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ABSTRACT 

 

 
Background and Objectives: Helicobacter pylori infection has been increasingly linked to extra-gastric diseases. Outer 

membrane vesicles are a key virulence factor of H. pylori. This study investigates the influence of H. pylori-derived outer 

membrane vesicles on inflammatory marker expression in human hepatoma cells (HepG2). 

Materials and Methods: Outer membrane vesicles were isolated through ultracentrifugation and characterized using dy- 

namic light scattering technique (DLS) and a Field Emission Scanning Electron Microscope (FE-SEM). Protein concen- 

trations were measured via the Bradford assay. HepG2 cells treated with outer membrane vesicles were analyzed for IL-6, 

TNF-α, TLR-4, TGF-β, and PPAR-γ mRNA expression by RT-qPCR. Cell viability was assessed through an MTT assay. The 

prevalence of H. pylori virulence-associated genes (babA2, sabA, and oipA) was determined by PCR. 

Results: The results showed a high prevalence of sabA (91.7%), babA2 (75%), and oipA (66.7%). FE-SEM and DLS anal- 

yses confirmed the presence of bleb-shaped nanovesicles ranging in size from 50 to 450 nm. H. pylori-derived outer mem- 

brane vesicles significantly upregulated the expression of pro-inflammatory markers (TLR-4, PPAR-γ, TNF-α, and IL-6), 

while downregulating TGF-β expression. 

Conclusion: These findings underscore the potential role of nanoparticles in driving inflammatory responses and influencing 

host cell signaling, which may play a key role in liver-related pathologies. 
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INTRODUCTION 

 
Helicobacter pylori (H. pylori) is considered as 

a microaerophilic bacterium that serves as a spiral 

pathogen and infects nearly fifty percent of the global 

population (1-3). While it is widely recognized as the 

most common cause of chronic gastritis (CG), peptic 

ulcer disease (PUD), and gastric adenocarcinoma (4, 

5), accumulating evidence suggests its involvement 

in diseases beyond the gastrointestinal system. These 

extra-gastric diseases include Parkinson’s disease, 

type 2 diabetes, respiratory conditions, neurological 

disorders, cardiovascular diseases, anemia, idiopath- 

ic thrombocytopenic purpura, and Non-Alcoholic 

Fatty Liver Disease (NAFLD) (6-8). The potential 

mechanisms linking H. pylori infection to system- 

ic diseases involve direct and indirect effects. Direct 

mechanisms may include the interaction of H. pylori 
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or its components with host tissues, while indirect 

effects involve systemic inflammation, production of 

pro-inflammatory markers, biochemical mediators, 

and antibodies (9). The association between H. py- 

lori and hepatobiliary diseases was first reported in 

1998, when H. pylori DNA was detected in a Chilean 

patient with chronic cholecystitis (10). Since then, 

numerous surveys   disclosed a possible role for H. 

pylori as a high-risk marker for liver cirrhosis, hepa- 

tocellular carcinoma, and fatty liver disease (FLD), 

particularly its non-alcoholic form (NAFLD) (10-13). 

In terms of virulence factors, outer membrane vesi- 

cles (OMVs) have gained significant attention. These 

nano-sized particles, released naturally by H. pylori, 

serve as carriers for toxins, adhesions, and other vir- 

ulence markers, including VacA, CagA, BabA, and 

SabA (11, 12, 14). 

Also, in this bacterium, three main adhesion fac- 

tors are related to gastric cancer: sialic acid-binding 

adhesion A (SabA), outer inflammatory protein A 

(OipA), and blood group antigen-binding adhesion 

A (BabA). The results of studies indicated that the 

ability to discriminate was higher when three of the 

four antigens —SabA, OipA, and BabA—were used 

in combination (15). On the surface of gastric epithe- 

lial cells, BabA, by attaching to Lewis blood group 

receptors, participates in colonization. Furthermore, 

SabA binds to sialic acid-containing glycolconjugate 

domains, resulting in chronic inflammation and at- 

rophy (16). 

OMVs are crucial for bacterial survival and com- 

munication and profoundly influence host-pathogen 

interactions. These vesicles are related to immune 

modulation, delivering bacterial components direct- 

ly into host cells and triggering inflammatory re- 

sponses (9, 17-19). Recent studies indicate that OMVs 

may contribute to the progression of liver problems, 

including fibrosis and inflammation, by targeting he- 

patocytes (18-22). Hepatocytes, the primary paren- 

chymal cell type of the liver, comprise over 80% of 

the liver's cellular population and are vital for main- 

taining homeostasis. They play key roles in immune 

regulation, tissue repair, and inflammatory respons- 

es (20). When exposed to bacterial components, such 

as OMVs, hepatocytes can release pro-inflammatory 

mediators and upregulate molecular markers, poten- 

tially initiating or exacerbating liver inflammation 

(19, 20). This process is facilitated by the intrinsic 

properties of OMVs, including their size, composi- 

tion, and ability to carry virulence factors, allowing 

them  to  effectively interact  with  hepatocytes  and 

modulate  immune  responses.  This  research  aims 

to explore the impact of OMVs on inflammatory 

pathways in HepG2. By examining the expression 

of key inflammatory markers and assessing cellular 

responses, we aim to provide insights into the role 

of OMVs in liver-related pathologies. Understanding 

these mechanisms is critical for improving clinical 

management of H. pylori-associated extra-gastric 

diseases and refining therapeutic strategies. 
 

 
 
MATERIALS AND METHODS 

 
Sample  collection.  Gastric tissue  biopsies  were 

collected from 60 H. pylori positive patients during 

upper gastroduodenal endoscopy at Velayat Hospital, 

Qazvin, Iran. These 60 patients were selected from 

a total of 167 individuals presenting with digestive 

symptoms. At least two tissue biopsy specimens were 

obtained (the gastric antrum and the corpus regions) 

from each patient. Samples were transported on ice 

(4°C) in Fluid Thioglycolate Medium (Merck, Ger- 

many) to preserve viability. Bacterial urease activi- 

ty was evaluated using a rapid urease test kit (I.P.K., 

Iran). Subsequently, the samples were transferred to 

the Clinical Microbiology Research Center in Qazvin 

for further analysis and processing. 

 
Biopsy preparation, isolation of H. pylori strains 

and culture condition. Biopsy samples were homog- 

enized using a glass rod under a Class II laminar flow 

hood to ensure sterility. Four to five loopfuls of the 

homogenized material were inoculated onto H. pylo- 

ri-specific modified agar (Pronaisa, Spain) enriched 

with 7% (v/v) defibrinated sheep blood. The cultures 

were incubated at 37°C for five to seven days under 

microaerophilic conditions (N2: %85, CO2: %10 and 

O2: %5), by using an Anoxomat system (Mart Micro- 

biology, Holland). The presence of H. pylori strains 

was confirmed by Gram staining and biochemical 

assays, including catalase, urease, and oxidase tests. 

Isolated strains were preserved in 250 µL of brain- 

heart infusion (BHI) broth (Merck, Germany) supple- 

mented with 10% (v/v) Gibco-fetal bovine serum and 

15% glycerol, and stored at -70°C for further use. 

 
DNA extraction and quality assessment of H. 

pylori strains. After sub-culturing, single H. pylori 

colonies were selected, and lawn cultures were pre- 
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pared for DNA extraction using the WizPrep gDNA 

Mini Kit (Microbial, English), according to the kit 

instructions. The concentration and purity of the 

extracted deoxyribonucleic acid were analyzed us- 

ing Thermo Scientific™ NanoDrop™ Micro volume 

spectrophotometry, and the 260/280 and 260/230 ab- 

sorbance ratios were assessed to ensure high-quality 

DNA. The structural integrity of the DNA was fur- 

ther confirmed through electrophoresis on a 0.8% w/v 

(weight/volume) agarose gel. The extracted DNA was 

subsequently stored at -70°C for further processing. 

 
Molecular genotyping of virulence factors of 

BabA2, SabA and OipA genes. A conventional PCR 

was done to detect the babA2, sabA, and oipA genes 

using a DNA thermal cycler (SimpliAmp Thermal 

Cycler PCR System, USA). The primers and the prod- 

uct sizes for each gene are presented in Table 1. Each 

reaction was performed in a total volume of 20 μL. 

comprising 10 μL Master Mix, 8 μL distilled water, 

1 μL DNA template, and 1 μL of each forward and 

reverse primer. The PCR protocol started in initial 

denaturation at 94°C for 5 minutes, 30 cycles of dena- 

turation at 94°C for 1 minutes, and annealing at specif- 

ic temperatures (59°C for babA2 and sabA, and 61°C 

for oipA) for 45 seconds, and extension at 72°C for 

1 minute. A final extension phase was carried out at 

72°C for 10 minutes. The amplified DNA fragments 

were analyzed using agarose gel electrophoresis. PCR 

products of expected lengths were separated on a 1% 

agarose gel, stained with a fluorescent DNA dye, and 

visualized under ultraviolet (UV) light using the Vil- 

ber GmbH imaging system (Germany). 

 
Isolation of nanoparticles from selected strains 

liquid cultures. PCR analysis was conducted on 60 

gastric biopsy specimens obtained from patients un- 

dergoing endoscopy for various gastric conditions. 

 
Table 1. Oligonucleotide primers used for PCR in this research 

Only biopsies with histological evidence of H. pylori 

infection were included for bacterial culture and fur- 

ther analysis. In the subsequent phase, a subset of H. 

pylori strains (strains 1-5) were selected from these 

isolates for OMV extraction. The selected strains 

were sub-cultured in Brucella Media (BRU BROTH 

-Merck, Germany) supplemented with 5-10% (v/v) fe- 

tal calf serum (Gibco, USA) and incubated for two 

to three days at 37°C under a microaerophilic atmo- 

sphere, as mentioned above. Gentle shaking during 

incubation prevented bacterial clumping. OMVs were 

extracted from the bacterial supernatant following 

incubation.  First, 500  mL  of  the  culture  medium 

was centrifuged at low speed (14,000 × g, 20 min- 

utes, 4°C) to pellet the bacteria. The supernatant was 

then filtered through a sterile bottle-top filter (Corn- 

ing, pore size: 0.45 μm, NY, USA) to remove debris. 

OMVs were isolated by ultracentrifugation (200,000 

× g, 180 minutes, 4°C) using a Beckman Coulter ul- 

tracentrifuge (CA, USA) (21). The pelleted OMVs 

were rinsed twice with Gibco- phosphate-buffered 

saline solution (PBS, pH 7.2-7.4, Germany) and stored 

at -70°C until further analysis. OMV morphology and 

size were confirmed using a Field Emission Scanning 

Electron Microscope (FE-SEM) and dynamic light 

scattering technique (DLS). Protein concentrations 

of the OMVs were determined with a Bradford assay 

kit (Protocib, Iran) based on the absorbance shift of 

Coomassie Brilliant Blue (G-250) dye (CBBG), mea- 

sured at 595 nm using a spectrophotometer. 

 
Human  hepatocytes  cells  culture.  The  HepG2 

human liver carcinoma cell line was obtained from 

the Bon-Yakhte Institute (Iran). Cells were propagat- 

ed in low-glucose Dulbecco’s Modified Eagle Medi- 

um (DMEM; Sigma, USA) supplemented with 10% 

(v/v) heat-inactivated fetal bovine serum (Gibco), 1% 

penicillin–streptomycin (100 U/mL and 100 µg/mL; 

 

Gene Sequences Annealing Product Reference 
BabA F: CCAAACGAAACAAAAAGCGT 59 105 This study 

 R: GCTTGTGTAAAAGCCGTCGT    
SabA F-CTCTCTCTCGCTTGCGGTAT 59 187 This study 

 R-TTGAATGCTTTGCCTCAATG    
OipA F: GTTTTTGATGCATGGGATTT 61 401 This study 

 R: GTGCATCTCTTATGGCTTT    
16S rRNA F: GCGCAATCAGCGTCAGGTAATG 53 522 (20) 

 R: GCTAAGAGAGCAGCCTATGTCC    
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Merck, Germany), and 2 mM L-glutamine. Cultures 

were incubated at 37°C under humidified conditions 

containing 5% CO₂ and 21% O₂. Once the monolay- 

ers reached approximately 70-80% confluence, they 

were detached using sterile trypsin–EDTA (Gibco, 

USA) and subcultured. Cell attachment was verified 

microscopically, and cultures were examined every 

72 hours to assess growth and morphology. 

 
Assessment of cell viability by the MTT assay. 

Cell viability of the HepG2 line was determined 

through a colorimetric MTT cytotoxicity assay using 

a commercial kit (Mitocib, Iran) based on the man- 

ufacturer’s guidelines. In brief, HepG2 cells were 

seeded  into  96-well  flat-bottom microplates  (clear 

polystyrene) at a density of 5 × 10³ cells/cm². Once 

cultures reached approximately 70-80% confluence, 

they were exposed to varying concentrations (5, 10, 

15, 20, and 25 μg/mL) of H. pylori-derived vesicles 

and incubated overnight. Following 24 hours of treat- 

ment, 10 µL of MTT reagent was added to each well, 

and the plates were further incubated for 4 hours at 

37°C. Then, 100 µL of DMSO was introduced into 

each well to dissolve the resulting formazan crystals. 

The optical density (OD) was read at 570 nm with a 

reference wavelength of 630 nm using a microplate 

spectrophotometer (Eppendorf, Germany). The per- 

centage of viable cells was determined using the for- 

mula: 

and pro-inflammatory cytokines were subsequently 

quantified using precise and standardized molecular 

techniques. 

 
RNA   isolation   and   quantitative   real-time 

PCR-method. Total RNA was extracted from HepG2 

cells  treated  with  H.  pylori-derived  nanoparticles 

and untreated control cells using the Ana-Cell Total 

RNA Extraction Kit (Ana Cell Tech, Iran), follow- 

ing the manufacturer's protocol. RNA concentration 

and purity were evaluated using a Thermo Scientific 

NanoDrop Microvolum ND-1000 spectrophotometer 

(USA), with purity assessed by the A260/A280 ratio. 

RNA integrity was confirmed through ribosomal 

RNA analysis via agarose gel electrophoresis. Ex- 

tracted RNA was stored at -70°C until cDNA synthe- 

sis. First-strand cDNA synthesis was carried out using 

a commercial RTs enzyme (Reverse transcriptase) kit 

(Thermo Scientific, America) based on the instruc- 

tion. Synthesized cDNA was stored at −20°C for the 

additional work (real-time PCR (RT-qPCR)) analysis. 

The expression levels of IL-6, TNF-α, TLR-4, TGF-β, 

and PPAR-γ were quantified using a Rotor-Gene Q 

real-time PCR system (Corbett RT-PCR Rotorgene 

6000, Germany) and Biofact™ 2X Real-Time PCR 

Master Mix (South Korea). Glyceraldehyde-3-phos- 

phate dehydrogenase (GAPDH) was used as the in- 

ternal control gene. Each qPCR mixture consisted of 

10 μL of 2× SYBR Green Master Mix, 6 μL of nu- 

Cell survival = (X  
Treatmen
t 

 
Blank 

 
Control 

clease-free water, 1 μL each of forward and reverse 

X      ) × 100% (Where, “X” = Absorbance). 

 
Cellular exposition to H. pylori -derived OMVs. 

HepG2 cells were cultured in 6-well plates at a seed- 

ing density of 5 × 10⁵ cells/cm² and maintained for 24 

hours in a humidified incubator under standard cul- 

ture conditions (37°C,  21% O2, 5% CO₂). Once the 

cells reached approximately 70% to 90% confluence, 

they were rinsed three times with phosphate-buff- 

ered  saline  (PBS;  Gibco,  pH  7.2,  Germany)  and 

the medium was replaced with DMEM containing 

streptomycin/penicillin for another 24 hours. Subse- 

quently, cells were exposed to OMVs (10 μg protein/ 

mL)  overnight.  Untreated  Hepatoma  Cells  served 

as the control group. All experimental setups, in- 

cluding OMV-treated and control conditions, were 

performed  in  duplicates  and  repeated  three  times 

to ensure reproducibility. After 24 hours of incuba- 

tion, HepG2 cell pellets were collected for RNA ex- 

traction. The expression levels of anti-inflammatory 

primers (total 2 μL), and 2 μL of cDNA template. The 

primer sequences and amplicon sizes are listed in Ta- 

ble 2. Amplification specificity was validated through 

melting curve analysis, and PCR products were addi- 

tionally confirmed by agarose gel electrophoresis. All 

reactions were done in triplicate. Expression levels 

of target genes were assessed using the 2⁻ΔΔCt, with 

GAPDH serving as the normalization control. 

 
Statistical analysis.  Statistical evaluations  were 

performed using SPSS software (version 22.0) and 

GraphPad Prism (version 8.1.1; La Jolla, CA, USA). 

Comparisons among experimental groups were con- 

ducted using a one-way ANOVA test. A significance 

threshold of p < 0.05 was applied. Levels of statistical 

significance were represented as P, *P, **P, ***P, and 

****P, corresponding to p < 0.05, p < 0.05, p < 0.01, p 

< 0.001, and p < 0.0001, respectively. In line with pre- 

vious literature, p-values below 0.05 were interpreted 

as statistically significant. 
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Table 2. Sequence of primers used for real time PCR studies 

 

Gene Primer Sequences References 
TGF-β F: 5'-CCCAGCATCTGCAAAGCTC-3' This study 

 R: 5'-GTCAATGTACAGCTGCCGCA-3'  
PPAR F: 5'-GCCGCCCTACAACGAGATCA-3' This study 

 R: 5'-CCACCAGCAGTCCGTCTTTGT-3  
TNF-alpha F: :5′-CCG AGG CAG TCA GAT CAT CTT-3' This study 

 R:AGC TGC CCC TCA GCT TGA-3'  
IL6 F:5′-TGAACTCCTTCTCCACAAGCG-3 This study 

 R: 5′-TCTGAAGAGGTGAGTGGCTGTC-3′  
TLR4 F: :5′-ATATTGACAGGAAACCCCATCCA-3' This study 

 R: :5′-AGAGAGATTGAGTAGGGGCATTT-3'  
GAPDH F:5′- TGATTCTACCCACGGCAAGTT-3' (22) 

 R:5′- TGATGGGTTTCCCATTGATGA-3'  

 

 

RESULTS 

 
Characteristics of H. pylori-infected patients and 

frequency of H. pylori virulence genotypes. From 60 

gastric biopsy specimens obtained from urease-posi- 

tive patients, H. pylori strains were successfully iso- 

lated. Patients’ demographic and clinical data are pre- 

sented in Table 3. Patients ranged in age from 22 to 83 

years (mean ± SD: 47 ± 13.4 years) and in weight from 

39 to 100 kg (mean ± SD: 69 ± 13.5 kg). Men consti- 

tuted 51.7% (31/60) of the patients. Among the clini- 

cal strains, the primary presenting symptoms and con- 

ditions were as follows: peptic ulcer disease (41.7%, 

25/60), chronic gastritis (28.3%, 17/60), gastroesoph- 

ageal reflux (8.3%, 5/60), gastric cancer (3.3%, 2/60), 

dyspepsia (3.3%, 2/60), intestinal metaplasia (6.7%, 

4/60), duodenal ulcer (5%, 3/60), and hiatus hernia 

(3.3%, 2/60). Patient medical histories included the 

following conditions: diabetes (3.3%, 2/60), non-gas- 

trointestinal cancer (13.3%, 8/60), kidney dialysis 

(3.3%, 2/60), organ transplantation (3.3%, 2/60), drug 

addiction (3.3%, 2/60), COVID-19 positivity (1.7%, 

1/60), neurological disease (1.7%, 1/60), convulsion 

(1.7%, 1/60), hepatitis B virus positivity (1.7%, 1/60), 

positive stool occult blood test (13.3%, 8/60), ab- 

dominal pain (75%, 45/60), antibiotic use in the last 

three months (15%, 9/60), alcohol use (3.3%, 2/60), 

smoking (15%, 9/60). Other conditions such as portal 

hypertensive gastropathy and anemia were present in 

5% (3/60) (Table 4). There was no statistically signifi- 

cant association between age groups and H. pylori in- 

fection (p > 0.05). The prevalence of virulence genes 

babA2, sabA, and oipA was assessed via PCR. Among 

the 60 non-repetitive H. pylori strains, 75% (45/60) 

were positive for babA2, 91.7% (55/60) for sabA, and 

66.7% (40/60) for oipA (Table 3). 

 
Associations between virulence markers and 

clinical outcomes. These genotypes (sabA, babA2, 

and oipA) were significantly more prevalent among 

patients with peptic ulcer disease (100%, 92%, and 

80%, respectively), duodenal ulcers (100%, 100%, 

and 66.6%), gastric cancer (100%, 100%, and 50%), 

gastroesophageal reflux (60%, 80%, and 60%), dys- 

pepsia (100%, 50%, and 50%), and intestinal metapla- 

sia (75%, 50%, and 25%). Notably, the sabA genotype 

was consistently observed in all patients with peptic 

ulcers, duodenal ulcers, gastric cancer, and hiatus her- 

nia (100% prevalence). Conversely, the babA2 and 

oipA genotypes showed no significant correlation with 

hiatus hernia. 

 
Morphological characterization of OMVs secret- 

ed by H. pylori. OMVs secreted by five selected H. 

pylori strains were extracted and characterized. These 

five H. pylori strains were selected based on patient 

demographics, histopathology, gastrointestinal dis- 

eases diagnosed via endoscopy, and virulence factors 

(Table 5). The selected strains represented various 

clinical presentations: two were from patients with 

peptic ulcer disease, and a third was isolated from 

a patient with nausea, gastrointestinal bleeding, and 

pain, who was later diagnosed with gastric cancer. A 

fourth strain was isolated from an individual with du- 

odenal ulcers, and the fifth strain was derived from a 

patient suffering from chronic gastritis and duodenal 

http://ijm.tums.ac.ir/


HELICOBACTER PYLORI OUTER MEMBRANE VESICLES 

IRAN. J. MICROBIOL. Volume 17 Number 6 (December 2025) 966-976           971 http://ijm.tums.ac.ir 

 

 

 

 
 

Table 3. Demographic characteristics, frequency of virulence genotypes, and the relationship between each gene and clinical 

outcomes 

 

Disease 

demographic 
% (N) BabA2 

75% (45/60) 
SabA 

91.7% (55/60) 
OipA 

66.7% (40/60) 
PUD 41.66% ( 25/60) 92% (23/25) 100% (25/25) 80% (20/25) 
GER 8.3% ( 5/60) 80% (4/5) 60% (3/5) 60% (3/5) 
IM 6.66% (4/60) 50% (2/4) 75% (3/4) 25% (1/4) 
CG 28.3% (17/60) 47.05% (8/17) 88.2% (15/17) 70.5% (12/17) 
DU 5% (3/60) 100% (3/3) 100% (3/3) 66.6% (2/3) 
GC 3.33% (2/60) 100% (2/2) 100% (2/2) 50% (1/2) 
HH 3.3% (2/60) 0% (0/2) 100% (2/2) 0% (0/2) 
Dyspepsia 3.3% (2/60) 50% (1/2) 100% (2/2) 50% (1/2) 

Peptic ulcer disease (PUD), Gastroesophageal reflux (GER), Intestinal metaplasia (IM), Chronic gastritis (CG), Duodenal 

ulcers (DU), Gastric cancer (GC), Hiatus hernia (HH). 

 
Table 4. Demographic characteristics of 60 patients with H. 

pylori-positive 

in HepG2 cell viability was observed, with the most 

pronounced effects at concentrations of 5-25 µg/mL 

                                                                                            compared to control cells (P < 0.05) (Fig. 2). Based on 

Clinical status % (n=60) these results, a concentration of 10 µg/mL was select- 

ed for subsequent cell culture experiments. Abdominal pain 75% (45/60) 
Smoker 15% (9/60) 
High weigh>80kg 20 (29.8%) Impact of H. pylori-derived OMVs on inflamma- 
Alcoholic 3.3% (2/60) tory gene expression in HepG2 cells. The RT-qPCR 
Diabetes 3.3% ( 2/60) technique was used to evaluate the expression of in- 
Neurological disease positive 1.7% (1/60) flammatory markers  (IL6,  TNF-α,  TLR-4,  TGF-β, 
Convulsion 1.7% (1/60) and PPAR-γ) in HepG2 cells exposed to OMVs from 
Kidney dialysis 3.3% (2/60) H. pylori strains (strain 1-5). The housekeeping gene 
Organ transplant recipient 3.3% (2/60) GAPDH was used for normalization. As shown in Fig. 
Drug addiction 3.3% (2/60) 3, OMVs significantly upregulated the expression of 
Hepatitis B virus positive 1.7% (1/60) IL6, TNF-α, TLR-4, and PPAR-γ, compared to con- 
Hypertensive gastropathy and anemia 5% (3/60) trol cells. In contrast, TGF-β expression was down- 
Antibiotic use in the last three months 15% (9/60) regulated in response to OMVs. Strain 3 OMVs had 
Covid-19 positive 1.7% (1/60) the greatest effect on IL6, TNF-α, TLR-4, and PPAR-γ 
Occult blood test (OB) 13.33% (8/60) expression, whereas strain 2 OMVs downregulated 

IL6 and TNF-α. These findings highlight the poten- 

tial of H. pylori OMVs to activate pro-inflammatory 
ulcer. Morphological analysis using FE-SEM revealed 

double-layered, round vesicles ranging from <100 nm 

to >450 nm (Fig. 1). Dynamic light Scattering particle 

size distribution analysis (DLS) technique confirmed 

a vesicle size range of approximately 50-450 nm. 

 
Evaluation of toxicity of H. pylori OMVs on 

HepG2 cells. The toxicity of H. pylori-derived OMVs 

on HepG2 cells was assessed using the MTT assay. 

Cells  were  cultured  to  70-80%  confluence before 

exposure to OMVs at concentrations ranging from 5 

to 25 µg/mL. After 24 hours, a significant reduction 

pathways in liver cells. Specifically, two out of three 

sabA+babA2+oipA strains (1 and 3) upregulated in- 

flammatory factor expression, whereas the non-tri- 

ple positive strains (2 and 4) demonstrated minimal 

pro-inflammatory properties.  Strain  2  did  not  har- 

bor SabA, and OMVs showed a decrease in IL6 and 

TNF-α levels. Also, strain 4 did not harbor OipA, and 

OMVs showed a decrease in TLR-4 and PPAR-γ ex- 

pression. 

Exposure of HepG2 cells to OMVs derived from 

various H. pylori strains resulted in a significant up- 

regulation of IL-6, TNF-α, TLR4, and PPAR-γ mRNA 
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Table 5. Characteristics of clinical H. pylori strains used in this study. 

 

 Strain number  
Demographic characteristics and virulence genotypes Strain 1 Strain 2 Strain 3 Strain 4 Strain 5 
Disease outcome PUD PUD GC DU CG 
Sex (F/M) M F M F M 
Age/year 26 31 50 72 57 
Weight/kg 52 88 60 70 62 
OipA + + + - + 
SabA + - + + + 
BabA2 + + + + + 
SabA+ BabA2 + - + + + 
SabA+ OipA + - + + + 
BabA2+ OipA + + + + + 
SabA+ BabA2+ OipA + - + - + 

 

PUD: peptic ulcer disease; CG: chronic gastritis; DU: Duodenal ulcer; GC: Gastric cancer; M: Male; F: Female. 
 

 

 
 

Fig. 1. Morphological analysis of OMVs derived from H. 

pylori was performed. FE-SEM imaging revealed that the 

vesicles were spherical, exhibited a bilayer structure, and 

varied in size ranging from 50 to 450 nm. 

 

 

 
 

Fig. 2. Impact of different concentrations of H. pylori-de- 

rived OMVs (5- 25 μg/mL) on the cell viability of HEP-G2 

cells 

 
levels. Conversely, TGF-β transcript levels were re- 

duced following treatment with OMVs from the same 

strains. Results are presented as mean ± standard error 

of the mean (SEM) from three independent experi- 

ments. Statistical significance was assessed using one- 

way ANOVA with post hoc analysis, and indicated as 

*P, **P, ***P, and ****P corresponding to p < 0.05, p 

< 0.01, p < 0.001, and p < 0.0001, respectively. 
 

 
 
DISCUSSION 

 
For over three decades, H. pylori has been recog- 

nized as a primary associated with a variety of gas- 

trointestinal conditions, including chronic gastritis, 

peptic ulcer disease, and gastric cancer. Recent re- 

search, however, suggests that its role may extend be- 

yond these traditional disorders, including cardiovas- 

cular disorders, hematologic conditions, and, more 

notably, liver-related problems such as NAFLD, obe- 

sity, hepatic fibrosis, and even hepatocellular carci- 

noma (7). These associations suggest that the impact 

of H. pylori may extend beyond the stomach, affect- 

ing organs like the liver (Hepatoma Cells) through 

the release of virulence factors that may be trans- 

ported via various routes, including OMVs (23-26). 

OMVs, small proteoliposomes naturally secreted by 

both pathogenic and non-pathogenic Gram-negative 

bacteria, including H. pylori, have gained attention 

in recent years for their role in pathogenesis and im- 

mune modulation. 

It should be noted that OMVs consist of bacterial 
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Fig. 3. Gene expression analysis of liver inflammatory markers in HepG2 cells treated with 10 μg/mL of H. pylori OMVs. 
 

 
 

components such as LPS, bacterial outer membrane, 

membrane proteins, membrane lipids, and peptido- 

glycans. Among these, LPS is the most important 

component of the OMVs, and it can harbor some in- 

tracellular molecules such as DNA, RNA, intracellu- 

lar proteins, and enzymes, most of which are PAMPs 

that can activate the immune responses in hosts (27, 

28). 

These vesicles, due to their nanoparticle size, can 

travel  through  host tissues,  cross  epithelial  barri- 

ers, and deliver bacterial components such as lipo- 

polysaccharides (LPS), proteins, RNA, and DNA to 

immune cells, including hepatocytes. Such charac- 

teristics make OMVs potent carriers of bacterial vir- 

ulence factors, and their interaction with host cells 

is a key area of interest in understanding H. pylori's 

role in liver diseases (29-31). In this context, inflam- 

mation has been recognized as a central mechanism 

driving liver disease progression. The liver is a high- 

ly immune-sensitive organ that plays a critical role 

in metabolic regulation and immune defense. It is 

especially susceptible to endotoxins such as LPS, 

which can directly cause liver damage (19). Previous 

studies have indicated that H. pylori infection and its 

associated OMVs are capable of inducing inflamma- 

tory responses in various cell types, including hepat- 

ic stellate cells (HSCs), which are involved in liver 

fibrosis. H. pylori OMVs have been shown to activate 

these cells and upregulate markers of liver fibrosis, 

such as α-SMA, TIMP-1, vimentin, and β-catenin. 

(32-34). Additionally, these OMVs have been found 

to influence autophagy markers and alter hepatocyte 

exosome content, further supporting their role in liv- 

er pathology (7, 35). The present study specifically 

aimed to explore the effects of H. pylori OMVs on in- 

flammatory pathways in hepatocytes. We focused on 

the expression of some pro-inflammatory markers, 

such as IL-6, TNF-α, TLR-4, and PPAR-γ, which are 

known to play pivotal roles in the immune response 

and liver homeostasis. Our findings showed that ex- 

posure of HepG2 cells to H. pylori OMVs resulted in 

increasing in the expression levels of mRNA in these 

inflammatory markers. 

IL-6, in particular, was notably upregulated, which 

is consistent with its known role as a key cytokine 

involved in immune defense, acute-phase response, 

and hepatocyte homeostasis. IL-6 signals hepato- 

cytes to produce acute-phase proteins during im- 

mune responses, thus contributing to both inflam- 

mation and tissue repair (36). The upregulation of 

IL-6 in response to H. pylori OMVs is in line with 

previous studies, including Yildirim et al.'s work, 

which showed elevated IL-6 levels in patients with 

H. pylori infection. Moreover, Tsai et al. identified 

H. pylori NAP protein as a major virulence factor 

that also contributes to the induction of IL-6 expres- 

sion (37, 38). Similarly, we observed increased ex- 

pression of TNF-α in HepG2 cells following OMV 
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treatment, corroborating findings by Polyzos et al., 

who reported significantly higher levels of TNF-α in 

H. pylori-positive patients compared to controls. The 

involvement of TNF-α in liver damage is well-estab- 

lished, and its overexpression is known to exacerbate 

liver injury, contributing to the progression of liver 

diseases (39). Another study further emphasized the 

significance of IL-6 and TNF-α in end-stage liver 

disease,  suggesting that  targeting  these  cytokines 

could be an effective therapeutic strategy in treating 

H. pylori-associated liver conditions (40). In a study 

conducted by Abdel-Razik et al. H. pylori infection 

was related to the level of pro-inflammatory cyto- 

kines. Also, after treatment of patients, reduction 

in  pro-inflammatory markers  was  observed.  Fur- 

thermore, the results indicated an increased risk of 

developing NAFLD, as measured by the NAFLD 

liver  fat  score  (NAFLD-LFS).  Overall,  our  find- 

ings are consistent with previous studies, demon- 

strating that H. pylori-derived nanoparticles induce 

IL6 gene expression in HepG2 cells (41). Similar to 

our results, Noori et al. evaluated the expression of 

Alzheimer's disease (AD)-associated genes and in- 

flammatory markers in individuals with peptic ul- 

cer disease (PUD) who were also H. pylori-positive. 

Results showed that H. pylori induced TLR-4 and 

TNF-α gene expression in brain cell lines (U87MG 

and 1321N1). The results from cells treated with H. 

pylori demonstrated a potential contribution of the 

infection to the incidence and development of (AD) 

(42). Additionally, our study demonstrated that H. 

pylori-derived OMVs significantly modulate the ex- 

pression of TGF-β, a key regulator in liver fibrosis 

and carcinogenesis. TGF-β is known to be involved 

in all stages of liver problems progression, from the 

early phase injury through inflammation and fibrosis 

to the eventual development of cancer (43, 44). Our 

findings are consistent with another study that linked 

H. pylori infection to hepatic fibrosis and modulated 

TGF-β expression in liver tissue (45). This suggests 

that H. pylori-derived nanoparticles (OMVs) may not 

only contribute to inflammatory responses but also 

play a role in the fibrotic process and progression to 

liver cancer. Moreover, the study revealed that H. 

pylori nanoparticles influenced the expression of 

PPAR-γ in hepatocytes. PPAR-γ is known to be in- 

volved in the regulation of inflammation and meta- 

bolic processes, and its upregulation in response to 

H. pylori infection has been associated with gastric 

cancer. Konturek et al. showed that H. pylori-positive 

gastric cancer patients had significantly higher levels 

of PPAR-γ expression, which was reduced following 

H. pylori eradication (46). These data further support 

the idea that H. pylori infection and its OMVs play 

a crucial role in modulating inflammatory pathways 

and could potentially contribute to the development 

of hepatocellular carcinoma. 

Also, our study provides evidence that H. pylo- 

ri-derived OMVs strongly interact with hepatocytes, 

triggering pro-inflammatory responses and upregu- 

lating key markers such as IL-6, TNF-α, TLR-4, and 

PPAR-γ. These findings underscore the potential of 

H. pylori vesicles (OMVs) in liver-related disorders, 

particularly those involving chronic inflammation, 

fibrosis, and cancer. Additional works are needed to 

explore the precise mechanisms by which H. pylori 

OMVs influence liver disease progression and their 

potential as therapeutic targets in managing H. pylo- 

ri-associated liver conditions. 
 

 
 
CONCLUSION 

 
H. pylori-derived OMVs are rich in various bio- 

logically active components, such as porins, mem- 

brane proteins, adhesions, and other molecules that 

can modulate immune responses. These vesicles, re- 

leased during H. pylori infection, act as carriers for 

virulence factors and can migrate from the gastric 

environment through the gastrointestinal tract and 

into the bloodstream. This suggests that OMVs has 

a vital role in H. pylori pathogenesis. They interact 

directly or indirectly with immune cells, stimulating 

the release of cytokines and contributing to tissue 

damage. Our findings showed that the presence of 

the sabA gene in H. pylori is related to an increased 

risk of duodenal ulcers, peptic ulcer disease, dys- 

pepsia, gastric cancer, and hiatus hernia in adult pa- 

tients with H. pylori infection in Iran. These results 

provide valuable insights for physicians to improve 

early diagnosis and treatment strategies for patients 

at higher risk of these conditions. Multiple studies 

showed a connection between H. pylori-derived 

OMVs and extra-gastric diseases, particularly liver 

diseases. However, the exact mechanisms and ex- 

tent of this association remain unclear due to limited 

data. Our study underscores the significant impact 

of H. pylori-derived OMVs on HepG2 cells, particu- 

larly in inducing pro-inflammatory responses. While 

this study did not involve animal models or human 
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subjects, which limits its ability to fully validate the 

findings, it provides a solid foundation for further 

research. Future studies should focus on exploring 

additional cytokines, confirming these findings in 

clinical trials, and further investigating the role of H. 

pylori-derived OMVs in liver disorders. 
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