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Abstract

Background—Helicobacter pylori is the primary cause of gastric cancer, but about 9% of cases 

harbor Epstein-Barr virus (EBV) in the tumor cells. There is limited evidence on the possible 

interaction or antagonism between these infectious agents in gastric carcinogenesis.

Methods—We compared H. pylori serological profiles of EBV-positive (n=58) and -negative 

(n=111) noncardia gastric cancer patients from the United States National Cancer Institute's 

International EBV-Gastric Cancer Consortium. EBV positivity of tumors was assessed by in situ 
hybridization. Serum levels of 15 antibodies to immunogenic proteins of H. pylori (Cad, CagA, 

Cagδ, CagM, Catalase, GroEL, HcpC, HP0231, HP0305, HpaA, HyuA, NapA, Omp, UreA, 

VacA) were assessed using bead-based multiplex serology. Logistic regression models were used 

to adjust odds ratios (OR) for country, age, sex, and year of diagnosis.
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Results—Seropositivity to individual proteins ranged up to 90% overall. Antibodies to Catalase 

were borderline associated with tumor EBV positivity (adjusted OR=3.15, p=0.0024, Bonferroni 

corrected p=0.036). Distributions of other antibodies did not vary by tumor EBV status.

Conclusion—Similarity of host response indicates the essential etiological role of H. pylori in 

EBV-positive gastric cancer.
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Introduction

Gastric cancer represents the third leading cause of cancer death worldwide [1]. Chronic 

Helicobacter pylori infection is the primary cause of these tumors in the noncardia stomach. 

Antibody reactivity is commonly used in epidemiologic studies to identify exposure to H. 
pylori infection. The sensitivity and specificity of serologic assays depend on the antigen(s), 

population characteristics, and the presumed gold standard. Commercially available enzyme-

linked immunosorbent assays generally use whole bacterial cell preparations as antigens. 

Serological reactivity to individual H. pylori proteins provides a more detailed 

characterization of host immune response, and has been recently applied in case-control 

studies of preneoplastic [2, 3] and neoplastic gastric lesions [4, 5].

Epstein-Barr virus (EBV) is also implicated in gastric carcinogenesis, as about 9% of gastric 

tumors harbor monoclonal viral episomes [6]. Presence of EBV in tumors can be reliably 

determined by in situ hybridization for EBV-encoded RNA [7]. EBV-positive gastric tumors 

have demographic and clinicopathologic differences from EBV-negative tumors. Tumor 

EBV positivity is increased with male sex, smoking, non-antral gastric subsites and post-

gastrectomy [6, 8]. In addition, patients with EBV-positive gastric tumors have better overall 

survival as compared to those with EBV-negative tumors [9]. A comprehensive evaluation of 

295 primary gastric tumors by The Cancer Genome Atlas project [10] identified EBV-

positive gastric cancer as one of the four molecular subtypes. In particular, EBV-positive 

tumors are characterized by recurrent PIK3CA mutation, almost complete absence of TP53 
mutation, JAK2 amplification and extreme DNA hypermethylation. Taken together, these 

findings suggest that EBV-positive gastric cancer is a distinct disease entity.

There is limited evidence on the possible interaction or antagonism between H. pylori and 

EBV in gastric carcinogenesis. In an in vitro study, Minoura-Etoh et al. [11] found that 

reactive products from H. pylori infection (e.g., monochloramine) trigger EBV reactivation 

in latently infected gastric epithelial cells. In a nested case-control study, Levine et al. [12] 

reported significantly elevated total immunoglobulin (Ig) G anti-H. pylori antibody levels in 

participants who later developed EBV-negative gastric tumors, but not among those 

developing EBV-positive tumors, as compared to cohort controls. However, in a gastric 

cancer case series, Wu et al. [13] found similar prevalence of H. pylori seropositivity in 

patients with EBV-positive and -negative tumors.
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To further address this question, and test the hypothesis that EBV-positive gastric cancer is 

an H. pylori-driven malignancy, we examined the association of H. pylori antibody levels 

with tumor EBV status using samples from the United States National Cancer Institute's 

International EBV-Gastric Cancer Consortium [9].

Materials and Methods

Study population

Five case series of noncardia gastric cancer (ICD-10 codes C16.1 - C16.9) from Korea, 

Japan, Poland, Mexico and Honduras were included in this analysis. For each series, serum 

samples from all available EBV-positive cases and a subset of EBV-negative cases were 

selected, frequency matched for sex, age at diagnosis (± 5 years), and year of diagnosis (± 2 

years). This study comprises a total of 58 EBV-positive and 111 EBV-negative tumors (Table 

1). Informed consent was obtained from all patients.

Tumor EBV detection

For all cases, the presence of EBV in cancer cells had been previously assessed by in situ 
hybridization for EBV-encoded RNA (EBER), using either an automated system or a manual 

staining method as previously described [8, 14, 15].

Helicobacter pylori multiplex serology assay

Serum samples were analyzed with multiplex serology based on a glutathione S-transferase 

capture immunosorbent assay combined with fluorescent-bead technology, as described 

elsewhere [16]. Seroprevalence of antibodies to 15 specific H. pylori proteins (Cad, CagA, 

Cagδ, CagM, Catalase, GroEL, HcpC, HP0231, HP0305, HpaA, HyuA, NapA, Omp, UreA, 

and VacA) was analyzed with a multiplex H. pylori serology assay [17]. Briefly, bead sorts 

each carrying a different antigen were mixed and incubated with human sera at 1:1000 

dilutions. Antibodies bound to the beads via the bacterial antigens were stained with 

biotinylated goat anti-human IgG, IgA, IgM (Dianova, Hamburg, Germany) and 

streptavidin-R-phycoerythrin. Beads were examined in a Luminex 200 analyzer (Luminex, 

Austin, TX, USA) that identifies the pseudocolor of each bead sort and quantifies the 

antibody bound to viral antigen via the median R-phycoerythrin fluorescence intensity 

(MFI) of at least 100 beads of the same internal color. Seroprevalence cut-off values used for 

each antigen were calculated (mean MFI + 3 standard deviations, excluding positive 

outliers) in 30 H. pylori-negative sera previously classified for H. pylori status run within the 

same experiment [17]. Overall prevalence of infection was defined as seropositivity to at 

least 4 of the 15 proteins. Serum samples were tested in two batches, using the same lot of 

custom reagents. In addition to the in-house controls, we inserted six blinded replicates 

across plates. There was perfect agreement between replicates for all markers, with the 

exception of one discordant result for Cagδ.

Statistical analysis

Seroprevalence of antibodies for each antigen was compared in patients with EBV-positive 

and -negative gastric tumors using the Pearson χ2 test. A t-test was used to determine 

whether there was a difference by tumor group in the mean number of seroreactive proteins. 
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Begg and Zhang [18] have demonstrated that the most efficient way to identify etiologic 

heterogeneity among subgroups is by directly comparing their risk profiles in a case-only 

study design. Following this analytical approach, we compared H. pylori serological patterns 

between patients with EBV-positive and -negative gastric tumors. Logistic regression models 

were used to estimate odds ratios (OR) with 95% confidence intervals (CI) of tumor EBV-

positivity for antibodies to each H. pylori protein. ORs were adjusted for country, age 

(ordinal), sex (male vs. female), and year of diagnosis (tertiles based on the distribution in 

EBV-negative cases). Log-transformed MFI levels were alternatively analyzed as linear 

predictors, with exclusion of the Honduran cases (12 EBV-positive and 34 EBV-negative) 

for which the quantitative values were unavailable. Since some cases of overlapping and 

unspecified subsites (ICD-10 codes C16.8 - C16.9) may have arisen in the cardia 

(presumably unrelated to chronic H. pylori infection), we performed sensitivity analyses 

restricted to 139 cases with definite noncardia subsites (ICD-10 codes C16.1-C16.6). All p-

values were two-sided, and Bonferroni correction was used to account for multiple 

comparisons. Statistical analyses were performed in Stata (version 10; Stata Corp, College 

Station, Texas, USA).

Results

Seropositivity to H. pylori proteins ranged from 14% (anti-CagM) to 90% (anti-CagA) 

overall. Patients with EBV-positive and -negative tumors were seroreactive to similar 

numbers of H. pylori proteins (means 8.6 vs. 8.1, respectively; p=0.32). Based on a pre-

defined criterion of seropositivity to 4 or more bacterial proteins [17] , the overall 

seroprevalence of H. pylori infection was also comparable between patient groups: 95% for 

EBV-positive tumors vs. 92% for EBV-negative tumors (p=0.48).

Sixty-two percent of patients with EBV-positive tumors vs. 36% of patients with EBV-

negative tumors had anti-Catalase antibodies (unadjusted OR=2.9, p=0.001, Bonferroni 

corrected p=0.022). In a multivariable analysis, seropositivity to Catalase was associated 

with tumor EBV status (OR=3.15, p=0.0024, Bonferroni corrected p=0.036). With the 

exception of anti-Catalase, the other bacterial antibodies were not associated with tumor 

EBV positivity (Table 2). Sensitivity analyses restricted to patients with definite noncardia 

tumors showed similar results (data not shown).

Distributions of log-transformed MFI for each antibody by tumor EBV status are presented 

in the Figure. Except for anti-Catalase, levels of other individual antibodies were generally 

similar between the two patient groups. Multivariable quantitative analyses of log-

transformed antibody levels were generally null. In particular, the OR per unit change of 

anti-Catalase was 1.16 (p-value=0.049, Bonferroni corrected p=0.74).

Discussion

This case-case comparison found no interaction of EBV status with H. pylori serology, 

based on either overall or protein-specific humoral responses. Associations were consistent 

in analyses of qualitative and quantitative antibody levels. The small proportion of patients 

with overall seronegativity was similar between EBV-positive and negative cases, likely 
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representing false negative serology since anti-H. pylori antibodies tend to diminish with 

progression of gastric atrophy [19]. On balance, the largely similar host-response to 

bacterial-specific proteins in both EBV-positive and -negative tumors reflects the essential 

role of H. pylori infection in gastric carcinogenesis. Our multicenter case series of gastric 

cancer represents the largest and most comprehensive evaluation of this association to date.

EBV is acquired early in life and establishes chronic latency in B-lymphocytes following 

primary infection. [20] EBV entry into either B lymphocytes or epithelial cells involves 

fusion of the virus envelope with a cell membrane. Fusion with an epithelial cell requires 

three envelope glycoproteins, gB and a binary complex of gHgL [21]. The exact stage during 

carcinogenesis when EBV enters gastric epithelial cells is unknown. Shibata and Weiss 

found EBER expression in dysplastic epithelium adjacent to cancer [22]. However, zur 

Hausen et al. [23] were unable to demonstrate EBER transcripts in lesions of intestinal 

metaplasia or dysplasia from patients who subsequently developed EBV-positive tumors 

either of the intact stomach or gastric stump.

Oxidative stress may play a critical role mediating EBV reactivation from latency [24], a 

postulated mechanism for the development of EBV-associated malignancies [25]. H. pylori 
Catalase counters host generation of reactive oxygen species by converting hydrogen 

peroxide into molecular oxygen and water. Higher seroreactivity to Catalase in patients with 

EBV-positive tumors may reflect immune-mediated oxidative stress and a concomitant 

increase in H. pylori Catalase production. Given the marginal statistical significance of our 

finding, whether or not Catalase is particularly involved in the development of EBV-positive 

tumors needs to be addressed in independent studies.

Although we did not assess the main effect of the bacterial infection with a non-cancer 

group, it is well-known from other evidence that chronic H. pylori infection is the primary 

cause of gastric cancer overall. We can therefore infer that H. pylori infection is also 

important in EBV-positive gastric cancer.
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Figure. Distribution of log-transformed antibody levels (MFI) to specific-H. pylori antigens by 
tumor EBV status
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Table 1
Patient characteristics by tumor EBV status

Characteristics EBV-positive tumors (n=58) EBV-negative tumors (n=111)

Period of diagnosis, n(%) 1994-2003 21 (30) 50 (70)

2004-2010 19 (40) 28 (60)

2011-2012 18 (35) 33 (65)

Country, n(%) Korea 15 (32) 32 (68)

Japan 14 (50) 14 (50)

Poland 11 (50) 11 (50)

Mexico 6 (23) 20 (77)

Honduras 12 (26) 34 (74)

Age in years, mean (SD) 59 (11) 60 (12)

Sex, n(%) Male 46 (38) 75 (62)

Female 12 (25) 36 (75)

Histological classification, n(%) Diffuse 29 (34) 57 (66)

Intestinal 22 (37) 38 (63)

Mixed 1 (17) 5 (83)

Unspecified 6 (35) 11 (65)

Abbreviations: SD, standard deviation.
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Table 2
Specific anti-Helicobacter pylori antibody prevalences (%) and associations with EBV-
positive gastric cancer

Helicobacter pylori proteins EBV-positive tumors (n=58) EBV-negative tumors (n=111) Adjusted odds 
ratio* (95% 
confidence 
interval)

Short name (gene 
symbol)

Full name

Cad (HP1104) Cinnamyl-alcohol dehydrogenase ELI3-2 22 23 0.68 (0.29-1.60)

CagA (HP0547) Cytotoxin-associated gene A 95 87 2.63 (0.66-10.5)

Cagδ (HP0522) CAG pathogenicity island protein 3 9 19 0.43 (0.14-1.31)

CagM (HP0537) CAG pathogenicity island protein 16 19 11 1.45 (0.55-3.82)

Catalase (HP0875) Catalase 62 36 3.15 (1.50-6.61)

GroEL (HP0010) GroEL (also known as HSP60) 83 81 0.83 (0.32-2.18)

HcpC (HP1098) Cysteine–rich protein C 66 59 0.96 (0.45-2.05)

(HP0231) 55 51 0.90 (0.43-1.84)

(HP0305) 69 60 1.32 (0.63-2.77)

HpaA (HP0410) Putative neuraminyllactose-binding 
hemagglutinin homologue

31 42 0.50 (0.23-1.06)

HyuA (HP0695) Hydantoin utilization protein A 66 65 0.85 (0.40-1.83)

NapA (HP0243) Neutrophil activating protein A 72 73 0.78 (0.35-1.74)

Omp (HP1564) Outer membrane protein 91 85 1.40 (0.43-4.51)

UreA (HP0073) Urease alpha subunit 45 45 0.97 (0.47-1.98)

VacA (HP0887) Vacuolating cytotoxin A 78 73 1.24 (0.53-2.89)

*
Adjusted for country, age, sex and year of diagnosis
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