventh decade of life. It has been more 

common in Caucasians living in northern countries but during recent years, only 

case reports have been published. Improvement in nutritional status and the 

disappearance of iron deficiency in previous high risk countries has correlated 

with the reduction in the incidence of Plummer-Vinson syndrome. In Africa, 

despite the poor nutritional status or frequent occurrence of iron deficiency in 

many countries, the syndrome is rare (Novacek 2006). According to Messman et 
al. as many as ten per cent of the Plummer-Vinson patients may develop 

esophageal or pharyngeal cancer (Messmann 2001). 

Patients with corrosive-induced esophageal strictures have more than a 1000-

fold risk of developing EC. Usually ESCC occurs after alkali ingestion (Kochhar 
et al. 2006). In a Finnish study of ECs at the site of lye stricture, Kivirinta 

estimated a carcinoma incidence of 21% and 30% after 24 and 30 years after lye 

ingestion, respectively (Kivirinta 1953). 

Radiation therapy is known to increase the risk of cancers within the radiation 

field. An increased risk of EC has been reported after previous radiation therapy 

for malignant and non-malignant diseases, and among X-ray workers and atomic 

bomb survivors (Wang et al. 1990). In a large population based retrospective 

cohort study, after at least 10 years of radiation therapy for breast cancer the 

relative EC risk increased by 5.42- and to 4.22-fold for ESCC and EAC, 
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respectively. Among breast cancer patients treated without radiation therapy, no 

increased risk was detected (Ahsan & Neugut 1998). 

2.2.5 Human Papilloma Virus 

The oncogenic human papilloma viruses (HPVs), especially HPV 16 and 18, are 

known causes of cervical cancer, and also have been implicated in other cancers 

of squamous epithelium such as carcinoma of anus, oropharynx, vulva and penis 

(Cogliano et al. 2005, Kamangar et al. 2009). 

Since Syrjänen pointed out the association of HPV with both benign and 

malignant esophageal squamous cell lesions, several studies have been performed, 

mainly by searching for DNA from HPV with the polymerase chain reaction 

method and in situ hybridisation or by using serum antibodies against HPV in 

cohort or case-control studies (Syrjanen et al. 1982, Syrjanen 1982, Syrjanen 

2002). Although many studies have found some evidence for a link between HPV 

and ESCC, others have found no association between this virus and ESCC. 

Because of this controversy, the International Agency for Research on Cancer has 

concluded that the evidence for carcinogenicity of HPV in the human esophagus 

is inadequate (Dillner et al. 1995, Kamangar et al. 2006, Kamangar et al. 2009, 

Yao et al. 2006). 

2.2.6 Poor oral health 

For decades poor dental hygiene has been considered as a potential risk factor for 

EC. In most case-control studies, tooth loss has been associated with a two- to 

three-fold increased risk of EC. Several hypotheses have been proposed: changes 

in oral microbial flora and increased production of carcinogens such as 

nitrosamines and acetaldehyde, physical irritation and mucosal damage due to 

insufficiently chewed food, change in dietary patterns due to poor dentation, 

infection of esophageal mucosa by oral micro-organisms and genetic factors 

related both to oral health and EC (Kamangar et al. 2009). 

In a long term prospective cohort study in the high risk ESCC area of Linxian 

China, an increased ESCC risk was associated with tooth loss. This elevated risk 

was most strongly associated with the loss of the first few teeth and was confined 

to the younger individuals in the cohort. In this 28,868 person cohort study, tooth 

loss was not an indicator of poor general health, low socioeconomic status or 

alterations in dietary patterns. Use of alcohol and tobacco were common among 
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males in the whole cohort. The researchers concluded that tooth loss may lead to 

an increased exposure to carcinogens like nitrosamines through alterations in the 

bacterial flora (Abnet et al. 2001). Subsequently Abnet with his co-workers noted 

that the increased ESCC risk was associated with tooth loss and lack of regular 

oral hygiene also among never smokers or non-alcohol drinkers (Abnet et al. 
2008). In a small study, in Finland no association was found between tooth loss 

and EC (Abnet et al. 2005). 

2.2.7 Low socioeconomic status 

Low socioeconomic status is associated with two- to four-fold increased risk of 

ESCC in most epidemiological studies. It has also been associated with increased 

EAC risk, but not so strongly as with the ESCC risk. Low income and education 

or occupational factors may be underlying factors for poor nutrition, tobacco 

smoking and alcohol consumption (Holmes & Vaughan 2007, Kamangar et al. 
2009). 

In a Swedish nationwide case-control study, both ESCC and EAC were 

associated with a low socioeconomic status and living without a partner. 

Subsequent adjustment for smoking and alcohol consumption, fruit and vegetable 

intake did not change the risk. Furthermore, living with a partner for less than 11 

years compared with for ≥ 31 years increased significantly the risk of ESCC, 

regardless of smoking and drinking habits of the subjects (Jansson et al. 2005). 

2.2.8 Genetic alterations 

Numerous environmental factors seem to be involved in ESCC by inducing 

aberrant gene regulation and genetic abnormalities in esophageal cells. These 

include changes in tumor suppressor genes, oncogenes and cell cycle control 

leading to altered DNA-repair, proliferation, apoptosis and disrupted cell 

signalling pathways (Stoner et al. 2007). However, no genes directly related to 

ECs have been detected. P53 is a tumor suppressor gene, which determines 

whether the cell cycle can proceed towards cell division after repair of DNA 

damage or whether apoptosis will be induced after irreversible DNA damage 

(McCabe & Dlamini 2005). The prevalence of p53 aberrations according to 

English literature varies from 10–85% among ESCC patients, and it seems to be 

higher in areas with high incidences of ESCC. In North American and European 

patients, a higher frequency of p53 mutations was found among smokers than 
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non-smokers. However, in China and Hong Kong, the prevalence was high in 

both areas irrespective the smoking habits. According to the study of Lam, ESCC 

patients with p53 mutations seem to have a shorter survival (Lam 2000). Other 

possible ESCC related tumor suppressor genes are p27, p21, p16, p15 and Rb. 

The most potential markers for ESCC progression according to the review of Lin 

et al. are listed in Table 1 (Lin et al. 2009). 

Table 1.  Potential biomarkers for ESCC progression (modified by Lin et al. 2009). 

Marker/author Study size Study population Method p-value 

Cyclin D1     

Masayuki et al. 416 Stage 1–4 IHC 0.028 

Mega et al. 122 Stage 1–4 IHC 0.049 

Itami et al. 128 Stage 1–4 IHC 0.017 

E-cadherin     

Masayuki et al. 416 Stage 1–4 IHC 0.041 

Uchikado et al. 203 Stage 1–4 IHC 0.005 

Zhao et al. 106 Stage 1–4 IHC 0.017 

p53     

Shimada et al. 258 Stage 1–4 ELISA <0.001 

Matsumoto et al. 137 Stage 1–3 IHC 0.0441 

VEGF     

Shimada et al. 120 Stage 1–4 ELISA <0.001 

Kimura et al. 112 Stage 1–4 IHC 0.038 

Shih et al. 117 Stage 1–3 IHC 0.046 

IHC, immunohistochemistry; ELISA, enzyme-linked immunosorbent assay 

2.3 Risk factors and etiology of esophageal adenocarcinoma 

2.3.1 Gastroesophageal reflux and Barrett´s esophagus 

Barrett´s esophagus (BE) is the most important risk factor for EAC with a 30- to 

125-fold carcinoma risk compared to normal population (Sikkema et al. 2010). In 

this premalignant condition, the esophageal squamous epithelium is replaced by 

metaplastic columnar-lined epithelium after chronic mucosal damage caused by 

long lasting gastroesophageal reflux (Fitzgerald 2006). Gastric acid and pepsin 

are the major causes of the damage with the help of duodenal contents (Salo & 

Kivilaakso 1983, Zaninotto et al. 1992). The current definition of BE is biopsy 

confirmed intestinal metaplasia with goblet cells at any distance proximal to the 
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gastric folds in the tubular esophagus (Wang et al. 2008). It is estimated that 4% 

to 15% of patients who underwent endoscopy because of gastroesophageal reflux 

disease (GERD) have BE (Montgomery et al. 2001). In a Finnish study, the 

prevalence of BE among 248 GERD patients was 4% (Voutilainen et al. 2000). 

According to a recent large review and meta-analysis conducted by Sikkema et al., 
the annual risk of EAC in BE patients was 0.6% in Western studies, although 

slightly lower in European studies outside the UK (Sikkema et al. 2010). 

In their follow-up study of 138 BE patients, Montgomery and co-workers 

found 22/33 (61%) carcinomas in high grade dysplasia patients, 4/26 (15%) in 

low grade dysplasia patients and no cancers in BE without dysplasia 

(Montgomery et al. 2001). Barrett´s epithelium develops into dysplasia and 

cancer through genetic alterations, after which the cells can proliferate without the 

need for an external stimulus and avoid growth inhibitory signals and apoptosis. 

Many of these changes are consequences of genetic alterations affecting the cell 

cycle machinery, which controls the mitotic division of cells and involves many 

proteins like p53, Rb and cyclins (Souza et al. 2001). As in ESCC and cancers in 

general, various proteins like different tumor suppressor genes, oncogenes, 

growth hormones, cell-adhesion molecules, apoptosis and angiogenesis related 

proteins may make a contribution to EAC carcinogenesis and disease progression. 

Possible prognostic biomarkers in EAC are presented in Table 2 (Ong et al. 2010).
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Table 2. Potential prognostic biomarkers in EAC (modified by Ong et al. 2010). 

Marker/author Study size Finding p-value 

Cyclin D     

Izzo et al. 124 2 and 3 genotype→survival ↓ <0.001 

EGFR     

Wang et al. 103 ↑ expression→ survival ↓ 0.07 

Langer et al. 75 ↓ expression→ survival ↓ 0.034 

TGF-α     

Aloia et al. 61 ↓ expression→ survival ↓ 0.03 

D`Errico et al. 87 ↑ expression→ N1 <0.05 

TGF-β1    

Von Rahden et al. 123 ↑ expression→ survival ↓ 0.026 

Fukuchi et al. 57 ↑ plasma level→ survival ↓ 0.032 

VEGF    

Saad et al. 75 ↑ expression→ N1, M1, survival↓ <0.01 

Cadherin    

Falkenback et al. 59 ↓ level→ survival ↓ 0.05 

N1, presence of lymph node metastases; M1, presence of distant metastases 

2.3.2 Obesity 

In a meta-analysis of 14 studies, between a two- to three-fold increased risk for 

EAC among obese patients has been estimated (Kubo & Corley 2006). This has 

been verified in more recent population-based or cohort studies (Abnet et al. 2008, 

Corley et al. 2007). Obesity increases intra-abdominal pressure, which promotes 

gastroesophageal reflux, which in turn can lead to BE and EAC. It has been 

demonstrated that obesity is linked to GERD and an increased waist 

circumference has been associated with BE (Corley et al. 2007, Edelstein et al. 
2007, Hampel et al. 2005). 

2.3.3 Smoking 

Some studies have claimed that there is a 1.5- to four-fold increase in EAC risk 

among current smokers, although in other studies no association has been found 

(Holmes & Vaughan 2007, Tramacere et al. 2011). In a recent prospective case-

control study, a modest increase in the EAC risk (OR 1.4) was found in current 

smokers. In addition to this, a higher risk for EAC was detected among female 
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smokers compared to males. However, in this study the subgroup of current 

female smokers with EAC consisted of only ten patients (Lindblad et al. 2005). 

2.3.4 Alcohol 

Unlike the situation in ESCC, alcohol does not seem to be an important risk factor 

for EAC. In a large prospective study from the United Kingdom Lindblad with his 

co-workers found no association between alcohol consumption and EAC 

(Lindblad et al. 2005). 

2.3.5 Nutritional factors 

In a large European multinational prospective study conducted by Gonzales and 

co-workers a significant increase in EAC risk was found for consumption of 

poultry meat but non-significant risk with total meat consumption, and not with 

red or processed meat (Gonzalez et al. 2006). In their multicenter, population 

based and case control study from the United States, Navarro Silvera and co-

workers found an inverse association between daily fruit and vegetable intake and 

the risk of EAC. Furthermore, in this report meat intake – especially red meat, but 

not poultry meat – was associated with an increased EAC risk. Consumption of 

high-fat dairy products also associated with increased EAC risk (Navarro Silvera 
et al. 2011). However, in another large prospective cohort study from the USA, 

total fruit and vegetable intake was associated with decreased ESCC risk, but not 

with EAC risk (Freedman et al. 2007a). 

2.3.6 Hiatal hernia 

Factors predisposing to gastroesophageal reflux and BE, such as large hiatal 

hernia, have also been considered as risk factors for EAC. Somewhere between a 

two- to six-fold increased relative risk for EAC has been found among patients 

with hiatal hernias in many studies. BE patients with large hiatal hernia have 

increased risk of high grade dysplasia and EAC (Kamangar et al. 2009, Weston et 
al. 2004). 
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2.3.7 Low socioeconomic status 

Jansson and co-workers observed an association between decreasing 

socioeconomic status and increasing risk of EAC (OR 3.7), when comparing 

unskilled or semiskilled manual workers with professionals. Adjusting for reflux 

symptoms, BMI and smoking in the model decreased the odd ratio to 2.0, which 

was no longer statistically significant. Based on that finding, the researchers 

concluded from a causal perspective, that reflux, BMI and smoking were 

intermediates in the pathway between low socioeconomic status and EAC. 

Similar to situation for ESCC, living without a partner was a significant risk for 

EAC irrespective of smoking habits or alcohol consumption (Jansson et al. 2005). 

2.3.8 Helicobacter pylori 

A protective association of Helicobacter pylori infection with EAC, but not with 

ESCC, has been shown in several epidemiological studies with an almost 50% 

reduction in the cancer risk (Islami & Kamangar 2008, Rokkas et al. 2007, Zhuo 
et al. 2008). In their meta-analyses Rokkas et al. detected also an inverse 

association between H. pylori and Barrett´s esophagus (Rokkas et al. 2007). 

H. pylori increase the risk of gastric gancer and gastric MALT lymphoma 

(Suerbaum & Michetti 2002). Chronic inflammation destroys acid-producing 

cells, leading to atrophic gastritis, intestinal metaplasia, dysplasia and gastric 

cancer (Peek & Crabtree 2006). On the other hand, by reducing gastric acid 

secretion and reducing acidic gastroesophgeal reflux, H. pylori may decrease the 

risk of EAC (Chow et al. 1998). The reduced acid production may also increase 

the production of ammonia from urea by H. pylori. This in turns changes the 

refluxate composition, which can lead to reduced risk of EAC (Ye et al. 2004). H. 
pylori has also been shown to decrease the production of an appetite stimulating 

hormone, ghrelin, in the stomach. By decreasing rates of obesity, it can also 

contribute to the reduced risk of EAC (Whiteman et al. 2008, Wren & Bloom 

2007). 

The incidence of H. pylori infection has declined in the developed countries 

through advances in sanitation and the use of antibiotics. At the same time, there 

has been a rapid increase in the incidence of EAC (Blaser 2006, Crew & Neugut 

2004, Holmes & Vaughan 2007). 
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2.3.9 Antireflux medication and surgery 

To date, there is no evidence for protective effect of antireflux medication against 

EAC. In a Swedish case-control study, the risk of EAC even seemed to be 

increased in those individuals who used antireflux medication as compared to 

non-users (Lagergren et al. 1999). Antireflux surgery has been shown to be cancer 

preventive in some studies, but others have observed no risk reduction in EAC 

risk (Ye et al. 2001). Currently, antireflux medication or surgery cannot be 

recommended for EAC prevention (Lagergren 2006). Risk factors for EC are 

listed in Table 3. 

Table 3. Risk and predisposing factors for esophageal cancer. 

ESCC EAC 

smoking (PAH, nitrosamines, acetaldehyde) Barrett´s esophagus 

alcohol (acetaldehyde) GERD 

poor oral health (nitrosamines, acetaldehyde) hiatal hernia 

radiation obesity 

low socioeconomic status low socioeconomic status? 

lack of fresh fruits and vegetables in diet lack of fresh fruits and vegetables in diet? 

achalasia achalasia 

Plummer-Vinson sdr smoking 

lye ingestion  

opium?  

drinking hot mate´(thermal injury, PAH)?  

nitroso compounds in soil, water and processed 

meat?  

 

zinc and selenium deficiency?  

fungal contaminated food?  

HPV?  

GERD, gastroesophageal reflux disease; HPV, human papilloma virus; PAH, polycyclic aromatic 

hydrocarbons 

2.4 Diagnosis of esophageal cancer 

2.4.1 Symptoms and signs 

Dysphagia is the most common symptom of EC. Other common symptoms are 

upper abdominal pain and chest pain, regurgitation and weight loss. Hematemesis, 
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melena, anemia, cough and hoarseness occur rather rarely in EC (Hippisley-Cox 

& Coupland 2011, Layke & Lopez 2006). 

In a retrospective analysis of 491 Dutch patients undergoing esophagectomy 

for EC, the median delay from onset of symptoms to diagnosis was three months. 

The length of delay to endoscopic diagnosis, i.e. more or less than three months, 

did not affect patients’ short- and long-term outcome. However, a longer delay 

from endoscopic diagnosis to surgery (median 49 days) was associated with a 

significantly higher morbidity and mortality (Grotenhuis et al. 2010). 

2.4.2 Endoscopy 

Flexible endoscopy is the primary investigation method for patient suffering from 

dysphagia or other symptoms suspicious for severe upper gastro-intestinal illness. 

Benign strictures or extra esophageal tumors can be mixed with EC, so the 

diagnosis and histology should be verified by biopsies taken during endoscopy. 

2.4.3 Staging 

The treatment of the patient with EC is based on the staging of the disease and the 

general health of the patient. The basic intention is to clarify, if surgery is possible 

and if there is a need for neoadjuvant therapy. These questions can be answered 

when the local extent, nodal spreading and presence of distant metastasis of the 

cancer are known. Surgery is not indicated when there is distal metastasis (M1b) 

or locally advanced tumor beyond radical resection is detected (Stahl et al. 2010). 

If the disease is beyond surgery, also the need for palliative treatment including 

self-expandable stents (SEMS) can be evaluated in the light of patient’s 

symptoms and imaging findings. The results of pre-therapeutic staging need to be 

evaluated by a multi-disciplinary team, after which the treatment plan is agreed 

with the patient. 

Staging is usually according to the recommendations of the World Health 

Organisation using the International Union against Cancer (UICC) TNM 

classification. The TNM classification and staging for esophageal cancer used in 

the present study are shown in Tables 4 and 5 (Sobin & Wittekind 2002). 

For locoregional staging of EC, endoscopic ultrasound (EUS) is accurate. The 

specifity and sensitivity for local infiltration (T-stage) is 82% and 99% for T1 

tumors and 92% and 97% for T4 tumors, respectively. For locoregional nodal 

disease (N-stage) the figures are 85% and 85% and 97% and 96%, when EUS is 
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combined with fine needle aspiration. The accuracy of EUS increases along with 

depth of infiltration, but decreases after neoadjuvant therapy (Low 2011, Puli et al. 
2008). 

Computed tomography (CT) is generally used for detecting distant metastases 

(M1b) and locoregional infiltration (T4). When tracheal invasion is suspected, 

this should be evaluated by bronchoscopy (Low 2011). In a large meta-analysis, 

EUS was the most sensitive technique for the detection of regional lymph node 

metastases, while CT and F-fluoro-2-deoxy-D-glucose positron emission 

tomography (FDG-PET) were more specific tests. When evaluating distant 

metastases, FDG-PET was more sensitive than CT (van Vliet et al. 2008). In an 

analysis of 84 patients with EC, eleven cases of M1 disease were detected only by 

FDG-PET, but not with CT, thus changing the therapeutic strategies in 11/66 

(16.6%) patients (Imdahl et al. 2004). Sihvo et al. reported that adding PET to CT 

or to combined use of CT and EUS improved the accuracy of detecting stage IV 

disease in EAC when it was located near to the esophagogastric junction (Sihvo et 
al. 2004b). In a study comparing the combination of PET and CT (PET-CT) and 

conventional FDG-PET Roedl and associates found PET-CT to be more accurate 

than FDG-PET in characterising distant metastatic sites of gastroesophageal 

junction carcinomas (Roedl et al. 2009). 

In conclusion, staging of esophageal cancer can be most reliably performed 

by using a combination of EUS for logoregional evaluation and CT or PET-CT 

for evaluation of tumor invasion and distant metastasis. PET-CT may be valuable 

at revealing otherwise undetected distant metastases or recurrent cancer. 

Bronchoscopy is performed, when tracheal or bronchial infiltration is suspected. 

In locally advanced adenocarcinomas of the esophagogastric junction, 

laparoscopy may rule out the possibility of peritoneal metastases (Stahl et al. 
2010). 
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Table 4. The UICC TNM classification of EC (modified by Sobin & Wittekind 2002). 

Category Description 

Primary tumor  

Tx Primary tumor cannot be assessed 

T0 No evidence of primary tumor 

Tis Carcinoma in situ 

T1 Tumor invades lamina propria or submucosa 

T2 Tumor invades muscularis propria 

T3 Tumor invades adventitia 

T4 Tumour invades adjacent structures 

Regional lymph nodes  

Nx Regional lymph nodes cannot be assessed 

N0 No regional lymph node metastasis 

N1 Regional lymph node metastasis 

Distant metastasis  

MX Distant metastasis cannot be assessed 

M0 No distant metastasis 

M1 Distant metastasis 

Lower thoracic esophagus  

M1a Metastasis in celiac lymph nodes 

M1b Other distant metastasis 

Midthoracic esophagus  

M1a Not applicable 

M1b Nonregional lymph nodes and/or 

other distant metastasis 

Upper thoracic esophagus  

M1a Metastasis in cervical nodes 

M1b Other distant metastasis 
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Table 5. Stage grouping of EC (modified by Sobin & Wittekind 2002). 

Stage T N M 

Stage 0 Tis N0 M0 

Stage I T1 N0 M0 

Stage IIA T2 N0 M0 

 T3 N0 M0 

Stage IIB T1 N1 M0 

 T2 N1 M0 

Stage III T3 N1 M0 

 T4 any N M0 

Stage IV any T any N M1 

Stage IVA any T any N M1a 

Stage IVB any T any N M1b 

2.5 Treatment 

2.5.1 Surgical treatment 

Surgery is the standard treatment for operable patients with locoregional disease. 

In cases of intrathoracic ESCC, transthoracic esophagectomy with two-field 

lymphadenectomy has been recommended by the working group of European 

Society for Medical Oncology. This is performed through thoracotomy and 

laparotomy with gastric tube anastomosed to upper esophagus from left neck 

incision (Stahl et al. 2010). Several studies, all non-randomized, have shown a 

significant survival benefit for patients undergoing three-field lymphadenectomy 

compared to two-field lymphadenectomy (Boone et al. 2009). 

Transhiatal esophagectomy has been compared with more extended 

transthoracal esophagectomy in only a few randomised and controlled trials. In a 

study of 39 Asian patients with cancer in their low-third esophagus, Chu and co-

workers found more frequent hypotension and shorter operation time in the 

transhiatal esophagectomy group, but no differences in postoperative 

complications, mortality or survival rates (Chu et al. 1997). Omloo et al. found a 

trend of five-year survival benefit for 90 patients with type I distal EAC operated 

by the transthoracal approach. For patients without lymph node metastases, the 

disease-free five-year survival rates after transhiatal esophagectomy and 

transthoracic approach were 86% and 89%, respectively. In those patients with 

more than eight metastatic lymph nodes, there were no five-year survivors in 

either group. However, patients with one to eight metastatic lymph nodes (n=104) 
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showed a five-year locoregional disease-free survival benefit, when operated by 

the transthoracic approach (64% vs 23%) (Omloo et al. 2007). In a meta-analysis 

including 50 studies with six prospective and 18 retrospective comparative studies, 

the overall three- and five-year survival rates for patients operated 

transthoracically were 25.0% and 23.0%, and for transhiatally operated patients 

26.7% and 21.7%, respectively. In the whole material there was no difference in 

the overall survival between these two techniques. Patients operated via the 

transthoracic route suffered more complications and the hospital mortality rate 

was 9.2% in transthoracic and 5.7% in transhiatal esophagectomies. This was not 

the case in randomized trials. When only comparative studies were considered, 

there was a five-year survival benefit favouring transthoracal resection. Survival 

rates for transthoracal esophagectomy and transhiatal esophagectomy were 35.2% 

and 24.9%, respectively (Hulscher et al. 2001). In the largest population-based 

study determining outcomes after esophageal resection for EC, transhiatal 

esophagetomy did seem to confer an early survival advantage, but long-term 

survival did not appear to differ according to the surgical approach (Chang et al. 
2008). 

In a large international questionnaire for esophageal surgeons, Boone with 

her co-workers found 52% of responders favoring open transthoracic 

esophagectomy, while 26% preferred open transhiatal esophagectomy. Minimally 

invasive esophagectomy was favoured by 14% of esophageal surgeons and eight 

per cent claimed no preference for any single technique over the others. Two-field 

lymphadenectomy was performed routinely by 73% of surgeons, while Asian 

surgeons undertook three- and two-field esophagectomies with an equal 

frequency of 49% (Boone et al. 2009). 

In early stage esophageal cancer (Tis- T1a, N0, M0), endoscopic mucosal 

resection appears to be an option for some patients in selected centers (Stahl et al. 
2010). 

2.5.2 Oncologic treatment 

Surgery is the standard treatment for localized EC (T1-2, N0-1, M0), while 

chemoradiation with four courses of cisplatin/ 5-fluorouracil combined with 

radiation doses of 50.4 Gy may be an option for patients unwilling or unable to 

undergo surgical treatment. For localized adenocarcinoma, perioperative 

chemotherapy is an option, this being supported by data from randomized trials 

(Stahl et al. 2010). 
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Based on a few meta-analyses, patients with locally advanced EC (T3–4, N0–

1, M0) benefit from preoperative chemotherapy or chemoradiotherapy (CRT) by 

increasing the resection rates, local tumor control and finally survival (Stahl et al. 
2010). In their systematic review and meta-analysis including 764 patients from 

six randomized and controlled trials, Fiorica with co-workers found that 

preoperative CRT reduced the three year mortality compared with surgery alone. 

The pooled odds ratio was statistically significant in patients with EAC, but not in 

patients with ESCC. Furthermore, patients who received preoperative CRT had 

fewer ECs at advanced stages. However, postoperative mortality was significantly 

increased after neoadjuvant CRT and surgery (Fiorica et al. 2004). Val Gebski and 

co-workers found a significant two-year survival benefit for concurrent 

neoadjuvant CRT compared with surgery alone in both ESCC and EAC in their 

large meta-analysis of 18 randomised studies. This was also the case with 

neoadjuvant chemotherapy for EAC, but not for ESCC. The most common 

chemotherapy regimen was two cycles of cisplatin and 5-fluorouracil (Gebski et 
al. 2007). Recent studies comparing CRT alone and neoadjuvant CRT followed 

by surgery have indicated, that definitive CRT is acceptable for patients with 

advanced ESCC, while subsequent surgery improves local control (Bedenne et al. 
2007, Stahl et al. 2005). Preoperative radiation therapy is not recommended, 

because it does not increase survival as compared to surgery alone (Stahl et al. 
2010). 

2.5.3 Palliative treatment 

Various palliative treatment options can be offered for patients with metastatic 

disease. In the case of dysphagia, stent placement, laser therapy, brachytherapy or 

gastrostomy can be performed based on the clinical situation of the patient. In a 

retrospective study of 125 patients with malignant dysphagia without a fistula, 

Gevers and co-workers found a significant survival benefit for laser therapy 

compared with both plastic stents and SEMS. Mean survival times for patients 

treated by laser therapy, plastic stents or SEMS were 24.6, 19.7 and seven weeks, 

respectively. There was also a significant difference in immediate, major and 

minor complications favouring laser therapy. There was no laser therapy related 

mortality, while 1/26 (4.8%) and 4/35 (11.8%) of patients died because of SEMS 

and plastic stent insertion, respectively (Gevers et al. 1998). However, survival 

rates of 78%, 57% and 11% for six months, year and two years respectively have 

been published in 66 patients with EC stricture treated by SEMS without 
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procedure related mortality. Six patients with tracheoesophageal or 

pleuroesophageal fistula were all successfully treated with coated stents. After 

stent placement, radiation therapy and/-or chemotherapy were given for eight 

patients. Of these eight patients, six patients survived for over year and two for 

over two years (Yang et al. 2005). 

2.6 Prognosis 

Esophageal cancer is the sixth most common cause of cancer deaths and its five-

year survival is about 16% and 10% in USA and in Europe, respectively (Parkin 
et al. 2005). According to the Finnish Cancer Registry, the five-year cumulative 

relative survival ratios for EC patients in Finland were 10% for women and 11% 

for men. Five-year survival in local EC was 25% for both males and females 

(Finnish Cancer Registry 2011). After esophageal resection the five-year survival 

rates were 20.6% in a Western meta-analysis for unselected patients (Hulscher et 
al. 2001) and 50% for EAC patients operated with two-field lymphadenectomy 

(Sihvo et al. 2004a). At the time of diagnosis, more than half of the patients were 

suffering from inoperable disease (Shahbaz Sarwar et al. 2010). 

In a large analysis of 1059 operated EC patients from a single German centre, 

Siewert et al. found better long-term prognosis for EAC than for ESCC. During 

the years 1982 to 2000, the overall resection rate was 68.2% and 75.5% for 

patient with EAC and 64% for patients with ESCC. During the study period, the 

operative mortality decreased from about 10% before 1990 to less than two per 

cent since 1994. It was also lower when resections were performed for EAC. The 

overall five-year survival rate with resected ESCC was 30.3% compared with 

42.3% with resected EAC. In patients with R0 resection without lymph node 

metastasis, the five-year survival rates for ESCC and for EAC were 56.8% and 

72.9%, respectively. There was a significant increasing trend for the use of 

neoadjuvant CRT for locally advanced ESCC and chemotherapy for locally 

advanced EAC during the study period (Siewert et al. 2001). In a French study 

from almost the same time period, Mariette and associates found almost equal 

five-year survival rates of 42% and 38% for R0 resections of ESCC and EAC, 

respectively. They also observed a declining hospital mortality rate from 9.8% 

before 1994 to 2.2% after that date. In addition to operations performed during 

the later time period, also low pT- and pN- stages were favourable prognostic 

factors. Both ESCC and EAC patients with locally advanced tumors received 

preoperative CRT (Mariette et al. 2004). 
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2.7 Tight junctions and claudins 

Epithelial and endothelial sheets constitute the cellular border, which separates 

and protects underlying tissues from external environment, including carcinogens, 

in multicellular organisms. Within these sheets, structures attaching adjacent 

epithelial or endothelial cells include tight junctions (TJ), adherence junctions, 

gap junctions and desmosomes. Tight junctions are the most apical junctions 

mainly located intercellulary between epithelial, endothelial and mesothelial cells. 

They are cellular structures that regulate the permeability of cellular layers by 

forming the primary barrier or gate to paracellular transport of solutes between 

adjacent cells. Tight junctions locate horizontally around the entire cell, and by 

regulating the movement of proteins and lipids within the plasma membrane as a 

fence, they are essential in creating and maintaining epithelial cell polarity 

(Farquhar & Palade 1963, Turksen & Troy 2004). Abnormal TJ barrier function 

and increased tissue permeability are present in several illnesses like 

inflammatory bowel disease, diarrhea, some kidney diseases, jaundice and 

pulmonary edema (Turksen & Troy 2004). 

Claudins are multigene transmembrane integral 22 to 27 kDa proteins, which 

are essential for the formation and function of tight junctions. The name claudin 

originates from Latin word “claudere”, which means to close in English. Claudins 

have four hydrophobic transmembrane domains and two extracellular loops and 

an intracellular tail (Furuse et al. 1998). Extracellular loops appear to be involved 

in the homo- or heterophilic interactions between various claudins implicated in 

TJ-formation. With their various attachments to same or different claudins of 

neighbouring cells, they are responsible for alterations on paracellular 

permeability. Even though different claudins have different sequences, they also 

form ion-selective channels (Schneeberger 2003, Turksen & Troy 2004). 

Heterogeneity in the carboxyl terminal tail between different claudins suggests its 

contribution to claudin isoform-dependent paracellular selectivity. The carboxyl 

terminal tail contains a PDZ binding motif, which connect claudins to TJ PDZ 

containing proteins ZO-1, ZO-2, PATJ and MUPP1 (Angelow et al. 2008, Singh 
et al. 2010). Cytosolic and nuclear proteins including regulatory proteins Rab3b, 

Rab13, tumor suppressor PTEN, transcriptor factors ZONAB and HuASH have 

been shown to indirectly or directly interact with TJ (Balda et al. 2003, Nakamura 
et al. 2000, Wu et al. 2000, Yamamoto et al. 2003). This has led to conclusion 

that TJs also participate, in addition to regulating paracellular permeability and 
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cell polarity, to the control of crucial cell functions like proliferation and tumor 

suppression (Singh et al. 2010). 

So far, at least 24 claudins have been identified in humans and their 

expression varies between different cells and tissue locations (Mineta et al. 2011, 

Turksen & Troy 2004). In addition to claudins, the transmembrane tight junctional 

proteins also include occludin and junctional adhesion molecule (JAM) (Furuse et 
al. 1993, Martin-Padura et al. 1998). There are several scaffolding proteins which 

attach these proteins to the cellular cytoskeleton (Miyoshi & Takai 2005). 

The diverse barrier functions of different epithelial and endothelial tissues 

may reflect the roles of the distinct claudins. Claudin 5 is strongly expressed in 

endothelial cells and takes part in the blood brain barrier formation (Nitta et al. 
2003). Claudin 11 is known to be essential in tight junction strand formation in 

myelin sheaths of oligodendrocytes and testicular Sertoli cells (Gow et al. 1999). 

In epithelial cells claudins 1, 2, 3, 4 and 7 are expressed to various extents (Soini 

2005). 

An increasing number of studies have reported the expression of several 

claudins in various human cancers (Long et al. 2001, Michl et al. 2003, Rangel et 
al. 2003, Soini 2005, Soini et al. 2006). In malignant tumors, mainly claudins 1, 2, 

3, 4, 5 and 7 have been studied. These claudins have been found to be strongly 

expressed in different types of epithelial tumors, although there are some 

differences in the level of their expression between different tumor types (Soini 

2005). 

2.7.1 Claudin 1 

The chromosomal localization of claudin 1 gene is 3q28. The protein consists of 

211 amino acids with molecular weight of 22,744 kDa (Lal-Nag & Morin 2009). 

Elevated claudin 1 expression has been documented in various tumors compared 

to normal tissues. Soini found strong membrane bound immunostaining for 

claudin 1 in several epithelial tumors, including bladder, breast, colon, 

endometrium, lung, stomach and esophageal carcinomas. In some poorly 

differentiated tumors, the staining was partly lost (Soini 2005). Claudin 1 has 

been found to be down-regulated in those breast cancers where there are no 

genetic alterations in promoting or coding sequences in breast cancer cell lines 

(Kramer et al. 2000). In the analysis consisting of 129 resected specimens from 

stage II colon cancer patients, low claudin 1 expression was associated with 

higher tumor grade, higher recurrence rate and also with poor survival. The 
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authors concluded that claudin 1 may be a useful tool as a prognostic marker and 

for determining, which patients may benefit from adjuvant therapy (Resnick et al. 
2005). Increased expression of claudin 1 in colorectal cancers compared to 

noncancerous mucosae has been previously demonstrated by Miwa and his co-

workers (Miwa et al. 2001). Claudin 1 has been shown to enhance the 

invasiveness of oral squamous cell carcinoma by promoting matrix 

metalloproteinase (MMP)-2 and membrane type MMP-1 mediated cleavage of 

laminin 5γ2, which is an element of the basement membrane (Oku et al. 2006). 

Claudin 1 also serves as a co-receptor for hepatitis C virus, which is a leading 

cause of cirrhosis and liver cancer worldwide (Evans et al. 2007). 

Soini demonstrated that expression of claudin 1 was upregulated in ESCC as 

compared to non-neoplastic esophageal mucosa (Soini 2005). Decreased levels of 

claudin 1 expression were associated with recurrent disease and shortened 

survival in a Japanese study consisting 54 surgically removed ESCCs (Miyamoto 
et al. 2008). Györffy and his group observed claudin 1 expression also in EAC, 

but unlike the situation in ESCC, it was not upregulated as compared to non-

neoplastic epithelium (Gyorffy et al. 2005). 

2.7.2 Claudin 3 

Claudin 3 is a 23,319 kDa protein with 220 amino acids. Claudin 3 gene is 

localized chromosomally in 7q11 (Lal-Nag & Morin 2009). Overexpression of 

claudin 3 has been documented in both prostate and ovarian carcinomas, but not 

in precancerous ovarian cystadenomas. In ovarian carcinomas, claudin 3 and 4 

expressions were not associated with tightness of TJ as determined by 

measurements of transepithelial resistances (TER) (Long et al. 2001, Rangel et al. 
2003). Agarwal et al. observed that claudin 3 and 4 expressions in ovarian 

epithelial cells enhance invasion and is associated with increased MMP-2 activity 

(Agarwal et al. 2005). In gastric carcinomas, the levels of expression of claudin 1, 

3, 4 and 5 was lower in diffuse type compared to intestinal type of gastric 

carcinoma, and decreased expression of claudin 3 was associated with worse 

survival, especially in the intestinal type of gastric carcinoma (Soini et al. 2006). 

Claudin 3 and 4 also served as receptors for Clostridium perfringens toxin in cell 

line studies of prostate and breast carcinomas. Furthermore, tumor cells 

expressing these claudins have undergone cellular disruption, when exposed to 

this enterotoxin (Kominsky et al. 2004, Long et al. 2001). 
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In the study of Györffy et al., increased expressions of claudins 3 and 4 were 

found in EAC and Barrett´s esophagus (Gyorffy et al. 2005). In a study from the 

high risk area in Linxian county, Henan province China, claudin 3 gene 

methylation increased along with the severity of squamous cell dysplasia. 

Furthermore, methylation, which can silence the transcription of the genes 

involved in tumor suppression, was most frequent in ESCC as compared to the 

situation in normal and dysplastic epithelium (Roth et al. 2006). 

2.7.3 Claudin 4 

The claudin 4 gene is situated in the same chromosome at the same location (7q11) 

as claudin 3. Claudin 4 is a protein of 209 amino acids with a molecular weight of 

22,077 kDa (Lal-Nag & Morin 2009). 

In addition to a previous report with claudin 3, claudin 4 overexpression has 

been found to be present in pancreatic adenocarcinoma and its precursor lesions 

(Michl et al. 2003, Terris et al. 2002). In the study of Milch et al., claudin 4 was 

identified as a potent inhibitor of invasiveness and metastatic behaviour of 

pancreatic cancer cells. Overexpression of claudin 4 was associated with reduced 

invasive potential. This was not caused by changes in cell proliferation, cell cycle 

progression or MMP activity, but this was paralleled by increased cell contact 

formation. Claudin 4 expression was down-regulated by proinvasive exogenous 

transforming growth factor-β (TGF-β), and by inhibition of Ras signalling 

pathway (Michl et al. 2003). It has also been shown that phosphorylation of 

claudin 4 by protein kinases A and C, respectively, can lead to increased 

paracellular permeability in ovarian cancer cells (D'Souza et al. 2007). 

In their recently published study, Sung et al. described an association of low 

claudin 4 expression with histological differentiation, invasion depth, lymph node 

metastasis and poor prognosis in ESCC. They also demonstrated that loss of 

claudin 4 was associated with hypermethylation of its promoter (Sung et al. 2011). 

Claudin 4 expression has been shown to be upregulated in BE and EAC compared 

to normal epithelium (Gyorffy et al. 2005). 

2.7.4 Claudin 5 

The gene is located in 22q11. The protein contains 218 amino acids and its 

molecular weight is 23,147 kDa. Claudin 5 is strongly expressed in endothelial 

cells and involved also in the formation of the blood brain barrier (Nitta et al. 
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2003). Cocultured human glioblastoma cells and glioma-derived growth factor 

TGF-β2 enhanced the paracellular flux of brain endothelium with downregulation 

of the TJ proteins, including claudin 5, by matrix metalloproteinases (Ishihara et 
al. 2008). Increased expression of claudin 5 has also been demonstrated to 

associate with aggressive behaviour in serous ovarian carcinoma (Turunen et al. 
2009). 

In superficial ESCC, Chiba et al. reported an association between increased 

expression of claudin 5 and lymph node metastases (Chiba et al. 2010). 

2.7.5 Claudin 7 

The chromosomal location of claudin 7 gene is 17p13. This claudin is made up of 

211 amino acids with a total molecular weight of 22,390 kDa (Lal-Nag & Morin 

2009). Both up- and downregulation of claudin 7 expression has been 

documented in different tumors at different stages of progression. 

Immunohistochemical staining was absent in normal gastric mucosa, while 

present in 30% of metaplasia, 70% of dysplasia and 80% of gastric 

adenocarcinomas. It was also clearly associated with intestinal type gastric 

carcinomas (Johnson et al. 2005). In the normal esophagus, expression of claudin 

7 was detected in the plasma membrane of differentiated keratinocytes. In ESCC 

samples, claudin 7 expression was lost or cytoplasmic. In addition to these 

observations, Lioni and her co-workers demonstrated that knockdown of claudin 

7 led to decreased E-cadherin expression and increased cell growth and invasion. 

Furthermore, upregulation of claudin 7 increased E-cadherin expression and cell-

cell adhesion and it was associated with decreased invasive properties of 

carcinoma cells (Lioni et al. 2007). In a Japanese study, researchers found a 

significant association between reduced expression of claudin 7 at the invasion 

front of the tumor and increased locoregional progression of ESCC (Usami et al. 
2006). 

2.8 Angiogenesis 

Angiogenesis is a fundamental and tightly regulated process in the formation of 

blood vessels and it is essential in many physiological processes including wound 

healing and embryonic development. In addition to purposeful tissue modelling, 

tumor growth, cancer progression and metastases are also dependent on 

angiogenesis (Kimura & Esumi 2003). It is a multistep event involving the 
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degradation of the basement membrane, endothelial cell migration, sprouting into 

the interstitial space, endothelial cell proliferation, lumen formation and finally 

basement membrane and anastomosis formation (Bussolino et al. 1997, 

Pettersson et al. 2000). Without angiogenesis, growth of the tumor would be 

restricted to the size of 1–2 mm3 (Folkman et al. 1966, Folkman 1990). 

Several angiogenesis related transcription factors, angiogenic and vasoactive 

factors regulated by hypoxia have been identified, such as HIF-1α, VEGF and NO 

synthases (Dachs & Tozer 2000). Hypoxia increases the expression of HIF-1α, 

which in turn induces VEGF and iNOS. However, NO can also activate HIF-1α, 

which in turn upregulates VEGF and promotes angiogenesis. In contrast, high 

levels of NO have also been shown to inhibit hypoxia induced HIF-1α expression. 

VEGF also activates eNOS activity, which leads to an increase in NO production 

(Kimura & Esumi 2003, Ma et al. 2010). 

2.8.1 HIF-1α 

Under hypoxic conditions, HIF-1α is the primary inducer for genes that facilitate 

adaptation of cells and the organism to hypoxia. Adaptation to low oxygen levels 

leads to the transcription of genes participating in erythropoiesis, glycolysis, iron 

metabolism, angiogenesis, cell proliferation and survival (Semenza et al. 1994, 

Wang et al. 1995). Overexpression of HIF-1α has been detected in various 

cancers and it is thought to be a result of intratumoral hypoxia or genetic 

alterations. Both oncogene activation and tumor suppressor gene inactivation 

seem to associate with increased HIF-1α expression (Jiang et al. 1997, Khromova 
et al. 2009). 

HIF-1 was discovered when Goldberg, Dunning and Bunn found that a new 

heme protein was required for hypoxia induced erythropoietin (EPO) production 

(Goldberg et al. 1988). HIF-1 is a heterodimeric complex with subunits HIF-1α 

and HIF-1β. HIF-1β is expressed constitutively, while HIF-1α is induced by 

hypoxia. Under normal oxygen conditions, HIF-1α proteins are degraded, but 

through hypoxia derived stabilization, it can be translocated from the cytoplasm 

to nucleus to dimerizise with HIF-1β thus forming transcriptionally active HIF 

complex. This activated complex then associates with the hypoxia response 

elements of target genes and induce gene activation. More than 100 genes 

activated by HIF-1 have been detected so far and among them are two genes 

which have been studied in some detail, VEGF and iNOS. The stability and 
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activity of HIF-1α are regulated post-translationally by hydroxylation, 

ubiquitination, acetylation and phosphorylation (Ke & Costa 2006). 

According to immunohistochemical analyses, expression of HIF-1α can be 

detected in benign tumors and this protein is upregulated in malignant primary 

tumors and strongly upregulated in metastases in contrast to its absence in normal 

tissues. Over-expression of HIF-1α has been found to be associated with tumor 

progression and an unfavourable prognosis in several cancers, including ESCC 

(Birner et al. 2000, Matsuyama et al. 2005, Zhong et al. 1999), and may also 

predict resistance to chemoradiation therapy in ESCC (Sohda et al. 2004). In 

ESCC, Matsuyama with associates detected better survival for carcinomas with a 

low level of expression of HIF-1α. In addition, they also observed an association 

between high HIF-1α expression and VEGF expression (Matsuyama et al. 2005). 

Unlike the situation in Asian studies, HIF-1α was not a prognostic factor in ESCC 

in European patients (Munipalle et al. 2011). Griffiths et al. observed an 

increasing expression of VEGF, but not of HIF-1α, in the Barrett´s metaplasia-

dysplasia-adenocarcinoma sequence (Griffiths et al. 2007). 

2.8.2 VEGF 

VEGF family is a member of the platelet-derived growth factor super family. The 

members of the VEGF family are VEGF-A (VEGF), -B, -C, -D, -E and the 

placenta growth factor. VEGF-A is the original, founding member of the VEGF 

family and the most potent endothelial growth factor. Six different VEGF-A 

isoforms with 121, 145, 165, 189 and 206 amino acids have been identified by 

alternative splicing of the VEGF mRNA (Tischer et al. 1991, Vincenti et al. 1996). 

The most important isoforms in tumor angiogenesis are VEGF121, VEGF165 and 

VEGF189, and they are expressed in nearly all tissues. They differ in their 

solubilities, heparin affinities, mitogenic potencies, receptor as well as 

extracellular matrix binding properties (Kleespies et al. 2004, Neufeld et al. 1994). 

VEGF is a 45 kDa disulfide bonded dimeric glycoprotein, which acts as a 

mitogen for endothelial cells (Ferrara & Henzel 1989, Kleespies et al. 2004). It 

promotes stromal degradation, induces endothelial sprouting through proliferation 

and migration of endothelial cells and enhances vascular permeability for proteins, 

cells and plasma (Kleespies et al. 2004, Pettersson et al. 2000, Unemori et al. 
1992). It also contributes to the maintenance of the vascular system and the 

protection of endothelial cells from apoptosis (Nor et al. 1999). It is a 

transcriptional target for HIF and stimulates angiogenesis as well as being 
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associated with prognosis in several tumors including ESCC (Forsythe et al. 1996, 

Poon et al. 2003). 

The VEGF-gene is located in chromosome 6p21.3. VEGF may be stimulated 

by hypoxia, decreased pH, cytokines such as interleukin (IL) 6, and altered 

tumour suppressor gene p53 function, oncogenes such as v-Raf, growth factor 

such as TGF-β and up-regulation of intracellular signal transduction (Cohen et al. 
1996, Gasparini 2000, Goerges & Nugent 2003, Grugel et al. 1995, Kieser et al. 
1994, Kleespies et al. 2004, Pertovaara et al. 1994, Shweiki et al. 1992). The 

three high affinity transmembrane VEGF receptors are named as VEGFR-1–3 

(Kleespies et al. 2004). 

In their study, Kimura and co-workers observed a direct association between 

HIF-1α, microvessel density (MVD), venous invasion and VEGF expression in 

patients with ESCC. In addition, intense expression of VEGF was associated with 

decreased survival in their whole material of ESCC patients. Among patients not 

receiving preoperative chemotherapy, expression of HIF-1α was associated with 

decreased survival (Kimura et al. 2004). In their study of 199 ESCC patients, 

Kitadai and co-workers found a significantly higher vessel count in VEGF 

expressing tumors compared to VEGF-negative tumors. Patients with a high 

MVD in the tumor had poorer survival than patients with a low vascularisation in 

their tumors. VEGF expression also associated with the depth of tumor invasion, 

tumor stage, venous invasion, lymphatic invasion and decreased survival (Kitadai 
et al. 1998). However, in the study of Du and associates, the expression of VEGF 

and MVD were both associated with the tumor grade and lymph node metastases, 

but not with the depth of cancer invasion (Du et al. 2003). In their review, 

Kleespies and co-workers found five out of 17 studies not establishing an 

association between VEGF and parameters reflecting EC progression (Kleespies 
et al. 2004). 

In a Finnish study of 15 patients with surgically resected Barrett´s dysplasia 

and adenocarcinoma, Auvinen and co-workers concluded that the salmon-red 

colour of BE was attributable to neovascularisation, but not to erosion of the 

epithelium. The microvessel count was increased by two-fold in the BE and by 

two- to three-fold in advanced Barrett´s EAC as compared to normal esophageal 

mucosa. In addition, they observed VEGF expression on BE, while immature 

blood vessels expressed VEGF receptor 2 and MMP-9 (Auvinen et al. 2002). 

Couvedard and co-workers found an association between VEGF expression and 

vascularisation in both metaplasia and EAC. They also discovered an increasing 

trend of MVD in high-grade dysplasia, intramucosal carcinoma and superficial 
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EAC. The MVD was decreased in infiltrative carcinoma, but together with VEGF 

failed to show any association with prognosis in infiltrative carcinoma (Couvelard 
et al. 2000). In a study with both of the histological main types of EC, Imdahl et 
al. found that low preoperative VEGF expression and high proliferative activity 

were associated with a better response to neoadjuvant CRT, which led to better 

long term survival (Imdahl et al. 2004). Cavazzola et al. found no association 

between VEGF-A expression and long term survival in EAC (Cavazzola et al. 
2009). 

Anti-angiogenic therapies in EC have been evaluated in only a few studies. 

When supplemented to conventional chemotherapy, the VEGF antibody, 

bevacizumab, increased the time to disease progression as compared to historical 

estimates in both unresectable gastric and gastroesophageal adenocarcinomas 

(Imdahl et al. 2002, Shah et al. 2006). 

2.9 Nitric oxide and NOS 

Nitric oxide is a key messenger in many physiological and pathological processes, 

acting as a vasodilatator, neurotransmitter, inhibitor for platelet aggregation and 

modulator of immunity (Xu et al. 2002). This molecule was first discovered in 

1979 as a potent vasodilatator (Gruetter et al. 1979). NO is a free radical with an 

unpaired electron, which allows it to react with oxygen, superoxide, and transition 

metals, thus forming biologically active metabolites (Singh & Gupta 2011, Xu et 
al. 2002). Since it is a water-soluble gas, but a lipophilic molecule, NO can 

penetrate membrane barriers. Some of the effects of NO are based on its 

intracellular second messenger nature, while others are due to its paracrine 

functions, mediated by activated guanylate cyclase/3´, 5´-cyclic guanosine 

monophosphate (GC/cGMP) pathway leading to vasodilatation (Coulet et al. 
2003, Kimura & Esumi 2003, Mayer 1994). NO is also involved in various 

metabolic processes in cells by activating cGMP, thus participating in 

immunological functions and cell proliferation (Ma et al. 2010). 

Nitric oxide can damage cells and evoke mutations both directly and through 

the effects of its free radical intermediates. NO may damage DNA by the 

generation of N2O3 or peroxynitrate (ONOO-). Nitration and oxidation of DNA 

by peroxynitrate cause single strand DNA breaks, while N2O3 can nitrosate 

amines to form N-nitrosamines and then alkylate DNA leading to DNA 

deamination and mutations (Bentz et al. 2000). 
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By upregulating VEGF and modulating tumor DNA repair mechanisms, NO 

can contribute to tumor angiogenesis (Xu et al. 2002). It might also be 

responsible for the accumulation of HIF-1α in some cancers, but also 

destabilization has been observed (Huang et al. 1999, Quintero et al. 2006). High 

concentrations of NO can inhibit cancer growth by increasing phosphorylation of 

p53 at Ser15 and phosphorylation of MKP-1, which lead to cytostasis and cell 

death. In contrast, low concentrations of NO can induce a cGMP/extracellular 

signal-regulated kinase (ERK)-dependent increase in endothelial cell proliferation 

and migration and thus enhance tumor growth (Isenberg et al. 2005, Ma et al. 
2010, Ridnour et al. 2005). 

Nitric oxide is synthetized by three isoforms of NOS from L-arginine and 

molecular oxygen through hydroxylation and oxidative cleavage to L-citrulline 

and NO (Mayer 1994). These isoforms with different regulations and localizations 

are neuronal NOS (nNOS or NOS1), inducible NOS (iNOS or NOS2) and 

endothelial NOS (eNOS or NOS3). The first isoform to be found was the 

membrane bound eNOS, which was first discovered in vascular endothelial cells. 

The cytosolic isoform nNOS was first detected in neuronal tissues, and like eNOS, 

it is activated by calcium-dependent binding of calmodulin (CaM) and at first it 

was thought to be constitutively expressed. In contrast to eNOS and nNOS, iNOS 

is insensitive to intracellular calcium levels, and is best activated by inflammatory 

signals like cytotoxins and endotoxins. Unlike eNOS and nNOS, iNOS can be 

induced in various cells including macrophages, vascular and tumor cells. 

Inducible NOS can generate high amounts of NO in the micromolar range for a 

prolonged time, while the constitutive isoforms eNOS and nNOS produce NO 

only in the pico- to nanomolar range for short periods of time (Kimura et al. 2004, 

Knowles & Moncada 1994). 

2.9.1 iNOS 

The gene of iNOS is located in chromosome 17cen-q11.2 (Bentz et al. 2000). 

Three major pro-inflammatory cytokines, IL-1s, TNF-α, and interferon-γ 

(IFN-γ), have been shown to induce iNOS in macrophages and cancer cell lines 

(Hibbs 1991, Singh & Gupta 2011). Not only hypoxia, but also bacterial 

endotoxin lipopolysaccharide (LPS), phorbol esters and lipoarabinomannan can 

stimulate iNOS (Lechner et al. 2005). Inducible NOS can also be induced by 

HIF-1 (Melillo et al. 1995). High-mobility group box protein 1 (HMGB1), which 

is released from necrotic and inflammatory cells, and also has binding affinities 
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for TLR2, -4 and -9 thus promoting inflammation, has also a partial influence on 

the upregulation of iNOS. In tumors, HMGB1 promotes tumor angiogenesis, but 

in contrast, it also triggers anti-neoplastic T cell responses (Singh & Gupta 2011). 

Vakkala et al. discovered that both stromal and tumor cells expressing iNOS 

had a higher apoptotic index and MVD in breast carcinomas (Vakkala et al. 
2000a). Both Barrett´s esophagus and EAC have been shown to express elevated 

levels of iNOS (Wilson et al. 1998). Tanaka and co-workers detected iNOS 

expression in 50 of their 57 ESCC cases (Tanaka et al. 1999). However, 

Matsumoto et al. found no association between clinicopathological factors or 

prognosis and iNOS immunoreactivity in ESCC (Matsumoto et al. 2003). Le et al. 
have shown that iNOS transduction is cytotoxic and iNOS knockout mice seem to 

have increased risk of tumorigenesis, indicating that iNOS may even suppress 

tumorigenesis (Hussain et al. 2004, Le et al. 2005). 

2.9.2 eNOS 

Endothelial NOS produces low levels of NO and low levels of NO or reactive 

nitrogen species can enhance tumor growth (Ying & Hofseth 2007). The gene is 

located in 7q35-36 (Bentz et al. 2000). 

VEGF can induce NO production by eNOS, but at appropriate concentrations, 

NO reciprocally induces VEGF synthesis through HIF-1α (Kimura & Esumi 

2003). In addition, Coulet et al. demonstrated that transcription of the human 

eNOS gene was also stimulated by HIF-2 (Coulet et al. 2003). The activity and 

subcellular localisation of eNOS are controlled by post-translational 

modifications like phosphorylation, nitrosylation, intracellular calcium and 

acylation. In addition to VEGF, the function of eNOS is influenced by thrombin, 

insulin, estrogen, platelet-derived lipid mediators through phosphoinositide-3-

kinase/kinase Akt–dependent phosphorylation (Dudzinski & Michel 2007). 

The expression of eNOS has been verified in several malignant tumors 

including breast and lung cancers and malignant mesothelioma (Puhakka et al. 
2003, Soini et al. 2001, Vakkala et al. 2000b). A high expression of eNOS has 

also been claimed to correlate with higher MVD and to be associated with 

decreased survival in gastric cancer (Wang et al. 2005). In contrast to gastric 

cancer, Puhakka and co-workers found intense expression of eNOS, iNOS and 

nNOS expression to be a favourable sign in non-small cell lung carcinoma 

(Puhakka et al. 2003). In EAC, increased eNOS expression was associated with 

increased depth of invasion, lymph node metastases and advanced stage (Chandra 
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et al. 2001). Currently there are no studies which would have evaluated eNOS in 

ESCC. 

2.9.3 nNOS 

The first isoenzyme of the NOS family to be discovered was nNOS (Knowles & 

Moncada 1994) located in 12q24.2 (Bentz et al. 2000). 

In the central nervous system, nNOS is involved in neurotransmission and 

vasorelaxation. Neuronal NOS has been detected in most human brain tumors 

(Cobbs et al. 1995). 

Impaired nNOS synthesis leading to a decreased NO production of the 

myenteric plexus has been linked to gastrointestinal tract motility disorders such 

as achalasia, but no studies have been published of nNOS in EC (Kim et al. 1999, 

Takahashi 2003). 

2.10 TLR9 

Toll-like receptors are transmembrane pattern recognizing receptors which are 

essential in innate and acquired immunity, when exposed to pathogen-associated 

molecular patterns such as bacterial lipopolysaccharide or microbial DNA, RNA 

and flagellin (Chen et al. 2007). After the activation of TLR with their ligands, 

cells evoke an inflammatory response to protect the host from infection (Takeda 

& Akira 2005). Some TLRs can also detect host molecules, such as heat shock 

proteins (HSP) and HMGB I, causing inflammatory responses (So & Ouchi 2010). 

TLRs are involved in the pathogenesis of infectious, chronic inflammatory and 

autoimmune diseases. Several chronic inflammatory diseases or infections known 

to lead to cancer development are associated with TLRs (Barrat et al. 2005, Cario 

& Podolsky 2000, Chang et al. 2004, Child et al. 2003). Thus far, at least 10 

functional TLRs have been identified in humans and 13 in mammals. In addition 

to immunity mediating cells such as plasmacytoid dendritic cells, toll-like 

receptors have been detected in various normal and malignant epithelial cells and 

tumors also in the gastrointestinal tract (Chen et al. 2007, So & Ouchi 2010). 

The members of TLR9 subfamily (TLR7, TLR8 and TLR9) and TLR 3 are 

expressed intracellularly, while the other TLRs are expressed on the cell surface. 

TLR9 is normally found in endoplasmic reticulum from where it is translocated to 

the endosomal/lysosomal compartment for ligand recognition. Endosomal 

localization of TLR9 has been shown to be essential in avoiding the recognition 
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of “self”-nucleic acids and confines recognition to normal viral nucleic acid 

(Barton et al. 2006, Wagner 2004). 

Initially, TLR9 was reported to bind to unmethylated CpG sequences within 

bacterial DNA (Hemmi et al. 2000). However, later studies have revealed that in 

addition to microbial DNA and synthetic CpG-oligodeoxynucleotide- (ODN) 

containing ligands, also vertebrate or “self”-DNA can be recognized by TLR9. 

This “self”pattern recognition may contribute to certain autoimmune diseases 

such as systemic lupus erythematosus (Barrat et al. 2005). TLR9, like most of 

other TLRs, signals through the myeloid differentiation primary response gene 88 

(MyD88)-dependent pathway via their common intracellular Toll/ IL-1 receptor 

(TIR) domain. After TLR ligation, TIR recruits adapter protein MyD88, which 

associates with the intracellular domain of the TIR through a TIR-TIR interaction. 

This evokes downstream activation of nuclear factor kappa light polypeptide gene 

enhancer (NF-κB), which in turn leads to cytokine production (Chen et al. 2008). 

The involvement of TLR9 has been implicated in various cancers including 

breast, gastric, lung and prostate cancer (Chang et al. 2004, Ilvesaro et al. 2007, 

Merrell et al. 2006, Ren et al. 2009). The treatment of cancer cells expressing 

TLR9 with synthetic TLR9 ligands which resemble bacterial DNA increases the 

invasive characteristics of prostate and cancer cells in vitro (Ilvesaro et al. 2007, 

Merrell et al. 2006). This invasive effect has been detected to be indeed mediated 

by TLR9 (Ilvesaro et al. 2007). Paradoxically, the TLR9 agonistic CpG 

nucleotides can be used as anti-cancer reagents due to their capability to activate 

immune defence mechanisms (Krieg et al. 1995, Krieg 2006). One study 

evaluating TLR9 expression in EC has been published very recently (Sheyhidin et 
al. 2011). The characteristics of proteins examined in this study, and their 

expressions in EC according to the studies reviewed in this thesis, are listed in 

Table 6. 
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Table 6. Expression and prognostic significance of claudins, Hif-1, VEGF, iNOS, eNOS, 

nNOS and TLR9 in ESCC and EAC. 

Protein/author Gene loc. kDa Finding in ESCC Finding in EAC 

Claudin 1 3q28 22.7   

Miyamoto et al. (2008)    ↓ expression→ survival ↓  

Györffy et al. (2005)    upregulated present 

Claudin 3 7q11 23.3   

Györffy et al. (2005)   present upregulated 

Claudin 4 7q11 22.1   

Sung et al. (2011)   ↓ expression→ survival ↓, N ↑  

Györffy et al. (2005)   present upregulated 

Claudin 5 22q11 23.1   

Chiba et al. (2010)   ↑ expression→ N ↑  

Claudin 7 17p13 22.4   

Györffy et al. (2005)   present present 

Usami et al. (2006)   ↓ expression→ N↑  

HIF-1α 14q23.2    

Matsuyama et al. 

(2004) 

  ↓ expression→ survival ↑  

Griffits et al. (2007)    present 

VEGF 6p21.3 45   

Kimura et al. (2004)   ↑ expression→ survival ↓  

Cavazzola et al. (2009)    ↑ expression→ MVD ↑ 

iNOS 17q11.2    

Tanaka et al. (1999)   frequent expression  

Wilson et al. (1998)    upregulated 

eNOS 7q35-36    

Chandra et al. (2001)    ↑ expression→ T ↑, N ↑ 

nNOS 12q24.2    

TLR9 3p21.3    

Sheyhidin et al. (2011)   ↑ expression→ tumor grade ↑  

Gene loc., gene location; MVD, microvessel density; N, N-category; T, T-category  
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3 Aims of the study 

The aims of this study were: 

1. To investigate the expression and significance of claudins 1, 3, 4, 5 and 7 in 

esophageal squamous cell carcinoma and adenocarcinoma. 

2. To examine the expression, relationships and significance of angiogenesis-related 

proteins HIF-1α, VEGF, and three isoforms of NOS and tumor vascularity in 

esophageal squamous cell carcinoma and adenocarcinoma. 

3. To study the expression of TLR9 in normal esophageal squamous cell 

epithelium, squamous cell dysplasia and esophageal squamous cell carcinoma. 
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4 Materials and methods 

4.1 Patients and tumor material 

All patients treated in the Department of Surgery, Oulu University Hospital 

during the years 1983–2003 whose tissue specimens were available and who had 

not received neoadjuvant treatment were included in this study. Adenocarcinomas 

in the esophagogastric junction were included only if they were Siewert type I 

tumors (Siewert & Stein 1998). Of 88 such cases, 78 patients had underwent 

esophageal resection, while the remaining 10 patients were inoperable. When 

resection was possible, the surgical specimen was used for the study. When the 

surgery was not possible because of advanced cancer or poor general health, 

biopsies were used. Only the surgically treated subgroup was used for analyses of 

the relationship between each studied factor to the tumor size, TNM-status, stage, 

and survival. Additionally, eight cases of non-neoplastic squamous mucosa were 

included. 

All the material had been fixed in 10% buffered formalin and embedded in 

paraffin. The histologic diagnosis of the tumors was based on the criteria of World 

Health Organization (WHO) (Hamilton SR 2000). The cases consisted of 62 

squamous cell carcinomas, 21 adenocarcinomas, and five tumors with other 

histologies (two small cell, one adenosquamous, one basaloid, and one poorly 

differentiated carcinoma). Survival of patients and other relevant clinical data 

were obtained from the patient journals. The study was approved by the Ethics 

Committee of Oulu University Hospital. 

In the study of claudins 1, 3, 4, 5 and 7 in esophageal cancer, a total of 78 

operatively treated patients were included (I). For the second study (II), the 

material was expanded to include also biopsies from the additional 10 inoperable 

patients. For the third study (III) of TLR9 only patients with esophageal 

squamous cell carcinoma were included. During that period of time, 46 specimens 

with squamous carcinoma were suitable for analysis. Of these tumor specimens, 

12 contained areas of high-grade squamous dysplasia, which were separately 

assessed. Similarly, in 24 cases, normal, non-dysplastic squamous epithelium was 

also included in the analysis. The histopathological and clinical characteristics are 

given in Table 7. 
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Table 7. Characteristics of the patients in studies I, II and III. 

 Patients (I)1   Patients (II)2   Patients (III)3  

N % N % N % 

ESCC 54 69.2  62 70.5  51 100 

EAC 20 25.6  21 23.9    

Other histology 4 5.2  5 5.6    

Sex         

Male 40 51.3  48 54.5  23 45 

Female 38 48.7  40 45.5  28 55 

Tumor grade         

1 6 7.7  6 6.8  3 6.3 

2 42 53.8  45 51.1  27 56.3 

3 22 28.2  26 29.5  18 37.5 

T-category         

Tis 1 1.3  1 1.1    

T1 10 12.8  10 11.4  4 8.7 

T2 18 23.1  19 21.6  9 19.6 

T3 23 29.5  27 30.7  15 32.6 

T4 26 33.3  28 31.8  18 39.1 

N-category         

N0 64 82.1  69 78.4  36 78.3 

N1 14 17.9  17 19.3  10 21.7 

M-category          

M0 68 87.2  73 83.0  37 80.4 

M1 10 12.8  14 15.9  9 19.6 

Stage         

0 1 1.3  1 1.1  1  

I 9 11.5  9 10.2  3 6.5 

IIA 33 42.3  34 38.6  19 41.3 

IIB 2 2.6  2 2.3  1 2.2 

III 23 29.5  26 29.5  14 30.4 

IVA 5 6.4  5 5.7  4 8.7 

IVB 5 6.4  9 10.2  5 10.9 
1mean age 66.3, 2mean age 66.7, 3mean age 68.2 

4.2 TUNEL method: 3`-end labeling of DNA in apoptotic cells and 

assessment of the apoptotic index (I, III) 

To identify apoptotic cells, 3´-end labeling of DNA ApoTagTM In situ apoptosis 

detection kit (Oncor, Gaithersburg, MD, USA) was used. The sections were 

dewaxed in xylene and dehydrated through a graded series of ethanol, after which 
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they were incubated with 20 mg/ml proteinase K (Sigma Chemical Co., MO, 

USA) at room temperature for 15 min. Endogenous peroxidase activity was 

blocked by incubating the slides in 2% hydrogen peroxide in PBS, pH 7.2. The 

slides were then treated with terminal transferase enzyme and digoxigenin-labeled 

nucleotides, after which anti-digoxigenin peroxidase solution was applied onto 

the slides. The colour was developed with diaminobenzidine, after which the 

slides were lightly counterstained with hematoxylin. As a positive control, a 

hyperplastic lymph node with germinal centers was used. 

4.3 Immunohistochemical stainings 

Four or five-µm paraffin sections were cut from the specimens and placed either 

on SuperFrost-Plus glass slides (Menzel-Gläser, Braunschweig, Germany) or on 

silane treated glass slides, fixed at 37°C overnight and processed further within a 

few days. Paraffin sections were then soaked in xylene to remove paraffin and 

rehydrated in a graded alcohol series. The endogenous peroxidase activity was 

consumed by immersing the sections in 3% hydrogen peroxide in absolute 

methanol for 15 minutes, with 20% fetal calf serum being used to prevent non-

specific binding. The primary antibodies, pretreatments, immunohistochemical 

methods and chromogens used in this study are summarized in Table 8. All 

sections were lightly counterstained with hematoxylin, and hematoxylin-eosin for 

CD31 and Ki 67 (II, III). Negative controls for claudin stainings were carried out 

by substituting the primary antibodies with non-immune rabbit or mouse serum or 

with phosphate-buffered saline (PBS). Non-neoplastic kidney, breast, skin and 

liver samples were used as positive controls (I). In the HIF-1α and VEGF 

stainings, negative control slides were prepared from the same tissue blocks using 

PBS instead of primary antibody (II). In order to achieve negative controls for the 

NOSes, the primary antibodies were substituted with PBS and rabbit primary 

antibody isotype control from Zymed (Zymed Laboratories Inc., South San 

Francisco, CA, USA). The negative control for TLR9 was created by replacing 

primary antibody with primary antibody isotype control (III). 

4.3.1 Evaluation of the immunohistochemical stainings 

The immunostainings were evaluated independently by two investigators (H. 

Takala, Y. Soini) in studies I and II. In the case of a discrepancy in the assessment, 

a consensus was reached. In study III, the immunostaining results were evaluated 
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by two investigators (H. Takala and J.H. Kauppila). In case of a discrepancy in 

assessment, a consensus was reached with the contribution of a third investigator 

(T.J. Karttunen). 

Caspase-3 staining and 3`-end labeling of DNA were assessed by counting 

the percentage of apoptotic cells in 10 high power fields (HPF) (40 x objective). 

In the calculation of the percentage of apoptotic tumor cells, the number of tumor 

cells in each HPF was calculated and the number of apoptotic events in a field 

was then divided by this figure. The vascular density was estimated as the number 

of positively stained (CD31) blood vessels in one HPF. Any endothelial cell 

cluster consisting of two or more cells was considered as a single, countable 

microvessel. In each tumor section, a minimum of 10 HPF were analysed. The 

determination of cell proliferation activity was based on the assessment of Ki-

67/MIB-1 immunoreactive cells. The percentage of positively stained tumor cells 

was evaluated in 10 HPFs for each tumor. 

The immunostainings of claudins, NOSes and VEGF were assessed as follows; 

- = no immunostaining present, 

+ = 1–25% of cells positive, 

++ = 26–50% of cells positive, 

+++ = 51–75% of cells positive, 

++++ = 76–100% of cells positive. 

In the evaluation of claudins, only membrane bound positivity was considered as 

significant. Cytoplasmic immunostaining was significant in the evaluation of 

VEGF and NOSes. 

For HIF-1α, the evaluation scale was as follows; 

- = No positive immunostaining, 

+ = 1–5% of tumor cells showing nuclear immunostaining, 

++ = 6–10% of tumor cells showing nuclear immunostaining, 

+++ = 11–40% of tumor cells showing nuclear immunostaining and 

++++ = 41–100% of tumor cells showing nuclear immunostaining. 

The intensity of TLR9 immunostaining was assessed by using a four point scale: 

0 = absent, 1 = weak, 2 = moderate and 3 = strong, and evaluated the proportion 

of positive cells in the tumor at 10% accuracy. Cytoplasmic staining was assessed 

and the overall staining score (histoscore) was also calculated by multiplying the 
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percentage of TLR9 expressing cells (0–100) with the staining intensity score (0–

3). In the analysis of normal and dysplastic epithelium, the staining intensity was 

assessed by using a four point scale, as described above, and the estimate was 

based on an impression of the whole area of normal squamous epithelium. In 

addition to the epithelial cells, the presence or absence of TLR9 expression in the 

endothelial cells was separately assessed within the tumor and adjacent to normal 

epithelium. 

4.3.2 Computerized analysis of TLR9 in epithelium 

The MCID-Image analysis (InterFocus Imaging Ltd., Cambridge, UK) was used 

to objectively analyze the staining in normal and dysplastic esophageal squamous 

epithelium. A threshold level for the staining intensity and colour was first 

adjusted subjectively to match the staining pattern of DAB. The epithelium was 

then divided into the basal, middle and luminal layers, each layer consisting of 

one third of the thickness of the epithelium. These layers were then analyzed and 

the percentage of pixels exceeding the threshold for intensity counted. 

4.4 Statistical analysis 

SPSS for Windows (Chicago, IL) and Prism 4 for Macintosh (La Jolla, CA) were 

used for statistical analysis. The summary measurements were expressed as a 

mean ± standard deviation (SD). Depending on the distributions of the continuous 

variables the significance of associations was determined by using Student’s t-test 

or Mann-Whitney U-test. In the computerized analysis of TLR9 in normal and 

dysplastic epithelium, the paired samples t-test was used. Fisher´s exact test or 

Pearson chi-square test was used for categorical variables. Spearman’s correlation 

coefficient was calculated. Survival was analysed with the Kaplan-Meier curve, 

and significance of associations with Log-Rank, Breslow and Tarone-Ware tests. 

Two tailed p-values were reported. Probability values of <0.05 were considered as 

statistically significant. The p-values should be treated with caution, since several 

comparisons have been made. 
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Table 8. Summary of immunohistochemical stainings including antibody dilution, 

pretreatment of the section and the detection method. 

Antigen Antibody Pretreat-

ment 

Dilution, 

incu-

bation  

Immunostaining 

method 

Source of primary antibody Chromo

gen 

CD 31 MC mouse 

antihuman, JC70A 

MW 10 min, 

CB 

1:200/30

0 

Dako Envision-kit Dakopatts, Glostrup, 

Denmark 

DAB 

Caspase 3 PC rabbit 

antihuman/mouse, 

AF835 

MW 10 min, 

CB 

30 min biotinylated 

secondary anti-rabbit 

antibody; avidin-

biotin-peroxidase 

complex 

R & D systems, Minneapolis, 

MN, USA 

DAB 

Claudin 1 PC rabbit anti-claudin 

1, JAY.8 

MW 10 min, 

CB 

1:50 

60 min 

Histostain-SP kit Zymed Laboratories Inc., 

South San Francisco, CA, 

USA 

DAB 

Claudin 3 PC rabbit anti-claudin 

3, Z23.JM 

MW 10 min, 

CB 

1:50  

60 min 

Histostain-SP kit Zymed Laboratories Inc., 

South San Francisco, CA, 

USA 

DAB 

Claudin 4 MC mouse anti-

claudin 4, 3E2C1 

MW 10 min, 

CB 

1:50  

60 min 

Histostain-SP kit Zymed Laboratories Inc., 

South San Francisco, CA, 

USA 

DAB 

Claudin 5 MC mouse anti-

claudin 5, 4C3C2 

MW 10 min, 

CB 

1:50  

60 min 

Histostain-SP kit Zymed Laboratories Inc., 

South San Francisco, CA, 

USA 

DAB 

Claudin 7 PC rabbit anti-claudin 

7, ZMD.241 

MW 10 min, 

CB 

1:50  

60 min 

Histostain-SP kit Zymed Laboratories Inc., 

South San Francisco, CA, 

USA 

DAB 

HIF-1α MC mouse HIF-1α 

antibody 

MW 10-15 

min, CB 

1:50  

30 min 

Histostain-Plus Bulk 

Kit 

Neomarkers, Lab-Vision 

Corporation, Fremont, CA, 

USA 

AEC 

Ki67 MIB-1, MC mouse  MW 5 min, 

CB 

1:40 streptavidin-biotin 

immunoperoxidase 

Immunotech S.A. Marseilles, 

France 

DAB 

VEGF PC rabbit VEGF 

antibody 

MW, pepsin 

in 0.01 M 

HCl 

1:200 

30 min, 

37° C 

Histostain-Plus Bulk 

Kit 

Santa Cruz Biotechnology 

Inc., Santa Cruz, CA, USA 

AEC 

iNOS PC rabbit, sc-651 MW 10 min, 

CB 

1:200, 

1:100 

Histostain-Plus Bulk 

Kit 

Santa Cruz Biotechnology, 

Santa Cruz, CA, USA 

AEC 

eNOS PC rabbit, sc-654 MW 10 min, 

CB 

1:50 Histostain-Plus Bulk 

Kit 

Santa Cruz Biotechnology, 

Santa Cruz, CA, USA 

AEC 

nNOS PC rabbit, sc-648 MW 10 min, 

CB 

1:200 Histostain-Plus Bulk 

Kit 

Santa Cruz Biotechnology, 

Santa Cruz, CA, USA 

AEC 
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Antigen Antibody Pretreat-

ment 

Dilution, 

incu-

bation  

Immunostaining 

method 

Source of primary antibody Chromo

gen 

TLR9 MC mouse, IMG-305A Tris-EDTA 

buffer 15 

min 

1:150 Dako Envision-kit Imgenex, San Diego, CA, 

USA 

DAB 

AEC, 3 - Amino-9 - Ethylcarbazole; CB, citrate buffer; DAB, diaminobenzidine; MC, monoclonal; MW, microwave; PC, 

polyclonal 
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5 Results 

5.1 Claudin expression in esophageal cancers (I) 

In addition to plasma membrane bound expression of claudin 1, 3, 4, 5 and 7, 

occasional cytoplasmic positivity was also observed. For claudins 1 and 7, a 

moderate to strong immunoreaction was observed in the non-neoplastic 

esophageal squamous epithelium. In the non-neoplastic epithelium, reactivity for 

claudins 3, 4, and 5 was weaker and present only in the middle layer of the 

epithelium. In the non-neoplastic epithelium, positive immunoreactivity for 

claudins 4 and 5 was rare. A strong immunoreaction in the nerves and moderate 

reactivity in the vascular endothelial cells were also seen for claudin 3. The strong 

vascular staining for claudin 5 served as an internal positive control for this 

claudin. In the presence of claudin positivity, neoplastic tissues often showed 

stronger intensity than that observed in the non-neoplastic epithelium. 

5.1.1 Claudin 1 

Claudin 1 was expressed in nearly all carcinoma specimens (75/76) (98.6%) and 

over 50% of tumor cells were positive in 49/76 (64.4%) of cases. There was no 

difference in the level of immunoreactivity between ESCC and EAC (Table 9). 

Furthermore, tumor grade, tumor size, T-, N-, M-stage or survival were not 

associated with claudin 1 immunoreactivity in ESCC or EAC and no association 

could be seen with tumor apoptosis or proliferation. Among the adenocarcinomas, 

there was a tendency toward an association between strong claudin 1 expression (> 

50%) and increased depth of invasion (T1–2/T3–4, p = 0.057, Fisher’s exact test). 

A strong claudin 1 expression was noted in 9/10 of the T3–4 and 4/9 of the T1–2 

tumors. There was no association between immunoreactivity levels for claudin 1 

and the expression of HIF-1α, VEGF, different NOSes, or TLR9 in ESCC or EAC.



66 

Table 9. The presence of expression of claudins 1, 3, 4, 5 and 7, HIF-1α, VEGF, NOSes 

and TLR9 in ESCC and EAC. 

Marker ESCC n (%) EAC n (%) p-value 

Claudin 1 33 (62.3)  13 (68.4)  0.43 

Claudin 3 9 (17.3)  19 (95.0)  <0.001 

Claudin 4 10 (18.9)  8 (42.1)  0.064 

Claudin 5 13 (24.5)  9 (52.9)  0.031 

Claudin 7 42 (84.0)  19 (100)  0.064 

HIF-1α 30 (54.5)  4 (20.0)  0.009 

VEGF 18 (31.6)  4 (21.1)  0.56 

iNOS 31 (54.4)  4 (21.1)  0.016 

eNOS 40 (78.4)  13 (72.2)  0.75 

nNOS 15 (30.0) 5 (27.8)  >0.9 

TLR9 Present in every tumor Not studied  

Break points for evaluation 

Claudin 1 and 7: > 50% of cells positive 

Claudin 3, 4 and 5: > 25% of cells positive 

HIF-1α: > 5% of cells positive 

VEGF and NOSes: ≥ 1% of cells positive 

5.1.2 Claudin 3 

Claudin 3 positivity was observed in 60/76 (78.9%) of the tumors, and a strong (> 

50%) immunoreaction was detected in 18/76 (23.7%) of the tumors. Among the 

EAC specimens, there were significantly more cases with moderate or strong (> 

25%) claudin 3 expression than in the corresponding ESCC cases (Table 9; p < 

0.001, Fisher’s exact test). All but one of the 20 EACs exhibited a moderate or 

strong claudin 3 immunoreaction. If one considers all of the esophageal cancers 

together, then weak (≤ 25%) claudin 3 expression was associated with previously 

undetected distant metastases (p = 0.039). All nine cases with distant metastases 

occurred in patients with ESCC, while no metastases were found in patients with 

EAC. In ESCC eight of nine distant metastases (89%) were detected in patients in 

those tumors with weak claudin 3 expression (Table 10; p > 0.9). Cancers with 

moderate or strong claudin 3 expression displayed also higher apoptosis than 

cancers in which there was only weak expression (Table 14). The expression of 

claudin 3 showed no association with the expressions of HIF-1α, VEGF or the 

different NOSes in either ESCC or EAC. 
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Table 10. Claudin 3 expression and distant metastases in ESCC and EAC. 

Histology Claudin 3 expression M0 M1 Total 

ESCC 0 35 8 43 

 1 8 1 9 

 Total 43 9 52 

     

EAC 0 1 0 1 

 1 19 0 19 

 Total 20 0 20 

0: Negative to + (≤ 25%), 1: ++ or more (>25) 

5.1.3 Claudin 4 

An immunoreaction for claudin 4 was seen in 47/76 (61.8%) of tumors but strong 

(> 50%) expression in only five cases. Among EACs, there tended to be more 

cases with moderate or strong (> 25%) claudin 4 expression in comparison with 

the ESCC (Table 9; p = 0.064). In cases with metastatic disease, there was a 

tendency toward weak (≤ 25%) claudin 4 expression (p = 0.055). In ESCC, all of 

the metastases were detected in patients with weak claudin 4 expression. In 

contrast, none of the patients with moderate or strong (> 25%) claudin 4 

expression suffered distant metastases (Table 11; p = 0.2). Tumors with moderate 

or strong claudin 4 expression displayed more apoptosis and proliferation than 

those tumors with weak expression (Tables 14, 15 and 16). No association was 

found between claudin 4 and the level of the immunoreaction for HIF-1α, VEGF, 

NOSes, or TLR9 in either ESCC or EAC. 

Table 11. Claudin 4 expression and distant metastases in ESCC and EAC. 

Histology Claudin 4 expression M0 M1 Total 

ESCC 0 34 9 43 

 1 10 0 10 

 Total 44 9 53 

     

EAC 0 11 0 11 

 1 8 0 8 

 Total 19 0 19 

0: Negative to + (≤ 25%), 1: ++ or more (>25) 
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5.1.4 Claudin 5 

Claudin 5 immunoreaction was seen in 56/74 (75.7%) of tumors and strong 

expression (> 50%) in 13 (17.6%) carcinomas. There appeared to be significantly 

more cases with weak (≤ 25%) claudin 5 expression in ESCC compared to EAC 

(Table 9; p = 0.031). Claudin 5 expression was not associated with tumor grade, 

size, T-stage, lymph node status, presence of distant metastases or survival. 

However, tumors showing moderate or strong (> 25%) claudin 5 expression had a 

higher proliferation index compared to the other tumors (Table 14, 15 and 16). No 

association was found between the expression level of claudin 5 and the 

expressions of the NOS isoforms, HIF-1α, VEGF, or TLR9 in either ESCC or 

EAC. 

5.1.5 Claudin 7 

Claudin 7 expression was observed in all cases and strong (> 50%) expression in 

65/73 (89.1%) of the carcinomas. There was a tendency for more cases with 

strong claudin 7 expression among EACs compared to ESCCs (Table 9; p = 0.064) 

but no association was detected with tumor grade, size, TNM- status or survival. 

Tumors with strong claudin 7 expression had a higher number of cells expressing 

caspase 3 than the other tumors (Table 14). Claudin 7 expression did not associate 

with the expressions of iNOS, eNOS, VEGF or HIF-α in either ESCC or EAC. 

5.2 HIF-1α (II) 

HIF-1α positivity was observed in 57 (71.3%) of the 80 carcinoma cases. In 

normal esophageal epithelium, only an occasional weak nuclear immunoreaction 

was detected. Strong (> 5%) immunoreactivity for HIF-1α was significantly more 

often seen among ESCCs than in EACs (Table 9; p = 0.009). However, tumor size, 

grade, depth of invasion, lymph node status or patient survival did not associate 

with HIF-1α expression. Patients with strong HIF-1α expression had more often 

previously undetected distant metastases (p = 0.036) and all nine distant 

metastases were from ESCC patients. Nonetheless, there was no statistically 

significant association between HIF-1α expression and distant metastases in 

ESCC. However, 7 of 9 metastatic diseases were in patients with strong HIF-1α 

immunoreactivity whereas 18/20 (90%) of patients with weak HIF-1α expression 

had no metastases (Table 12). 
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Table 12. HIF-1α expression and distant metastases in ESCC and EAC. 

Histology HIF-1α expression M0 M1 Total 

ESCC 0 18 2 20 

 1 20 7 27 

 Total 38 9 47 

     

EAC 0 15 0 15 

 1 4 0 4 

 Total 19 0 19 

0: negative to + (≤5%), 1: ++ or more (>5%) 

5.3 VEGF (II) 

There was no VEGF expression in normal esophageal mucosa among cancer 

specimens or in the control group. No association between tumor grade or tumor 

size and VEGF immunoreaction was seen, although T3–T4 tumors tended to be 

more often VEGF positive than the T1–T2 tumors (p = 0.063). In ESCC, 14/17 

(82%) (p = 0.33) and in EAC 3/4 (75%) (p = 0.58) of tumors expressing VEGF 

were T3–T4 tumors (Table 13). The nodal or distant metastases or patient survival 

did not associate with VEGF expression. There was no difference in the levels of 

reactivity for VEGF between cases with ESCC and EAC (Table 9). 

Table 13. VEGF and depth of invasion as measured by the T-index in ESCC and EAC. 

Histology VEGF expression T1-T2 T3-T4 Total 

ESCC - 11 22 33 

 + 3 14 17 

 Total 14 36 50 

     

EAC - 8 6 14 

 + 1 3 4 

 Total 9 9 18 

-:  negative (< 1%), +:  ≥1% of cells positive 

5.4 iNOS, eNOS and nNOS (II) 

In ESCC positive iNOS immunoreaction (≥ 1%) associated with eNOS positivity 

(≥ 1%) (p = 0.015). ESCC showed significantly more often iNOS positivity than 

EAC (Table 9; p = 0.016). Loss of eNOS expression tended to associate with 
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lymph node metastasis in EAC (P = 0.074). The expression of none of the 

isoforms of NOS associated with tumor grade, size, T-status, nodal metastases, 

presence of distant metastases or survival. 

5.5 Mutual associations of angiogenesis related proteins (II) 

In esophageal carcinomas, strong (> 5%) HIF-1α expression tended to associate 

with VEGF positivity (p = 0.073). In ESCC, 18/22 (82%) (p = 0.22) and in EAC 

10/13 (77%) (p > 0.9) of carcinomas with weak (≤ 5%) HIF-1α expression were 

also VEGF negative. VEGF immunoreactivity (≥ 1%) tended to associate with 

positive iNOS (p = 0.08) and eNOS (p = 0.072) immunoreactions. This kind of 

tendency with iNOS and eNOS could not been verified, when EAC and ESCC 

were analysed separately. A significant association between strong HIF-1α 

expression and iNOS immunopositivity (p = 0.049) was observed. This was not 

the case in ESCC, while in EAC 10/13 (77%) of tumors with weak HIF-1α 

expression were lacking iNOS expression (p > 0.9). HIF-1α expression was not 

associated with the expression levels of either eNOS or nNOS. 

5.6 MVD (II, III) 

The mean numbers of blood vessels within tumor tissue, in the margins of the 

tumor tissue area and in peripheral tissue outside the tumor were 9.8±5.1 

vessels/HPF (range 1.3–33.7), 18.9±7.4 /HPF and 26.5±13.9 /HPF, respectively. 

The MVD in tumor tissue, in tumor marginal zone or in peripheal tissue did not 

associate with iNOS or nNOS expression or patient survival. ESCC tumors with 

strong HIF-1α expression (> 5%) tended to have higher MVD values compared to 

those with weak HIF-1α expression (9.0±3.0 vs 7.5±3.4; p = 0.099, Student’s t-

test). In ESCC, increased MVD in tumor tissue tended to associate with VEGF 

positivity (9.9±2.9 vs 8.0±3.6; p = 0.059). EAC tumors showing VEGF positivity 

had higher MVD values outside the tumor than tumors lacking VEGF expression 

(32.6±7.6 vs 17.6±7.3; p = 0.039). Furthermore, eNOS positivity tended to 

associate both with increased MVD values in the tumor peripheral zone (22.3±7.9 

vs 9.8±2.0; p = 0.064) and outside the tumor in EAC (24.2±8.2 vs 9.8±2.8; p = 

0.052). Tumor grade, depth of invasion, presence of lymph node or distant 

metastases were not associated with tumor MVD value in ESCC or EAC. 
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There was a negative correlation between TLR9 expression in ESCC as 

measured by either histoscore or intensity of the expression, and the mean vessel 

density (ρ = -0.33; p < 0.05, Spearman) (III). 

5.7 TLR9 (III) 

A strong cytoplasmic TLR9 immunoreaction was always present in the basal 

layer of normal squamous epithelium. The intensity of TLR9 expression 

decreased linearly from the basal layers towards the superficial layers (p < 0.001, 

paired samples t-test). 

In squamous dysplasia, which was high grade in all 12 dysplastic areas, 

cytoplasmic TLR9 expression was present throughout the full thickness of the 

dysplastic epithelium, of moderate to strong intensity. The overall expression of 

TLR9 was more intensive in dysplasia than in normal epithelium (p < 0.001) and 

also stronger than in carcinoma (p < 0.001, Mann-Whitney U-test). 

The reactivity for TLR9 in the squamous carcinoma cells was cytoplasmic, 

but some nuclear positivity was also observed in 7/46 (15.6%) of the cases. This 

was expressed in all 46 carcinoma cases with weak immunoreactivity in 11 

(23.9%), moderate in 33 (71.7%) and strong in 2 (4.3%) of subjects. TLR9 

expression was also present in majority of the cancer cells (mean 89.7% of 

carcinoma cells). Grades II-III carcinomas exhibited also a higher TLR9 

histoscore than grade I tumors (p < 0.05, Mann-Whitney U-test). The depth of 

invasion was not associated with TLR9 staining intensity or TLR9 histoscore. The 

presences of nodal (p < 0.05) or distant metastases (p < 0.05, Fisher’s exact test) 

were associated with moderate and strong TLR9 intensity. However, the TLR9 

staining intensity was not associated with stage of ESCC or with five-year 

survival. The relationships between tumor characteristics and TLR9 

immunopositivity are summarized in Figure 1. 
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Fig. 1. Relationship between TLR9 immunopositivity and tumor characteristics (III). 
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5.8 Tumor proliferation and apoptosis 

The mean Ki67 index in study I was 26.81%±13.91 (range 2.0–55%). The mean 

apoptotic index was 1.29%±1.46 (range 0.06–6.90%) and percentage of cells with 

fragmented caspase 3 was 2.96%±3.40 (range 0.14–16.8%). As expected, there 

was a correlation between caspase 3 positive cells and percentage of apoptotic 

cells (ρ = 0.592, p < 0.001, Spearman). EACs showed significantly more 

apoptosis (2.35%±2.33 vs 0.90%±0.68; p = 0.022) and a higher number of 

caspase 3 positive cells (5.65%±4.89 vs 1.95 %±1.96; p = 0.007) than ESCCs, but 

there was no difference in the level of proliferation between these two histological 

types (p = 0.69). 

The levels of apoptosis and proliferation in relation to expression of different 

claudins in EC are summarized in Table 14, and the expressions of claudins, HIF-

1α, VEGF and NOSes separately in EAC and ESCC in Tables 15 and 16, 

respectively. There were no associations detected between TLR9 expression and 

proliferation, percentage of apoptotic cells or caspase 3 positive cells in ESCC 

(III). 

Table 14. Apoptosis and proliferation in relation to expression of different claudins in 

esophageal cancer (I). 

Claudin Expression Apoptosis(%)±SD  p-value Caspase3(%)±SD p-value Proliferation(%)±SD p-value 

CL 1 0 

1 

0.94±1.18 

1.47±1.58 

0.17 2.95±4.21 

2.97±2.90 

>0.9 24.78±15.06 

27.98±13.27 

0.39 

CL 3 0 

1 

0.90±0.70 

1.91±2.03 

0.025 2.00±2.09 

4.43±4.43 

0.016 25.11±13.25 

29.12±15.0 

0.27 

CL 4 0 

1 

0.93±0.95 

2.43±2.22 

0.026 2.34±2.81 

5.08±4.51 

0.047 24.94±13.20 

33.00±15.45 

0.058 

CL 5 0 

1 

1.06±1.35 

1.61±1.67 

0.17 2.18±2.29 

4.04±4.30 

0.083 23.88±12.33 

34.79±14.44 

0.004 

CL 7 0 

1 

0.70±0.65 

1.36±1.55 

0.027 1.15±0.38 

3.29±3.65 

<0.001 26.88±17.95 

26.91±13.63 

>0.9 

For claudins 1 and 7: 0 Negative to ++, 1 +++ or more 

For claudins 3, 4 and 5: 0 Negative to +, 1 ++ or more 
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5.9 Survival (I) 

The five-year survival for all EC patients was 31.1% and for those with EAC or 

ESCC it was 40.0% and 27.8%, respectively (Figure 2; p = 0.47 log rank, p = 

0.67 Breslow, p = 0.55 Tarone-Ware). As expected, worse survival was observed 

with larger tumors (p = 0.0362 log rank, p = 0.0451 Breslow, p = 0.0383 Tarone-

Ware), higher T-category (p = 0.0001 log rank, p = 0.0006 Breslow, p = 0.0002 

Tarone-Ware), higher N-category (p = 0.0005 log rank, p = 0.0023 Breslow, p = 

0.0011 Tarone-Ware) and distant metastases (p = 0.0192 log rank, p = 0.0496 

Breslow, p = 0.0324 Tarone-Ware). Worse five-year survival was also noted with 

higher stage (0–IIA/IIB–IVB) in both ESCC (p = <0.001 log rank, Breslow and 

Tarone-Ware) and EAC (p = 0.010 log rank, p = 0.046 Breslow, p = 0.022 Tarone-

Ware). In patients with surgically treated local cancer without lymph node 

metastases (stage 0–IIA), the five-year survival rates for ESCC and EAC were 

50.0% and 57.1%, respectively. In those patients with more advanced cancer 

(stage IIB–IVB), the five-year survival rate for ESCC was 7.1%. There were no 

five-year survivors among six patients with more advanced stage (IIB–IVB) of 

EAC. The expression levels of the studied markers did not show any association 

with survival. 
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Fig. 2. Comparison of survival in esophageal adenocarcinomas and squamous cell 

carcinomas. 
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5.10 Mutual associations between putative markers of different 
studies 

Weak (≤ 50%) claudin 7 expression associated with nNOS negativity in ESCC (p 

= 0.036). In ESCC, a trend towards an association between decreased TLR9 

expression and a positive iNOS immunoreaction was observed (p = 0.078). 

Furthermore, an association was found between moderate or strong claudin 3 

expression and an increased TLR9 histoscore (break point: mean value 155) in 

ESCC patients (p = 0.020). A moderate or strong claudin 3 expression was noted 

in 7/20 of tumors with a high TLR9 histoscore. Furthermore, only 1/21 of tumors 

with a low TLR9 histoscore exhibited a moderate or strong level of claudin 3 

expression. 
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6 Discussion 

Esophageal cancer exists in two main histological types namely esophageal 

squamous cell carcinoma and esophageal adenocarcinoma. These two entities 

differ from each other in both etiological and histopathological characteristics. 

The esophagus is exposed to a vast array of exogenous molecules and putative 

pathogens many of which theoretically could evoke esophageal carcinogenesis by 

the oral route or after gastroesophageal reflux. Claudins are very important 

proteins being mainly responsible for permeability functions of tight junctions in 

epithelial cells. TLR9 is a pattern recognizing receptor that mediates innate 

immune responses and in vitro also cancer progression, after it is exposed to 

pathogen-associated molecular patterns, such as bacterial DNA. The production 

of angiogenic factors, such as VEGF induced by HIF-1α or nitric oxide, 

stimulates the neovascularisation thus enabling tumor growth to be supported by 

blood perfusion. This study evaluates the expression, significance and mutual 

relationships of these proteins in EC demonstrating that there are differences 

between ESCC and EAC in the expression of these proteins. The results favour 

the concept that EC and its progression appear to be related to increased 

angiogenesis which on the other hand, is regulated by VEGF and HIF-1α. In EC, 

claudin expression varies in conjunction with the histology of the tumor, and there 

appears to be some evidence for a relationship between claudin expression and 

with both apoptosis and proliferation of tumor cells, suggesting that claudins 

contribute to tumor behavior and growth. An association was found between 

moderate or strong expression of claudin 3 and an increased TLR9 histoscore in 

ESCC. This altered expression of claudin 3 may contribute to the barrier 

disruption and increased mucosal access of microbes and chemical irritants, 

which could potentially lead to upregulation of endosomal TLR9. A high 

expression of TLR9 was always present in esophageal squamous dysplasia. These 

findings and the association between TLR9 expression and metastatic disease in 

ESCC suggest that TLR9 could serve as a new marker for squamous cell 

dysplasia and its high expression may contribute to ESCC progression. 

6.1 General aspects 

This study examined all patients treated in the Department of Surgery at Oulu 

University Hospital during the years 1983–2003, whose tissue specimens were 

available, and who had not received preoperative CRT. After CRT, none or only 
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occasional carcinoma cells would have been remained thus making unreliable the 

evaluation of the studied proteins. Of the 88 cases, 78 patients had undergone 

esophageal resection, while the remaining 10 patients were inoperable. When 

resection was possible, the surgical specimen was used for the study. When 

surgery was not possible because of advanced cancer or poor general health, 

biopsies were used, when available. However, preoperative staging with chest X-

ray and abdominal ultrasound, during the first decade of the study period, were 

not accurate enough to permit reliable TNM staging. Therefore, only the 

operatively treated subgroup was used for analyses of the relationships between 

each of the studied factor to tumor size, TNM-status, stage and survival. While 

Oulu University Hospital is a tertiary care hospital, some of the patients with 

advanced disease or poor general health will never enter our hospital. Since a 

subgroup of EC patients entering the hospital with resectable tumors were 

inoperable because of poor general health, also survival analyses were only 

performed with the group of surgically treated patients. In addition to reducing 

the study material, these aims for homogeneity may also create some selection 

bias towards patients with less advanced stages of EC. However, 33/78 of the 

surgically treated patients suffered from stage III–IVB cancer and were all 

operated without preoperative CRT. The five-year survival for those patients was 

poor, whereas overall survival rates in both EAC and ESCC are in line with 

previous reports (Hulscher et al. 2001, Siewert et al. 2001). 

In the original studies I and II, analyses were made from the total material 

which included both ESCC and EAC patients. In those publications it is relevant 

to compare the differences in expression patterns of different proteins in the EAC 

and ESCC patients. However, EAC and ESCC differ from each other in both their 

pathological and etiological characteristics. In this thesis, supplemental analyses 

for both EAC and ESCC were made in order to evaluate the prognostic 

significance of the studied proteins separately in both of these main types of EC. 

All immunohistochemical stainings and their evaluations were controlled as 

described in the Materials and methods section. 

6.2 Claudins 

Claudins are proteins which are mainly responsible for permeability functions of 

tight junctions. Tight junctions are the most apical intercellular junctions in the 

epithelium and endothelium. TJs regulate paracellular permeability of the cellular 

layers and maintain cell polarity and orientation by regulating the movement of 
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proteins and lipids within the plasma membrane (Farquhar & Palade 1963, 

Turksen & Troy 2011). Several studies have reported associations between the 

expression of claudins and malignant properties of several human cancers 

(Kominsky et al. 2004, Long et al. 2001, Michl et al. 2003, Soini 2005), but very 

little is known about the role of claudins in EC. 

In the present study, immunoreactivity for claudins 1, 3, 4, 5 and 7 was 

detected in most of the ECs. Previously, in addition to many epithelial tumors, 

Soini has demonstrated immunoreactions for claudins 1, 2, 3, 4, 5 and 7 also in 

nine cases of EC (Soini 2005). In the present material, claudin 1 and 7 positivity 

was observed in almost every carcinoma, while claudin 4 was detected in 61.8% 

of carcinomas, and therefore it represented the least frequently expressed claudin 

in this study. When present, claudin expression was generally stronger in the 

neoplastic tissues than in the non-neoplastic counterparts. Both up- and 

downregulation of different claudins have been reported, depending on the type of 

the cancer being studied (Morin 2005). 

The present study demonstrates that claudin expression varies along in 

conjunction with the histology of the EC. Györffy et al. observed increased 

expression of both claudin 3 and 4 in Barrett´s esophagus and EAC. In line with 

this present study, Györffy with co-workers also found claudin 7 as the 

predominating type of claudins in both ESCC and EAC (Gyorffy et al. 2005), 

although in the present study, strong claudin 7 immunoreaction tended to be more 

common in EACs than in ESCCs (p = 0.064). EAC also showed more cases with 

moderate or strong claudins 3 and 5 expression compared to ESCC. In the study 

of Györffy et al., claudins 3 and 4 were the most prominently elevated types in 

BE and EAC compared to normal epithelium, but no such increase was detected 

between normal squamous epithelium and ESCC. Claudin 5 was not evaluated in 

the work of Györffy et al. (Gyorffy et al. 2005). 

In the present study, loss of claudin 3 expression was associated with 

previously undetected distant metastases. This was also a tendency noted for 

claudin 4 expression (p = 0.055). All nine distant metastases were in patients with 

ESCC and 8/9 of distant metastases occurred in tumors with weak claudin 3 

expression. In line with the present finding, Soini et al. demonstrated earlier that 

loss of claudin 3 expression was associated with a poorer outcome in gastric 

cancers, especially in the intestinal subtype (Soini et al. 2006). Claudin 4 

overexpression has been demonstrated to associate with reduced invasiveness and 

metastases in pancreatic ductal adenocarcinoma. In the study of Milch et al., this 

overexpression was paralleled by increased cell contact formation and 
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furthermore, in human pancreatic cancer cell lines, claudin 4 expression was 

down-regulated by the proinvasive exogenous TGF-β and by inhibition of the Ras 

signalling pathway (Michl et al. 2003). Ragnell with her co-workers found no 

association between claudin 3 and 4 overexpression and the tightness of TJs in 

ovarian cancer cells (Rangel et al. 2003). A recently published study from Sung et 
al. revealed an association between loss of claudin 4 expression and poor 

differentiation, depth of invasion, lymph node metastasis and decreased survival 

in ESCC. Loss of claudin 4 expression was associated with hypermethylation of 

its promoter (Sung et al. 2011). Despite the lack of association with distant 

metastases, their study parallels the present findings with respect to increased 

aggressiveness of EC along with decreased claudin 4 expression. These findings 

may be ascribed to the fact that the altered epithelial permeability and polarity or 

loss of adhesion characteristic in tumor cells due to decreased cohesion might 

make the cells more liable to metastasize. While this might be partly true, the 

phenomenon could not be observed with all claudins. This may be attributable to 

the fact that claudins also have properties to induce or promote the metastatic 

phenotype. Finally, loss of claudin 3 and 4 expression in metastatic tumors could 

be ascribed to the fact that metastatic tumors tend to be less differentiated and 

thus might lose expression of some proteins, such as claudin 3 and 4. 

In the present study, increased expression of claudin 1 also tended to 

associate with greater depth of invasion in EAC (p = 0.057). This is the first 

report to describe such an association in EAC. In contrast, Rescnick with his co-

workers reported that low claudin 1 expression associated with higher tumor 

grade, higher recurrence rate and with poor survival in colorectal 

adenocarcinomas (Resnick et al. 2005). Decreased claudin 1 expression 

associated with recurrent disease and shortened survival in a Japanese study 

consisting 54 surgically removed ESCC (Miyamoto et al. 2008). In the present 

study, no such association could be observed in ESCC. In oral squamous cell 

carcinoma, claudin 1 enhanced cancer invasion through MMP-2 and membrane 

type MMP-1 mediated basement membrane degradation (Oku et al. 2006). MMP-

2 was also associated with claudin 3 and 4 enhanced invasion in ovarian cancer 

cell lines. Paradoxically, siRNA inactivation of these claudins did not have any 

significant impact on high endogenous MMP-2 activity, thus pointing to possible 

alternative or additional pathways for MMP-2 activation (Agarwal et al. 2005). 

Conversely, it has been shown that MMPs may affect claudin expression. The 

increased activity of MMP-2, MMP-3 and -9 has been shown to evoke the 

fragmentation of occludin as well as some claudins (Caron et al. 2005, Giebel et 
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al. 2005, Gurney et al. 2006, Siu et al. 2003). Claudins may also be involved in 

cell signalling pathways through their connections to cell-cell adhesion molecules 

such as ZO-1, which can enhance oncogenic transformation and cell proliferation 

when displaced from their normal membrane localization (Singh et al. 2010). In 

addition, genetic manipulations of claudin 1 expression in colon cancer cell lines 

have been shown to induce tumor growth and metastasis in athymic mice 

(Dhawan et al. 2005). 

In this study, there seemed to be greater levels of apoptosis in EAC compared 

to ESCC. The more extensive expression of claudins 3, 4 and 7 were associated 

with increased apoptosis, this being detected either by the TUNEL method or by 

immunohistochemistry of fragmented caspase 3. Increased expression of claudin 

4 was associated with increased apoptosis in both ESCC and EAC detected by the 

TUNEL method. The elevated claudin 5 expression was associated with 

proliferation in EC. It also tended to associate with increased apoptosis in ESCC 

(p = 0.079). This indicates that the regulatory functions reflected in cell survival 

may be mediated through claudins. In fact, claudins 3 and 4 have been shown to 

serve as receptors for the toxin produced by Clostridium perfringens. Furthermore, 

in in vitro studies in cell lines derived from prostate and breast carcinomas, tumor 

cells harboring these claudins have undergone cellular disruption when exposed 

to this toxin (Kominsky et al. 2004, Long et al. 2001). Perhaps apoptosis might 

also be induced via claudins by some other mediators or ligands in tumor cells of 

EC. Interestingly, in their recent report, Clarke and his associates detected TLR-

mediated claudin 7 and 10 downregulation, when they examined the epithelial 

response to murine colonization by S. pneumoniae and H. influenzae. This 

downregulation was also preceded by upregulation of the TJ component repressor 

SNAIL1 as well as p38 MAPK and TGF-β. Both claudin inhibition and TLR 

stimulation promoted epithelial barrier disruption and led to bacterial 

translocation (Clarke et al. 2011). 

6.3 HIF-1α, VEGF and NOS 

Without angiogenesis, the growth of the tumor is restricted to a size of 1-2 mm3 

(Folkman et al. 1966, Folkman 1990). Several angiogenesis related transcription 

factors, angiogenic and vasoactive factors regulated by hypoxia have been 

identified including HIF-1α, VEGF and NOS (Dachs & Tozer 2000). 

HIF-1α has been shown to induce VEGF and iNOS (Levy et al. 1995, Melillo 
et al. 1995), but reciprocally HIF-1α and thus also VEGF can be upregulated by 
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NO, which is produced by the NOSes (Fukumura et al. 2001, Kimura & Esumi 

2003, Ma et al. 2010, Xu et al. 2002). In addition to its angiogenic effects, NO 

can also evoke cell damage directly or through its free radical intermediates 

(Bentz et al. 2000). High concentrations of NO can also inhibit tumor growth 

although at low concentrations, NO can increase endothelial cell proliferation and 

migration, thus enhancing tumor growth (Isenberg et al. 2005, Ridnour et al. 
2005). 

In the present study, HIF-1α was observed in 71% of esophageal carcinomas. 

Only occasional signs of immunoreaction to HIF-1α were noted in normal 

esophageal mucosa, evidence for its up-regulation in EC. A strong 

immunoreactivity for HIF-1α was more often seen in ESCC than in EAC. ESCC 

specimens also expressed more often iNOS positivity than those from EAC 

patients, pointing to differences in the biological behaviours of these two 

histological types of EC. Increased HIF-1α expression has also been detected in 

operable lung squamous cell carcinomas as compared with adenocarcinomas (Lee 
et al. 2003). In the present study, patients with strong HIF-1α expression in their 

tumors had more often previously undetected distant metastases than the other 

patients. All nine distant metastases were from ESCC patients and 7 out of 9 

(78%) metastatic diseases were in patients displaying increased HIF-1α 

immunoreactivity whereas 18/20 (90%) of patients with decreased HIF-1α 

expression had no metastases. This parallels the results of Kurokawa et al. in 

ESCC, but not the report of Matsuyama et al. (Kurokawa et al. 2003, Matsuyama 
et al. 2005). VEGF is a transcriptional target for HIF which stimulates 

angiogenesis and is associated with prognosis in several tumors including ESCC 

(Forsythe et al. 1996, Poon et al. 2003). Kimura and co-workers observed an 

association between HIF-1α, MVD, venous invasion and VEGF expression. They 

also described a relationship between VEGF expression and short survival in the 

whole material, and between HIF-1α and survival among the patients not 

receiving preoperative chemotherapy for ESCC (Kimura et al. 2004). In line with 

the reports of Kimura et al. and Matsuyama et al. (Matsuyama et al. 2005), a 

tendency for an association between strong HIF-1α expression and VEGF 

immunopositivity was observed in the present study (p = 0.073). 

In this study, VEGF was up-regulated in ECs. There was no VEGF 

expression in normal esophageal mucosa among cancer specimens or in the small 

control group. In contrast 24 (28.6%) of 84 carcinomas expressed VEGF. There 

was no difference in the reactivity between ESCC and EAC. In EAC, VEGF 

positive tumors had a higher apoptosis rate as measured by the percentage of 
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caspase 3 positive cells. Among the surgically treated patients examined here, 

VEGF expression tended to associate with more advanced tumors (T3–T4; p = 

0.063) in agreement with the reports of Kitadai et al. and Inou et al (Inoue et al. 
1997, Kitadai et al. 1998). In contrast, Krzystek-Korpacka et al. did not find 

evidence for this kind of association with the depth of invasion, while they 

observed a positive association between VEGF-C level, but not VEGF-A, and 

lymph node metastases in ESCC (Krzystek-Korpacka et al. 2007). VEGF-A was 

also not associated with the depth of cancer invasion in the study of DU et al. (Du 
et al. 2003). 

This study revealed that both strong HIF-α expression (p = 0.099) and VEGF 

positivity (p = 0.059) tended to associate with higher MVD inside the tumour in 

ESCC. Both Kitadai et al. and Inoue et al. observed a close correlation between 

MVD and VEGF in EC (Inoue et al. 1997, Kitadai et al. 1998). VEGF and MVD 

have been claimed to associate with the degree of differentiation and lymphatic 

metastases in EC although histology was not reported (Du et al. 2003). In this 

study, those EAC tumors showing VEGF positivity associated with increased 

MVD outside the tumor. The vascularisation of EC also seemed to increase from 

the tumor interior toward the area surrounding the carcinoma tissue. In their study 

examining 78 surgically removed EAC specimens, Couvelard et al. found a 

correlation between VEGF and vascularisation, but failed to detect any prognostic 

significance for VEGF. However, MVD did seem to increase in a stepwise 

manner i.e. from normal mucosa through high grade dysplasia to intramucosal 

cancer, but it decreased in the more infiltrative cancers cancers (Couvelard et al. 
2000). No association was found in the present study between MVD and depth of 

invasion (T1–2/T3–4). Both increased MVD at tumor peripheral zone (p = 0.064) 

and outside the tumor (p = 0.052) tended to asscociate with eNOS positivity in 

EAC. 

ESCC specimens showed significantly more often iNOS positivity than the 

EAC counterparts. A significant association was also found between strong HIF-

1α expression and iNOS positivity. This was not the case in ESCC, while in EAC 

10/13 (77%) of tumors with low HIF-1α expression were negative for iNOS. This 

is the first report of such an association in EC. Previously, both eNOS and iNOS 

have been implicated in HIF-1α accumulation in oral squamous cell carcinoma 

(Brennan & Quintero 2005). In their study of 80 colorectal carcinomas Yu et al. 
concluded that expressions of both iNOS and HIF-1α correlated with MVD and 

were associated with infiltration depth. They also noted that iNOS and HIF-1α 

were upregulated, whereas eNOS was downregulated in carcinomas as compared 
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to non-neoplastic tissues. Expression rates of both NOSes decreased along with 

differentiation grades (Yu et al. 2006). 

Few publications have evaluated iNOS or eNOS expression in EC, and there 

are no earlier reports of their relationship to VEGF. In this study, VEGF 

expression tended to associate with iNOS immunoreactivity (p = 0.08). This is in 

line with the report of Song et al. in gastric cancer specimens (Song et al. 2004). 

Silencing of the iNOS gene in tongue squamous cancer also reduced VEGF 

expression according to a recent Chinese report (Yan et al. 2009). Elevated levels 

of iNOS have been described in Barrett´s esophagus, EAC and ESCC (Tanaka et 
al. 1999, Wilson et al. 1998) but other groups have not found any association 

between clinicopathological factors or prognosis and iNOS immunoreactivity in 

ESCC (Matsumoto et al. 2003, Tanaka et al. 1999). However, Matsumoto et al. 
did observe a significant correlation between iNOS immunoreactivity and p53 

protein expression and mutation frequency (Matsumoto et al. 2003). In this study, 

in ESCC iNOS expression associated also with eNOS positivity. 

VEGF can induce NO production by eNOS, but at appropriate concentrations, 

NO reciprocally induces VEGF synthesis through HIF-1α (Kimura & Esumi 

2003). In this study, VEGF immunopositivity tended to associate with eNOS 

immunopositivity (p = 0.072), this being the first time that this relationship has 

been reported in EC. In human breast cancer, Kafousi et al. described a 

significant positive correlation between the expression of eNOS and VEGF and 

also between eNOS and HIF-1α. In their analysis the expression of iNOS did not 

correlate with either that of VEGF or HIF-1α (Kafousi et al. 2011). This 

correlation of eNOS with VEGF and their association with increased angiogenesis 

and disease progression has also been shown in oral squamous cancer and 

astrocytoma (Pan et al. 2005, Shang & Li 2005). In this thesis, an additional 

analysis revealed that loss of eNOS expression tended to associate with lymph 

node metastases in EAC (p = 0.072). An opposite observation has been made by 

Chandra’s group, which reported an association between increased eNOS 

expression and larger tumors, lymph node metastasis and more advanced stages in 

EAC (Chandra et al. 2001). Furthermore, there is a report that lymphangiogenesis 

and lymph node metastases are mediated by eNOS after its induction by VEGF-C 

(Lahdenranta et al. 2009). 

In summary, in this study, ESCC and EAC differed in terms of how they 

influence the expression of HIF-1α and iNOS. Increased HIF-1α expression 

tended to associate with VEGF positivity. Furthermore, for the first time in EC a 

significant association was observed between increased HIF-1α expression and 
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iNOS positivity. A tendency for an association with VEGF was also observed for 

iNOS and eNOS. These observations support previous observations that there is a 

link between HIF-1α, VEGF, iNOS and eNOS. In ESCC, both HIF-1α and VEGF 

tended to associate with tumor vascularization detected by MVD. In EAC, those 

tumors showing VEGF positivity associated with increased MVD outside the 

tumor. Despite these associations, none of these angiogenetic factors were found 

to predict patient survival. However, increased HIF-1α associated with previously 

undetected metastasis and VEGF overexpression tended to occur in locally more 

advanced tumors. Patients with EAC lacking eNOS expression seemed to have 

more often lymph node metastases than the other patients. These findings support 

the earlier reports about the regulation and significance of angiogenesis in 

esophageal cancer, which may be useful in the future for planning new 

therapeutic strategies for this disease. 

6.4 TLR9 

TLRs are pattern-recognizing receptors that mediate innate and acquired immune 

responses, and which are activated when exposed to pathogen associated 

molecular patterns such as microbial RNA or DNA. TLR9 has been detected in 

various cancers and its stimulation with bacterial DNA or its synthetic analog 

(CpG-DNA sequence containing synthetic oligonucleotides) can induce cancer 

cell invasion (Chen et al. 2007, Ilvesaro et al. 2007, Merrell et al. 2006). In ESCC, 

TLR9 has been evaluated only in one very recently published study (Sheyhidin et 
al. 2011). 

Immunohistochemical evaluation of TLR9 was performed in normal 

squamous epithelium, squamous dysplasia and ESCC. The present study detected 

a constant staining pattern of strong TLR9 expression basally in the normal 

esophageal squamous cells. Furthermore, in squamous cell dysplasia, this staining 

pattern changed towards intensive TLR9 expression that traversed the epithelium 

in full thickness. In addition, this study revealed that TLR9 expression was 

constantly present in ESCC, where strong TLR9 staining also associated with 

those factors related to carcinoma progression. 

Strong cytoplasmic TLR9 immunoreaction was always present in the basal 

layer of a normal squamous epithelium. The biological significance of the TLR9 

abundance in the basal layer could be related to the epithelial proliferation and 

maturation status. There are no previous studies about TLR9 expression in normal 

esophageal squamous epithelium, but this kind of basal concentrated TLR9 
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expression was also observed by Beklen et al. in human gingival epithelial cells 

(Beklen et al. 2008). In normal squamous epithelium of the uterine cervix, weak 

TLR9 expression has been reported to be present in about 44% of cases, but no 

information was provided about the distribution of staining (Lee et al. 2007). In 

contrast to the results found here, predominant TLR9 expression in the upper 

layers of normal epidermal keratinocytes has been reported in human skin (Miller 
et al. 2005). These differences might be related to functional differences between 

keratinizing and nonkeratinizing squamous epithelium or to methodological 

issues such variations in the monoclonal antibodies being used. 

It has been earlier shown that TLR9 is expressed in mesenchymal stem cells 

(Nurmenniemi et al. 2010). There are no previous studies on squamous epithelial 

progenitor cells, but similar mechanisms could exist also in these cells. The fact 

that the most intensive TLR9 expression was seen in the proliferating basal cell 

layer might be linked to self-organization of these cells as they mature to produce 

the squamous cell structure. During epithelial maturation and the transit of cells 

toward the esophageal lumen, the expression of TLR9 appeared to decrease and 

eventually to disappear in the uppermost layers. A similar expression pattern 

related to differentiation as in esophageal squamous epithelium has been reported 

in mesenchymal cells. Nurmenniemi et al. noted that undifferentiated human 

mesenchymal stem cells expressed TLR9 but this expression declined during 

differentiation into osteoblasts (Nurmenniemi et al. 2010). Based on these 

observations, one could speculate that in conjunction with their differentiation 

and the consequent reduction in TLR9 expression, esophageal epithelial cells 

could lose their ability to modulate immune responses. This would lead to 

increased tolerance to microbial DNA in the upper cell layers of the esophageal 

epithelium. On the other hand, if bacterial DNA should manage to penetrate into 

the deeper layers of epithelium, this might trigger wound healing through TLR9 

mediated VEGF stimulation and neovascularization via the mechanism previously 

described (Sato et al. 2010). However, the full biological significance of this 

reduction in the staining must be clarified in vitro. 

In high grade squamous dysplasia specimens, moderate or strong cytoplasmic 

TLR9 expression was present throughout the full thickness of the epithelium. The 

overall expression of TLR9 was more intensive in dysplasia than in the 

corresponding normal or malignant epithelium. This observation partly parallels 

the results of Lee et al., i.e. increasing TLR9 expression was in accordance with 

the histological grade of intraepithelial cervical neoplasia. However, unlike our 

study, TLR9 expression increased in every step from normal squamous epithelium 
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through intraepithelial neoplasia to invasive squamous cell carcinoma (Lee et al. 
2007). In contrast, TLR9 has been detected in normal gastric epithelium, but 

expression disappeared in premalignant lesions including intestinal metaplasia 

and gastric dysplasia and was present only focally in six of 22 gastric carcinomas 

(Schmausser et al. 2005). These findings suggest that the role of TLR9 is different 

in squamous and columnar dysplasia. TLR9 overexpression in squamous 

dysplasia may be related to increased proliferation, to lack of differentiation or to 

both phenomena. In this material, the intensive TLR9 expression was clearly 

helpful in attempts to locate the dysplastic lesions. Accordingly, this intensive 

TLR9 immunoreaction could be used as a marker of dysplastic esophageal 

squamocellular lesions. 

In this study, TLR9 was expressed in all tumors in the majority of the cancer 

cells. Moderate to strong TLR9 expression was associated with poor 

differentiation and the presence of nodal or distant metastases. Similarly, 

extensive TLR9 expression and the association with poor differentiation and 

lymph node or distant metastases have been observed in breast and prostate 

cancers (Jukkola-Vuorinen et al. 2008, Vaisanen et al. 2010). In contrast with the 

present findings, Sheyhidin et al. found no association between TLR9 and lymph 

node metastasis in EC. In their study, TLR9 expression was found to gradually 

increase with worsening histopathological grade (Sheyhidin et al. 2011). Based 

on the results of the present study, TLR9 expression could be used as a marker of 

aggressive behaviour in ESCC. According to its inverse association with vascular 

density, the possible tumor promoting properties of TLR9 expression do not seem 

to be linked to the induction of angiogenesis. While activation of tumor cell TLRs 

has previously been reported to promote tumor cell proliferation and apoptosis 

(Chiron et al. 2009, Ren et al. 2009), in this study no association was detected 

between TLR9 expression and parameters evaluating cell proliferation or 

apoptosis. However, other possible mechanisms linking TLR9 expression to 

carcinoma progression have been proposed in the light of results from earlier 

studies from other carcinomas. A modification of tumor cell invasion and 

metastasis by TLR9 agonist stimulated metalloproteinase induction has been 

observed in breast and prostate cancer (Ilvesaro et al. 2007, Merrell et al. 2006). 

TLR9 activation has also been shown to contribute to the pathogenesis of cancer 

via increased productions of IL-8, TGF-β and cyclo-oxygenase 2 (COX-2) in 

prostate cancer tissue (Di et al. 2009, Di et al. 2010). 

Endogenous ligands of TLR9 in addition to microbial DNA and their 

involvement in the pathogenesis of esophageal squamous cell dysplasia and 
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cancer remain unknown. However, poor oral health, smoking and excessive 

alcohol consumption are all known risk factors for ESCC and also are associated 

with alterations in the oral microbiome (Abnet et al. 2001, Delima et al. 2010, 

Falk 2009, Morita et al. 2005, Toh et al. 2010). In prostate carcinoma cells, the 

natural TLR9-ligand, i.e. bacterial DNA from E. coli, has been shown to stimulate 

TLR9 mediated invasion of cancerous cells (Ilvesaro et al. 2007). Furthermore, H. 
pylori seem to act through TLR2/TLR9-mediated activation of COX-2 to induce 

gastric carcinoma cell invasion in vitro (Chang et al. 2005). Clarke et al. 
described TLR2 and 4 mediated claudin 7 and 10 downregulation and epithelial 

barrier disruption, leading to bacterial translocation, in the epithelial response to 

murine colonization by S. pneumoniae and H. influenzae (Clarke et al. 2011). It is 

also possible that alterations or downregulation of some claudins may result in 

barrier disruption and increased mucosal bacterial access thus leading to 

upregulation of endosomal TLR9. Because of the short transit time of esophagus, 

its epithelial cells are normally exposed to oral microbes for only short periods of 

time. This suggests that there could also be the involvement of some microbe-

independent but TLR9-related pathway contributing to esophageal squamous cell 

carcinoma and disease progression. Lande et al. have demonstrated that DNA 

derived from dead epithelial cells can serve as a ligand for TLR9 (Lande et al. 
2007). It is not clear whether the TLR9 senses the DNA of dying cells from 

injured esophageal tissue or cancer tissue, or some other currently unknown 

ligand can contribute to cancer development; this possibility should be evaluated 

in future studies. 

Endothelial TLR9 expression within esophageal carcinomas was 

downregulated as compared with vessels outside the cancer. TLR9 has been 

previously detected in both animal and human endothelial cells, but the 

characteristics of endothelial TLR9 expression in malignant tissue have remained 

a mystery (Schneberger et al. 2009). During inflammation, microbial recognition 

by endothelial TLRs is claimed to contribute to structural and functional changes 

in endothelial cells including cytokine production and increased vascular 

permeability (Opitz et al. 2009). 

In summary, the normal esophageal squamous epithelium TLR9 was 

expressed in the basal parts of the epithelium and TLR9 was clearly upregulated 

in high grade dysplasias. In esophageal squamous cell carcinomas, the extensive 

TLR9 expression was associated with high tumor grade and the presence of 

lymph node and distant metastases. The mechanisms leading to the upregulation 

of TLR9 in esophageal squamous malignancy remain unclear. However, these 
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findings suggest that TLR9 might contribute to esophageal squamous cell 

carcinogenesis. 

6.5 Mutual associations of the studied markers 

In this study, decreased claudin 7 expression associated with nNOS 

immunonegativity in ESCC. This is the first report of an association between 

these two proteins. Epithelial iNOS has been shown to cause bacterial 

translocation since it causes an impairment of enterocytic tight junction (Wu et al. 
2011) and NO also has been claimed to participate in the opening of TJ in 

intestinal ischemia/ reperfusion injury (Takizawa et al. 2011). Claudin 7 may also 

form ion selective paracellular channels for cations like Na+ (Alexandre et al. 
2005). However, it seemed that neither claudin 7 nor nNOS was associated with 

tumor grade, depth of invasion, nodal or distant metastases or survival. 

The present study detected an association between moderate or strong level of 

claudin 3 expression and a high TLR9 histoscore in ESCC. While others have 

reported that the expression of some claudins would be mainly associated with 

increased TJ integrity, Mitchell et al. demonstrated that increased expression of 

claudin 3 was sufficient to decrease epithelial barrier function as measured by 

TER, while increased expression of claudin 4 in turn had an opposite effect in 

alveolar epithelial cells (Mitchell et al. 2011). It is also possible that altered or 

increased expression of claudin 3 may result in barrier disruption and to increased 

mucosal bacterial access thus leading to upregulation of endosomal TLR9. 

However, in the present study, both loss of claudin 3 (I) and increased TLR9 (III) 

expression were associated with distant metastases in EC. 

An inverse association was seen between the vascular density and TLR9 

expression. This suggests that possible tumor-promoting properties of TLR9 

expression are not linked to the induction of angiogenesis in ESCC. 

In ESCC a trend towards an association was observed between decreased 

TLR9 expression and positive iNOS immunoreaction (p = 0.078). In the third 

study, increased TLR9 expression was associated with more aggressive squamous 

cell carcinomas. However, Le et al. have earlier shown iNOS transduction to be 

cytotoxic, indicating that iNOS may even suppress tumorigenesis (Hussain et al. 
2004, Le et al. 2005). This phenomenon may be related to the high NO 

concentration which can be produced by iNOS. 
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6.6 Future aspects 

The weaknesses of the present study are the limited size and bias related with 

selection of the material. The observations in the present study will need to be 

verified in larger studies including also patients in advanced stages of EC with 

inoperable diseases. This would help one to clarify if the associations detected 

between claudins 1, 3, 4, TLR9 and T, N or M-stages or tumor differentiation will 

also have an impact on patient survival. Decreased expression of claudin 1 and 4 

has been observed to associate with decreased survival in ESCC, but their 

possible role in EAC progression is unclear. Until recently, there were no reports 

evaluating the significance of claudin 3 in EC progression. The present study 

found that decreased expressions of claudin 3 and 4 associated with distant 

metastases in EC. Whether these associations are consequences of altered 

epithelial permeability should be evaluated in future with other techniques such as 

in vitro assessment of transepithelial resistance. This may also clarify if TLR9 

activation affects TJ permeability, and whether this is mediated by claudin 3. 

These studies could examine possible microbial and synthetic ligands or agonists 

of TLR9. This knowledge would also be valuable when evaluating the role of 

microbes in EC carcinogenesis. TLR9 seems to be a promising prognostic 

biomarker of ESCC progression. The intensity of TLR9 expression could also 

clearly differentiate squamous high grade dysplasias from normal squamous or 

even from invasive squamous epithelium in human esophagus. However, the true 

diagnostic value of TLR9 expression should be tested with case series including 

samples from reflux esophagitis and both low and high grade squamous cell 

dysplasias in non-malignant esophagus. 

The role of HIF-1α and VEGF in the progression of EC has been rather 

widely studied, and those results parallel the findings of the present study and 

confirm the role of HIF-1α and VEGF as biomarkers for the progression in EC. 

However, only a few studies have assessed antiangiogenetic therapies but these 

have found no significant survival benefit compared to traditional oncologic 

treatment modalities in EC. Accordingly, more studies are needed to clarify the 

mechanisms and significance of angiogenesis in EC. 
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7 Conclusions 

1. The expression of claudins 1, 3, 4, 5 and 7 was frequently seen in both ESCC 

and EAC. EACs seem to express all claudins, except for claudin 1, and more 

extensively than in ESCCs. An immunoreaction to claudin 7 was seen in 

every cancer cases; only one tumor was lacking claudin 1 expression. Claudin 

4 immunoreaction was detected in 61.8% of tumors thus being the least 

expressed claudin among the ECs. Tumors with moderate or strong (> 25%) 

claudin 4 expression showed more apoptosis than tumors with low claudin 4 

expression both in ESCC and EAC. Decreased claudin 3 expression 

associated with distant metastases in EC. This seemed to be the trend also for 

claudin 4. 

2. A strong HIF-1α expression (> 5%) and a positive immunoreaction for iNOS 

were more often seen among ESCCs than EACs. An association was detected 

between strong HIF-1α expression and iNOS immunopositivity. Weak 

claudin 7 expression associated with nNOS negativity in ESCC. The 

expressions of both HIF-1α and VEGF were upregulated in EC as compared 

to normal esophageal mucosa. Strong HIF-1α expression tended to associate 

with a positive immunoreaction of its transcriptional target VEGF. In ESCC, 

tumors with strong HIF-1α expression tended to display higher vascularity 

than other tumors. In EAC, tumors showing VEGF immunopositivity had 

higher MVD outside the tumor than tumors lacking VEGF expression. T3–T4 

tumors tended to be more often VEGF positive than the T1–T2 tumors. 

Patients with strong HIF-1α expression had more often previously undetected 

distant metastases compared to other patients. 

3. In the normal esophageal squamous epithelium, a strong cytoplasmic TLR9 

immunoreaction was present in the basal layer and there was a gradual loss of 

TLR9 expression toward superficial layers of the epithelium. Strong TLR9 

expression was detected across the full epithelial thickness in high grade 

dysplasia with the intensity clearly differing from the normal squamous 

epithelium and squamous cell carcinoma. All squamous cell carcinomas 

exhibited TLR9 expression that was positively associated with a high grade, 

the presence of lymph node metastases and previously undetected distant 

metastases. In ESCC, an association was found between moderate or strong 

claudin 3 expression and an increased TLR9 histoscore. 
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