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Abstract
AIM: To explore potential interactions among Helicobacter pylori (H. pylori), CagA status, interleukin (IL)-1B-31 genotypes, and non-cardiac gastric cancer (GC) risk.

METHODS: A case-control study of non-cardia GC was performed at 3 hospitals located in Xi’an, China, between September 2008 and July 2010. We included 171 patients with histologically diagnosed primary non-cardia GC and 367 population based controls (matched by sex, age and city of residence). A standardized questionnaire was used to obtain information regarding potential risk factors, including pork consumption. H. pylori CagA status was assessed by enzyme-linked immunosorbent assay, and IL-1B-31 genotypes were determined by polymerase chain reaction-restriction fragment length polymorphism. Multivariate unconditional logistic regression was used to explore potential interactions among the factors.

RESULTS: The CagA appeared to confer an increased risk of GC (OR = 1.81, 95%CI: 1.25-2.61). The main associations with IL-1B-31C allele here were 0.98 (95%CI: 0.59-1.63) for CC vs TT and 0.99 (95%CI: 0.64-1.51) for C Carriers vs TT. However, no associations were observed for CagA or IL-1B-31 genotype status among subjects who reported low pork consumption (P for interaction = 0.11). In contrast, high pork consumption and IL-1B-31C genotypes appeared to synergistically increase GC risk (P for interaction = 0.048) after adjusting for confounding factors, particularly among subjects with CagA (OR = 3.07, 95%CI: 1.17-10.79). We did not observe effect modification of pork consumption by H. pylori CagA status, or between H. pylori CagA status and IL-1B-31 genotypes after adjustment for pork consumption and other factors.

CONCLUSION: These interaction relationships among CagA, IL-1B-31 and pork consumption may have implications for development of the preventive strategies for the early detection of non-cardiac GC.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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INTRODUCTION
Gastric cancer (GC) is the second leading cause of cancer-related mortality in the world. It is widely known that infectious, dietary, and genetic factors are implicated in gastric carcinogenesis, which is a long, complicated, and multi-stage process[1]. GC is strongly associated with Helicobacter pylori (H. pylori) infection; however, most infected persons never develop this malignancy. The H. pylori virulence factors CagA and VacA have each been shown to be polymorphic and to contribute to disease pathogenesis in an allele-dependent manner[2]. The most studied of these is CagA effector protein[3], a 120e 145-kDa protein[4], which is located at the end of an approximately 40-kb cluster of genes called cag pathogenicity island (PAI). Cag PAI encodes a type-Ⅳ secretion system and transfers CagA protein into host cells[5]. Upon entering the host cells, CagA can trigger IL-8 secretion, thereby priming an inflammatory response[6,7] and promoting cell proliferation, scattering and migration through phosphorylation-dependent and independent mechanisms[5].

The interleukin (IL)-1 gene plays an important role in determining the long-term outcome of H. pylori infection[8]. It contains three related genes, IL-1A, IL-1B, and IL-1RN, which encode the pro-inflammatory cytokines IL-1a and IL-1b[9]. IL-1b regulates the expression of several genes involved in inflammation. It is encoded by a 7.5 kb gene, and the expression is regulated by both distal and proximal promoter elements[10,11]. The polymorphisms of IL-1B-31T/C in the promoter region of the gene have been intensively studied[12]. The first published report showed a positive association between GC and the IL-1B-31C allele[13], which has been confirmed in subsequent studies[14,15].

The consumption of red meat and processed meat has risen in developed and developing countries, which may have implications for GC occurrence[16-18]. Pork is the major red meat consumed by people in China[19]. Some previous studies have found positive associations between the consumption of pork and GC risk[20,21], whereas others have not[22-24]. Five studies were included in a meta-analysis in 2013, and the summary relative risk of the association between pork and GC risk was 1.31 (95%CI: 0.97-1.78)[25]. Hence, a positive association has been suggested, but remains inconclusive.

Several interactions have been noted among these variables. For example, H. pylori infected individuals with the IL-1B-31CC genotype tend to secrete less IL-1B and appear to be more susceptible to precancerous lesions[26]. Perhaps noteworthy, a statistically significant interaction was found between IL-1B-31 and CagA status for the risk of intestinal-type GC in a Mexican population[27]. Furthermore, red meat intake was found to interact with H. pylori infection in the development of GC in the EPIC study[28], which showed that red meat intake was associated with an increased risk of non-cardia gastric cancer, particularly in H. pylori antibody-positive subjects. In contrast, our previous case-control study found that red meat intake did not interact with H. pylori infection in the process of gastric carcinogenesis[29], possibly because specific host genetic factors, such as IL-1B-31, were not considered. Therefore, our present study aimed to explore potential interactions among H. pylori status, IL-1B-31C genotypes, pork consumption and GC risk.
MATERIALS AND METHODS
Ethics

This study was approved by the Ethics Committee of the School of Medicine, Xi’an Jiaotong University. All patients provided informed written consent.

Study population

We included 171 patients with non-cardia GC and 367 population-based controls who had serum samples available for DNA extraction. The original study included 257 cases and 514 controls, and was undertaken between September 2008 and July 2010[29]. All cases were aged 30 to 79 years and had pathologically confirmed non-cardia GC. Patients with other major chronic diseases, including other forms of cancer (particularly diseases affecting dietary patterns or communication), were excluded. After identification, eligible patients or their family members were invited to sign consent forms and participate in the study. Two population-based controls were matched to each case by age (± 5 years), sex, and city of residence. The control subjects were confirmed to be free of cancer, diabetes, and gastrointestinal disorders.

Pork consumption

We measured the pork consumption of study participants using a Food Frequency Questionnaire[30]. Participants were asked about the average frequencies and portion sizes of 121 food items consumed during the preceding year, including the type of pork dishes that were typically consumed in the study region. If dietary changes had occurred during the past year, information regarding dietary habits prior to the change was elicited.

The quantity of each food item was represented by a Chinese food weight unit, Liang (equivalent to 50 g), for most investigated food items. Food consumption frequency was ranked in 9 categories: from “never or less than 1 time per month” to “2 or more times per day.” Food items were grouped based on the China Food Composition 2004 classification proposed by the Chinese Center for Disease Control[31]. We previously validated the food frequency questionnaire using a 24-h diet record[30]. For pork consumption, the Pearson correlation coefficients of the validity and reproducibility of the food frequency questionnaire were 0.49 and 0.58, respectively.

Other measured variables

Several non-dietary variables were assessed through the use of a general questionnaire. This questionnaire included items regarding personal and family medical history, medications used, physical activity (number of hours of sedentary activities, and light, moderate, or heavy physical activities), alcohol consumption (number of alcoholic beverages per week), smoking (age at commencement and smoking intensity), and lifestyle factors (e.g., vitamin supplement intake, refrigerator use).

H. pylori CagA status

The antibody to H. pylori was tested with an enzyme-linked immunosorbent assay kit (Human HP-Ap enzyme-linked immunosorbent assay Kit, San Diego, CA). A finding of at least 10 units per milliliter in the blood was considered to indicate the presence of antibody against H pylori. CagA-positive H. pylori infection was defined as the presence of CagA antibody in the serum.

Genotyping

The primer was designed with Primer Premier 5 software and synthesized by the Invitrogen Company (ILB-31 forward, GAAGCTTCCACCAATACTC and reverse, AGCACCTAGTTGTAAGGAAG). Genotyping for IL-1B-31 (T/C) polymorphisms was performed by means of polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP). It was performed in a 50 L PCR mixture containing 10 × buffer 5 L, MgCl2 23 L, dNTP 3 L, upstream and downstream primers 1 L, respectively, 1.25U DNA polymerase, DNA 50 ng, with sterile distilled water added to 50 L. Thermal cycling conditions were 94 ℃ for 5 min 45 s; 35 cycles of 94 ℃ for 45 s, 56 ℃ for 45 s, and 72 ℃ for 45 s, and 72 ℃ for 5min. PCR products were digested by Alu I restriction enzyme (the mixture: PCR product 10 L, Alu I 10 U, 10 × buffer Tango TM 3 L, with sterile distilled water added to 30 L, followed by incubation at 37 ℃ overnight). The genotype was determined by agarose gel electrophoresis.

Statistical analysis

For selected sociodemographic characteristics, IL-1B-31 genotype frequencies, pork consumption and H. pylori CagA status, comparisons between cases and controls were made using t tests and2 tests. The association between IL-1B-31 genotypes and GC risk according to H. pylori CagA status and pork consumption was evaluated using unconditional logistic regression models with adjustment for age, gender, education, smoking, alcohol, and family history. To estimate the combined effects of pork consumption, H. pylori CagA status, and IL-1B-31 genotypes, pork consumption was separated in two categories according to the mean distribution of the control group, the low (< 25 g/d) and high consumption categories (> 25 g/d). The multiplicative terms between pork consumption (high/low), H. pylori CagA status (positive/negative) and/or IL-1B-31 (C/T alleles) were introduced in separate models to determine the statistical significance of the Wald2 test for the interaction term. SPSS software version 17.0 (IBM, Armonk, NY) was used to perform all statistical analyses.

RESULTS
The characteristics of study subjects are presented in Table 1. The distributions of gender and education levels were not significantly different between cases and controls. The proportion of individuals with seropositive status was higher in cases (59.06%) than in controls (44.41%) (P = 0.002). The main association with Cag A here was 1.81 (95%CI: 1.25-2.61). There were no significant crude differences between groups based on pork consumption and genotype frequencies of IL-1B-31. The IL-1B-31C allele didn’t appeared to confer an increased risk of GC (OR = 0.98, 95%CI: 0.59-1.63 CC vs TT; OR = 0.99, 95%CI: 0.64-1.51 C carriers vs TT for main association with IL-1B-31C here). In the total sample of controls, the genotype frequencies for IL-1B-31 did not depart from those expected under Hardy-Weinberg equilibrium[32].

The IL-1B-31C allele appeared to confer an increased risk, particularly among CagA-positive subjects with high pork consumption (OR = 3.07, 95%CI: 1.17-10.79) (Table 2). Pork consumption and IL-1B-31C alleles synergistically increased GC risk (P for interaction = 0.048), whereas pork consumption did not show interaction with H. pylori CagA status (P for interaction = 0.11). No association was found among high pork consumers who were H. pylori CagA seronegative. Furthermore, no associations with GC risk were found among low pork consumers based on their CagA or IL-1B-31 genotype status. In multivariate models that adjusted for pork consumption and other factors, we did not observe statistically significant interaction between H. pylori CagA status and IL-1B-31 genotypes.

DISCUSSION
In the present study, we observed an increased GC risk among individuals with high pork consumption, particularly among subjects who were both H. pylori (CagA) positive and genetically susceptible (IL-1B-31C) allele carriers. If further studies confirm that CagA, IL-1B-31 and high pork consumption interact in the development of GC, this would have implications for cancer prevention in China, a country with notably high rates of GC.

Regarding a possible interaction between IL-1B-31 genotype and CagA status, our present study showed a marginally significant interaction term for the risk of GC (P for interaction = 0.078), a finding we consider interesting in light of the results of three previously epidemiological studies. Charkravorty’s study showed that H. pylori-infected individuals with the IL-1B-31CC genotype secrete less IL-1B and may have increased susceptibility to precancerous lesions[26]. Rad’s study found that carriers of the proinflammatory IL-1B-511T/-31C and IL-1RN2 alleles had an increased risk for the development of intestinal metaplasia, atrophic gastritis (AG), and severe inflammation, with ORs of 1.7 (95%CI: 0.8-3.4) to 4.4 (95%CI: 1.5-12.9)[33]. Liviu’s study found a statistically significant interaction between IL-1B-31 and CagA status for the risk of intestinal-type GC (P = 0.023)[27]. It was hypothesized that some GCs may be the outcome of a synergy between effects of the IL-1B-31C carrier and the CagA positive H. pylori microorganisms, which can induce and amplify the inflammatory response, and thereby cause IL-1B secretion and hypochlorhydria[27].

As the major virulence factor of H. pylori, CagA disturbs cellular functions by physically interacting with and deregulating intracellular signaling molecules via both tyrosine phosphorylation dependent and independent mechanisms after delivery into gastric epithelial cells[34]. Once translocated into host cytoplasm, CagA may bind to the inner surface of the cell membrane and undergo tyrosine phosphorylation[35]. The phosphorylated and unphosphorylated forms of CagA interact with a number of host proteins to activate downstream signal pathways, such as inducing ornithine decarboxylase upregulation via Src/MEK/ERK/c-Myc pathway[36] and directing REG3 expression in gastric epithelial cells via activation of the IL-11/gp130/STAT3 pathway[37]. Non-phosphorylated CagA may activate the hepatocyte growth factor/scatter factor receptor c-Met and adaptor protein Grb2, induce phosphorylation of phospholipase C gamma and impair the E-cadherin/b-catenin complex formation, and mediate the inhibition of the kinase partitioning-defective 1b/microtubule affinity-regulating kinase 2 (PAR1b/ MARK2) to perturb atypical protein kinase C signaling[35]. In a recent experiment[38], transgenic zebrafish expressing either the wild-type or a phosphorylation-resistant form of CagA exhibited significantly increased rates of intestinal epithelial cell proliferation and showed significant upregulation of the Wnt target genes cyclinD1, axin2 and the zebrafish c-mycorthologmyca. Additionally, CagA was shown to induce higher levels of IL-8 production, activate nuclear factor B (NF-B), AP-1 and FAT[7], and enhance the activity of transforming growth factor--activated kinase 1 (TAK1) and TAK1-induced NF-B activation via the TRAF6-mediated K63-linked ubiquitination of TAK1, which in turn is used by CagA for the H. pylori induced inflammatory response[39]. This might also inhibit miR-370 expression, which may lead to overexpression of FoxM1 and consequent increased intestinal cell proliferation[40]. These findings suggest multiple roles of CagA in gastric carcinogenesis.

Our study has several limitations. Given our case-control study design, information regarding past pork consumption may have been misclassified to some extent. To reduce misclassification of dietary exposures, we designed and validated our questionnaire using the 24-h diet record method[30]. The results showed that the questionnaire had reasonable validity and reliability. Nonetheless, the misclassification of diet remains a potential source of bias in our data. Another limitation is the potential misclassification of H. pylori infection status. In the present study, H. pylori was detected after non-cardia GC was diagnosed; hence, infection may not have been present in all subjects as premalignant lesions progressed[41]. This type of misclassification would tend to attenuate the association between H pylori infection and non-cardia GC. Additionally, the sample size of the present study was not optimal for the analysis of the potential interactions among pork intake, infectious (CagA) and genetic factors (IL-1B-31C genotypes) on GC risk. Therefore, it is possible that some of our modeled interaction terms did not reach statistical significance due to insufficient sample size.

In summary, we found statistically significant interactions among CagA, IL-1B-31 and high pork consumption in their association with non-cardiac GC. In China, people consume much more pork than beef and lamb, and the majority of individuals are H. pylori CagA positive. These findings may have implications for primary prevention, and also secondary preventive measures aimed at the early detection of GC in China. For example, a greater understanding of how common exposures interact in GC etiology may lead to selective screening of high-risk individuals based, at least in part, on levels of those interacting risk factors.
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Background

It is widely known that infectious, dietary, and genetic factors are implicated in gastric carcinogenesis, which is a long, complicated, and multi-stage process. Thus, gastric cancer might be caused by potential interactions among dietary (pork intake), infectious and genetic factors.

Research frontiers

The Helicobacter pylori (H. pylori) virulence factor CagA has been shown to be polymorphic and to contribute to disease in an allele-dependent manner. The interleukin (IL)-1 gene plays an important role in determining the long-term outcome of H. pylori infection. Dietary factors such as pork consumption may contribute to the malignancy process in synergy with these genetic factors and infectious agents.

Innovations and breakthroughs

The study further explores potential interactions among dietary (pork intake), infectious (H. pylori CagA positive) and genetic factors (IL-1B-31C genotypes) on gastric cancer (GC) risk.

Applications

These findings may have implications for preventive measures aimed at the early detection of GC in China. For example, a greater understanding of how common exposures interact in GC etiology may lead to selective screening of high-risk individuals based, at least in part, on levels of those interacting risk factors.

Terminology

CagA effector protein, a 120e 145-kDa protein, is located at the end of an approximately 40-kb cluster of genes called cag pathogenicity island. The IL-1 gene contains three related genes, IL-1A, IL-1B, and IL-1RN, which encode the pro-inflammatory cytokines IL-1a and IL-1b. IL-1b regulates the expression of several genes involved in inflammation. Both CagA and IL-1B-31 may play a modifying role in the association between pork and GC risk.

Peer review

This is a good case-control study in which authors explored the interactions among dietary (pork intake), infectious (H. pylori) and genetic factors (IL-1B-31C genotypes). These findings may have implications for preventive measures aimed at the early detection of GC in China. The results are interesting and may represent multi-factor interaction mechanism of gastric carcinogenesis.
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Table 2  Joint effects of pork consumption, CagA status and interleukin-1B-31 genotypes on the risk of gastric cancer1


Genotype of IL-1B-31


�
Pork consumption


�
�
�
Low (< 25 g/d)


�
High (≥ 25 g/d)


�
�
�
Hp CagA (-)


�
Hp CagA (+)


�
Hp CagA (-)


�
Hp CagA (+)


�
�
�
Case/control


�
OR


�
Case/control


�
OR


�
Case/control


�
OR


�
Case/control


�
OR


�
�
TT


�
  9/15


�
1.00


�
16/15


�
1.00


�
11/30


�
1.00


�
  5/29


�
1.00


�
�
TC


�
11/58


�
0.42 (0.14-1.11)


�
30/39


�
0.71 (0.31-1.98)


�
20/49


�
1.25 (0.47-2.81)


�
23/34


�
2.98 (0.99-11.30)


�
�
CC


�
12/27


�
0.71 (0.27-2.36)


�
11/23


�
0.46 (0.16-1.54)


�
27/25


�
0.86 (0.29-2.35)


�
16/23


�
3.11 (1.08-12.66)


�
�
C carrier


�
23/85


�
0.45 (0.18-1.37)


�
41/62


�
0.69 (0.33-1.63)


�
27/74


�
1.00 (0.48-2.06)


�
39/57


�
3.07 (1.17-10.79)


�
�
1Adjusted for the following confounding factors: age, gender, education, smoking, alcohol, and family history. P for multiplicative interaction: Pork consumption and Helicobacter pylori (H. pylori) CagA status: 0.11 [adjusted by age, gender, education, smoking, alcohol, family history and interleukin (IL)-1B-31 C carrier]; Pork consumption and IL-1B-31 C carrier: 0.048 (adjusted by age, gender, education, smoking, alcohol, family history and H. pylori CagA status).








�





Table 1  Demographic data of cases and controls  n (%)


Characteristic


�
Cases


�
Controls


�
t/2


�
P value


�
�
�
n = 171


�
n = 367


�
�
�
�
Age (yr, mean ± SD)


�
�
56.93 ± 14.01


�
56.81 ± 13.90


�
   0.0931


�
0.440


�
�
Gender


�
�
�
�
�
�
�
�
Male


�
118 (69.01)


�
243 (66.21)


�
  0.412


�
0.521


�
�
�
Female


�
  53 (30.99)


�
124 (33.79)


�
�
�
�
Education


�
�
�
�
�
�
�
�
Primary


�
  51 (29.82)


�
117 (31.88)


�
  0.332


�
0.847


�
�
�
Secondary


�
  84 (49.12)


�
179 (48.77)


�
�
�
�
�
Tertiary and postgraduate


�
  36 (21.06)


�
  71 (19.35)


�
�
�
�
BMI (kg/m2)


�
�
�
�
�
�
�
�
≤ 25


�
110 (64.33)


�
244 (66.49)


�
  0.365


�
0.794


�
�
�
 > 25


�
  61 (35.67)


�
123 (33.51)


�
�
�
�
H. pylori CagA positive


�
�
101 (59.06)


�
163 (44.41)


�
10.018


�
 0.002a


�
�
IL-1B-31


�
�
�
�
�
�
�
�
TT


�
  41 (23.98)


�
  89 (24.25)


�
  0.005


�
0.997


�
�
�
TC


�
  84 (49.12)


�
180 (49.05)


�
�
�
�
�
CC


�
  46 (26.90)


�
  98 (26.70)


�
�
�
�
�
C carrier


�
130 (76.02)


�
278 (75.75)


�
�
�
�
Pork consumption


�
�
�
�
�
�
�
�
 < 25 g/d


�
  89 (52.05)


�
177 (48.23)


�
  0.680


�
0.410


�
�
�
≥ 25 g/d


�
  82 (47.95)


�
190 (51.77)


�
�
�
�
1For t test. aP < 0.05 vs control group. BMI: Body mass index; H. pylori: Helicobacter pylori; IL: Interleukin. 








