N

N

Helicobacter pylori urease and flagellin alter mucin gene
expression in human gastric cancer cells
Michael Perrais, Christel Rousseaux, Marie-Paule Ducourouble, René Courcol,

Pascal Vincent, Nicolas Jonckheere, Isabelle van Seuningen

» To cite this version:

Michael Perrais, Christel Rousseaux, Marie-Paule Ducourouble, René Courcol, Pascal Vincent, et al..
Helicobacter pylori urease and flagellin alter mucin gene expression in human gastric cancer cells.
Gastric Cancer, 2014, 17, pp.235-246. 10.1007/s10120-013-0267-5 . hal-02905802

HAL Id: hal-02905802
https://hal.science/hal-02905802
Submitted on 6 Oct 2020

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial 4.0 International License


https://hal.science/hal-02905802
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://hal.archives-ouvertes.fr

Gastric Cancer

Helicobacter pylori urease and flagellin alter mucin gene expression in human gastric

Manuscript Number:

Full Title:

Article Type:

Manuscript Classifications:

Keywords:

Corresponding Author:

Corresponding Author Secondary
Information:

Corresponding Author's Institution:

Corresponding Author's Secondary
Institution:

First Author:
First Author Secondary Information:

Order of Authors:

Order of Authors Secondary Information:

Abstract:

cancer cells
--Manuscript Draft--

GCAN-D-13-00034R1

Helicobacter pylori urease and flagellin alter mucin gene expression in human gastric
cancer cells

Original article

3: Special conditions; 3.001: H. pylori; 5: Tumor biology; 5.002: Carcinogenesis; 5.004:
Biology/Biochemistry

MUCSAC; H pylori; mucin; urease; flagellin; stomach; gastric cells

Isabelle VAN SEUNINGEN, Ph.D.
Inserm UMR837/JPARC/Team 5
LILLE cedex, FRANCE

Inserm UMR837/JPARC/Team 5

Michael PERRAIS, Ph.D.

Michael PERRAIS, Ph.D.

Christel ROUSSEAUX, Ph.D.
Marie-Paule DUCOUROUBLE
René COURCOL, M.D, Ph.D.
Pascal VINCENT, Ph.D.

Nicolas JONCKHEERE, Ph.D.
Isabelle VAN SEUNINGEN, Ph.D.

Helicobacter pylori (Hp) is one of the etiological agents in human gastric
adenocarcinoma and is known to interact with mucus gel and alter mucin gene
expression. The aim of this work was to study, using an in vitro model of cell infection,
the effects of urease, flagellin and CagA virulence factors on the regulation of the four
11p15 mucin genes (MUC2, MUC5AC, MUC5B and MUCG6). KATO-IIl and AGS gastric
cancer cells were infected for 1h, 3h or 6h with Hp wild-type strains (ATCC 43504, N6
and SS1) or corresponding isogenic mutants deficient for urease subunit B, flagellin
subunit A and CagA. mRNA levels of MUC2, MUC5B, MUC5AC and MUC6 were
assessed by RT-PCR and functional activity of their promoters was measured by
transient transfection assays. Infection of KATO-III cells with Hp wild-type strains
resulted in an early (at 1h) transient expression of MUC2, MUC5AC and MUC6 mRNA
concomitant with those of IL-1beta, IL-8 and TNF-alpha cytokines. In these cells, UreB-
isogenic mutant induced a strong activation of MUC5AC expression and UreB-
responsive elements were located in the -486/-1 region of the promoter. FlaA- and
CagA- mutants had no effect on mucin gene mRNA levels in KATO-III cells. In AGS
cells, Hp-responsive elements were identified in all promoters and overexpression of
NF-kappaB induced up-regulation of MUC5AC promoter activity when infected with
UreB- isogenic mutant. In conclusion, these results indicate that Hp infection of gastric
cancer cells alters 11p15 mucin gene transcription and that MUC5AC down-regulation
is mediated by urease virulence factor.
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Abstract

Background: Helicobacter pylori (Hp) is one of the etiological agents in human
gastric adenocarcinoma and is known to interact with mucus gel and alter mucin gene
expression. The aim of this work was to study, using an in vitro model of cell infection, the
effects of urease, flagellin and CagA virulence factors on the regulation of the four 11p15
mucin genes (MUC2, MUC5AC, MUC5B and MUCG6). Methods: KATO-II1 and AGS gastric
cancer cells were infected for 1h, 3h or 6h with Hp wild-type strains (ATCC 43504, N6 and
SS1) or corresponding isogenic mutants deficient for urease subunit B, flagellin subunit A and
CagA. mRNA levels of MUC2, MUC5B, MUCS5AC and MUCG6 were assessed by RT-PCR
and functional activity of their promoters was measured by transient transfection assays.
Results: Infection of KATO-III cells with Hp wild-type strains resulted in an early (at 1h)
transient expression of MUC2, MUC5AC and MUC6 mRNA concomitant with those of IL-
14, IL-8 and TNF-« cytokines. In these cells, UreB" isogenic mutant induced a strong
activation of MUCSAC expression and UreB-responsive elements were located in the -486/-1
region of the promoter. FlaA™ and CagA™ mutants had no effect on mucin gene mRNA levels
in KATO-11I cells. In AGS cells, Hp-responsive elements were identified in all promoters and
overexpression of NF-xB induced up-regulation of MUC5AC promoter activity when infected
with UreB’ isogenic mutant. Conclusion: these results indicate that Hp infection of gastric
cancer cells alters 11p15 mucin gene transcription and that MUC5AC down-regulation is

mediated by urease virulence factor.
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Introduction

Gastric cancer is the second common cancer in humans worldwide. In 1994, the
International Agency for Research on Cancer recognized Helicobacter pylori (Hp), a Gram
negative bacterium, which natural habitat is restricted to the stomach, as one of the etiological
agents in human gastric adenocarcinoma and as a type | carcinogenetic agent [1-3]. Indeed,
epidemiological studies performed in different countries have shown a correlation between
gastric cancer rate and Hp seroprevalence in populations [4].

As the major glycoprotein component of mucus, mucins play a major role in
maintaining mucosae integrity [5, 6]. The genes encoding mucins are now classified in two
families, the large secreted gel-forming mucins and the membrane-bound mucins [7, 8]. In
normal stomach, MUC1l and MUCS5AC are the main mucin genes expressed in
surface/foveolar epithelial cells whereas MUCG6 is expressed in the antral glands [9, 10].
During infection, Hp associates with the mucus layer [11], interacts with MUC5AC [12-14]
and binds gastric epithelial cells [15]. In Hp-induced gastritis, the pattern of mucin gene
expression is altered [16] and is characterized by an aberrant expression of the gland-type
gastric mucin MUCG6 and a decreased expression of the normal surface-type mucin MUC5AC
in the surface epithelium [9, 10, 16-19]. However, until now nothing is known about the
intracellular molecular mechanisms responsible for MUC5AC altered profile of expression.
MUCS5AC being the major secreted mucin in stomach with an altered profile of expression
during Hp infection, we undertook to decipher the molecular mechanisms responsible for
MUCS5AC transcriptional regulation by Hp.

Since the discovery of Hp and its involvement in gastric pathologies, many studies have
been conducted to identify determinants of bacterial pathogenicity. Among Hp attributes,
urease and flagellin have been recognized as essential for bacterial colonization of the gastric

mucosa [20, 21]. Urease degrades urea into ammonia and carbon dioxide and provides an



acid-neutralizing cloud of ammonia that could protect the bacterium from gastric acidity.
Flagella (5 to 7 per cell), which confer motility, are made of polymers of two subunits, the
major flagellin FlaA and the minor flagellin FlaB. The cagA gene is one of the 31 genes of the
pathogenicity island cag (cag PAI), which encodes a type IV secretion system allowing the
translocation of CagA into the gastric epithelial cells. CagA modifies the phosphorylation
pattern of intracellular proteins leading to the cytoskeleton rearrangement of infected cells
[22].

To better understand Hp-induced molecular mechanisms associated with altered
expression of secreted mucins and especially MUC5AC in the gastric mucosa, we undertook
to study the transcriptional regulation of these genes using an in vitro model of epithelial
gastric cell infection by Hp in which the impact of urease, flagellin and CagA Hp virulence
factors on the regulation of the mucin genes was studied at the transcriptional level. In this
report, we establish a direct link between Hp infection of gastric cancer cells and down-

regulation of MUCS5AC gene expression by the urease virulence factor.



Materials and methods

Cell lines

KATO-IIl and AGS human gastric adenocarcinomatous cell lines were cultured as
previously described [23].
Bacterial strains

The Helicobacter pylori wild type strain ATCC 43504, the parental strain N6 [24], N6
flaA QQ Km (flagellin (FlaA)-deficient [25]) and N6 ureB :: Tn3Km (urease (UreB)-deficient
[24]) mutants, the parental strain SS1 and the deficient mutant SS1 CagA™ (SS1 cag Q Km)
[26, 27] were a kind gift of Dr. A. Labigne (Institut Pasteur, Pathogenie bactérienne des
muqueuses, Paris). Bacteria were grown on Columbia agar (Becton Dickinson) supplemented
with 0.5% glucose, 0.05% cystein chlorhydrate and 10% horse blood. Plates were incubated
for 48h in 5% O, and 11% CO..
Infection of cell monolayers

Forty-eight hour cultures of Hp on agar plates were swabbed and bacteria were

immediately suspended in 0.85% NaCl at 6.2 Mc Farland unit density (10° viable bacteria per

ml). One ml of this bacterial suspension was added to cell cultures and infected cells were
placed at 37°C in a 5% to 10% CO, and 80-90% air atmosphere incubator. Cells were

incubated with bacteria up to 24h. No antibiotics were added to the co-culture. Cellular

integrity, determined by measuring the amount of lactate dehydrogenase in the culture
medium using Olympus System Reagent Kit, was performed after 24h cell infection.
RT-PCR

Cells were harvested at confluence and total RNA (1.5 pg), extracted with the Qiamp

RNA blood mini-kit (Qiagen), was used to prepare cDNA using the Advantage ™ RT-for-
PCR kit (Clontech). PCRs on 5 pl of cDNA using specific pairs of primers for the mucin

genes and analyses of PCR products were performed as described before [23, 28, 29]. Primers



used to study the expression of IL-14, IL-6, IL-8, TNF-« and NF-xB p65 subunit are
indicated in table I. 18S rRNA subunit was used as an internal control. The gene of
interest/18S ratio was calculated by densitometric analysis of the DNA bands using the Gel
Analyst Gel Smart software (ClaraVision, Paris, France). All PCR studies were performed in
triplicate on samples from three different sets of experiments.
Plasmid constructions
MUC2 (-2627/-1 and -2096/+27), MUCSHAC (-1366/-1, -486/-1 and

—-202/-1), and MUC5B (-223/-1, -1329/-1117 and —2044/-1117) promoter deletion mutants
were previously described [23, 28, 29]. Plasmids used for transfection studies were prepared
using the Endofree plasmid Mega kit (Qiagen).
Transient transfection assays

Cell transfections with pGL3 deletion mutants of MUC2, MUC5AC, MUC5B and
mMuc5ac promoters were performed using Effectene® reagent (Qiagen) as previously

described [28]. Briefly, cells (0.5 x 10° cells/well in a 6-well plate) were passed the day

before the transfection. Transfected cells were then left for another 24h incubation at 37°C.

Infection with Hp strains (10° cfu/ml) was carried out 1h, 3h, or 6h before cell harvesting.

Total cell extract preparation, luciferase activity and protein content measurement (BCA Kit,
Pierce) were carried out as previously described [28]. Each plasmid was assayed in triplicate
in at least three separate experiments. Co-transfection studies were performed in the same
conditions in the presence of 1 xg of the pGL3-deletion mutant and 0.25 g of the pCMV4-
NF-xB p65 expression vector. Empty pCMV4 vector was used as the reference.

Statistics

The statistical analyses were carried out using both Excel and GraphPad 4.0 softwares
(GraphPad softwares Inc., La Jolla, USA). The differences in the means of samples were

analyzed using student t test or one way anova test with selected comparison using tukey post



hoc test with differences less than 0.05 considered as statistically significant (*). ** indicates

p <0.01 and *** p < 0.001.



Results

Influence of Hp virulence factors on mucin gene mRNA levels in gastric cancer cells
When KATO-I11I cells were infected with the wild-type strains, no effect was observed
on MUC5B mRNA levels whereas MUC2, MUC5AC and MUC6 expression noticeably
increased at 1h infection (Fig.1). This effect was transient as it was not maintained at 3h or 6h
infection. More interestingly, infection with the UreB™ mutant resulted in a strong increase of
MUCSAC expression at 1h (7-fold) when compared with the cells infected with N6 wild-type
strain. MUC2, MUC5B and MUC6 mRNA levels were not affected by the UreB™ mutant.
Infection with FlaA™ or CagA™ mutants had no additional impact on the expression of the four
11p15 mucin genes when compared with the respective wild-type strains. In AGS cells, no
effect was seen on mucin gene expression (not shown). In conclusion, a transient up-
regulation of MUC2, MUC5AC and MUC6 mucin genes was observed in KATO-III cells at
1h infection with the three Hp wild-type strains. This effect was dramatically enhanced for

MUCS5AC after infection with UreB™ isogenic mutant.

Influence of Hp and UreB, FlaA and CagA virulence factors on MUC2 promoter activity

Having shown that mucin gene mRNA levels were altered after Hp infection, we
undertook to study the effect of Hp at the promoter level and identify Hp-responsive regions.
In KATO-III cells, wild-type strain ATCC 43504 increased luciferase activity of the —
2096/+27 region of MUC2 promoter (2 fold) (Fig. 2). N6 wild-type strain and UreB" and
FlaA™ isogenic mutants had little effect on MUC2 promoter activity. Absence of CagA
increased activity (2 fold) of the -2627/-1 fragment whereas it decreased that of the -2627/-1
promoter region. In AGS cells, activation of the -2627/-1 MUC2 promoter region was
observed with the three wild-type strains at 3h infection followed by a 50% inhibition at 6h

(Fig. 3). This activation was lost with fragment -2096/+27. Isogenic mutant UreB™ had no



effect whereas FlaA™ enhanced activity of the fragment —2627/-1 at 1h (2 fold). Infection with
CagA™ mutant resulted in a two-fold activation of the two fragments. Altogether these results
indicate that MUC2 promoter contains positive and negative regulatory elements to Hp

virulence factors that show cell-specific activity.

Influence of Hp and UreB, FlaA and CagA virulence factors on MUC5AC promoter
activity

In KATO-III cells, Hp wild-type strains ATCC 43504 and N6 induced a time-dependent
inhibition of the -202/-1 MUCS5AC promoter region resulting in at least 50% loss at 6h
infection (Fig. 3). This inhibition was lost with the -1366/-1 region of the promoter. Infection
with wild-type strain SS1 induced the activity of the fragment —486/-1 in a time-dependent
manner. Activation of the -486/-1 deletion mutant was found after cell infection with UreB" at
3h (2.2 fold), with FlaA™ at 6h (2 fold) and with CagA™ at 6h (1.6 fold). The activation by
UreB™ was delayed at 6h post-infection with promoter fragment -202/-1. In AGS cells, the
three wild-type strains induced activation of the -202/-1 and of the -1366/-1 promoter regions
at 1h. Altogether, this indicates that cell-specific urease, flagellin, and CagA positive and
negative elements are present within the MUC5AC promoter.

UreB’ showed a transactivating effect of the -1366/-1 fragment at 3h (2 fold) that was
inverted (inhibition of 75%) when using the -486/-1 promoter region. These results indicate
that UreB responsive elements are present within the -1366/-203 region of MUCS5AC
promoter. FlaA™ had a strong transactivating effect on the -486/-1 MUCS5AC promoter region
that was lost on the -202/-1 region. This indicates that FlaA responsive elements are present
within the -486/-203 region of MUC5AC promoter. Infection with CagA™ deficient mutant
resulted in transactivation of the -202/-1 region, indicating that CagA responsive elements are

located in that part of the promoter.
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Influence of Hp and UreB, FlaA and CagA virulence factors on MUC5B promoter
activity

Infection of KATO-III cells with ATCC 43504, N6 and SS1 wild-type strains decreased
MUCS5B promoter activity in a time-dependent manner and resulted in 60-80% inhibition of
both promoters at 6h infection (Fig. 4). The effect was different with -2044/-1117 construct
with which activation was first seen at 3h followed by an inhibition at 6h. UreB™ and FlaA
isogenic mutants had no effect. Infection with CagA" resulted in 50% inhibition of the -223/-1
construct at 1h infection. In AGS cells, a transient inhibitory effect of ATCC 43504 strain was
found on the proximal promoter (-223/-1) at 1h infection (75% inhibition) and on the distal
promoter (-2044/-1117) at 3h (50% inhibition). FlaA™ and CagA™ both induced activation of
the distal promoter (-1329/-1117) at 1h and 3h infection, respectively. These effects were lost
when using the -2044/-1117 deletion mutant indicating that FlaA and CagA responsive
elements are present within the -1329/-1117 of MUC5B distal promoter. UreB" induced a 3-
fold transactivating effect of the -2044/-1117 deletion mutant at 6h infection that was lost
with the -1329/-1117 mutant indicating that UreB responsive elements are present within the -

2044/-1330 region of MUCS5B distal promoter.

Effects of Hp infection on cytokines and NF-&B expression in KATO-111 and AGS cells
In order to correlate mucin gene altered expression after gastric cell infection by Hp and
virulence factors to known pro-inflammatory cytokines and signaling pathway regulated by
Hp, expression level of IL-8, IL-14, IL-6, TNF-« and NF-xB mRNA were measured. Our
results indicate that IL-8 and TNF-a mRNA levels were increased in infected KATO-I1I cells
as soon as 1h (Fig. 5A). IL-6 mRNA was neither expressed nor up-regulated in these cells
(data not shown). IL-8 induction by N6 wild-type strain seemed to be mediated by the urease
factor since the activation was decreased when cells were infected with UreB™ mutant. TNF-«

mMRNA was strongly induced by wild-type strains as early as 1h infection. Early activation of
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TNF-« by Hp seems also to be mediated by the urease factor since TNF-a mRNA activation
was postponed to 6h infection when using UreB™ mutant. IL-18 mRNA activation occurred at
3h infection with ATCC 43503 strain and at 1h with N6 wild-type strain. IL-1/ activation is
also mediated by urease since the activation was strongly decreased as early as 1h when using
UreB’ isogenic mutant. NF-xB mRNA level was increased as soon as 1h infection with N6
wild type strain and this effect was lost with virulence factors UreB. In AGS cells, Hp
infection with both wild-type strains induced an early (1h) transient expression of IL-8 mMRNA
that was lost thereafter (Fig. 5B). The activation at 1h was maintained with FlaA™ mutant
whereas it was lost with UreB™ confirming the role of urease in mediating IL-8 activation by
Hp. NF-x«B mRNA expression increased as of 3h infection with both wild type strains and
was maintained at 6h. This effect was mediated by UreB since infection with this deficient
mutant did not show any induction of NF-«B expression. All the other cytokines studied (IL-
14, IL-6 and TNF-«) were neither expressed nor induced in these cells (data not shown).
Altogether these results indicate that Hp infection of KATO-III cells activates IL-8, IL-14 and
TNF-« and NF-xB expression and that this process is mediated by the UreB virulence factor.

In AGS cells, the same mechanism involving UreB was found for IL-8 and NF-«xB.

Role of NF-xB in the urease- and flagellin-mediated transcription of MUC5AC

Since we showed in this report that, (i) urease and flagellin alter mucin gene
transcription, (ii) urease- and flagellin-response elements are present within MUC5AC
promoter, and (iii) UreB mediates activation of cytokines and NF-xB, we undertook to
establish a link between NF-kB and MUCS5AC regulation by urease and flagellin. To this aim,
co-transfection experiments were performed in the presence of the promoter of MUC5AC and
a NF-xB expression vector encoding the p65 transactivating subunit of NF-«B. In KATO-III

cells, no effect was observed with UreB™ whereas activation of -202/-1 MUC5AC promoter

12



region (4.2 fold increase) was found at 6h with FlaA™ (Fig. 6, upper panel). In UreB -infected
AGS cells (Fig. 6, lower panel), overexpression of NF-xB p65 subunit led to the activation of
the -1366/-1 region of MUC5AC promoter (2 fold, black bars). This effect was lost when
using the —202/-1 fragment (white bars). This result indicates that the effects of UreB™ on

MUCSAC promoter activity in AGS cells may be mediated by NF-xB.
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Discussion

Helicobacter pylori, a gram-negative bacterium, has been implicated as a causative
agent for gastritis, peptic ulcer and gastric carcinoma. Byrd et al. recently showed that Hp-
induced gastritis is characterized by a decrease of MUCS5AC production and an aberrant
expression of MUCG6 by the surface epithelial cells (MUCS6 is normally expressed in gastric
glands) [16, 18]. Moreover, Hp-infected preneoplastic and neoplastic gastric mucosae also
show altered expression of MUC2, MUC5AC and MUC6 mucins [17].

However, while extensive characterization of Hp adhesins and MUCS5AC
oligosaccharidic structures involved in Hp-MUCS5AC interaction has been described in the
literature [12-15, 19], nothing is known about the molecular mechanisms driven by Hp that
regulate mucin gene expression in the stomach. We therefore undertook to study the effects of
Hp on mucin gene expression at the transcriptional level in KATO-I11 and AGS gastric cancer
cells. We focused our work on two virulence factors involved in Hp colonization of the
stomach, that is urease and flagellin and a virulence factor involved in injury genesis, CagA.
Urease produces abundant amounts of ammonia and flagellin promotes Hp motility. Kawano
et al. showed that ammonia chronically administrated orally in rats leads to changes in gastric
mucosal structures and functions and induces a dose- and time-dependent decrease of
intracellular mucin [30]. No relation between Hp flagella and mucin expression has been
studied so far. Interestingly, some data obtained in the lung are in favor of a role for flagellin
as a mucin regulator since it was shown that Pseudomonas aeruginosa flagellin induces
transcription and expression of the mucin MUC2 after binding to lung epithelial cells via the
membrane glycolipid ASGM1 [31]. The presence of cagA is statistically associated with
duodenal ulceration, gastric mucosal atrophy and gastric cancer. The precise functions of the
cag PAI, that confers inflammatory power to the strain, are still unknown. CagA is able to

modulate the activity of MAP kinases and consequently the cellular pathways which regulate
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cell proliferation, cell differentiation, apoptosis, reaction to stress and inflammatory
responses. Activation of MAP kinases by Hp cag PAI positive strains [32] may be crucial in
developing gastroduodenal inflammation and alteration of mucin gene expression especially
since MAP kinases are also known to regulate mucin gene expression [33, 34].

In this report, we show for the first time that urease mediates down-regulation of
MUCS5AC transcription in gastric cancer cells in a cell-specific manner. We also have
identified UreB-responsive elements in the —486/-1 and -1366/-202 regions of MUC5AC
promoter in KATO-III and AGS cells, respectively. These results suggest that MUC5AC
promoter contain UreB-responsive elements that are cell-specific. FlaA, another virulence
factor involved in Hp motility and colonization, did not alter mucin gene mRNA levels in
either cell line. However, FlaA-responsive elements were found in MUC2 and MUCS5AC
promoters, which suggests that in another cellular context FlaA may alter mucin gene
expression. In AGS cells, mucin gene mRNA levels were not altered after Hp infection. This
is most likely the consequence of methylation as we had previously shown that 11p15 mucin
genes are methylated in that cell line [35]. Despite that, AGS cells proved to be a great model
to study the regulation of mucin genes at the promoter level and identify Hp-responsive
elements. Indeed in these cells, we have identified UreB- and FlaA-responsive elements in the
promoters of MUC2, MUC5AC and MUC5B and CagA-responsive elements in the promoters
of MUC2 and MUCS5B. Since, these two genes are expressed in the stomach during the
precancerous step of intestinal metaplasia [17], it is an argument in favor of an association
between CagA presence in the stomach and severity of the disease. These results also suggest
that the different virulence factors of Hp act chronologically during infection and
development of the disease. Moreover, urease- and flagellin-mediated inhibition of MUC5AC
gene expression (this report) is well correlated with the decrease of MUC5AC apomucin
observed in the stomach [16-18], which may favor mucus penetration by Hp during stomach

colonization. After anchoring of the bacteria on gastric mucosa, which persists without
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adapted antibiotic treatment, the other virulence factors then become effective and create
mucosal injuries. CagA, could be one of the numerous factors participating to the gastric
cancer development by altering MUC2 and MUC5B gene expression.

Previous data have shown that urease is a proinflammatory molecule that up-regulates
production of potent proinflammatory cytokines [36] and most likely that effect is mediated
by NF-«B transcription factor [37, 38]. Moreover, NF-xB has already been shown to up-
regulate MUC2 and MUCS5AC transcription in cultured airway epithelial cells and bronchial
explants after cell infection by the gram-negative bacterium Pseudomonas aeruginosa [33,
39]. In that case, the bacteria adheres to the cell and then activates NF-xB pathway via
lipopolysaccharide binding to a receptor yet to be characterized [40]. Two kB cis-elements
are present in MUC5AC promoter at -958/-949 and -227/-215 [41] that could be involved in
the response to urease via NF-xB in AGS cells and lead to down regulation of MUC5AC
promoter activity. In KATO-III cells, this phenomenon is NF-«B-independent. Thus, it seems
that Hp uses different cell-specific signaling pathways to regulate MUC5AC expression in
gastric epithelial cells.

The three wild type strains of Hp used in this work induced a transient activation of
MUC2, MUC5AC and MUC6 mucin gene expression at 1h infection in KATO-I11 cells. There

was no effect on MUC5B expression. The reversal after 3h is most likely due to the fact that

enough mRNA was produced following infection and that the cell has enough then to express

and secrete mucins. Moreover, it has already been shown in our laboratory and it is known

that mMRNA encoding secreted mucins have quite a long half-life [42] and thus as mentioned

above, a cell has enough mMRNA to express a secreted mucin and does not need transcription

to go on for long periods.

This early response leading to the up-regulation of mucin gene expression is to be
correlated with early response of the cells to the infection by up-regulating the expression of
IL-8 chemokine, IL-14 and TNF-«a pro-inflammatory cytokines. This indicates that mucins

16



can be considered as an early response of the cell to protect itself against bacterial injury. Hp
infection of the stomach is associated with the development of inflammation [2]. Virulence
factors of Hp participate in maintaining that inflammatory state [36, 43]. We thus hypothesize
that gastric cells may, in an autocrine system, respond to Hp infection by up-regulating a
panel of chemokines and pro-inflammatory cytokines in order to attract inflammatory cells

but also to express mucins to protect themselves against injury. Indeed the mucus secretion is

the first protective line of mucosal surfaces against pathogens and irritants by providing an

efficient mucus layer with specific rheological properties [44]. Mucin secretion in the

stomach, by modifying the gastric environment for colonization, may thus play a role of

antibiotic against the bacteria [45-47], increase immunoreactivity in the mucosa [48], but also

inhibit H. pylori proliferation [49]. In a healthy adult, this autocrine system would suffice to

trap and eradicate the bacteria, whereas in other situations such as chronic or more severe

inflammation and more vulnerable patients mucin secretion would be either not sufficient or

worse used by the bacteria to adhere, develop and in some cases cause gastric neoplasia

leading to cancer.

In conclusion, we have shown that Helicobacter pylori regulates mucin gene
expression at the transcriptional level in gastric cancer cells. Hp-, urease-, flagellin- and
CagA-responsive elements were found in MUC2, MUC5AC and MUC5B promoters and
urease-mediated inhibition of MUCS5AC in KATO-III cells is independent of NF-xB
activation. Finally, concomitant early up-regulation of mucin genes and pro-inflammatory
cytokines is in favor of autocrine systems activated by gastric cells in response to Hp

infection.
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Figure Legends

Figure 1: Effect of Hp on 11p15 mucin gene expression in KATO-I11 cells. Expression of
MUC2, MUC5AC, MUC5B and MUC6 mRNAs was evaluated by the means of RT-PCR after
KATO-III cell infection with Hp wild-type strains (ATCC 43504, N6 and SS1) and N6
isogenic mutants (N6 UreB’, N6 FlaA" and SS1 CagA’). 10 ul of PCR products were loaded

on a 1.5% agarose gel and electrophoresed in 1X TBE buffer containing ethidium bromide.

Figure 2: Regulation of MUC2 promoter by Hp wild-type strains and UreB’, FlaA™ and
CagA’ isogenic mutants in KATO-IIl and AGS cells. Results are expressed as fold
induction of luciferase activity of the promoter constructs in infected cells with deficient
mutants over activity in infected cells with wild-type strain (UreB /N6, FIaA /N6, CagA
/SS1). The results are means +/- S.D. and represent three different experiments in triplicate

for each fragment.

Figure 3: Regulation of MUC5AC promoter by Hp wild-type strains and UreB’, FlaA’
and CagA" isogenic mutants in KATO-IIl and AGS cells. Results are expressed as fold
induction of luciferase activity of the promoter constructs in infected cells with deficient
mutants over activity in infected cells with wild-type strain (UreB/N6, FlaA /N6, CagA
/SS1). The results are means +/- S.D. and represent three different experiments in triplicate

for each fragment.

Figure 4: Regulation of MUC5B promoters by Hp wild-type strains and UreB", FlaA
and CagA" isogenic mutants in KATO-IIl and AGS cells. Results are expressed as fold
induction of luciferase activity of the promoter constructs in infected cells with deficient

mutants over activity in infected cells with wild-type strain (UreB/N6,FlaA"/N6, CagA/SS1).
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The results are means +/- S.D. and represent three different experiments in triplicate for each

fragment.

Figure 5: Expression of cytokines and NF-xB p65 subunit in Hp-infected gastric cancer
cells by RT-PCR. Cells were treated for 1h, 3h or 6h with Hp wild-type strains (ATCC
43504 or N6) or FlaA™ and UreB" isogenic mutants. (A): KATO-III cells and (B): AGS cells.
10 ul of the PCR products were loaded on a 1.5% agarose gel and electrophoresed in 1X TBE

buffer containing ethidium bromide.

Figure 6: Role of NF-kB on MUC5AC promoter activity after Hp infection. Co-
transfections studies were performed in KATO-I11 and AGS cells in the presence of pCMV4-
NF-xB p65 expression vector encoding the transactivating subunit of NF-xB and the pGL3-
MUCSAC deletion mutants covering either the -1366/-1 (black bars) or the -202/-1 (white
bars) regions of the promoter. Co-transfections with empty vector pPCMV4 was performed and
luciferase value considered as 1 (Ref, gray bar). Cells were infected for 1h, 3h or 6h with Hp
wild-type strain N6 or its isogenic deficient mutants for urease B and flagellin A. Results are
expressed as fold induction of luciferase activity in infected cells with deficient mutants over
activity in infected cells with wild-type strain (UreB/N6 or FlaA/N6). The results are means

+/- S.D. and represent three different experiments in triplicate for each fragment.
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Table |

Target  Nucleotide sequence (5’—37) Size of PCR Annealing
gene product (bp) temperature
C)
18SRNA S: GGA CCA GAG GCAAAG CATTTG CC 480 64

AS: TCAATCTCG GGT GGC TGAACGC

IL-15 S:ATTCTG ATGAGC AACCGCTT 156 55
AS: GCACAC CAG TCC AAATTG AA

IL-6 S: GGG AAG CTT GCT ATG AACTCC TCC TCC AGA 639 68
AS : GGG GAATTC ATG CTACAT TTG CCG AAG AGC

IL-8 S: AAG GAACCATCT CACTG 352 50
AS: GAT TCT TGG ATA CCA CAG AG

NF-«B  S: CTG CCG AGC TCA AGA TCT GCC GAG TAA AC 196 69
AS : GGA GGA GTC CGG AACACAATGGCCACTTGCC

TNF-a  S: CAG AGG GAA GAG TTC CCC AG 325 61
AS: CCT TGG TCT GGT AGG AGA CG

Table I: Sequences of the pairs of primers used in RT-PCR experiments to study the
expression of the proinflammatory cytokines (IL-14, IL-6, IL-8, TNF-a) and transcription

factor NF-«B. S: sense orientation, AS: antisense orientation.
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*Mini-abstract (less than 30 words)

Helicobacter pylori (Hp) interacts with gastric mucus gel and alter mucin gene
expression. We show that Hp alters 11p15 mucin gene transcription and that MUC5AC down-

regulation is mediated by urease.
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