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Introduction

Helicobacter pylori infection is responsible for one of the most common worldwide infection in humans. It represents the major cause of gastric pathologies as chronic gastritis, gastric and duodenal ulcers. In some cases it also leads to gastric adenocarcinoma and mucosa-associated lymphoid tissue (MALT) lymphoma [START_REF] Parsonnet | Bacterial infection and MALT lymphoma[END_REF][START_REF] Correa | Carcinogenesis of Helicobacter pylori[END_REF]. The long-persistence of the bacteria and the induced chronic inflammation contribute to the development of malignancies by deregulating signaling pathways, cell proliferation and causing genetic instability [START_REF] Atherton | The pathogenesis of Helicobacter pylori-induced gastro-duodenal diseases[END_REF]. Transcription factors are key regulators of the host response to infection at various stage of the disease [START_REF] Naumann | Helicobacter pylori-induced epithelial cell signalling in gastric carcinogenesis[END_REF]. For example, in H. pylori infected-Mongolian gerbils, Activating Protein-1 (AP-1) and Rel/Nuclear Factor κB (NF-κB) transcription factors act as early responders related to inflammation and late responders related to atrophy, respectively [START_REF] Kudo | Pattern of transcription factor activation in Helicobacter pylori-infected Mongolian gerbils[END_REF].

Upstream stimulatory factors (USF1 and USF2) are pleiotropic transcriptional regulators of immune response, cell cycle and cell proliferation [START_REF] Corre | Upstream stimulating factors: highly versatile stressresponsive transcription factors[END_REF]. USF1 and USF2 also modulate host functions in response to infection. For instance, Chlamydia inhibits interferon-γ-inducible MHC-II expression by breaking down USF1, thereby evading the host immune response [START_REF] Zhong | Chlamydia inhibits interferon gamma-inducible major histocompatibility complex class II expression by degradation of upstream stimulatory factor 1[END_REF]. Up to now, only one study has reported the involvement of USF2 as a positive regulator of the cyclooxygenase-2 transcription in H. pylori infection [START_REF] Juttner | Helicobacter pylori stimulates host cyclooxygenase-2 gene transcription: critical importance of MEK/ERK-dependent activation of USF1/-2 and CREB transcription factors[END_REF]. In addition, USF1 and USF2 have anti-proliferative properties [START_REF] Luo | Antiproliferative properties of the USF family of helixloop-helix transcription factors[END_REF]. Their downregulation has been described in various cancers [START_REF] Ismail | Loss of USF transcriptional activity in breast cancer cell lines[END_REF][START_REF] Jaiswal | Upstream stimulating factor-1 (USF1) and USF2 bind to and activate the promoter of the adenomatous polyposis coli (APC) tumor suppressor gene[END_REF][START_REF] Chang | Upstream stimulatory factor (USF) as a transcriptional suppressor of human telomerase reverse transcriptase (hTERT) in oral cancer cells[END_REF][START_REF] Chen | Tumor-suppression function of transcription factor USF2 in prostate carcinogenesis[END_REF]. These transcription factors are members of the basic helix-loop-helix leucine zipper family including c-Myc [START_REF] Atchley | A natural classification of the basic helix-loop-helix class of transcription factors[END_REF]. They bind as homo or heterodimers to specific E-box consensus sites CANNTG (NN=GC or CG) via base-specific DNA-contact [START_REF] Sirito | Ubiquitous expression of the 43-and 44-kDa forms of transcription factor USF in mammalian cells[END_REF][START_REF] Corre | Upstream stimulating factors: highly versatile stressresponsive transcription factors[END_REF]. Cytosine methylation at the central CpG of the E-box sequence or mutation can inhibit protein-DNA complex formation leading to gene deregulation [START_REF] Griswold | Site-specific methylation of the promoter alters deoxyribonucleic acid-protein interactions and prevents follicle-stimulating hormone receptor gene transcription[END_REF].

DNA methylation is an important mechanism that occurs predominantly in CpG islands located within the promoter region. It is generally associated with gene silencing and plays a critical role in the development of human cancer [START_REF] Baylin | Epigenetic gene silencing in cancer -a mechanism for early oncogenic pathway addiction?[END_REF]. Aberrant methylation of CpG islands is exacerbated by chronic inflammation and has been reported as an early event during gastric carcinogenesis [START_REF] Nardone | Epigenetic alterations due to diet and Helicobacter pylori infection in gastric carcinogenesis[END_REF]. In the case of H. pylori infection, higher DNA hypermethylation has been described in infected patients [START_REF] Maekita | High levels of aberrant DNA methylation in Helicobacter pylori-infected gastric mucosae and its possible association with gastric cancer risk[END_REF], Nakajima et al., 2006).

We previously analyzed the global host response to a chronic H. pylori infection and showed that USF2 gene expression was downregulated in the gastric mucosa of 12 monthinfected mice [START_REF] Vivas | Interferon gamma-signature transcript profiling and IL-23 upregulation in response to Helicobacter pylori infection[END_REF]. In the present study, we investigated the consequences of H. pylori infection on the level of USF1 and USF2 transcription factors. Our data highlight the involvement of DNA methylation in the regulation of USF1 and USF2 gene expression in the presence of H. pylori. Given the properties of USF1 and USF2 as tumor suppressor genes [START_REF] Jaiswal | Upstream stimulating factor-1 (USF1) and USF2 bind to and activate the promoter of the adenomatous polyposis coli (APC) tumor suppressor gene[END_REF], the mechanisms reported here may play an important role in the molecular events driving the infection towards the development of malignancies.

Results

H. pylori-infection leads to the downregulation of USF1 and USF2 transcription factors

The consequences of H. pylori strain B38, a clinical isolate from a MALT lymphoma patient, were investigated on USF1 and USF2 expression in gastric epithelial cell line (AGS).

USF1 gene expression decreased by a factor of two to three, after 12 h to 48 h infection.

USF2 transcript levels in cells infected for 48 h (MOI 100:1) were half those in uninfected cells (Fig 1A). The infection also decreased USF1 and USF2 protein levels (Fig 1B). These results were confirmed in other human gastric epithelial cell lines: KATOIII and MKN45 (Fig 1A). In addition, incubation of AGS cells with H. pylori B38 lysate (5, 10 and 50µg/ml) lead to a decrease of USF1 and USF2 expression by a factor of two for both genes, suggesting a regulation by one or more soluble bacterial factors. It is to be noticed that an E. coli lysate had no effect (Fig 1C). An inhibition of USF1 and USF2 gene expression by a factor of four and three respectively, was also showed with other H. pylori MALT lymphoma derivative strains deficient for the cytotoxin-associated gene pathogenicity island (cag PAI -), as B38: B49 and B25, and (cag PAI + ) strains: B60, B29 and B45 (kindly supplied by Pr. F. Mégraud, Bordeaux and Pr. JC Delchier, Créteil, France), thus demonstrating a Cag-independent mechanism (Fig 1D). This negative regulation of USF1 and USF2 gene expression was also confirmed with different H. pylori strains: SS1 harbouring a non-functional Cag PAI [START_REF] Lee | A standardized mouse model of Helicobacter pylori infection: introducing the Sydney strain[END_REF] and B128 (cag+) [START_REF] Israel | Helicobacter pylori strain-specific differences in genetic content, identified by microarray, influence host inflammatory responses[END_REF] (data not shown). The decrease of USF1 and USF2 was not attributable to cell apoptosis since the number of live cells negative for annexin V and 7aminoactinomycin D labelling was 77.3% and 70% after infection with H. pylori B38, as compared to 79% and 75.5% in the controls, for 24 and 48h respectively. Furthermore, the induction of apoptosis with staurosporine (100 and 500 nmol/l) for 6 hours did not modify USF1 and USF2 gene expression, as measured by real-time PCR (data not shown). These data confirmed that the decrease of USF1 and USF2 levels in the presence of H. pylori infection was not due to a decline in cell viability.

The in vivo relevance of these findings was assessed in chronically infected-mice with H. pylori SS1, known to colonize the mouse stomach for up to 12 and 18 months [START_REF] Lee | A standardized mouse model of Helicobacter pylori infection: introducing the Sydney strain[END_REF]. As already reported [START_REF] Touati | Chronic Helicobacter pylori infections induce gastric mutations in mice[END_REF], histology of the infected gastric mucosa showed an active gastritis with metaplasia associated with the presence of large lymphoid follicles after 18 months of infection (Fig 2A part b). Atypia in the antrum and the fundus are also observed. Consistent with our previous findings [START_REF] Vivas | Interferon gamma-signature transcript profiling and IL-23 upregulation in response to Helicobacter pylori infection[END_REF], USF1 and USF2 gene expression levels were one third to one half and one sixth to one half those in uninfected mice at 12 and 18 months post-infection, respectively (Fig 2B).

H. pylori infection decreases USF1/USF2-DNA binding to the E-box promoter region

USF1 and USF2 binds to the E-box element present in the promoter region of genes [START_REF] Corre | Upstream stimulating factors: highly versatile stressresponsive transcription factors[END_REF]. To assess the consequences of H. pylori infection on the E-box recognition by USF1 and USF2, a 20bp oligonucleotides including the E-box sequence CACGTG originated from the hTERT promoter region was used. A significant lower binding (62% and 40% less for the upper and lower complex, respectively) was observed with nuclear extracts from H. pylori B38-infected cells as compared to the control (Fig 3A In the presence of pSG5-USF1 or pSG5-USF2, the respective levels of USF1 or USF2 are so high, that only USF1 or USF2 proteins contribute to the protein-DNA binding complexes leading to a single band in EMSA.

In the non-transfected conditions, the two protein-DNA complexes upper and lower, previously observed, (Fig. 3A and3B) indicates the contribution of additional proteins. c-Myc transcription factor, another member of the basic helix-loop-helix leucine zipper family has been shown to bind to E-box sites [START_REF] Atchley | A natural classification of the basic helix-loop-helix class of transcription factors[END_REF]. Accordingly, in control AGS cells, preincubation with a c-Myc antibody decreased the intensity of the lower complex (Fig. 4B and supplementary Fig 2). Moreover, c-Myc expression is increased by H. pylori SS1 infection [START_REF] Cheng | Helicobacter pylori-induced macrophage apoptosis requires activation of ornithine decarboxylase by c-Myc[END_REF] andH 

H. pylori infection leads to promoter methylation resulting in the downregulation of

USF1 and USF2 gene expression

Gene transcription can be inhibited by epigenetic mechanisms as DNA methylation responsible for tumor suppressor gene silencing [START_REF] Baylin | Epigenetic gene silencing in cancer -a mechanism for early oncogenic pathway addiction?[END_REF]. DNA hypermethylation has already been described in patients infected with H. pylori [START_REF] Kaise | CpG island hypermethylation of tumor-suppressor genes in H. pylori-infected non-neoplastic gastric mucosa is linked with gastric cancer risk[END_REF]Maekita et al., 2006;[START_REF] Nakajima | Higher methylation levels in gastric mucosae significantly correlate with higher risk of gastric cancers[END_REF]. Then, we investigated the effects of a DNA methylation inhibitor, 5'-azacytidine, on H. pylori-mediated USF1 and USF2 gene downregulation. Pretreatment of AGS cells with 5'-azacytidine followed by incubation with H. pylori B38 lysate led to a significant recovery of USF1 and USF2 gene expression which increased by two to 

Discussion

In the present study we demonstrate the inhibitory effect of H. pylori infection on the the pleïotropic transcription factors USF1 and USF2 gene expression in gastric epithelial cell lines as well as in the mouse model. A DNA hypermethylation is induced by the infection at the promoter region of USF1 and USF2 genes, responsible for their downregulation.

Despite a study reporting the MEK-ERK-dependent activation of USF1 and USF2 in the H. pylori-dependent host cyclooxygenase-2 transcription [START_REF] Juttner | Helicobacter pylori stimulates host cyclooxygenase-2 gene transcription: critical importance of MEK/ERK-dependent activation of USF1/-2 and CREB transcription factors[END_REF], their role in the development of gastric malignancies associated to the infection remains unexplored.

Here, this negative regulation is demonstrated with the H. pylori strain B38 isolated from a patient with MALT lymphoma, and confirmed in vivo with the mouse-adapted strain SS1 harbouring a non functional cag pathogenicity island (cagPAI). The genome of B38 has been completely sequenced, showing the absence of genes coding for the cagPAI (Thiberge et al., submitted). Moreover, the infection of gastric epithelial cells with isogenic bacterial mutants and other MALT lymphoma derivative strains demonstrated the non-requirement of cagPAIencoded virulence bacterial factors in this negative regulation. Even though the CagPAI is associated with the most severe diseases related to the infection, other studies have also reported a Cag-independent response of epithelial cells to H. pylori [START_REF] Cox | cDNA array analysis of cag pathogenicity island-associated Helicobacter pylori epithelial cell response genes[END_REF][START_REF] Wessler | Helicobacter pylori activates the histidine decarboxylase promoter through a mitogenactivated protein kinase pathway independent of pathogenicity island-encoded virulence factors[END_REF]. Moreover, the association of cag-deficient H. pylori strains is well documented in the case of MALT lymphoma [START_REF] Lehours | Evaluation of the association of nine Helicobacter pylori virulence factors with strains involved in low-grade gastric mucosa-associated lymphoid tissue lymphoma[END_REF][START_REF] Farinha | Helicobacter pylori and MALT lymphoma[END_REF]. Lysates of the B38 strain had also a negative effect on USF1 and USF2 expression, indicating that a physical interaction of bacteria with gastric epithelial cells is not required. This regulation is rather mediated by bacterial soluble factor(s). The expression of USF1 and USF2 is also decreased in the stomach of mice chronically infected with H. pylori for 18 months. The gastric mucosa of these mice showed a severe active gastritis characterized by an antralization of the fundus, the presence of moderate dysplastic lesions, identified as preneoplastic steps in the malignant process [START_REF] Correa | Carcinogenesis of Helicobacter pylori[END_REF]. Thus, low levels of USF1 and USF2 may have consequences on the transcription of key genes potentially involved in early events promoting the gastric neoplastic process.

By modulating the expression of pleiotropic transcriptional regulators as USF1 and USF2, H. pylori infection influences upstream steps of the molecular mechanisms implicated in essential cellular functions, thus allowing a selective progression to cell transformation. As shown in this study, the downregulation of USF1 and USF2 led to a lower binding to their Ebox elements that may have direct consequences on their target gene expression. We suggest that the decrease of USFs may also facilitate the access to other transcriptional regulators at E-boxes. The overexpression of USF1 and USF2 in transfected gastric epithelial cells increased the binding to the E-box, but at a lower extent in the infected conditions, suggesting that the E-box site was not accessible for further interaction. The binding of other transcriptional factors such as c-Myc, another member of the basic helix-loop-helix leucine zipper family [START_REF] Atchley | A natural classification of the basic helix-loop-helix class of transcription factors[END_REF], may antagonize USF-mediated regulation by affecting their E-box recognition. Accordingly, we demonstrated that c-Myc is increased in H. pylori infected gastric epithelial cells and also bound to E-box probes.

USFs transcription factors regulate genes implicated in cell cycle, cell proliferation, and immune response [START_REF] Corre | Upstream stimulating factors: highly versatile stressresponsive transcription factors[END_REF]. In a previous analysis of the global host response to H. pylori in mice infected for 12 months, we found that the decrease in USF2 expression was concomitant to an interferon γ-dependent immune response [START_REF] Vivas | Interferon gamma-signature transcript profiling and IL-23 upregulation in response to Helicobacter pylori infection[END_REF]. The decline in USFs protein expression may have consequences on the immune response to H. pylori, thus contributing to the persistence of bacteria as shown with Chlamydia [START_REF] Zhong | Chlamydia inhibits interferon gamma-inducible major histocompatibility complex class II expression by degradation of upstream stimulatory factor 1[END_REF]. However, in the case of Chlamydia, the decrease in USF1 levels is due to a proteolysis orchestrated by the infection. USFs have anti-proliferative properties and they have been suggested as tumor suppressor genes [START_REF] Corre | Upstream stimulating factors: highly versatile stressresponsive transcription factors[END_REF][START_REF] Chang | Upstream stimulatory factor (USF) as a transcriptional suppressor of human telomerase reverse transcriptase (hTERT) in oral cancer cells[END_REF][START_REF] Chen | Tumor-suppression function of transcription factor USF2 in prostate carcinogenesis[END_REF][START_REF] Ismail | Loss of USF transcriptional activity in breast cancer cell lines[END_REF][START_REF] Jaiswal | Upstream stimulating factor-1 (USF1) and USF2 bind to and activate the promoter of the adenomatous polyposis coli (APC) tumor suppressor gene[END_REF]. Their downregulation may therefore promote cell proliferation and turnover [START_REF] Luo | Antiproliferative properties of the USF family of helixloop-helix transcription factors[END_REF]. Consistently, an exacerbation of the epithelial cell proliferation was observed with H. pylori infection as shown by an increase in the immunostaining for the proliferating cell nuclear antigen (PCNA) in the gastric mucosa of 12 months H. pylori infected-mice (unpublished data).

The epigenetic silencing of gene expression by CpG hypermethylation at the promoter sites is an alternative mechanism for tumor suppressor gene inactivation [START_REF] Baylin | Epigenetic gene silencing in cancer -a mechanism for early oncogenic pathway addiction?[END_REF].

It is thought to play a key role in the early steps of carcinogenesis also including gastric preneoplastic lesions [START_REF] Kang | CpG island methylation in premalignant stages of gastric carcinoma[END_REF][START_REF] Nardone | Epigenetic alterations due to diet and Helicobacter pylori infection in gastric carcinogenesis[END_REF]. The methylation index of many genes implicated in signal transduction, cell cycle, inflammation and angiogenesis has been reported to increase progressively from chronic gastritis to gastric cancer lesions [START_REF] Sato | CpG island hypermethylation in progression of esophageal and gastric cancer[END_REF]. Accordingly, high levels of CpG methylation have been described in H. pyloriinfected subjects, associated with a higher risk of gastric cancer [START_REF] Maekita | High levels of aberrant DNA methylation in Helicobacter pylori-infected gastric mucosae and its possible association with gastric cancer risk[END_REF], Nakajima et al., 2006). It is to be noticed that, when H. pylori infection is eradicated early, epigenetic alterations can be reversed and associated with a decrease in activity of chronic gastritis [START_REF] Chan | Eradication of Helicobacter pylori infection reverses E-cadherin promoter hypermethylation[END_REF]. Interaction of H. pylori with gastric epithelial cells leads to the induction of inflammatory mediators, a potential sources of DNA hypermethylation at the gastric level [START_REF] Valinluck | Inflammation-mediated cytosine damage: a mechanistic link between inflammation and the epigenetic alterations in human cancers[END_REF]. In the present study, we showed that both DNA isolated from AGS cells infected with H. pylori B38 and DNA isolated from stomach of chronically infected mice showed an hypermethylation in regions including CpG islands and E-boxes in the promoter of USF1 and USF2 genes. USF1 and USF2 activate their own transcription by binding to the E-box elements [START_REF] Corre | Upstream stimulating factors: highly versatile stressresponsive transcription factors[END_REF]. The methylation of CpG islands at their promoter sites and/or at CpG within the E-box may also inhibit their binding, resulting in their negative self-regulation during the infection. Such a regulation of USF1 and USF2 gene expression has never been reported so far in H. pylori infection. Other members of the helixloop-helix family, the inhibitor DNA binding proteins (Id) are transcription factors involved in cell cycle regulation and neoangiogenesis [START_REF] Israel | Id gene expression as a key mediator of tumor cell biology[END_REF]. Id4 has been observed downregulated by DNA hypermethylation in H. pylori infected mongolian gerbils and more particularly during the progression from gastritis to hyperplasia [START_REF] Manzo | Helicobacter pylori regulates the expression of inhibitors of DNA binding (Id) proteins by gastric epithelial cells[END_REF].

Accordingly, in our previous transcriptome analysis [START_REF] Vivas | Interferon gamma-signature transcript profiling and IL-23 upregulation in response to Helicobacter pylori infection[END_REF] Id2 and Id4 were 4fold decreased in mice infected with H. pylori SS1 for 6 and 12 months (unpublished data). In human cancer, a decrease in Id proteins level occurs at an early stage and is associated with an unfavorable prognosis [START_REF] Umetani | Epigenetic inactivation of ID4 in colorectal carcinomas correlates with poor differentiation and unfavorable prognosis[END_REF].

In summary, the striking results of this study demonstrate the induction of DNA methylation during H. pylori infection and its implication in the decrease of USF1 and USF2 transcription factors gene expression. This mechanism is also observed in the mouse model of chronic infection and gastric inflammation at the stage of metaplasia known as pre-neoplastic events. Thus, H. pylori exerts cell deleterious effects through induction of promoter methylation resulting in downregulation of key transcriptional regulators as USF1 and USF2.

Taken together, these findings strongly suggest that this mechanism plays an important role in the exacerbation and severity of gastric lesions associated to H. pylori infection. The development of a clinical approach will further clarify whether USF1 and USF2 expression levels may be proposed as detection/prognosis markers of a severe clinical issue of the H. pylori infection.

Experimental procedures

Bacteria, Cell culture and infection

H. pylori B38 isolated from a patient with MALT lymphoma [START_REF] Lehours | Evaluation of the association of nine Helicobacter pylori virulence factors with strains involved in low-grade gastric mucosa-associated lymphoid tissue lymphoma[END_REF] and SS1 [START_REF] Lee | A standardized mouse model of Helicobacter pylori infection: introducing the Sydney strain[END_REF] were grown on 10% blood agar under microaerophilic conditions. Bacterial lysates were obtained by passage through a French press and protein concentrations were determined by Dc Protein assay (Biorad, Hercules, CA).

Human gastric epithelial cells (AGS: gastric adenocarcinoma, CRL-1739, ATCC-LGC ® , MKN45 and KATOIII, gift from Dr C.Figueiredo, Porto, Portugal) were grown in DMEM medium with 10% fetal bovine serum and 1% penicillin-streptomycin for AGS and MKN45 cells and with 20% fetal bovine serum for the KATOIII cell line (Life Technologies Corporation, Carlsbad, CA). Bacteria were added at a multiplicity of infection (MOI) of 100 or 250 bacteria per cell for 12, 24 and 48 hours. USF1 or USF2 were overexpressed by transient transfection of cells with plasmids -pSG5-USF1, pSG5-USF2 or pSG5 as control [START_REF] Luo | Antiproliferative properties of the USF family of helixloop-helix transcription factors[END_REF] (kindly provided by Dr N.Chen, Houston, TX). DNA methylation was inhibited by treating cells with 5'-azacytidine (1 µmol/l) (Sigma Chemical Co., St. Louis, MO) for three days prior 48 h infection. As similar results were obtained with live bacteria and lysate, and to avoid any effect of 5'-azacytidine on bacteria, we used H. pylori B38 lysate (20 µg/ml).

Animal infection

Six week-old specific pathogen-free C57BL/6 male mice (Charles Rivers, France) were administered by gavage either with H. pylori SS1 (n=12; cfu=10 7 ) or peptone broth (n=12).

After 12 and 18 months, stomachs were removed for histology and RNA isolation [START_REF] Touati | Chronic Helicobacter pylori infections induce gastric mutations in mice[END_REF]. Tissue sections were stained with hemalun and eosin [START_REF] Prophet | Laboratory methods in histotechnology[END_REF].

All experiments were performed accordingly to the guidelines of the Central Animal Facility Committee (Institut Pasteur) and the French Ministry of Agriculture.

Analysis of gene expression

RNA was isolated from cell culture and mouse stomach using TRIzol extraction (Life Technologies) [START_REF] Vivas | Interferon gamma-signature transcript profiling and IL-23 upregulation in response to Helicobacter pylori infection[END_REF]. Primers for USF1, USF2, GAPDH and 18S genes were used for RT-PCR (supplementary data Table 1) and real-time PCR (TaqMan® Gene Expression Assays, Applied Biosystems, Foster City, CA; supplementary data Table 2).

Analysis of protein levels by western blot

After coculture with H. pylori B38, AGS cells were lysed in RIPA buffer containing protease inhibitors; 25 µg/lane was separated on a 12% SDS-PAGE and transferred onto Immobilon-P membranes (Millipore, Bedford, MA) by electroblotting. USF1 and USF2 antibodies (Santa Cruz Biotechnology Inc., CA; 1/200) and GAPDH antibody (Santa Cruz Biotechnology Inc., CA; 1/500) were used followed by a donkey anti-rabbit antibody conjugated to horseradish peroxidase (Amersham Biosciences, Pittsburg, PA, USA; 1/2000). Detection was performed using the SuperSignal West Pico Chemiluminescent Substrate (Pierce, Rockford, IL) and using a ChemiDoc TM XRS (Biorad).

Electrophoretic mobility shift assay (EMSA)

Nuclear protein cell extracts were prepared from non-infected and H. pylori-infected AGS cells (Pierce Biotechnology Inc., Rockford, IL). EMSA (Gel Shift Assay Systems, Promega, Madison, WI) was performed using a double-stranded oligonucleotide probe (20 bp) 5'-TCCTGCTGCGCACGTGGGAAGCCCTGG-3' including an E-box consensus binding site (underlined) present in the hTERT promoter [START_REF] Takakura | Cloning of human telomerase catalytic subunit (hTERT) gene promoter and identification of proximal core promoter sequences essential for transcriptional activation in immortalized and cancer cells[END_REF]. Detection was performed using PharosFX Plus System, Biorad.

Determination of DNA methylation status

DNA methylation status of USF1, USF2 promoter was analyzed by Promoter Methylation PCR assay (Panomics, Redwood City, CA). Genomic DNA was extracted from both H. pylori B38 infected and uninfected AGS cells, and from stomachs of uninfected and 18 monthinfected mice as described previously [START_REF] Touati | Chronic Helicobacter pylori infections induce gastric mutations in mice[END_REF]. The genomic DNA was digested either with BanII or MseI (New England Biolabs, Ipswich, MA) and the methylated DNA was isolated according to the manufacturer's instructions, amplified by PCR and detected by electrophoresis on agarose gel followed by UV detection (Gel Doc System, Biorad, supplementary data Table 3). Quantitation was perfomed by using Quantity One ® software (Biorad).

Statistical analysis

Statistical analyses were performed using a 2-tailed t test. A P value ≤0.05 was considered significant. 
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  and supplementary Fig 1). Competition with a cold probe corresponding to the AP2 consensus binding site had no effect, indicating that this binding is E-box specific (Fig 3A). As observed in Fig 3B (and in supplementary Fig 1), incubation of infected or non-infected cellular extracts with anti-USF1 or anti-USF2 antibodies decreased drastically the level of the protein-DNA complexes. It indicated that USF1 and USF2 are mainly involved in E-box recognition independently of the infection. The consequences of USF1 or USF2 overproduction in vitro were also assessed on E-box binding. The overproduction of USF1 and USF2 in AGS cells transfected with pSG5-USF1 and pSG5-USF2 (Luo et al., 1996) was confirmed by western blot (Fig 3C). Both in infected and non-infected conditions, pSG5-USF1 or pSG5-USF2 led to a strong E-box binding, but at a lower extent in the presence of infection (Fig 3C and supplementary Fig 1).

  . pylori B38 as shown in Fig 4A. Therefore, we hypothesized that infection-induced c-Myc can compete with the USFs transcription factors at E-boxes. In the infected conditions, the incubation of cellular extracts with c-Myc antibody slumps both the upper and lower protein-DNA complexes (Fig. 4B and supplementary Fig 2), thus demonstrating a c-Myc binding at the E-box which may antagonize USF1 and USF2 action.

  three as compared to the control (Fig 5A). Using the promoter methylation PCR assay as described in the experimental procedures, the DNA methylation status of USF1 and USF2 gene promoter region including E-boxes and CpG islands (Fig 5B) was assessed on genomic DNA extracted from uninfected and H. pylori B38 infected AGS cells. As observed in Fig 5C, higher amount of methylated-DNA fragments are amplified from DNA isolated from infected cells as compared to the non-infected. Thus, DNA methylation at the promoter region of USF1 and USF2 gene is induced in the presence of H. pylori infection. The relevance of these data was also investigated in vivo on genomic DNA extracted from the stomach of 18 month-infected mice. The analysis of the DNA methylation status of mouse USF1 and USF2 gene promoter region including E-boxes and CpG islands (Fig 6A), revealed a higher amount of methylated DNA in infected animals as observed by the intensity of the amplified methylated-DNA fragments(Fig 6B and Fig 6C). DNA methylation levels were higher at the USF1 and USF2 promoters for four and three of the six infected-mice analyzed respectively. These data confirmed that H. pylori infection increases DNA methylation in the promoter region of USF1 and USF2 genes, a mechanism involved in the downregulation of their expression.
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 1 Figure 1: In vitro inhibitory effect of H. pylori on USF1 and USF2 expression.

Figure 2 .

 2 Figure 2. Downregulation of USF1 and USF2 gene expression in chronic gastritis.

Figure 3 :

 3 Figure 3: Binding of USF1 and USF2 to the E-box element. A. Representative EMSA.
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 4 Figure 4: H. pylori induced c-Myc expression leading to its E-box binding. A. AGS cells

Figure 5 :

 5 Figure 5: Promoter methylation downregulates USF transcription factor gene

Figure 6 :

 6 Figure 6: DNA methylation status of the promoter of USF1 and USF2 gene is increased
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Table 3 : Primers used for studying DNA methylation status by PCR in genomic DNA mouse samples and on genomic DNA obtained from AGS cells

 3 

	Gene promoter	Location	Regulatory elements	Primers	Product size (bp)	Product size (bp)
	region	ATG -> +1				
	Mouse USF1	-301	E box (CACGTG):	F: 5'-CCGTCTGTTTCCCTTCAGAG-3'	
		-82	-119	R: 5'-AGCCTTCTCCGTCTTTGGAT-3'	
			CpG islands:			
			-307-> 193			
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Table 1: Primers for RT-PCR analysis

Gene name

Primer Product size (bp) human USF1

F: 5'-CACCACGGATTAGAGGTCGT-3' R: 5'-GAGCATCACCTGTCAGCAAA-3'