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Abstract 

Helicobacter pylori cholesterol-α-glucosyltransferase (CGT) converts cellular cholesterol 

into cholesteryl α-glucosides (CGs), which contributes to bacterial evasion of immune defense. 

We recently reported that H. pylori activates high-mobility group box 1 (HMGB1) expression and 

recruits the receptor for advanced glycation end-products (RAGE) into cholesterol-rich 

microdomains, which is important for inducing inflammation. This study will further investigate 

how H. pylori CGT triggers autophagy by regulation of HMGB1. In addition, we will explore 

how H. pylori CGT enhances the bacterial burden in cells. Understanding the important functions 

of H. pylori CGT and the molecular basis of such particular virulence factor will reveal valuable 

strategies for treating H. pylori chronic infection. 

Keywords: Helicobacter pylori; cholesterol-α-glucosyltransferase; inflammation 
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A. Background information  

Helicobacter pylori virulence factors 

H. pylori persistent infection is associated with several gastroenterological illnesses 

including gastritis, peptic ulcer, and gastric adenocarcinoma [1]. Although gastric mucosa is well 

protected against other bacterial infection, H. pylori is highly adapted to this ecological niche. The 

ways by which the bacteria support the colonization and persistence in the gastric mucus include 

polar flagella, urease, adhesins, and two major virulence factors: vacuolating cytotoxin A (VacA) 

and cytotoxin-associated gene A (CagA) [2]. In addition, an earlier study revealed that an H. pylori 

enzyme, cholesterol-α-glucosyltransferase (CGT), which glucosylates cholesterol in macrophages, 

is thought to be modulated the innate immunity [3]. 

Role of autophagy in H. pylori infection 

Autophagy is a cellular process that functions as a recycling pathway, degrading 

nonfunctional and unnecessary components, and recycling these components to support cellular 

survival [4]. The autophagy process allows for the formation of autophagosomes that fuse with 

lysosomes, the contents of which are subsequently lysed by degradative enzymes [5,6]. In the 

context of degrading intracellular pathogens, autophagy contributes to immune defense to lessen 

H. pylori burden [7-9]. Contrarily, an earlier study revealed that formation of autophagosomes in 

cells enhances H. pylori survival, suggesting that these autophagic vesicles provide a unique 

sanctuary for H. pylori multiplication [10]. 

Involvement of HMGB1 and RAGE in bacteria-induced inflammation 

HMGB1 is a ubiquitous nuclear protein that stabilizes nucleosomes, which promotes DNA 

nicking, and facilitates transcription [11]. It has been shown that HMGB1 functions as a 

proinflammatory protein that mediates endotoxin-induced lethality, tissue damage, and systemic 

inflammation [12,13]. RAGE, a single transmembrane-spanning domain protein belonging to the 

immunoglobulin superfamily, serves as a receptor for HMGB1 in the amplification of 

proinflammatory signaling [14]. Interaction of RAGE with HMGB1 triggers mitogen-activated 

protein kinases (MAPKs) and subsequently activates nuclear factor (NF)-κB [15,16], thereby 

stimulating the release of multiple proinflammatory cytokines [17]. However, the detailed process 

by which H. pylori regulates HMGB1 expression and utilizes autophagy machinery to impair the 

efficiency of bacterial clearance by host cells remains unclear. 

Specific aims 

Microbial infection stimulates autophagy that elicits the innate immune defense to eliminate 

intracellular pathogens [18,19]. However, some pathogens have evolved multipronged strategies 

to dysregulate autophagy machinery and promote intracellular bacterial survival [20-22]. Our 

earlier study demonstrated that H. pylori infection increases the expression of HMGB1, which 

subsequently interacts with its receptor RAGE, and is believed to amplify the inflammation 
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cascade [23]. However, several relevant issues have emerged and required further exploration, 

including whether CGT is involved in H. pylori-induced HMGB1-RAGE-IL-8 axis and that 

occurred dependently on cholesteryl glucosides. We also will explore role of CGT triggers 

autophagosome formation which responses for enhancing H. pylori burden in gastric epithelial 

cells. Based on the preliminary results, we propose to extensively investigate the role of CGT in 

H. pylori exploits cellular cholesterol, and how the autophagic response contributes to bacterial 

survival in cells results in changing microbiota composition and induction of inflammation. 

 

B. Preliminary results 

H. pylori-induced RAGE expression is triggered by HMGB1 

We then assessed whether H. pylori-induced RAGE expression was elicited by activated 

HMGB1. AGS cells were mock-treated or pretreated with isotype IgG or neutralizing antibody 

against HMGB1 (-HMGB1) for 30 min and then incubated with H. pylori for 6 h. Our results 

showed that blocking of HMGB1 by -HMGB1 significantly reduced H. pylori-induced RAGE 

mRNA and protein levels, whereas the mock-treated cells or cells treated with isotype IgG showed 

no such effect (Fig. 2). These results indicate that H. pylori infection induces HMGB1 expression, 

which in turn elicits the production of RAGE in gastric epithelial cells. 

Figure 2. HMGB1 is crucial for 

RAGE expression in H. 

pylori-infected cells. AGS cells were 

untreated or pretreated with 1 μg/ml of 

isotype IgG or anti-HMGB1 at 37°C 

for 30 min and then infected with H. 

pylori at an MOI of 100 for 6 h. RAGE 

mRNA and protein expression levels 

were measured by (A) quantitative 

real-time PCR, and (B) western blot 

analysis, respectively. *, P < 0.05. 

 

H. pylori CGT manipulates autophagy and increases the bacterial burden in cells 

Since cholesterol glucosylation by H. pylori delays bacterial internalization and interrupts 

phagosome maturation [24], we hypothesize that this mechanism dysregulates autophagy 

processes that enhance bacterial burden in macrophages. We first employed J774A.1 macrophage 

cells as an assay platform to explore whether H. pylori survival was dependent upon CGT-induced 

autophagy. As shown in Fig. 3, treatment of cells with rapamycin induced microtubule-associated 

protein light chain 3 (LC3) conversion from LC3-I to LC3-II, which is considered as a marker of 

autophagy [25]. Interestingly, infection of cells with wild-type (WT) H. pylori promoted LC3-II/I 

conversion, whereas infection with the isogenic ∆CapJ mutant did not. We then analyzed 

expression of the autophagy-related proteins p62 and beclin-1, which participate in the initiation 

of autophagy with LC3-II [6,26]. Our data showed that infection with the WT H. pylori increased 
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the expression of p62 and beclin-1 as compared with levels observed in either the uninfected 

control or ∆CapJ-infected groups. These results suggest that infection with H. pylori-containing 

CGT triggers autophagy activation in macrophages. To further explore whether H. pylori survival 

in macrophages is dependent upon CGT-triggered autophagy, cells were treated with 100 nM 

bafilomycin A1 (BafA1), an autophagy inhibitor, at 37°C for 24 h. As shown in Fig. 3B, inhibition 

of autophagy by BafA1 dramatically decreased WT H. pylori survival in cells. Similar results were 

observed for the isogenic ∆CapJ strain, which showed reduced survival activity upon BafA1 

treatment. These results demonstrate that CGT is important for autophagosome maturation and 

may control the autophagy process, which sustained the survival of H. pylori in macrophages. 

Although H. pylori is generally considered as an extracellular pathogen, this organism can reside 

in both macrophages and gastric epithelial cells [3,27]. Given that our preliminary work is on 

macrophages not epithelial cells, we will utilize gastric epithelial cells as an experimental model 

to comprehensively investigate how H. pylori CGT activates HMGB1 and manipulates autophagy, 

which therefore enhances the bacterial burden in cells. 

Figure 3. H. pylori CGT promotes 

autophagy maturation and increases 

bacterial burden in cells. Cells were 

infected with WT or capJ-knockout 

(ΔCapJ) H. pylori for 6 h. (A) The 

expression of autophagy-related 

proteins was assessed by western blot 

analysis. (B) The viable bacteria were 

determined by gentamicin-protection 

assay. *, P < 0.05. 

C. Experimental designs 

Activation of HMGB1 is known to induce autophagy in several cell types [28]. A recent 

study by using conditional ablation of HMGB1 in mice reveals that HMGB1 is required for the 

initiation of autophagy process [29]. H. pylori infection induces HMGB1 expression, suggesting 

that autophagy is involved in this context. It has also been reported that autophagy regulates the 

release of HMGB1 in some cell types [30]. However, discrepancies are emerged and showed that 

HMGB1 acts as a powerful stimulator for autophagy activation [31,32]. Therefore, the 

mechanism of how H. pylori CGT triggers autophagy mediated through HMGB1 activation need 

to be verified. 

Aim 1. Investigating H. pylori CGT induces autophagy that is mediated by HMGB1  

We will further study the mechanism on how H. pylori CGT induces HMGB1 to influence 

autophagy. Therefore, we will determine the expression of effector molecules that are involved in 

autophagy pathway. AGS cells will infect with WT or ∆CapJ H. pylori for 6 h. The expression of 

autophagy-associated proteins, including LC-3 I/II, Beclin1, p62/SQSTM1, Atg5, Atg12, and 

phospho-p70S6 kinase, will be analyzed by western blotting. Our hypothesis will be supported if 
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we observe increased levels of the expression of autophagy-associated proteins in WT H. 

pylori-infected cells compared to those that are infected by ∆CapJ.  

Aim2. Exploring CGT influences autophagy flux mediated through activation of HMGB1 

During autophagy, the formation of acidic vesicular organelles (AVO) increases, which can 

be stained by acridine orange (AO) [33]. AGS cells will be infected with WT H. pylori or ∆CapJ 

mutant at MOI of 100 for 6 h. The cells will be stained with AO (1 μg/ml) for 15 min to visualize 

AVO. To further observe the process from early to late stages of autophagosome formation, the 

cells will be probed using a Cyto-ID autophagy detection kit (Enzo Life Sciences) or antibody 

against p62/SQSTM1. The stained cells will be analyzed under a confocal laser-scanning 

microscope (Zeiss LSM 780; Carl Zeiss) with a 63 objective (oil immersion, aperture 1.3). We 

expect to observe an increase of the formation of autophagosomes in cells infected with WT H. 

pylori than that infected with ∆CapJ mutant. 

Aim3. Exploring H. pylori CGT induces autophagy to increase bacterial survival  

We will determine whether H. pylori survival in cells is dependent upon CGT-triggered 

autophagy process. AGS cells will be treated with 100 nM bafilomycin A1 (BafA1) for 24 h, 

follows by infection with WT H. pylori or ∆CapJ mutant at an MOI of 100 for an additional 6 h. 

The intracellular survival of the bacteria will be determined by gentamicin-protection assay. If CGT 

is crucial for inducing autophagy, inhibition of autophagy by BafA1 will show a decrease in WT H. 

pylori survival in cells. Similar results will be observed for the isogenic ∆CapJ mutant, which will 

show a reduced survival activity after BafA1 treatment.  

  

D. Anticipated results 

1. Our hypothesis will be supported if we observe the increased levels of HMGB1 expression 

along with autophagy-associated proteins in cells after infection with WT H. pylori. However, 

the increase will be less noticeable in ∆CapJ mutant-infected cells. In addition, the process of 

H. pylori CGT-induced HMGB1 expression and autophagy activation will be clearly 

elucidated. 

2. We expect that bacterial survival of WT H. pylori will be reduced in autophagy-related 

gene-knockdown cells as compared with the survival observed in shVector controls. By 

carrying out the studies, we will demonstrate that CGT is essential for H. pylori-induced 

autophagosome maturation and preventing the fusion with lysosomes, which will be crucial 

for increasing bacterial burden in gastric epithelial cells. 
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