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Abstract

Background—The cellular immune response in gastric mucosa infected with Helicobacter
pylori is proposed to be predominantly of the T helper cell type 1 type.

Methods—Interleukin (IL)-18, IL-12, and interferon (IFN)—y levels were measured in gastric
mucosal biopsy specimens by reverse-transcription polymerase chain reaction (PCR) and by enzyme-
linked immunosorbent assay; IL18 polymorphisms were determined by PCR.

Results—Biopsy specimens from 128 patients (56 with nonulcer dyspepsia, 28 with gastric ulcers,
28 with duodenal ulcers, and 16 with gastric cancer) were examined; 96 patients had H. pylori
infection. IL-18 levels were markedly up-regulated in mucosa infected with H. pylori (P < .001),
whereas IL-12 and IFN-y levels were independent of H. pylori status. IL-18 levels correlated with
IFN-y levels only in infected patients (R = 0.31 to R = 0.51). IL-18 levels were the determining factor
for monocyte infiltration in H. pylori-infected mucosa (P < .001). H. pylori-infected patients
displaying 1L18 —607C/C and —137G/G had higher IL-18 levels than did those with other genotypes
and were more likely to experience treatment failure.

Conclusion—H. pylori infection induces IL-18 in the gastric mucosa. H. pylori—infected patients
with IL18 —-607C/C and —137G/G have higher IL-18 levels, which causes severe gastric
inflammation. I1L18 genotype might be a marker for predicting the effects of eradication therapy.

Helicobacter pylori infection of the gastric mucosa is characterized by a marked infiltration of
inflammatory cells whose migration and activation are believed to depend on the H. pylori—
induced production of proinflammatory cytokines (reviewed in [1]). The immune response to
H. pylori infection is thought to be predominantly of the Th1 type and is associated with a
significant increase in interferon (IFN)—y—secreting T cells. The proinflammatory cytokine
interleukin (IL)-18, previously known as an IFN-y—inducing factor, is a Thl cytokine in the
IL-1 superfamily [2,3]. IL-18, in synergy with IL-12, promotes the production of IFN-y from
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Th1 and NK cells [4-6]. Because the Th1 response is believed to be predominant in H.
pylori—infected gastric mucosa, we hypothesized that IL-18 should play a role in the process.
However, the effect of H. pylori infection on IL-18 production remains unclear, because one
report suggested that antral, but not corporal, IL-18 mMRNA levels were up-regulated during
H. pylori infection [7] and another indicated that mucosal IL-18 mRNA levels were
independent of H. pylori infection [8]. In addition, no previous studies have investigated the
relationship between the induction of gastric mucosal IL-18 and that of IL-12 and IFN-y.

It is generally recognized that polymorphisms in genes that regulate inflammation may be
associated with different clinical outcomes in diseases for which inflammation is a critical
variable [9,10]. Two single-nucleotide polymorphisms (SNPs) in the promoter region of the
IL18 gene (at positions —607 and —137) have been linked to type | diabetes [11], rheumatoid
arthritis [12], and the progression of ovarian cancer [13]. No relationship was found between
IL18 polymorphisms and gastric intestinal metaplasia in a Chinese population [14]; however,
the relationship between IL18 polymorphisms and gastric mucosal IL-18 levels has not been
studied.

In the present study, we investigated the relationship between H. pylori infection and I1L-18
induction in H. pylori—infected and H. pylori—uninfected gastric mucosa as well as whether
the induction of mucosal IL-18 was associated with that of IL-12 and INF-y. We further
investigated whether 1L18 polymorphisms play a role in mucosal IL-18 induction.

Patients presented to Kyoto Prefectural University Hospital, Kyoto, Japan, for investigation of
dyspeptic symptoms. The study population consisted of patients with nonulcer dyspepsia
(NUD), gastric ulcers (GUs), duodenal ulcers (DUs), or gastric cancer (GC). H. pylori status
was assessed by a combination of culture, histology, and serology. Patients were regarded as
being H. pylori positive if 1 or more of the tests yielded positive results. Reasons for patient
exclusions included upper gastrointestinal bleeding and bleeding diathesis. No patients
received nonsteroidal anti-inflammatory drugs or steroids at least 3 months before endoscopy.
No subject had received treatment for H. pylori infection. Informed consent was obtained from
all patients under a protocol approved by the hospital’s ethics committee.

Four biopsy specimens were taken from the antrum and the corpus. Two specimens from each
area were used for histological examination; 1 for H. pylori culture, cytokine protein
measurement, and IL18 polymorphisms analysis; and 1 for cytokine mRNA measurement.
Biopsy specimens were taken at least 2 cm from ulcers or tumors in the cases of GUs and GC.
One biopsy specimen was also taken from the GC tissues of the patients with GC. To avoid
cross-contamination, biopsy forceps were changed between collection of the biopsy specimens
from different regions, and the biopsy channel was flushed several times with water before
sampling.

Some of the H. pylori—positive patients received H. pylori eradication therapy for 10 days (30
mg of lansoprazole or 20 mg of omeprazole twice daily, 1000 mg of amoxicillin twice daily,
and 400 mg of clarithromycin twice daily). Four weeks after cessation of treatment, the patients
were reexamined endoscopically, and biopsy specimens were taken as before. Furthermore,
the 13C-urea breath test was performed. Successful cure of H. pylori infection was defined as
all of the test results being negative.
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Histology and H. pylori culture

The biopsy specimens were fixed in 10% buffered formalin, embedded in paraffin, cut in
sequential 4-um sections, and stained with hematoxylineosin and modified Giemsa stains. The
histological severity of gastritis was graded in a blinded fashion on the basis of the degree of
mononuclear cell (MNC) infiltration, polymorphonuclear leukocyte (PMN) infiltration, H.
pylori density, and atrophy, in accordance with the updated Sydney System [15]. Intestinal
metaplasia (IM) was scored as present or absent.

H. pylori culture and the presence of the cag pathogenicity island (PAI) and vacA genotypes
were evaluated by polymerase chain reaction (PCR), as described elsewhere [16,17].

Cytokine levels in biopsy specimens

Mucosal cytokine levels were measured by ELISA and reverse-transcription PCR (RT-PCR).
The mucosal levels of cytokines were expressed as pg/mg of biopsy protein, and mRNA levels
were scored from O to 3. Intra-assay variations were ~2% in ELISA and 3% in RT-PCR,
irrespective of the cytokines measured. A detailed description of the methodology is provided
in appendix A, which appears only in the electronic edition of the Journal.

IL18 promoter polymorphisms

Genomic DNA was extracted from gastric biopsy specimens by means of a commercial DNA
extraction kit (QiAmp Tissue Kit; Qiagen). The SNPs at positions —-607 (C/A) and —137 (G/
C) in the promoter region of IL18 were analyzed by a sequence-specific PCR method, as
described elsewhere [18].

Data analysis

Statistical analysis was performed by the Kruskal-Wallis test along with the Scheffe multiple
comparison test, the Mann-Whitney rank-sum test, the Wilcoxon signed-rank test, the paired
ttest, the »2 test, or Spearman’s rank test, depending on the data set of concern. Tests for Hardy-
Weinberg equilibrium were performed by the »? test. To determine which factors influenced
the degree of inflammation in relation to cytokine levels, multiple linear regression analyses
were performed using sex, age, H. pylori density, and cytokine levels as explanatory variables.
To determine which factors influenced the mucosal cytokine levels in relation to IL18 genotype,
multiple linear regression analyses were performed using sex, age, H. pylori density at the same
topographical site, clinical outcomes, and the genotype of the IL18 —607 and IL18 —-137 loci
as explanatory variables. Variables were selected by backward stepwise deletion in the logistic
regression and by the F-out and F-in stepwise method in the linear regression, where F values
were 2.0. Multiple logistic regression analyses were performed for evaluating the risk of disease
in relation to 1L18 genotype, adjusted for age and sex. The analyses were done using the
statistical software HALBAU (Gendai-sugaku-sha). Data are presented as median (25th to 75th
percentile). P < .05 was accepted to indicate statistical significance.

RESULTS

H. pylori infection and clinical outcome

Sixty patients with NUD, 30 with DUs or GUs, and 20 with GC were consecutively recruited.
After patients who met the exclusion criteria were removed, specimens from 128 patients (76
men and 52 women; age range, 21-86 years; mean age, 52.4 years) were included in this study.
Clinical presentations were as follows: 56 patients had NUD, 28 had GUs, 28 had DUs, and
16 had GC (all were well-differentiated distal-type adenocarcinomas; 14 were early stage).
PCR showed that all cultured H. pylori possessed an intact cag PAI and had the vacA s1-m1
genotype. Fifty percent of the patients with NUD were H. pylori negative, and all of them had
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normal histological findings (i.e., no PMN infiltration, no presence of IM, and no or very mild
MNC infiltration). This NUD group made up the primary comparison group of H. pylori
infected and uninfected patients, to exclude the possible bias that could result from the use of
different clinical outcomes. Only 2 patients with GUs and 2 with DUs were H. pylori negative
and were excluded in the subsequent analyses. Detailed characteristics of the patients are shown
in table 1.

Cytokine levels in gastric mucosa

Mucosal IL-18 protein levels were markedly increased in H. pylori—positive patients with
NUD, compared with those in H. pylori-negative patients with NUD, both in the antrum and
in the corpus (P < .001 for each) (figure 1). In contrast, although mucosal IL-12p70 and IFN-
y levels were higher in H. pylori—positive patients, the difference was not significant (P = .09
to P =.26). Mucosal mRNA levels showed results similar to those for the protein levels (table
2) and correlated well with protein levels irrespective of H. pylori status (e.g., for IL-18 in the
antrum, R = 0.76 and P < .001 for H. pylori—positive patients and R = 0.58 and P < .001 for
H. pylori—negative patients; for IL-18 in the corpus, R =0.88 and P <.001 for H. pylori—positive
patients and R = 0.70 and P < .001 for H. pylori-negative patients). The IL-12p40 subunit is
a component of both IL-12 and 1L-23 [19], and IL-12p70 protein levels correlated with
IL-12p40 mRNA levels both in the antrum and in the corpus (R = 0.62 to R = 0.82) (P <.001
for each).

IL-18 protein and mRNA levels significantly correlated with IFN-y protein and mRNA levels
both in the antrum and in the corpus, solely in H. pylori—positive patients (table 3). In contrast,
IL-12 protein and mRNA levels strongly correlated with IFN-y protein and mRNA levels
irrespective of H. pylori status (table 3).

Cytokine levels and gastric inflammation in H. pylori-infected patients

The effects of cytokines on gastric inflammation were evaluated among H. pylori—positive
patients with NUD. Univariate analysis showed that IL-18 protein and mRNA levels strongly
correlated with MNC infiltration both in the antrum and in the corpus (P <.001 for trend) (table
4). In contrast, IL-12 and IFN-y levels were independent of MNC scores. Backward stepwise
multiple linear regression analysis confirmed that only 1L-18 protein and mRNA levels were
independent determining factors for MNC infiltration (table 5).

Univariate analysis showed that the protein and mRNA levels of all 3 cytokines correlated with
PMN infiltration in the corpus but were independent of PMN infiltration in the antrum (table
4). Multiple linear regression analysis showed that IL-18 protein and mRNA levels were
independent determining factors for PMN infiltration in the corpus (table 5). Interestingly, only
IL-18 protein and mRNA levels also remained in the final model for the antrum. IFN-y mRNA
levels also remained in the final model for the corpus (P =.042), although the effects were less
than those of IL-18 mRNA levels (P =.009) (table 5). None of the cytokines studied was an
independent determining factor for atrophy and IM (data not shown).

Cytokine levels in relation to clinical outcome in H. pylori-infected patients

We compared cytokine levels between different clinical outcomes in H. pylori-infected
patients (table 6). The mucosal biopsy specimens were taken from normal-appearing mucosa
at least 2 cm from ulcers or tumors. IL-18 and IFN-y levels (both protein and mRNA) were
similar irrespective of clinical outcome. In contrast, IL-12 levels were slightly higher in patients
with DUs than in patients with NUD or GUs. Because the number studied was small, the
biological importance of these findings will require additional studies with larger numbers to
clarify the possible role played by IL-12 in patients with DUs.
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We also collected biopsy specimens from GC tissues. Mucosal IL-18 levels were much higher
in GC tissues than in adjacent noncancerous tissues (antrum or corpus, depending on the
location of the cancer) (841 [632-1401] vs. 120 [68-271] pg/mg of biopsy protein; P < .001).
Mucosal IL-12 levels were slightly but significantly higher in GC tissue than in adjacent
noncancerous tissue (32 [22—49] vs. 15 [10-28]; P = .022). In contrast, mucosal IFN-y levels
were similar in the cancerous and adjacent noncancerous tissues (26 [16-42] vs. 22 [17-46]).
Interestingly, mucosal IL-12 levels correlated with IFN-y levels even in GC tissue (R = 0.79;
P <.001), whereas no correlation was observed in other combinations (data not shown).

IL18 polymorphisms and mucosal IL-18 levels

The above data confirmed that H. pylori induced gastric mucosal IL-18 and suggested that the
induced IL-18 might be one of the triggers of gastric inflammation. It has been suggested that
specific 1L18 genotypes (C/C at position —607 and G/G at position at —137) have the potential
to induce higher IL-18 production in response to external stimulation than do other genotypes
in vitro [18]. This hypothesis has not been tested in vivo. We therefore examined the effects
of IL18 polymorphisms in relation to H. pylori-induced IL-18 levels. Genotype frequencies
were in agreement with Hardy-Weinberg equilibrium (P > .1 for all analyses).

Univariate analysis showed that IL-18 protein levels in H. pylori-infected mucosa differed
among the genotypes in the 1L18 —-607 SNP (e.g., median of 265 pg/mg of biopsy protein for
C/C, 192 for C/A, and 51 for A/A in the antrum; P < .01) (figure 2). Mucosal I1L-18 protein
levels in H. pylori—-infected mucosa were also significantly different among the genotypes in
the IL18 —137 SNP (e.g., median of 241 pg/mg of biopsy protein for G/G, 34 for G/C, and 29
for C/C in the antrum; P < .01) (figure 2). Overall, these data suggest that the 1L18 -607C/C
and 1L18 —137G/G genotypes are important in determining I1L-18 induction. Accordingly,
carriers of haplotype | (-137G/-607C) had significantly higher IL-18 levels than did those with
other haplotypes (data not shown). IL-18 mRNA levels in H. pylori-infected mucosa showed
similar results (table 7). Multiple linear regression analyses confirmed that the genotypes of
the IL18 —607 and 1L18 —137 loci were determining factors for IL-18 levels in H. pylori-
positive patients (table 8). In H. pylori-negative patients with NUD, there was no relationship
between IL18 polymorphisms and IL-18 protein or mMRNA level (data not shown).

As shown in table 9, IL18 genotypes were unrelated to clinical outcomes of the H. pylori
infection. There was also no relationship between 1L-18 phenotype or haplotype and clinical
outcome (data not shown).

Effects of eradication therapy on mucosal cytokine levels

Thirty-five patients (25 with GUs and 10 with DUs) received H. pylori eradication therapy. In
all patients, H. pylori was susceptible to amoxicillin and clarithromycin. IL-18 levels before
treatment and IL18 genotypes were independent of clinical outcome. Twenty-seven patients
were successfully cured (20 with GUs and 7 with DUs). Mucosal IL-18 protein levels markedly
decreased after therapy in cured patients irrespective of clinical outcome (P < .001 for both
the antrum and the corpus) but remained unchanged in the patients who experienced treatment
failure (figure 3). Mucosal 1L-18 mRNA levels showed the same patterns as the protein levels
(data not shown). IFN-y levels slightly but significantly decreased in cured patients (P =.024),
whereas IL-12 levels remained unchanged irrespective of the results of therapy (data not
shown).

Interestingly, no cured patient had the 1L18 —-607C/C genotype (21 [78%] had C/A and 6 [12%)]
had A/A), whereas 7 (88%) of 8 who experienced treatment failure had the C/C genotype (the
other had C/A) (P <.001). As for IL18 —137 genotypes, all noncured patients had the G/G
genotype, compared with 20 (74%) of 27 cured patients (the other 7 had G/C). These data

J Infect Dis. Author manuscript; available in PMC 2010 March 7.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Sakai et al.

Page 6

suggest that those with high IL-18-inducing genotypes (-607C/C and -137G/G) are more
likely to experience treatment failure and are consistent with the fact that pretherapy IL-18
levels were substantially higher in those with treatment failure compared with those who were
cured (e.g., 420 [305-487] vs. 165 [41-262] pg/mg of biopsy protein in the antrum; P = .006)
(figure 3). Pretherapy IFN-y levels were also slightly but significantly higher in those who
experienced treatment failure (e.g., 47 [34-84] vs. 21 [4.5-31] pg/mg of biopsy protein in the
antrum; P = .013). Pretherapy IL-12 levels were only slightly higher in those with treatment
failure, and the differences were not statistically significant (data not shown).

DISCUSSION

H. pylori-related gastritis is marked by infiltration of the gastric mucosa with inflammatory
cells. In the present study, we showed that IL-18 levels are up-regulated in human gastric
mucosa infected with H. pylori. IL-18 protein levels closely correlated with IL-18 mMRNA
levels, suggesting that the production of 1L-18 in the gastric mucosa is not dependent on
whether H. pylori infection affects levels of caspase-1 and -3, which are required for cleavage
of the pro—IL-18 to mature 1L-18 and for cleavage of the pro—-IL-18 and mature IL-18 to a 16-
kDa product, respectively.

There is uncertainty regarding the relationship between H. pylori and IFN-y, with some
investigators suggesting that H. pylori induces IFN-y [20-24] and others disagreeing [25-28].
Similar controversy exists regarding the induction of IL-12 by H. pylori [20,23-26,29,30]. Our
present data clearly show that H. pylori infection is associated with a dramatic induction of
IL-18 in the gastric mucosa, whereas it is only weakly associated with IFN-y and IL-12
induction. Because the assay variation for each cytokine did not differ, our data, even with the
small sample size, clearly show that the relationship between H. pylori infection and 1L-18
induction is much stronger than that between H. pylori infection and IFN-y and IL-12 induction.
IL-18 is known to induce IFN-y in the presence of IL-12 in vitro [4-6], and studies in I1L-18
knockout mice showed that IL-18 is an essential coregulator of H. pylori-specific Thl
immunity and is critical for the development of strong IFN-y production [31]. Taken together,
our results suggest that up-regulation of IFN-y and I1L-12 is not a direct effect of H. pylori
infection. This is supported by the fact that only 1L-18 levels decreased dramatically after
successful eradication therapy.

Our results show that IL-18 is involved H. pylori—associated cellular infiltrations of the gastric
mucosa. Both univariate analysis and multiple regression analysis showed that, among the Thl
cytokines studied, 1L-18 level was the determining factor for MNC infiltration. These results
suggest that 1L-18 can induce MNC infiltration without the synergistic effect of IL-12 to induce
IFN-y. In contrast, univariate analysis suggested that all of the Th1 cytokines studied were
involved in PMN infiltration in the corpus, whereas multiple regression analysis showed that
only 1L-18 was an independent determining factor for PMN infiltration. However, maximal
PMN infiltration might result from the induction of high IFN-y levels in the presence of high
IL-18 levels, along with the synergistic effect due to the presence of 1L-12.

We also focused on I1L18 polymorphisms as a candidate for the regulation of IL-18 levels in
response to H. pylori infection, on the basis of a previous in vitro study [18]. Two SNPs at
position —607 and —137 have been predicted to be nuclear factor binding sites for the cAMP-
responsive element-binding protein and the H4TF-1 nuclear factor, respectively. Although
there were no significant differences in promoter activity between alleles without stimulation,
one allele (A at position —607 and C at position —137) clearly showed lower activity after PMA
and ionomicin treatment [18]. We found that patients with IL18 -607C/C and 37G/G had higher
gastric mucosal IL-18 levels. Additionally, the relationship was observed only in stimulated
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specimens (i.e., H. pylori—infected gastric mucosa), which clearly supports the results from in
vitro models.

We measured cytokine levels in GC tissues and found that IL-18 levels were markedly up-
regulated during GC. Previous studies examining the mucosal 1L-12 and IFN-y mRNA levels
during GC found that the prevalence of IL-12, but not IFN-y, was significantly higher in
cancerous tissues than in adjacent noncancerous tissues [32], in agreement with our current
data on protein levels. However, we found for the first time that IL-18 protein levels were
markedly up-regulated during GC and that the levels were much higher than those of 1L-12
and IFN-y. Recent reports have shown that serum IL-18 levels represent a significant
postoperative prognostic determinant in patients with gastric carcinoma, that serum IL-18
levels in patients who had undergone surgical resection decreased postoperatively, and that
serum IL-18, but not IL-12 or IFN-y, could serve as a diagnostic marker for GC [33,34]. There
is recent evidence showing that IL-18 plays many roles other than inducing IFN-y (e.g.,
enhancing the expression of IL-2, granulocyte-macrophage colony-stimulating factor [5,35],
and Fas ligand [36]). Interestingly, we found that IL-18 levels were not correlated with IL-12
and IFN-y levels in GC tissues, suggesting that IL-18 may play a unique role in cancer
development.

Finally, it is of interest that patients with IL18 —-607C/C and —137G/G, which produce high
IL-18 levels and severe MNC infiltration, had H. pylori infections that were difficult to cure.
The differences were apparent (P < .001), and all patients with IL18 -607C/C and —137G/G
experienced treatment failure. Taken together with the fact that pretherapy IL-18 levels were
substantially higher in those with treatment failure than in those who were successfully treated,
some functions of IL-18 might influence treatment outcome. Because treatment failure cannot
be entirely explained by noncompliance and resistance to antibiotics, it is possible that impaired
host immunity may also contribute to treatment failure. Currently, the immune polarization
toward a Th1l response is thought to be responsible for protective immunity, in part because of
results obtained using the cytokine knockout mice model (reviewed in [37]); however, there
is still controversy concerning the roles played by T cells in protection. In the case of IL-18,
one study has suggested that there is no role for IL-18 in protective immunity [38], and another
has suggested that vaccine-induced protection was impaired in IL-18 knockout mice [31].
However, the phenomenon that occurs in mice might not reflect that in humans after treatment
using antibiotics and acid suppression. In our human study, pretherapy IL-18 levels were
substantially higher in those with treatment failure that in those whose treatment was
successful, suggesting that high IL-18 levels may be disadvantageous for successful treatment.
Human studies have shown that the cytokine switch from Th1 to Th2 is linked to host protection
and that reduced IL-4 production contributes to treatment failure [39]. Therefore, in gastric
mucosa with high IL-18 production, the mucosal cytokine switch to Th2 might be weak (e.g.,
low IL-4 levels). Further studies with large number of subjects will be needed to confirm
whether the relationship between IL-18 genotypes and treatment failure observed here is true.
If so, it would be important to identify patients with IL18 —-607C/C and —137G/G so that they
could receive different or possibly longer eradication therapy.
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Figure 1.
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Mucosal cytokine levels in the antrum and the corpus in relation to Helicobacter pylori
infection. Each box shows the median (horizontal bar) and the 25th to the 75th percentile.
Capped bars indicate the 10th and 90th percentiles. Data are also displayed using symbols. P
values for comparisons between H. pylori—positive and H. pylori-negative patients were

calculated by the Mann-Whitney rank-sum test. IFN, interferon; IL, interleukin.
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Mucosal interleukin (IL)-18 levels in the antrum and the corpus in relation to the genotypes
at 1L18 —607 and —137. Each box shows the median (horizontal bar) and the 25th to the 75th
percentile. Capped bars indicate the 10th and 90th percentiles. Data are also displayed using
symbols. P values for comparisons between groups were calculated by the Kruskal-Wallis test

along with the Scheffe multiple-comparison test.
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Figure 3.

Mucosal interleukin (IL)-18 levels in the antrum and the corpus before and after Helicobacter
pylori eradication. P values for comparisons between before and after therapy were calculated
by the Wilcoxon signed-rank test, and those for comparisons between cured and noncured
before therapy were calculated by the Mann-Whitney rank-sum test.

J Infect Dis. Author manuscript; available in PMC 2010 March 7.



Page 14

Sakai et al.

*81490xna| JeajonuoydiowAjod ‘NINd (0T < d) JueaLyubIs 10U ‘SN 199 Jeajonuouow ‘“QNIA ‘UINaIaIul ‘] ‘UoJapaiul ‘N "1S81 SHeAA-RYSNIY 8yl Ag pale|nojed atam sanjeA 4 “31 0N

LT0° LE0 600’ 600’ €20 600 d
(e-s2)¢ (e-s2)¢ (e-€) ¢ (€6-19) 9L (9v-22) 6€ (Svv-vv2) vee w=ue
(801 (€101 (esTe (ez-0€) et (L1-z6) Tt (25e-8¢) vET (s=u)e
(107 (z-80) 2 (-2 e (82-21) 12 (sT-5€) €'6 (zve—zs) avT (eT=ut

(-0t (-1 g1 (-0t (91-0) €T (tz-0) €1 (¥5-0) 62 (9=u)o
sndio)
SN SN SN SN SN 90’ d
(e-0)s'T (e-0)¢ (e-1)gC (e01-¥2) 65 (sv-0) 22 (0£6-522) 965 (9=u)¢

(-1 671 (s1-1) 50 (§z-1) 671 (6€-6T) 92 (ez-v1) ST (€99-29) 6.1 (r=u)e

(82—¢0)¢ (-1t (z-2) ¢ (6e—€T) 92 (92-0°9) v1 (582-66) 8¢ (tr=ut
(€01 (81-0)0 (-0t (ze-s2) €t (vz-62) €1 (0zz—€¢) 8y (L=u)o

wnauy

uonenul NINd

SN SN 100> SN SN 100> d
(-1 g1 (e-0)s°T (e-€) ¢ (sv-12) €€ (L1-2¢1) 91 (eze-svT) vee (9=u)e
(z-0) g1 (e-g0)5T (-2 ¢ (¢s-0'8) 0¢ (9z-0) 01 (v6€-.8) G9T (er=u)e

(T-11 (-m¢ (-0t (91-TT) €T (8T-v'8) 2T (¥5-12) S (or=ut
sndio)

SN SN 100> 60’ SN 100> d

(e-0)¢ (e-80)¢ (e-8T)¢ (68-T2) 6€ (ve-1°1) 82 (T66-212) 865 (6=u)e

(-0 ¢ (T-01 (cs1)¢ (6e-L1) 62 (s1-6'2) €T (69z-5€2) ¥5¢ (8=u)e

(-T ¢ (z-0) 1T (810071 (Te—2¢1) 82 (9z-6'2) ST (081-82) LV (tr=ut
wniuy

uoneyur DN

4-N4| ordzT-T1 8T-1I 4-N4I 02dzT-T1 8T-1I 2400s ABOJOISIH

€-0 ‘19ns] YNYW uialo4d Asdoiq Jo Buwi/Bd ‘|ans| uisroad

eisdadsAp Ja2|n-uou yum spuaied parosjul-1iojAd 18108g02I[9H Ul SUOIIRAJILUL JR|N[|39 PUR S[SA3] SUIM0IAD
¥ alqel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

J Infect Dis. Author manuscript; available in PMC 2010 March 7.



Page 15

Sakai et al.

'81A003n3)

JeajonuoydiowAjod ‘NINJ ‘Uolapaiul ‘N4| ‘T Ag 8sealoul $8109s WYNYHW 8T—(T1) UNajiaiul JI G0 asealoul 0] pajoadxa ag PINOM $8109s DNIA ‘Wnjue sy ul ‘ajdwiexs 104 "sa109s (DNIA) 199 Jeajonuouow
3y} JO sy nsaJ pa1oadxa ay) Jo a1ewnss ue sspinoid (DHd) JusIo1y4809 uoissalbal eied sy "a)is [ediydelbodol swes ayp ye Alisuap 110jAd 'H pue ‘xas ‘abe Joy paisnlpy ‘pajuasaid are sjgpow |eul4 '3 1ON

980’ 6T0F¥E0 [3A3] YNYW 4-N4|

600° 8T'0 650 o 9T'0+.€0 19A3] YNW 8T-1I

900 S000°0 ¥ 6000°0 260° ¢000°0 ¥ ¥000°0 19A8] utaload 8T-71 NWd

T00™> 800 F TG0 100> ET0F VS0 [9A3] YNHW 8T-TI

00’ L0000 + TT00°0 100> §000°0 +9200°0 19A9] utel0ad 8T-11 ONIN

d 3S ¥ Odd d 3S ¥ 0dd ajqerien Aiojeuejdx3  ABojolsiH
snd10) wnnuy

eisdadsAp Jadjnuou yum syuaired aAnisod—110jAd 18108g02I[aH Ul S|[aA8] aUI01AD 01 UOIIR[a] Ul UOIeWWR|LUI Jo) SISAJeue uolssaibal sjdnniy

G ajqel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

J Infect Dis. Author manuscript; available in PMC 2010 March 7.



Sakai et al. Page 16

1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duosnue Joyiny vd-HIN

Table 6
Cytokine levels by clinical outcome.
Cytokine NUD (n = 28) GUs (n = 26) DUs (n = 26) GC (n=16)
Protein levels, pg/mg of biopsy protein
IL-18
Antrum 223 (62-282) 203 (31-312) 213 (35-288) 94 (38-276)
Corpus 111 (45-251) 100 (26-235) 83 (37-333) 77 (28-213)
1L-12p70
Antrum 14 (6.7-27.1) 12 (8.4-26) 18 (14-52)2 15 (10-32)
Corpus 12 (6.1-20.0) 14 (11-19) 19 (11-38)0 14 (12-20)
IFN-y
Antrum 25 (13-39) 24 (12-34) 32 (16-62) 30 (17-44)
Corpus 16 (12-39) 14 (13-24) 27 (12-55) 22 (18-27)
MRNA levels, 0-3
IL-18
Antrum 2 (1-2.5) 2.5 (0-3) 1.5 (0-3) 1.5 (0.5-2.5)
Corpus 2 (1-3) 2 (0-3) 2 (1-3) 1(1-2.5)
1L-12p40
Antrum 1(0-2) 1(0-2) 1(0-3) 1(0.5-2)
Corpus 1(1-2) 1(1-2) 2 (1-3)C 1.5 (0.5-2.5)
IFN-y
Antrum 2 (0-2.5) 1(0-2) 2 (1-3) 1.5 (0-2.5)
Corpus 1(0.5-2) 1(0-2) 1(0-3) 1(0.5-2)

NOTE. P values for correlation between cytokine levels were calculated by Spearman’s rank test. P values are presented only if they indicate statistical
significance. DUs, duodenal ulcers; GC, gastric cancer; GUs, gastric ulcers; IFN, interferon; IL, interleukin; NUD, nonulcer dyspepsia.

aP =.027, compared with GUs; P = .058, compared with NUD.

bP =.036, compared with NUD; P = .098, compared with GUs.

CP =.044, compared with NUD; P = .033, compared with GUs.
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