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Abstract 

 

Helicobacter pylori induces apoptosis via NF-κB activation  

in human gastric AGS cells  

 

Sang Hui CHU 

 

Department of Medical Science 

The Graduate School, Yonsei University 

 

(Directed by Professor Kyung Hwan KIM) 

 

Helicobacter pylori (H. pylori) causes gastric epithelial cell damage. But thorough 

investigations into H. pylori-induced apoptosis and subsequent molecular mechanisms 

are rare. The present study examined the role of NF-κB in H. pylori-induced apoptosis 

in human gastric epithelial cells. To investigate the relationship between NF-κB and 

apoptosis, human gastric epithelial cells (AGS) were treated with antisense ODN for 

NF-κB p50 (AS ODN) subunit or were transfected with a mutated IκBα gene (MAD-3 

mutant). AGS cells were stimulated with H. pylori (NCTC11637) in antibiotic-free 

culture medium for 24 hr (bacterium:cell, 300:1). Apoptosis was determined by cell 

counting, quantification of DNA fragmentation, and Hoechst staining. As apoptotic 

indices, expression of p53, bax and bcl-2 were examined using Western blotting and 
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RT-PCR analysis. As a result, H. pylori induced apoptosis, accompanied with the 

increase of p53 and bax and decrease of bcl-2. H. pylori-induced apoptosis was inhibited 

in the cells treated with AS ODN or transfected with a mutated IκBα gene, while 

apoptosis was shown in the cells treated with sense ODN of NF-κB p50 subunit (S 

ODN) or transfected with a control vector (pcDNA-3), by H. pylori. H. pylori-induced 

alterations of p53, bax and bcl-2 were inhibited in the cells treated with AS ODN or 

transfected with a mutated IκBα gene. Moreover, overexpression of bcl-2 attenuated H. 

pylori-induced apoptosis. These results suggest that H. pylori induces apoptosis in 

gastric epithelial cells through activation of NF-κB, mediating regulation of p53, bax 

and bcl-2. 

 

 

 

 

Key words: Helicobacter pylori, Apoptosis, NF-κB, bax, and bcl-2. 
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Helicobacter pylori induces apoptosis via NF-κB activation  

in human gastric AGS cells  

 

(Directed by Professor Kyung Hwan KIM) 

Department of Medical Science 

The Graduate School, Yonsei University 

 

Sang Hui CHU 

 

 

 

I. INTRODUCTION 

 

Helicobacter pylori (H. pylori) has been shown to be an important pathogen of a wide 

variety of diseases including duodenal ulceration, gastritis, gastric adenocarcinoma, and 

gastric B-cell lymphoma. However, the pathogenic mechanisms are not well defined. 

One of the potential toxic factors involving H. pylori-induced gastric injury is oxygen 

radicals which are released from activated neutrophils, because H. pylori exhibits 

chemotactic activity for neutrophils.1 However, H. pylori itself induced the production 

of oxygen radicals in gastric epithelial cells, and enhances membrane damage.2,3 H. 

pylori infection has been reported to be associated with increased epithelial cell 
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apoptosis,4,5 but the exact mechanisms responsible for this phenomenon are unknown.  

The bcl-2 family is one of the best-studied groups of proteins involved in the 

regulation of apoptosis. The first member of this family, bcl-2, was discovered in human 

B-cell lymphoma at a chromosomal translocation T(14:18), where it was thought to lead 

to malignant transformation because of its ability to prevent apoptotic cell death.6 

Meanwhile, several other bcl-2 related genes were discovered. Some members of the 

bcl-2 family, such as bax, bad, or bik, promote apoptosis, whereas the other members, 

such as bcl-2 and bcl-xL, inhibit this process. The susceptibility of a cell to apoptosis 

depends on the balance between pro-apoptotic and anti-apoptotic factors.7 It has been 

reported that H. pylori-induced programmed cell death in the gastric mucosa was 

induced by up-regulation of pro-apoptotic bax and attenuation of anti-apoptotic bcl-2 at 

transcriptional and protein levels.8 The expression of bax, bcl-2 and bcl-xL all decreased 

moderately whereas the pro-apoptotic protein bak was markedly increased in the H. 

pylori stimulated AGS cells in the other study.9 However, both expression and function 

of bcl-2 and bax in gastric epithelial cells remain poorly understood. 

NF-κB is an inducible transcription factor that mediates signal transduction between 

cytoplasm and nucleus in many cell types.10 NF-κB is a member of the Rel family 

including p50 (NF-κB1), p52 (NF-κB2), Rel A (p65), c-Rel, rel B, and Drosophila 

morphogen dorsal gene product.11 In resting cells, NF-κB is localized in the cytoplasm 

as a hetero- or homodimer, which are noncovalently associated with cytoplasmic 

inhibitory proteins, including IκB. Upon stimulation by a variety of pathogenic inducers 

such as viruses, mitogens, bacteria, agents providing oxygen radicals and inflammatory 

cytokines, the NF-κB complex migrates into the nucleus and binds DNA recognition 
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sites in the regulatory regions of the target genes.12 Our previous studies13,14 

demonstrated that the constitutive level of NF-κB was observed in the nucleus of gastric 

epithelial AGS cells. NF-κB dimers (a p50/p65 heterodimer and a p50 homodimer) were 

detected and the major NF-κB band was a p50 homodimer even in resting cells. Upon 

stimulation by H. pylori infection, a p50/p65 heterodimer was highly elevated and a p50 

homodimer was relatively slightly increased in the nucleus of AGS cells. H. 

pylori-induced cytotoxicity and apoptosis were inhibited by antioxidant enzyme catalase, 

an inhibitor of NF-κB activation PDTC, iNOS inhibitors and antisense oligonucelotides 

(AS ODN) for p50 to inhibit NF-κB expression.15 

Antisense oligonucleotides (AS ODN) are small, synthetic molecules, 15-25 base 

pairs in length, and are usually single-stranded DNA complementary to the mRNA 

transcribed from the target gene. Formation of a duplex structure occurs through 

base-pairing between the antisense DNA and its target mRNA, inhibiting gene 

expression.16 Postulated mechanism of AS ODN include steric hindrance of gene 

transcription or gene translocation, blockage of mRNA processing or splicing, and 

degradation of mRNA through the action of RNAse H activity.17 An additional benefit is 

that ODN can be chemically manipulated by replacement of a nonbridging oxygen with 

sulfur in a phosphate linkage to form phosphorothioate-modified ODN, making ODN 

more resistant to degradation by nucleases.18 Thus, AS ODN can be made to bind to a 

single gene or its transcription product and act within the constraints of that gene’s 

expression, minimizing side effects. H. pylori induced the activation of two species of 

NF-κB dimmers (a p50/p65 heterodimer and a p50 homodimer) in gastric epithelial 

cells.13,14 As a choice for targeting by AS ODN, p50 offers the best potential for effects 
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upon NF-κB expression and the genes that NF-κB regulates. 

NF-κB activation is tightly regulated by its endogenous inhibitor, IκB, which 

complexes NF-κB in the cytoplasm. To date, the most extensively studied IκB protein is 

IκBα (36 kDa) encoded by the human MAD-3 gene or its homologues in different 

species.19 The mechanisms that lead to the degradation of IκBα proteins are poorly 

understood, but involve changes in the phosphorylation state of IκBα.12,20 Two serines 

in the N-terminal domain of IκBα, serine residues 32 and 36, were shown to be critical 

for IκBα stability.18 Substitution of these two serine residues by alanine residues 

rendered IκBα undegradable by cellular activators.18,21 Among many proteins exhibiting 

IκB function, IκBα is the only inhibitor that dissociates from NF-κB complex in 

response to cell stimulation, with kinetics matching NF-κB translocation to the 

nucleus.22 It was therefore suggested that the activation of NF-κB is mainly regulated by 

NF-κB/ IκBα dissociation.23,24 Such a mutant IκBα has been shown to act as an NF-κB 

super-repressor.25  

The present study was conducted to evaluate the role of NF-κB in H. pylori–induced 

apoptosis in gastric epithelial AGS cells by using phosphorothioate-modified AS ODN 

for p50 or a mutant IκBα gene to inhibit NF-κB activation. In order to investigate the 

role of bcl-2 in gastric epithelial cells, human bcl-2 gene was transfected into AGS cells. 

Cell viability (viable cell number) and apoptosis indices (quantification of DNA 

fragmentation, Hoechst staining, and changes in expression of p53, bax and bcl-2) were 

determined. 
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II. MATERIALS AND METHODS 

 

1. Materials 

All chemicals were of analytical reagent grade and purchased from Sigma (Sigma, 

St. Louis, MO, U.S.A.) unless stated otherwise. 

 

2. Bacterial strain and culture condition 

H. pylori, strain NCTC 11637, was obtained from the American Type Culture 

Collection (Rockville, MD, U.S.A.). The bacteria were inoculated on chocolate agar 

plates (Becton Dickinson Microbiology Systems, Cockeysville, MD, U.S.A.) at 37℃ 

under microaerophilic conditions using an anaerobic chamber (BBL Campy Pouch® 

System, Becton Dickinson Microbiology Systems).  

 

3. Gastric epithelial cell culture 

A human gastric epithelial cell line AGS (ATCC CRL 1739) was obtained from the 

American Type Culture Collection (Rockville, MD, U.S.A.). The cells were grown in 

complete medium, consisting of RPMI 1640 medium supplemented with 10% fetal 

bovine serum, 2 mM glutamine, 100 U/ml penicillin, and 100 mg/ml streptomycin 

(GIBCO-BRL, Grand Island, NY, U.S.A.). The cells were seeded onto cell culture plate 

and cultured to reach 80% confluency. Prior to stimulation, each well was washed twice 

with 1 ml of fresh cell culture medium containing no antibiotics.  

 

 



 

8

4. Extraction of nuclei 

The cells were rinsed with ice-cold PBS, harvested by scraping into phosphate 

buffered saline (PBS), and pelleted by centrifugation at 1,500 g for 5 minutes. The cells 

were lysed in buffer containing 10 mM Hepes, 10 mM KCl, 0.1 mM 

ethylenediaminetetraacetic acid (EDTA), 1.5 mM MgCl2, 0.2% Nonidet P-40, 1 mM 

dithiothreitol (DTT), and 0.5 mM phenylmethylsulfonylfluoride (PMSF). The nuclear 

pellet was resuspended on ice in nuclear extraction buffer containing 20 mM Hepes, 420 

mM NaCl, 0.1 mM EDTA, 1.5 mM MgCl2, 25% glycerol, 1 mM DTT, and 0.5 mM 

PMSF, and the nuclear protein concentration was determined by the method of 

Bradford.26 

 

5. Electrophoretic mobility shift assay 

NF-κB gel shift oligonucleotide, 5’-AGT TGA GGG GAC TTT CCC AGG C-3’ 

(Promega, Madison, WI, U.S.A.) was labelled with [32P] dATP (Amersham Biosciences, 

Piscataway, NJ, U.S.A) using T4 polynucleotide kinase (GIBCO-BRL). End-labelled 

probe was purified from unincorporated [32P] dATP using a Bio-Rad purification 

column (Bio-Rad Laboratories, Hercules, CA, U.S.A.) and recovered in tris-EDTA 

buffer (TE). Nuclear extracts (1 µg) were preincubated in buffer containing 12% 

glycerol; 12 mM Hepes, pH 7.9; 4 mM Tris-HCl, pH 7.9; 1 mM EDTA; 1 mM DTT; 25 

mM KCl; 5 mM MgCl2; 0.04 ㎍/ml poly[d(I-C)] (Boehringer Mannheim, Indianapolis, 

IN, U.S.A.); 0.4 mM PMSF; and TE. The labelled probe was added and samples were 

incubated on ice for 10 min. Samples were subjected to electrophoretic separation at 

room temperature on a nondenaturing 5% acrylamide gel at 30 mA using 0.5× Tris 
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borate EDTA buffer. The gels were dried at 80  for 1 h and exposed to the radiography ℃

film for 6-18 h at –70  with inten℃ sifying screens.27 

 

6. Determination of cell death 

Cells were plated at 1×105 cells/well in a 24-well culture plate and incubated with H. 

pylori for 24 h. After the end of incubation, cell death was evaluated by cell counting or 

release of lactate dehydrogenase (LDH) in the medium. Cell number and their viability 

were determined in a hemocytometer by trypan blue exclusion (0.2% trypan blue) using 

a phase-contrast microscopy (Labophot, Nikon, Japan). LDH release was determined 

photometrically with a commercial test (Sigma) and was expressed as the percent of the 

total LDH of cells. 

 

7. Cell viability assay 

The differential uptake of fluorescent DNA binding dyes, acridine orange (AO) and 

ethidium bromide (EtBr) was used to determine viable and nonviable cells.28 These two 

dyes can be used to determine which cells in the population have undergone apoptosis, 

and whether the cell is in the early or late stages of apoptosis based on membrane 

integrity. AO intercalates into the DNA, giving it a green appearance. This dye also 

binds to RNA but because it cannot intercalate, the RNA stains red-orange. Thus viable 

cells will have bright green nuclei and slightly red cytoplasm. EtBr is only taken up by 

nonviable cells. This dye also intercalates into DNA, making it appear orange. Both 

normal and apoptotic nuclei in live cells will fluoresce bright green. In contrast, 

apoptotic nuclei in dead cells will fluoresce bright orange. Thus, we could differentiate 
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between early and late apoptotic cells using these two dyes. 100 ug/ml AO was mixed 

with 100 ug/ml EtBr in PBS. 1×105 cells cultured in 8 well plates were incubated with 

dye mix for 5 min and then washed with PBS twice. The cells were observed under the 

inverted fluorescence microscope (Axiovert 135, Zeiss, Germany) with the filter of 

excitation 480nm and emission 530nm. 

 

8. Assessment of apoptosis  

 To assess DNA fragmentation, nucleosomes were quantified in the cytoplasm by 

means of a sandwich enzyme-linked immunosorbent assay (ELISA) (Cell Death 

Detection ELISA plus kit; Boehringer Mannheim). In brief, adhesion cells incubated for 

24 h with H. pylori were detached, and 1 x 105 cells were lysed, after which cytosolic 

oligonucleosome was quantified by mean of biotin-coupled mouse monoclonal 

anti-histone antibody as the capturing antibody, peroxidase-conjugated mouse 

monoclonal anti-DNA antibody as the detecting antibody, and ABTC (2, 

2'-azio-di[3-ethylbenhioazolin-sulfonate]) as the developing reagent. Absorbance of 

treated and control cells were measured at 405 nm. The relative increase in nucleosomes 

in the cytoplasm was expressed as an enrichment factor, which was calculated as the 

ratio of specific absorbance of H. pylori-infected cells compared with uninfected cells, 

as described by the manufacturer of the assay.    

To assess apoptotic cell death, Hoechst 33258, a DNA-specific dye, staining was 

performed. AGS cells (4×105 cells/well) were cultured in the presence of H. pylori (at a 

bacterium/cell ratio, 300:1) for 24 h. The cells were washed with PBS (pH 7.4), fixed 

with 4% paraformaldehyde for 30 min, and then stained with 1 mM Hoechst 33258 for 
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10 min at 37 °C. Cells were washed again with PBS prior to viewing stained nuclei 

under a microscope. Percentage of apoptotic cells, assessed by staining with Hoechst 

33258, was calculated based on total numbers of the cells at the end of the experiment. 

 

9. ODNs preparation 

Single-stranded ODNs were produced commercially (GIBCO-BRL). ODNs were 

phosphorothioate-modified to reduce intracellular nuclease digestion. Antisense (AS) 

and sense (S) ODNs targeted the ATG start codon of the p50 mRNA. The sequence of 

the p50 AS ODN was 5’ GGA TCA TCT TCT GCC ATT CTG 3’. The sequence of 

p50 S ODN was 5’ CAG AAT GGC AGA AGA TGA TCC 3’.  

 

10. Treatment with ODNs using cationic liposome 

AGS cells were transfected with ODNs using a cationic liposome, a commercially 

available transfection-reagent DOTAP (N-[1-(2, 3-Dioleoyloxy) propyl]-N, N, 

Ntrimethyl ammonium methylsulfate) (Boehringer-Mannheim) to improve stability and 

intracellular delivery of  ODNs.29 When DOTAP was employed, the appropriate 

amount of ODNs were incubated with DOTAP (15 µl/ml) to achieve the respective final 

concentration of the ODNs to 0.5 µM at 37℃ for 15 min. Then the mixture was added 

directly to the cells, plated at 5 x 105 cells/ml in 6 well plates, and incubated for 55 h. 

Cells were trypsinized and plated again at the density of 5 x 105 cells/ml in 6 well plates. 

0.5 µM (final concentration) of ODN were added to the cells and incubated for another 

17 h. After medium was changed with antibiotic-free medium, ODN-transfected cells 

were cultured in the presence of H. pylori. The time points were based on the present 
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time-response of AGS cells for p53, bax and bcl-2 expression.  

 

11. Transfection with a mutated IκBα gene 

As a mutated IκBα gene, MAD-3 double point mutant (substitution of two serine 

residues at position 32 and 36 by alanine residues) construct was prepared as described 

previously.21 The control vector pcDNA (Invitrogen, Carlsbad, CA, U.S.A.) was 

transfected to the cells instead of mutated IκBα gene. These cells were considered as a 

relative control and named pcN-3. Subconfluent AGS cells, plated in 10 cm culture, 

were transfected with each 10 µg of expression construct using DOTAP for 16 h. After 

transfection, the cells were trypsinized and plated at 1 x 103 cells per 10 cm tissue 

culture plate. The cells were cultured in medium containing 400 µg/ml G-418 

(GIBCO-BRL) for 15-17 days, 3-4 resistant clones were isolated from each plate and 

examined for mutated IκBα expression by Western blotting. The positive clones for 

mutated IκBα were maintained in culture medium containing 400 µg/ml G418 for more 

than two months and named IW-6 and IW-10. To confirm the establishment of stably 

transfected cell lines with mutated IκBα genes, Western blotting for wild type IκBα, 

phosphorylated IκBα and mutated IκBα and electrophoretic mobility shift assay for 

NF-κB were performed in the cells transfected with a control vector or a vmutated IκBα 

gene and control cells which received no transfection in the previous study.30 

 

12. Transfection with a human bcl-2 gene 

A full-length human bcl-2 expression vector (CMVbcl-2nl) and control plasmid 

(CMVneo) were constructed by replacing the splenic focus forming virus (SFFV) 
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promoter in SFFVbcl-2nl and SFFVneo with a 760 bp Sau3A1 fragment containing the 

human cytomegalovirus (CMV) major immediate early enhancer/promoter.31 AGS cells 

were transfected with either a CMVbcl-2nl or CMVneo expression vector using DOTAP 

as manufacturer’s guide. 

 

13. Western blottings  

Western blotting was performed for the analysis of poly (ADP-ribose) polymerase 

(PARP), IκBα, bcl-2, bax and p53 proteins. After stimulation with H. pylori, the 

proteins were extracted from the collected cells. Cells were boiled with Tris-HCl buffer 

containing (125 mM Tris, pH6.8, 4% SDS, 10% glycerol, 2% β-mercaptoethanol). 

Protein concentration of 14,000 g soluble supernatants from each sample was measured 

by the method of Bradford.26 100 µg of protein for PARP or bcl-2 or p53 determination, 

and 10 µg of protein for IκBα or bax determination was loaded per lane, separated by 

SDS-polyacrylamide gel electrophoresis (PAGE), and transferred onto Hybond ECL  

nitrocellulose membranes (Amersham Biosciences) by electroblotting. The transfer of 

protein and equality of loading in all lanes was verified using reversible staining with 

Ponceau S. Membranes were blocked using 5% nonfat dry milk in TTBS (150 mM 

NaCl, 50 mM Tris, pH 7.5, 0.1% Tween 20) for 1 h. Blots were incubated with a rabbit 

polyclonal antibody to PARP (1:500; Santa Cruz Biotechnology, Santa Cruz, CA, 

U.S.A.), a rabbit polyclonal antibody to IκBα (1:500; Santa Cruz Biotechnology), a 

mouse monoclonal antibody to bcl-2 (1:500; Transduction laboratories, San Diego, CA, 

U.S.A.) or a mouse monoclonal antibody to bax (1:1000; Transduction laboratories) or a 

mouse monoclonal antibody to p53 (1:500, Pharmingen, San Diego, CA, U.S.A.) at 4℃ 
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overnight. Blots were washed with TTBS three times for 10 min and followed by goat 

anti-rabbit secondary antibodies (1:5000; Zymed Laboratories, San Francisco, CA, 

U.S.A.) or goat anti-mouse secondary antibodies (1:1000; Santa Cruz Biotechnology) 

conjugated to horseradish peroxidase for 1 h at room temperature. After washing the 

membrane three times with TTBS for 10 min, reactive proteins were visualized with the 

enhanced chemiluminescence detection kit (Amersham Biosciences). 

 

14. Reverse transcription-polymerase chain reaction analysis for bcl-2, bax and 

p53  

Gene expression of bcl-2, bax and p53 mRNA was assessed using reverse 

transcription-polymerase chain reaction (RT-PCR) standardized by co-amplifying each 

gene with the housekeeping gene, β-actin, which served as an internal control. Total 

RNA was isolated from the cells, treated with ODNs by guanidine thiocyanate 

extraction method.32 Total RNA was reverse transcribed into cDNA and used for PCR 

with human specific primers for bcl-2, bax and p53 and β-actin. Sequences of bcl-2 

primers were 5'-GTCATGTGTGTGGAGAGCGTCAA-3' (forward primer) and 

5'-AGAGGAGGAGGTAGGGACACGC-3' (reverse primer), giving a 273 bp PCR 

product. For bax, forward primer was 5'-ACCAAGAAGCTGAGCGAGTGTC-3' and 

reverse primer was 5'-CAACCACCCTGGTCTTGGATC-3', giving a 308 bp PCR 

product.33 For p53, forward primer was 5'-CAGTCAGATCCTAGCGTCGAGC-3' and 

reverse primer was 5'-GCACCACCACACTATGTCGAAA, giving a 542 bp PCR 

product.34 For β-actin, forward primer was 5'-ACCAACTGGGACGACATGGAG-3' 

and reverse primer was 5'-GTGAGGATCTTCATGAGGTAGTC-3', giving a 353 bp 
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PCR product.35 Briefly, the PCR was amplified by 25-33 repeat denaturation cycles at 

95°C for 30 seconds, annealing at 60°C for 30 seconds, and extension at 72°C for 30 

seconds. During the first cycle, the 95°C step extended to 2 minutes, and on the final 

cycle the 72°C step extended to 5 minutes. PCR products were separated on 1.5% 

agarose gels containing 0.5 µg/ml ethidium bromide and visualized by UV 

transilumination. 

 

15. Statistical analysis 

Each experiment was performed at least three times. Results are expressed as means 

± standard error of four separate experiments. Analysis of variance (ANOVA) followed 

by Newman-Keul’s test was used for statistical analysis.36 P<0.05 was considered 

statistically significant. 
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III. RESULTS 

 

1. H. pylori-induced NF-κB activation in AGS cells  

Treatment of the cells with H. pylori (bacterium: cell, 300:1) resulted in NF-κB 

activation (Fig.1). An increased amount of activated NF-κB was detected at 1 h and the 

levels of activated NF-κB decreased thereafter. 

 

Fig. 1. H. pylori–induced NF-κB activation. Electrophoretic mobility shift assay was 

performed using nuclear extracts prepared from the cells cultured in the presence of H. pylori 

for the indicated time point. Activated NF-κB bands are indicated by the arrow. 

 

2. H. pylori-induced cell death 

To determine whether H. pylori infection induces cell death, the cells were cultured 

in the presence of H. pylori and the viable cells were counted. After treatment of H. 

pylori (bacterium: cell, 300:1), the viable cells were counted at 0, 12, 24, 36 h (Fig.2A). 

Reduction in viable cell number was shown after 12 h infection. When the cells were 

cultured in the presence of H. pylori for 24 h with the indicated ratio of bacterium to cell 

(Fig.2B), cell death increased with the number of bacterium treated to the cells. The 
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number of viable cells, cultured in the presence of H. pylori at a bacterium/cell ratio of 

300:1 for 24 h, decreased 49% of that of the cells cultured in the absence of H. pylori. 

Therefore, a bacterium/cell ratio of 300:1 and a 24h culture period were used in this 

experiment. 

 

Fig. 2. H. pylori–induced cell death in AGS cells. (A) AGS cells (4 x 105 cells/well) were 

cultured in the presence of H. pylori at a bacterium/cell ratio of 300:1 for 36 h. At each 

indicated time point, cell number was determined by trypan blue exclusion test. (B) AGS 

cells (2 x 105 cells/well) were cultured in the presence of H. pylori at a bacterium/cell ratio of 

100:1, 200:1, and 300:1 for 24 h. Cell number was determined by trypan blue exclusion test. 

Data represent means ± SE. *p < 0.05 compared to the corresponding none. None = the cells 

cultured in the absence of H. pylori. 
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3. H. pylori-induced PARP cleavage 

To determine whether apoptosis induced by H. pylori, the specific cleavage of 

certain substrates during apoptosis, such as PARP was examined. An anti-PARP 

antibody capable of detecting both the uncleaved 116 kDa proform and the active 

cleaved 85 kDa fragments of PARP was used in Western blotting. The 85 kDa fragment 

cleaved from the 116 kDa PARP was detected in extracts from AGS cells treated with H. 

pylori with a bacterium/cell ratio of 300:1 for 24 h (Fig.3). 

 

Fig. 3. H. pylori–induced PARP cleavage in AGS cells. AGS cells (1 x 106 cells/well) were 

cultured in the presence of H. pylori at a bacterium/cell ratio of 100:1, 200:1, and 300:1 for 

24 h. Cell lysates (100 µg of protein) were subjected to 8% SDS-PAGE and transferred onto 

membranes. PARP cleavage was visualized with a PARP-specific antibody. 

 

4. H. pylori-induced down-regulation of bcl-2 and up-regulation of bax and p53 

To study the molecular mechanism of H. pylori-induced apoptosis, Western blotting 

for two apoptotic related proteins, bcl-2 and bax, was performed. With H. pylori 

infection, bcl-2 protein level was significantly decreased, whereas bax was significantly 

increased after 8 h (Fig.4). These data suggest that the mechanisms of apoptosis induced 
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by H. pylori involve bcl-2 pathway. Thus the ratio of bcl-2 to bax that switch the 

intracellular signal to cell death may be significantly increased in gastric epithelial cells 

by H. pylori infection. Recent studies demonstrated that NF-κB regulates p53 gene 

expression.37,38 p53 is an important factor in apoptosis in various cells.39-42 Also the 

induction of p53 was observed in the treatment of H. pylori in AGS cells. 

 

Fig. 4. Protein levels of bcl-2, bax, and p53 in AGS cells. AGS cells (1 x 106 cells/well) 

were cultured in the presence of H. pylori at a bacterium/cell ratio of 300:1 for 24 h. Cells 

were collected at an indicated time. The protein level of bcl-2, bax, and p53 were determined 

by Western blotting using specific antibodies. 

 

5. H. pylori–induced apoptosis in AGS cells treated with or without ODNs 

Either AS ODN or S ODN (0.5uM) was treated directly to the cells and cultured in 

the presence of H. pylori for 24 h. Viable cell number was determined in the cells, 

treated with or without 0.5 uM of AS ODN or S ODN in the presence of H. pylori for 24  

h. As shown Fig.5A, treatment of AS ODN showed inhibition of H. pylori-induced cell 

death while S ODN had no inhibitory effect on the reduction of viable cells caused by H. 
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pylori. Treatment of ODNs itself did not induce death of the cells in the absence of H. 

pylori, determined by viable cell number. H. pylori-induced DNA fragmentation was 

determined by the amount of oligonucleosome-bound DNA in the cell lysate. 

Apoptosis–associated increase in nucleosome-associated low-molecular-weight DNA 

was inhibited by AS ODN, but not by S ODN (Fig.5B). Staining of DNA-specific dye 

Hoechst 33258 demonstrated that H. pylori treatment caused morphological change of 

the nuclei, which contained highly condensed chromatin (Fig.6A). This apoptotic 

phenomenon was inhibited by AS ODN. Treatment of S ODN showed similar apoptotic 

nuclear morphology as that shown in the cells receiving no treatment, but cultured in the 

presence of H. pylori (H. pylori alone). Percentage of apoptotic cells determined by 

staining with Hoechst 33258, was calculated based on total numbers of the cells 

(Fig.6B). H. pylori induced 5-fold increase in the number of apoptotic cells, which was 

inhibited by AS ODN. 
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Fig. 5. H. pylori–induced cell death and apoptosis in AGS cells treated with ODNs. AGS 

cells (2 x 105 cells/well) treated with 0.5 µM of antisense (AS) ODN or sense (S) ODN were 

cultured in the presence of H. pylori at a bacterium/cell ratio of 300:1 for 24 h. (A) Cell 

number was determined by trypan blue exclusion test. (B) DNA fragmentation was 

determined by the amount of oligonucleosome-bound DNA in the cell lysate. The relative 

increase in nucleosomes in the cell lysate, determined at 405 nm, was expressed as an 

enrichment factor. Enrichment factor of none control was considered as 1. Data represent 

means ± SE. *p < 0.05 compared to the cells received no treatment in the absence of H. 

pylori (none control). +p < 0.05 compared to the cells received no treatment, but cultured in 

the presence of H. pylori (H. pylori control). None = the cells cultured in the absence of H. 

pylori. 
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Fig. 6. Hoechst staining of AGS cells treated with ODNs. (A) AGS cells (4 × 105 

cells/well) were treated either with AS ODN or S ODN, and cultured in the presence of H. 

pylori (at a bacterium/cell ratio, 300:1) for 24 h. Monolayers of cells onto coverslips were 

fixed with 4% paraformaldehyde and were stained with DNA-specific dye Hoechst 33258. 

Nuclear morphology was observed under a fluorescence microscope at 400×. Arrows indicate 

the condensed nuclei in the cells. (B) % of apoptotic cells were assessed based on total 

numbers of the cells. Data represent means ± SE. *p < 0.05 compared to the cells received no 

treatment in the absence of H. pylori. +p < 0.05 compared to the cells received no treatment, 

but cultured in the presence of H. pylori .  
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6. H. pylori-induced alterations of expression of bcl-2, bax and p53 in AGS cells 

treated with or without ODNs 

At the time point that each protein was significantly increased or decreased in the 

previous Western blotting, AGS cells were collected and used for Western blotting for 

bcl-2, bax and p53 to determine the relationship between NF-κB and those protein. 

Treatment of AS ODN significantly inhibited decrease of bcl-2 and increase of bax and 

p53 (Fig.7A). The inhibition on H. pylori-induced alteration for bcl-2, bax and p53 

proteins in the cells treated with AS ODN was also confirmed by RT-PCR analysis for 

mRNA expressions of these genes in the cells treated with AS ODN (Fig.7B).  

 

Fig. 7. Western blotting and reverse transcription polymerase chain reaction for bcl-2, 

bax, and p53 on AGS cells treated with ODNs. (A) For Western blotting, AGS cells (1 x 

106 cells/well) were cultured in the presence of H. pylori at a bacterium/cell ratio of 300:1 for 
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24 h. Cells were collected at the time point that each protein was significantly increased or 

decreased in the previous Western blotting (for bcl-2 at 24 h, for bax at 8 h, and for p53 at 6 

h). The protein level of bcl-2, bax, and p53 were determined by Western blotting using 

specific antibodies. (B) For RT-PCR analysis, cells were collected at the expected time point 

that each mRNA would significantly increase or decrease concerning on previous western 

blot analysis (for bcl-2 at 12 h, for bax at 6 h, and for p53 at 4 h). Total RNA was isolated 

from the cells by the guanidine thiocyanate extraction method. mRNA expression of each 

gene was assessed using RT-PCR standardized by coamplifying this gene with the 

housekeeping gene, β-actin.  

 

7. H. pylori-induced IκBα degradation in AGS cells transfected with the mutated 

IκBα gene 

To inhibit NF-κB activation, the cells were transfected with a control pcDNA3 

vector (pcN-3) or a mutated IκBα gene (IW-6 and IW-10). AGS cells were stably 

transfected with the mutated IκBα gene, which was unsusceptible to phosphorylation at 

position 32 and 36, and found to resist degradation in transient transfection.20 The stable 

transfected clones of the control vector pcDNA-3 (pcN-3) and those of the mutated 

IκBα gene (IW-6 and IW-10) were selected. To investigate whether the introduction of 

exogeneous mutated IκBα gene lead to an inhibition of degradation of IκBα, Western 

blotting with whole cell lysate from the wild type and transfected cells in the presence of 

H. pylori was performed. As shown in Figure 8, IκBα was rapidly degraded within 30 

min with H. pylori stimulation in the wild type cells and the cells transfected with the  

control vector (pcN-3). However, IκBα of the cells transfected with the mutated IκBα 

(IW-6 and IW-10) remained resistant to H. pylori stimulation. These results show that 

mutated IκBα expression is directly related to inhibition on IκBα degradation.  
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Fig. 8. Western blotting for IκBα on AGS cells transfected with the mutated IκBα gene. 

For IκBα analysis, cells transfected with a pcDNA3 vector (pcN-3) or the mutated IκBα gene 

(IW-6 and IW-10) were cultured in the presence of H. pylori. Cell lysates (10 µg of protein) 

were subjected to 10% SDS-PAGE and transferred onto membranes. Degradations of IκBα 

were visualized with a IκBα -specific antibody. Wild type cells received no transfection. 

 

8. H. pylori-induced cell death and apoptosis in AGS cells transfected with the 

mutated IκBα gene 

To evaluate the relationship between NF-κB inhibition and cell death, the cells 

transfected with the mutated IκBα gene were cultured for 24 h in the presence or in the 

absence of H. pylori, and the cell number was counted usingr trypan blue exclusion 

(Fig.9A). H. pylori-induced cell death was inhibited in the cells transfected with the 

mutated IκBα gene. These results showed that inhibition of NF-κB activation caused 

significant rescue of the cells compared with wild type and the cells transfected with the  

control vector. Apoptosis–associated increase in nucleosome-associated low- 
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molecular-weight DNA was inhibited in the cells transfected with the mutated IκBα 

gene, comparing with the cells transfected with the control vector (Fig.9B). Staining of 

DNA-specific dye Hoechst 33258 showed that apoptosis-associated condensation of  

nuclei was inhibited in the cells transfected with the mutated IκBα gene, comparing with 

the cells transfected with the control vector (Fig.10).  

 

 

Fig. 9. Cell death and apoptosis in AGS cells transfected with the mutated IκBα.  Cells 

(2 x 105 cells/well) were cultured in the presence of H. pylori at a bacterium/cell ratio of 

300:1 for 24 h. (A) Cell number was determined by trypan blue exclusion test. (B) Cell 

lysates were isolated from 1 x 105 cells. DNA fragmentation was determined by the amount 

of oligonucleosome-bound DNA in the cell lysate. The relative increase in nucleosomes in 

the cell lysate, determined at 405 nm, was expressed as an enrichment factor. Enrichment 

factor of none control was considered as 1. Data represent means ± SE. *p < 0.05 compared 

to the cells received no treatment in the absence of H. pylori (none wild).  
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Fig. 10. Hoechst staining of AGS cells transfected with the mutated IκBα. (A) Cells (4 × 

105 cells/well) were cultured in the presence of H. pylori (at a bacterium/cell ratio, 300:1) for 

24 h. Monolayers of cells onto coverslips were fixed with 4% paraformaldehyde and were 

stained with DNA-specific dye Hoechst 33258. Nuclear morphology was observed under a 

fluorescence microscope at 400×. Arrows indicate the condensed nuclei in the cells. (B) % of 

apoptotic cells were assessed based on total numbers of the cells. Data represent means ± SE. 

*p < 0.05 compared to the cells received no treatment in the absence of H. pylori. +p < 0.05 

compared to the cells received no transfection, but cultured in the presence of H. pylori. 
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9. H. pylori-induced bax and bcl-2 expression in AGS cells transfected with the 

mutated IκBα gene 

Wild type and the transfected cells were cultured in the presence or absence of H. 

pylori for 12 h and after that protein levels of bax and bcl-2 were analyzed by Western 

blotting. Induction of bax was lower in the cells transfected with the mutated IκBα gene 

(IW-6 and IW-10) than that in wild type or control cells (pcN-3). Western blotting for 

bcl-2 protein in the cells transfected with the mutated IκBα gene showed similar 

inhibition on reduction of bcl-2 with H. pylori stimulation. From these it is postulated 

that bax and bcl-2 are regulated by NF-κB in AGS cells. Thus, inhibition of NF-κB by 

suppressing the phosphorylation of IκBα (IW-6 and IW-10) induces low bax gene 

expression and conserving bcl-2 expression, which inhibits cell death by H. pylori in 

AGS cells.  

 

Fig. 11. Western blotting for bcl-2 and bax on AGS cells transfected with the mutated 

IκBα. Cells (1 x 106 cells/well) were cultured in the presence of H. pylori at a bacterium/cell 

ratio of 300:1 for 12 h. Cells were collected and the protein level of bcl-2 and bax were 
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 determined by Western blotting using specific antibodies. 

10. H. pylori-induced cell death in AGS cells transfected with the human bcl-2 gene 

To confirm whether bcl-2 can act as an antiapoptotic factor in H. pylori-induced 

gatric epithelial cell death, we transfected a human bcl-2 expression vector into AGS 

cells. Successful transfection of bcl-2 gene into AGS cells was confirmed by Western 

blotting. As shown in Fig.12, reduced expression of bcl-2 in the cells transfected with 

bcl-2 by H. pylori was more higher than constitutive expression of bcl-2 in non-treated 

wild type AGS cells. Expectedly, transfection of human bcl-2 gene resulted in 

significant inhibition of cell death induced by H. pylori (Fig.13). Apoptotic cells were 

also significantly decreased by transfection of bcl-2 gene as assessed by differential 

uptake of AO/EtBr (Fig.14), by DNA fragmentation (Fig.15), and by Hoechst 33258 

staining (Fig.16). To investigate whether the activation of NF-κB can be inhibited by 

transfection of bcl-2 gene, electrophoretic mobility shift assay (EMSA) and Western 

blotting for IκBα were performed. As a result, there were no significant differences in 

the activation of NF-κB and degradation of IκBα between the cells transfected with the 

bcl-2 gene or the control vector (Fig.17). 

 

Fig. 12. Western blotting for bcl-2 expression on cells transfected with the human bcl-2 
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gene. Cells transfected with a control vector, CMVneo, or a full-length human bcl-2 

expression vector, CMVbcl-2nl, were cultured in the absence of of H. pylori or in the 

presence of H. pylori for 24 h. Cell lysates (100 µg of protein) were subjected to 12% 

SDS-PAGE and transferred onto membranes. Expressions of bcl-2 were visualized with a 

bcl-2-specific antibody. Wild type cells received no transfection. pCMV cells were 

transfected with a control vector, CMVneo. bcl-2 cells were transfected with a full-length 

human bcl-2 expression vector, CMVbcl-2nl. 

 

Fig. 13. H. pylori–induced cell death in AGS cells transfected with the human bcl-2 gene.  

Cells (2 x 105 cells/well) were cultured in the abesence of H. pylori or in the presence of H. 

pylori at a bacterium/cell ratio of 300:1 for 24 h. Cell number was determined by trypan blue 

exclusion test. LDH release was determined photometrically with a commercial test and was 

expressed as released percent of the total LDH of the cells. Data represent means ± SE. *p < 

0.05 compared to the cells received no treatment in the absence of H. pylori. +p < 0.05 

compared to the cells transfected with a control vector and cultured in the presence of H. 

pylori (pCMV H. pylori).  
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Fig. 14. Acridine orange/ethidium bromide staining of AGS cells transfected with the 

human bcl-2 gene. Cells (1 × 105 cells/well) were cultured in the abesence or the presence of 

H. pylori at a bacterium/cell ratio of 300:1 for 24 h. Monolayers of cells were stained with 

acridine orange and ethidium bromide. Morphology was observed under a fluorescence 

microscope or a phase contrast microscope at 200×. Wild type cells received no transfection. 
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pCMV cells were transfected with a control vector, CMVneo. bcl-2 cells were transfected 

with a full-length human bcl-2 expression vector, CMVbcl-2nl. *p < 0.05 compared to the 

cells in the absence of H. pylori (corresponding none).  +p < 0.05 compared to the cells 

transfected with a control vector and cultured in the presence of H. pylori (pCMV H. pylori). 

 

Fig. 15. H. pylori–induced apoptosis in AGS cells transfected with the human bcl-2 gene.  

Cells (2 × 105 cells/well) were cultured in the presence of H. pylori at a bacterium/cell ratio 

of 300:1 for 24 h. Cell lysates were isolated from 1 × 105 cells. DNA fragmentation was 

determined by the amount of oligonucleosome-bound DNA in the cell lysate. The relative 

increase in nucleosomes in the cell lysate, determined at 405 nm, was expressed as an 

enrichment factor. Enrichment factor of none control was considered as 1. Data represent 

means ± SE. *p < 0.05 compared to the cells in the absence of H. pylori (corresponding 

none).  +p < 0.05 compared to the cells transfected with a control vector and cultured in the 

presence of H. pylori (pCMV H. pylori). 
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Fig. 16. Hoechst staining of AGS cells transfected with the human bcl-2 gene. (A) Cells 

(4 × 105 cells/well) were cultured in the presence of H. pylori (at a bacterium/cell ratio, 

300:1) for 24 h. Monolayers of cells onto coverslips were fixed with 4% paraformaldehyde 

and were stained with DNA-specific dye Hoechst 33258. Nuclear morphology was observed 

under a fluorescence microscope at 400×. Arrows indicate the condensed nuclei in the cells. 

(B) % of apoptotic cells were assessed based on total numbers of the cells. Data represent 

means ± SE. *p < 0.05 compared to the cells received no treatment in the absence of H. 

pylori. +p < 0.05 compared to the cells received no transfection, but cultured in the presence 

of H. pylori . 
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Fig. 17. H. pylori-induced NF-κB activation and IκBα degradation in the cells 

transfected with the human bcl-2 gene. (A) Electrophoretic mobility shift assay was 

performed using nuclear extracts prepared from the cells cultured in the presence of H. pylori 

for the indicated time point. Activated NF-κB bands are indicated by arrows. (B) For IκBα 

analysis, cells transfected with a pcDNA3 vector (pCMV) or the human bcl-2 gene (bcl-2) 

were cultured in the presence of H. pylori.  

 

 

 

 

 

 
 



 

35

IV. DISCUSSION 

 

The main finding of the present study is that NF-κB has an important role in H. 

pylori-induced apoptosis by regulating gene expression of bcl-2, bax and p53. Especially, 

up-regulation of bax and down-regulation of bcl-2 were attenuated by inactivation of 

NF-κB, using AS ODN or IκBα mutant vector, suggesting that alteration of bcl-2 and 

bax by H. pylori may depend on NF-κB activation in gastric epithelial cells. Thus, 

NF-κB activation is a critical step in H. pylori-induced apoptosis. 

NF-κB belongs to a Rel family of transcription factors regulating the activation of a 

wide variety of genes that respond to immune or inflammatory signals.12 H. pylori is 

known to increase LPO production, an indication for oxidative damage, in gastric 

epithelial AGS cells, which was accompanied by NF-κB activation.13 H. pylori activates 

the transcription factor, NF-κB, and induces nuclear translocation of p50/p65 NF-κB 

heterodimers and p50 NF-κB homodimers in gastric epithelilal cells (AGS, KATO III).14 

Inhibition of NF-κB activation using antioxidants, catalase, PDTC and AS ODN to p50 

of NF-κB suppresses H. pylori-induced apoptosis in AGS cells, suggesting main cause 

of gastric epithelial cell damage by H. pylori is oxidative stress and activation of 

NF-κB.15  

The mechanism by which NF-κB activation induces apoptosis is not completely clear, 

but it is assumed that this mechanism involves the regulation of one or more genes 

known to play a role in apoptosis. Among the potential downstream regulators, the 

expressions of bax and bcl-2, pro- and anti-apoptotic members of the bcl-2 family that 

have been reported to be up- and down-regulated, respectively, in various models of 
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apoptosis were determined.43-46 The present studies revealed a significant decrease in 

bcl-2, an anti-apoptotic factor, and an increase in bax, a pro-apoptotic factor, by H. 

pylori infection. These findings are in agreement with earlier findings that H. pylori 

induces apoptosis in the gastric epithelium due to an up-regulation of bax and 

down-regulation of bcl-2 in both protein and mRNA level.8 Therefore, it was 

hypothesized that increase in NF-κB binding activity might be involved in H. 

pylori-induced cell death through bcl-2 pathway. To resolve this important question, AS 

ODN for p50 or mutated IκBα gene was used. Expectedly, transfection of either AS 

ODN or mutated IκBα gene into AGS gastric epithelial cells attenuated apoptosis. More 

importantly, a significant decrease in bcl-2 protein and an increase in bax protein were 

also attenuated by the transfection of either AS ODN or a mutated IκBα gene, but not by 

S ODN or a control vector. These findings suggested that H. pylori-induced activation 

of NF-κB caused gastric epithelial cell death through bcl-2-dependent apoptosis. These 

results are supported by the observation that overexpression of bcl-2 attenuates apoptosis 

in AGS cells. Although Matsushita et al also previously suggested that NF-κB activation 

suppressed bcl-2 in hypoxia-induced endothelial apoptosis, they failed to discover how 

NF-κB regulated bcl-2 expression. Recently, several studies have reported the effect of 

NF-κB on expression of bcl-2. For instance, p50 homodimers activate bcl-2 expression 

by directly binding to κB sequences in murine B cell lymphoma cell lines.47 In another 

report, NF-κB activates bcl-2 expression in t(14;18) lymphoma cells through activating 

the bcl-2 promoter by interactions with the ATF/CREB and Sp1 factors and their 

binding sites.48 The role of NF-κB in apoptosis is still controversial. NF-κB may exert 

either anti- or pro-apoptotic effects, depending on cell types and apoptotic stimuli. But 
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this type of regulation on bcl-2 expression by NF-κB only attributes the anti-apoptotic 

effect of NF-κB. Little is known about the pro-apoptotic effect of NF-κB when its 

activation triggers the decrease of bcl-2. However, Sohur et al showed that the bcl-2 

gene is one downstream target of the transcriptional regulatory activity of NF-κB 

transcription complex during early B lineage apoptosis. In that model, withdrawal of 

survival signals in the bone marrow microenvironment activates NF-κB, which in turn 

represses the bcl-2 promoter. Thus, a subtle decrease in the level of bcl-2 through both 

transcriptional repression and active degradation of bcl-2 protein results in a rapid 

apoptosis.  

Other investigators demonstrated that bcl-2 decreased NF-κB activity,49-51 although 

there also have been studies showing that bcl-2 overexpression activates NF-κB by 

promoting degradation of inhibitory κB.52,53 When bcl-2 gene was overexpressed in 

AGS cells, expression of IκBα in resting state and activation of NF-κB by H. pylori was 

not changed in the cells transfected with bcl-2, compared with those in wild type cells or 

cells transfected with a control vector in this experiment.  

The prior appearance of increased NF-κB activity could be related to the p53 

up-regulation in this experiment. One of the functions of p53 is to repress expression of 

bcl-2 gene, which exhibits an anti-apoptotic action through a cis-acting p53 

negative-response element located in the 5’-untranslated region.54 Aoki et al suggested 

that the down-regulation of bcl-2, translocation of bax, and up-regulation of p53 mediate 

oxidative stress-induced apoptosis in human aortic endothelial cells through NF-κB 

activation.55 Although the regulation of NF-κB on p53 promoter activation is not fully 

understood, several reports have demonstrated the direct or indirect interaction of 
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NF-κB to p53.22,38,56 Since AGS cells contains only wild type p53 with no mutations,9 it 

can be supposed that oxidative stress caused by H. pylori infection induces p53 

expression through the activation of NF-κB. This overexpressed p53 may down-regulate 

bcl-2.  

On the other hand, a pro-apoptotic member of bcl-2 family, bax, has been reported as 

a target of NF-κB as well as a downstream mediator of p53.57-59 The bax promoter 

contains an imperfect NF-κB consensus sequence.60 Romeo et al proved a role for 

NF-κB in bax up-regulation by overexpressing the p65 subunit in bovine retinal 

pericytes,61 indicating that bax should be added to the known proapoptotic effectors of 

NF-κB activation in selected contexts.62 In this study, activation of NF-κB leads to 

up-regulation of bax as well as induction of p53. Thus, transcription factor NF-κB can 

be detrimental in H. pylori-infected gastric cell damage.  

Present study demonstrates the role of NF-κB in H. pylori-induced apoptosis in 

gastric epithelial cells. Two important pro- and anti-apoptotic indices, bax and bcl-2, 

were regulated by NF-κB in response to H. pylori infection might be a critical to 

understanding the pathophysiology of H. pylori-related gastric injury. The controlling of 

NF-κB activation in the patients of gastritis or gastric ulcer will provide a better 

therapeutic approach towards curing H. pylori-related gastric apoptosis and disorders. 

 

 

 

 



 

39

V. CONCLUSION 

 

This study was conducted to evaluate the role of NF-κB in H. pylori–induced 

expression of bcl-2, bax and apoptosis in gastric epithelial AGS cells by inhibiting 

NF-κB expression using AS ODN for p50 or a mutant IκBα gene or by over-expressing 

bcl-2 gene. Cell death (viable cell number), apoptosis indices (quantification of DNA 

fragmentation, morphological assessment by Hoechst staining or AO/EtBr staining), and 

expression of bcl-2, bax and p53 (Western blotting, RT-PCR) were determined. 

 

1. H. pylori induced apoptosis in human gastric epithelial AGS cells. 

2. H. pylori-induced apoptosis in AGS cells was mediated by NF-κB. 

3. H. pylori down-regulated an anti-apoptotic protein, bcl-2, and up-regulated 

pro-apoptotic proteins, bax and p53. 

4. Alterations on expressions of bcl-2, bax and p53 caused by H. pylori were 

attenuated by inhibiting NF-κB activation. 

5. Bcl-2 overexpression reduced H. pylori-induced cell death in AGS cells. 

 

The main finding of this study is that NF-κB has an important role on the expression 

of bcl-2, bax and p53 in H. pylori-induced apoptosis. These suggest that alteration of 

bcl-2, bax and p53 by H. pylori may depend on NF-κB activation and is a critical step in 

the H. pylori-induced apoptosis. 
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국문요약 

 

Helicobacter pylori 감염 AGS 세포에서의 NF-κB 활성화와 

세포고사  

 

추 상 희  

연세대학교 대학원 의과학사업단 

<지도교수 김 경 환> 

 

 

Helicobacter pylori (H. pylori)는 비침습성, 그람 음성, 

미호기성(microaerophilic) 세균으로, 위염, 소화성 궤양, 위 림프종, 위암의 

중요한 원인균으로 여겨지고 있다. 그러나  H. pylori의 질병유발기전에서 

위 상피 세포와 상호작용을 통한 위 상피 세포고사와 그에 따른 

분자생물학적인 기전에 대해서는 아직 명확하게 밝혀져 있지 않다.  본 

연구에서는 H. pylori 에 의한 위 상피 세포고사에서 중요한 역할을 하는 

것으로 추정되는 NF-κ B의 역할을 밝히고자 하였다. 실험 재료로는 인간 

위상피 세포주인 AGS를 사용하였으며, NF-κ B와 세포고사의 관계를 

규명하기 위해 AGS 세포에 NF-κ B 아형인 p50에 대한 안티센스 

(antisense)를 처리하거나, 돌연변이 IκBα 유전자를 도입하였다. AGS 

세포를 항생제가 없는 배양액에서 H. pylori (NCTC11637, 세균:세포, 

300:1)와 24시간 동안 배양한 후, 세포 수 측정, DNA 분절 정량화, 

Hoechst 염색법으로 세포고사를 측정하였다. 또 다른 지표로 p53, bax, 

bcl-2의 발현을 역전사중합연쇄법 (RT-PCR)과 웨스턴 블럿법 (Western 

blotting)으로 측정하였다. 그 결과 H. pylori는 p53과 bax의 증가, 
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bcl-2의 감소를 동반하여 세포고사를 유도함을 관찰할 수 있었다. H. 

pylori로 유도된 세포고사는 안티센스를 처리하거나, 또는 돌연변이 IκBα 

유전자를 도입한 경우 억제된 반면, 센스를 처리하거나, 또는 대조 

유전자를 도입한 경우 세포고사가 유도되었다. H. pylori에 의한 p53, bax, 

bcl-2의 변동도 안티센스를 처리하거나, 또는 돌연변이 Iκ B-α 유전자 

도입으로 억제되었다. 더 나아가 bcl-2 유전자를 과발현 시킴으로 H. 

pylori로 유도된 세포고사가 감소됨을 확인할 수 있었다. 이상의 결과들을 

종합하여 보면 H. pylori는 위 상피 세포에서 NF-κ B를 활성화시키고, 

p53, bax, bcl-2의 조절을 매개하여 세포고사를 유도한다고 생각한다.  

 

 

 

 

 

핵심되는 말 : H. pylori, 세포고사, NF-κ B, bcl-2, bax 
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