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Abstract 

AIM: To verify a hypothesis that mir-30d could inhibit autophagy response to Helicobacter pylori (H. pylori) invading and increase H. pylori intracellular survival.

METHODS: The expression of mir-30d was detected by quantitative PCR and autophagy level was examined by transmission electron microscopy, western blot and GFP-LC3 puncta assay in human AGS cell and GES-1 cell. Luciferase reporter assay was applied to confirm the specificity of mir-30d regulation on several core molecules’ expression involved in autophagy pathway. Then the expression of the multiple core proteins were analyzed at both mRNA and protein levels, and the intracellular survival of H. pylori was detected by gentamicin protection assay after different treatment.

RESULTS: Autophagy level was increased in AGS and GES-1 cells in response to H. pylori infection, which was accompanied by upregulation of mir-30d expression (P < 0.05, vs no H. pylori infection). In the two gastric epithelial cell lines, mimic mir-30d was found to repress autophagy process whereas mir-30d inhibitor increased autophagy response to H. pylori invading. mir-30d mimic decreased the luciferase activity of wild type reporter plasmids carrying 3’UTR of all five tested genes (ATG2B, ATG5, ATG12, BECN1, and BNIP3L), whereas it had no effect on the mutant reporter plasmids. These five genes are core genes of autophagy pathway and their expressions were reduced significantly after mir-30d mimic transfection (P < 0.05, vs control cells without mir-30d mimic treatment). Mir-30d mimic transfection and direct inhibition of autophagy increases the intracellular survival of H. pylori in AGS cells.
CONCLUSION: Mir-30d increases intracellular survival of helicobacter Pylori in gastric epithelial cells through inhibition of multiple core proteins in the autophagy pathway.
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Core tip: In this study, we confirmed firstly a hypothesis that mir-30d could represses autophagy process response to Helicobacter pylori (H. pylori) invading by directly targeting multiple core genes of autophagy pathway including ATG2B, ATG5, ATG12, BECN1 and BNIP3L in gastric epithelial cells. Inhibition of autophagy increases the intracellular survival of H. pylori in AGS cells and the repression of autophagy by mir-30d may help the intracellular H. pylori to evade autophagic clearance. The findings may provide a novel mechanism for elucidating persistent H. pylori infection, which appears to provide a promising target for gastric cancer prevention.
Yang XJ, Si RH, Liang YH, Ma BQ, Jiang ZB, Wang B, Gao P. Mir-30d increases intracellular survival of Helicobacter pylori in gastric epithelial cells through inhibition of multiple core proteins in the autophagy pathway. World J Gastroenterol 2016; In press
INTRODUCTION
Gastric cancer is the second leading cause of cancer-related death in the world and almost two-thirds of the cases occur in Asian countries, especially China and Japan[1,2]. The prognosis of gastric cancer is generally rather poor, and therefore, prevention is a better choice than cure for patients with gastric cancer. 

    Helicobacter pylori (H. pylori) is a class I carcinogen, appointed by the International Agency for Research on Cancer in 1994 due to its strong correlation with gastric cancer in humans[3]. One presumption for H.pylori’ s high resistance to biomedical therapy may be due to its residence inside host cells[4,5]. Although regarded generally as an extracellular pathogen, the intracellular survival of H. pylori in both gastric epithelial cells and immunocytes has been found to be able to escape from host immune response and resist destruction from by membrane-impermeable antibiotics[6], an dthen persist in the stomach. Up to now, the detailed molecular mechanisms by which H. pylori escape host cell machineries for intracellular survival are remains obscure.

    Autophagy presents in mammalian cells at a low basal level. As an evolutionarily conserved cellular activity, it delivers organelles and cellular materials to lysosome for degradation within double-membraned vacuoles, called autophagosome[7,8]. Autophagy is also considered as one of the innate immune effectors against intracellular bacterial infection (For example, Streptococcus pyogenes[9,10]. Autophagic proteins act as cytosolic sensors to rapidly launch the autophagic pathway when the innate defense system recognizes invasive bacterial pathogens[11]. However, some intracellular pathogens use highly evolved mechinery to deceive autophagic recognition, manipulate autophagic pathway, and reconstruct autophagosomal compartment for their own survival[12]. Over the last decade, many studies have reported that H. pylori infection can induce macroautophagy and H. pylori may evade the autophagic machinery through downregulating the expression of autophagic proteins[6,13-15].
    Recently, the study on mir-30 draws more attention. The mir-30 microRNA family is extensively expressed in multiple tissues and cell types[16,17]. It involves in a wide range of physiological activities in normal tissues and cancer tissues, including cell differentiation, development, proliferation, apoptosis, senescence and cancer metastasis[20-24]. mir-30 expression amplified in more than 30% of human epithelial tumors, including gastric cancer[18,19,15].. More and more finding supports that mir-30 is a novel oncomir, and revealing the mechanism of how mir-30 functions in tumorigenesis would be helpful for targeted cancer therapy against this miRNA family. Our previously study demonstrated that mir-30d regulated cellular autophagy process through directly targeting multiple genes in the autophagy pathway[25]. Consistent with our finding, another mir-30 family member, mir-30a was also found to regulate autophagy via repressing BECN1 expression in tumor cells[26,27], In addition, compromised autophagy by mir-30b upregulation might benefits the intracellular survival of H. pylori[15]. These results shed light on the understanding of potential of miRNAs on autophagy regulation during gastric tumorigenesis. 
    Extend our investigation on mir-30d and H.pylori in this paper, we suggested that mir-30d downregulated the expression of key autophagy genes including ATG2B, ATG5, ATG12, BECN1 and BNIP3L, inhibited autophagy response to H.pylori invasion into gastric epithelial cells, resulting in increased H. pylori intracellular survival.

MATERIALS AND METHODS
Plasmids

The Green Fluorescent Protein (GFP)-LC3 and psiCHECK-2 Vector were purchased from Addgene and Promega, respectively.

Antibodies and reagents 

Antibodies against LC3B, ATG2B, ATG5, ATG12, BECN1 and BNIP3L were obtained from Cell Signaling Technology (CST). 3-methyladenine (3-MA, M9281) and rapamycin (Rapa, R8781) were purchased from Sigma.

Cell lines and H. pylori strains 

AGS cells (a human gastric adenocarcinoma cell-line) were obtained from American Type Culture Collection (Rockville, MD, USA),and cultured in F12 media(Gibco, United States), and human gastric mucosal epithelial cell line GES-1 (Purchased from Cell bank of Xiangya Medical School, Central South University, China) was cultured in RPMI1640 (Cellgro) supplemented with 10% fetal bovine serum (FBS; Invitrogen) and 100 U/mL penicillin/streptomycin (Gibco, 15140-122) in a humidified incubator at 37 ℃ with 5% CO2. For autophagy induction, cells were either treated with 200 nM rapamycin (Sigma) supplemented in complete medium or serum starved with Hank’s buffer (Stemcell Technologies), both at 37 ℃ for 4 h. The wild-type H. pylori strain 26695(700392) was obtained from American Type Culture Collection (Rockville, MD, United States) and cultured as previously described.

Quantitative real-time PCR

Total RNA was extracted using TRIzol reagent (Invitrogen, United States) and reverse-transcribed using a high capacity RNA-cDNA kit (Applied Biosystems). cDNA was quantified on an ABI Prism 7900 sequence detection system (Applied Biosystems). PCR was performed using Power SYBR Green PCR master mix (Applied Biosystems).

Western blotting

Cells were lysed in mammalian protein extraction reagent (Pierce) with protease inhibitor cocktail (Sigma). After centrifugation at 5000g for 15 min at 4 °C, the protein concentration was measured with BCA protein assay kit (Pierce, 23227). 15(g of total protein was separated by 10% SDS–PAGE under denaturing conditions and transferred to PVDF membranes (Millipore). Membranes were blocked in 5% non-fat milk (Bio-Rad) and then incubated with the following primary antibodies: anti-ATG2B, anti-ATG5, anti-ATG12, anti-BECN1, anti-BNIP3L, and anti-LC3B. After incubation with a secondary antibody conjugated with HRP (Amersham Biosciences) together with an HRP-conjugated primary antibody for b-actin (Sigma), immunoreactive proteins were visualized using the LumiGLO chemiluminescent substrate (Cell Signaling). Densitometric analyses were performed using Scion Image software.

GFP-LC3 Plasmid Transfection

Cells were seeded onto six-well plates and transfected with a GFP-LC3 expression plasmid at approximately 45%–55% confluence using the Lipofectamine RNAiMAX transfection reagent (Invitrogen, Carlsbad, CA, United States). After 24 h, the cells were infected with or without H. pylori for 24 h. For observation, cells were fixed with 4% formaldehyde for 15 min, and then washed twice in cold PBS. Cell nuclei were counterstained with DAPI.

Transfection of mir-30d mimic and inhibitor Oligonucleotides 

Pre-mir miRNA precursor and control oligos were purchased from Ambion, and miRCURY LNA miRNA inhibitors and control oligos were purchased from Exiqon. Transfections were performed using the Lipofectamine RNAiMAX transfection reagent (Invitrogen), and then cells were incubated in the medium containing the transfection mixture for 24-48 h.

Luciferase reporter assay
Cells were plated on a 24-well plate 24 h before transfection at 50% confluence. 30 nmol/L miRNA mimics (Ambion) was transfected using Lipofectamine RNAiMAX (Invitrogen). Twenty-four hours post-transfection, 0.125 (g of reporter vector was transfected using FuGENE6 transfection reagent (Roche). Forty-eight hours after reporter vector transfection, cells were harvested, and reporter assays were performed using a dual luciferase reporter assay system (Promega).

Transmission electron microscopy 

AGS and GES-1 cells were digested with 0.25% trypsinase and rinsed twice with PBS, then collected and fixed in 2% paraformaldehyde, 0.1% glutaraldehyde in 0.1 mol/L sodium cacodylate for 2 h, postfixed with 1% OsO4 for 1.5 h, washed and stained for 1 h in 3% aqueous uranyl acetate. The samples were then washed again, dehydrated with graded alcohol, embedded in Epon-Araldite resin (Canemco, 034), and then cut into 0.05 μm thick sections on an ultramicrotome. The cells were observed under JEM-1230 (JEOL Ltd. Japan) electronmicroscopy.
Gentamicin protection assay 

After bacteria infection, the GES-1 and bacterium co-culture was washed three times with 1 mL of warm PBS per well to remove nonadherent bacteria. To determine the CFU count corresponding to intracellular bacteria, the GES-1 cell monolayers were treated with gentamicin (100 mg/mL; Sigma, G1272) at 37 °C in 5% CO2 for 1 h, washed three times with warm PBS, and then incubated with 1 ml of 0.5% saponin (Sigma, 47036) in PBS at 37 °C for 15 min. The treated monolayers were resuspended thoroughly, diluted and plated on serum agar. To determine the total CFU corresponding to host associated bacteria, the infected monolayers were incubated with 1 ml of 0.5% saponin in PBS at 37 °C for 15 min without prior treatment with gentamicin. The resulting suspensions were diluted and plated as described above. Both the CFU of intracellular bacteria and the total CFU of cell-associated bacteria were given as CFU per well of GES-1 cells.
Bioinformatic analysis

miRNA and mRNA expression microarray data were retrieved from a public accessible database, Cell Miner. http://discover.nci.nih.gov/cellminer/. Gene set enrichment analysis (GSEA) algorithm was used to identify the pathways that were significantly enriched between mir-30d low and high tumor cells. http://www. broadinstitute.org/gsea/index.jsp. TargetScan algorithm was used to predict mir-30d targets. http://www.targetscan.org.

RESULTS
Autophagy increased and mir-30d is upregulated in AGS and GES-1 cell lines in response to H. pylori infection

To measure autophagy induction during H. pylori infection, a GFP-LC3 fusion protein expression reporter was applied in the assy. Upon autophagy induction, LC3-I, one form of the microtubule-associated protein light chain 3 (LC3), converts to another form LC3-II. LC3-II is accumulated in the autophagosomal membranes and its amount is correlative to the number of autophagosomes, may be served as a marker for autophagosome formation. By measuring the quantity of GFP-LC3 puncta formed in the tested cell, the activity of autophagy induction was evaluated. AGS and GES-1 cells were transfected with GFP-LC3 vector and infected with or without H. pylori for autophagy analysis. Under fluorescence microscopy observation (Figure 1A), the GFP-LC3 puncta was significantly increased in H. pylori infected AGS and GES-1 cells (compared to the control cells without infection) after 24h infection. It indicated that H. pylori infection may induce LC3-II production and autophagosome formation. 

    Meanwhile, a typical autophagosome, double-limiting membrane, was detectable in the autophagosome (black arrowheads) and autophagolysosome (white arrowheads) examined by TEM (Figure 1B). Ultrastructural images analysis showed the presence of double-membrane autophagic vesicles containing H. pylori in the cytoplasm of AGS cells. There were an increased number of autophagic vacuoles (AV), including autophagosomes and autophagolysosomes in H. pylori infected AGS cells (Figure 1B), The same result was obtained from GES-1 cells (Figure 1B).
    To further confirm the finding, western blots for LC3B protein was applied to analyze the conversion of LC3B-I to LC3B-II. At 12 h and 24 h after being infected by H. pylori, LC3B-II protein level was significant increased in AGS cells when compared with non-infected cells, a similar pattern was observed in GES-1 cells as well (Figure 1C). The expression of mir-30d in H.polyri infected was analyzed by quantitative real-time PCR, the results showed that the expression of mir-30d was obviously increased at 12 h, 24 h after being infected with H. pylori in both AGS and GES-1 cell lines (P < 0.05, H.pylori infected cells versus without H. pylori infected cells) (Figure 1D).
    Taken together, we demonstrated that H.pylori infection resulted in more conversion of LC3B-I to LC3B-II (hence higher autophagosome formation). These data also confirmed that a complete autophagic response was introduced and mir-30d expression was upregulaed in AGS and GES-1 cell lines after H. pylori infection.
Transfection of mir-30d mimic in AGS and GES-1 cell lines downregulates autophagy process after H. pylori infection.

To pursue whether mir-30d has a role in the negative regulation of autophagy during H. pylori infection, mir-30d mimic was transfected into AGS and GES-1 cell lines for 24 h, then infected with H. pylori. The effect of mir-30d mimic on autophagy process was examined in both two cells by Western blotting, GFP-LC3 puncta assay and TEM at 24 h upon H. pylori infection. Fig. 2A showed that the expression of mir-30d was significantly increased in AGS cell lines either with or without H. pylor infection at 48 h after mir-30d mimic transfection(P < 0.05, mimics vs control), same results were also found in GES-1 cells (P < 0.05 mimic transfected cells vs no mimic transfected control cells).

  The results of Western blotting displayed that autophagy process were enhanced (increased LC3B-II expression) in both two cell lines during H. pylori infection, but transfection of mir-30d mimic significantly downregulated the autophagy activities (attenuated LC3B-II conversion, Figure 2B). 
  In GFP-LC3 puncta assay, GFP-LC3 Plasmid and mir-30d mimic/control mimic were co-transfected into AGS and GES-1 cells using the Lipofectamine RNAiMAX transfection reagent for 24 h, then infected with H. pylori. The treated cells were imaged under confocal laser-scanning microscope after 24 h H. pylori infection. GFP-LC3 positive puncta were counted using Scion Image software. The results showed that the GFP-LC3 puncta was significantly increased in AGS and GES-1 cells infected with H. pylori compared to non- infected cells at 24h with H. pylori infection, but transfection of mir-30d mimic significantly decreased GFP-LC3 positive puncta accumulation in AGS and GES-1 cells (P < 0.05, mimics vs control; Figure 2C). 
    Meanwhile, autophagosome and autophagolysosome were examined by TEM. There was an increased number of autophagic vacuoles (AV), including autophagosomes and autophagolysosomes in H. pylori infected AGS and GES-1 cells compared to non-infected cells at 24 h after H. pylori infection. However, transfection of mir-30d mimic significantly decreased autophagic vacuoles in both two cells (P < 0.05, mimics vs control; Figure 2D).

Transfection of mir-30d inhibitor in AGS and GES-1 cell lines upregulates autophagy process after H. pylori infection
For loss of function experiments, endogenous mir-30d expression was blocked by mir-30d inhibitor in the above cell lines (AGS and GES-1), then infected with H. pylori. The effects of blocked mir-30d expression on autophagy process in both two cells were examined by Western blotting, GFP-LC3 puncta assay and TEM at 24 h upon H. pylori infection.

  In Figure 3A, the expression of mir-30d was decreased obviously in AGS cell lines with or without H. pylor infection at 48h after mir-30d inhibitor transfection (P < 0.05, vs control oligos transfected cells), same result also found in GES-1 cells (P < 0.05, oligos transfected cells vs control cells). Western blotting showed autophagy process was enhanced (increased LC3B-II expression) in both two cell lines during H. pylori infection. After transfection of mir-30d inhibitor into above cells, this process was further increased significantly (increased LC3B-II conversion; Figure 3B). 
  Co-transfection of GFP-LC3 Plasmid and mir-30d inhibitor /control oligos into AGS and GES-1 cells was done using the Lipofectamine RNAi MAX transfection reagent for 24h, then infected with H. pylori. Cells were imaged under confocal laser-scanning microscope at 24h upon H. pylori infection. GFP-LC3 positive puncta were counted using Scion Image software. The results showed that the GFP-LC3 puncta significantly increased in AGS and GES-1 cells infected with H. pylori as compared with non-infected cells at 24 h after H. pylori infection. Nevertheless, mir-30d inhibitor significantly increased GFP-LC3 positive puncta in both two cells (P < 0.05, oligos transfected cells vs control cells, Figure 3C). 
    TEM assay also showed there was an increased number of autophagic vacuoles (AV) in H. pylori infected AGS and GES-1 cells in constrast to non-infected cells at 24 h after H. pylori infection. After transfection of mir-30d inhibitor into above cells, autophagic vacuoles was further increased in both two cells (P < 0.05, oligos transfected cells vs control; Figure 3D).
Mir-30d suppresses the expression of multiple core autophagy proteins in gastric epithelial cells

In previous study, mir-30d was found to inhibits the autophagy process in ovarian cancer and breast cancer cell lines by directly targeting multiple genes of the autophagy pathway, including BECN1, BNIP3L, ATG12, ATG5 and ATG2[25]. To test whether the inhibition of mir-30d function in same way in gastric epithelial cells infected with H. pylori, we prepared reporter plasmids containing wild type or mutant mir-30d binding sites from 3’UTR of target genes (ATG2B, ATG5, ATG12, BECN1 and BNIP3L) for luciferase activity assay. Co-transfection of Luciferase report plasmids and mir-30d mimic or control oligos showed that mir-30d potently decreased the luciferase activity of wild type reporter plasmids representing all five target genes examined (ATG2B, ATG5, ATG12, BECN1, and BNIP3L), whereas it had no effect on the mutant reporter plasmids (Figure 4A). It suggested that mir-30d suppresses autophagy pathway gene expression through binding to its binding site within 3’UTR of the target genes in sequence-specific manner.
    To further validate mir-30d’s repression on targeted autophagic genes in the autophagy pathway, enforced expression of mir-30d was introduced to AGS and GES-1 cells by transfecting chemically synthesized mir-30d mimics, followed by the target gene expression analysis with qRT-PCR. The mRNA levels of ATG2B, ATG5, ATG12, BECN1, and BNIP3L were remarkably suppressed by mir-30d mimic transfection compared with mimic control transfected in both AGS and GES-1 cells (Figure 4B). Same results were obtained in western blots to detect the protein levels of these mir-30d potential targets in the above mir-30d mimic or control mimic treated cells. The protein levels for ATG2B, ATG5, ATG12, BECN1, and BNIP3L were reduced by mir-30d mimic transfection (Figure 4C). These results suggested that mir-30d regulated these autophagic genes at both mRNA and protein levels.
    Loss of function experiment was applied with mir-30d inhibitor. When endogenous mir-30d expression were blocked in the above cell lines (AGS and GES-1), the mRNA levels of ATG2B, ATG5, ATG12, BECN1, and BNIP3L was detected through qRT-PCR. In both two cell lines (Figure 4D), the mRNA levels of above genes were significantly increased by mir-30d inhibitor compared to control oligos.

Mir-30d increases intracellular survival of H. pylori in AGS cells through inhibition of autophagy

H. pylori invaded gastric epithelial cells has been reported previously[24,26-28].To evaluate the number of live internalized H. pylori cells, AGS cells were pretreated with PBS (as control), DMSO, autophagy inhibitor (3-MA), autophagy activators (starvation, or Rapamycin), mir-30d mimic and mir-30d inhibitor respectively, and then, a gentamicin protection assay was used. The number of colony forming units (CFU) of H. pylori was increased expectedly around 10-fold after 24 h of infection compared with 3 h of infection in all examined groups, indicating that internalized H. pylori underwent replication. Then the number of CFU decreased after 24 h in all groups (Figure 5A). However, compared with control (PBS) and DMSO groups, the number of CFU were obviously higher in mir-30d mimic and autophagy inhibitor 3-MA groups and lower in mir-30d inhibitor and autophagy activators (starvation, or Rapamycin) groups at all time point during a 60-h experiment (Figure 5A). The results from different treatments 24 h after infection with H. pylori were plotted in Figure 5B. These findings suggested that inhibition of autophagy increased the intracellular survival of H. pylori in AGS cells.
DISCUSSION
As a common phenomenon worldwide, Helicobacter pylori infection reaches nearly one-half of the world’s population. Chronic H. pylori infection is etiologically linked to gastric adenocarcinoma, especially non-cardia type (63% of all stomach cancer or 25% of cancers are associated with infectious etiology)[29]. These discoveries highlight the importance of basic research and clinical research on H. pylori infection and treatment. The current proton pump inhibitor-based triple regimens or second-line therapies for the eradication of Helicobacter pylori face an increase in resistance problems, demanding a search for novel approach. 

  It is known that varied autophagy is related with persistent H. pylori infection. Chu and his colleaguesl[6] found that the autophagy inducer rapamycin increased the clearance of the H. pylori. However, they also found that many coccoid forms of H. pylori occured on the membrane of the infected AGS cells. The autophagic vesicles are induced and their maturation is arrested[7]. Therefore, it is not certain to be killing of H. pylori strains inside the autophagic vesicles, as Amona et al[33] indicated before.
    The role of autophagy in cancer development is important. Autophagy may be tumor-suppressing during the early stages of tumorigenesis, as reduced expression of autophagy proteins may contribute to the development or progression of human breast and other cancers[30-32]. Sometimes it promotes cancer development[25], however, in this case, downregulation of autophagy may benefit the intracellular survival of H. pylori, and induction of autophagy would seem to be beneficial indirectly for cancer prevention.
    Recently, miRNAs was demonstrated to play a crucial role in autophagy regulation, such as: mir-30a, mir-30b, mir-17/20/93/106, mir-204, mir-10b[15,26,34-36]. Tang et al[15] have demonstrated that compromised autophagy by mir-30b result in a failure to clear intracellular H. pylori, resulting to persistent H. pylori infection and proliferation in the host cells. Kobayashi et al. have suggested that mir-30d is a prognostic maker for prostate cancer[37]. Our previous study have identified mir-30d regulates autophagy process by directly targeting multiple autophagic genes in the autophagy pathway[25].
In this study, we confirmed a hypothesis that mir-30d could inhibit autophagy process in gastric epithelial cells induced by H. pylori invading through down-regulation of autophagy related genes expression , resulting in increased H. pylori intracellular survival. The results obtained from GFP-LC3 puncta assay, TEM and WB demonstrated that the autophagy could be induced in AGS and GES-1 cells in response to H. pylori infection; The expression of mir-30d is upregulated in both two cells after H. pylori infection in our experiments; This event appears to be unique to H. pylori infection but it must be repeated with other pathogens to prove its particularity. Study on mir-30b displayed that infection with other pathogens (E. coli DH5( and O157:H7) had no any effect on mir-30b expression, so did with autophagy modulators, e.g., rapamycin and 3-methyladenine.[15]. We found that autophagy was upregulated in both two cell lines by transfection with mir-30d mimic during H. pylori infection, but upregulated mir-30d significantly inhibited this process. However, when mir-30d expression was blocked by mir-30d inhibitor, the autophagy was obviously increased by down regulation of mir-30d. Mir-30d also represses the autophagy process by directly targeting multiple core genes (ATG2B, ATG5, ATG12, BECN1 and BNIP3L). A gentamicin protection assay indicated that inhibition of autophagy increases the intracellular survival of H. pylori in AGS cells.
Although overexpression of mir-30d could decrease autophagy through inhibiting the expression of multiple core genes of autophagy pathway in gastric epithelial cells, the regulating event might be happened after  autophagy induction by H. pylori infection. Moreover, downregulation of  autophagy by mir-30d may not be sufficient to block the autophagy induced by H. pylori. In assayed AGS and GES-1 cells with mir-30d mimic added exogenously, autophagy in H. pylori infection was more than it in uninfected cells (Figure 2B, C and D). Given the complexity of H. pylori in vivo infection, other factors may be also contribute to autophagy inhibition. As one of the factors, overexpression of mir-30d may slightly continue to inhibit autophagy pathway for a long time, leading to subverting host autophagic responses for their survival or growth. 
Based on the above results, we concluded that repression of autophagy by mir-30d may help the intracellular H. pylori to evade autophagic clearance through targeting ATG2B, ATG5, ATG12, BECN1 and BNIP3L. The findings provide a novel molecular mechanism for explicating the persistent H. pylori ocuupancy. Although much remains to be studied on the regulation of autophagy in gastric cancer, the current conclusion provides a promising target for gastric cancer prevention. We suggest that enhanced autophagy by mir-30d inhibitor have a protective potential against Helicobacter pylori-related gastric cancer. 
Preventive measures for gastric cancer must include tertiary prevention and effective treatment of H. pylori infections. The long-term decline in gastric cancer mortality in developed countries have resulted, in part, from interrupting H. pylori transmission through provision of improved basic sanitation, housing, socioeconomic status. However, secondary prevention may be attempted where simple diagnostic tests and follow-up treatment (urea breath test), and effective, short-term eradication treatment are available to mitigate individual risk[38]. 
In summary, our report indicates a novel molecular mechanism for the inhibition of autophagy by mir-30d increases the intracellular survival of H. pylori. Although more detailed mechanism for H. pylori persistence remains to be further elucidated, the present study establishes a basis helpful for future evaluation of mir30d in H. pylori infections.

COMMENTS
Background
Helicobacter pylori (H. pylori) was designated as a class I carcinogen by the International Agency for Research on Cancer in 1994 due to its strong correlation with gastric cancer in humans. One possible hypothesis for the relatively high resistance to therapy may be the ability of H. pylori to reside inside host cells.
Research frontiers
Over the last decade, several research groups have independently reported that infection by H. pylori can induce macroautophagy. However, H. pylori has been reported to evade the autophagic machinery by downregulating the expression of autophagic proteins.
Innovations and breakthroughs
In this study, we confirmed, in the first place, a hypothesis that mir-30d could represses autophagy process response to H. pylori invading by directly targeting multiple core genes of autophagy pathway in gastric epithelial cells, including ATG2B, ATG5, ATG12, BECN1 and BNIP3L. Inhibition of autophagy increases the intracellular survival of H. pylori in AGS cells.
Applications
Our findings may provide a novel mechanism for elucidating persistent H. pylori infection, it appears to provide a promising target for gastric cancer prevention. Although the mechanism of H. pylori infection persistence remains to be further determined, the present study establishes a basis necessary for future evaluation of mir30d in H. pylori infections.
Terminology
Autophagy, present in cells at a low basal level is an evolutionarily conserved process for delivering cellular materials and organelles to lysosome for degradation within double-membraned vacuoles, called autophagosome. Autophagy is also regarded as one of the innate immunity effectors against intracellular bacterial infection.
Peer-review

This is a very good study related with mir-30d and Helicobacter pylori in gastric epithelial cells through inhibition of multiple core proteins in the autophagy pathway. There is a novelty related with mir30d in gastric cancer and H. pylori association. There is no study indicating this relation in the literature. It can be accepted with minor revisons. 
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Figure 1 Both of autophagy and mir-30d are all upregualted in AGS and GES-1 cell lines in response to Helicobacter pylori infection. A: GFP-LC3 puncta were observed in AGS cells with or without 24 h Helicobacter pylori (H. pylori) infection. Quantification of the number of GFP-LC3 puncta in AGS and GES-1 cells in the right as mean ± SD, aP < 0.05 control vs H. pylori infection; B: The autophagosomes and autophagolysosomes at 24 h after H. pylori infection assayed by TEM A typical autophagosome (black arrowheads) and autophagolysosome (white arrowheads). Quantification GFP-LC3 puncta in AGS and GES-1 cells in the right as mean ± SD, aP < 0.05 vs control; C: The protein levels of LC3B-I and LC3B-II at 12 h and 24 h after infected with H. pylori analyzed by Western Blot; D: Analyzed the expression of mir-30d at 12 h, 24 h after infected with H. pylori in both two cell lines by q-PCR. Results shown as mean ± SD, aP < 0.05 vs control.
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Figure 2 Mir-30d mimic repress autophagy process response to Helicobacter pylori infection in AGS and GES-1 cell lines. A: mir-30d expression in AGS and GES-1 cells with or without Helicobacter pylori (H. pylori) infection at 48 h after mir-30d mimic transfection. Results shown as mean ± SD, aP < 0.05 vs control; B: The protein levels of LC3B-I and LC3B-II in mir-30d mimic transfected AGS and GES-1 cells withor without 24h H. pylori infection; C: GFP-LC3 puncta in mir-30d transfected AGS and GES-1 cells withor without H. pylori infection (Results shown as mean ± SD, aP < 0.05 vs control mimic transfected cells); D: Quantification of autophagosome and autophagolysosome in mir-30d mimic transfected AGS and GES-1 cells withor without 24 h H. pylori infection (Results shown as mean ± SD, aP < 0.05 vs control mimic transfected cells). 
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Figure 3 Mir-30d inhibitor upregulates autophagy process response to Helicobacter pylori infection in AGS and GES-1 cell lines. A: mir-30d expression in AGS and GES-1 cells with or without Helicobacter pylori (H. pylori) infection at 48h after mir-30d inhibitor transfection. aP < 0.05, with mir-30d inhibitor vs without mir-30d inhibitor; B: LC3B-I and LC3B-II protein levels in AGS and GES-1 cells with or without 24h H. pylori infection; C: GFP-LC3 puncta in mir-30d transfected AGS and GES-1 cells with or without H. pylori infection (Results shown as mean ± SD, aP < 0.05 vs control oligos transfected cells); D: Autophagosome and autophagolysosome in mir-30d transfected AGS and GES-1 cells with or without H. pylori infection (Results shown as mean ± SD, aP < 0.05 vs control oligos transfected cells).
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Figure 4 Multiple core proteins in the autophagy pathway are direct targets of mir-30d in gastric epithelial cells. A: Luciferase report assay with plasmids bearing wild type or mutant 3’UTR binding sites of mir-30d in AGS cells with mir-30d mimic or control oligos. Luciferase activity of mir-30d mimic transfected cells was normalized to control mimic transfected cells. Results are shown as mean ± SD, aP < 0.05 vs control; B: mRNA levels of ATG2B, ATG5, ATG12, BECN1 and BNIP3L in both two cell lines with mir-30d mimic or control mimic transfection. Results are shown as mean ± SD, aP < 0.05 vs control; C: ATG2B, ATG5, ATG12, BECN1, and BNIP3L protein levels in both two cells with mir-30d mimic or control mimic transfection; D: The mRNA levels of ATG2B, ATG5, ATG12, BECN1 and BNIP3L in two cell lines with or without mir-30d inhibitor transfection. Results are shown as mean ± SD, aP < 0.05 vs control.
[image: image5.png]log CFU/ml

(=

(= = ]

——Ctrl
DMSO

—— starvation
Rapamycine

—-—3-MA
mimic

-+ inhibitor

10 20 30 40 50 60
Time after H.pylori.infected (h)

=

log CFU/ml

o~

[
[\l

—
(=

o]

[=7]

[\l

(=

Ctrl

DMSO

starvation

L
=
=
<
)
g
]
=%
5]
=4

3-MA

mimic

Figure 5

inhibitor




Figure 5 Mir-30d increases intracellular survival of Helicobacter pylori in AGS cells. A: Gentamicin protection assay for the number of colony forming units (CFU) of Helicobacter pylori (H. pylori) during a 60-h H. pylori infection with different treatment; B: The results from 24 h H. pylori infection, Results are shown as mean ± SD, aP < 0.05 vs control.
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