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Abstract

Background—Infection with Helicobacter pylori (H. pylori), a high-risk factor for gastric
cancer, is frequently associated with chronic inflammation through activation of NFxB. TFF1 is a
constitutively expressed protein in the stomach that has tumor suppressor functions and plays a
critical role in maintaining mucosal integrity. In this study, we investigated the role of TFF1 in
regulating the proinflammatory response to H. pylori infection.

Methods—For in vitro studies, we performed immunofluorescence, luciferase reporter assay,
Western blot, and quantitative real-time PCR (qQRT-PCR) to investigate activation of NFkB and its
target genes in response to infection with H. pylori strains J166 and 7.13. In addition, we utilized
the Tff1 knockout (KO) and Tff1 wild-type (WT) mice for infection with PMSS1 H. pylori strain.

Results—The reconstitution of TFF1 expression in gastric cancer cells significantly suppressed
an H. pylori-mediated increase of NF«B-p65 nuclear staining, transcriptional activity and
expression of proinflammatory cytokine genes (TNFa, IL14, CXCL5, and IL4R) that were
associated with reduction in expression and phosphorylation of NF«B-p65 and IKKa/B proteins.
The in vivo studies using the Tff1-KO mouse model of gastric neoplasia confirmed the in vitro
findings. Furthermore, they demonstrated an increase in chronic inflammation scores and
frequency of invasive gastric adenocarcinoma in the Tff1-KO mice infected with H. pylori, as
compared to uninfected Tff1-KO mice.
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Conclusion—These findings underscore an important protective role of TFF1 in abrogating H.
pylori-mediated inflammation, a crucial hallmark of gastric tumorigenesis. Therefore, loss of
TFF1 expression could be an important step in the H. pylori-mediated gastric carcinogenesis.
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Introduction

Gastric cancer is the third leading cause of cancer-associated death worldwide?. Several
studies have reported frequent association of gastric adenocarcinoma with Helicobacter
pylori (H. pylori) infection? 3. H. pylori, a Gram-negative microaerophilic bacterium and a
pathogen of the gastric mucosa, is harbored by approximately 50% of the world’s
population. However, only approximately 1% of exposed individuals develop gastric cancer
in response to chronic infection with H. pylori3. The mucosal inflammatory response is
considered a hallmark of H. pylori infection in gastric tissues?.

NFB is an important nuclear transcription factor that regulates the expression of several
genes involved in cell proliferation, immune response, and inflammation®>~7. In recent years,
several studies have investigated the role of NFxB in inflammation and its link to cancer’. In
fact, there are multiple growing lines of evidences that support the role of NFxB as a bridge
between inflammation and cancer development®: . In conditions of chronic inflammation-
related diseases such as ulcerative colitis, NFkB is super-activated with a high-risk of colon
cancer™ 9. H. pylori bacteria, classified as a carcinogen, plays a major role in activating
chronic inflammatory response that include activation of NF«B in the gastric mucosaZ.

Trefoil factor 1 (TFF1) is expressed and secreted by epithelial cells that line the gastric
mucosall. Currently, it is widely accepted that TFF1 functions as a tumor suppressor in
gastric carcinogenesis'2 13, Downregulation and loss of TFF1 expression occur in more than
half of gastric adenocarcinomas; the most common molecular mechanisms include deletions,
mutations, loss of heterozygosity or hypermethylation14-18, In addition, transcriptional
regulation of TFF1 has been reported. The hypoxia inducible factor (HIF)-1 mediates the
induction of TFF1 expression in gastric epithelial cells under hypoxic conditions®. On the
other hand, the cofactor of BRCA1 (COBRAZ1) has been described as a transcriptional
repressor of TFF1 in gastric cancers20. Our previous investigations demonstrated that TFF1
has many anti-tumorigenic functions in the prevention of gastric cancer. We showed that
TFF1 plays an anti-inflammatory role through regulation of NF«B signaling in the multistep
gastric tumorigenesis cascade?!. In addition to its anti-inflammatory role, TFF1 suppresses
cell proliferation and gastric tumorigenesis through regulation of B-catenin signaling?2.
Furthermore, we confirmed that TFF1 has a pro-apoptotic function by activating p53
through downregulation of miR-504, a negative regulator of p53 in gastric cancer!2.

In the present study, we investigated whether TFF1 expression could modulate H. pylori-
mediated inflammation in gastric cancer. Our study demonstrates that TFF1 plays a
significant role in antagonizing H. pylori-induced activation of NFxB in vitro and in vivo.
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Silencing TFF1 expression in the Tff1 knockout (KO) mouse model fostered and accelerated
the progression of gastric lesions to invasive adenocarcinoma.

Materials & Methods

Cell Culture and Reagents

Human gastric cancer AGS cells were obtained from American Tissue Culture Collection
(ATCC, Manassas, VA) and were cultured in Ham’s F-12 supplemented with 10% FBS and
1% penicillin/streptomycin (Gibco, Carlsbad, CA) at 37°C in an atmosphere containing 5%
CO,. These cells were evaluated weekly to ascertain conformity to their appropriate in vitro
morphological characteristics. Specific antibodies against phospho-1KKa/f (Ser176/180),
IKKa/pB, phospho-NFkB-p65 (Ser536), NF«xB-p65, and 3-actin were purchased from Cell
Signaling Technology (Beverly, MA). CagA specific antibody was purchased from Abcam
(Cambridge, MA).

Reconstitution of TFF1 expression in gastric cancer cells

In order to reconstitute the expression of TFF1 in AGS cells to levels comparable to the
expression in normal epithelial cells, we established AGS cell lines stably expressing
pcDNA empty vector or human TFF1. The human TFF1 coding sequence was amplified
using PCR and cloned in frame into pcDNA3.1 mammalian expression vector (Invitrogen,
Carlsbad, CA) following standard protocols. AGS cells were transfected with pcDNA3.1-
TFF1 or empty vector (control) using Fugene 6 (Roche Applied Science, Indianapolis, IN)
following the manufacturer’s protocols. Stably transfected cells were selected using 0.5
mg/mL G418 (Invitrogen). After 3 weeks of selection, several cell colonies were isolated
using cloning rings and then transferred to fresh plates. Single colony cultures were
identified and analyzed by quantitative real-time RT-PCR (gRT-PCR). AGS-TFF1 clones
that had expression levels of TFF1 comparable to normal gastric epithelial cells were used in
the study?L.

H. pylori bacterial strains and culture conditions

H. pylori CagA+ strains, “J166” a clinical isolate of human-derived H. pylori, and “7.13” a
rodent adapted strain derived from B128 H. pylori23-25, were used in the in vitro studies.
For the in vivo study, we used the wild-type rodent-adapted cag+ H. pylori strain PMSS1, a
clinical isolate of a duodenal ulcer patient and the parental strain of the mouse-derivative
Sydney strain 1 (S51)26. All H. pylori cultures were performed on brucella agar (BBL/
Becton Dickinson, Sparks, MD) supplemented with 5% heat-inactivated newborn calf serum
(Invitrogen) and ABPNV (amphotericin B, 20 mg/liter; bacitracin, 200 mg/liter; polymyxin
B, 3.3 mg/liter; nalidixic acid, 10.7 mg/liter; vancomycin, 100 mg/liter) antibiotics (Sigma-
Aldrich, St. Louis, MO). H. pylori liquid cultures for mouse inoculation were grown in
brucella broth with 5% NCS and antibiotic supplementation for approximately 24 h (optical
density at 600 nm 0.35 to 0.45), pelleted by centrifugation, and suspended in brucella broth.

Immunofluorescence assay

AGS cell lines stably expressing TFF1 or empty vector were plated in 8-well chambers.
After 48 h, cells were infected with either H. pylori strains J166 or 7.13. Cells were washed
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with PBS and fixed with fresh 4% paraformaldehyde solution for 15 min at room
temperature. Cells were then washed twice with PBS, followed by incubation in 10% normal
goat serum blocking solution (Zymed Laboratories) for 20 min at room temperature in a
humidified chamber. Cells were then incubated in the specific primary antibody against
NF«B-p65 (GenScript, Scotch Plains, NJ) diluted in PBS (1:400) for 2 h at room
temperature in a humidified chamber. Cells were washed 3 times in PBS and incubated in
fluorescein isothiocyanate (FITC)-tagged secondary antibody (1:1,000; Jackson
Immunoresearch, West Grove, PA) for 45 min at room temperature in a humidified
chamber. The cells were then washed in PBS, mounted with Vectashield/DAPI (Vector
Laboratories, Burlingame, CA), and visualized using an Olympus BX51 fluorescence
microscope (Olympus Co., Center Valley, PA). For quantification, at least 200 cells were
counted from each experiment. Total cell number was measured with automatic particle
counting in ImageJ software (http://www.uhnresearch.ca/facilities/wcif/imagej/) after setting
an automatic threshold range. The image was transformed into a binary image and the total
number of cells in each field was counted. The percentage of NF«B-p65 positive cells was
calculated as the number of cells showing nuclear green staining divided by the total cell
number showing DAPI nuclear blue staining x 100.

Luciferase reporter assay

To monitor the transcriptional activity of NF«xB, we used the pNF«xB-Luc reporter vector
that contains multiple copies of the NFxB consensus sequence (Clontech Laboratories Inc.,
Mountain View, CA). AGS cells expressing TFF1 or pcDNA were seeded in 24 well plates
overnight. Next day, cells were transiently transfected with 500 ng of NFxB-Luc and 250 ng
of B-galactosidase as a control plasmid for transfection using Fugene 6 according to the
manufacturer’s instructions (Roche Applied Science, Indianapolis, IN). After 48 h, cells
were infected with J166 or 7.13 H. pylori strains (100:1) and luciferase and p-galactosidase
activities were measured. The firefly luciferase activity was normalized to 3-galactosidase
activity and expressed as relative luciferase activity + standard error of the mean (SEM).

Quantitative real-time RT-PCR

Total RNA was isolated using the RNeasy Mini kit (Qiagen, Germantown, MD), and single-
stranded cDNA was subsequently synthesized using the Advantage RT-for-PCR Kit
(Clontech). Genes specific for mouse and human primers were designed using the online
software Primer 3 (http://frodo.wi.mit.edu/primer3/). The forward and reverse primers were
designed to span two different exons for each gene (human: TNFa, IL15, CXCL5, and IL4R,;
mouse: Tnfa, 1115, Cxcl5, and 114r) as previously described?l. H. pylori detection was
performed using primers specific for H. pylori ureB gene (urease) as described

previously2® 27 All primers were purchased from Integrated DNA Technologies (Coralville,
IA). gRT-PCR was performed using an iCycler (Bio-Rad, Hercules, CA), with the threshold
cycle number determined by use of iCycler software version 3.0. Reactions were performed
in triplicate and the threshold cycle numbers were averaged. The results of the genes
expression were normalized to housekeeping genes, HPRT for human and actin for mouse,
as described previously28. Expression ratios were calculated according to the formula
2(Rt-EY/2(Rn-En) 21 '\yhere Rt is the threshold cycle number for the reference gene observed
in the test samples, Et is the threshold cycle number for the experimental gene observed in
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the test samples, Rn is the threshold cycle number for the reference gene observed in the
reference samples, and En is the threshold cycle for the experimental gene observed in the
reference samples. Rn and En values were calculated as an average of all reference samples.

Western blotting

Cell lysates were prepared in RIPA buffer containing Halt Protease and Phosphatase
Inhibitors Cocktail (Pierce Biotechnology, Inc., Rockford, IL) and were centrifuged at 4,390
g for 10 min at 4°C. Protein concentration was measured using a Bio-Rad Protein Assay
(Bio-Rad). Equal amounts of proteins (10-15 pug) from each sample were subjected to SDS/
PAGE and transferred onto nitrocellulose membranes. Target proteins were detected by
using specific antibodies. The relative density of protein bands was normalized to -Actin
and presented as graphs produced from analysis of three independent blots by ImageJ
software.

Animal infection and histologic evaluation

Tff1-KO mouse model of gastric tumorigenesis!3 21 and normal Tff1-WT, 6-8 weeks of age,
were challenged with either sterile Brucella broth or H. pylori strain PMSS1 by oral gavage
as previously described?®. Mice were euthanized at 4, 24, 32, and 48 weeks post-challenge
(8-10 mice per group). For evaluation of NFkB target genes, we used stomach tissues from
mice that were challenged for a short time period of 4 weeks. We collected frozen and
formalin fixed paraffin-embedded stomach tissue samples from all mice. Histopathological
classification and grading of the inflammatory score in stomach from the mouse tissue bank
(2006-2014) were performed by our pathologists on H&E stained sections?L. All procedures
were in accordance with Institutional Animal Care and Use Committee approved protocol at
Vanderbilt University.

Statistical analysis

Using GraphPad Prism software, a One-way ANOVA Newman-Keuls Multiple
Comparisons Test was performed to compare the differences between 3 groups or more, and
a 2-tailed Student’s test was used to compare the statistical difference between 2 groups. To
assess whether the difference of incidence of histological changes between uninfected and
H. pylori-infected Tff1-KO mice is more than expected, we used the Chi-square (and
Fisher's exact) test. The differences were considered statistically significant when p value
was <0.05.

Results

TFF1 suppresses H. pylori-mediated NFxB activation in vitro

In order to investigate the role of TFF1 in regulating H. pylori-mediated activation of NFxB,
immunofluorescence assay was performed. We used AGS cells stably expressing TFF1 or
empty vector pcDNA infected with H. pylori J166 or 7.13 strains. Our results indicated a
significant increase of the percentage of AGS-pcDNA cells showing NF«B-p65 nuclear
staining following infection with H. pylori J166 or 7.13 strains (p<0.001). However, a
significant decrease of NFxB-p65 nuclear staining was observed in AGS-TFF1 cells as
compared to empty vector AGS-pcDNA after infection with H. pylori J166 or 7.13 strains
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(p<0.001, Figure 1A-D). These data indicate that TFF1 suppresses H. pylori-induced
activation and nuclear translocation of NF«B-p65.

To confirm the role of TFF1 in regulating H. pylori-mediated activation of NFxB, we
examined the effect of TFF1 on the transcription activity of NFxB after H. pylori infection
using the pNFxB-Luc reporter that contains multiple copies of the NFxB consensus
sequence30. As expected, AGS-pcDNA control cells showed a significant increase of
pNFxB-Luc activity after infection with H. pylori as compared to uninfected cells
(p<0.001). However, this activation of pNFkB-Luc was significantly diminished in AGS-
TFF1 cells as compared to AGS-pcDNA cells after infection with H. pylori J166 or 7.13
strains (p<0.001, Figure 1E).

In epithelial cells, the activation of NFxB through H. pylori infection leads to increased
expression and the secretion of proinflammatory cytokines, which in turn, results in
inflammation3L. To examine whether TFF1 can affect H. pylori-induced proinflammatory
response, AGS cells stably expressing TFF1 or pcDNA empty vector were infected with H.
pylori J166 or 7.13 strains for 3 h. Our qRT-PCR results showed a significant decrease in
MRNA expression levels of four proinflammatory NF«B target genes (TNFa, IL15, CXCL5,
and IL4R) in AGS-TFF1 cells as compared to AGS-pcDNA cells following infection with
either strains of H. pylori (Figure 2A-D). Collectively, these in vitro data suggest that TFF1
regulates H. pylori-mediated NFkB nuclear localization, transcription activation, and
upregulation of proinflammatory target genes in gastric epithelial cells.

TFF1 negatively regulates H. pylori-mediated activation of NFxB signaling

H. pylori is known to induce activation of NFkB canonical pathway in epithelial cells via its
virulence factor CagA, which activates the IKK complex, leading to nuclear translocation of
NFxB-p6532. We next examined the role of TFF1 in regulating the NFxB signaling pathway
after H. pylori infection in gastric cancer cells. Western blot analysis demonstrated a
decrease of p-IKKa/B (Ser176/180), p-NF«kB-p65 (Ser536), IKKa/p and NFkB-p65 protein
levels in AGS-TFF1 cells as compared to AGS-pcDNA control cells after infection with H.
pylori J166 or 7.13 strains (Figure 3A-C). Altogether, these results demonstrate that TFF1
plays a negative role in regulating H. pylori-mediated activation of NFxB in gastric cancer
cells.

H. pylori infection enhances gastric tumorigenesis in Tff1-KO mice

Our invitro data showed that H. pylori-induced activation of NFxB, a hallmark of gastric
tumorigenesis, was suppressed by TFF1. Therefore, we extended our study using the Tff1-
KO mouse model of gastric tumorigenesis. We investigated whether H. pylori infection
could affect the incidence of gastric cancer in this model. Histological analyses indicated
that all uninfected Tff1-WT mice had normal gastric glands (Figure 4A). None of the H.
pylori-infected Tff1-WT mice developed hyperplastic or dysplastic lesions (Figure 4B). On
the other hand, all Tff1-KO mice developed gastric lesions, which were more advanced
following H. pylori infection (Figure 4C&E). The results clearly indicated that H. pylori
infection in Tff1-KO mice significantly enhanced the incidence of invasive gastric
adenocarcinoma (33%) as compared to (9.2%) uninfected Tff1-KO mice (p<0.01, Figure
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4E). These findings suggested that loss of Tff1 is a critical factor for H. pylori to promote
cancer development.

H. pylori infection augments chronic inflammation and gene expression of
proinflammatory cytokines in Tff1-KO mice

Inflammation and cancer development are well associated, and chronic inflammation
represents the major pathologic basis for the majority of infection-induced malignancies33.
Notably, H. pylori-induced chronic inflammation is mediated by an array of
proinflammatory cytokines?: 34, Therefore, we investigated whether H. pylori-induced
gastric tumorigenesis could be associated with an increase of chronic inflammation in Tff1-
KO mice. We examined the chronic inflammatory scores in uninfected and H. pylori-
infected Tff1-WT and Tff1-KO mice of matching age (10-12 weeks) (Figure 5A). We found
that the inflammatory scores in Tff1-KO mice increase significantly (p<0.05) after infection
with H. pylori as compared to uninfected Tff1-KO mice (Figure 5B). Importantly, the
chronic inflammation scores were significantly (p<0.01) higher in the Tff1-KO mice than
the Tff1-WT following H. pylori infection (Figure 5B). Next, we examined the mRNA gene
expression of the proinflammatory cytokines (Tnfa, 1115, Cxcl5, and 114r), known mediators
of chronic inflammation. The gRT-PCR data demonstrated a significant increase of mMRNA
expression of tested proinflammatory genes Tnfa (p<0.01, Figure 6A), 111 (p<0.001,
Figure 6B), Cxcl5 (p<0.01, Figure 6C), and I14r (p<0.001, Figure 6D) in Tff1-KO mice
infected with H. pylori as compared to uninfected Tff1-KO mice of matching age. In
addition, the data showed that the mMRNA expression of the aforementioned tested
proinflammatory cytokines was significantly higher in Tff1-KO mice than Tff1-WT mice
after H. pylori infection (Figure 5A-D). Taken together, these data indicated that H. pylori
infection further enhances chronic inflammation and gene expression of proinflammatory
cytokines in Tff1-KO mice.

Discussion

The development of gastric cancer proceeds through a well-defined cascade of histological
lesions that are associated with activation of oncogenic pathways, loss of tumor suppressor
genes’ function, and chronic inflammation3L: 35, This process is complex and is influenced
by both host genetics and environmental factors3®6. H. pylori, a gastric pathogen that is
classified as a carcinogen, plays an important role in developing gastric cancer through
activation of NFxB, the core mediator of inflammation37: 38, While infection with H. pylori
leads to the development of gastric inflammation, less than 1% of infected patients develop
gastric adenocarcinoma38: 38, suggesting the presence of other important contributing factors
that are required for promoting gastric tumorigenesis, such as loss of tumor suppressor
genes.

TFF1, a tumor suppressor protein that protects gastric mucosa from injury, is frequently
silenced in more than half of gastric adenocarcinomas through a combination of genetic and
epigenetic mechanisms16: 3940, We have previously reported, using in vitro and in vivo
models, that TFF1 loss promotes inflammation and gastric tumorigenesis?L. Herein, we
investigated whether TFF1 could affect the outcome of H. pylori infection and gastric
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carcinogenesis. We showed evidence, for the first time, that TFF1 can antagonize and
suppress H. pylori-mediated activation of NFkB in vivo and in vitro and demonstrated that
loss of TFF1 expression promotes the development of invasive gastric cancer following H.
pylori infection.

The pathogenesis and virulence of H. pylori relies on the existence of cytotoxin-associated
genes (cag), Pathogenicity Island (cag-PAl), and CagA is one of the bacterial oncoprotein
encoded by cag-PAI*L 42, Once CagA is injected into gastric epithelial cells, it promotes
NFxB activation3”- 41, We have shown that H. pylori infection increases nuclear
translocation and accumulation of NFxB-p65, indicating its activation, in AGS cells.
However, the reconstitution of TFF1 expression abolished this activation and subsequently
prevented the translocation of NFkB-p65 to the nucleus. These results confirmed our
previously reported data about the role of TFF1 in suppressing TNFa-mediated activation of
NF«B21. To validate the role of TFF1 in regulating H. pylori-mediated NF«B activation, we
utilized the NFxB reporter as a measure of NFkB transcription activity, and confirmed that
the reconstitution of TFF1 expression suppresses H. pylori-mediated activation of NFxB.

Several studies have reported that H. pylori-mediated NF«B activation involves the activity
of IKKa and IKKp kinases*3. Of note, an earlier study has shown that TFF1 suppresses
TNFa-induced NF«B activation through regulation of IKK pathway?L. However, it
remained unclear whether TFF1 expression is capable and sufficient to antagonize potent H.
pylori-induced proinflammatory response. In this study, we showed that the reconstitution of
TFF1 expression significantly counteracts H. pylori-induced activation of IKKa/p and
NF«B-p65 proteins. These findings confirm the suppressive effect of TFF1 on H. pylori-
mediated activation of NFxB signaling in gastric cancer cells.

Inflammation, in response to H. pylori infection, has been reported to play an important role
in promoting gastric carcinogenesis (reviewed by*1). NFxB responsive genes, including
proinflammatory cytokines, are expressed at high levels in H. pylori-infected gastric
mucosa®! 43, Similarly, we found that H. pylori infection induces mRNA expression of
proinflammatory genes TNFa and IL13. However, the reconstitution of TFF1 abolishes H.
pylori-induced expression of these proinflammatory cytokines in gastric cancer cells.
Several studies have demonstrated that the proinflammatory cytokines TNFa and IL15,
known to be induced by NFB*4, are associated with gastric disease in rodents after H.
pylori infection#®: 46,

Long exposure to proinflammatory cytokines and sustained activation of signaling pathways
such as NFxB due to pathogen infection results in chronic inflammation that promotes
malignancy and tumorigenesis® 7+ 8. Accordingly, our data demonstrated that H. pylori
infection of Tff1-KO mice led to a significant increase of chronic inflammatory scores,
expression of proinflammatory cytokines, and development of invasive gastric
adenocarcinoma as compared to uninfected Tff1-KO mice. Notably, the high occurrence of
gastric cancer in infected Tff1-KO mice could be attributed to the synergistic effect of loss of
Tff1 expression and H. pylori infection. These findings confirm the in vitro cell model data
and suggest that TFF1 might be a key molecule that suppresses H. pylori-induced chronic
inflammation and carcinogenesis.
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We previously reported that TFF1 suppresses NF«B activation through interfering with the
formation of TNFR1 and TRAF?2 protein complex and activation of IKKa/p proteins?L. In
addition, several studies have demonstrated that direct contact of H. pylori with gastric
epithelial cells activates NFkB through regulation of a signaling pathway that involves
IKKa/B and TRAF2 proteinsi® 47, This suggests that modulation of NFxB activity by TFF1
and H. pylori involves regulation of TRAF2-1KKa/B pathway. Given the fact that TFF1 is a
secreted protein!?, it remains unclear whether TFF1 functions at the cell surface or
intracellularly to regulate this pathway. Previous studies have claimed that the physical
interaction between TFF1 protein and H. pylori promotes colonization of the bacterial
organism in the stomach?® 49, This interaction in the mucous layer may also affect H. pylori
virulence and/or the rate of attachment of H. pylori bacteria to the gastric epithelial cells.
Additional detailed investigations are required to clarify the molecular mechanism by which
TFF1 suppresses H. pylori-induced activation of NFkB.

In conclusion, our findings establish the interplay between TFF1 and H. pylori infection in
gastric carcinogenesis. We showed that TFF1 plays an anti-inflammatory role by
suppressing H. pylori-induced NF«xB signaling pathway, thereby reducing gastric
carcinogenesis. Accordingly, the presence of an intact and functional TFF1 protein could be
a protective limiting factor in the H. pylori-mediated gastric carcinogenesis cascade.
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Figure 1. TFF1 reconstitution alters H. pylori-mediated nuclear translocation and transcriptional
activation of NFxB

A-C) Invitro immunofluorescence assay of NFkB-p65 in uninfected and H. pylori-infected
AGS cells stably expressing pcDNA or TFF1 indicating nuclear localization of NFxkB-p65
(green fluorescence, arrows) in AGS-pcDNA cells and absence of nuclear NFkB-p65
staining (arrowheads) in AGS-TFF1 cells. (A) Uninfected cells (Broth). (B) Cells infected
with H. pylori J166 strain. (C) Cells infected with 7.13 strain. DAPI (blue) was used as a
nuclear counterstain. Original magnification, x40. D) Graph shows the quantification of
nuclear NFxB-p65—positive staining in at least 200 counted cells, indicating an increase of
NF«B-p65 nuclear staining in AGS-pcDNA cells, which decreases in AGS-TFF1 cells after
infection. Results presented as percentage + SEM. E) The luciferase reporter assay using a
pNFxB-Luc reporter plasmid. H. pylori infection of AGS-pcDNA cells significantly
increased the luciferase activity, which was reduced after reconstitution of TFF1. The bar
graphs represent the mean £ SEM of 3 independent experiments.
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Figure 2. TFF1 suppresses H. pylori-induced upregulation mRNA expression of NFxB target

genes

A-D) gRT-PCR analysis showing a decrease in mRNA expression of proinflammatory

NFxB target genes (TNFa, IL15, CXCL5, and IL4R) in AGS-TFF1 cells relative to AGS-
pcDNA cells, following infection with H. pylori. The bar graphs represent the mean £ SEM
of 3 independent experiments.
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Figure 3. TFF1 attenuates H. pylori-induced activation of NF B signaling through
dephosphorylation of IKKa/B and NF xB-p65 proteins

A) Western blot analysis of the indicated proteins showed that the reconstitution of TFF1
decreases protein levels of p-IKKa/p and pNF«B-p65 after H. pylori infection. Protein
loading was normalized for equal levels of B-actin and the infection with H. pylori was
confirmed using CagA specific antibody. B-C) The relative density of p-IKK a/f (B) and p-
NF«B-p65 (C) normalized to p-Actin are presented as graphs produced from analysis of
three independent blots by ImageJ software. The results are expressed as mean = SEM of at
least 3 independent experiments.

Cancer. Author manuscript; available in PMC 2016 December 15.

El Ctrl
mm TFF1



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Soutto et al. Page 16

40X

T1-WT T1-WT Tff1-KO Tff1-K
Broth H. pylori Broth H. pylori
E
Tff1-KO p value
Broth (n=87) | H. pylori(n=21) | (Chitest)

Hyperplasia 11 (12.6%) 1 (4.8%) p=0.45
LGD 57 (65.5%) 13 (62 %) p =0.80
HGD 11 (12.6%) 0 (0%) p=0.12
ADC 8 (9.2%) 7 (33%) p <0.01

Figure 4. H. pylori infection enhances gastric tumorigenesis in Tff1-KO mice
A-D) H&E staining of representative histological features of antropyloric gastric mucosa

from mice of matched age (30 weeks): Tff1-WT with normal gland (A), Tff1-WT infected
with H. pylori PMSS1 strain showing gastritis (B), Tff1-KO mice showing high grade
dysplasia (C), and Tff1-KO infected with H. pylori PMSS1 strain showing neoplastic
antropyloric tissues expanded into the muscularis mucosa and formed invasive
adenocarcinomas. (D) Original magnification, x10 (top), x40 (bottom). E) Table showing
the percentage of histological distribution in gastric tissues from age-matched uninfected
control (Ctrl) and H. pylori-infected Tff1-KO mice. The significance of correlation was
determined by Chi square test.
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Figure 5. H. pylori infection increases chronic inflammation in Tff1-KO mice
A) gRT-PCR showing mRNA expression of H. pylori UreB (Ureas) as indication of H.

pylori infection in Tff1-WT and Tff1-KO mice. The level of UreB gene expression in
uninfected Tff1-WT and Tff1-KO mice was undetectable (ND). B) Chronic inflammation
scores in uninfected and H. pylori-infected Tff1-WT and Tff1-KO mice of matched ages
(10-12 weeks).
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Figure 6. H. pylori infection increases mMRNA expression of proinflammatory genes in Tff1-KO

mice

A-D) gRT-PCR analysis showing mRNA expression of proinflammatory NF«xB target
genes. The mRNA expression of Tnfa (A), 1118 (B), Cxcl5 (C), and 114r (D) was
significantly upregulated in H. pylori-infected Tff1-KO mice as compared to uninfected
Tff1-KO mice (10-12 weeks of age). The bars denote the mean £ SEM, p<0.05 was

considered statistically significant.
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