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SUMMARY

There are few data on circulatory pro-inflammatory cytokine levels and cytokine gene
polymorphisms in H. pylori-positive patients. A cross-sectional study was conducted to examine
the effects of H. pylori infection, gastric atrophy, and the /L-8 T-251A polymorphism on plasma
IL-8 levels in 98 Japanese adults. Seventy-one subjects were positive for H. pylori infection.

The geometric mean of plasma IL-8 concentration was significantly higher in subjects with

H. pylori infection than in those without (P=0-001). The development of atrophy was negatively
associated with IL-8 levels in the H. pylori-positive subjects, although not significantly. Plasma
IL-8 levels in the T/T genotype were associated with H. pylori infection and atrophy status
(P=0-016). Our findings suggested that circulating IL-8 levels were associated with H. pylori
infection. The effect of H. pylori infection on plasma IL-8 levels was not clearly modified by the

IL-8 T-251A polymorphism.
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INTRODUCTION

Helicobacter pylori (H. pylori) is the main cause of
gastritis and peptic ulcer disease. There is now evi-
dence that H. pylori may also play a role in various
non-gastric diseases. H. pylori has also been shown to
affect the vascular risks and complications in patients
with diabetes mellitus [1, 2]. Prevalence of H. pylori
infection is higher in patients with diabetes mellitus
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compared to healthy controls [1]. There are other
studies showing a positive correlation between
H. pylori infection and cardiovascular disease risk
[2]. H. pylori colonization is associated with reduced
circulating leptin levels, and fundic ghrelin and
leptin levels are directly related, which suggests that
H. pylori has an impact on human health and disease
by its involvement in the regulation of leptin and
ghrelin expression [3].

Epidemiological studies that have investigated cir-
culating chemokine levels suggest that these processes
are reflected at the systemic level [4—7]. Elevated levels
of chemokines such as monocyte chemoattractant
protein-1 (MCP-1), interleukin-8 (IL-8) and IL-10
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precede coronary events [4]. The circulating levels of
MCP-1 and IL-8 may link obesity with obesity-
related metabolic complications such as diabetes and
atherosclerosis [5]. Other reports have elaborated on
the involvement of chemokines in tumour growth,
invasion and metastasis [6, 7], indicating that in-
creased serum IL-8 in breast cancer patients is corre-
lated with early dissemination and survival [7].

H. pylori plays an important role in the increased
expression of various cytokines in gastric tissues,
probably causing proliferation of gastric epithelial
cells that enhances the development of gastric cancer
[8]. High expression of IL-8 has been demonstrated
in gastric mucosa infected with H. pylori [9], and IL-8
has been shown to cause chemotaxis and activation
of inflammatory cells in gastric mucosa infected with
H. pylori [10]. Moreover, significantly increased levels
of mucosal IL-8 have been detected when H. pylori
is associated with active gastritis and gastric cancer
[11]. Although many studies have reported IL-8 pro-
duction in the gastric mucosa of patients infected with
H. pylori, few data are available on circulating IL-8
levels.

In addition, previous studies have reported associ-
ation of the IL-8 T-251A polymorphism within the
IL-8 promoter with various diseases such as asthma,
colorectal cancer and gastric diseases [12—14]. Indi-
viduals with both the /L-8 —251T/T and IL-10 -819T/
T genotypes have a high probability of persistent
H. pylori infection [12], and the /L-8 —251T allele is
significantly associated with either gastritis or duo-
denal ulcer in subjects infected with H. pylori[13]. The
I11-8 251 A allele is associated with higher mucosal
IL-8 production, more severe inflammation, mucosal
atrophy, and intestinal metaplasia than /L-8§ -251T/T
genotype in H. pylori-infected Koreans [14]. However,
the association between the /L-8 gene polymorphism
and circulating IL-8 levels has not been investigated.

Therefore, we examined the associations of plasma
IL-8 levels with H. pyloriinfection and gastric atrophy
in Japanese adults. We also evaluated the effects of
H. pylori infection and the severity of atrophy of the
gastric mucosa on plasma IL-8 levels, stratified by the
IL-8 T-251A genotype.

METHODS
Subjects

Subjects were sampled from patients visiting the
Daiko Medical Center of Nagoya University in 2004
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who requested testing for H. pylori and subsequent
eradication [15]. We analysed the first 103 participants
(36 men and 67 women) of those aged 20—69 years,
who gave written informed consent, provided a 7-ml
blood sample, and completed a questionnaire on their
lifestyle, medical histories and medication. Of the 103
participants, we had no information on H. pylori
infection and atrophy in one subject, atrophy status
was not determined in two subjects, and plasma IL-8
was not measured in two others, which left 98 eligible
for the present analysis. No participant was taking
antibiotics or steroid drugs, and none were current
smokers. Two participants reported a history of gas-
tric ulcer, and three a history of gastritis. This study
was approved by the ethics committee of the Nagoya
University School of Medicine on 16 June 2004
(approval number 155).

Blood samples

Plasma and the buffy coat fraction were separated
from blood samples in a test tube that contained
EDTA-2Na, and were kept at —40 °C until analysis.

Tests for H. pylori infection

H. pylori infection was evaluated using a [“Clurea
breath test or serum anti-H. pylori antibody test. The
[CJurea breath test was conducted at the Daiko
Medical Center with the UBiT® (Otsuka Pharma-
ceutical, Japan). Anti-H. pylori 1gG antibody was
measured with Detaminor H. pylori antibody Kkits
(Scimedx, USA) by a single laboratory (SRL, Japan).
Those with A®C >0-25% or an ELISA value >2-3
were regarded as being infected.

Testing for pepsinogen (PG)

PGI and PGII in plasma were measured using a
chemiluminescent enzyme immunoassay (CLEIA)
by SRL. Those with PGI <70 ng/ml and a PGI/PGII
ratio <3 were classified as atrophy-positive, and
those with PGI <30 ng/ml and a PGI/PGII ratio <2
were classified as having severe atrophy. Those who
were classified as atrophy-positive but did not satisfy
the criteria of severe atrophy were defined as having
mild atrophy.

Measuring plasma IL-8 level

Plasma IL-8 level was measured in 100 ul thawed
plasma using a Biochip Array Technology Analyzer
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Table 1. Subject characteristics by H. pylori infection and gastric atrophy

H. pylori-positive

H. pylori- All No Mild Severe P

negative subjects atrophy atrophy atrophy P} trend§
No. of subjects 27 71 42 24 5 — —
Age, years [mean (S.D.)] 52:0 (9-2) 54:6 (8:1) 54-0 (7-9) 54-3 (8-2) 61-0 (8-0) 0-186 —
Gender (M/F) 8/19 25/46 16/26 7/17 2/3 0-601 —
IL-8 [mean* (pg/ml)] 13-2 19-1 20-6 17-6 153 0-001 0-138
IL-8 [adjusted meant (pg/ml)] 13-6 189 20-3 17-5 15-0 0-005 0-154

s.D., Standard deviation.
* Geometric mean.

+ Geometric mean adjusted for age, gender and comorbidities.

1 P values between all subjects with H. pylori infection and those without H. pylori infection by ¢ test.
§ P trend values for association between extent of gastric atrophy and plasma IL-8 in subjects with H. pylori infection.

Evidence Investigator, cytokines and growth factor
array (Randox Laboratories, UK) at a single labora-
tory (Mitsubishi Kagaku Bio-clinical Laboratories,
Japan). The principle of the array system has been
described previously [16]. All assays were performed
by staff that were blinded to the clinical and epi-
demiological data.

Genotyping of IL-8

DNA was extracted from the buffy coat fraction using
a BioRobot EZ1 (Qiagen, Japan). The /L-8 gene was
genotyped at the polymorphic site T-251A using the
polymerase chain reaction by confronting two-pair
primers (PCR—CTPP) [17]. The PCR amplification
of IL-8 T-251A was conducted using the primers F1
(5'-CAT GAT AGC ATC TGT AAT TAA CTG) and
R1 (5-CAC AAT TTG GTG AAT TAT CAA A)
for the T allele (a 169-bp fragment), and F2 (5-GTT
ATC TAG AAA TAA AAA AGC ATA CAA) and
R2 (5-CTCATCTTT TCA TTA TGT CAG AG) for
the A allele (a 228-bp fragment). The DNA amplified
between F1 and R2 resulted in a 349-bp band com-
mon to both alleles.

Genomic DNA (30-100 ng) was used in a 25-ul
reaction mixture that contained 0-2mm dNTPs,
12:5 pmol of each primer, 0-5 U polymerase (Ampli-
Taq Gold; Applied Biosystems, USA), and 2-5 ul
10 x PCR buffer including 15 mm MgCl,. The ampli-
fication conditions were an initial 10 min at 95 °C,
followed by 30 cycles of 1 min each at 95 °C, 58 °C
and 72 °C, and then 5 min at 72 °C for final extension.
The DNA products were visualized on 2% agarose
gels with ethidium bromide staining.
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Statistical analysis

Distribution of circulating IL-8 levels was skewed,
and the geometric means of plasma IL-8 were calcu-
lated to compare groups. Differences in the demo-
graphic characteristics were analysed using the y? test,
t test and one-way analysis of variance (ANOVA).
The linear trend in the geometric means of IL-8 across
atrophy status was assessed in subjects with H. pylori
infection. The geometric mean levels for subjects
with IL-8 —251 T/T and A allele carrier in respect
to H. pylori infection and severity of atrophy were
compared using the general linear model, with age,
gender and comorbidities such as hyperuricaemia and
bronchiectasis, which may affect plasma IL-8 as co-
variates. The frequency of the polymorphism was
tested against Hardy—Weinberg equilibrium using the
%2 test.

All statistical analyses were performed using the
Statistical Package for the Social Sciences version 14.0
for Windows (SPSS Inc., USA), and P <0-05 was con-
sidered statistically significant for all analyses.

RESULTS

Table 1 summarizes the characteristics of the 98 study
subjects, of whom 71 were positive for H. pylori in-
fection. Seven subjects (9-9 %) with H. pyloriinfection
were negative in the [**CJurea breath test and positive
for serum anti-H. pylori antibody, while 64 (90-1 %)
with H. pylori infection were positive in both the
[®Clurea breath test and for serum anti-H. pylori
antibody. Of the 71 participants with H. pylori infec-
tion, 42 did not show gastric atrophy, while 29 had
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gastric atrophy, based on PG tests. Only one subject
with gastric atrophy was negative for H. pylori
infection.

Plasma IL-8 levels in the subjects with H. pylori
infection were significantly higher than in those with-
out H. pylori infection (geometric mean: 13-2 and
19-1 pg/ml, respectively; P=0-001). Adjustments for
age, gender and comorbidities did not change this re-
sult (P=0-005). Of the 71 participants with H. pylori
infection, individuals who were positive for the
[®®CJurea breath test showed higher IL-8 levels than
those who were ['®Clurea breath test negative/serum
anti-H. pylori antibody-positive (geometric mean:
19-5 and 16-1 pg/ml, respectively; P=0-536).

The four groups, H. pylori(—), H. pylori(+)/
atrophy(—), H. pylori(+)/mild atrophy(+), and
H. pylori(+)/severe atrophy(+), had statistically dif-
ferent IL-8 levels (P =0-005, by ANOVA), whereas no
differences were observed according to age or gender.
The H. pylori(+)/atrophy(—) group had the highest
mean IL-8 level of all the groups. There was a stat-
istically significant difference in the mean IL-8 level
between H. pylori(—) and H. pylori(+)/atrophy(—)
groups (P=0-001). Development of atrophy was
negatively associated with the geometric means of
IL-8 in the 71 participants with H. pylori infection,
although not significantly so. There was no statisti-
cally significant difference of mean IL-8 level between
H. pylori(—) and H. pylori(+)/severe atrophy(+)
groups (P=0-61).

The distribution of the /L-8 T-251A genotype was
not significantly different from that expected by
Hardy—Weinberg equilibrium (P=0-13). IL-8 levels
in A allele carriers of the /L-8 T-251A genotypes
were slightly higher than those in subjects with T/T
genotype, but the difference was not statistically
significant (geometric mean: 17-5 and 17-0 pg/ml,
respectively).

For both the T/T genotype and A allele carriers,
plasma IL-8 levels were elevated in individuals with
H. pylori(+)/atrophy(—), and decreased with the de-
velopment of atrophy. Development of atrophy was
negatively associated with the geometric means of
IL-8 levels in those with the T/T genotype in H. pylori-
positive individuals (P trend =0-088).

In each ANCOVA, IL-8 levels in those with the T/T
genotype were associated with H. pylori infection and
atrophy status (P=0-016) for three groups, while the
differences for those carrying the A allele were not
significant (P=0-326) (Fig. 1). There was a statisti-
cally significant difference in the mean IL-8 level in
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Fig. 1. Geometric mean of plasma IL-8 levels in subjects
with IL-8-251T/T (M) and A allele carriers ([J) in respect
of H. pylori infection and severity of gastric atrophy. I1L-8
levels were adjusted for age, gender and comorbidities.
In each analysis of covariance, IL-8 levels in those with the
T/T genotype were associated with H. pylori infection and
atrophy status (P=0-016) for three groups, while the dif-
ferences for those carrying the A allele were not significant
(P=0-326). There was a statistically significant difference
in the mean IL-8 level in those with the T/T genotype be-
tween H. pylori(—) and H. pylori(+)/atrophy(—) groups
(P=0-021).

those with the T/T genotype between H. pylori(—) and
H. pylori(+)/atrophy(—) groups (P=0-021). The dif-
ferences in the IL.-8 concentration between those with
the T/T and A allele carriers in each group in relation
to H. pylori infection and atrophy status were not
statistically significant.

DISCUSSION

This is believed to be the first study to examine the
effects of H. pylori infection, gastric atrophy and /L-8
T-251A polymorphism on circulating IL-8 levels.
We found plasma IL-8 levels were significantly associ-
ated with H. pylori infection. Higher plasma IL-8
levels were particularly observed in H. pylori(+)/
atrophy(—) participants. The differences in plasma
IL-8 levels were clearer in those with the /L-8 -251T/T
genotype than those carrying the A allele.

There is a paradigm according to which a host—
microbial interaction occurs in some cases that may
promote pathological conditions, whereas in other
cases it may protect against pathology. Current
studies showed that eradication of H. pylori reduced
the risk of gastric cancer [18]. Meanwhile, it has now
become clear that it is inversely associated with the
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development of oesophageal diseases, and the more
interactive CagA-positive strains are associated with
the strongest inverse effects [19]. Inverse associations
of H. pylori and childhood asthma, allergic rhinitis
and atopy have also been found [20]. Our findings
revealed the possibility that H. pylori has an impact
on human health by its involvement in the regulation
of IL-8 expression.

Previous reports have described conflicting results
concerning the association between H. pylori infection
and circulating IL-8 levels. We found a positive as-
sociation, which supports the results of Cichoz-Lach
et al. [21] and Mehmet et al. [22], but not those of
Russo et al. [23], Bayraktaroglu et al. [24], and Di
Bonaventura et al. [25]. Bayraktaroglu er al. [24]
examined circulating cytokine levels in 42 patients
with dyspeptic symptoms and found that 30 were
infected with H. pylori, while 12 were not. They ob-
served elevated circulatory levels of IL-8 in those who
were H. pylori-positive, but the difference was not
statistically significant (P=0-079). In part, the sample
sizes might account for the discrepancy in the results.
Infections with specific H. pylori strains that possess
the CagA pathogenicity island induce significantly
higher levels of chemokines than CagA-negative
strains [26]. The distribution of H. pylori strains pos-
sessing CagA might also have affected the results.

Antigens released by H. pylori can stimulate endo-
thelial cells, macrophages and epithelial cells to
make large amounts of chemokines, such as IL-8 and
growth-regulated oncogene-alpha, which produces a
chemotactic gradient for the migration of neutrophils
into the gastric mucosa [27-29]. The stomach has a
large surface area, with locally produced cytokines
which might spill over into the bloodstream continu-
ously, and H. pylori infection and the severity of gas-
tric atrophy in those infected may alter the expression
levels of IL-8.

H. pylori has been well documented to upregulate
the Th1 cytokines. Goll et al. [30] have reported that
the cytokine profile of the H. pylori-infected gastric
mucosa shows a mixed Th1-Th2 profile. Both the Th1
and Th2 mediator genes are upregulated in the gastric
mucosa of H. pylori-positive subjects. Our finding
of decreased IL-8 levels in the plasma of H. pylori-
infected subjects with atrophy, compared to those
without, is consistent with switching of the immune
response from an innate to an adaptive one mediated
by Thl cells [31]. H. pylori gradually decreases during
the development of glandular atrophy [32], which also
supported our findings.
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Our results did not clearly show the modification of
effects of H. pylori infection on plasma IL-8 levels
by the /L-8 T-251A polymorphism, which were sig-
nificantly elevated in individuals with H. pylori(+)/
atrophy(—) for the T/T genotype. The association
between the /-8 gene polymorphism and disease in
H. pylori-infected patients has not been well docu-
mented. Shirai et al. [33] have revealed that gastric
carcinoma with a high frequency of microsatellite
instability occurs in H. pylori-infected patients, and
is associated with the /L-8 —251T/T genotype (low-
expression genotype). The /L-8 -251T/T genotype is
also significantly associated with an increased risk
of non-cardia gastric carcinoma in H. pylori-positive
individuals [34]. The low inflammatory cytokine
expression genotype may lead to carcinogenesis via
the mutator pathway, presumably due to a higher rate
of H. pylori colonization [33]. Meanwhile, there
are contradictory reports. Ye et al. [14] found a posi-
tive association between the /L-8 —251 A allele and the
degree of atrophy and intestinal metaplasia. The IL-8
—251 A allele carriers showed a higher risk of gastric
adenocarcinoma in that study. We could not suf-
ficiently analyse the associations of IL-8 with severity
of gastric atrophy and the /L-§8 T-251A polymorph-
ism in H. pylori-positive subjects because of the small
sample size. Further study in a larger sample size is
needed to examine the modifying effect of /L-8 gene
polymorphism on circulating IL-8 levels and disease
progression over time in H. pylori-infected patients.

Our study found that IL-8 levels were elevated in
H. pylori(+)/atrophy(—) individuals. Circulating IL-8
was significantly higher in patients with coronary
artery disease with H. pylori infection than in control
subjects [35]. H. pylori infection may be a trigger
factor in the pathophysiology of ischaemic heart dis-
ease, through induction of an inflammatory cascade
concentrated on the gastric mucosa [25]. Similarly, the
associations between H. pylori infection, vascular
diseases and diabetes mellitus could be mediated by
increasing cytokine levels [36]. Follow-up data for
H. pylori(+)/atrophy(—) individuals may provide a
clue concerning the potential role of circulating IL-8
as a risk marker for gastric diseases and other sys-
temic illnesses, such as cardiovascular diseases.

The current study has some limitations. Circulating
IL-8 levels can be affected by factors other than
H. pylori infection. Most of our subjects were appar-
ently healthy, and the analysis included adjustment
for potential confounding factors. Information on the
use of antibiotics or steroid drugs and smoking status
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was all self-reported, which may have led to mis-
classification. Study subjects were outpatients who
requested testing for H. pylori and subsequent eradi-
cation, although only 5% were found to suffer from
gastric disease. Since the subjects did not know their
PG level, IL-8 level, and IL-8 genotype, the selection
bias seemed to be limited. The cross-sectional study
design and small sample size were also limitations of
this study.

Another limitation involves the diagnosis of gastric
atrophy. This was done entirely on the basis of serum
PG levels and not through histological assessment.
However, the PG method is well established as a sur-
rogate marker of gastric atrophy [37-39]. The vali-
dation criterion is PGI <70 ng/ml and PGI/PGII
ratio of <3. A relatively small proportion of our
participants had severe gastric atrophy (5:1 %), which
prevented analysis stratified by the level of atrophy.
Although cagA antibody was not tested in the plasma
of our subjects, nearly 100% of H. pylori strains in
Japan possess CagA [40].

In conclusion, we found that plasma IL-8 levels
were significantly higher in those with H. pylori
infection, and inversely correlated with the level of
gastric atrophy in H. pylori-infected Japanese indi-
viduals. Our findings did not indicate that the effects
of H. pylori infection on plasma IL-8 levels were
modified by the /L-8 T-251A polymorphism.

ACKNOWLEDGEMENTS

The authors are grateful to Ms. Yoko Mitsuda for
her technical assistance. This study was supported in
part by a Grant-in-Aid for Scientific Research on
Special Priority Areas of Cancer from the Ministry of
Education, Culture, Sports, Science and Technology
of Japan.

DECLARATION OF INTEREST

None.

REFERENCES

1. Hamed SA, et al. Vascular risks and complications
in diabetes mellitus: the role of helicobacter pylori
infection. Journal of Stroke and Cerebrovascular Disease
2008; 17: 86-94.

2. Yoshikawa H, et al. Involvement of Helicobacter pylori
infection and impaired glucose metabolism in the in-
crease of brachial-ankle pulse wave velocity. Helico-
bacter 2007 ; 12: 559-566.

https://doi.org/10.1017/50950268809990677 Published online by Cambridge University Press

Plasma IL-8, IL-8 T-251A, H. pylori infection 517

3. Herder C, et al. Chemokines and incident coronary
heart disease: results from the MONICA/KORA
Augsburg case-cohort study, 1984-2002. Arterio-
sclerosis, Thrombosis, and Vascular Biology 2006; 26:
2147-2152.

4. Kim CS, et al. Circulating levels of MCP-1 and IL-8 are
elevated in human obese subjects and associated with
obesity-related parameters. International Journal of
Obesity 2006; 30: 1347-1355.

5. Wang JM, et al. Chemokines and their role in tumor
growth and metastasis. Journal of Immunological
Methods 1998 ; 220: 1-17.

6. Benoy IH, et al. Increased serum interleukin-8 in
patients with early and metastatic breast cancer corre-
lates with early dissemination and survival. Clinical
Cancer Research 2004; 10: 7157-7162.

7. Panichi V, et al. Interleukin-8 is a powerful prognostic
predictor of all-cause and cardiovascular mortality in
dialytic patients. Nephron. Clinical Practice 2006; 102:
c51-58.

8. Yamaoka Y, et al. Relation between cytokines and
Helicobacter pylori in gastric cancer. Helicobacter 2001
6: 116-124.

9. Kusugami K, et al. Mucosal chemokine activity in
Helicobacter pyloriinfection. Journal of Clinical Gastro-
enterology 1997; 25 (Suppl. 1): S203-210.

10. Crabtree JE, et al. Mucosal tumour necrosis factor
alpha and interleukin-6 in patients with Helicobacter
pylori associated gastritis. Gut 1991; 32: 1473-1477.

11. Roper J, et al. Leptin and ghrelin in relation to Helico-
bacter pylori status in adult males. Journal of Clinical
Endocrinology and Metabolism 2008 ; 93: 2350-2357.

12. Hamajima N, et al. High anti-Helicobacter pylori anti-
body seropositivity associated with the combination of
IL-8 -251TT and IL-10 -819TT genotype. Helicobacter
2003; 8: 105-110.

13. Hofner P, et al. Genetic polymorphisms of NOD1 and
IL-8, but not polymorphisms of TLR4 genes, are associ-
ated with Helicobacter pylori-induced duodenal ulcer
and gastritis. Helicobacter 2007; 12: 124-131.

14. Ye BD, et al. The interleukin-8-251 A allele is associated
with increased risk of noncardia gastric adenocarcinoma
in Helicobacter pylori-infected Koreans. Journal of
Clinical Gastroenterology 2009; 43: 233-239.

15. Ishida Y, et al. Eradication rate of Helicobacter pylori
according to genotypes of CYP2C19, IL-1B, and
TNF-A. International Journal of Medical Sciences 2006
3: 135-140.

16. Fitzgerald SP, et al. Development of a high-throughput
automated analyzer using biochip array technology.
Clinical Chemistry 2005; 51: 1165-1176.

17. Hamajima N, ef al. Polymerase chain reaction with
confronting two-pair primers for polymorphism geno-
typing. Japanese Journal of Cancer Research 2000; 91:
865-868.

18. Fukase K, et al. Effect of eradication of Helicobacter
pylori on incidence of metachronous gastric carcinoma
after endoscopic resection of early gastric cancer: an
open-label, randomized controlled trial. Lancet 2008;
372:392-397.


https://doi.org/10.1017/S0950268809990677

518

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

M. Naito and others

Peek RM Jr, Blaser MJ. Helicobacter pylori and gas-
trointestinal tract adenocarcinomas. Nature Reviews
Cancer 2002; 2: 28-37.

Blaser MJ, Chen Y, Reibman J. Does Helicobacter
pylori protect against asthma and allergy ? Gur 2008 ; 57:
561-567.

Cichoz-Lach H, et al. Level of serum cytokines in biliary
gastritis and erosive gastritis with Helicobacter pylori
coinfection. Annales Universitatis Mariae Curie-
Sktodowska. Section D : Medicina 2001 ; 56: 271-274.
Mehmet N, et al. Serum and gastric fluid levels of
cytokines and nitrates in gastric diseases infected with
Helicobacter pylori. New Microbiologica 2004; 27:
139-148.

Russo F, et al. Circulating cytokines and gastrin levels in
asymptomatic subjects infected by Helicobacter pylori
(H. pylori). Immunopharmacology and Immunotoxi-
cology 2001 ; 23: 13-24.

Bayraktaroglu T, et al. Serum levels of tumor necrosis
factor-alpha, interleukin-6 and interleukin-8 are not
increased in dyspeptic patients with Helicobacter pylori-
associated gastritis. Mediators of Inflammation 2004;
13: 25-28.

Di Bonaventura G, et al. Serum and mucosal cytokine
profiles in patients with active Helicobacter pylori and
ischemic heart disease: is there a relationship? Inter-
national Journal of Immunopathology and Pharmacology
2007;20: 163-172.

Innocenti M, et al. Helicobacter pylori-induced activa-
tion of human endothelial cells. Infection and Immunity
2002; 70: 4581-4590.

Sieveking D, Mitchell HM, Day AS. Gastric epithelial
cell CXC chemokine secretion following Helicobacter
pylori infection in vitro. Journal of Gastroenterology and
Hepatology 2004 ; 19: 982-987.

Sharma SA, et al. Interleukin-8 response of gastric epi-
thelial cell lines to Helicobacter pylori stimulation in
vitro. Infection and Immunity 1995; 63: 1681-1687.

de Jonge R, et al. The role of Helicobacter pylori
virulence factors in interleukin production by mono-
cytic cells. FEMS Microbiology Letters 2001; 196:
235-238.

https://doi.org/10.1017/50950268809990677 Published online by Cambridge University Press

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

Goll R, et al. Helicobacter pylori stimulates a mixed
adaptive immune response with a strong T-regulatory
component in human gastric mucosa. Helicobacter
2007; 12: 185-192.

Robinson K, Argent RH, Atherton JC. The inflam-
matory and immune response to Helicobacter pylori
infection. Best Practice & Research. Clinical Gastro-
enterology 2007; 21: 237-259.

Zhang C, et al. Comparison of Helicobacter pylori
infection and gastric mucosal histological features of
gastric ulcer patients with chronic gastritis patients.
World Journal of Gastroenterology 2005; 11: 976-981.
Shirai K, et al. Interleukin-8 gene polymorphism associ-
ated with susceptibility to non-cardia gastric carcinoma
with microsatellite instability. Journal of Gastroenter-
ology and Hepatology 2006; 21: 1129-1135.

Lee WP, et al. The -251T allele of the interleukin-8
promoter is associated with increased risk of gastric
carcinoma featuring diffuse-type histopathology in
Chinese population. Clinical Cancer Research 2005; 11:
6431-6441.

Kowalski M, et al. Prevalence of Helicobacter pylori
infection in coronary artery disease and effect of its
eradication on coronary lumen reduction after per-
cutaneous coronary angioplasty. Digestive and Liver
Disease 2001 ; 33: 222-229.

Moyaert H, et al. Extragastric manifestations of
Helicobacter pylori infection: other helicobacters.
Helicobacter 2008 ; 13 (Suppl. 1): 47-57.

Miki K, et al. Serum pepsinogens as a screening test of
extensive chronic gastritis. Gastroenterologia Japonica
1987; 22: 133-141.

Biemond 1, et al. Serum pepsinogens in patients with
gastric diseases or after gastric surgery. Scandinavian
Journal of Gastroenterology 1994; 29: 238-242.
Oksanen A, et al. Evaluation of blood tests to predict
normal gastric mucosa. Scandinavian Journal of Gastro-
enterology 2000; 35: 791-795.

Ito Y, et al. Analysis and typing of the vacA gene from
cagA-positive strains of Helicobacter pylori isolated
in Japan. Journal of Clinical Microbiology 1997; 35:
1710-1714.


https://doi.org/10.1017/S0950268809990677

