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Aim: To analyze the influence of the –31 C/T polymorphism of the interleukin-1� gene on

Helicobacter pylori eradication therapy success in patients with functional dyspepsia.

Methods: Functional dyspepsia was diagnosed according to the Rome III criteria. All

patients underwent upper gastrointestinal endoscopy, and gastric biopsies were obtained

at screening and 12 months after randomization (last follow-up visit). Urease test and

histological examination were performed to define the H. pylori status. Patients received

twice-daily amoxicillin, clarithromycin and omeprazole for 10 days. Genotyping of the

interleukin-1beta –31 C/T polymorphism (rs1143627) was performed using polymerase chain

reaction-restriction fragment length polymorphism.

Results: One hundred forty-nine patients received treatment with triple therapy for H. pylori

eradication. Only one patient was lost to follow-up, and adherence to study medication was

94.6%. A total of 148 patients (mean age 46.08 ± 12.24 years; 81.8% women) were evaluated

for the influence of the interleukin-1beta –31 C/T polymorphism on the outcome of H. pylori

eradication therapy. After treatment, bacteria were eradicated in 87% of patients (129/148).

Genotype frequencies of the polymorphism were as follows: CC, 38/148 (25.7%); CT, 71/148

(47.9%); and TT, 39/148 (26.4%). Successful eradication rate was 78.9%, 94.4% and 82.1% for

the CC, CT and TT genotypes, respectively. The CT genotype was significantly associated

with successful H. pylori eradication (p = 0.039).

Conclusion: This study suggests that the CT genotype of the interleukin-1beta –31 C/T poly-

morphism plays a role in the successful eradication of H. pylori among patients with

functional dyspepsia.
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open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
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Introduction

Helicobacter pylori is a Gram-negative bacterium present in

the stomach of half of the world’s population, with preva-

lence rates varying widely between different geographic

locations.1–3 Higher prevalence rates have been reported in

Latin American countries (75–83%),2,4,5 whereas rates of 40%

and 17% have been observed in Japan and the United States,

respectively.2,4 Prevalence of H. pylori infection can also vary

within a geographical region; for example, in Uganda preva-

lence rates ranging from 18% to 60% have been found.6,7

Although up to 80% of H. pylori infected individuals remain

asymptomatic,1,8,9 the infection is considered a high risk fac-

tor for gastritis-associated diseases, such as gastritis, peptic

ulcer, gastric cancer, and possibly functional dyspepsia.1,9–12

Functional dyspepsia is defined as the presence of one or

more symptoms in the gastroduodenal region (epigastric pain,

epigastric burning, early satiation, and postprandial fullness)

without organic, metabolic or systemic disease that is likely

to explain the symptoms.13,14 The relationship between func-

tional dyspepsia and H. pylori remains unclear. However,

eradication therapy is recommended for these patients.15–17

Several factors can influence H. pylori eradication, such

as bacterial resistance to antibiotics, treatment adher-

ence, bacterial virulence factors, lifestyle, and host genetic

polymorphisms.18–20 Inflammation in the gastric mucosa

is triggered by stimulation of cytokines with pro- and

anti-inflammatory actions in the presence of H. pylori.

Interleukin-1� (IL-1�) is a pro-inflammatory cytokine with

important proprieties, such as inhibition of gastric acid secre-

tion and regulation of inflammatory responses to H. pylori

infection.21,22 The IL1B gene has an important polymor-

phism located at position –31 in the promoter region (C to T

transition),21,23 with genetic variants associated with differ-

ent levels of IL-1� production.21,24–26 In this sense, increased

inflammation of the gastric mucosa mediated by IL-1� may

facilitate bacterial clearance and inhibit gastric acid secretion,

which are both important mechanisms of response to H. pylori

infection.21,23–26

Several studies have investigated the role of IL1B polymor-

phisms in H. pylori eradication, with controversial results in

different populations.19,25,27–31 This study aimed to evaluate

the influence of genetic variants from the IL1B –31 C/T poly-

morphism on the outcome of H. pylori eradication therapy

among patients with functional dyspepsia.

Material and methods

Study population

The present study was nested in the HEROES trial (Heli-

cobacter Eradication Relief of Dyspeptic Symptoms trial;

ClinicalTrials.gov No. NCT00404534).32 This was a randomized

double-blind placebo-controlled clinical trial, with 12-month

follow-up, conducted in a single academic hospital, the Hospi-

tal de Clínicas de Porto Alegre, Brazil. The HEROES trial studied

the effects of H. pylori eradication on the symptoms of func-

tional dyspepsia. In brief, both male and female patients aged

18 years or more, diagnosed with functional dyspepsia and

positive for H. pylori, were enrolled in the clinical trial. Exclu-

sion criteria were use of antibiotics or bismuth during four

weeks prior to enrollment; proton pump inhibitor use during

two weeks prior to enrollment; treatment with histamine-2

receptor blockers in the week prior to enrollment; predom-

inant symptoms of heartburn, irritable bowel syndrome or

anemia; and history of peptic ulcer, upper gastrointestinal

surgery, biliary colic, and alcohol or drug abuse. Patients with

findings suggestive of organic disease, such as peptic ulcer,

erosive esophagitis, cancer of the upper gastrointestinal tract

and celiac disease, were also excluded.

The Research Ethics Committee of the Hospital de Clínicas

de Porto Alegre approved the study. Written informed consent

was obtained from all patients before enrollment (including

permission for genetic testing).

Study procedures

The Rome III criteria were used for the diagnosis of functional

dyspepsia.33 Upper gastrointestinal endoscopy was performed

on all patients and gastric biopsies were obtained at screening

and 12 months after randomization (last follow-up visit). Two

experienced endoscopists, who were blinded to the treatment

allocation, performed the examinations; in case of disagree-

ment, a third endoscopist was available for consultation. Two

biopsy specimens were obtained from the incisura angularis,

and three each from the corpus and antrum of the stomach.

Histological examination was performed with hematoxylin-

eosin and Giemsa staining, and urease tests to determine H.

pylori status, and a patient was considered infected if H. pylori

was positive for both tests. In case of disagreement between

the primary pathologists, a third pathologist was consulted. In

the HEROES trial, patients were randomized to receive either

triple therapy with omeprazole 20 mg, amoxicillin 1000 mg,

and clarithromycin 500 mg, all twice-daily (Omepramix
®

,

Aché Laboratórios Farmacêuticos SA, São Paulo, SP, Brazil)

for 10 days (antibiotics group), or treatment with omepra-

zole 20 mg and placebo antibiotics, twice-daily (control group).

Adherence to medication was assessed through pill count of

returned medications. Patients were considered adherent if at

least 80% of the prescribed medications were consumed. In the

present study, patients from the antibiotics group were ana-

lyzed for genetic variants of IL1B –31 C/T polymorphism and

rate of H. pylori eradication.

IL1B –31 C/T polymorphism genotyping

DNA samples were extracted from blood samples using the

salting-out method.34 Polymerase chain reaction-restriction

fragment length polymorphism (PCR-RFLP) was performed for

genotyping of the IL1B –31 C/T (rs1143627) polymorphism, with

the previously described primers.23 PCR conditions involved

an initial denaturation step at 94 ◦C for 3 min; 35 cycles at 94 ◦C

for 10 s, 60 ◦C for 30 s, and 72 ◦C for 30 s; and a final extension

step at 72 ◦C for 5 min. The Alul enzyme was used to digest

the fragments of 239 base pairs (bp) generated from the PCR

reaction (37 ◦C for 1 h). The C allele presented fragments of

234 bp and 5 bp, while the T allele was characterized by frag-

ments of 137 bp, 97 bp and 5 bp. Genotypes were determined by
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Fig. 1 – Flow chart of study participants.

visualization on a 10% polyacrylamide gel stained with silver

nitrate.

Statistical analysis

Continuous variables were compared between groups using

either the t-test or Mann–Whitney test. Frequencies were cal-

culated by direct counting of alleles. The Hardy–Weinberg

principle and comparison of genotype frequencies between

groups were calculated using the chi-square test. Adjusted

residuals and odds ratio (OR) with 95% confidence interval

(CI) were also obtained. All tests were two-tailed. A p-value

<0.05 was considered statistically significant. Data were ana-

lyzed using SPSS, version 18.0 (SPSS Inc., Chicago, IL, USA), and

WinPepi version 11.43.35

Results

Of the 404 patients with functional dyspepsia and positive for

H. pylori included in the Heroes Trial32, 303 consented to par-

ticipate in the genetic analysis of the IL1B gene. Of these, 149

received the triple therapy for H. pylori eradication. Only one

patient was lost to follow-up, and adherence to study medica-

tion was 94.6% on average. In this study, nested in the HEROES

trial,32 a total of 148 patients were evaluated for the influence

of the IL1B –31 C/T polymorphism on the outcome of H. pylori

eradication therapy. Fig. 1 shows the flow of participants in the

present study.

Table 1 presents the demographic characteristics of the

148 patients with functional dyspepsia enrolled in the present

study. The mean age was 46.1 ± 12.2 years and 81.8% were

women. Postprandial distress syndrome was present in 50.7%

of patients.

Genotype frequencies of the IL1B –31 C/T polymorphism

were as follows: CC, 38/148 (25.7%); CT, 71/148 (47.9%); and TT,

39/148 (26.4%). The samples were in Hardy-Weinberg equilib-

rium (p = 0.622).

Table 2 shows the outcome of H. pylori eradication ther-

apy according to genotypes of the IL1B –31 C/T polymorphism.

After treatment, bacteria were eradicated in 129/148 (87.2%)

Table 1 – Demographic and endoscopic characteristics of
148 patients with functional dyspepsia.

Variable N (%)

Age, mean ± SD (years) 46.08 ± 12.24

Female sex 121 (81.8)

Race (white) 117 (79.1)

Education >10 years 65 (43.9)

Duration of dyspepsia >5 years 70 (47.3)

Coffee drinker 98 (66.2)

Smoking status

Never 85 (57.4)

Current/Former 63 (42.6)

Alcohol intake

Never 127 (85.8)

Current/Former 21 (14.2)

Dyspepsia subtypes

Epigastric syndrome pain 73 (49.3)

SD: standard deviation.

patients. The successful eradication rates were 78.9%, 94.4%,

and 82.1% for CC, CT, and TT genotypes, respectively. A sig-

nificantly higher frequency of the CT genotype was observed

among patients with successful H. pylori eradication (p = 0.039;

padjusted = 0.012; OR = 4.05, 95% CI: 1.19–17.53). The dominance

of the C and T alleles was also evaluated, but no significant

association was observed.

Discussion

In the present study, H. pylori was eradicated in a large

proportion of patients with functional dyspepsia who were

treated with triple therapy. Patients received twice-daily clar-

ithromycin, amoxicillin and omeprazole during 10 days. This

treatment period was chosen as some studies have reported

the efficacy of H. pylori eradication to be lower in patients with

functional dyspepsia than in patients with other gastric dis-

orders, such as peptic ulcer disease.36,37 Moreover, a major

strength of this study is that only one patient was lost to

follow-up and participants showed high adherence to study

medication. The CT genotype was present in almost half of

the sample analyzed and was significantly associated with

successful eradication therapy.

IL-1ˇ is up-regulated in response to H. pylori infection,

playing a central role in gastric inflammation by inducing

the production of many other molecules, such as pro-

inflammatory cytokines and mediators, growth factors and

adhesion molecules.21,22,38 Furthermore, IL-1ˇ is a powerful

inhibitor of gastric acid secretion and is reported as being

100-fold more potent than proton pump inhibitors.21

The IL1B –31 C/T polymorphism is located within the

regulatory region of the transcription TATA box and its

genetic variants are associated with different levels of IL-1�

production.21,23–26 El-Omar et al.21 performed an in vitro study

analyzing the DNA-protein interactions using synthetic allele-

specific oligonucleotides, representing the –31 T and –31 C

alleles. DNA-protein complex formation did not occur in the

presence of the C allele; however, the DNA-protein interaction

was increased five-fold with the T allele. The same experiment
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Table 2 – Genotype frequencies of the IL1B –31 C/T polymorphism and the outcome of H. pylori eradication therapy.

Totala H. pylori eradicated H. pylori not eradicated p-value

(n = 148) (n = 129) (n = 19)

Genotypes 0.039

CC 38 (25.7) 30 (23.3) 8 (42.1)

CT 71 (47.9) 67 (51.9)b 4 (21.1)

TT 39 (26.4) 32 (24.8) 7 (36.8)

Dominant C allele model 0.110

CC + CT 109 (73.6) 97 (75.2) 12 (63.2)

TT 39 (26.4) 32 (24.8) 7 (36.8)

Dominant T allele model 0.098

CC 38 (25.7) 30 (23.3) 8 (42.1)

CT + TT 110 (74.3) 99 (76.7) 11 (57.9)

OR: odds ratio; CI: confidence interval.
a Data are shown as the number of patients (percentage).
b Adjusted residuals p = 0.012; OR = 4.05 (95% CI: 1.19–17.53).

was performed for the –511 T/C polymorphism, a polymor-

phism characterized by T to C transition located at position

–511 of the IL1B gene, which is in complete reverse linkage dis-

equilibrium with the –31 C/T polymorphism.25,39 However, no

difference was observed regarding DNA-protein interactions.

In this sense, the production of IL-1ˇ may be increased when

the –31 T allele (–31 CT or –31 TT genotypes) is present, result-

ing in a strong inflammatory response in the gastric mucosa

of H. pylori-infected patients.

The biological properties of IL-1ˇ in the gastric inflam-

matory response to H. pylori infection and its influence on

gastric acid secretion has motivated studies investigating

the influence of genetic variants on H. pylori eradication,

with controversial results. Studies with eastern and western

populations have found no association of the IL1B –31 and

–511 polymorphisms with H. pylori eradication rates.27,29–31

However, a study with Japanese patients infected with

clarithromycin-sensitive strains found the –511 TC (–31 CT)

and –511 TT (–31 CC) genotypes to be significantly associated

with H. pylori eradication rates.28 The cure rate was 88.2% for

carriers of the –511 TT (–31 CC) genotype, 87.7% for the –511 TC

(–31 CT) genotype, and 72.2% for the –511 CC (–31 TT) genotype.

A similar result was reported by Furuta et al.40, with signif-

icantly different eradication rates between genotypes: 94.7%

for –511 TT (–31 CC), 89.6% for –511 TC (–31 CT), and 77.3% for

–511 CC (–31 TT).

In the previously reported study by El-Omar,21 the presence

of –31 T allele may enhance the production of IL-1ˇ in the gas-

tric mucosa, leading to intense gastric inflammation. A more

severe inflammation of the gastric mucosa may facilitate the

clearance of H. pylori through a strong inflammatory response.

In addition, IL-1� is a potent inhibitor of gastric acid secretion,

with decreased gastric acid secretion playing a fundamental

role in H. pylori eradication.19,21,24,25 However, while the proin-

flammatory effect of IL-1� may facilitate the clearance of H.

pylori, the inhibition of gastric acid leads to hypochloridria,

causing damage to the mucosal cells and allowing the accu-

mulation of bacterial toxins and by-products of inflammation,

such as reactive oxygen and nitrogen oxide.21 Therefore, a

hypothesis to explain our results may be related to the milder

effect of the –31 CT on the induction of inflammation in the

gastric mucosa. The CT genotype fulfills its role in causing

inflammation able to contribute to H. pylori eradication, due

the presence of T allele; however, the inflammation is not

exacerbated to the extent of causing damage to the gastric

mucosa and production of harmful amounts of reactive oxy-

gen species. Therefore, the CT genotype could contribute to

successful H. pylori eradication.

The use of a proton-pump inhibitor, clarithromycin and

amoxicillin or metronidazole for triple therapy has been the

universally recommended treatment method for H. pylori-

infection.41 The decreased efficacy of this combination over

the years has been associated with antibiotic resistance, with

H. pylori-eradication rates of <70%.15 The major limiting fac-

tor of triple therapy is the resistance of recent H. pylori strains

to clarithromycin,42 with studies in Brazil reporting resistance

rates ranging from 1.1% to 17.3%.43–45 The rate of resistance to

clarithromycin in a representative sample of our study popula-

tion is reported as being 11%,43 which makes the triple therapy

(PPI-amoxicillin-clarithromycin) a good first-line treatment

option for H. pylori eradication. Even considering the sensi-

tivity to clarithromycin, high medication adherence rate and

10-day treatment period, it is also possible that CT genotype

may be an influencing factor in successful H. pylori eradication.

A limitation of present study is concerning the sample size

analyzed, which limited the statistical power to detect differ-

ences. Moreover, given that Brazilian population has mixed

ancestry, there is a potential risk of sample stratification. Nev-

ertheless, studies show that large urban areas from Brazil

do not present significant isolated ethnical groups46 thus our

patients are from a single panmictic population. Future stud-

ies with ethnic stratification and larger samples can generate

a better knowledge of the influence of IL-1B gene in H. pylori

eradication. On the other hand, it is important to note that

the sample analyzed was rigorously characterized. All patients

involved in the current study were diagnosed with functional

dyspepsia according to the Rome III criteria, with upper gas-

trointestinal endoscopy and gastric and duodenal biopsies,

and H. pylori diagnosis was performed carefully through urease

and histopathological tests. Another limitation of the present

study is that neither IL-1� levels nor IL1B gene expression were

determined in the gastric mucosa of patients. For a better
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understanding of the issue, it would be important to compare

these levels among patients according to genotypes.

Conclusions

This study suggests that the CT genotype of the IL1B –31 C/T

polymorphism is associated with successful eradication of H.

pylori among patients with functional dyspepsia.
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