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ABSTRACT 
 
Background: Helicobacter pylori infection is one of the most common gastrointes-
tinal infections worldwide. Predominant T-helper 1 (Th1) responses with increased 
gamma interferon (IFN- γ) levels have been proposed to play an important role in H. 
pylori-induced peptic ulcer. However, bacterial factors contributing to the initiation 
of Th1 polarization of H. pylori-specific immune responses have not been character-
ized. Objective: Comparing serum concentrations of IL-18 in H. pylori-infected pep-
tic ulcer (PU) patients, H. pylori-infected asymptomatic (AS) carriers and healthy 
control group and its association with bacterial virulence factor CagA. Methods: 
Thirty H. pylori-infected PU patients (20 patients were positive for anti-CagA anti-
body and 10 patients were negative for anti-CagA antibody), 30 H. pylori-infected 
(AS) carriers (15 subjects with positive test for anti-CagA antibody and 15 subjects 
with negative test for anti-CagA antibody) and 20 healthy uninfected subjects were 
included in this study. Serum concentration of IL-18 was measured by ELISA 
method. Results: The mean serum levels of IL-18 in PU patients (333.2 pg/ml ± 
158), was significantly higher than those found in AS (146.5 pg/ml ± 90.1; P<0.001) 
and healthy control (82.2 pg/ml ± 45.7; P<0.0001). In both PU and AS groups, mean 
serum IL-18 levels in subjects with positive test for anti-CagA antibody were signifi-
cantly higher than those observed in subjects with negative test for anti-CagA anti-
body. No significant difference was observed between serum IL-18 levels of healthy 
uninfected control and AS carriers with negative test for anti-CagA antibody. Conclu-
sion: The results of the present study showed higher serum concentrations of IL-18 
in peptic ulcer patients compared with H.Pylori carriers and healthy controls. This 
difference in cytokine levels may be explained by differential expression of H.Pylori 
CagA gene during the course of the infection. 
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INTRODUCTION 
 
H. pylori is one of the most common chronic bacterial infections in humans. It occurs 
throughout the world and has a major etiologic role for several gastroduoedenal dis-
eases, including gastric ulcer, duodenal ulcer, gastric MALT lymphoma, and distal 
gastric cancer (1). In 1994, the World Health Organization has categorized H. pylori 
as a group I carcinogen (2). Despite significant advances in understanding the biol-
ogy of H. pylori, factors that determine the outcome of infection are still poorly un-
derstood. The host immune response to H. pylori infection might be important with 
regard to the outcome of infection by this organism, e.g., to explain why only a pro-
portion of infected subjects develop peptic ulcers. In addition to the host factors, bac-
terial factors seem to influence the inflammatory response and the development of a 
more severe pathology. Bacterial virulence factors such as cytotoxin-associated pro-
tein (CagA) and vacuolating cytotoxin (VacA) are associated with enhanced inflam-
mation and cancer development (3, 4). In recent years, accumulating evidence shows 
that host's cellular immune response is an important determinant of the outcome of 
infection. The T helper cell response towards H. pylori is generally considered to 
have Th1 phenotype leading to a cell-mediated immune response (5). There is in-
creasing evidence that the H. pylori induced Th1 response also contributes to gastric 
cancer development (6). Down-regulation of the Th1 response in mice was shown to 
protect against the development of H. pylori-induced pathogenesis (7, 8). However, 
factors influencing the extent of the H. pylori induced Th1 response are currently un-
known. Important cytokines characterizing Th1 mediated immune responses are IFN-
γ, TNF-α and IL-1, all of which become up-regulated during chronic H.  pylori infec-
tion (9-11). The cytokine interleukin-18 (IL-18) a recently identified cytokine (origi-
nally termed IFN-γ inducing factor) induces production of IFN-γ by activated T lym-
phocytes and promotes a Th1 profile (12). In this study we analyzed serum IL-18 
levels in H. pylori-infected peptic ulcer (PU) patients, asymptomatic carriers (AS) as 
well as healthy, uninfected subjects, to evaluate whether there is any association be-
tween increased levels of this cytokine and peptic ulcer disease and to determine 
whether IL-18 levels differ in subjects infected with Cag-positive and Cag-negative 
H. pylori  strains. 
 
 
SUBJECTS AND METHODS 
 
Subjects. We conducted a descriptive study for determination of serum concentra-
tions of IL-18 in H. pylori-infected PU patients, H. pylori-infected AS carriers and 
healthy control group and its association with bacterial factor CagA. Thirty 
H. pylori-infected PU patients (mean age, 40.5 years; range from 18 to 65 years; 
17 men and 13 women), 30 H. pylori-infected asymptomatic carriers (AS) (mean age, 
38.6 years; range from 18 to 60 years; 18 men and 12 women) were included in our 
study. The AS carriers were positive by serological tests for H. pylori-specific anti-
bodies are described below. For comparison, 20 healthy, uninfected (H. pylori-
negative) volunteers (mean age, 40 years; range from 18 to 60 years; 11 men and 
9 women) were included in our study. The AS carriers as well as the uninfected 
healthy subjects were chosen from blood donors and interviewed with regard to gas-
trointestinal symptoms (e.g., dyspepsia), and none of them had any history of gas-
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trointestinal or any other relevant disease. AS and healthy controls did not undergo 
endoscopy, were basically healthy with no acute or chronic illnesses. Indeed indi-
viduals with a history of chronic or acute disease and history of any drug were ex-
cluded from the study. Endoscopy confirmed PU in the patients and none of the sub-
jects were on any medications including nonsteroidal anti-inflammatory drugs at the 
beginning of the study. H. pylori infection was confirmed by biopsy-based tests 
(rapid biopsy urease test) and presence of serum anti-H. pylori IgG and IgA antibod-
ies using commercial enzyme-linked immunosorbent assay (ELISA) kits. Blood 
samples were obtained from the participants and the sera were separated and stored 
at 20°C until analysed. 
Determination of H. pylori-specific Antibodies in Serum. The levels of anti-H. 
pylori immunoglobulin A and G were measured using the commercial enzyme-
linked immunosorbent assay (Equipar, Italy) according to the manufacturer's guide-
lines. The sensitivity and specificity of assay were > 99%. Serum anti-CagA IgG an-
tibody levels were also assayed by the ELISA method using a commercial kit (Diag-
nostic Bioprobes, Italy). 
Cytokine Assay. The serum concentrations of IL-18 were quantified by sandwich 
ELISA using a commercial kit (Bender Medsystems, Austria). The analyses were 
performed in duplicates and according to the manufacturer's procedure. The detection 
limit of the ELISA kit for IL-18 was 4 pg/ml. 
Statistical Analysis. Data were expressed as mean ± SD. Differences in variables 
were analyzed using Mann-Whitney U-test for comparison of two groups. For com-
parison of more than two groups, the Kruskal-Wallis (for skewed variance) and 
ANOVA (for the homogeneity of variance) tests were used. The p-values less than 
0.05 were considered significant. 
 
 
RESULTS 
 
Serum concentrations of IL-18 in PU patients, AS carriers and the healthy controls 
are summarized in figures 1-2. Statistical analysis of serum IL-18 concentration 
showed that there were significant differences among PU patients (333.2 pg/ml ± 
158), AS carriers (146.5 pg/ml ± 90.1) and the healthy control (82.2 pg/ml ± 45.7; 
p<0.00001). The mean serum IL-18 levels in PU patients was significantly higher 
compared to the level found in the uninfected control (P<0.0001). Moreover, when 
the serum IL-18 levels in PU patients and AS group were compared, significantly 

higher levels of IL-18 were found in the PU patients (P<0.001). Furthermore, when 
the serum IL-18 levels for AS carriers and healthy uninfected subjects were com-
pared, the level of IL-18 was significantly higher in AS carriers in comparison to 
healthy subjects (P<0.01). 
Comparison of serum IL-18 levels within each group and between groups according 
to anti-CagA status is summarized in table 1. According to anti-CagA status, the PU 
patients were subdivided into two groups; CagA+ and CagA-. Our results showed that 
the mean serum IL-18 level in patients with positive test for anti-CagA antibody (358 
pg/ml ± 206) was significantly higher than those observed in other groups, except the 
PU patients with negative test for anti-CagA antibody (Table 1, Figure 1). Similarly, 
the mean serum IL-18 level in PU group without  anti-CagA antibody (283.6 pg/ml ± 
128.9) was significantly higher than those observed in AS group with anti-CagA 
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antibody (180.5 pg/ml ± 104.2; p<0.03), AS group without anti-CagA antibody 
(112.4 pg/ml ± 58.8; P<0.002) and control group (82.2 pg/ml ± 45.7; p<0.0001). 
Moreover, in AS carriers it was found that mean serum IL-18 levels in subjects with 
positive anti-CagA antibody (180.5 pg/ml ± 104.2) was significantly higher than that 
observed in AS carriers with negative anti-CagA antibody (112.4 pg/ml ± 58.8; 
p<0.01). However, no significant difference was observed for mean serum IL-18 lev-
els between healthy uninfected control and AS carriers with negative anti-CagA anti-
body (Table 1). 
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Figure 1. Serum IL-18 levels in uninfected healthy control, H.pylori- infected AS and PU 
groups with or without anti-CagA antibody. The mean serum IL-18 level in PU group with 
anti-CagA (358 pg/ml ± 206) was significantly higher than those observed in AS group with 
anti-CagA (180.5 pg/ml ± 104.2; p<0.008), AS group without anti-CagA (112.4 pg/ml ± 58.8; 
P<0.00005) and control group (82.2 pg/ml ± 45.7; p<0.000001).Similarly, The mean serum 
IL-18 level in PU group without anti-CagA (283.6 pg/ml ± 128.9) was significantly higher than 
those observed in AS group with or without anti-CagA and control group. 

 
Table 1. Statistical comparison of serum IL-18 levels between PU, AS and 

uninfected control groups according to anti-CagA status 
 

Groups PU 
(anti-CagA+) 

PU 
(anti-CagA-) 

AS 
(anti-CagA+) 

AS 
(anti-CagA-) 

Uninfected control 0.000001* 0.0001 0.0007 0.09 
AS (anti-CagA-) 0.00005 0.002 0.01 - 
AS (anti-CagA+) 0.008 0.03 - 0.01 
PU (anti-CagA-) 0.36 - 0.03 0.002 

* The symbol represents p-values. 
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Figure 2. Distribution of serum IL-18 levels in healthy control, AS subjects and PU patients. 
Higher levels of serum IL-18 were observed in anti-CagA+ compared to anti-CagA- subjects 
showing that CagA influences the release of IL-18. 
 
 
DISCUSSION 
 
Previous studies have shown that IL-18 increases in different inflammatory condi-
tions, such as Crohn’s disease (13), rheumatoid arthritis (14), and tuberculoid leprosy 
(12). Our results demonstrated increased serum IL-18 levels in H. pylori infected PU 
patients. Moreover, the level of serum IL-18 was markedly elevated in subjects in-
fected with cagA-positive H. pylori strains compared to those infected with cagA-
negative strains. Studies in both humans (15) and primates (16) have demonstrated 
that the T cell response to H. pylori has a Th1 profile. Like humans infected with H. 
pylori, mice infected with H. felis respond to infection with infiltration of Th1 lym-
phocytes into the gastric mucosa and spleen. The promotion of cell-mediated re-
sponses in the gastric mucosa is likely to be an important contributor to tissue injury. 
Furthermore, the importance of T cell responses in the generation of Helicobacter-
induced gastric pathology has been recently demonstrated in T cell deficient  
RAG-1 -/- mice (17). 
H. pylori has been shown to induce a strong cytokine response in both human gastric 
epithelial cells (18) and gastric epithelial cell lines (19). Chronic infection with H. 
pylori is associated with gastric IFN-γ producing T cells (15) and increased mucosal 
IL-12, indicating a predominant Th1 response (20). IL-12 mRNA levels are increased 
in infection with cag-positive H. pylori (21). This results in up-regulation of the ex-
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pression of IL-18 receptors in both Th1 and NK cells (22). It seems that in chronic H. 
pylori infection, mucosal production of IL-18, together with IL-12, would be impor-
tant in promoting Th1 responses and IFN-γ secretion. Moreover, it has been demon-
strated that Th cells respond to H. pylori antigen by secreting high levels of IFN-γ 
and undetectable levels of IL-4. Furthermore, IFN- -deficient knockout mice, when 
infected with H. felis, fail to develop any gastritis (5,23), while IL-10 knockout mice 

develop gastritis which is much more severe than that of wild-type mice (24). Fi-
nally, splenic lymphocytes from nonresponder mouse strains that do not develop gas-
tritis, express IL-10, but not IFN-  in response to H. pylori Ag (25). These data sug-
gest that Th1-based cellular immune responses largely determine the outcome of gas-
tric Helicobacter infection. 
The immunoregulatory and proinflammatory cytokines induced by H. pylori may 
influence the nature of the local T-cell response. The local Th cell response in 
H. pylori infection is generally considered to be Th1 response since the levels of IFN-γ, 
but not IL-4 and IL-5, have been shown to increase in H. pylori-induced gastritis (26). 
In this study higher serum concentrations of IL-18 were found in peptic ulcer pa-
tients. In other studies it has been reported that the serum IL-18 level was signifi-
cantly increased in patients with gastric carcinoma, which is frequently found to be 
associated with H. pylori infection (27). It has been demonstrated that in H. pylori-
infected individuals, IL-18 mRNA expression and IL-18 production were increased 
in the gastric mucosa (28,29). It seems that IL-18 is critical for H. pylori-specific 
IFN-  production, because IL-18–/– mice were found to have decreased levels of this 
cytokine, whereas over-expression of IL-18 in transgenic mice exhibits strongly up-
regulated IFN-  levels, clearly indicating a strong link between IL-18 and the ability 
to produce IFN-  (30). As a co-regulator, together with IL-12, IL-18 can promote 
IFN-  production, but it could also directly promote IFN-  production by T and NK 
cells independently of IL-12 (31). It has been shown that IFN-  could affect the local 
expression of cytokines and chemokines/chemokine receptors, or it could up-regulate 
MHC class II, co-stimulatory or other membrane molecules that could facilitate H. 
pylori-specific T cell priming and activation (32, 33). Furthermore, IL-18 could also 
directly augment IL-1, IL-6, and TNF cytokine production from macrophages that 
would promote gastritis and reduce bacterial counts (34). The functional role of IL-18 in 

Helicobacter-induced gastric inflammation and the contribution of different cell popula-
tions to produce IL-18 require further investigation. Helicobacter infection of IL-18 de-
ficient mice could determine the in vivo role of IL-18 in gastric immune responses. 
Some bacterial factors may influence cytokine production. The cytotoxin-associated 
protein (CagA) is one of the most extensively studied virulence factors of H. pylori 
and has been associated with cytokine expression (21). CagA is thought to be the ma-
jor H. pylori virulence factor involved in the pathogenesis of H. pylori disease pro-
duced by only a subset of H. pylori strains, defined as H. pylori type I. Bacterial 
strains which do not express CagA are termed H. pylori type II. H. pylori strains car-
rying CagA are more commonly isolated from PU patients and infection with these 
strains has been found to be correlated with increased IL-18 production both in vivo 
and in vitro (21,35). Accordingly, considerably higher levels of serum cytokine ob-
served in PU patients and AS subjects could also be explained by differences in the 
infecting bacterial strains. It seems that the differences in cytokine expression levels 
observed in our study could be partly explained by differences in CagA expression. 
Thus IL-18 response was dependent on CagA status of infecting strains. These find-
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ings indicate that serum IL-18 levels are positively influenced by H. pylori, particu-
larly by CagA-positive strains. However, since a proportion of AS carriers and PU 
patients are CagA negative, various host genetic factors may also be important for the 
development of PU (36). 
In conclusion, the present study indicates that serum IL-18 levels are increased in H. 
pylori infection. CagA seems to represent a bacterial virulence factor influencing the 
release of IL-18 that is necessary for the initiation of the inflammatory and the Th1 
responses. 
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