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Abstract 

Esophageal cancer ranks sixth as the deadliest cancers worldwide and the incidence is 

rapidly increasing over the past few decades. Risk factors play a big role in the 

pathogenesis of esophageal cancer and gastroesophageal reflux and inflammation are 

the main risk factors which can lead to Barrett’s esophagus and metaplasia of the 

esophagus epithel. Chronic inflammation will affect the surrounding immune cells and 

trigger transdifferentiation and transcommitment of the esophageal epithel and support 

the pathogenesis of esophageal cancer. The chronic inflammatory process in Barrett’s 

esophagus will cause ischemia, edema and activate the immune cells in the tumor 

microenvironment and induces activation of inflammatory signaling pathways through 

IL-6/STAT3/NFκB and leads to activation of gene transcription and COX-2 enzym 

activity that promote cell proliferation and survival. This pathway hijacked by the 

cancer cell to promote growth, survival, angiogenesis and metastasis. Chronic 

inflammation is clearly involved in the formation of the tumor microenvironment and 

development of cancer. A researcher said that human tumors as `wounds that do not 

heal’. 

 

 

Introduction 

According to WHO data in 2012, esophageal cancer ranks the 8th most common 

cancer and it ranks sixth as the deadliest cancers worldwide and the incidence is rapidly 

increasing over the past few decades1,2.  The incidence increases with age, and the peaks 

is in the 6th and 7th decades with a male to female ratio of about 3 : 1 and in 

adenocarcinoma men was on average four times greater than in women3,4.  There are 

two major histological types of esophageal cancer, the adenocarcinoma and squamous 

cell carcinoma. The highest burden of squamous cell carcinoma was found in South-

Eastern and Central Asia and the most common of adenocarcinoma was found in 

Northern and Western Europe, Northern America and Oceania.  Adenocarcinoma 

typically develop in the lower third of the esophagus and the esophagogastric junction 

and originate predominantly from Barrett mucosa, squamous cell carcinoma occurs 

mostly in the upper two-thirds of the oesophagus5,6. 
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Risk factors play a big role in the pathogenesis of esophageal cancer. 

Esophageal squamous cell carcinoma is common in the elderly and people with dark 

skin with the main risk factors are smoking, alcohol and nitrosamines in preserved 

foods. Meanwhile, the main risk factor for esophageal adenocarcinoma is 

gastroesophageal reflux disease (GERD), which is the increase of stomach acid into the 

esophagus and irritates the surface of the esophagus. Repeated occurrences of GERD 

result in the esophageal epithelial cells to Barrett's esophagus, which later will develop 

into esophageal cancer. Obesity is also a risk factor for adenocarcinoma, this is due to 

the higher risk of GERD in those who are overweight1,7. 

 

Barrets esophagus as risk factor of esophageal adenocarcinoma. 

The esophagus is a fibromuscular tube that connects the pharynx to the stomach 

and consists of four layers namely mucosa, submucosa, muscularis and adventitia. A 

thick stratified squamous non-keratinized epithelium lines the esophagus and is 

supported by a connective tissue of the lamina propria where lymphoid nodules and 

scattered leukocytes can be found8. if someone experiences acid stomach reflux for a 

long time, which known as GERD, it will affect the characteristic of the epithelium in 

the esophagus.  

Chronic esophageal injury caused by GERD will be accompanied by 

inflammation and converting the squamous mucosa in the esophagus into columnar 

mucosa. This change will trigger metaplasia, which is the conversion of one type of 

tissue to another. Wang (2017), uses the terms transdifferentiation and transcommitment 

for the pathogenesis of Barrett's esophagus where squamous cells in the esophageal 

mucosa turn into columnar cells directly through molecular reprogramming without cell 

division called transdifferentiation, or indirectly through squamous epithelial stem cells 

and cell division known as transcommitment9,10.  
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Fig 1. Barrett’s esophagus shows the presence of columnar epithelium in squamous 

mucosa, an esophageal mucosal glands and duct is present beneath the columnar island 

(H&E, 10×)10. 

 

Study from Agoston et al there is a similarity between the wound healing 

response and development of a columnar-lined esophagus in rats after 

esophagojejunostomy. It can be said that this metaplasia is an initial wound healing 

response to chronic inflammation due to stomach acid10,11.    

The change from stratified squamous cells in the normal esophagus to columnar 

cells after chronic inflammation begins with the cells in the jejunum migrating to the 

mesenchyme under the lining of the esophageal ulcer. This means that there is a cell 

transition, known as epithelial-mesenchymal transition, a process in which epithelial 

cells tethered to one another by adhesion molecules such as E-cadherin become a 

mesenchymal-like cells with the ability to migrate, this is a wound healing process11,12. 

 

Tumor Microenvironment affects the Cancer Growth. 

In year 2000, Hanahan and Weinberg proposed six hallmarks of cancer that 

provides a framework for understanding the remarkable diversity of neoplastic diseases. 

The hallmarks of cancer yang proposed by Hanahan, consists of self-sufficiency in 

growth signals, evading apoptosis, insensitivity to anti-growth signals, sustained 

angiogenesis, tissue invation and metastasis and limitless replicative potential. The six 

hallmarks are more focused on cancer cell. focus only the Cancer cell13.  
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Fig. 2 The six hallmarks of cancer15 

Besides the factors that are directly related to tumor cells, it turns out that there 

are interactions between tumor cells and components of the tumor stroma, known as the 

tumor microenvironment (TME). Each cancer cell is exposed to a complex mixture of 

signals from its microenvironment. This TME has a major impact on tumor 

development and contributes to most of the features of tumor cells, even converting the 

cells around the tumor into cells that are beneficial for cancer development.  

The TME is created by the tumor and dominated by the cells which is induced 

by the tumor cells14. That’s why a decade later, in 2011, Hanahan and Weinberg address 

two new emerging hallmark which broaden the scope of the conceptualization from six 

hallmarks of cancer with two characteristics crucial to cancer phenotypes, which are the 

constitution and signaling interactions of  the TME15.  

 

 

Fig. 3  The emerging halmarks of cancer15 
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The characteristics of this new cancer are involved in pathogenesis of almost all 

cancers. The first is the ability to modify, or reprogram, cell metabolism to effectively 

support cancer cell proliferation. The second is, cancer cells can avoid attack by cells in 

the immune system, particularly by T and B lymphocytes, macrophages, and NK cells. 

In addition, two other characteristics are genomic instability and genetic alterations that 

drive tumor progression. The innate immune cells as well as adaptive immune cells in 

the TME contribute to the tumor growth and progression, even tumor metastasis15,16. 

Innate immune cells in the TME, which are designed to fight infection and wounds 

healing through inflammation, can instead lead to support for cancer cell growth, known 

as tumor-promoting consequences of inflammatory responses. The role of inflammation 

in tumor cells actually has occurred since the beginning, the initiation, promotion and 

progression phases15.  

 

The role of TME in the Pathogenesis of Esophageal Cancer 

The histological types of esophageal cancer mostly are squamous cell carcinoma 

and adenocarcinoma with the major risk factors are smoking and alcohol consumption. 

In squamous cell carcinoma, alcohol is the primary risk factor but when combination 

with smoking will increase the risk. Alcohol can damage the DNA and alcohol as a fat-

soluble compound will make the carcinogen from the tobacco penetrate the esophageal 

easier. Then followed by inflammatory process, leads to dysplasia and malignancy7.  

In adenocarcinoma esophagus, gastroesophageal reflux is the main risk factor, 

which can lead to Barrett’s esophagus and metaplasia of the esophagus epithel. Another 

risk factor of the adenocarcinoma esophagus is obesity, due to the adipocytes can create 

an inflammation and promote tumor development through the release of adipokines and 

cytokines. The adipocytes in the TME also will supply energy and support tumor-

growth and progression17.  

From the above statement it can be said that chronic inflammation which 

influence the immune cells in the TME plays an important role in the pathogenesis of 

esophageal cancer. Chronic esophageal inflammation will trigger transdifferentiation 

and transcommitment of the esophageal epithel and this support the pathogenesis of 

Barrett's esophagus and at the end support the pathogenesis of esophageal cancer9,10. 

The chronic inflammatory process will cause ischemia, edema and changes in the TME 

among others activate the immune cells and finally increase the angiogenesis. Chronic 

inflammation is clearly involved in the formation of the tumor microenvironment and is 

referred to as the host reaction to tumors, although it may be more as a tumor-promoting 
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reaction. Dworak coined the phrase describing human tumors as `wounds that do not 

heal’14.  

 

 

Fig. 4  Chronic inflammation-associated cancer pathogenesis 

 

In figure 4 showed that inflammation is a critical component of tumor 

progression. Cancers can arise from sites of infection, chronic irritation and 

inflammation. In response to tissue injury, signals start and maintain a host response to 

“heal” the damage. This involves getting “activated” leukocytes to the proper damaged 

location. Adhesion molecules and integrins with their respective receptors/ligands 

modulate leucocytes rapid adhesion, activation of gene expression, and transmigration 

into the tissue. Expression of chemokines attract specific leucocytes populations and 

promote the natural progression of the inflammatory response. The “normal” 

inflammatory response associated with wound healing is self-limiting. Dysregulation of 

key steps leads to abnormalities and pathogenesis neoplasia. Once the wound is healed, 

the reciprocal signaling subsides.  

In the pathogenesis of esophageal cancer, the chronic inflammation induces 

activation of inflammatory signaling pathways and leads to activation of gene 

transcription and enzym activity that promote cell proliferation and survival.  

The primary pathways implicated in esophageal cancer are: 

a. Interleukin-6/STAT3 pathway 

IL-6 is a cytokine that signals activation of several molecules and also transcription 

factor STAT1 and STAT3. In normal cell, IL-6/STAT3 pathway allows normal cells to 

survive, but in carcinogenesis the pathway is hijacked by the cancer cell to promote 

growth, survival, angiogenesis and metastasis, even suppress apoptosis and inhibit anti-

tumor immunity18. IL-6 has been shown to drive expansion of pro-tumorigenic myeloid-
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derived suppressor, while STAT3 activation leads to production of anti-apoptotic 

molecules like myeloid cell differentiation protein-119. 

b. Nuclear factor-kappaB (NF-κB) 

NF-κB is a transcription factors that regulate survival, proliferation, and cytokine 

production in normal cell. In normal conditions, NF-κB is maintained in an inactive 

state, but in inflammation condition, NF-κB become active and will activate genes 

involved in carcinogenesis and immune evasion. NF-κB expressed highly in esophageal 

adenocarcinoma and esophageal squamous cell cancer. Activation of this mechanism is 

thought to be a key link between an inflammatory microenvironment and cancer 

development19.   

In fact, NF-κB/IL-6/STAT3 share several downstream effectors, that enhances the 

resilience of cancer cells even if one of these pathways is inhibited.  thought to form a 

self-sustaining positive feedback loop for signal amplification.  

 

 

Fig. 5  The role of IL-6/STAT3/NFκB signaling pathway in carcinogenesis20 

 

The signaling pathway of IL-6/STAT3/NFκB in carcinogenesis showed in Fig 5, firstly 

IL-6 binds to the receptor and activating downstream signaling pathways through 

JAK/STAT3, PI3K/Akt and MAPK pathways, which activate NFκB and will promote 

proliferation, cell survival, inflammatory amplification, malignant transformation, 

angiogenesis and metastasis20. 
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c. Cyclooxygenase-2 (COX-2) 

COX-2 is an inflammatory enzyme which responsible for the production of 

prostaglandin E2. This COX-2 expression is elevated in Barrett’s esophagus and 

esophageal adenocarcinoma and in esophageal squamous cell carcinoma there is a 

correlation between COX-2 expression and the degree of dysplasia. Several studies 

showed that COX-2 inhibitor can suppress inflammation and cell growth and lead to 

decreased cell proliferation19.  

 

CONCLUSION 

 

- Esophageal cancer ranks the 8th most common cancer and it ranks sixth as the 

deadliest cancers worldwide and the incidence is rapidly increasing over the past 

few decades. 

- Chronic esophageal injury caused by GERD will be accompanied by inflammation 

via  transdifferentiation and transcommitment as the pathogenesis of Barrett's 

esophagus. 

- Chronic inflammation and tumor microenvironment play an important role in 

pathogenesis of esophageal cancer through the IL-6/STAT3/NFκB signaling 

pathway and COX-2 inflammation enzym. 
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