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Introduction 

Objective and Design:
epithelial-mesenchymal transition in gastric epithelial cells. 

mesenchymal phenotype and metastatic behavior [1]. EMT has been associated with hypoxia inducible factor, transcription 

downregulation [2-8].
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Material: Gastric epithelial adenocarcinoma cell line AGS and recombinant IL-1β or IL-8.
Treatment:
Methods:
and immunohistochemistry. ELISA was used to evaluate IL-1 and IL-8 concentration in culture supernatants of treated AGS cells.
Results: AGS cells exposed for 1 or 48 h to 500 pg/ml of rIL-1β secreted dissimilar maximal concentrations of IL-8 (2651 vs 6518 pg/
ml, respectively). AGS cells exposed to high rIL-8 concentrations (5800 pg/ml) developed epithelial-mesenchymal transition features 
such as the hummingbird phenotype and unremitting claudin-4 expression that were associated to increased Cdx2, TWIST, Snail and 
β-catenin expression, all mediated by the phosphorylation of ERK1/2. EMT features were initially observed in AGS cells treated with 
2500 pg/ml of rIL-8; lower rIL-8 concentrations did not induce EMT changes in AGS cells.
Conclusion: 

H. pylori

Gastric adenocarcinoma, the second most common cause of death by cancer, exhibit changes in claudin expression during 
progression to metastatic adenocarcinoma [10]. Altered expression of claudins 4, 6, 7 and 9 in human gastric cancer cells has been 
associated with higher cancer mortality, invasiveness and poor survival [8,11-13]. Claudin expression is modulated by several 
transcription factors, including members of the Cdx gene family [14]. 

by AGS cells and that AGS cells exposed to high IL-8 concentrations activate the ERK1/2 signaling pathway that in turn induces 
the overexpression of claudin 4 and the epithelial-mesenchymal transcription factors Cdx2, TWIST, SNAIL and β-catenin as well 
as the transition to the hummingbird phenotype.
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(Life Technologies Corp, USA). Mouse anti claudin-4 (GTX-15104) and -6 (GTX-115183) were from GeneTex (Irvine, CA, USA). 
PD98059 a selective inhibitor of MAPK/ERK kinase was from Enzo Life Sciences (Farmingdale, NY, USA). Rabbit monoclonal 

(Danvers, MA, USA). Goat, rabbit or mouse IgG HRP- conjugated antibodies were from Zymed-Life Technologies (Grand Island, 
NY, USA). Alexa 488 conjugated goat anti-mouse IgG or donkey anti-rabbit IgG antibodies were from Abcam (Cambridge, MA, 
USA). Mouse monoclonal anti Cdx-2 (AM392-5M) was from BioGenex (Fremont, CA, USA). Mouse monoclonal anti TWIST 
(SC-81417) and anti β-catenin (E-5)(SC-7963) as well as rabbit anti α-catenin (H-297)(SC-7894) and rabbit anti Snail (SC-28199) 
were from Santa Cruz Biotechnology (Santa Cruz, CA, USA). Tween-20, Triton X-100, phosphatase inhibitor cocktail 1 and 
2, trypsin inhibitor, leupeptin, aprotinin and beta-actin antibody were from Sigma-Aldrich (St. Louis, MO, USA). Anti-actin 

(Hercules, CA, USA). Goat anti mouse/sheep IgG-FITC conjugated (#515-095-003) was from Jackson Immuno Research Lab. 

MA, USA). Recombinant human IL-1β and IL-8, as well as IL-1β and IL-8 ELISA MAX Deluxe sets were purchased from Biolegend 
Inc. (San Diego, CA, USA). 

1x106 human gastric adenocarcinoma cell line AGS cells (CRL-1739, ATCC, USA) were cultured in sterile P-100 Petri dishes with 
DMEM supplemented with 5% FBS, 1% streptomycin-penicillin solution, 1mmol/L L-glutamine, insulin and sodium pyruvate 
solution at 37 °C in a humid environment containing 5% CO2

5 cells/well were 

represent 2x106

passage. Western blot analysis was performed using 9x106

were performed with AGS cells grown from 2nd passage frozen vials maintained in liquid nitrogen. Results are expressed as the 

Materials and Methods
Reagents 

Cell culture

IL-1β and IL-8 concentration was determined by ELISA in supernatants of 1x106 AGS cell cultures in sterile P-100 Petri dishes that 

USA).

Cytokine detection

8, 12 h). Cells treated for 3 h with human recombinant epithelial growth factor (hEGF; 100ng/mL, Life Technol Corp, USA) were 
used as pERK1/2 activation control. 

Treatment of AGS cells with IL-8 and ERK1/2 inhibitor

7.6) supplemented with 0.5% of phosphatase inhibitor cocktail 1 and 2, 1mg/ml trypsin inhibitor, 2µg/ml leupeptin and 2µg/
ml aprotinin (Sigma-Aldrich, USA). Cells were sonicated for 1 min before protein concentration was determined. For Western 
blot analysis 20 µg of protein was resolved on 12% SDS/PAGE and transferred to nitrocellulose membranes in a Bio-Rad semi-

h, washed twice with TBS and incubated with primary anti- claudin, -Cdx-2, -Snail, -TWIST, -β-catenin or –α-catenin (1:500) 
antibody diluted in Tween 20/TBS (TTBS) overnight at 4 °C. Membranes were washed with TTBS, and incubated with horseradish 
peroxidase labelled secondary antibodies diluted 1:500 in TBS for 2 h at room temperature. To evaluate pERK1/2 the primary 

all the experiments by determining β-actin as loading control. All experiments were run in triplicate.

Whole cell protein extraction and immunoblot analysis
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chemiluminiscence sheets using the MiniBis Pro (DNR Bio-Imaging Systems, Jerusalem, Israel) and analysed using DNR 

Culture supernatants of AGS cell cultures pre-incubated for 1 h with 500 pg/ml of rIL-1β showed an initial increase in IL-8 

pre-incubated for 48 h with 500 pg/ml of rIL-1β showed a very strong basal concentration of IL-8 (6518 pg/ml) that exhibited a 

1x106 AGS cells were seeded in 2x2 cm sterile glass covers, placed in 6 well culture plates (one cover per well) and cultured with 
DMEM supplemented with 5% FBS, 1% streptomycin-penicillin solution, 1mmol/L L-glutamine, insulin and sodium pyruvate 
solution at 37 °C in a humid environment containing 5% CO2
and incubated with 3,800 pg/ml of human rIL-8 in DMEM for 1, 2, 4, 6, 8 and 12 h periods. Cells were then washed thrice with 

PBS for 30 m before extensive washing with PBS/0.05% Tween 20. Cells were then incubated overnight at 4 ºC, with anti Cdx2 
monoclonal antibody 1:500 in PBS/1% albumin, washed with PBS/0.05% Tween-20, incubated 1 h with the FITC-conjugated 

DAPI, before being analysed and photographed with a Leica System model TCSSP5 confocal microscope.

All experimental results are expressed as the mean ± standard deviation of the mean. Student’s t-test analysis was used to evaluate 

Statistical analysis

Results

Figure 1: Interleukin-8 secretion by AGS cells pre-incubated with rIL-1β for 1 and 48 h. Histogram represents the mean value 
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Figure 2: 

Figure 3: 

Cdx2 expression [16]. Our results showed that low IL-8 concentration (50 pg/ml of rIL-8) did not induce an increase in the 
expression of Cdx2 in AGS cells, whereas high IL-8 concentration (3800 pg/ml) increased Cdx2 protein expression by 120% in 

PD98059 (Figure 4A) at the same concentrations that induced a complete abolishment of ERK1/2 expression (Figure 4B). Confocal 

Cdx2 expression. Interestingly, AGS cells incubated with 500 pg/ml rIL-1b did not express Cdx2 at any time (Figure 5C).

Activation of Cdx2 enhanced claudin-4 expression through the ERK1/2 signaling pathway. High human rIL-8 concentration 
induces an increase in claudin 4. Although Western blot analysis demonstrated the persistence of claudin-4 throughout the 12 h 
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Figure 4: A) Western blot analysis showing the expression of Cdx2 in AGS cells treated with high dose recombinant IL-8 concentration, 
in the presence or not of the MEK inhibitor PD98095. B) Western blot analysis showing the expression of pERK 1/2 in AGS cells treated 
with high dose recombinant IL-8 concentration, in the presence or not of the MEK inhibitor PD98095; the image in the right hand side 

Figure 5: 
AGS cells. A) low-dose recombinant IL-8 (50 pg/ml) concentration, B) high-dose recombinant IL-8 (3,800 pg/ml) concentration, and C) 

(A)

(B)

Figure 6: A) Expression of claudin 4 in AGS cells treated with high dose recombinant IL-8 in the presence of the MEK inhibitor 
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High (3800 pg/ml) rIL-8 concentrations induced the overexpression of other important EMT-associated transcription factors 

inhibitor PD98059 whereas that of TWIST and b-catenin decreased by 70% and 86%, respectively. As expected, interleukin 8 had 

increased expression of TWIST, Snail, b-catenin and a-catenin (Figure 8). 

Figure 7: Western blot analysis showing the expression of Snail, TWIST, β- and α-catenin transcription factors in AGS cells treated with 

Figure 8: Micrographs demonstrating the expression of TWIST, SNAIL, β-catenin and α-catenin epithelial-mesenchymal transition 

color represents the cell´s nuclear staining with PI (propide iodide) and the blue color represents the cell´s nuclear staining with DAPI 
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of continuous exposure to the cytokine. Interestingly, the inhibition of the MAPK/ERK pathway in AGS cells exposed to high 
rIL-8 concentrations and maintained in culture for 4 h, obliterated the formation of the hummingbird phenotype (Figure 9E-F), 

transformation.

Figure 9: A) non-stimulated cells, B) cells stimulated with high dose 
human recombinant IL-8 (3800 pg/ml) concentrations for 12 h, C) close-up of non-stimulated cells, D) close-up of stimulated cells 
demonstrating the “hummingbird” phenotype, E) cells stimulated with high dose human recombinant IL-8 in the presence of MEK 
inhibitor PD98095, F) close-up of cells shown in E where an abnormal cell but not a hummingbird phenotype can be distinguished. 

change to the “hummingbird” phenotype

Epithelial barrier function requires normal expression of tight junction (TJ) proteins, when the TJ structure looses cohesion there 

result is highlighted by the fact that in IL-1β-expressing transgenic mice, gastritis progresses to gastric cancer and that IL-1β 
alter TJ barrier in diverse and non-gastric related epithelial cells [21-23]. In the particular case of gastric cancer, where H. pylori 
is recognized as a serious risk factor, several H. pylori
cascade that includes the activation of the ERK/MAPK pathway strongly involved in the regulation of claudin expression and in 
IL-1β and -8 production [24].

Discussion

with Mustapha, et al. results which describe that freshly obtained gastric epithelial cells versus AGS cells show qualitatively 

signaling pathways and it has been clearly associated with cancer development [26,27].

Claudin-4 overexpression is associated with epithelial-mesenchymal transition, a process associated with the Snail transcription 
factor that contributes to malignancy and regulates interleukin-8 expression [28,29]. Our results demonstrated that high IL-8 
concentration also induced the expression of Snail and Twist, potent repressors of E-cadherin expression and other clearly associated 
epithelial-mesenchymal transition transcription factors such as β-catenin, and that their increase was associated to the ERK/MAPK 
pathway [3,30]. α-catenin expression traduces the activation of the cancer associated Wnt signaling pathway whereas TWIST is 
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increase in α-catenin expression when the ERK pathway was inhibited is in accordance with the mechanisms known to favor the 

highly expressed in multistage tissues of dysplasia and cancer [39]. It has always been assumed that Cdx2 expression was only 
H. pylori 

CagL that regulates IL-1b production via TLR2 also induce Cdx2 expression in the gastric mucosa [40-42]. Our results showed 

epigenetic de-repression in gastric carcinoma, and ovarian and renal cancer progression [43-46]. Despite the controversy, the role 

Our results also showed that AGS cells exposed to high concentrations of interleukin-1 and -8 diminished claudin-7 expression. 
Claudin-7 inhibits cell migration through inhibition of the ERK/MAPK pathway so the diminished expression we observed could 
be associated with enhanced migration ability [49]. 

the hummingbird phenotype in AGS exposed to high IL-8 concentrations [50]. Our results also showed that the induction of 
the IL-8-induced hummingbird phenotype of the AGS cells was partially abolished when the MAPK/ERK kinase mediated 

characterized by loss of apical-basal polarity and cell scattering that requires remodeling of actin cytoskeleton [51,52]. Similarly 
it has been reported that H.pylori
and cell polarity, compromising cell architecture and giving rise to the so-called “scattering/hummingbird” phenotype associated 
to epithelial-mesenchymal transition [1,50,53]. Our results strongly suggest that actin reorganization and loss of epithelial 
characteristics associated to invasive pseudopodia resembling those seen in epithelial-to-mesenchymal transition is mediated 
by IL-8 via the MAPK/ERK pathway [54,55]. ERK1/2 activation induces the expression of genes encoding cell cycle regulatory 
proteins associated to cell proliferation [56].

expression of the Cdx2 transcription factor via the ERK1/2 signaling pathway, and consequently claudin-4, SNAIL, TWIST and 

Our results underline the notion that carcinogenesis is the consequence of the uninterrupted micro environmental presence of 

Conclusion
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