
Epstein–Barr Virus Antibody Titers Are Not Associated with 
Gastric Cancer Risk in East Asia

Matthew G. Varga1,2, Hui Cai2, Tim Waterboer3, Gwen Murphy4, Taichi Shimazu5, Phil R. 
Taylor4, You-Lin Qiao6, Sue K. Park7, Keun-Young Yoo8, Sun Ha Jee9, Eo Rin Cho9, 
Jeongseon Kim10, Christian C. Abnet4, Shoichiro Tsugane5, Qiuyin Cai2, Wei Zheng2, 
Michael Pawlita3, Xiao-Ou Shu2, and Meira Epplein2,11

1Department of Epidemiology, Gillings School of Global Public Health and Lineberger 
Comprehensive Cancer Center, University of North Carolina at Chapel Hill, 3207B Michael 
Hooker Research Center, Chapel Hill, NC 27599, USA

2Division of Epidemiology, Department of Medicine, Vanderbilt Epidemiology Center and Ingram 
Cancer Center, Vanderbilt University Medical Center, Nashville, TN 37203, USA

3Division of Molecular Diagnostics of Oncogenic Infections, Research Program in Infection, 
Inflammation, and Cancer, German Cancer Research Center (DFKZ), 69120 Heidelberg, 
Germany

4Division of Cancer Epidemiology and Genetics, National Cancer Institute, Bethesda, MD 20892, 
USA

5Epidemiology and Prevention Group, National Cancer Center, Tokyo 104-0045, Japan

6Department of Cancer Epidemiology, Chinese Academy of Medical Sciences and Peking Union 
Medial College, Beijing 100021, China

7Department of Biomedical Sciences, Cancer Research Institute, Seoul National University 
College of Medicine, Seoul 110-799, Korea

8Department of Preventive Medicine, Seoul National University College of Medicine, Seoul 
110-799, Korea

9Department of Epidemiology and Health Promotion, Institute for Health Promotion, Yonsei 
University, Seoul 120-752, Korea

10Division of Cancer Epidemiology and Prevention, Research Institute, National Cancer Center, 
Goyang 410-769, Korea

11Department of Population Health Sciences, Duke University and Cancer Control and Population 
Sciences Program, Duke Cancer Institute, Durham, NC 27705, USA

Correspondence to: Matthew G. Varga.

Electronic supplementary material
The online version of this article (https://doi.org/10.1007/s10620-018-5154-9) contains supplementary material, which is available to 
authorized users.

Compliance with ethical standards
Conflict of interest The authors declare no conflict of interest.

HHS Public Access
Author manuscript
Dig Dis Sci. Author manuscript; available in PMC 2019 October 01.

Published in final edited form as:
Dig Dis Sci. 2018 October ; 63(10): 2765–2772. doi:10.1007/s10620-018-5154-9.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://doi.org/10.1007/s10620-018-5154-9


Abstract

Background—Epstein–Barr virus (EBV)-positive gastric cancers represent a distinct subtype of 

gastric cancers and account for nearly 10% of the gastric cancer burden, yet risk detection 

strategies for this cancer subtype are lacking.

Methods—We conducted a nested case–control study where we assayed 4 EBV antigens [viral 

capsid antigen (VCA), early antigen (EA), Epstein–Barr nuclear antigen (EBNA), and BZLF1-

encoded replication activator protein (ZEBRA)] in either sera or plasma from 1447 gastric cancer 

cases and 1797 controls obtained from seven prospective cohorts representing individuals from the 

high gastric cancer-risk countries of China, Japan, and Korea.

Results—The prevalence of EBV sero-positivity was universal with the exception of one sero-

negative individual, and the highest titers of the EBV antigens VCA (OR 0.95, 95% CI 0.78–1.17), 

EBNA (OR 0.88, 95% CI 0.72–1.08), EA (OR 0.97, 95% CI 0.79–1.19), and ZEBRA (OR 0.87, 

95% CI 0.71–1.07) were not associated with risk of incident gastric cancer. When we stratified 

these data by H. pylori status, there was no change in the association.

Conclusions—Multiplex serology of the aforementioned EBV antigens in serum may not be a 

suitable biomarker for predicting gastric cancer risk in East Asian populations.
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Introduction

Epstein–Barr virus (EBV) infects over 90% of the global adult population and persists for 

the lifetime of the host. While infection with EBV is asymptomatic in the majority of 

infected persons, it has been classified as a class I carcinogen due to its capacity to induce 

several types of malignancies including B cell neoplasia, nasopharyngeal carcinoma (NPC), 

and gastric cancer [1].

Gastric cancer is the fifth most common cancer and the third leading cause of cancer-related 

death worldwide [2]. While the majority of gastric cancers result from infection with the 

gastric bacterial pathogen, Helicobacter pylori (H. pylori), approximately 7–10% of gastric 

adenocarcinomas are also positive for EBV infection and have distinct histological features 

[3, 4]. Notably, given the high global prevalence of gastric cancers, EBV-associated gastric 

cancer may be the most common form of EBV-associated malignancies [5]. While only a 

subset of gastric cancers may be directly associated with EBV, this virus can also induce 

chronic inflammation that may serve as an indirect cause of gastric carcinomas either 

independently of, or in concert with H. pylori [6, 7].

Although EBV prevalence is nearly ubiquitous, elevated pre-diagnostic antibody titers to 

EBV antigens have been shown to be an effective biomarker for risk of NPC [8–10]. To date, 

few pre-diagnostic serological studies have been conducted to examine the utility of elevated 

EBV antibodies as a marker of gastric cancer risk. Of the existing studies, each quantified 

differing combinations of EBV antigens and antibodies, making cross-study comparisons 
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difficult [11–14]. Therefore, in this study, we aim to expand upon this field by examining the 

association of EBV antibody titers and gastric cancer risk in seven prospective cohorts of 

East Asian origin using the same, noninvasive, serology assay to detect both EBV and H. 
pylori antigens [15, 16].

Methods

Study Population

The H. pylori Biomarker Cohort Consortium (HpBCC) has been described previously [16]. 

Briefly, the HpBCC comprises eight prospective cohort studies from the highest gastric 

cancer-risk countries within East Asia: China (Shanghai Men’s Health Study, n = 66 cases 

and 132 controls; Shanghai Women’s Health Study, n = 295 cases and 579 controls; and the 

Nutrition Intervention Trial, n = 326 cases and 326 controls), Japan (Japan Public Health 

Center-based Prospective Study I, n = 207 cases and 207 controls; and Japan Public Health 

Center-based Prospective Study II, n= 195 cases and 195 controls), and Korea (Korean 

Cancer Prevention Study II, n = 169 cases and 169 controls; Korean Multicenter Cancer 

Cohort I, n = 189 cases and 189 controls; and the Korean National Cancer Screenee Cohort, 

n = 161 cases and 161 controls). At baseline, these cohorts collected demographic and 

lifestyle information, including age, sex, smoking status, level of education, previous 

diagnosis of gastritis, body mass index, and family history of gastric cancer, as well as blood 

samples from healthy individuals, prior to cancer diagnosis. One study, the Korean National 

Cancer Screenee Cohort, was excluded from the present analyses due to its short median 

follow-up time (0.7 years). The outcome of gastric cancer was defined using the 

International Classification for Disease Oncology codes (C16.0–C16.6, C16.8, and C16.9).

For studies conducted outside of China, incidence density sampling was used to select one 

control chosen at random for each gastric cancer case who was alive, free of cancer, and had 

no history of gastrectomy at the time of diagnosis of the index case (excluding studies from 

Japan, which did not collect information on gastrectomy). Controls were matched within 

cohorts based on birth date, sex, and date of blood collection. For studies conducted in 

Shanghai, the same control selection was implemented except two controls were selected per 

index case and further matched by antibiotic use at time of blood draw. For the Nutrition 

Intervention Trial, from Linxian, China, controls were frequency matched based on sex.

All procedures performed in this study involving human subjects were in accordance with 

the ethical standards of the institutional review boards of all participating institutions [16–

18] and the ethical standards of the Declaration of Helsinki and its later amendments or 

comparable ethical standards.

Multiplex Serology

We utilized a novel multiplex serology assay to detect serum or plasma antibody titers to 15 

H. pylori antigens and 4 EBV antigens: viral capsid antigen (VCA), early antigen (EA), 

Epstein–Barr nuclear antigen (EBNA) and BZLF1-encoded replication activator protein 

(ZEBRA) developed by the German Cancer Research Center in collaboration with the 

German National Reference Center for H. pylori as described previously [16–21]. Briefly, 
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antigens were fused with a glutathione S-transferase (GST) tag and recombinantly 

expressed, affinity purified and loaded onto glutathione–casein-coupled fluorescence-labeled 

polystyrene beads (Luminex). Labeled beads were mixed and incubated in 96-well plates 

with an equal volume of serum dilutions. Antibodies bound to the beads were stained with 

biotinylated goat anti-human IgA, IgM, IgG, and followed by the reporter conjugate R-

phycoerythrin-labeled streptavidin. Plates were subsequently read using a Luminex 100 

analyzer to identify the internal bead color and thus the antigen carried by the bead. The 

quantity of bound antibodies was determined as the median reporter fluorescence intensity 

(MFI) of at least 100 beads per bead set per serum [21]. Since the median fluorescence 

intensity (MFI) values obtained from the assay were not normally distributed, the MFI 

values were log transformed to calculate the coefficients of variation (CV) for each of the 

EBV antigens. The CV values for VCA, EBNA, EA and ZEBRA were 5.3, 3.7, 22.2, and 

16.4%, respectively. Sero-positivity to EBV was defined by previously established MFI 

values exceeding cutoffs (100 for ZEBRA, EA, and VCA, and 250 for EBNA) to at least two 

EBV antigens [16].

Statistical Analysis

To determine the associations of pre-diagnostic EBV antigen-specific antibody titers by 

group based on distribution among controls (< 25th, 25–75th, > 75th percentile of MFI 

values) with gastric cancer incidence, we performed conditional logistic regression, stratified 

by cohort and adjusted for age, sex, smoking, and H. pylori status to produce odds ratios and 

95% confidence intervals. Tests for trend were performed three ways: by considering the 

antigen levels as continuous variables; or by entering the antigen-specific categorical 

variables as continuous parameters in the models either as linear categorical variables (0, 1, 

2) or by median value of each category. No differences were found by trend assessment 

method; thus, trend by linear categorical variable is reported in the results. Secondary 

analyses were stratified by H. pylori status (SAS v9.4, Cary NC). We further examined the 

data for potential differences in association by cohort, time of baseline blood draw, tumor 

stage, or anatomical subsite and found no evidence of effect modification by these variables.

Results

The population for our nested case–control study was composed of 7 of the 8 prospective 

cohorts contained within the HpBCC. These included two studies from Japan, two from 

Korea, and three from China. Cumulatively, these studies provided a median follow-up time 

of 5.9 years, a median age of entry of 58.7 years, and 52.2% male sex [16]. The prevalence 

of H. pylori within this consortium is higher than that of the current East Asian populations 

today; however, this is due to the dates of enrollment for the prospective studies, ranging 

from 1984 to 2006. Among 1447 prospectively ascertained cases of gastric cancer and 1797 

controls, all participants, with the exception of one individual, were sero-positive for EBV 

(previously defined as sero-positivity to at least 2 EBV antigens [15]). Gastric cancer 

incidence was significantly associated with male sex, current smoking, and H. pylori status 

(defined dichotomously or by sero-positivity to two specific H. pylori virulence markers: a 

bacterial outer membrane protein, Omp and the protein encoded by the gene HP0305 as 
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described previously [16–18]). However, there was no association between gastric cancer 

risk and level of EBV antigen-specific antibody titers (Table 1).

When comparing these same gastric cancer-risk factors with EBV antigen-specific antibody 

levels, female sex and older age were strongly associated with higher titers to the EBV 

antigens VCA, EA, and ZEBRA (all p values for the difference in titers by sex and age < 

0.0001, except for sex and VCA, with a p-value of 0.003). Never smoking was associated 

with higher titers to EBNA, EA, and ZEBRA, although the strength of the association was 

weaker (p values of 0.01, 0.03 and 0.01, respectively). Similarly, higher titers against EA 

and ZEBRA were nominally associated with H. pylori sero-positivity (both p values 0.03), 

but were not associated with combined Omp and HP 0305 status (Table 2).

Overall, no associations were found between EBV antigen-specific antibody titers and 

incident gastric cancer. Adjustment for age, sex, smoking, and high cancer-risk H. pylori 
sero-positivity did not significantly affect the associations (Table 3). Stratification by H. 
pylori sero-positivity as well as the more specific high cancer-risk H. pylori markers CagA 

or dual Omp with HP0305 sero-positivity also showed no significant association with gastric 

cancer risk (Table 3). In this analysis, we did observe a statistically significant protective 

effect of high VCA antibody titers against gastric cancer risk only in patients negative for 

the H. pylori proteins Omp and HP0305; however, we cannot rule out that this association 

may be due to chance. As gastric cancer is typically asymptomatic and progresses slowly, 

we further stratified our analysis by within 5 years of blood draw or beyond 5 years post-

blood draw to fully explore the possible longitudinal effects of EBV antibody titers on 

gastric cancer incidence. We again saw no significant associations between pre-diagnostic 

EBV antibody titers and gastric cancer risk (Supplemental Tables 1 and 2). Additionally, 

when we stratified the analyses by cohort, tumor stage, or anatomical subsite (cardia and 

non-cardia), there remained no association between EBV titers and gastric cancer incidence 

(data not shown).

Discussion

EBV has been previously associated with B cell malignancies and epithelial malignancies 

such as nasopharyngeal carcinoma (NPC) [4]. Although evidence is accumulating, its 

association with gastric adenocarcinoma has not been fully established. Multiple studies 

have identified EBV antigens within approximately 7–10% of all gastric tumor biopsies [3, 

22, 23]; however, whether EBV is an etiological cause or a consequence of gastric neoplastic 

transformation has not been established.

Our previous work has demonstrated that serum antibody titers to select H. pylori antigens 

are important predictors of disease risk [16–18]. Therefore, in this study, we sought to 

examine whether serum antibody titers against EBV could also serve as a marker of disease 

risk, either alone or in combination with H. pylori serum markers. While EBV-associated 

gastric cancers can only be diagnosed through a biopsy, in this study we sought to utilize a 

noninvasive strategy to predict gastric cancer risk.
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In NPC, EBV viral reactivation from its natural niche among circulating B cells may 

facilitate epithelial cell infection [24]. The EBV structural protein VCA is a marker of viral 

reactivation and elevated antibody titers against this antigen have been associated with NPC 

risk [25]. In this study, we examined the association between pre-diagnostic levels of four 

EBV antigens and gastric cancer risk in East Asia. Three of the antigens examined—viral 

capsid antigen (VCA), early antigen (EA) and BZLF-1 encoded replication activator protein 

(ZEBRA)—are markers of primary infection and lytic cycles; the fourth, Epstein–Barr 

nuclear antigen (EBNA), is a marker of chronic infection [16]. Although EBNA is less 

immunogenic than the other three antigens, it may have a critical role in promoting 

oncogenic transformation [6]. In addition, similar to the mechanism of H. pylori-induced 

gastric carcinogenesis [24], EBV may act indirectly to induce chronic inflammation during 

its viral reactivation cycle by recruiting high levels of immune cell infiltration and thereby 

promoting tissue damage [6].

Our analyses indicate that there is no association between these specific EBV antigens and 

incident gastric cancer risk within this population. While previous studies have examined 

this association in limited numbers of gastric cancer cases within individual countries, the 

strength of our study is derived from examining over 1400 cases and 1700 controls across 

multiple high gastric cancer-risk countries with a uniform methodology. Additionally, we 

have included the EBV antigen ZEBRA in our analysis, which has not been previously 

investigated for its pre-diagnostic association with gastric cancer incidence. Although we 

observed some p values less than 0.05 within our stratified analysis of the association 

between pre-diagnostic EBV antibody titers and gastric cancer risk in cases diagnosed at 

least 5 years beyond the time of blood draw, we do not believe that these associations are 

significant because we have no a priori hypothesis for the observation and we cannot rule 

out that the association may be due to multiple testing.

These findings are largely in agreement with Kim et al. [11] who found null associations 

between IgG and IgA serum antibodies to EA, EBNA, and VCA with gastric cancer 

incidence in the Korean Multi-Center Cohort. However, our findings differ from earlier 

investigations in East Asian populations that found either a suggestive increased risk of 

gastric adenocarcinoma with elevated levels of pre-diagnostic VCA and EBNA serum IgG 

antibody titers [13] or an inverse association of gastric cancer risk with elevated levels of 

VCA IgG antibodies [12]. This discordance highlights one potential limitation of our study 

in that we were not able to discriminate between IgG/IgA/IgM isotypes.

As mentioned previously, EBV-associated gastric cancer can only be diagnosed through the 

presence or absence of virus found directly within tumor tissue. While our study sought to 

identify noninvasive markers of gastric cancer risk through the examination of select EBV 

antibody titers, our study was limited in that we did not have tumor tissue to examine 

whether these antibody titers were associated with EBV-associated gastric cancer. EBV has 

classically been considered a direct transforming agent through regulation of its own cell 

survival and proliferation genes. Therefore, based on our results, pre-diagnostic EBV serum 

antibody levels may be a more useful biomarker for EBV+ tumors and not overall gastric 

cancer risk, as suggested by two previous studies from Japan which found increased IgG and 

IgA serum titers to VCA and EBNA in EBV+ gastric cancer cases compared to EBV− 
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gastric cancer cases [13, 14]. In addition, recent studies have also demonstrated that 

circulating microRNAs in plasma samples may be a potential noninvasive alternative for 

detecting EBV microRNAs to aid in characterizing gastric cancers and therefore may also be 

useful in pre-diagnostic screening [25].

Unlike the association between EBV and NPC, our results indicate that elevated antibody 

titers against EBV antigens are not a useful measure for estimating gastric cancer risk in 

East Asia. Future work is necessary to examine how this nearly ubiquitous pathogen can 

augment cancer risk in only a subset of infected individuals, as the results of these studies 

may lead to a more successful predictive tool for gastric cancer risk.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1

Demographic characteristics by case–control status (n, %)

All (N = 3244) Cases (N = 1447) Controls (N = 1797)

Sex*

 Female 1549 (47.75) 632 (43.68) 917 (51.03)

 Male 1695 (52.25) 815 (56.32) 880 (48.97)

Age*

 ≤ 45 Years 367 (11.31) 131 (9.05) 236 (13.13)

 45–55 931 (28.70) 421 (29.09) 510 (28.38)

 56–65 1119 (34.49) 541 (37.39) 578 (32.16)

 > 65 827 (25.49) 354 (24.46) 473 (26.32)

Smoke*

 Never 1903 (58.68) 783 (54.11) 1120 (62.36)

 Former 400 (12.33) 185 (12.79) 215 (11.97)

 Current 940 (28.99) 479 (33.10) 461 (25.67)

H. pylori*

 Negative 450 (13.87) 109 (7.53) 341 (18.98)

 Positive 2794 (86.13) 1338 (92.47) 1456 (81.02)

Omp and HP0305 status*

 Omp− and HP0305− 550 (16.95) 119 (8.22) 431 (23.98)

 Omp + or HP0305+ 863 (26.60) 356 (24.60) 507 (28.21)

 Omp + and HP0305+ 1831 (56.45) 972 (67.17) 859 (47.80)

VCA

 < 25th percentile 821 (25.31) 371 (25.64) 450 (25.04)

 25–75th percentile 1612 (49.69) 714 (49.34) 898 (49.97)

 > 75th percentile 811 (25.00) 362 (25.02) 449 (24.99)

EBNA

 < 25th percentile 842 (25.96) 393 (27.16) 449 (24.99)

 25–75th percentile 1604 (49.45) 705 (48.72) 899 (50.02)

 > 75th percentile 798 (24.60) 349 (24.12) 449 (24.99)

EA

 < 25th percentile 821 (25.31) 372 (25.71) 449 (24.99)

 25–75th percentile 1609 (49.60) 711 (49.14) 898 (49.97)

 > 75th percentile 814 (25.09) 364 (25.16) 450 (25.04)

ZEBRA

 < 25th percentile 855 (26.36) 406 (28.06) 449 (24.99)

 25–75th percentile 1579 (48.67) 681 (47.06) 898 (49.97)

 > 75th percentile 810 (24.97) 360 (24.88) 450 (25.04)

*
p ≤ 0.0001
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