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Abstract

The infection of gastric mucosa by Helicobacter pylori is a key 
step in the initiation and evolution to gastric adenocarcinomas. 
Prolonged infection promotes the infiltration of inflammatory cells 
and subsequent increased presence of pro-inflammatory cytokines. 
During the sequence of gastric pre-neoplasic lesions decrease 
the expression of gastric-specific genes whereas appears the 
ectopic expression of intestinal-specific genes. We describe that in 
gastric pre-neoplasic lesions and adenocarcinomas decrease the 
expression of the gastric transcription factor SOX2, whereas high 
expression of the intestinal transcription factor CDX2 is detected. 
Moreover, the pro-inflammatory cytokine IL-6, through SHP-2/
ERK/MAPK and JAK/STAT pathways, contributes to the regulation 
of CDX2 expression in gastric cancer cells. And, NF-κB pathway, 
induced by IL-1β and TNF-α, has a role in the down-regulation of the 
gastric marker TFF1 in human stomach explants and gastric cancer 
cells. In conclusion, signalling pathways induced by pro-inflammatory 
cytokines can contribute to the down-regulation of gastric genes and 
the up-regulation of intestinal genes.
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Resum

La infecció de la mucosa gàstrica per Helicobacter pylori és un 
factor clau en la iniciació i desenvolupament d’adenocarcinomes 
gàstrics. Durant una infecció prolongada augmenta la presència 
de citoquines pro-inflamatòries. En la seqüència de lesions pre-
neoplàsiques gàstriques disminueix l’expressió de gens gàstrics 
i apareix l’expressió de gens intestinals. En aquest treball hem 
descrit que en lesions pre-neoplàsiques i adenocarcinomes gàstrics 
disminueix l’expressió del factor de transcripció gàstric SOX2, a la 
vegada que es detecta l’expressió ectòpica del factor de transcripció 
intestinal CDX2. A més, la citoquina pro-inflamatòria IL-6, a través de 
les vies SHP-2/ERK/MAPK i JAK/STAT, contribueix a la regulació de 
l’expressió de CDX2 en cèl·lules de cancer gàstric. La via d’NF-κB, 
induïda per IL-1β i TNF-α, contribueix a la disminució del marcador 
gàstric TFF1 en explants gàstrics humans i línies cèl·lulars gàstriques. 
En conclusió, les vies de senyalització induïdes per citoquines pro-
inflamatòries poden ajudar a la disminució de l’expressió de gens 
gàstrics i a l’increment de l’expressió de gens intestinals.
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1. ANATOMY AND HISTOLOGY OF THE 
STOMACH

The stomach is a muscular dilated organ of the digestive system. It 
is located between the oesophagus, connected by the cardia, and 
the small intestine, linked by the pylorus. Anatomically, the stomach 
is divided in two main regions: the antrum, and fundus and corpus or 
body (Figure 1). The gastric wall has four different layers: mucosa, 
submucosa, muscularis and serosa. The mucosa is the inner layer 
and includes the epithelium and lamina propria (loose connective 
tissue), and a thin layer of smooth muscle called muscularis 
mucosa that separates it from submucosa, which is composed of 
fibrous connective tissue. Next, 3 layers of smooth muscle form 
the muscularis. The outer layer is connective tissue termed serosa 
(Figure 1).

	   Figure 1: Schematic representation of the main anatomic regions of 

the stomach and the different layers that form the gastric wall. Adapted 

from [231]. 
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called gastric units. The gastric units are composed by the pit, which 
is continuous to the gastric epithelium, and the gland, subdivided into 
isthmus, neck and base regions (Figure 2A). The main four cell type 
found in the stomach epithelium are: the gastric mucous cells, which 
produce the protective mucus, the parietal or oxyntic cells secreting 
the hydrochloric acid, the chief or zymogenic cells with abundant 
pepsinogen granules that realise active pepsin, and endocrine cells 
that secrete gastrin, somatostatin and other hormones.

The gastric unit of the antrum is composed of several short glands 
that feed into a single long pit and are characterized by abundant 
mucous cells, endocrine cells, and occasional parietal cells. 
However, gastric units of the corpus are comprised of long tubular 
glands that feed into short pits. The corpus epithelium comprises 
a more heterogeneous population that contains parietal cells, chief 
cells, mucous cells and endocrine cells. 

1.1 Gastric stem cells

Gastric stem cells have the capacity of self-renewal and to generate 
the differentiated cell types. They are assumed to be located at the 
isthmus, where cellular proliferation and immature cells have been 
observed. Daughter cells migrate bidirectionally to the gastric pit 
or to the gland base as they differentiate and generate the various 
epithelial cell lineages.

Gastric stem cells give rise to different progenitors of differentiated 
cells (Figure 2B). Prepit cells generate pit cells, mucous cells that 
specifically express MUC5AC and TFF1. Preneck cells generate 
mucous neck cells, which express MUC6 and TFF2. Moreover, 
mucous neck cells may differentiate to chief cells through the action 
of MIST1 [1, 2], a transcription factor specifically expressed in these 
cells [3]. Furthermore, gastric stem cells can derive to preparietal 
cells that generate parietal cells.
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Although a clear stem cell marker has not been established in the 
gastric epithelium, the last few years have seen significant progress 
(Reviewed in [4]). Only two markers have been shown to denote 
progenitors that rise to all gastric lineages: the mouse villin promoter 
and Lgr5; both detected in the antrum. 

The first gastric stem cell marker was described in 2007, reporter 
genes under the control of mouse villin promoter showed a cell 
population located below the isthmus that give rise to all gastric 
lineages [5]. These cells are normally quiescent, but in the presence 
of cytokines start dividing, first symmetrically (self-renewal) and 
then asymmetrically to repopulate the gland. The endogenous villin 
protein is not expressed in these cells, for this reason the use of this 
marker for human studies should be limited to mRNA expression.

	  

Figure 2: A) Representation of gastric unit, composed of four main 

regions: pit, isthmus, neck and base. From [232]. B) Differentiation of 

gastric stem cells. Stem cells give rise to prepit cells, preparietal cells 

and preneck cells and this give rise to pit cells, parietal cells and neck 
cells, respectively; mucouso neck cells can derive to zimogenic cells. 
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Lgr5 is a well-characterized stem cell marker in the small intestine, 
colon and hair follicles [6, 7]; in 2010 Barker et al., using in vivo 
lineage tracing, established Lgr5 as an adult stem cell marker in the 
distal stomach of mice [8]. Surprisingly, in adults Lgr5 is expressed 
in the base of pyloric glands in mouse [8] and humans [9]. Lineage 
tracing studies suggested that a pool of self-renewing adult stem 
cells are located at the gland base, these cells can migrate rapidly 
to the isthmus, produce the progenitor population and differentiate 
to functional lineages as they migrate towards the pit or the gland. 
All together, supports a model for the antrum region in which active 
stem cells expressing Lgr5 drive the daily self-renewal, while a 
quiescent pool of cells with active villin promoter is activated only 
after stimulation.

In the corpus, TFF2 mRNA has been described as a potential marker 
of progenitor cells. Although TFF2 is a differentiation marker of 
mucous neck cells, the TFF2 mRNA is also express in the isthmus 
region [10]. Lineage tracing revealed that cells expressing TFF2 
mRNA migrate to the gland base and give rise to mucous neck cells, 
parietal cell and chief cells [10]. Although these cells are multipotent 
progenitors; they are not clearly stem cells because do not persist 
in the isthmus and are frequently replaced by new progenitor cells.

On the other hand, many studies show that after an injury, BMSC 
may be mobilized to extra-medullary sites, where they engraft and 
contribute to tissue repair. In the stomach, Houghton et al.  [11] 
demonstrated in a mice model that, within an inflamed stomach, 
transplantated bone marrow cells engrafted into the gastric mucosa. 
BMSC first replace the major part of the epithelium but later 
degenerate into adenocarcinoma suggesting that gastric epithelial 
carcinomas can originate from bone marrow-derived sources [11].
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2. GASTRIC CANCER

Although the incidence of gastric cancer have been decreasing over 
years, it remains the fourth most common cancer and the second 
leading cause of cancer related death worldwide, after lung cancer 
[12]. Despite the fact that some environmental factors are linked 
with a higher risk of gastric cancer such as low intake of vegetables 
and fruit, high intake of salt or tobacco smoking [13, 14], H. pylori 
infection is the strongest risk factor of gastric cancer [15-17]. H. 
pylori is a Gram-negative bacterium that infects more than half of 
world’s population. Moreover, in 1994 the International Agency for 
Research on Cancer and the World Health Organization classified 
H. pylori as a Group I carcinogen.

Many types of gastric cancer can occur in the stomach such as 
lymphomas, sarcomas and carcinoid; however adenocarcinomas 
comprise 95% of gastric cancer. Gastric adenocarcinomas are either 
gland-forming malignancies composed of tubular, acinar or papillary 
structures, or they consist of a complex mixture of discohesive, 
isolated cells with variable morphologies, sometimes in combination 
with glandular, trabecular or alveolar solid structures [18].

Gastric adenocarcinomas are anatomically classified as proximal 
(or cardia) and distal (or non-cardia). Distal adenocarcinomas are 
associated to H. pylori infection whereas cardia adenocarcinomas 
are most commonly associated to gastroesophageal reflux. 
Moreover, gastric cardia adenocarcinomas are usually located near 
the gastroesophageal junction and it is difficult to distinguish from 
adenocarcinomas of distal oesophagus. To solve this problem, 
Siewert and Stein [19] classified carcinomas that develop around 
the gastroesophageal junction in three types: 

• Adenocarcinomas of the distal oesophagus 
• True cardia carcinomas: extend 1 cm above and 2 cm below 

the anatomic gastroesophageal junction. 
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• Subcardiac gastric cancers: located more than 2 cm below 
the anatomic gastroesophageal junction that may infiltrate the 
gastroesophageal junction from below.

Macroscopically, the most common used categorization method 
is Borrmann’s classification. In 1926 Borrmann classified gastric 
carcinomas based on its gross appearance in four types, which are 
occasionally combined:

• Type I polypoid
• Type II fungating
• Type III ulcerated
• Type IV infiltrating

Microscopically, there are several classifications of gastric 
adenocarcinomas, however the most widely used are those of WHO 
and Laurén [20, 21]. The 2010 WHO classification recognizes four 
major histological patterns of gastric cancer plus uncommon variants:

• Papillary adenocarcinoma: is a well-differentiated exophytic 
carcinoma with elongated finger-like processes lined by 
cylindrical or cuboidal cells supported by fibrovascular 
connective tissue cores.

• Tubular adenocarcinoma: contains prominent dilated or slit-
like and branching tubules varying in their diameter.

• Mucinous adenocarcinoma: more than 50% of the tumour 
contains extracellular mucinous pools.

• Signet-ring cell carcinoma and other poorly cohesive 
carcinoma: more than 50% of the tumour consists of isolated 
or small groups of malignant cells containing intracytoplasmic 
mucin.
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• Uncommon histologic variants: adenosquamous carcinoma, 
squamous carcinoma, hepatoid adenocarcinoma, carcinoma 
with lymphoid stroma, choriocarcinoma, parietal cell 
carcinoma, malignant rhabdoid tumour, mucoepidermoid 
carcinoma, paneth cell carcinoma, undifferentiated carcinoma, 
mixed adeno-neuroendocrine carcinoma, endodermal sinus 
tumour, embryonal carcinoma, pure gastric yolk sac tumour 
and oncocytic adenocarcinoma.

In Laurén classification [21] lesions are sorted into one of two major 
types: intestinal or diffuse. Intestinal-type adenocarcinomas form 
glandular structures that range from well differentiated to moderately 
differentiated tumours, whereas diffuse-type adenocarcinomas 
consist of poorly cohesive cells diffusely infiltrating the gastric wall 
with little or no gland formation (Figure 3). Tumours that contain 
approximately equal quantities of intestinal and diffuse components 
are called mixed.

Intestinal-type 

adenocarcinoma 

Diffuse-type 

adenocarcinoma 

	   Figure 3: Morphology of intestinal-type and diffuse-type gastric 
adenocarcinomas (x100).  
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The diffuse-type adenocarcinomas exhibit low cell cohesion and tend 
to replace the gastric mucosa by signet-ring cells. Gross alterations 
include thickening and rigidity of gastric wall, known as linitis plastica. 
These tumours resemble those classified as signet-ring cell tumours 
in the WHO classification. Because atrophic changes are not severe 
in diffuse-type gastric cancer, it was previously considered to have 
little relation to H. pylori infection. Nevertheless, epidemiologic and 
histopathological studies have demonstrated that the diffuse-type 
adenocarcinoma is also related to H. pylori infection [22, 23].

Whereas the progression to intestinal-type adenocarcinomas is well 
characterized, diffuse-type gastric cancer presumably arises as 
single-cell changes in the mucus-neck region of the gastric glands. 
Then, these cells may proliferate and invade out from the crypt into 
the lamina propria. 

Less than 1% of all cases of gastric cancer are hereditary diffuse 
gastric cancer, an autosomal dominant disorder.  Approximately 30% 
of individuals have a germline mutation in the tumour suppressor 
gene E-cadherin or CDH1 [24], which plays a fundamental role in 
the maintenance of the normal architecture of epithelial tissues. The 
inactivation of the second allele is through mutation, methylation, 
and loss of heterozygosity; and triggers the development of gastric 
cancer [25, 26]. 

2.2 Intestinal-type adenocarcinomas

The intestinal-type adenocarcinomas are formed by tumour cells 
arranged cohesively in irregular tubular or papillary structures 
infiltrating the stroma. Poorly differentiated adenocarcinomas have 
a predominantly solid pattern whereas in better-differentiated 
adenocarcinomas most of the cells are columnar and contain 
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cytoplasmic mucin. The mucinous phenotype can be intestinal, 
expressing intestinal mucins MUC2 and MUC4, gastric, expressing 
gastric mucins MUC5AC and MUC6, or gastrointestinal [27, 28]. 

In 1975 Correa described a multistep precancerous process that 
leads to the development of intestinal-type adenocarcinoma [29]. 
The model was updated in 1988 and 1992 [30, 31]. The process 
starts when H. pylori colonizes the gastric mucosa, then the immune 
response causes non-atrophic chronic gastritis. Prolonged infection 
can result in loss of glandular tissue, known as multifocal atrophic 
gastritis.  In some patients, lost glands are replaced by glandular 
structures with an intestinal phenotype, called intestinal metaplasia. 
Further, a small proportion of subjects progress to dysplasia and, 
finally to adenocarcinoma, characterized to invade of the lamina 
propria or beyond (Figure 4).

Chronic Active Non-Atrophic Gastritis

Chronic active non-atrophic gastritis is usually caused by H. pylori 
infection and is characterized by the infiltration of the gastric 
mucosa by lymphocytes, representing chronic inflammation. With 
the presence of polymorphonuclear cells, which represents acute 
inflammation, the gastritis is called active. In most cases, the 
gastritis is localized in the antrum due to the fact that H. pylori initially 
colonizes the antropyloric region of the stomach avoiding the lower 
pH in fundus and corpus.

Multifocal Atrophic Gastritis

The effects of bacterial products and the cytokine milieu within the 
gastric epithelium are related to the loss of mucosal cells. The focal 
loss of glands in stomach starts in the antrum-corpus junction and 
may extend to the antrum and corpus, as the foci become larger and 
coalesce. With time, fibrous tissue fills the vacuum left by the lost 
glands.
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Normal Gastric Mucosa 

Atrophic Chronic Gastri4s 

Intes4nal Metaplasia 

Dysplasia 

Adenocarcinoma 

H. pylori infec4on 

	  

Figure 4: Sequential steps in the development of intestinal-type 

adenocarcinomas (x80). 



13

IN
TR

O
D

U
C

TIO
N

Intestinal Metaplasia

In intestinal metaplasia the gastric mucosa is replaced by cells with 
an intestinal phenotype. First, metaplasic cells resemble the small 
intestine mucosa and eosinophilic absorptive enterocytes with “brush 
border” alternates with goblet and Paneth cells. This metaplasia is 
known as complete because secretes the normal set of digestive 
enzymes [32]. Complete intestinal metaplasia is characterized by 
the loss of gastric mucin markers MUC5AC and MUC6, and gain 
of the intestinal mucin markers MUC2 and MUC4 [33, 34]. Then, 
metaplasic cells acquire features of the large intestine composed by 
goblet cells of different sizes and shapes. This metaplasia is called 
incomplete or gastrointestinal mixed intestinal metaplasia because 
maintains the expression of gastric mucin markers together with the 
intestinal mucin markers.

The most used animal model of the development of intestinal-type 
adenocarcinomas are mongolian gerbils infected with H.  pylori. 
The development of adenocarcinomas in these animals follows the 
same steps as in humans; chronic gastritis develops to intestinal 
metaplasia and further adenocarcinoma in stomach mucosa [35, 36]. 
However, in stomach mucosa of infected mice appears a different 
type of metaplasia called SPEM that also evolves to dysplasia and 
adenocarcinoma [37]. SPEM is characterized by the presence of 
glands with gastric antrum phenotype in the oxyntic mucosa. SPEM 
also appears in gastric mucosa of humans infected with H. pylori 
[38].

The origin of intestinal metaplasia and SPEM is not clear. Mongolian 
gerbils infected with H. pylori develop SPEM only 3 weeks later in the 
presence of oxyntic atrophy, then, at 24 and 39 weeks of infection 
emerge the intestinal metaplasia surrounded by SPEM [39]. Within 
this context, is growing up the idea that first SPEM is developed due 



14

IN
TR

O
D

U
C

TI
O

N

to the lost of parietal cells and progress to intestinal metaplasia in 
a context of chronic inflammation. To support this, immunodeficient 
mice infected with H. felis do not develop oxyntic atrophy and thus 
do not develop SPEM or progress to dysplasia [40]. Moreover, 
lineage tracing experiments demonstrated that SPEM evolves 
from mature chief cells [41]. On the other hand, parietal cell loss 
induces SPEM in the absence of inflammation but never progress to 
dysplasia [42]. Taking all together, suggest a two-step model for the 
development of SPEM and intestinal metaplasia in the presence of 
chronic infection of H. pylori. First, H. pylori factors and inflammatory 
mediators lead to loss of parietal cells. The loss of parietal cells 
leads to the development of SPEM through mature chief cells 
transdifferentiation. Then, chronic infection directs to the progress of 
intestinal metaplasia (Figure 5). In the same way, in human islands 
of intestinal metaplasia appear within a sheet of SPEM [38].

Surface 
cells 

Normal 
progenitor 
cells 

Parietal 
cells 

Chief 
cells 

SPEM 

Intestinal 

metaplasia 

Parietal  

Cell Loss 

Chronic 

Inflammation 

	   Figure 5: Model for the origin and progression to gastric metaplasia. 

Adapted from [233]. 
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The molecular origin of intestinal metaplasia is not well understood, 
but is growing up the idea that genes involved in the gut development 
and differentiation play an important role. In this sense, in the intestinal 
metaplasia appears the ectopic expression of intestinal transcription 
factors such as CDX2 and CDX1 [43, 44], whereas decrease the 
expression of gastric transcription factors such as SOX2 and MIST1 
[3, 45].

Dysplasia

Dysplasia is characterized by atypical changes in the nuclear 
morphology and tissue architecture. Frequently forms packed 
tubular structures with irregular lumens. The nuclei are enlarged, 
hyperchromatic, irregular in shape, and devoid of polarity. Dysplasia 
is classified as low- or high-grade, depending on the degree of 
nuclear atypia and architectural distortion.

Finally, the adenocarcinoma is developed when invade the lamina 
propria or beyond.
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3. INFLAMMATION INDUCED BY HELICOBACTER 
PYLORI

The infection of stomach mucosa with H. pylori and the subsequent 
chronic inflammation represents the major step in the initiation 
of gastric cancer. H. pylori is a Gram-negative spiral-shaped 
microaerophilic bacilli that infects more than half of world’s population. 
H. pylori is highly adapted to live in the acid environment of the 
stomach; secretes an urease that hydrolyzes the urea and results 
in an ammonium cloud that protects the bacterium. Moreover, other 
bacterial factors contribute to the persistence of the bacterium in the 
stomach and create an inflammatory environment that leads to the 
initiation and progression to gastric cancer (Figure 6).

	   Figure 6: Interactions between H. pylori and host gastric mucosa. 

Adapted from [234]. 
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H. pylori infection results in a Th1-dominant response with increased 
production of IL-1β, TNF-α and IL-8. Lately, it has been suggested 
that H. pylori infection leads to a specific Th17/Th1 immune 
response [46]. Its main effector cytokines are IL6, IL-1β, and TNF-α 
and promotes mucosal inflammation and contributes to bacterial 
colonization. 

Recently, a study using a microarray chip for gene expression profiling 
gastric antral mucosa of chronic gastritis from patients infected with H. 
pylori and uninfected reveals that the presence of H. pylori regulates 
the expression of genes related to protein metabolism, inflammatory 
and immunological reaction, signal transduction, gene transcription 
and trace element metabolism [47]. In this sense, several strategies 
used by the bacterium to promote gastritis have been described.

One of the most studied toxins produced by H. pylori is VacA. 
Although it was first described to cause “vacuole”-like membranes 
vesicles in the cytoplasm of gastric cells [48] it causes other effects 
on target cells such as disruption of mitochondrial functions, 
stimulation of apoptosis and blockade of T-cell proliferation [49-51]. 
VacA is important for the in vivo colonization of H. pylori [52] and H. 
pylori strains with s1/m1 alleles are associated with more severe 
chronic inflammation and higher risk of developing cancer [53, 54].

Moreover, the bacterial adhesins BabA and SabA are important 
for bacterial attachment to epithelial cells and further development 
of gastric cancer. BabA binds to Leb antigen expressed in gastric 
suface epithelium; BabA2+ strains adhere more tightly to epithelial 
cells and are associated with increased risk of gastric cancer [55]. 
On the other hand, SabA binds to sLex antigen, which is up-regulated 
by chronic inflammation produced by H. pylori, leading to a closer 
attachment to epithelial cells [56]. 
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Other important components of H. pylori that contribute to initiation 
and progression to gastric cancer are those encoded by the cag 
pathogenicity island. The cag pathogenicity island encodes a 
pathogenic system that triggers signals to the host cells and interfere 
with basic cellular processes. This system is composed by two main 
components: T4SS and the virulence factor CagA. CagA is delivered 
into host epithelial cells via T4SS [57-59]. Once in the cell CagA is 
activated by the host src tyrosine kinase [60], phosphorylated CagA 
binds and activates SHP-2 phosphatase [61] and ERK, resulting 
in a modification of cellular responses. CagA translocated into 
host cells activates NF-κB and AP-1 and induces higher levels of 
IL-8 production. Cag also activates the STAT3 signalling pathway 
[62], which can regulate the expression of genes involved in 
carcinogenesis. CagA-positive H. pylori strains are associated with 
more severe gastritis [63] and a higher risk of gastric cancer [64]. 
Moreover, CagA transgenic mice have gastric epithelial hyperplasia 
and some mice develop gastric polyps and adenocarcinomas [65]. 

The T4SS also delivers other components of H. pylori into host 
cells. One of them is peptidoglycan that stimulates the intracellular 
pathogen-recognition receptor NOD1. NOD1 activates NF-κB and 
AP-1 transcription factors that induce cytokine expression [66, 67].

Furthermore, H. pylori stimulates the production of growth factors 
such as granulocyte-macrophage colony-stimulating factor [68] and 
inflammation modulators such as cyclooxygenase-2 and reactive 
oxygen/nitrogen species [69, 70]. All together contributes in the 
creation of an inflammatory environment crucial for the initiation of 
gastric cancer.
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4. INFLAMMATORY PATHWAYS

Chronic gastritis induced by prolonged H. pylori infection is a key step 
in the development of gastric cancer. Usually chronic inflammation 
evolves through the action of several inflammatory molecules like 
inflammatory cytokines. During the infection of stomach mucosa 
by H. pylori different pro-inflammatory cytokines are released, such 
as TNF-α, IL-1β and IL-6 [71-76]. The interaction between these 
cytokines and their specific receptors in the membrane of epithelial 
cell activates molecular pathways that regulate the expression of 
genes involved in the carcinogenic process. 

We have previously reported that IL-1β and TNF-α, through NF-
κB signalling pathway, can regulate the expression of the intestinal 
mucin MUC2 [77] and fucosyltransferases FUT1, FUT2 and FUT4 
[78]. Whereas IL-6, through JAK/STAT signaling pathway, can 
regulate the expression of MUC4 [79], FUT3 and FUT5 [78] in gastric 
cancer cells.

4.1 IL-1β and TNF-α 

IL-1 is a pro-inflammatory cytokine that contributes to the initiation 
and amplification of the inflammatory response to H. pylori infection 
[80]. TNF is a key mediator in the inflammatory response which 
is implicated in the onset of a number of diseases. IL-1β and 
TNF-α polymorphisms associated with enhanced IL-1β and TNF-α 
production are related with an increased risk of gastric cancer [81-
83]. Furthermore, stomach-specific expression of human IL-1β in 
transgenic mice leads to spontaneous gastric inflammation and 
cancer [84].
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	   Figure 7: NF-κB signalling pathway activated by IL-1β or TNF-α. 
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In epithelial cells IL-1β and TNF-α are able to activate the NF-
κB pathway (Figure 7). Under un-stimulated conditions, NF-κB 
(composed by p50 and p65 subunits) is bound to the inhibitory 
protein IκB in the cytoplasm. After the binding of IL-1β or TNF-α to 
its receptor, IL1R or TNFR respectively, TRAF/RIP complexes are 
formed and trigger IKK complex activation leading to phosphorylation, 
ubiquitination and degradation of IκB proteins. Consequently, NF-κB 
dimmer is released and translocates to the nucleus and binds to κB 
sites to activate the transcription of target genes.

In gastric tumours NF-κB is constitutively active [85-87] resulting in 
evasion of apoptosis [88-92], genomic instability [93], drug resistance 
[89, 94], increased rate of glycolysis [95], and suppression of 
angiogenesis, invasion and metastasis [96, 97].

4.2 IL-6 

IL-6 is a pro-inflammatory cytokine that produces multifunctional 
effects. It is involved in the regulation of immune reactions, 
haematopoiesis and inflammatory state. In gastric cancer increased 
IL-6 expression correlates with patient’s survival, invasion and lymph 
node and metastasis [98-100]. In gastric mucosa IL-6 transduces its 
signal through gp130 homodimers.

After the binding of IL-6 to its specific α receptor subunit, IL-6Rα, 
the complex associates with gp130 homodimers, then two major 
pathways can be activated: SHP-2/ERK/MAPK pathway and 
JAK/STAT pathway (Figure 8). The SHP-2/ERK/MAPK pathway 
is activated through the recruitment of SHP-2 to Y759 in gp130 
phosphorylated by JAK1/2, a series of MAPK are stimulated ending 
in gene regulation by the transcription factor AP-1 (composed by the 
subunits c-JUN and c-FOS). The JAK/STAT pathway can be initiated 
via the phosphorylation of gp130 in Y767, Y814, Y905 and Y915 by 
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JAK. STAT3 is phosphorylated and forms dimmers that translocate 
to the nucleus to activate the transcription of target genes. Under 
normal conditions these pathways are in a homeostatic balance 
controlled by SOCS proteins that mediate negative feedback. 
SOCS1 binds to phosphorylated JAKs while SOCS3 binds directly to 
the phosphorylated Y759 residue on gp130, blocking JAK activation 
and downstream STAT cascade. SHP-2 inhibits JAK activation in the 
same way of SOCS3.

Although the SHP-2/ERK/MAPK signalling pathway can regulate 
many processes related with carcinogenesis [101] and is activated 
in numerous cancers such as breast [102], prostate [103] and 
oesophageal [104], gastric tumours present a decrease of ERK1/2 
phosphorylation compared to non-cancer adjacent tissues [105]. 
By contrast, H. pylori infected patients present increased ERK 
activation [106]. On the contrary of SHP-2/ERK/MAPK signalling 
pathway, STAT3 is constitutively activated in gastric cancer and 
correlates with tumour invasion and poor prognostic [107-109]. 
STAT3 regulates genes involved in cellular transformation [110], 
suppression of apoptosis and cellular proliferation [109, 111-113], 
angiogenesis [114-116], and cell motility and metastasis [117, 118].

The activation of STAT3 can induce the regulation of transcription 
factors, as c-MYC, involved in proliferation and differentiation 
processes in embryonic cells, as it has been demonstrated by Kiuchi 
et al.  [119] that have identified the full activation of the c-MYC gene 
after IL-6 stimulation through the JAK/STAT pathway by the direct 
binding of p-STAT3 to its promoter. c-MYC is an oncogene present 
in a wide variety of tumours. In some of them the c-MYC expression 
is regulated by p-STAT3 such as in pancreas [120], ovarian [121] 
or prostate [122]. Furthermore, the over-expression of c-MYC has 
been found in 40 - 60% of the gastric cancers [123, 124] and the 
levels of c-MYC protein increased progressively during the gastric 
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	   Figure 8: Major signalling pathways induced by IL-6. 
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carcinogenesis process from chronic active gastritis to gastric cancer 
[125, 126].

To study the consequences of disrupting the balance between the 
JAK/STAT and SHP-2/ERK/MAPK signalling pathways a transgenic 
mouse model carrying mutated gp130 was generated [127]. In 
these mice the Y757 on gp130 is substituted with a phenylalanine, 
therefore the name gp130757F/F mouse. This mutation prevents the 
SHP-2 and SOCS3 binding to gp130, disrupting the balance of 
gp130 signalling as a consequence of the blockade of SHP-2/ERK/
MAPK pathway and constitutive upregulation of JAK/STAT3 pathway. 
gp130757F/F mice rapidly develop distal stomach tumours and the 
tumour progression follows the steps defined by Correa’s model of 
intestinal-type gastric cancer in humans [128], making them a good 
model to study gastric cancer progression. In these mice, we have 
observed that the developed tumours, with the JAK/STAT pathway 
hyperactivated, express the intestinal mucin MUC4 [77].
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5. TRANSCRIPTION FACTORS INVOLVED IN THE 
INITIATION OF GASTRIC CANCER

During the sequence to intestinal-type adenocarcinomas decreases 
the expression of gastric markers such as the mucins MUC5AC and 
MUC6, and the trefoil factors TFF1 and TFF2 whereas increases 
the expression of intestinal markers such as MUC2, MUC4, villin, 
S-I and TFF3. Through this process, intestinal metaplasia is thought 
to be the major precursor lesion of gastric cancer. The molecular 
mechanisms of intestinal metaplasia include the ectopic expression 
of intestinal transcription factors such as CDX1, CDX2, PDX1 and 
OCT-1 and the down-regulation of the gastric transcription factor 
SOX2 (Figure 9). Because these transcription factors are important 
for differentiation in the normal gut development, they may also 
be regulating the expression of differentiation markers in intestinal 
metaplasia.

There is evidence that CDX2 plays an important role in the 
development of intestinal metaplasia. CDX2 is highly expressed in 
intestinal metaplasia [43, 44]. In CDX2-expressing transgenic mice in 
parietal cells all of the gastric mucosa cells are replaced by intestinal 
metaplasia [129]. Although little is known about the CDX2 regulation 
in intestinal metaplasia, some studies have suggested that other 
transcription factors may be regulating the CDX2 expression such 
as the BMP pathway [130, 131], SOX2 [45], OCT-1 [132], PDX1 
[133] or CDX2 binding to its own promoter [134].
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Figure 9: A) Expression of transcription factors in the gastrointestinal 

tract. Adapted from [235]. B) Progression of normal stomach mucosa 

to intestinal metaplasia and intestinal-type adenocarcinoma. During 

the process decrease the expression of gastric markers and the 

transcription factor SOX2 whereas increase the expression of 

intestinal markers and transcription factors CDX1, CDX2, PDX1 and 

OCT-1. Adapted from [236]. 
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5.1 CDX homeobox gene family

CDX are members of the nonclustered exapeptide superclass of 
homeobox genes. The homeobox is comprised of a basic helix-
loop-helix domain that binds DNA. In mice and humans exist three 
homologues, CDX1, CDX2 and CDX4. All are expressed early in 
embrionogenesis and have roles in defining posterior structures. 
The human CDX1 and CDX2 share 92% identity in the homeobox 
domain, and are important for intestinal epithelial development and 
differentiation [135, 136]. Transgenic mice overexpressing CDX1 and 
knockout mice exhibited a morphologically normal intestine [137]. 
On the other hand, CDX2 knockout mice are peri-implantation lethal 
[138] and long-term loss of CDX2 in chimeric mice model results in 
loss of all differentiated intestinal cell types and partial conversion 
of the mucosa to a gastric-like epithelium [139]. In 1994 Suh et al. 
described the intestine-specific transcription of S-I through CDX2 
[140]. Since there it have been described that CDX1 and CDX2 
can regulate the expression of many intestine-specific genes such 
as carbonic anhidrase 1 [141], lactase-phlorizin hydrolase [142], 
guanylyl cyclase C [143], MUC2 [144, 145] or TFF3 [146].

In the adult intestine CDX1 expression increases along the anterior-
posterior axis, being the highest expression observed in distal colon. 
Along the crypt-villous axis the CDX1 expression is highest in crypt 
epithelial cells [147]. In the stomach, ectopic expression of CDX1 
appears with intestinal metaplasia but progressively decreases 
in dysplasia and adenocarcinoma [43, 44]. Moreover, the gastric 
mucosa of transgenic mice expressing CDX1 is also replaced by 
intestinal metaplasia [148]. These results suggest that CDX1 is 
important for intestinal metaplasia initiation but little is known about 
the mechanism that activates CDX1 expression in the gastric 
mucosa. It is well accepted that CDX1 is regulated by Wnt/β-catenin 
signalling pathway in development [149] and colon cancer cells 
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signalling and activates the CDX1 transcription [151]. Also the NF-
κB signalling is able to activate the CDX1 expression by direct 
binding to its promoter [152]. Furthermore, in normal gastric mucosa 
CDX1 is not expressed due to high levels of promoter methylation 
that decrease during H. pylori gastritis, intestinal metaplasia and 
adenocarcinomas [152].

Concerning the CDX2 expression, it increases progressively from 
the duodenum to the distal intestine, and highest levels are in the 
proximal colonic epithelium. Along the crypt-villous axis there is no 
gradient in the CDX2 protein levels. During the gastric carcinogenic 
process, CDX2 expression appears in gastric epithelium of H. pylori 
infected patients [44]. In intestinal metaplasia ectopic expression of 
CDX2 is found [43, 44], and may contribute to the intestinal phenotype 
inducing the expression of intestinal-specific genes. However, 
CDX2 expression is lower in incomplete intestinal metaplasia, 
which express both gastric and intestinal markers, than in complete 
intestinal metaplasia, which only express intestinal markers [153]. 
In intestinal metaplasia CDX2 expression precedes those of CDX1 
[154], this is in concern with the fact that CDX2 can regulate CDX1 
expression [155]. Moreover the CDX2 expression progressively 
decreases in dysplasia and gastric cancer [43, 44, 153].

A good model of intestinal metaplasia is CDX2-expressing transgenic 
mice in stomach in which all of the gastric mucosa cells are 
replaced by intestinal metaplasia [129], and develop intestinal-type 
adenocarcinomas [156]. On the other hand, the intestinal metaplasia 
of these mice differs from CDX1 induced metaplasia in differentiation, 
structure and proliferation [148]. All together suggest that both CDX1 
and CDX2 are essential for the induction of intestinal metaplasia 
but direct independent programs to induce intestinal metaplasia in 
gastric mucosa. 
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Little is known about CDX2 regulation in the gastric carcinogenesis 
process. During intestinal metaplasia it have been suggested that 
other transcription factors may be regulating the CDX2 expression 
such as SOX2 [45], PDX1 [133] or OCT-1 [132]. Moreover, the 
BMP pathway regulates CDX2 expression, at the same time that 
decreases the expression of SOX2 [130, 131]. 

5.2 SOX gene family

SOX gene family share an HMG box, which has the capacity to bind 
DNA and other transcriptional regulators. According to Sry-like HMG 
box homology SOX gene family is divided in ten subgroups. SOX1, 
SOX2 and SOX3 are grouped in the B1 subgroup due to the high 
homology of the HMG boxes (approximately 82%). SOX1, SOX2 and 
SOX3 are important for the gut development in mice [157]. SOX2 
plays an important role in gastric differentiation during development 
[135, 158]. SOX2 expression is associated with the expression 
of gastric-specific genes [159] suggesting that is essential for the 
maintaining of gastric phenotype in epithelial cells. SOX2 regulates 
the expression of gastric mucin MUC5AC [160] and the gastric-
specific pepsin precursor pepsinogen A [161].

In the normal gastro-intestinal tract SOX2 is expressed in the 
oesophagus and stomach. In stomach SOX2 expression decreases 
from fundus to antrum and becomes very low at pyloric sphinter 
[45, 160]. During the carcinogenic process, SOX2 expression 
is progressively lost in intestinal metaplasia [45] and gastric 
adenocarcinomas [45, 159, 162, 163]. Furthermore, the H. pylori 
infection of gastric cancer cell lines and mice results in SOX2 down-
regulation [131, 164]. 

Over-expression of SOX2 in gastric cancer cells inhibits cell growth 
through cell-cycle arrest and apoptosis [165], suggesting that SOX2 
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the role of SOX2 in the outcome of gastric cancer is not clear, some 
studies have found that SOX2 is related to good prognosis [162, 
165], whereas others relate SOX2 expression with a poor prognosis 
[166].

5.3 PDX1

PDX1 is also known as IPF-1, STF-1, IDX-1 and IUF-1. In normal 
development PDX1 contributes to the development of adult 
pancreatic islet cells, duodenum proper and the antropyloric 
mucosa of stomach [167, 168]. PDX1 knockout mice produce nearly 
total ablation of gastrin-producing cells, probably controlling the 
maturation of gastrin/serotonin precursor genes [168, 169].

In stomach, PDX1 is expressed in the antrum and in hyperplastic 
endocrine cells in the surrounding gastric glands during chronic 
atrophic gastritis [170]. Despite increased expression of PDX1 is 
found in intestinal metaplasia [171, 172], exist contradictory data about 
its expression in gastric cancer. On one hand, Ma et al. described 
that PDX1 expression is lost in gastric cancer and through over-
expression of PDX1 in gastric cancer cells inhibited cell proliferation, 
impair colony formation and migration, and reduce the ability of 
tumour formation in nude mice [173]. Further, they described that 
promoter hypermethylation and histone hypoacetylation contributed 
to PDX1 silencing in gastric cancer [174]. All together suggest that 
PDX1 functions as a tumour suppressor in gastric cancer. On the 
other hand, other studies found increased PDX1 expression in 
gastric carcinomas [133, 171, 172] and positively correlated with 
the proliferation marker Ki-67 expression [133]. Further studies to 
determine the role of PDX1 in CDX2 regulation and the development 
of gastric cancer remain to be elucidated. 
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5.4 OCT-1

OCT-1 is a member of POU homeodomain family of transcription 
factors and recognizes the canonical octamer motif (ATGCAAAT). 
Although OCT-1 is ubiquitously expressed, interaction with cell-type-
specific POU transcription factors could be relevant to differential 
gene expression. OCT-1 is implicated in the activation of mouse 
CDX2 in pancreatic and intestinal cell lines in cell type-specific 
manner [175].

In gastric mucosa, Almeida et al. reported that OCT-1 was expressed 
in the nuclei of cells in the proliferative region of chronic gastritis, 
increased in gastric mucosa adjacent to intestinal metaplasia and 
in 87% of intestinal metaplasia [132]. Moreover, 74% of gastric 
adenocarcinomas expressed OCT-1 strongly associated to intestinal-
type adenocarcinomas. These results suggested that OCT-1 is 
playing a role in the development of intestinal-type adenocarcinoma 
maybe trough CDX2 expression. Furthermore, in gastric cancer 
cells, OCT-1 is able to bind to CDX2 promoter but a direct effect of 
OCT-1 in the transactivation of CDX2 has not been demonstrated 
[132], probably due to the involment of different co-factors. 
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6. TREFOIL FACTOR FAMILY

Trefoil factor family is composed by TFF1, TFF2 and TFF3, and 
comprises a group of secreted peptides characterized by a triple loop 
structure, the trefoil domain or P-domain [176]. The trefoil domain 
contains 6 cysteine residues that are linked by 3 disulphide bonds to 
form a characteristic “trefoil” disulphide loop structure (Figure 10B). 
TFF1 and TFF3 contain one trefoil domain, whereas TFF2 has two 
trefoil domains. TFF reside on a short section of chromosome 21q23 
in humans [177] and share 5’ regulatory sequences (Figure 10A).

The most abundant expression of TFFs is found in the gastrointestinal 
tract, essentially in tissues containing mucus-secreting cells, usually 
co-expressed with specific mucins. The interaction of TFF and 
mucins [178, 179] is related with mucus stabilization and protection 
of the mucosa [180]. Furthermore, TFF functions include regulation 
of cell migration during wound healing [181, 182], gastrointestinal 
cell differentiation [183], proliferation and apoptosis [184]. 

TFF1 is expressed in the foveolar cells of the gastric mucosa 
whereas TFF2 is located in the mucous neck cells and deep pyloric 
glands of the stomach and Brunner’s glands of the duodenum. TFF3 
is expressed mainly in goblet cells of the small and large intestine. 
During the process of gastric carcinogenesis there is a progressive 
loss of TFF1 and TFF2 and de novo expression of TFF3 [46, 185-
187]. TFF1 and TFF2 expression gradually decrease in chronic 
atrophic gastritis, intestinal metaplasia and dysplasia. However, 
ectopic expression of TFF3 appears in intestinal metaplasia and is 
conserved in gastric cancer.
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	   Figure 10: A) TFF gene structure. TFF cluster on the human 

chromosome 21; TFF1 and TFF3 are composed by three exons 

coding signal peptide, P-domain and carboxy-terminal acidic domain 

whereas TFF2 is composed by four exons coding two P-domains. B) 

Secondary TFF1 structure that resembles a clover-leaf. Cysteins are 
in red and = indicates the disulfide bonds.   
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6.1 TFF1

TFF1 (or pS2) was first detected in breast cancer [188] where is 
regulated by estrogen [189]. Furthermore, aberrant expression of 
TFF1 is found in other cancers such as prostate [190], pancreas 
[191] and liver [192].

In the stomach TFF1 is expressed in the faveolar epithelial cells 
together with the gastric mucin MUC5AC [193, 194]. A yeast 2-hybrid 
analysis showed an interaction between the murine TFF1 and vWFC 
cysteine-rich domains of murine MUC5AC and MUC2 [178]. Then, 
Ruchaud-Sparagano et al. demonstrated that MUC5AC interacts 
directly with the TFF1 dimer [179]. In the gastric mucosa TFF1 is 
present in 3 molecular forms: as TFF1 monomer, TFF1 dimer and 
TFF1 heterodimer with TFIZ1 (or gastrokine 2, GDDR and blottin) 
[179, 195]. TFF1 homodimer has greater activity than the monomer 
[196, 197] but the predominant molecular form of TFF1 in the gastric 
mucosa is the heterodimer of 25 kDa. Furthermore, H. pylori have 
been shown to interact with the TFF1 homodimer but not the TFF1 
monomer and it has been proposed that H. pylori colonize the 
mucus barrier as a consequence of the interaction with the TFF1 
dimer [198, 199].

TFF1 expression is lost in 40-60% of gastric tumours [185, 200, 
201] because of loss of heterozygosity [143, 202], promoter 
hypermetilation [202-204] and transcriptional regulation, especially 
by NF-κB pathway [205, 206]. Moreover, TFF1 knockout mice develop 
hyperplasia, dysplasia and antropyloric adenomas [207]. Later, in 
these mice, was described that TFF1 is important for maintaining the 
normal commitment programme of epithelial progenitors [208]. On 
the other hand, the gp130757F/F mouse is a model of gastric cancer 
that lacks the SHP2-binding site on the IL-6 family receptor gp130 
and has increased STAT3 activity [127].  These mice develop gastric 
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adenomas by three months of age and loss TFF1 expression at 6 
weeks suggesting that the depletion of TFF1 may contribute to the 
early initiation of gastric tumorigenesis [128]. All together suggest 
that TFF1 is a stomach-specific tumour suppressor gene.

The use of TFF1 as a prognostic tool in gastric carcinoma is not 
clear whereas some studies have described that TFF1 expression 
does not correlate with most features of tumor aggressiveness and 
patients survival [209-211] other studies have described that TFF1 
expression in gastric tumors is associated with an unfavourable 
outcome [212] and a more invasive and metastatic phenotype [213].

6.2 TFF2

TFF2 was first isolated from porcine pancreas and was called PSP 
(porcine SP) [214]. The human homologue, TFF2 or SP, is located 
in mucous neck cells and deep pyloric glands of the stomach and 
Brunner’s glands of the duodenum and co-locate with the gastric 
mucin MUC6 [193, 194]. 

The TFF2 expression in human cancers is very similar to those 
that also express TFF1 like prostate [190] and pancreas [191]. In 
gastric cancer TFF2 is decreased compared to the normal gastric 
mucosa [186]. Moreover, TFF2-deficient mice showed decreased 
proliferation in gastric mucosa, increased acid secretion, and 
significant increase in gastric ulceration after administration of 
indomethacin. These results suggested a physiologic role of TFF2 
to promote mucosal healing through stimulation of proliferation 
and down-regulation of gastric acid secretion [215]. Recently TFF2 
has been described as a stomach-specific tumor suppressor gene. 
Peterson et al. reported that TFF2 expression is progressively loss 
during gastric carcinogenic process through promoter methylation 
[216]. Furthermore, gp130757F/F Tff2-/- mice present larger tumours 
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compared with gp130757F/F mice because of increased proliferation 
and accumulation of mucus cells. In addition Tff2 deficiency in 
gp130757F/F Tff2-/- mice led to reduced Tff1 expression [216].

6.3 TFF3

TFF3 (or ITF) is expressed mainly in the globet cells of the small 
and large intestine and is co-expressed with MUC2 expression [194, 
217]. Mice lacking TFF3 had impaired mucosal healing and died from 
colitis after oral administration of dextran sulfate sodium, suggesting 
a role of TFF3 in the maintenance and repair of the intestinal mucosa 
[218].

In gastric cancer ectopic expression of TFF3 is detected [186, 187]. 
Test for TFF3 serum levels have been proposed to be included 
in gastric cancer screenings because serum levels of TFF3 were 
increased in patients with gastric cancer [219, 220]. Furthermore, 
its expression in gastric cancer is related with poor prognosis [221]. 
A recent study related high TFF3 expression in gastric carcinomas 
to lymph node metastasis, lymphatic invasion, vein invasion, and 
advanced stage [211].
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Inflammatory cytokines released during H. pylori infection activate 
signalling pathways that can be the responsible of gastric-specific 
genes down-regulation and intestinal-specific genes up-regulation. 

The first objective was to analyze the expression of the gastric 
transcription factor SOX2 and the expression of the intestinal 
transcription factor CDX2 in the sequence of pre-neoplasic lesions 
and in gastric adenocarcinomas. And relate with clinico-pathological 
characterics of the patients.

The second objective was to determine the CDX2 regulation 
through signalling pathways activated by IL-6 in gastric cancer cell 
lines.

The third objective was to determine the TFF1 down-regulation 
through NF-κB pathway, activated by IL-1β and TNF-α, in ex-vivo 
samples of gastric mucosa and in MKN45 gastric cancer cell line.
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INVERSE EXPRESSION OF SOX2 AND CDX2 
IN GASTRIC PRE-NEOPLASIC LESIONS AND 
ADENOCARCINOMAS

Lara Cobler, Marta Garrido, Mar Iglesias, Manuel Pera, and Carme de Bolós.

Gastroesophagic Cancer Research Group. Programa de Recerca en Càncer. Institut Hospital 
del Mar d’Investigacions Mèdiques (IMIM). Dr. Aiguader, 88. 08003 Barcelona. Spain.

Abstract

SOX2 and CDX2 are transcription factors involved in the 
differentiation of the gastro-intestinal tract during development. In 
adults, SOX2 is expressed in stomach whereas CDX2 is found in 
the intestine. The deregulation of these transcription factors in adult 
gastric mucosa can be important for the initiation and evolution of 
gastric adenocarcinomas. The expression of SOX2 and CDX2 
was analyzed by immunohistochemistry in 21 non-tumoral gastric 
tissues and 51 gastric adenocarcinomas, and related with clinico-
pathological characteristics. All gastric mucosa with gastritis 
expressed SOX2, whereas only 29 % of intestinal metaplasia and 
43 % of dysplasia presented SOX2 expression.  On the contrary, 
high expression of CDX2 was observed in all intestinal metaplasia 
samples and in 86 % of dysplasias. We found an inverse correlation 
between SOX2 and CDX2 expression in adenocarcinomas and no 
differences where observed in Laurén classification, differentiation, 
invasion or tumour stage. In conclusion, SOX2 and CDX2 expression 
is inversely correlated during the gastric carcinogenic process and 
gastric adenocarcinomas, suggesting that the down-regulation of 
SOX2 can play a role in the induction of the CDX2 expression.
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Introduction

The infection of gastric mucosa by H. pylori represents the first 
step of a precancerous process that leads to the development 
of intestinal-type adenocarcinomas [1]. The immune response 
produced after prolonged H. pylori colonization results in loss of 
glandular structures. In some patients, gastric mucosa is replaced 
by glandular structures with an intestinal phenotype, called intestinal 
metaplasia. Finally, a small proportion of subjects progress to 
dysplasia and adenocarciona. Intestinal metaplasia is thought to be 
the major precursor lesion of gastric cancer and is characterized by 
the loss of gastric markers such as the mucins MUC5AC and MUC6, 
and gain of intestinal markers such as MUC2 and MUC4 [2, 3]. The 
molecular origin of intestinal metaplasia is not well understood, 
and is growing up the idea that genes involved in the development 
and differentiation play an important role. In this sense, decrease 
the expression of gastric transcription factors such as SOX2 and 
MIST1 [4, 5] whereas appears the ectopic expression of intestinal 
transcription factors such as CDX1 and CDX2 [6].

SOX2 is a member of SOX gene family. All SOX factors share high-
mobility group (HMG) box, which has the capacity to bind both DNA 
consensus sequence and other transcriptional regulators such 
as OCT-1. SOX2 plays an important role in gastric differentiation 
during development [7, 8]. In the adult stomach SOX2 maintains the 
gastric phenotype and regulates the expression of gastric-specific 
genes such as MUC5AC [9] and the pepsin precursor pepsinogen 
A [10]. SOX2 is normally expressed in oesophagus and stomach, 
where its expression decreases from fundus to antrum [4, 9]. 
However, during the gastric pre-neoplasic process, the SOX2 
expression is progressively lost in intestinal metaplasia and gastric 
adenocarcinomas [4, 11-13]. Moreover, H. pylori infection of gastric 
cancer cell lines and mice results in the SOX2 down-regulation [14, 
15]. SOX2 have been suggested to be a tumour suppressor gene 
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in gastric epithelium because its over-expression in gastric cancer 
cells inhibits cell growth throught cell-cycle arrest and apoptosis [16].

On the other hand, CDX1 and CDX2 are members of homeobox 
gene family. The homeobox is characterized by the helix-loop-helix 
domain. The CDX2 is important for intestinal epithelial development 
and differentiation [7, 17], and regulates the expression of intestine-
specific genes such as MUC2 [18, 19] and sucrase isomaltase 
[20]. In the adult gastro-intestinal tract CDX2 expression increases 
progressively from the duodenum to the distal intestine, and highest 
levels are found in the proximal colonic epithelium. During the gastric 
carcinogenesis process CDX2 is highly expressed in intestinal 
metaplasia [6, 21] and progressively decreases in dysplasia and 
adenocarcinoma [6, 21, 22]. Transgenic mice that express CDX2 in 
the stomach represent a good model of intestinal metaplasia. These 
mice have all the gastric mucosa replaced by intestinal metaplasia 
[23] and develop intestinal-type adenocarcinomas [24]. All together 
suggest that CDX2 expression plays an important role in the initiation 
of the gastric carcinogenic process.

In this work we have analyzed the expression of the transcription 
factors SOX2 and CDX2 in a set of 51 gastric adenocarcinomas 
tissues and the pre-neoplasic lesions of 21. We have also related the 
expression of SOX2 and CDX2 in adenocarcinomas with the clinico-
pathological characteristics of the patients.

Materials and Methods

Human tissue samples

Gastric adenocarcinoma tissues (n=51), and the non-tumoral gastric 
tissues of 21 of them were obtained from the paraffin-embedded 
tissue bank Mar Biobanc (Parc de Salut Mar). The study was 
approved by the Ethics Committee (CEIC) of the Institution. Tissue 
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samples were processed in 3 μm sections and haematoxylin-eosin 
staining was used for diagnostic purposes.

Immunohistochemistry

Antigen retrieval was performed by boiling the samples in 10mM 
sodium citrate pH 6 for 10min. After washing, slides were blocked 
using 5% horse serum diluted in TBS-0.1% Tween for 1 hour. To 
detect SOX2 expression, anti-SOX2 antibody (Cell Signaling), 
diluted at 1/50 in SignalStain Antibody Diluent (Cell Signaling), was 
incubated o/n at 4ºC. Samples were rinsed and then incubated 
for 30 min with anti-rabbit biotin (Dako) diluted 1/300 in TBS-0.1% 
Tween. The signal was amplified using ABC kit (Vectastatin). For 
the CDX2 detection, anti-CDX2 antibody (Biogenex) was incubated 
40 min. After washing, secondary anti-mouse Envision HRP (Dako) 
was incubated 30 min. Finally, sections were developed with DAB 
(Dako) and counterstained with haematoxylin. Images were captured 
using the digital scanner Scanscope T2 (Aperio) and samples were 
considered positive when more than 5% of positive cells were 
detected.

Statistical analysis

The association between the expression of SOX2 and CDX2 and 
the clinico-pathological characteristics of the patients was evaluated 
using Mann-Whitney U-test for continuous variables and Pearson’s 
Chi-square test for categorical variables. Positive (r2>0) or negative 
(r2<0) correlation was established using Spearman’s rho correlation 
coefficient (r2). Statistical analysis was performed with SPSS 15.0 
(SPSS Inc.). Statistical significance was established when p≤0.05.
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Results

SOX2 and CDX2 expression in the sequence of pre-neoplasic 
lesions

First, the expression of transcription factors SOX2 and CDX2 was 
analyzed in 21 gastric tissues with several degrees of gastritis, 
corresponding to the non-tumoral mucosa from stomach cancer 
samples (Figure 1). The appearance of gastric mucosa of these 
samples was the same as the gastric mucosa of patients that did 
not had gastric cancer. For this reason we considered the gastric 
mucosa with gastritis as normal. 

In normal gastric mucosa nuclear SOX2 was found in the base of 
all the glands in the faveolar epithelium and was expressed in all 
the tissues. Focal nuclear expression of CDX2 was observed in two 
cases.

	  

Table 1: SOX2 and CDX2 expression in gastric pre-neoplasic lesions.  

 
SOX2+ / CDX2- 

n (%) 

SOX2+ / CDX2+ 
n (%) 

SOX2- / CDX2+ 
n (%) 

Gastritis 
n = 21 

19 (90) 2 (10) - 

Metaplasia 

n = 14 
- 4 (29) 10 (71) 

Dysplasia 
n = 7 

1 (14) 2 (29) 4 (57) 
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Among the 21 normal gastric tissues, 14 cases presented foci of 
intestinal metaplasia. Four (29 %) cases had nuclear expression of 
SOX2 in metaplasic glands located near the tumour, whereas all 
metaplasic glands had nuclear expression of CDX2. In the cells that 
co-expressed CDX2 and SOX2, the CDX2 expression levels were 
lower than the cells that only expressed CDX2 (Figure 1).

Within the 7 dysplasic tissues, 3 (43 %) had nuclear expression of 
SOX2, whereas 6 (86 %) expressed CDX2. Two cases of dysplasia 
presented SOX2 and CDX2 expression, while one case expressed 
only SOX2 and four only CDX2 (Table 1). Like in intestinal metaplasia, 
cells that co-expressed SOX2 and CDX2, the CDX2 expression 
levels were lower. 

To sum up, all the pre-neoplasic lesions expressed at least one 
of the transcription factors evaluated. Tissues with gastritis had a 
clearly expression of SOX2, in intestinal metaplasia high expression 
of CDX2 was detected and in dysplasia decreased the CDX2 
expression. Low levels of SOX2 expression were observed in 
intestinal metaplasia and dysplasia. The differences observed 
between the pre-neoplasic lesions, gastritis, intestinal metaplasia 
and dysplasia, and the co-expression of transcription factors SOX2 
and CDX2 where statistically significant (p<0.001).

SOX2 and CDX2 expression in gastric adenocarcinomas and 
relation between clinico-pathological characteristics of the 
patients

The expression of the transcription factors SOX2 and CDX2 was 
also evaluated in 51 gastric adenocarcinoma samples. Twenty 
(39 %) tumours had SOX2 expression and the mean percentage 
of tumoral cells expressing SOX2 was 16 %. However, 47 (92 %) 
gastric adenocarcinomas had CDX2 expression and the mean 
percentage of cells expressing CDX2 was 48 % (Figure 2). Moreover, 
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Figure 1: Expression of SOX2 (A, C, E) and CDX2 (B, D, F) in pre-

neoplasic lesions (x160). A, B) SOX2 is expressed in gastric glands 

with chronic gastritis whereas CDX2 is expressed in metaplasic 

glands. C, D) Metaplasic glands that express SOX2 and CDX2 have 

lower levels of CDX2 than metaplasic glands that do not express 
SOX2. E, F) Dysplasia that express CDX2 but not SOX2.   
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the expression of SOX2 and CDX2 in gastric adenocarcinomas 
correlated negatively (r2 = -0.301; p = 0.032).

The association between SOX2 and CDX2 expression in gastric 
adenocarcinomas and the clinico-pathological characteristics of the 
patients was evaluated (Table 2). No differences were observed in 
the expression of SOX2 and CDX2 and the tumour type according 
Laurén classification, differentiation (histological grade), invasion 
(pT) or tumour stage (TNM).

Discussion

We have described that in a set of 21 non-tumoral gastric tissues 
the SOX2 expression was detected in normal mucosa, whereas 
decreased in intestinal metaplasia and dysplasia. On the other hand, 
CDX2 was not expressed in normal mucosa while was found in all 
intestinal metaplasia and in a high number of dysplasias. Moreover, 
an inverse correlation was observed between SOX2 and CDX2 
expression in gastric adenocarcinomas. 

These results are in concern with previous data in which CDX2 is 
highly expressed in intestinal metaplasia and dysplasia [6, 21]. The 
inverse correlation between the expression of SOX2 and CDX2 
has been widely described in the stomach mucosa, suggesting that 
SOX2 and CDX2 can be involved in the regulation of each other. 
H. pylori infection, through the activation of the BMP pathway, up-
regulates the CDX2 expression in gastric cancer cells and stomach 
mucosa of mice, whereas down-regulates the SOX2 expression [15]. 
Moreover, Asonuma et al. reported that the infection of gastric cancer 
cells with H. pylori inhibited the activation of STAT6 that regulates 
the expression of SOX2, and the SOX2 down-regulation increases 
the CDX2 expression levels [12]. However, the intestinal metaplasic 
mucosa of transgenic mice expressing CDX2 in stomach present 
higher expression levels of SOX2 mRNA than normal mice stomach 
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Table 2: Clinico-pathological characteristics and expression of SOX2 

and CDX2 in gastric adenocarcinomas.  

 SOX2 CDX2 

Laurén’s classification 
Intestinal 

Diffuse 

Mixed 

 

16* (11/27)** 

18 (6/18) 

13 (3/6) 

 

52 (25/27) 

44 (18/18) 

40 (4/6) 

Histological grade 
I - II 

III - IV 

 

11 (8/24) 

21 (12/27) 

 

51 (22/24) 

44 (25/27) 

pT 

pT1 - pT2 

pT3 - pT4 

 

17 (15/36) 

14 (5/15) 

 

43 (32/36) 

58 (15/15) 

TNM 
I - II 

III - IV 

 

17 (16/39) 

14 (4/12) 

 

44 (35/39) 

60 (12/12) 

   

* Percentage of positive cells 
** Number of positive cases 

	  

	  

Figure 2: Expression of SOX2 (A) and CDX2 (B) in gastric 
adenocarcinoma (x160).	  
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[25], suggesting that the loss of SOX2 in intestinal metaplasia is 
independent of the ectopic expression of CDX2. Furthermore, the 
relation between SOX2 and CDX2 expression has been studied in 
development because are important components of differentiation 
in the gastro-intestinal tract [7, 8, 17]. The over-expression of SOX2 
in embryonic stem cells induces the trophectoderm differentiation 
together with increased levels of CDX2 expression [26], and 
the inhibition of SOX2 diminishes the expression of CDX2 [27]. 
Recently, Kuzmichev et al. reported that induced SOX2 expression 
in adult mice increased the number of stem cells and reduces the 
expression of CDX2 [8]. The same study demonstrated that SOX2 
specifically induced the expression of SOX21 in fibroblasts, and 
SOX21 represses CDX2 in colon cancer cells and in pluripotent stem 
cells. All together, suggest that the SOX2 down-regulation during the 
gastric carcinogenic process can have a role in the ectopic induction 
of CDX2 expression.

We have related the expression of SOX2 and CDX2 in gastric 
adenocarcinomas with the clinico-pathological characteristics of the 
patients, but any association was observed. There are contradictory 
data about the role of SOX2 and CDX2 expression in gastric 
adenocarcinomas. In concern with our results, Uozaki et al. found 
no correlation between SOX2 expression and tumour stage and 
type, according Laurén classification [28]. Matsuoka et al. related 
SOX2 expression with a poor prognosis, tumour stage, invasion, 
lymph node metastasis, lymphatic invasion and venous invasion 
[29]. By contrast, Zhang et al. related SOX2 expression with a good 
prognosis and lower invasion and lymph node metastasis, but not 
with differentiation, type or H. pylori infection [13]. However, Otsubo 
et al. related SOX2 methylation with a shorter survival time [16]. 
In the same study the exogenous expression of SOX2 in gastric 
cancer cells suppressed cell proliferation, cell cycle arrest and 
apoptosis, suggesting SOX2 as a tumour suppressor gene in gastric 
adenocarcinomas.
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Concerning to CDX2 expression, Uozaki et al. related CDX2 
expression in gastric adenocarcinomas with early stage tumours [28]. 
Xie et al. suggested CDX2 as a tumour suppressor gene because its 
over-expression in gastric cancer cell lines inhibits cell growth and 
proliferation, blocks the entry into the S phase to cell cycle, induces 
apoptosis and reduces motility and invasion [30]. However, the 
disruption of CDX2 expression in the gastric cancer cell line MKN45 
does not affected cellular proliferation and differentiation [31].
In conclusion, SOX2 and CDX2 expression are inversely correlated 
during the gastric carcinogenic process and gastric adenocarcinomas, 
suggesting that the down-regulation of SOX2 can play a role in the 
induction of CDX2 expression.
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Abstract

The infection of gastric mucosa by Helicobacter pylori increases 
the presence of the pro-inflammatory cytokine IL-6 that activates 
two signalling pathways, the SHP-2/ERK/MAPK and the JAK/STAT 
pathway. Furthermore, the ectopic expression of CDX2 is detected 
in pre-neoplasic lesions and gastric adenocarcinomas. To determine 
the role of IL-6 in the CDX2 regulation, MKN45 and NUGC-4 
gastric cancer cell lines were treated with IL-6, which induced the 
CDX2 up-regulation, detected by RT-qPCR and western blot. ChIP 
assays determined that in IL-6-treated cells, p-STAT3 replaces 
c-JUN in the CDX2 promoter. Specific inhibition of STAT3 and 
ERK1/2 phosphorylation through AG490 and U0126, respectively, 
and STAT3 down-regulation using shRNA verified that the SHP-2/
ERK/MAPK pathway regulates the expression of CDX2 in basal 
conditions, and the CDX2 up-regulation by IL-6 is through the JAK/
STAT pathway. Moreover, IL-6 increased c-MYC expression. ChIP 
and site-directed mutagenesis determined that in un-treated cells 
only c-JUN was bound to c-MYC promoter, and in IL-6-treated cells 
c-JUN and p-STAT3 bound to c-MYC promoter. Inhibition experiments 
determined that SHP-2/ERK/MAPK regulates c-MYC expression in 
un-treated cells, and both patways induced higher levels of c-MYC 
in treated cells. In conclusion, the signalling pathways activated by 
IL-6 have a crucial role in the CDX2 regulation. IL-6 also increases 
c-MYC expression, which may contribute to the CDX2 up-regulation.
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Introduction

Gastric adenocarcinomas are classically divided in two major 
histological types: intestinal or diffuse. In 1975 Correa described a 
multistep process that leads to the development of intestinal-type 
adenocarcinomas [1]. During this process occurs the intestinal 
differentiation of the gastric mucosa. The process usually starts 
when Helicobacter pylori (H. pylori) colonizes the gastric mucosa, 
inducing the infiltration of inflammatory cells. 

During the infection of the stomach mucosa by H. pylori several pro-
inflammatory cytokines are released, such as tumour necrosis factor 
(TNF)-α, interleukin (IL)-1β and IL-6 [2-5]. The interaction between 
these cytokines and their specific receptors in the membrane of 
epithelial cells activates molecular pathways that can regulate the 
expression of genes involved in the carcinogenic process. The 
inflammatory cytokine IL-6 binds to its specific receptor α subunit, 
associates with gp130 homodimers and activates two main 
signalling pathways: the SHP-2/ERK/MAPK pathway and the JAK/
STAT pathway. The SHP-2/ERK/MAPK pathway ends in the gene 
regulation by the transcription factor AP-1 (composed by c-JUN and 
c-FOS subunits). In the JAK/STAT pathway phosphorylated STAT3 
dimmers translocate to the nucleus and activate the transcription of 
target genes. Gastric tumours usually present a decrease of ERK1/2 
phosphorylation compared to non-cancer adjacent tissues [6]. By 
contrast, STAT3 is constitutively active in gastric cancer [7-9] and 
regulate genes involved in the neoplasic transformation. Previously, 
we have found that in human gastric cancer tissues, the expression 
of STAT3 and p-STAT3 is detected in the 70,83% and 39,58% of 
the cases, respectively [10]. Moreover, it has been reported that 
mice with hyperactivation of the JAK/STAT pathway develop gastric 
adenomas and tumours [11, 12] that express the intestinal mucin 
MUC4, activated through this pathway [10].
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The activation of STAT3 can induce the regulation of transcription 
factors, as c-MYC, involved in proliferation and differentiation 
processes in embryonic cells, as it has been demonstrated by Kiuchi 
et al. that have identified the full activation of the c-MYC gene after 
IL-6 stimulation through the JAK/STAT pathway by the direct binding 
of p-STAT3 to its promoter [13]. Furthermore, the over-expression 
of c-MYC has been found in 40 - 60% of the gastric cancers [14, 
15] and the levels of c-MYC protein increased progressively during 
the gastric carcinogenesis process from chronic active gastritis to 
gastric cancer [16, 17]. 

Caudal type homeobox 2 (CDX2) is an intestinal-specific transcription 
factor induced during the neoplasic transformation of the gastric 
epithelium. During the gastric carcinogenic process, CDX2 is 
important for intestinal differentiation and regulates the expression of 
intestinal markers such as MUC2 [18, 19] and TFF3 [20]. Moreover, 
transgenic mice that express CDX2 in parietal cells represents a 
good model of intestinal metaplasia since all of the gastric mucosa 
cells are replaced by intestinal metaplasia [21], and further develop 
intestinal-type adenocarcinomas [22]. In the human pre-neoplasic 
gastric process CDX2 is highly detected in intestinal metaplasic cells 
and its expression decreases in dysplasia and gastric cancer [23-
25]. All together these data suggest that CDX2 is a key factor for the 
initiation and development of intestinal-type adenocarcinomas.

In the present study we provide evidence, in gastric cancer cell 
lines, that CDX2 expression can be induced after IL-6 stimulation. 
We demonstrate that in basal conditions the SHP-2/ERK/MAPK 
pathway regulates CDX2 expression and in the presence of IL-6 
the JAK/STAT pathway induces the CDX2 up-regulation. Moreover, 
after IL-6 treatments these two signalling pathways increase c-MYC 
expression, which can also be implicated in the CDX2 regulation. 
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Materials and Methods

Reagents and antibodies

IL-6 was purchased from PeproTech EC. The specific inhibitor of 
STAT3 activation, AG490, was obtained from Calbiochem and the 
MEK inhibitor U0126 was acquired from Cell Signaling. Anti-p-STAT3 
(Tyr705), anti-STAT3, anti-p-ERK1/2 (Thr202/Tyr204), anti-ERK1/2, 
anti-c-MYC (#9402 for WB and ChIP, and #5605 for IF) and anti-c-
JUN were purchased from Cell Signaling. Anti-CDX2 was obtained 
from Biogenex and anti-β-actin from Sigma-Aldrich. Secondary anti-
mouse and anti-rabbit HRP (Dako) were used for western blot, and 
anti-rabbit Cy2 (Invitrogen) and anti-mouse Alexa 555 (Invitrogen) 
for immunofluorescence.

Cell culture and treatments

Human gastric cancer cell lines MKN45 and NUGC-4 were obtained 
from ATCC. Cell lines were maintained at 37°C in a CO2 atmosphere 
in 10% FBS supplemented DMEM. For cytokine treatments, 60–70% 
confluent cells were serum-starved 24h before treatments and then 
incubated with 40 ng/ml of IL-6 diluted in DMEM at different times. 

To prevent STAT3 phosphorylation, ERK1/2 phosphorylation or 
both, cells were incubated with 60 μM of AG490, 20 μM of U0126 
or a combination of both 2h prior to IL-6 treatments. The doses 
and conditions for these treatments were established previously 
[26]. All treatments were performed in duplicate and at least three 
independent experiments were done.

RNA extraction and quantitative RT-PCR

Total RNA extraction was carried out from control and cytokine-
stimulated cells using GenElute Mammalian Total RNAMiniprep kit 
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(Sigma-Aldrich). RNA was reverse transcribed using Transcription 
First Strand cDNA Synthesis Kit (Roche) and cDNA levels of CDX2 
and c-MYC were quantified in triplicate using LightCycler 480 SYBR 
Green I Master (Roche). The primers used are described in Table 
1. Hypoxanthineguanine phosphoribosyl transferase (HPRT) mRNA 
(Gene-Cardsdatabase, NCBI36:X) was analyzed as an internal 
control. Data collection was performed on the ABI Prism 7900HT 
systems according to the manufacturer’s instructions. At least 
two independent experiments were performed. Gene levels are 
expressed normalized to HPRT.

Cell lysates and Western blot analysis

Cellular pellets were solubilized in 2X SDS gel sample buffer (20 
mM dithiothreitol, 6% SDS, 0.25 M Tris-HCl pH 6.8, 10% glycerol, 
and bromophenol blue) and sonicated using 2 bursts of 10 s each. 
Lysates were boiled at 95 °C for 10 min and immediately cooled 
on ice. Protein extracts were electrophoresed on 10% (p-ERK1/2, 
ERK1/2, CDX2, c-MYC and β-actin) or 8% (p-STAT3 and STAT3) 
SDS-polyacrylamide gels. Separated proteins were blotted onto 
nitrocellulose membranes (Protran), blocked for 1 h at RT, and 
incubated overnight with the specific primary antibodies following 
the manufacturer’s instructions. After incubation with anti-mouse or 
anti-rabbit-HRP conjugated antibodies, membranes were developed 
using Immobilon Western Chemiluminiscence HRP Substrate 
(Millipore).

Double labelling immunofluorescence (IF)

Cells were grown on glass coverslips. Un-treated or 40 ng/ml IL-6 
treated cells were fixed in 4% PFA. After washing with TBS, cells 
were incubated with methanol at -20ºC for 10 min. Non-specific 
binding sites were blocked using 1/10 horse serum in TBS containing 
1% bovine serum albumin (BSA) and 0.3% triton. Primary antibodies 
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anti-p-STAT3, anti-p-ERK1/2 or anti-c-MYC were incubated o/n at 
4 ºC diluted in TBS-1% BSA-0.3% triton. Slides were successively 
washed incubated with anti-rabbit Cy2, anti-CDX2, and anti-mouse 
Alexa 555 during 40 min each. After rinsing, coverslips were mounted 
in Fluoromount (Southern Biotech) and observed in an Olympus 
BX61 microscope.

Transfection of short hairpin RNAs

Short hairpin RNAs (shRNAs) towars human STAT3 and scramble 
were ordered from MISSION® shRNA plasmids (Sigma). shRNAs 
were transfected to MKN45 and NUGC-4 cells using Lipofectamine 
LTX (Invitrogen) and stable cell lines expressing the shRNA were 
selected with puromycin at 3,5 μg/ml for MKN45 cells and at 1 μg/ml 
for NUGC-4 cells. The efficiency of the down-regulation was tested 
by western blot.

Chromatin immunoprecipitation (ChIP) assay

ChIP assay was performed as described [26]. Cells were cross-
linked with 1% formaldehyde, lysed and sonicated. Chromatin 
was precleared with protein A-agarose and irrelevant IgGs for 3 h. 
p-STAT3, c-MYC, c-JUN or control IgG were immunoprecipitated 
incubating with the specific antibody overnight at 4 °C. Blocked 
agarose was added to the samples and incubated for 2 h at 4 °C. 
Immunoprecipitates were washed and eluted with elution buffer (0.1 
M Na2CO3 and 1% SDS) for 30 min at RT and 30 min at 55 °C. To 
revert the crosslink, 5 M NaCl were added to the samples and were 
incubated overnight at 65 °C. After digestion with K proteinase, DNA 
was purified using GFX PCR DNA and Gel Band Purification Kit (GE 
Healthcare). DNA levels were quantified in triplicate using LightCycler 
480 SYBR Green I Master (Roche). The primers used are described 
in Table 1. Quantifications were normalized to IgG negative control. 
At least two independent experiments were performed.
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	   Table 1: Sequences of the oligonucleotides used for qPCR, ChIP and 

site-directed mutagenesis.  

 5’  →  3’ Ref. 

qPCR   

CDX2 F: GCCGAGCTAGCCGCCACGC 

R: TGCAGGGAAGACACCGGACTCAAG 

 

c-MYC F: TGGTCTTCCCCTACCCTCTCAAC 

R: GATCCAGACTCTGACCTTTTGCC 

[43] 

HPRT F: GGCCAGACTTTGTTGGATTTG 

R: TGCGCTCATCTTAGGCTTTGT 

 

ChIP   

p(c-MYC) -1595/-1490 F: GTGAATACACGTTTGCGGGTT 

R: AAAATTTGGCTGCCTTCCAGG 

 

p(c-MYC) -1403/-1200 F: TGTGCATGACCGCATTTCCAA 

R: ATATGGGAGGGGCAGGGGGT 

 

p(c-MYC) -983/-827 F: ACATCTCAGGGCTAAACAGA 

R: ATGCATTATGTATGCACAGC 

 

p(c-MYC) -390/-226 F: GGCGCGCGTAGTTAATTCAT 

R: TTTTCTTTTCCCCCACGCCC 

 

p(c-MYC) +46/+140 F: CGGCCGGCTAGGGTGGAAGA 

R: GCCAGAGGCGAAGCCCCCTA 

 

p(c-MYC) +272/+357 F: GCGGGGAGGCTATTCTGCCC 

R: AGCAGCTGCAAGGAGAGCCTT 

 

p(CDX2) -1057/-963 F: CTCCAGTTATGCACGCCAAT 

R: CGTTTACATTCAAGAATCAGAAGTT 

 

p(CDX2) -683/-602 F: TGGGACAGAAGGAGTTTCTT 

R: GAATCTGAGCTTGGAGACAG 

 

p(CDX2) -547/-382 F: CTTTGAACCTGTGATTGGAGGT 

R: CTCTACGCACAACCCCTCGAA 

[34] 

p(CDX2) -401/-265 F: CGAGGGGTTGTGCGTAGAGT 

R: ACAGGCTGGCGTGCGGA 

[34] 

Site-directed mutagenesis  

p(c-MYC) MUT* S: GCTGCGGGCGGCCGGGGCCGGGAGATCCGG 

AS: CCGGATCTCCCGGCCCCGGCCGCCCGCAGC 

 

*Mutated nucleotides are underlined 
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Site-directed mutagenesis

Quick Change site-directed mutagenesis kit (Stratagene) was used 
to generate site-specific mutations in the STAT-binding site +95/+102 
in the c-MYC promoter construct Del 2 (−1183/+317) (Addgene 
plasmid 16602) [27]. Mutagenesis was performed according to the 
manufacturer’s instructions. The oligonucleotides containing the 
desired mutations are described at Table 1.

Luciferase reporter assays

Reporter assays were carried out by using 400 ng of the human wild 
type c-MYC promoter construct Del 2 (−1183/+317) or 400 ng of the 
mutated construct. Cells were cotransfected with 1 ng of simian virus 
40 Renilla luciferase plasmid as a control for transfection efficiency. 
Cells were incubated with IL-6 (40 ng/ml, 20 h) 24 h post-transfection. 
Then the expression of Firefly and Renilla luciferases was analysed 
according to the manufacturer’s instructions.

Statistical analysis

To compare the differences observed between un-treated and IL-
6-treated cells Student’s t-test was used. Statistical analysis was 
performed with SPSS 15.0 (SPSS Inc.). Statistical significance was 
established when p≤0.05.

Results

IL-6 stimulation activates p-STAT3 and p-ERK1/2 expression

The expression of p-STAT3 and p-ERK1/2 was evaluated after IL-6 
stimulation to confirm the activation of JAK/STAT and SHP-2/ERK/
MAPK pathways in MKN45 and NUGC-4 gastric cancer cell lines. 
MKN45 cells expressed p-STAT3 in basal conditions and increased 
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Figure 1: IL-6 induces CDX2 expression in MKN45 and NUGC-4 

gastric cancer cells. A) p-STAT3, STAT3, p-ERK1/2 and ERK1/2 

protein levels detected by western blot after 40 ng/ml IL-6 treatments. 

B) CDX2 mRNA expression levels after IL-6 treatments at 40 ng/ml. 

Values are mean ± SE (*p≤0.05, **p≤0.01, ***p≤0.005). C) CDX2 

protein levels detected by western blot after IL-6 treatments at 40 

ng/ml.    

its levels after IL-6 treatments. However, NUGC-4 cells did not have 
the STAT3 pathway active in basal conditions, but it was activated 
after treatments with IL-6. Both cell lines expressed p-ERK1/2 
in basal conditions and its levels increased after IL-6 treatments 
(Figure 1A).

IL-6 stimulation increases CDX2 expression in gastric cancer 
cells. p-STAT3 and p-ERK1/2 co-localize with CDX2 after IL-6 
treatments

To analyze if IL-6 can induce the CDX2 expression, MKN45 
and NUGC-4 cells were treated with 40 ng/ml of IL-6 at different 
times (Figure 1B and 1C). In MKN45 cells, CDX2 expression 
was significantly increased after 1h of treatment at mRNA and 
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protein level. In NUGC-4 cells, which had very low levels of CDX2 
expression at basal conditions, CDX2 expression increased at 1h of 
IL-6 treatment; however after 15h the CDX2 expression decreased 
to lower levels than the control.

Figure 2 shows the co-expression of CDX2 with p-STAT3 and 
p-ERK1/2 in un-treated and IL-6-treated cells for 2h. In MKN45 cells, 
p-STAT3 and CDX2 did not co-localize, but after IL-6 treatments 
nuclear co-expression was detected. p-ERK1/2, which was co-
expressed with CDX2 in some cells in basal conditions, after IL-6 
treatments most cells expressing CDX2 also expressed p-ERK1/2. 
In NUGC-4 cells, p-ERK1/2 and CDX2 were co-expressed, whereas 
only in IL-6-treated cells p-STAT3 and CDX2 were co-detected in 
the nucleus. By contrast, in IL-6-treated and un-treated cells, the 
number of cells expressing CDX2 and not p-ERK1/2 was increased. 
These results can suggest that CDX2 can be regulated through 
SHP-2/ERK/MAPK pathway under basal conditions, and the JAK/
STAT pathway induces its expression after IL-6 treatments.

p-STAT3

CDX2

p-ERK1/2

CDX2

MKN45 NUGC-4

Control IL-6 2h Control IL-6 2h

	   Figure 2: Double labelling IF of p-STAT3 and CDX2, and p-ERK1/2 

and CDX2 in cells treated 40 ng/ml IL-6 for 2h (x400).    
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p-STAT3 binds to CDX2 promoter instead of c-JUN after IL-6 
treatments

ChIP assays were performed to assess if the direct binding of 
p-STAT3 or c-JUN transcription factors to CDX2 promoter regulates 
the CDX2 expression. First, putative binding sites for STAT or AP-1 
were search within the CDX2 promoter through TFSEARCH (http://
www.cbrc.jp/research/db/TFSEARCH.html) using TRANSFACT 
databases [28]. Table 2 and Figure 3A show two AP-1 and one STAT 
putative binding sites found within the CDX2 promoter. The binding 
of c-JUN and p-STAT3 to CDX2 promoter was assessed by ChIP 
experiments in NUGC-4 un-treated and IL-6-treated (2 h) cells. In 
un-treated cells, c-JUN was bound to CDX2 promoter in the region 
-547/-381 whereas p-STAT3 was not. After 2 h of IL-6 treatments 
c-JUN released from CDX2 promoter and p-STAT3 was attached to 
it (Figure 3B).
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	   Figure 3: A) Schematic representation of CDX2 promoter, putative 

STAT, AP-1 and c-MYC binding sites and primers used for ChIP 

assays are shown. B) ChIP assays of CDX2 promoter after 2h of  40 

ng/ml IL-6 treatment in NUGC-4 cells. Values are mean ± SE.    
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Table 2: Putative binding sites for AP-1, STAT and c-MYC in CDX2 

and c-MYC promoter predicted by TFSEARCH  

(http://www.cbrc.jp/research/db/TFSEARCH.html). 

 5’ à  3’ Location 

CDX2 promoter   
AP-1 CTGTGTCAGG -458/-449 

AP-1 TGTCATTACTAA -343/-332 

STAT TTCCCTGC -653/-616 

c-MYC CTACCACATGCCC -1018/-1007 

c-MYC promoter   
AP-1 GTGAGTCAG -1538/-1529 

AP-1 TGCTGACTCCC -1296/-1285 

AP-1 GGGGGACTCA -886/-876 

AP-1 CCCGGCTGAGT -324/-313 

STAT CATTTCCAATAA -1392/-1380 
STAT CCCCTTTTAGGAAGT -1254/-1239 

STAT TCCTGGGAAG +95/+102 

STAT TCTCTGAAAG +329/+338 

   

 

	  

CDX2 is regulated through SHP-2/ERK/MAPK and JAK/STAT 
pathway

The implication of JAK/STAT or SHP-2/ERK/MAPK pathway in 
the CDX2 regulation was further evaluated. MKN45 and NUGC-4 
cells were treated with the specific inhibitor of STAT3 or ERK1/2 
phosphorylation, AG490 or U0126, respectively, or with both 
inhibitors (Figure 4A). 

In MKN45 cells, the expression of CDX2 in cells not treated with IL-6 
decreased when AG490, U0126 or both inhibitors were added. After 
2 h of IL-6 treatments, CDX2 expression increased with AG490 or 
U0126, whereas the addition of both inhibitors induced CDX2 down-
regulation. All together indicate that in MKN45 cells, both pathways 
are regulating the expression of CDX2 in un-treated and IL-6-treated 
cells. 
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	   Figure 4: Blockage of JAK/STAT and SHP-2/ERK/MAPK pathways in 

MKN45 and NUGC-4. A) Inhibition of STAT3 phosphorylation by 60 

µM AG490 and inhibition of ERK1/2 phophorylation by 20 µM U0126 

and further IL-6 treatments with 40 ng/ml for 2 h. Protein detection by 

western blot of p-STAT3, STAT3, p-ERK1/2, ERK and CDX2. B) 

Inhibition of JAK/STAT pathway through shRNAs towars STAT3 and 

40 ng/ml IL-6 treatments for 1 and 2 h. Protein detection by western 
blot of p-STAT3, STAT3 and CDX2.    

In NUGC-4 cells, the addition of U0126 increased the CDX2 
expression. After IL-6 treatments, in presence of AG490 the 
expression of CDX2 was recovered. By contrast, in cells treated with 
AG490+U0126 increased CDX2 expression was detected. These 
results indicate that in basal conditions SHP-2/ERK/MAPK pathway 
is inhibiting CDX2 expression, and the increase of CDX2 expression 
after IL-6 treatments is due to the activation of JAK/STAT3 pathway.

To confirm the regulation of CDX2 through JAK/STAT pathway 
STAT3 expression was specifically silenced using shRNAs in 
MKN45 and NUGC-4 gastric cancer cell lines, and then treated with 
IL-6 for 1 and 2 h (Figure 4B). In cells transfected with shSTAT3, the 
IL-6 treatments did not induce increments in the CDX2 expression 
levels in both cell lines, indicating again that p-STAT3 is necessary to 
increase the expression levels of CDX2 after IL-6 treatments.
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	   Figure 5: IL-6 induces c-MYC expression in MKN45 and NUGC-4 

gastric cancer cells. A) c-MYC mRNA expression levels after IL-6 

treatments at 40 ng/ml. Values are mean ± SE (*p≤0.05, **p≤0.01, 

***p≤0.005). B) c-MYC protein levels detected by western blot after 

IL-6 treatments at 40 ng/ml.    

IL-6 stimulation increases c-MYC expression in gastric cancer 
cells

To explore if c-MYC could be also implicated in the regulation of 
CDX2 through signalling pathways activated by IL-6, its expression 
was analyzed in IL-6-treated MKN45 and NUGC-4 cells.  Both cell 
lines had high expression levels of c-MYC at basal conditions, and 
its expression levels increased by the IL-6 treatments at mRNA and 
protein level (Figure 5).

p-STAT3 and c-JUN bind to c-MYC promoter after IL-6 treatments

Within the c-MYC promoter four AP-1 and four STAT putative 
binding sites were predicted (Table 2 and Figure 6A). The binding 
of p-STAT3 and c-JUN at c-MYC promoter was assessed by ChIP 
in NUGC-4 cells treated with IL-6 for 2 h (Figure 6B). As expected, 
only c-JUN was bound in un-treated cells. In treated cells, p-STAT3 
bound to c-MYC promoter in the region +46/+140 that contains the 
putative STAT binding site +95/+102. The c-JUN binding to c-MYC 
promoter increased after IL-6 treatments except in the regions near 
the p-STAT3 binding site -983/-827 and -390/-226. These results 
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	   Figure 6: A) Schematic representation of c-MYC promoter, putative 

STAT and AP-1 binding sites, primers used for ChIP assays and 

reporter constructs used for luciferase reporter assay are shown. B) 

ChIP assays of c-MYC promoter after 2h of  40 ng/ml IL-6 treatment 

in NUGC-4 cells. C) Luciferase reporter assay after 20h of 40 ng/ml 

IL-6 treatments in MKN45 and NUGC-4. Values are mean ± SE.    
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suggest that c-JUN may regulate c-MYC expression in basal 
condition but with the presence of IL-6 both pathways can have a 
role in the regulation of c-MYC expression.

To confirm the role of p-STAT3 in the regulation of c-MYC after IL-6 
treatments, luciferase reporter assays were performed using the 
wild type (WT) c-MYC promoter covering the region -1183/+317 
and the promoter mutated (MUT) in the p-STAT3 binding site 
+95/+102 (Figure 6C). After 20h of IL-6 treatments the activity of the 
WT promoter increased but did not changed in the MUT promoter 
in both cell lines. Taken all together, these results indicate that in 
basal conditions the SHP-2/ERK/MAPK pathway may be regulating 
the c-MYC expression, and the increased expression after IL-6 
treatments is due to p-STAT3 binding at +46/+140 position of c-MYC 
promoter.

SHP-2/ERK/MAPK pathway regulates c-MYC expression in 
basal conditions, and higher levels are induced by IL-6 through 
the JAK/STAT pathway

Figure 7A shows c-MYC expression in MKN45 and NUGC-4 treated 
with AG490 and/or U0126 and then treated with IL-6. In MKN45 the 
c-MYC expression slightly decreased after treatments with AG490, 
U0126 or both inhibitors. After the addition of IL-6 the c-MYC 
increased with the presence of AG490 or U0126, but decreased 
with the presence of both inhibitors. These results indicate that 
both pathways are important to regulate c-MYC expression in basal 
conditions and after IL-6 treatments in MKN45 cell line. In NUGC-4 
cells treated with U0126 the c-MYC expression was down-regulated 
in control and IL-6-treated cells. Additionally, with the presence of 
AG490 after IL-6 treatments c-MYC expression was recovered to 
control levels. 
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Moreover, c-MYC expression was analysed in MKN45 and NUGC-
4 transfected with shSTAT3 and treated with IL-6 for 1 and 2 h 
(Figure 7B). In basal conditions c-MYC expression in both cell lines 
transfected with shSTAT3 were higher than in cells transfected with 
shscramble. However, in cells transfected with shSTAT3 the c-MYC 
expression was not changed after IL-6 treatments.

These results suggest that c-MYC regulation is mainly to SHP-2/
ERK/MAPK pathway but increased levels of c-MYC in IL-6 treated 
cells is due to JAK/STAT pathway.
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	   Figure 7: A) Inhibition of STAT3 phosphorylation by 60 µM AG490 

and inhibition of ERK1/2 phophorylation by 20 µM U0126 and further 

40 ng/ml IL-6 treatments for 2 h. Protein detection by western blot of 

c-MYC. B) Inhibition of JAK/STAT pathway through shRNAs towars 

STAT3 and 40 ng/ml IL-6 treatments for 1 and 2 h. Protein detection 

by western blot of c-MYC. C) Double labelling IF of c-MYC (green) 

and CDX2 (red) after 2h of IL-6 treatments at 40 ng/ml (x400). D) 

ChIP assay of CDX2 promoter in NUGC-4 cells. Values are mean ± 

SE. 
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c-MYC may regulate CDX2 expression after IL-6 treatments

After IL-6 treatments, CDX2 expression increased at the same time of 
c-MYC expression. To evaluate if c-MYC has a role in the regulation 
of CDX2 after IL-6 treatments, we assessed the co-expression of 
c-MYC and CDX2 in IL-6-treated (2 h) MKN45 and NUGC-4 cells 
(Figure 7C). Although CDX2 and c-MYC co-localized in the nucleus 
of some cells, no differences were observed between c-MYC and 
CDX2 co-expression in IL-6-treated and un-treated cells. 

As a putative binding site for c-MYC was predicted in the CDX2 
promoter (Table 2 and Figure 3A), to determine if c-MYC bounds to 
CDX2 promoter, ChIP assay was performed in IL-6-treated NUGC-4 
cells (2 h) (Figure 7D). c-MYC was bound to CDX2 promoter in un-
treated and treated cells. Although the binding of c-MYC to CDX2 
promoter increased after IL-6 treatments, the differences were not 
statistically significant. These results suggest that c-MYC may have 
a role in the CDX2 regulation, however more experiments need to 
be done. 

Discussion

Little is known about the CDX2 regulation during the gastric 
carcinogenic process. The ectopic expression of CDX2 in intestinal 
metaplasia have been suggested to be induced by transcription 
factors involved in differentiation during development such as the 
BMP pathway [29, 30], SOX2 [30, 31], OCT-1 [32], PDX1 [33] or the 
binding of CDX2 to its own promoter [34]. 

The chronic inflammation induced after prolonged infection of gastric 
mucosa by H. pylori increase the presence of inflammatory cells and 
the release of pro-inflammatory cytokines. These cytokines activate 
signalling pathways that can regulate the expression of genes 
involved in the carcinogenic process. We have previously described 
that NF-κB pathway activated by TNF-α and IL-1β induces the 
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expression of the intestinal mucin MUC2 in gastric cancer cells [10] 
whereas IL-6 induces MUC4 expression through the direct binding 
of p-STAT3 to its promoter [26]. Signalling pathways induced by 
inflammatory cytokines may up-regulate the expression of CDX2. 
Treatments with TNF-α, IL-1β, IL-6, or interferon-γ of biliary epithelial 
cells induced the expression of CDX2 mRNA [35]. However, the main 
data of CDX2 regulation were obtained using colon cancer cell lines. 
Kim et al. found that the CDX2 expression decreases after TNF-α 
treatments through the NF-κB pathway [36], contrasting the results 
obtained in biliary cells.

In this work, we have described a novel mechanism of CDX2 
regulation through IL-6, which could be implicated in the gastric 
carcinogenic process. We have used two gastric cancer cell lines, 
MKN45 cells that have SHP-2/ERK/MAPK and JAK/STAT pathways 
constitutively active in basal conditions, and NUGC-4 cells that in 
basal conditions only have the SHP-2/ERK/MAPK pathway active. 
In MKN45 cells the CDX2 expression is regulated through SHP-
2/ERK/MAPK pathway in basal conditions. After IL-6 treatments, 
both signalling pathways are activated and both contribute to the 
increase of CDX2 expression. In NUGC-4 cells the SHP-2/ERK/
MAPK pathway is inhibiting the CDX2 expression and IL-6 activates 
the JAK/STAT pathway then p-STAT3 replaces c-JUN in the CDX2 
promoter, increasing the CDX2 expression levels. 

The contradictory data obtained in the CDX2 regulation by SHP-2/
ERK/MAPK pathway is also found in the literature. IL-6 treatments 
in Caco-2 cells increase the CDX2 expression through SHP-2/
ERK/MAPK pathway and PI3K pathway [37], as regards to our 
results obtained in MKN45 gastric cancer cell line. By contrast, in 
concern with our results in NUGC-4 cells, Krueger et al. described 
two mechanisms of CDX2 repression through SHP-2/ERK/MAPK 
pathway [38], ERK1/2 activation inhibits the CDX2 transcription, and 
also promotes the CDX2 phosphorylation and further proteasomal 
degradation. 
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Because we predicted a putative binding site of c-MYC in CDX2 
promoter, we thought that c-MYC could also be implicated in the 
regulation of CDX2. Both signalling pathways activated by IL-
6, SHP-2/ERK/MAPK and JAK/STAT pathway, play a role in the 
c-MYC regulation in gastric cancer cell lines. In MKN45 cells, both 
signalling pathways are activated in basal conditions and regulate 
the expression of c-MYC. After IL-6 treatments both pathways 
contribute to c-MYC up-regulation. In NUGC-4 cells, the SHP-2/
ERK/MAPK pathway is the responsible of the c-MYC expression 
in un-treated cells. IL-6 treatments activate the JAK/STAT pathway 
that, in combination with SHP-2/ERK/MAPK pathway, increases the 
c-MYC expression. c-MYC is an oncogene present in a wide variety 
of tumours. In some of them the c-MYC expression is regulated by 
p-STAT3 such as in pancreas [39], ovarian [40] or prostate [41]. 
Moreover, Kiuchi et al. demonstrated the c-MYC activation after IL-6 
treatments through the direct binding of p-STAT3 to its promoter [13]. 
On the other hand, the SHP-2/ERK/MAPK pathway extends the half-
life of c-MYC through the phosphorylation of Ser 62 [42]. Although 
there is some evidence that the increased expression of c-MYC after 
IL-6 treatments may contribute to the CDX2 regulation, we could not 
demonstrate its direct involvement.

In conclusion, the signalling pathways SHP-2/ERK/MAPK and JAK/
STAT, activated by the pro-inflammatory cytokine IL-6, have a crucial 
role in the regulation of CDX2 in gastric cancer cells. At the same 
time, these signalling pathways increase c-MYC expression after 
IL-6 treatments, which may contribute to the CDX2 up-regulation.  
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Abstract

Trefoil factor 1 (TFF1), expressed in the normal superficial epithelium 
of the stomach, is implicated in the maintenance of gastric epithelial 
structure and functions. During the gastric carcinogenesis process, 
in which proinflammatory cytokines have a crucial role, its expression 
levels decrease suggesting a role as tumor suppressor factor. 

Firstly, we compared the expression levels of TFF1 in gastric mucosa 
from cancer patients, in which several degrees of inflammatory 
infiltrate are present, with samples of normal mucosa from non-
cancer patients. TFF1 was less detected, in the gastric superficial 
epithelium from cancer patients than in the epithelium from normal 
individuals in which no inflammatory infiltrating cells are present, and 
NF-κB pathway is not activated. We also analyzed the implication 
of the proinflammatory cytokines IL-1β or TNF-α, which activated 
the NF-κB pathway, in the regulation of TFF1 in ex-vivo samples of 
gastric mucosa from cancer patients, and in MKN45 gastric cancer 
cell line. Results indicated that IL-1β and TNF-α are effective in the 

* Under second revision 
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activation of the NF-κB pathway, detected by the nuclear expression 
of p65 and the activation of p-IκBα, and induce a down-regulation in 
the TFF1 expression levels after 1 or 2 h of stimulation. Moreover, 
cells in the superficial epithelium of the ex-vivo samples co-expressed 
TFF1/p65 at cellular level, whereas tumor cells did not.

In summary, the down-regulation of TFF1 expression during gastric 
neoplastic transformation can be related to the activation of the NF-
κB pathway through IL-1β or TNF-α proinflammatory cytokines and 
suggest that other regulatory mechanisms can be also involved.

Introduction

Trefoil factor family (TFF), composed by TFF1, TFF2 and TFF3, 
comprises a group of secreted peptides characterized by a triple 
loop structure, the trefoil domain or P-domain [1]. The most abundant 
expression of TFFs is found in the gastrointestinal tract, essentially 
in the mucus-secreting cells. TFF1 (previously pS2) is expressed 
in the foveolar cells of the gastric mucosa whereas TFF2 (or SP) 
is located in the mucous neck cells and deep pyloric glands of the 
stomach and Brunner’s glands of the duodenum [2]. TFF3 (or ITF) is 
expressed mainly in goblet cells of the small and large intestine. TFFs 
interact with mucins [3, 4] and this interaction is related with mucus 
stabilization and protection of the mucosa [5]. Furthermore TFF 
functions include regulation of cell migration during wound healing 
[6, 7], gastric cell differentiation [8], proliferation and apoptosis [9]. 
TFF1 has been described as a stomach-specific tumor suppressor 
gene because during the process of gastric carcinogenesis there 
is a progressive loss of TFF1 and TFF2 and de novo expression of 
TFF3 [10, 11]. Moreover TFF1 expression is lost in 40-60% of human 
gastric tumors [12, 13]. The TFF1 down-regulation in tumors can be 
due to the loss of heterozygosity [14, 15], promoter hypermethylation 
[15-17] and transcriptional regulation, mainly through nuclear factor 
(NF)-κB pathway [18, 19].
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Chronic gastritis is the first step in the carcinogenic process and it is 
usually related to the infection of the stomach mucosa by Helicobacter 
pylori (H. pylori). In this process, different pro-inflammatory cytokines 
are released, such as tumor necrosis factor (TNF)-α, interleukin (IL)-
1β and IL-6 [20-24]. IL-1β and TNF-α polymorphisms associated 
with enhanced IL-1β and TNF-α production have been related with 
an increased risk of gastric cancer [25-27]. Moreover, stomach-
specific expression of human IL-1β in transgenic mice leads to 
spontaneous gastric inflammation and cancer [28]. IL-1β and TNF-α 
are able to activate the NF-κB pathway in epithelial cells. NF-κB is 
bound to the inhibitory protein IκB in the cytoplasm, after stimulation 
IκB is phosphorylated, ubiquitylated and degraded. Finally, the 
heterodimers p50/p65 translocate to the nucleus to regulate the 
transcription of target genes.

There are multiple data supporting the fact that in gastric tumors 
NF-κB is constitutively active and this activation correlate with higher 
tumor size, invasion, metastasis and poor survival prognosis [29-
31]. Moreover, the aberrant activation of NF-κB results in evasion of 
apoptosis [32-36], genomic instability [37], drug resistance [33, 38], 
increased rate of glycolysis [39], and suppression of angiogenesis, 
invasion and metastasis [40, 41].

We have analyzed if the NF-κB signaling pathway can be implicated 
in the down-regulation of TFF1 detected during the gastric neoplastic 
transformation. Using two different models, human gastric mucosa 
explants and the MKN45 gastric cancer cell line, we have activated 
the NF-κB pathway through the proinflammatory cytokines IL-1β and 
TNF-α and we have analyzed their effect in the expression levels of 
TFF1.
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Materials and Methods

Reagents and antibodies

IL-1β and TNF-α were purchased from PeproTech EC. The specific 
inhibitor of IκBα phosphorylation, panepoxydone, was obtained from 
Alexis Biochemicals. 

Anti-pS2 MoAb, used to detect TFF1, was purchased from Thermo 
Scientific; anti-p65 antibody was purchased from Santa Cruz; anti-
p-IκBα (Ser32/36) from Cell Signaling, and anti-β-actin was from 
Sigma-Aldrich. Secondary anti-mouse and anti-rabbit PowerVision-
polyHRP (Leica Systems), were used for immunohistochemistry, 
anti-rabbit Cy3 and anti-mouse Alexa 488 (Invitrogen), for double 
labeling immunofluorescence (IF), and anti-mouse HRP (Dako), for 
western blot.

Patients and tissue samples

Paraffin-embedded normal gastric mucosa samples were 
retrospectively collected from morbid obese patients (n=10) that 
underwent sleeve gastrectomy (mean age: 48.6 years; 3 men and 7 
women) and were previously treated for H. pylori eradication. Also, 
mucosal tissues were taken prospectively from stomach resection 
specimens of 28 patients that underwent surgical resection for 
gastric cancer (mean age: 66.5 years; 12 men and 16 women). 
Seventeen tumors from these patients were also included to study 
the expression of TFF1 and p65. All the patients signed the informed 
consent form, and the study was approved by the Ethics Committee 
of the Institution (Institut Hospital del Mar d’Investigacions Mèdiques, 
IMIM).

After extraction, stomach samples were quickly analysed for 
diagnostic, and excedent pieces used for research purposes were 
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then kept in DMEM supplemented with geneticin 50 μg/ml, gentamicin 
50 μg/ml and fungizone 2.5 μg/ml for transportation (The total time 
from extraction until the start of the experiments was approximately 
20-30 min). Once in the laboratory, stomach ex-vivo samples were 
cut into several pieces of approximately 5mm in diameter. These 
explants were put in culture under the conditions detailed below, 
fixed and embedded in paraffin for immunohistochemical purposes. 

Treatments of stomach explants

Gastric mucosa ex-vivo pieces were incubated in 24-well plate with 
500 μl/well of the DMEM with the antibiotic supplements, for 30 
min at 37ºC in 5% CO2 under mild stirring. For cytokine treatments, 
stomach explants were then incubated with 100 ng/ml IL-1β or 70 
ng/ml TNF-α in DMEM for 1, 2 and 5h. In selected cases (n=14), 
to prevent the NF-κB activation, cells were incubated with 100 
ng/ml of IL-1β or 70 ng/ml TNF-α in combination with 5 μg/ml of 
panepoxydone, for 1, 2 and 5h. The doses and conditions for these 
treatments were established previously [42].

Cytokine-treated mucosa explants were fixed in formol and 
embedded in paraffin. 

Immunohistochemistry and double labelling 
immunofluorescence

Paraffin-embedded tissue samples were cut in 3 μm sections for 
haematoxylin-eosin staining and immunohistochemical analysis. H. 
pylori was detected in the haematoxylin-eosin staining, and in the 
doubtful cases immunohistochemical detection using rabbit MoAb 
from Ventana (Roche), was done.

For p65 detection, antigen retrieval was performed by boiling the 
samples in 10mM sodium citrate pH 6 for 15min. After washing, 
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slides were blocked using 5% horse serum diluted in PBS-1% BSA 
for 1 hour. Anti-p65 antibody, diluted at 1/2000 in PBS-1% BSA, 
was incubated o/n at 4ºC. To detect TFF1, antigen retrieval was not 
needed, and blocking was done using 5% non-fat dry milk diluted 
in PBS-0.04% Tween-20 for 20 min. Anti-pS2 MoAb was applied 
for 30 min at 1/200 in PBS-1%BSA. For detection of MUC5AC and 
MUC6 mucins the LUM5-1 and the anti-MUC6.2 antibodies were 
used in the conditions previously reported [43]. Samples were 
rinsed and then incubated for 30 min with anti-rabbit or anti-mouse 
PowerVision-polyHRP for p65 and TFF1 detection, respectively. 
Then sections were developed with DAB (Dako) and images were 
captured using the digital scanner Scanscope T2 (Aperio). Samples 
were considered positive when more than 5% of positive cells were 
detected. The scoring of reactivity was independently determined by 
two observers (L.C. and C.d.B.) in a blind manner.

For double labeling immunofluorescence (IF) assays, after antigen 
retrieval (10mM sodium citrate, pH 6) samples were blocked 1 h 
in 10% horse serum diluted in PBS-0.3% Triton. Anti-p65 antibody, 
diluted 1/250 in PBS-0.3% Triton, was incubated o/n at 4ºC. Slides 
were successively incubated with anti-rabbit Cy3, anti-pS2 MoAb, 
and anti-mouse Alexa 488. After antibody incubation, samples were 
rinsed and mounted using Fluoromount reagent (Southern Biotech).

Cell culture and treatments

MKN45 human gastric cancer cell line was obtained from ATCC 
(American Type Culture Collection). Cells were maintained at 37ºC 
in a CO2 atmosphere in 10% FBS supplemented DMEM. For IL-
1β and TNF-α treatments, cells were rinsed in phosphate-buffered 
saline (PBS) and incubated for 1, and 2 h with 40 ng/ml of IL-1β or 
TNF-α diluted in DMEM. Panepoxydone treatments were performed 
for 1 and 2 h under the same culture conditions of those employed 
in the tissue explants.
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RNA extraction and quantitative RT PCR

Total RNA extraction was carried out using GenElute Mammalian 
Total RNAMiniprep kit (Sigma-Aldrich), RNA were retro-transcribed 
using Transcription First strand cDNA Synthesis Kit (Roche). 
cDNA levels of TFF1 were quantified in triplicate using LightCycler 
480 SYBR Green I Master (Roche). The primers used for TFF1 
detection were: 5’-TTTGGAGCAGAGAGGAGGCAATG-3’ (sense) 
and 5’-ACCACAATTCTGTCTTTCACGGGG-3’ (antisense). 
Hypoxanthineguanine phosphoribosyl transferase (HPRT) mRNA 
(Gene-Cardsdatabase, NCBI36:X) was analyzed as an internal 
control. Data collection was performed on the ABI Prism 7900HT 
systems according to the manufacturer’s instructions. At least two 
independent experiments were performed.

Cell lysates and Western Blot

Cytoplasmic cell lysates were obtained by lysing the cells in 50mM 
Tris pH8, 62.5 mM EDTA and 1% Triton X-100 lysis buffer. Protein 
extracts (15 μg/well) were run under non-reducing conditions on 20% 
SDS-polyacrylamide gel for TFF1 (180 min at 150 V), and on 10% 
SDS-polyacrylamide gel for p-IκBα and β-actin detection. Separated 
proteins were blotted onto nitrocellulose membranes (Protran), and 
blocked with 5% non-fat dry milk-TBS-0.1% Tween-20. Membranes 
were incubated with anti-β-actin antibody for 90 min at RT, and 
o/n at 4ºC with anti-pS2 (TFF1) and anti-p-IκBα antibodies. After 
incubation with anti-mouse-HRP conjugated antibodies, membranes 
were developed using Immobilon Western Chemiluminiscence HRP 
Substrate (Millipore). Each experiment was made in duplicate, and 
at least two independent experiments were performed.
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Statistical analysis

Levels of TFF1 and p65 were expressed as median and percentiles 
(25th and 75th percentile) values. Mann-Whitney U test was used to 
evaluate differences of TFF1 and p65 expression between normal 
gastric mucosa and gastric mucosa from gastric cancer patients. 
To compare the changes observed in the expression of TFF1 and 
p65 after cytokine treatments the Wilcoxon test was performed. To 
contrast the differences of TFF1 in MKN45 cell line untreated and 
treated Student’s t-test was used. Statistical analysis was performed 
with SPSS 15.0 (SPSS Inc.), and statistical significance was 
established when p≤0.05.

Results and Discussion

Detection of TFF1 in normal mucosa from stomachs with or 
without cancer

Firstly, we have evaluated the expression levels of TFF1 in cells of 
normal non-cancer stomach samples from patients that underwent 
tubular gastrectomy (n=10), and compared with the levels observed 
in epithelial cells from the non-tumor mucosa of gastric cancer 
patients. In the non-cancer samples, not infected by H. pylori and 
with no or only residual inflammation, TFF1 was strongly detected 
in the cytoplasm of almost all the cells of the foveolar epithelium, 
95.00% [81.25-95.00]. In the stomach mucosa from patients with 
gastric cancer (n=28), TFF1 was also detected but the intensity 
of the staining was lower as well as the number of positive cells, 
67.50% [50.00-78.75] (p<0.001) (Figure 1). In these samples, 
H. pylori was detected in 9/28 samples although no correlation 
between its presence and the levels of TFF1 were found. Moreover, 
in all these tissues, several degrees of chronic inflammation were 
estimated by the presence of lymphoplasmocytic cells infiltrating the 
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	   Figure 1: Haematoxylin-Eosin staining and TFF1 expression, 

detected by immunohistochemistry, in normal gastric epithelium from 

non-cancer and from gastric cancer patients.  (x80). 

	  

gastric mucosa. Moreover, when the nuclear expression of p65 was 
evaluated, as indicative of the NF-κB signaling pathway activation, 
it was not detected in samples from normal non-cancer stomach, 
whereas in the epithelial cells from cancer patients it was focally 
detected in 15/28 cases (2.5% [0.00-5.00] of positive cells), and 
these differences were statistically significant (p=0.012).

These data can suggest that cytokines and growth factors induced 
by the inflammatory cells present in the stomach mucosa from gastric 
cancer samples could activate the NF-κB signaling pathway that can 
be involved in the down-regulation of TFF1 during the process of 
gastric carcinogenesis. 

The role of TFF1 during the gastric carcinogenesis process has 
been analyzed in several human and mouse models and it has 
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been proposed that can act as a tumor protector factor. The Tff1-
knockout mice developed gastric adenoma and in a 30% of the 
mice were detected antral and pyloric carcinomas developed 
spontaneously [44]. Moreover, in the gastric mucosa of these mice 
higher inflammatory scores are detected inducing the development 
of gastritis associated to NF-κB activation and to a loss of TFF1 
expression, promoting the initiation of the gastric tumorigenesis [45]. 

Soutto et al. (2011) [45] showed that during the multistep gastric 
carcinogenesis process a progressive decrease in TFF1 expression 
was associated with an increase of chronic inflammation and to the 
activation of the NF-κB pathway. 

However, although many studies have shown the role of TFF1 as a 
tumor suppressor gene and its down-regulation during the neoplastic 
transformation of the gastric mucosa, not enough conclusive data 
about the molecular mechanisms that are implicated in its regulation 
throughout this process are available to date.

Expression of TFF1 and p65 in gastric explants after IL-1β or 
TNF-α treatment. Response to IL-1β or TNF-α treatment related 
to the presence of H. pylori

Twenty-eight ex-vivo gastric mucosa samples from patients with 
stomach cancer were treated for different times (1, 2 and 5 h), with 
100 ng/ml IL-1β or with 70 ng/ml TNF-α (with 100 ng/ml of TNF-α the 
epithelial structure was visibly damaged), and the expression levels 
of TFF1 were determined by immunohistochemistry. In untreated 
mucosa the TFF1 levels were high, and the staining was detected 
in the cytoplasm of the superficial epithelium cells, as expected. No 
differences were observed between uncultured tissue samples and 
samples processed after 1, 2 or 5 h of culture (data not shown). 
When the ex-vivo samples were treated with IL-1β, the expression of 
TFF1 was significantly decreased after 1h of stimulation (p=0.002). 
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	   Figure 2: Expression levels of TFF1 in ex-vivo gastric mucosa 

samples. A) unstimulated and stimulated with IL-1β or TNF-α (n=28); 

and B) unstimulated and stimulated with IL-1β or TNF-α, and IL-1β or 

TNF-α and panepoxydone (n=14) (*p≤0.05, **p≤0.01, ***p≤0.005). C) 

TFF1 detection in selected samples treated and untreated with IL-1β 

or TNF-α, and IL-1β or TNF-α and panepoxydone for 1h (x80). 
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However, no statistically significant differences were found after 2 
and 5 h of treatment (p=0.120 and p=0.673, respectively); although 
lower levels of TFF1 were detected in the total number of cells and 
also a lower staining intensity (Figure 2A and 2C). Similar results 
were observed in the ex-vivo samples stimulated with TNF-α, in 
which only after 1 h of treatment a statistically significant decrease 
was detected (p=0.039). However, as in IL-1β-treated samples, lower 
intensity and number of positive cells were found after 2 and 5h of 
TNF-α stimulation (p=0.970, and p=0.722, respectively) (Figure 2A 
and 2C).

The presence of p65 in the nucleus of the gastric epithelial cells 
was evaluated by immunohistochemical analysis to determine the 
activation of the NF-κB signaling pathway. Results shown in Figure 
3A, indicate that both IL-1β and TNF-α significantly activated the 
nuclear translocation of p65 after 1, 2 or 5 h of treatment (p=0.009, 
p=0.002, and p=0.260 for 1 IL-1β; and p≤0.001, p≤0.001, and 
p=0.010 for TNF-α, respectively), although the p65 expression levels 
were higher in the TNF-α stimulated samples. This nuclear staining 
of p65 was specifically located in the epithelial cells of the superficial 
epithelium.

The co-localization at the cellular level between TFF1 and p65 in the 
gastric superficial epithelium was analyzed by double labeling IF in 
four selected cases. Lower levels of TFF1 were detected when p65 
was present at the nucleus of the epithelial cells (Figure 4), indicating 
that the activation of NF-kB signaling correlates with decreased 
levels/repression of TFF1 expression in the gastric mucosa.

We have also detected the expression of MUC5AC and MUC6 gastric 
mucins in 11 of these gastric samples treated with IL-1β or TNF-α. 
Although MUC5AC is co- expressed in the foveolar epithelium with 
TFF1, the high expression levels were not altered by IL-1β or TNF-α. 
Previously, we have described the activation of the intestinal mucin 
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	   Figure 3: Nuclear expression levels of p65 in ex-vivo gastric mucosa 

samples. A) unstimulated and stimulated with IL-1β or TNF-α (n=28); 

and B) unstimulated and stimulated with IL-1β or TNF-α, and IL-1β or 

TNF-α and panepoxydone (n=14) (*p≤0.05, **p≤0.01, ***p≤0.005). C) 

p65 detection in selected samples treated and untreated with IL-1β or 

TNF-α, and IL-1β or TNF-α and panepoxydone for 1h (x80). 
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MUC2, and not MUC4 [42], through the NF-kB pathway, and this 
mucin is up-regulated in the process of gastric carcinogenesis [42]; 
whereas there are not data regarding to the regulation of the gastric 
mucins MUC5AC and MUC6 through the NF-kB signaling pathway.   
MUC6 expression was exclusively located in the gastric glands [46], 
and was co-detected with TFF2, and not with TFF1 [2]. After the 
incubation of the gastric explants with IL-1β or TNF-α, no differences 
were observed in the levels of MUC6.

Next, we analyzed if the presence of H. pylori in these gastric 
samples could influence the response to the cytokine treatments. 
H. pylori was detected in 9 of the 28 cases analyzed in the study. 
After the treatment of these ex-vivo samples with IL-1β or TNF-α, 
the differences between the responses in samples non-infected and 
infected with H. pylori concerning to TFF1 and p65 expression were 
not statistically significant; although after IL-1β treatment a higher 
decrease of TFF1 expression was detected in samples with H. 
pylori: 7% less of positive cells after 1 h of treatment, and 2.5% at 2 
h (data not shown). Although a more exhaustive study is required, 
these data suggest that the gastritis induced by the bacteria might 
have a key role in the down-regulation of TFF1.

	   Figure 4: Co-expression of TFF1 and p65 in one gastric explant 

before and after the stimulation with IL-1β or TNF-α for 2 h, detected 

by double labeling immunofluorescence (x400). 
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In this human gastric model of ex-vivo samples we induced the 
activation of the NF-κB pathway after the stimulation with IL-1β and 
TNF-α. However, only 1 h of stimulation with IL-1β or TNF-α provoked 
a significant down-regulation of TFF1 expression associated with an 
increase of the nuclear expression of p65. The fact that in these 
cells the expression of TFF1 only decreased in stimulations with 
cytokines for 1 h indicates that the cellular environment, present 
in these gastric tissues, specially inflammatory and mesenchymal 
cells, might be important for modulating the effects of these pro-
inflammatory cytokines. Moreover, after cytokine treatment, in 
the gastric epithelial cells co-expression at cellular level, between 
TFF1 and p65 was detected in cells with lower levels of TFF1, 
indicating that the down-regulation of TFF1 expression could be a 
consequence of the NF-κB pathway activation. Regarding to the role 
of NF-κB pathway in the process of gastric carcinogenesis, we have 
previously reported that in human gastric tumors the presence of 
chronic inflammation, related with the presence of IL-1β and TNF-α 
[47], is associated with higher levels of the intestinal mucin MUC2 
that can be also activated through the NF-κB pathway [42].

Treatment with the specific inhibitor panepoxydone to revert 
the activation of NF-κB

To determine the direct involvement of the NF-κB signaling pathway 
in the regulation of TFF1 expression, 14 ex-vivo gastric samples 
were additionally treated with the specific inhibitor panepoxydone 
that prevents IκB phosphorylation.

To confirm the effect of the panepoxydone treatment, the nuclear 
expression of p65 was firstly analyzed. We observed that it was totally 
or partially reverted in gastric samples treated with the inhibitor and 
IL-1β or TNF-α for 1, 2 and 5 h as it is shown in Figure 3B, although 
these differences were not statistically significant (p≥0.05).  
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Regarding to TFF1 expression after treatments with IL-1β or TNF-α 
and panepoxydone, no statistically significant changes were detected 
in the number of TFF1 positive cells. These results are summarized 
in Figure 2B and 2C.

The high variability in p65 and TFF1 expression levels detected 
after panepoxydone treatment could be attributed to the fact that 
the cellular composition of these ex-vivo samples was highly 
heterogeneous and it can have a determinant role in the different 
molecular processes that take place in this environment. To analyze 
in more detail the results obtained in the ex-vivo samples, we 
selected the gastric cancer cell line MKN45 that expresses TFF1, for 
additional experiments.

Expression of p-IκBα and TFF1 in MKN45 gastric cancer cell 
line stimulated with IL-1β or TNF-α

To validate the data obtained in the human gastric ex-vivo tissues, 
the gastric cancer cell line MKN45, which expresses high levels 
of TFF1 and MUC5AC [48], was treated with IL-1β or TNF-α. The 
activation of the NF-κB pathway was confirmed by analyzing the 
levels of p-IκBα in untreated and cytokine-treated cells by western 
blot. p-IκBα was not observed in unstimulated cells, while after 1 
and 2 h of IL-1β or TNF-α treatment p-IκBα was detected, indicating 
the activation of the NF-κB signaling pathway (Figure 5A). This 
activation was partially reverted when the cells were treated with 
the specific inhibitor panepoxydone for 1 and 2 h (Figure 5A). These 
data support our previous results that shown the nuclear expression 
of p65 in MKN45 cells treated with TNF-α [42]. 

The expression levels of TFF1 were detected by RT-qPCR and 
western blot. The mRNA levels of TFF1 display high variability 
after IL-1β or TNF-α stimulation for 1 and 2h (Figure 5B). By 
contrast, the levels of MUC5AC mRNA did not change; and by 
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	   Figure 5: A) Expression of p-IκBα, detected by western blot, in 

MKN45 gastric cancer cells stimulated with IL-1β or TNF-α for 1 and 2 

h; and levels detected after treatment with panepoxydone for 1 and 2 

h. B and C) TFF1 expression in MKN45 cells stimulated with IL-1β or 

TNF-α for 1 and 2 h. B) mRNA levels detected by RT-qPCR. C) TFF1 

protein levels detected by western blot. 
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immunohistochemistry co-localized at cellular level with TFF1 (data 
not shown). In the literature, there are differing data about the 
regulation of TFF1 through the NF-κB pathway at the mRNA level. 
Specifically, in the human gastric cancer cell line MKN45, TNF-α has 
been described to up-regulate TFF1 mRNA expression after 8 and 
24 h of treatment [19]. By contrast, Dossinger et al.  [18] reported 
the down-regulation of TFF1 by transcriptional repression induced 
by IL-1β treatment, in one gastric and one intestinal cancer cell lines. 

In the analysis of TFF1 protein expression by western blot, three 
different isoforms  were detected, indicating that in the MKN45 cells, 
different molecular forms of homodimers (~17 kD) and heterodimers 
(~42 kD and ~29 kD) of TFF1 are expressed. The presence of 
several molecular forms of TFF1 has been previously reported in 
gastric tissues and in the AGS gastric cancer cell line  [49-51]. In 
our experiments, we detected that IL-1β induced lower TFF1 protein 
levels after 2 h of stimulation, and after TNF-α treatment the most 
significant changes were found after 1 and 2 h (Figure 5C). In 
summary, all these results indicate that while IL-1β and TNF-α are 
equally effective in the activation of the NF-κB pathway, TNF-α is 
more efficient than IL-1β in inducing the down-regulation of TFF1 
expression. These results agree with our previous data obtained in the 
ex-vivo samples of gastric explants, in which the higher decrease in 
the expression levels of TFF1 were observed after TNF-α treatment.

To date, the data regarding the regulation of TFF1 by NF-κB have 
been all reported at the mRNA level and inconsistent results have 
been published as it is mentioned above. Moreover, in AGS gastric 
cancer cells the NF-κB transcription activity mediated by TNF-α was 
down-regulated in cells transfected with TFF1 and in cells treated 
with TFF1-conditioned medium  [45]. Together with our results, 
the discrepancies observed between the mRNA and protein levels 
after IL-1β or TNF-α treatment suggest that the regulation of TFF1 
expression by these cytokines through the NF-κB pathway maybe at 
the post-transcriptional level.
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In summary, the data concerning the role of TFF1 as a tumor 
suppressor gene and its down-regulation during the neoplastic 
transformation of the gastric mucosa, are no enough conclusive 
results about the molecular mechanisms that are implicated in its 
regulation throughout this process.

Detection of TFF1 and p65 in gastric tumors

Next, we have analyzed the expression of TFF1 and p65 in 17 gastric 
adenocarcinomas by immunohistochemistry. TFF1 was expressed 
only in 6 cases [0-20% of positive cells] whereas p65 was detected 
in a high number of cases (11/17), although the number of positive 
cells is low [0-20% of positive cells]. Five cases were TFF1+/p65+, 
5 cases were TFF1-/p65-, 6 were TFF1-/p65+, and one case was 
TFF1+/p65-. These results suggest that in the process of gastric 
carcinogenesis the loss of TFF1 expression can be associated 
with an activation of the NF-κB pathway detected by the nuclear 
expression of p65.

Double labeling immunofluorescence was performed in 6 selected 
cases with different TFF1/p65 expression. TFF1 and p65 were co-
expressed at cellular level only in a very few number of cells (Figure 
6), indicating that the co-expression of TFF1 and p65 that we have 
previously detected in normal gastric cells by cytokine treatment, 
was not found in the tumor cells, suggesting that the activation of 
the NF-κB pathway is required to induce TFF1 down-regulation, 
whereas it is not essential to maintain its inactivation.

	   Figure 6: Double labeling 

immunofluorescence in a 

gastric tumor showing that 

TFF1 and p65 are not co-

expressed at cellular level 

(x400). 
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The loss of TFF1 expression in the gastric carcinogenesis process 
and in gastric tumors, that have been previously reported [10-13] 
and our results corroborate, support the hypothesis that TFF1 can 
have an important role as a tumor suppressor gene.
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1. SOX2 down-regulation and CDX2 up-regulation 
in gastric carcinogenic process

Little is known about the molecular origin of intestinal metaplasia.  
Intestinal metaplasic lesions lose the expression of gastric-specific 
genes such as the mucins MUC5AC and MUC6, and trefoil factors 
TFF1 and TFF2, whereas gain the expression of intestinal-specific 
genes like MUC2, MUC4 and TFF3 [33, 34, 186, 187]. Transcription 
factors involved in differentiation of the gastro-intestinal tract during 
development have been suggested to play a role in the initiation 
of intestinal metaplasia. SOX2 and CDX2 are transcription factors 
important for gastric and intestinal differentiation, respectively, 
during development [135, 136, 158]. Moreover, SOX2 regulates 
the expression of specific gastric markers as MUC5AC [160] and 
pepsinogen A [161], whereas CDX2 regulates the expression of 
intestinal markers as MUC2 [144, 145] and TFF3 [146].

In concern with previous data [43-45, 153], we have described that 
SOX2 expression, found in normal stomach, is maintained in chronic 
gastritis whereas decrease in intestinal metaplasia, dysplasia and 
adenocarcinoma. And, together with the SOX2 down-regulation, 
ectopic expression of CDX2 is highly detected in intestinal metaplasia, 
dysplasia and adenocarcinomas. 

Several studies have found an inverse association between SOX2 
and CDX2 expression during development [222, 223]. Kuzmichev 
et al. reported that the induction SOX2 expression in adult mice 
intestine reduces the expression of CDX2, and SOX2 induces 
SOX21 expression that represses CDX2 in colon cancer cells and 
pluripotent stem cells [158]. Moreover, the intestinal metaplasic 
mucosa of transgenic mice expressing CDX2 in stomach maintains 
the expression of SOX2 [224]. All together suggest that prior to 
the CDX2 up-regulation, SOX2 is down-regulated and, decreased 
expression levels of SOX2 can play a role in the induction of CDX2 
expression.
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A decrease in the expression of SOX2 and the ectopic expression of 
CDX2 appears in the gastric epithelium of H. pylori infected patients 
[44, 163] and mice [131]. Prolonged periods of colonization of gastric 
mucosa by H. pylori cause the infiltration of inflammatory cells and 
increased presence of pro-inflammatory cytokines. The binding of 
these cytokines to its specific receptor located at the membrane of 
epithelial cells activates signalling pathways that can regulate the 
expression of genes involved in the neoplasic transformation. These 
results suggest that the presence of pro-inflammatory cytokines in 
the gastric mucosa can play a role in the down-regulation of SOX2 
and the up-regulation of CDX2 in the gastric epithelium.

Asonuma et al. described a mechanism of SOX2 down-regulation 
by H. pylori through the inhibition of IL-4/STAT6 signalling [163]. 
Concerning to CDX2 expression, Ikeda et al. reported that treatments 
of biliary epithelial cells with TNF-α, IL-1β, IL-6 or interferon-ϒ 
induced the expression of CDX2 mRNA [225]. However, in colon 
cancer cells decrease the CDX2 expression through the NF-κB 
pathway after treatments with TNF-α [226].

2. Signalling pathways activated by IL-6 regulate 
the expression of CDX2 

We have described the regulation of CDX2 expression by SHP-2/
ERK/MAPK and JAK/STAT pathway in basal conditions and with the 
presence of IL-6 (Figure 11). We have used two gastric cancer cell 
lines, MKN45 cells that have both pathways constitutively active, 
and NUGC-4 cells that only have the SHP-2/ERK/MAPK pathway 
active in basal conditions. In control cells, the SHP-2/ERK/MAPK 
pathway contribute to the CDX2 regulation in MKN45 cells while in 
NUGC-4 cells inhibits the CDX2 expression. After IL-6 treatments 
in MKN45 cells both pathways, the JAK/STAT and the SHP-2/ERK/
MAPK pathway increases the expression of CDX2, whereas in 
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IL-6-treated NUGC-4 cells p-STAT3 replaces c-JUN in the CDX2 
promoter, increasing its expression. In concern with the results 
obtained in the MKN45 cells it has been reported that, in Caco-2 
cells CDX2 expression increases after treatments with IL-6 through 
the SHP-2/ERK/MAPK and PI3K pathway [227]. On the other hand, 
in concern with the results obtained in NUGC-4 cells, the SHP-2/
ERK/MAPK inhibits the CDX2 transcription and promotes the CDX2 
phosphorylation and further proteasomal degradation in colorectal 
cancer cell lines [228].

Other transcription factors, such as OCT-1 [132], PDX1 [133], and 
the BMP pathway [130, 131] have been suggested to be implicated in 
the regulation of CDX2 expression in the gastric trans-differentiation 
process. IL-6 can also regulate the expression of the transcription 
factor c-MYC, through the direct binding of p-STAT3 to c-MYC 

	   Figure 11: Model of CDX2 regulation through SHP-2/ERK/MAPK 

pathway, JAK/STAT pathway and c-MYC in basal conditions 

(discontinuos line) and with the presence of IL-6 (continuos line) in 

MKN45 and NUGC-4. 
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promoter [119]. Moreover, the SHP-2/ERK/MAPK pathway extends 
the c-MYC half-life [229]. We have described that IL-6 treatments 
increase the expression levels of c-MYC in both gastric cancer cell 
lines. And, both signalling pathways activated by IL-6, SHP-2/ERK/
MAPK and JAK/STAT contribute to the c-MYC regulation at basal 
conditions and with the presence of IL-6 (Figure 11). We suggest that 
c-MYC can also play a role in the CDX2 regulation by IL-6, because 
c-MYC and CDX2 expression increase after IL-6 treatments, they are 
co-expressed in treated and un-treated cells, and c-MYC is bound to 
CDX2 promoter in both conditions; but we could not demonstrate its 
direct involvement.

3. TFF1 down-regulation through NF-κB pathway 
by IL-1β and TNF-α

We have previously reported that gastric tumours with chronic 
inflammation present higher levels of the intestinal mucin MUC2 
expression than tumours with acute inflammation, and that IL-1β and 
TNF-α, associated to chronic inflammation, induce MUC2 expression 
through NF-κB pathway [77]. 

In this work, we have described that the expression levels of TFF1 
were lower in stomach mucosa of patients with gastric cancer than 
stomach mucosa of non-cancer patients. The mucosa of cancer 
patients had several degrees of chronic inflammation and nuclear 
p65 was focally found in 54% of cases. These results suggest that 
the pro-inflammatory cytokines IL-1β and TNF-α, present in chronic 
inflammation, can activate the NF-κB pathway in gastric epithelial 
cells and down-regulate the TFF1 expression. In this sense, 
Soutto et al. reported that the progressive loss of TFF1 in gastric 
mucosa during the pre-neoplasic process is associated to increased 
inflammation and activation of NF-κB pathway [230]. Moreover, we 
have reported that IL-1β or TNF-α treatments of human stomach 
explants and gastric cancer cells activate NF-κB pathway and 



D
IS

C
U

S
S

IO
N

119

decrease TFF1 expression. In the literature exist some discrepancies 
about TFF1 regulation by NF-κB pathway. Dossinger et al. showed 
that treatments with IL-1β down-regulate the expression of TFF1 in 
gastric and intestinal cancer cells [205]. On the other hand, Koike et 
al. reported that TNF-α increases mRNA TFF1 expression in MKN45 
cells [206].

Taking all together, pro-inflammatory cytokines, associated to the 
presence of inflammatory cells in the gastric mucosa, can play a role 
in the down-regulation of gastric-specific genes and the up-regulation 
of intestine-specific genes during the sequence of pre-neoplasic 
lesion in the stomach. Specially, IL-6 through SHP-2/ERK/MAPK 
and JAK/STAT pathway increase the expression of CDX2, and IL-1β 
and TNF-α through NF-κB down-regulate TFF1 expression.
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1.	 SOX2 expression levels decreases simultaneously with the 
induction of CDX2 expression in the gastric pre-neoplasic 
lesions during the carcinogenesis process.

2. SOX2 and CDX2 expression in gastric adenocarcinomas is 
inversely correlated.

3.	 IL-6 up-regulates the expression of CDX2 in gastric cancer cell 
lines.

a In cells with SHP-2/ERK/MAPK and JAK/STAT pathways 
active in basal conditions, both pathways contribute to the 
regulation of CDX2 in presence or not of IL-6. 

b In cells with only SHP-2/ERK/MAPK pathway active in basal 
conditions, IL-6 activate JAK/STAT pathway and increases 
the expression of CDX2.

4.	 IL-6 activates the SHP-2/ERK/MAPK and JAK/STAT pathways 
that also induce the expression of c-MYC, which can play a role 
in the regulation of CDX2, in gastric cancer cell lines.

5.	 IL-1β and TNF-α down-regulate TFF1 expression through NF-
κB pathway in human stomach explants and gastric cancer cell 
lines.

6.	 Signalling pathways induced by pro-inflammatory cytokines 
play a role in the up-regulation of intestinal-specific genes 
such as CDX2, which is a key element in the initiation of trans-
differentiation process in the gastric mucosa, and in the down-
regulation of gastric-specific genes as TFF1.
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