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Abstract

Background & Aim: The important role of IL-17
in inflammatory response to Helicobacter pylori (H.
pylori) colonization has been indicated. We investigated
the associations between gastro-duodenal diseases and
polymorphisms of IL17A4 (rs2275913 G>A) and ILI7F
(rs763780 T>C). Methods: The study was performed in
548 subjects (363 controls and 185 peptic ulcer cases).
The multiplex PCR-SSCP method was used to detect gene
polymorphisms. Results: Overall, number of rs2275913 A
allele was significantly associated with an increased risk
for peptic ulcer (OR, 1.50; 95%CI, 1.11-2.01; p=0.0082).
The frequency of rs2275913 GA+AA genotype was also
significantly higher in ulcer cases than controls (OR, 1.72;
95%CI, 1.09-2.72; p=0.020). The rs2275913 GA+AA
genotype conferred an increased risk for the severity of
gastric mucosal atrophy in subjects younger than 60 years
(OR, 2.83; 95%CI, 1.14-7.04; p=0.025). Both atrophy and
metaplasia were increased with age in 152275913 GA+AA
genotype. In NSAIDs/aspirin users, number of rs2275913
A allele was associated with an increased risk for a peptic
ulcer (OR, 3.98; 95%CI, 1.48-10.7; p=0.0061). There was
no association of rs763780 with the development of peptic
ulcer. Conclusions: Our results provide the evidence that
1s2275913 is associated with an increased risk for peptic
ulcer and the severity of the gastric mucosal atrophy in
comparatively younger subjects. In addition, this allele is
also associated with the increased risk for peptic ulcer in
NSAIDs/aspirin users.
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Introduction

It is well known that Helicobacter pylori (H. pylori)
infection and non-steroidal anti-inflammatory drugs
(NSAIDs)/aspirin use are major contributing factors to
the development of peptic ulcers [1]. H. pylori infection
usually leads to persistent colonization and chronic gastric
inflammation. However, there are marked differences
regarding the extent of inflammation in H. pylori-infected
patients, so clinical consequences only develop in a
small subgroup. The course of H. pylori infection may be
influenced by genetic predisposition and host immunity, as
well as by bacterial virulence factors. Inflammation induced
by H. pylori is implicated in gastric mucosal damage and
is characterized by severe granulocytic and lymphocytic
infiltration [2]. Although the T helper cell response to
H. pylori is considered to be dependent on type 1 helper
(Th1) cells, the factors influencing this immune response
to H. pylori infection are largely unknown. Important
cytokines that are related to Thl-mediated responses and
are upregulated during chronic H. pylori infection include
interferon-f, tumor necrosis factor, and interleukin-1y [3-
5].

Interleukin-17 (IL-17) is a relatively newly described
cytokine that bridges the adaptive and innate immune
systems. To date, six IL-17 family ligands (IL-17A-F) and
five receptors (IL-17RA-IL-17RD and SEF) have been
identified [6, 7]. IL-17A and IL-17F are the members of
the IL-17 cytokine family responsible for the pathogenic
activity of the Th17 cells [8], a distinct lineage of CD4+
effector cells [9], and are cytokines that induce multiple
proinflammatory mediators, including chemokines and
cytokines [6]. Recently, an important role of IL-17A in the
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inflammatory response to H. pylori colonization has been
indicated [10, 11]. On the other hand, Kawaguchi et al have
shown that the /L 17F 7488T>C (rs763780), which causes a
His-to-Arg substitution at amino acid 161 (H161R), variant
influences the risk of asthma [12]. We have also reported an
investigation for an association of rs2275913 in /L174 and
1rs763780 in /L1 7F with the susceptibility to ulcerative colitis
[13] and gastric cancer [14]. However, there are no reports
whether polymorphisms in /L17A4 and /L17F influence the
development of gastro-duodenal disorders without malignant
neoplasm.

In the present study, we attempted to clarify the
association of rs2275913 and rs763780 with gastric mucosal
atrophy and peptic ulcer diseases.

Methods

Clinical samples

We randomly selected 550 samples from our stocked
DNA obtained from the patients without neoplastic lesions
endoscopically and histologically, who were enrolled in
the Endoscopy Center of Fujita Health University Hospital
or Kanazawa Medical University Hospital. The patients
with severe systemic diseases or malignant tumors in the
other organs were excluded. The subjects who were taking
cyclooxygenase-2 selective inhibitor were also excluded
in this study. All subjects underwent upper gastrointestinal
endoscopy and, in some of them, biopsy specimens were
taken. Each specimen was fixed in 10% buffered formalin
and embedded in paraffin. Later, histological evaluations
were made at the Division of Pathology of the Fujita Health
University Hospital.

Five hundred and forty-eight DNAs of 550 subjects were
clearly analyzed. Finally, the study population comprised 548
subjects, of whom there were 363 without gastro-duodenal
ulcer (controls) and 185 with gastro-duodenal ulcer (UL
cases), including 127 with gastric ulcer (GU cases) and 58
with duodenal ulcer (DU cases). Of the 548 subjects, 106
subjects without peptic ulcer were overlapped with control
subjects in our previous study [14]. The severity of chronic
gastritis in 348 of all 548 subjects was classified according to
the updated Sydney system [15] by a pathologist who had no
access to any clinical information. According to the severity
of gastric mucosal atrophy, the subjects were divided into the
following two groups: the severe atrophy group (SA group,
atrophy score 2 or metaplasia score 2) and the non atrophy
group (non-SA group, all others). H. pylori infection status
was assessed by serology, histological examination, or the
urea breath test. Subjects were diagnosed as having infection
when at least one of the diagnostic tests was positive.

The Ethics Committees of Fujita Health University
and Kanazawa Medical University approved the protocol
and written informed consent was obtained from all the
participating subjects.

Genotyping of polymorphisms

Polymorphism was genotyped by PCR-SSCP
method as reported previously [13, 14, 16]. To detect
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rs2275913 and rs763780 genotypes, using the primer
pairs (IL17AF: 5’-aacaagtaagaatgaaaagaggacatggt-3’
and IL17AR: 5’-cccccaatgaggtcatagaagaatc-3°, and
IL17FF: 5°-gtgtaggaacttgggctgcatcaat-3” and IL17FR:
5’-agtggatatgcacctcttactgcaca -3, respectively), one-
tube multiplex PCR was carried out in a volume of 20
pL containing 0.1 pg of genomic DNA. The DNA was
denatured at 96°C for 90 seconds, followed by 35 cycles
at 96°C for 15 seconds, 58°C for 30 seconds, and 72°C
for 45 seconds, with final extension at 72°C for 3 minutes.
Thereafter, 2 pL of the PCR product was denatured with
10 pL of formamide (Sigma-Aldrich Co., St. Louis, USA)
at 90°C for 5 minutes. SSCP was carried out at 6 or 12°C
using a GenePhor DNA separation system with GeneGel
Excel 12.5/24 (GE Healthcare, Piscataway, N.J., USA), after
which the denatured single strand DNA bands were detected
using a DNA Silver Staining Kit (GE Healthcare). Single
strand DNAs were clearly separated at both temperatures
(Fig. 1). Then, we almost used at 6°C in our current study.
SSCP results were confirmed using positive DNA fragments
prepared by nested-PCR as reported previously [17, 18].

Statistical analysis

The data was expressed as mean + SD. Mean ages
between 2 groups were compared with Student’s #-test. The
male/female ratio, H. pylori positive ratio and NSAIDs/
aspirin use ratio were compared with Fisher’s exact test.
Allele and genotype frequencies were calculated by direct
counting. The allele and genotype counts were compared
using Fisher’s exact test. Furthermore, the strength of
association between allele frequencies and the disease
was assessed by calculating the odds ratio (OR) and 95%
confidence intervals (CI) by logistic regression analysis
using dominant genetic model or the number of allele as a
regressor. An adjusted analysis was performed by logistic
regression analysis after adjustment for gender, age, H.
pylori infection status, NSAIDs/aspirin use, and 1s2275913
or 1s763780. For all analyses, the level of significance was
set at p<0.05.

Results

Characteristics of subjects and the frequencies of
genotypes

The mean age in UL cases was significantly higher than
that in controls. The male/female ratio, H. pylori positive
ratio and NSAIDs/aspirin use ratio were also significantly
higher in UL cases than in controls. The distribution of
1s2275913 genotype in all subjects was 165GG, 287GA
and 96AA and that of rs763780 was 437TT, 107TC and
4CC. Both genotypes were in Hardy-Weinberg equilibrium
(p=0.14 and 0.49, respectively). The frequency of rs2275913
A allele was significantly higher in UL cases (p=0.0068,
1-Bpower=0.762), especially in GU cases (p=0.0081, 1-
Bpower=0.729) than in controls. The ratio of rs2275913 GG
genotype was significantly lower in UL cases (p=0.039),
especially in GU cases (p=0.033) than in controls, conversely
that of AA genotype was significantly higher in UL cases
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(p=0.017) and in GU cases (p=0.027). The frequency of
rs763780 C allele was significantly lower in DU cases than
in controls (p=0.036).

a) b)
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Fig 1. A multiplex PCR-SSCP image. Single strand DNAs of both
rs2275913 and rs763780 were clearly separated by SSCP.
a) 6°C; b) 12°C

Table 1. Characteristics of subjects and frequency of genotypes

Controls  ULcases GU cases DU cases
Number of subjects 363 185 127 58
Mean age = SD 53.1+ 63.0+ 65.4 + 57.8+
19.4 13.4 11.3° 16.0
Male : Female 196 : 167 134 :51°¢ 93 :344 41 :17¢
H. pylori positive 150/363 151/185" 109/ 42 /58"
ratio 127¢
NSAID/aspirin user 24 /363 36/185  28/127 8/58
rs2275913 (IL17A)
GG 120 45k 29! 16
GA 190 97 68 29
AA 53 43m 30" 13
A allele frequency ~ 40.8% 49.5%° 50.4%P 47.4%
15763780 (IL17F)
TT 283 154 102 52
TC 76 31 25 6
cC 4 0 0 0
C allele frequency 11.6% 8.4% 9.8% 5.2%:"

p value vs. non-ulcer group; a, b, ¢, d, f, g, h, i and j <0.0001;
¢=0.022, k=0.039, 1=0.033, m=0.017, n=0.027, 0=0.0068, p=0.0081,
q=0.036

Association between rs2275913, rs763780 and peptic
ulcer

The male gender, H. pylori infection, and NSAIDs/aspirin
use were significantly increased risk factors for peptic ulcer.
The number of 152275913 A allele was associated with an
increased risk for peptic ulcer using combined genetic model
(OR, 1.50; 95%CI, 1.11-2.01), and rs2275913 GA+AA
genotype was also associated using dominant genetic model
(OR, 1.72; 95%CI, 1.09-2.72, Table II). On the other hand,
there was no significant relationship between peptic ulcer
and rs763780.

When the relation of rs2275913 and rs763780 to each GU
or DU was evaluated, association of rs2275913 A allele with
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an increased risk for GU and that of rs763780 C allele with
a decreased risk for DU were suggested, but all differences
were not significant (Table III).

Table II Association between gastro-duodenal ulcer and various risk
factors

OR (95% confidence intervals)
Adjusted (combined)  Adjusted (dominant)
1.50 (1.11-2.01) -

Variables

Number of rs2275913
A allele

Number of 1s763780
C allele

152275913 (GA+AA) -
1763780 (TC+CC) -
2.30 (1.49-3.56)

0.737 (0.444-1.23) -

1.72 (1.09-2.72)
0.795 (0.473-1.34)
2.25 (1.45-3.48)
3.80 (2.31-6.24) 3.91 (2.38-6.43)
3.18 (1.67-6.02) 3.24(1.70-6.16)

All analyses were performed using logistic regression analysis.
Adjustment for age, gender, H. pylori infection, NSAIDs/aspirin use,
12275913 and rs763780; p value; a=0.0082, b=0.020

Male gender
NSAIDs/aspirin use
H. pylori infected

Table II1. Association of rs2275913 and rs763780 with gastro-
duodenal ulcer

OR (95% confidence intervals)

Variables Gastric Ulcer Duodenal Ulcer
Number of rs2275913 1.40 (0.994-1.96)* 1.53 (0.992-2.35)°
A allele

Number of 1s763780 0.950 (0.545-1.66) 0.420 (0.169-1.05)¢
C allele

1s2275913 (GA+AA) 1.64 (0.959-2.79)° 1.67 (0.864-3.22)
1s763780 (TC+CC) 1.06 (0.597-1.88) 0.429 (0.171-1.08)¢

Adjustment for age, gender, H. pylori infection, NSAIDs/aspirin use,
1rs2275913 and rs763780; p value; a=0.054, b=0.071, ¢=0.054, d=0.062,
e=0.071

Association of rs227591 and rs763780 with gastric
mucosal atrophy

Of 348 subjects from whom the degree of histological
gastritis was analyzed, 129 were classified as SA group and
219 were as non-SA group (Table IV). The mean age, male/
female ratio and H. pylori positive ratio were significantly
higher in SA group than in the non-SA group, whereas the
ratio of NSAIDs/aspirin use was not different. In addition,
the distribution of r$2275913 and rs763780 genotypes was
not different among the two groups (Table IV). However, in
subjects younger than 60 years of age, rs2275913 GA+AA
genotype was associated with the severity of gastric mucosal
atrophy using dominant genetic model (OR, 2.83; 95%CI,
1.14-7.04, Table V) and the number of rs2275913 A allele
was also associated using combined genetic model (OR,
1.93; 95%CI, 1.03-3.59).

In addition, both atrophy and metaplasia scores were
significantly increased with age in rs2275913 GA+AA
genotype (p=0.0042 and 0.0052, respectively, Fig. 2),
whereas these correlations were not found in the GG
homozygote.
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Table IV. Characteristics of subjects analyzed for gastric mucosal atrophy

non-SA SA
Number of subjects 219 129
Mean age = SD 60.0+13.8 63.6 + 10.6a
Male : female 120: 99 96 : 33b
H. pylori positive 112/219 128 /129¢
ratio
NSAID/aspirin user 26 /219 14/ 129
152275913 (IL17A4)
GG 75 31
GA 103 69
AA 41 29
A allele frequency 42.2% 49.2%
rs763780 (IL17F)
TT 173 106
TC 46 23
CcC 0 0
C allele frequency 10.5% 8.9%

p value vs. non-SA group; a=0.011, b and ¢ <0.0001

Association of rs2275913 and rs763780 with gastro-
duodenal ulcer in NSAIDs/aspirin users

In all 548 subjects, there were 60 NSAIDs/aspirin users,
in whom 28 subjects had a GU and 8 subjects had a DU. In
NSAIDs/aspirin users, the number of rs2275913 A allele was
associated with an increased risk for gastro-duodenal ulcer
(OR, 3.98; 95%CI, 1.48-10.7) and the GA+AA genotype
was also associated (OR, 4.04; 95%CI, 1.13-14.4). By
multivariate analysis, neither male gender nor H. pylori
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Table VI. Association between gastro-duodenal ulcer and various
risk factors in NSAID/aspirin user

OR (95% confidence intervals)

Variables Adjusted (combined)  Adjusted (dominant)
Number of 1s2275913 3.98 (1.48-10.7)a -

A allele

Number of 15763780 3.43 (0.450-26.2) -

C allele

1s2275913 (GA+AA) - 4.04 (1.13-14.4)b
rs763780 (TC+CC) - 3.05 (0.451-20.6)
Male gender 2.53(0.701-9.12) 1.69 (0.508-5.63)

H. pylori infected 3.22 (0.803-12.9) 2.41 (0.666-8.69)

All analyses were performed using logistic regression analysis.
Adjustment for age, gender, H. pylori infection, rs2275913 and rs763780;
p value; a=0.0061, b=0.031

infection was a risk factor for gastro-duodenal ulcer in
NSAIDs/aspirin users.

Discussion

An association of various genetic polymorphisms with
peptic ulcer disease has been investigated [19-21]. We have
also reported an association of PTGSI, NFE2L2 and MIF
with peptic ulcer [22-24]. In the present study, we found a
significant association of rs2275913 with the development
of gastro-duodenal ulcer, whereas there was no significant
association of rs763780. This association was also found
in NSAIDs/aspirin users. In addition, rs2275913 was
associated with the severity of gastric mucosal atrophy in
young subjects, and both atrophy and metaplasia scores
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Fig 2. Association between rs2275913 and gastric mucosal atrophy. a: Correlation between age
and atrophy score in GG homozygote: not significant (p=0.59 by ANOVA, |[R|=0.053, n=106);
b: Correlation between age and metaplasia score in GG homozygote: not significant (p=0.27 by
ANOVA, |R|=0.108); c: Correlation between age and atrophy score in GA+AA genotype. Atrophy
score significantly correlated with age (p=0.0042 by ANOVA, [R|=0.183, n=242); d: Correlation
between age and metaplasia score in GA+AA genotype. Metaplasia score significantly correlated

with age (p=0.0052 by ANOVA, |R|]=0.179).
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Table V. Risk of rs2275913 and rs763780 for gastric mucosal atrophy in young and old subjects

12275913 (IL174) Genotype OR (95%C.1.) OR (95%C.1.)
below 60 years GG GA AA GA+AA vs. GG pvalue number of Aallele p value
non-SA group (92) 40 40 12 reference - reference -
SA group (42) 12 22 8 2.83 (1.14-7.04) 0.025 1.93 (1.03-3.59) 0.039
above 60 years old
non-SA group (127) 35 63 29 reference - reference -
SA group (87) 19 47 21 0.783 (0.340-1.80) 0.57 0.702 (0.430-1.15) 0.16
rs763780 (IL17F) genotype OR (95%C.1.) OR (95%C.1.)
below 60 years TT TC cc TC+CCvs. TT pvalue  number of C allele  p value
non-SA group (92) 73 19 0 reference - reference -
SA group (42) 36 6 0 0.718 (0.211-2.44) 0.60 0.625 (0.173-2.26) 0.47
above 60 years old
non-SA group (127) 100 27 0 reference - reference -
SA group (87) 70 17 0 1.56 (0.635-3.85) 0.33 1.71 (0.686-4.27) 00.25

by logistic regression analysis after adjustment for age, gender and H. pylori infection status; ( ): number of subjects

were increased with age only in the GA+AA genotype.
Therefore, we suspect that rs2275913 A allele confers an
increased risk for development of duodenal ulcers and the
rapid progression of gastric mucosal atrophy, subsequently
developing gastric ulcer, although the risk of rs2275913 for
peptic ulcer was relatively lower than risks of male gender,
H. pylori infection and NSAIDs/aspirin use, and a type 11
error was not completely excluded due to the relatively small
sample size of our study.

IL-17A was first cloned more than 10 years ago [25]
and 5 additional members were discovered between 2000-
2002 [26-29]. IL-17 family members belong to a distinct
category of cytokine and play a role coordinating local tissue
inflammation by inducing release of proinflammatory and
neutrophil-mobilizing cytokines [7]. Its proinflammatory
activities suggest an importance of IL-17 in the gastric
mucosal inflammation. It is well known that the local
immune inflammatory response during H. pylori infection
is predominantly Thl in type [30, 31]. Among T cells, the
activated Th1/ThO cell subset is the major source of IL-17
[32]. Consistently, IL-17 has been found to be increased in
Th1-mediated diseases [33, 34]. Luzza et al reported that an
increased accumulation of IL-17 RNA transcripts was found
in both mucosal tissue and LPMC samples from H. pylori
infected patients compared with that in uninfected subjects
and that the amount of IL-17 protein was also increased in
the mucosa of H. pylori infected patients [10]. In addition,
Mizuno et al found that IL-17 and IL-8 activities in organ
cultures of biopsy specimens were substantially higher in H.
pylori-positive patients than in H. pylori-negative patients,
and that among H. pylori-infected patients with gastric ulcer,
the gastric mucosa at the ulcer sites contained significantly
more IL-17 and IL-8 than the non ulcer mucosa [11]. These
findings suggested that IL-17 may play an important role in
the pathogenesis of H. pylori-related gastric inflammation
and the subsequently developing gastric ulceration [35].
Recently, IL-15 and IL-23 are important stimuli for the

induction of IL-17A. Both IL-15 and IL-23 have been shown
to be important in memory development of the T cells [36],
and IL-23 is involved in innate immunity and mucosal T-
cell response [37]. This ability of these two cytokines to
induce IL-17A may serve as a bridge between innate and
adaptive immunity, wherein the IL-17 cytokine members
are the principal effector cytokines. Recent studies have
shown that Th17 cytokines can also exert anti-inflammatory
effects in the intestine [38], although Th17 cytokines are
considered crucial factors for enhancing the effector phase of
T-cell responses that cause tissue inflammation and damage
in the gut. That is, IL-17A seemed to have dual actions,
inflammatory or protective, depending on the co-expression
of other cytokines [39]. A role of Th17 on the pathogenesis
of inflammation in the gut system is still unknown.

We have already reported that the gastric mucosal
atrophy was more severe in rs2275913 GA+AA genotype
than in the GG homozygote [14]. In our current study, it
was demonstrated that the similar results to a previous study
were not only obtained but also it was proven that rs2275913
influenced the development of peptic ulcers. The tendency
of significant association of rs2275913 was found in both
gastric and duodenal ulcers even though the mechanism
of developing a duodenal ulcer is different from that of a
gastric ulcer. However, H. pylori infection is a key factor in
the development of both ulcers, as well as gastric mucosal
atrophy. In GA+AA genotype, severe antral inflammation by
H. pylori infection may induce duodenal ulceration and this
severe gastric inflammation may lead to rapid progression
of gastric mucosal atrophy, subsequently inducing a gastric
ulcer.

We did not obtain any evidence for the role of rs2275913
on the activity and expression of IL-17A, although this
could be an important point. This is one of the limitations
in our epidemiological study. Chen et al demonstrated that
rs2275913 was not related to phytohemagglutinin induced
IL-17 production in peripheral blood mononuclear cells
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[40]. However, this experimental design is not pertinent to
the inflammatory conditions observed in H. pylori infection.
Further studies will be required using the other methods
or techniques to clarify the role of 1s2275913 on gastric
disorders.

In our study, there were 60 NSAIDs/aspirin users,
of whom 36 subjects had a peptic ulcer (28 with a GU
and 8 with a DU). Our results indicated a possibility that
rs2275913 A allele was associated with the development of
NSAIDs/aspirin-induced gastro-duodenal ulcer. However,
there were only a few NSAIDs/aspirin users in our studied
subjects, because subjects with severe systemic diseases
were excluded. When an allelic association of rs2275913
with gastro-duodenal ulcer in NSAIDs/aspirin users was
assessed, the estimated 1-Bpower was 0.686. Therefore, we
do not believe that our results directly indicate the close
association between rs2275913 and NSAIDs/aspirin-induced
ulcer. Regarding this point, further studies will be required
in a larger sample size.

From the alignment of the predicted amino acid sequence,
the highest overall amino acid sequence identity is found
between IL-17A and -17F among IL-17 family, and IL-17A
and -17F share similar functions in terms of their ability
to induce chemokines that are important in neutrophil
recruitment and activation. In addition, the gene location for
both IL-17A and -17F is 6p12. Therefore, we investigated the
influence of rs763780 in IL17F. Kawaguchi et al revealed
that functional consequences of the HI61R substitution
were examined by using recombinant wild-type and mutant
IL-17F proteins [7], so the expression and/or activity of
IL-17F may be suppressed in IF-17F/7488C allele carriers.
They have also shown that the IL-17F coding variant HI61R
blocked induction of IL-8 expression by wild-type IL-17F in
vitro functional experiments [12]. In our current study, we
did not find a significant association of rs736780 with UL
or gastric mucosal atrophy, although the C allele frequency
was lower in DU cases than in controls. We have already
reported that there was no association of rs763780 with
gastric carcinogenesis, but a significant association with
the susceptibility to ulcerative colitis was found [13, 14].
Thus, there might be little association regarding IL-17F with
gastro-duodenal disorders.

Conclusion

In conclusion, the current findings indicate that rs2275913
influences the susceptibility to gastro-duodenal ulcer in the
Japanese population. In NSAIDs/aspirin users, rs2275913
is associated with an increased risk for gastro-duodenal
ulcer. The gastric mucosal atrophy at a younger age is also
influenced by this polymorphism. Further studies are needed
to identify the mechanism underlying the involvement of
IL17A in the pathogenesis of gastric disorders.
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