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Background. We previously reported that higher levels of antibody targeting Epstein-Barr virus (EBV) glycoprotein350 (gp350),
an EBV vaccine candidate, were protective against nasopharyngeal carcinoma (NPC) in genetically high-risk families from Taiwan.
The current study attempted to extend this association to a general population cohort.

Methods. 'We compared total and IgA-specific gp350 antibody levels in 35 incident NPC cases and 81 disease-free controls from
the Cancer Screening Program in Taiwan (23 943 individuals recruited 1991-1992). Luciferase immunoprecipitation assays quanti-
fied gp350 antibody.

Results. Total EBVgp350 antibody levels were not higher in individuals who remained disease free compared to those who
developed NPC (P = .11). This lack of a protective gp350 association persisted for cases diagnosed =5 years (odds ratio [OR] = 1.05;
P = 91) and <5 years (OR = 1.85; P = .40) after blood draw. IgA-specific gp350 antibody levels were higher in cases than controls
(OR =7.03; P =.001). This increased risk was most pronounced for cases diagnosed <5 years after blood draw (OR = 11.7; P = .004).

Conclusion. Unlike our prior findings in those with a strong family history of NPC, total gp350 antibody levels were not protec-
tive against NPC development in this general population setting.
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Nasopharyngeal carcinoma (NPC) is an epithelial tumor attrib-
utable to Epstein-Barr virus (EBV) [1, 2]. This ubiquitous her-
pesvirus latently infects B cells in more than 90% of individuals
by adulthood and can lead to certain cancers or lymphoprolif-
erative disorders in a subset of those infected individuals [3, 4].
However, no effective vaccine is licensed for EBV. Targeting
viral surface proteins to neutralize cell entry has proven effec-
tive in the development of vaccines against other oncogenic
infections such as human papillomavirus [5, 6]. Early vaccines
targeting glycoproteins that facilitate EBV B-cell entry (glyco-
protein350 [gp350]) proved efficacious against EBV-related
lymphomas in nonhuman primates [7, 8]. In humans, a phase
2 trial of recombinant gp350 vaccine demonstrated efficacy
against clinically acute infectious mononucleosis, but preven-
tion of primary EBV infection was not achieved [9]. Recent
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efforts to optimize immunogenicity using gp350 nanoparticles
have been promising [10], raising the prospect of an effective
EBV vaccine that elicits a strong neutralizing response against
the virus. Additional EBV glycoproteins, such as gH/gL [11],
may also be important for development of an effective vaccine
[12]. Recent data have detailed an interaction between this gly-
coprotein complex and ephrin receptor 2A, which facilitates
EBYV fusion and entry into epithelial cells [13, 14].

However, because of the long latency period between primary
EBV infection and most EBV-associated cancers, vaccine trials
designed to evaluate malignancies as a primary outcome will be
very challenging to perform. In this situation, longer-term obser-
vational cohorts can play a unique role by providing important
data evaluating whether immune responses to vaccine targets
(eg, EBVgp350 antibody) are protective against EBV-associated
chronic disease. We previously reported that higher levels of
gp350 antibody were associated with a reduced risk of NPC in
a Taiwanese cohort of high-risk individuals with a strong family
history of the cancer [15]. We also demonstrated that measuring
gp350 antibody using a luciferase immunoprecipitation (LIPS)
assay correlated well with data from more intensive assays that
measure direct neutralization of EBV B-cell infection [16], sug-
gesting that the gp350 LIPS assay is a good surrogate of neutral-
ization potential for use in epidemiological studies.

To follow up on these findings, we used the LIPS assay to
explore the association between gp350 antibody and NPC risk in
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a prospective, general population cohort from Taiwan. Our earlier
work focused on total gp350 antibody, likely reflecting the most
abundant antibody in circulation—IgG. Given the fact that NPC is
an epithelial tumor arising in the nasopharynx, and the understand-
ing that IgA reflects pathogen exposure along mucosal epithelium,
we expanded the current investigation to include IgA-specific gp350
antibody measurements at multiple time points during follow-up.

METHODS

The Cancer Screening Program enrolled 23943 residents ages
30-65 years from the general population in Taiwan (12026 males
and 11917 females) between 1991 and 1992 [17]. All individuals
were disease free at baseline and provided enrollment blood sam-
ples. New cases of NPC that developed during follow-up (incident
disease) were ascertained by computerized linkage with the National
Cancer Registry in Taiwan through 31 October 2002. A total of 40
incident NPC cases were identified; blood from 35 of these cases
was available for EBVgp350 antibody testing. For each NPC case,
enrollment blood samples from 2 or 3 individuals who remained
disease free during follow-up were matched to cases on age (within
5 years), sex, date of enrollment (within 90 days), and residential
township; 81 disease-free controls were included in this analysis.

We also measured antibodies collected from repeat sampling
in a subset of participants to better understand temporal pat-
terns of gp350 antibody response preceding NPC diagnosis.
We tested 37 samples collected longitudinally from 16 incident
cases (average of 1.5 years between samples) and 47 samples
collected from 17 disease-free controls. The Cancer Screening
Program was approved by the appropriate ethics review boards
in Taiwan and at the US National Cancer Institute.

EBVgp350 Assay
The interaction between EBVgp350 and CD21 on B cells is cru-
cial for initiating EBV B-cell entry [18]. We tested enrollment
blood samples for antibodies specific to EBVgp350 using pre-
viously described LIPS assays. In brief, cell lysate containing
EBVgp350-Renilla luciferase fusion protein was probed with
a single dilution of study participant serum, immunoprecipi-
tated with protein A/G beads (capturing IgA and IgG antibody),
and incubated with coelenterazine substrate. Light units (LU)
were quantified using a luminometer to obtain a quantitative
measure of the antibody level in each sample. Tests were con-
ducted in triplicate, and statistical analyses were performed
using a standardized value—the average of the triplicate tests,
divided by a plate-specific cutoff value defined as the mean plus
2 standard deviations of the readings from 4 EBV-negative sera.
In addition to total gp350 antibody, we tested serum samples
against beads specific to IgA (captured only IgA antibody).
LIPS assays proved to be highly reproducible. Readings
from duplicate samples for 17 individuals, tested by labora-
tory personnel blinded to sample identity, indicated signifi-
cant across-sample correlation for total gp350 (Pearson = 0.92;

Spearman = 0.82; P < .001) and IgA-specific gp350
(Pearson = 0.91; Spearman = 0.75; P < .01).

EBV B-Cell Neutralization Assay

To confirm that the EBVgp350 LIPS assay results were a surro-
gate for the ability to neutralize EBV B-cell entry in this study
population, we performed neutralization assays on 56 par-
ticipants (27 NPC cases and 29 controls). Serum from study
participants was serially diluted and incubated with green
fluorescence protein (GFP)-expressing EBV. This mixture was
added to Raji B cells and incubated for 3 days at 37°C. Cells
were suspended in phosphate-buffered saline (PBS), fixed in
2% paraformaldehyde in PBS, and GFP-positive B cells were
quantified using an Accuri C6 flow cytometer (BD Biosciences,
San Jose, CA) and BD CSampler software. The dilution of par-
ticipant serum that neutralized EBV infectivity by 50% (IC,),
based on the reduction of the number of GFP-positive B cells,
was calculated by nonlinear regression using GraphPad PRISM.

Statistical Analyses
We measured baseline (enrollment) differences in mean total
gp350, IgA-specific gp350 antibody, and EBV neutralizing
titers between cohort members who did versus did not develop
NPC during follow-up. Differences were evaluated using an
unpaired, Welch-Satterthwaite ¢ test that did not assume equal
variance, with alpha <0.05 considered to be statistically signif-
icant. Analyses were performed overall and stratified by time
between baseline sampling and NPC diagnosis (<5 vs 25 years).
The change in gp350 antibody response over time (kinetics) was
assessed by subtracting the antibody level at time point , from the

level at time point This between-sample change was calcu-

N-1)°
lated for 16 NPC céses?, stratified by time between sampling and
NPC diagnosis, and 17 disease-free controls. For NPC cases, the
timing of between-sample change was expressed relative to diag-
nosis. For example, a case diagnosed in the year 1999 with samples
collected at baseline (1991) and again in 1993 and 1995 would have
the following between-sample measurements: (1) 1993 minus 1991
(measured 6 years before NPC) and (2) 1995 minus 1993 (mea-
sured 4 years before NPC). The between-sample changes in anti-
body level among disease-free controls were not plotted because of
the lack of an anchor point (ie, no date of NPC diagnosis).

Among the 81 disease-free controls, we also characterized
the relatedness of different antibody responses by calculating
the Spearman correlation coeflicient between total gp350 anti-
body and: (1) IgA-specific gp350 antibody and (2) EBV neu-
tralizing titers. Analyses were conducted using SAS version 9.3
(SAS Institute, Cary, NC) and GraphPad PRISM.

RESULTS

We evaluated blood samples from 35 incident NPC cases and
81 age, sex, date, and region-matched controls to determine if
higher EBVgp350 antibody levels were protective against NPC
(ie, higher in controls compared to cases). Blood samples were
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obtained an average of 5 years (range: 1-8 years) before NPC
diagnosis. In disease-free participants, we observed a more than
10-fold difference in the mean total gp350 antibody level com-
pared to the IgA-specific gp350 antibody response (148.2 versus
10.9 LIPS assay LU; P < .001). The correlation between total and
IgA-specific anti-gp350 antibody was statistically significant but
moderate (Spearman = 0.51, P < .001).

Individuals Who Developed NPC Did Not Have Lower Levels of Total or
lgA-Specific EBV gp350 Antibody Compared to Disease-Free Controls
Mean total gp350 antibody levels measured at baseline were
nonsignificantly higher (P = .11) in individuals who developed
NPC (233.1 LU) compared to controls who remained disease
free (148.2 LU; Figure 1A). When antibody levels were catego-
rized into quartiles based on the distribution among controls,
we observed no association between total gp350 and NPC after
adjustment for age and sex (P = .42; Table 1). IgA-specific gp350
antibody levels were significantly higher in persons who devel-
oped NPC compared to disease-free controls (33.3 vs 10.9 LU,
P <.001; Figure 1B). Compared to individuals in the lowest IgA-
specific gp350 quartile, those with levels in the highest quartile
had a 7-fold increased risk of NPC (odds ratio [OR] = 7.03; 95%
confidence interval [CI], 1.75-28.2; P = .001; Table 1).

The Ability to Neutralize EBV B-Cell Infection Did Not Differ Between
NPC Cases and Disease-Free Controls

To ensure that the lack of a protective effect observed for total
gp350 antibody levels was not explained by the gp350 LIPS assay
being a poor surrogate for EBV B-cell neutralizing titers in this
population, we evaluated both the correlation between total gp350
levels and neutralizing activity and the association between EBV
neutralizing titers and NPC risk. We observed significant correla-
tion between total gp350 antibody levels and the ability of partic-
ipant serum to neutralize EBV B-cell infection (Spearman = 0.65;
P <.0001). In addition, consistent with our findings using the
gp350 LIPS assay, EBV neutralizing titers were nonsignificantly
elevated in serum from NPC cases (IC,, = 227.6) compared to
disease-free controls (IC, = 140.5; P = .24).

lgA-Specific EBV gp350 Antibody Levels Were Elevated in NPC Cases
Close to the Time of Diagnosis

Next, we evaluated cases stratified by time between baseline
blood draw and diagnosis (<5 years vs =5 years) to explore
whether a protective association between total gp350 anti-
body and future NPC risk was evident in cases whose blood
was collected at least 5 years before disease. This would avoid
any potential reverse causality resulting from higher EBV
immune responses in those with existing but undiagnosed
cancer (ie, higher levels in blood collected close to NPC
diagnosis). However, we observed no association between
total gp350 antibody level and NPC risk in this stratum
(OR = 105, 1 vo towest quartis 95% CI, 0.20-5.49; P = 91
Table 1). Individuals in the highest quartile for IgA-specific
gp350 had a suggestive but nonsignificantly higher risk for
NPC diagnosed at least 5 years after blood draw (OR = 3.87;
95% CI, 0.68-21.9; P = .07). In contrast to what we observed
for antibodies measured at least 5 years before NPC diagno-
sis, elevated IgA-specific gp350 antibody levels were associ-
ated with a significant, more than 10-fold increased risk for
NPC diagnosed within 5 years of blood draw (OR = 11.7
;95% CI, 1.32-103; P = .004).

vs lowest quartile’

highest

Kinetics of EBV gp350 Antibody Response Over Time

To further evaluate the patterns of IgA-specific gp350 antibody
response relative to NPC diagnosis, we subtracted the anti-
body level at time point N from the level at time point N-1 for
a set of 16 cases with available longitudinal data (see Methods
for details). Although our modest sample size resulted in wide
confidence intervals that precluded definitive statements,
the between-sample increase in IgA-specific gp350 antibody
appeared higher when sample pairs were collected within 5 years
of NPC diagnosis (+10.4 LU; 95% CI, —14.0 to 34.7) relative to
collection more than 5 years prior to disease (~6.3 LU; 95% CI,
—22.1 to 9.6; Figure 2A). This mean between-sample increase
reached 32.3 LU (95% CI, 0.24-64.3) when we restricted assess-
ment to the 7 sample pairs where the most recent blood collec-
tion occurred within 2 years of NPC diagnosis, much higher
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A, Mean total Epstein-Barr virus (EBV) gp350 antibody level by nasopharyngeal carcinoma (NPC) status. B, Mean IgA-specific EBVgp350 antibody level by NPC
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Table 1.
Lag Between Antibody Measurement and NPC

Epstein-Barr Virus (EBV) gp350 Antibody and Nasopharyngeal Carcinoma (NPC) Risk in a General Population Cohort From Taiwan, According to

Restricted to NPC Cases With Sampling

Restricted to NPC Cases With

<5 Years Before Diagnosis Sampling >5 Years Before Diagnosis

Overall (N =17 Cases) (N =13 Cases)
EBV Antibody Cases, Controls, Cases, Cases,
Measure (LU) N (%) N (%) OR? 95% ClI N (%) OR 95% ClI N (%) OR 95% ClI
Total gp350
Quartile 1° 7 (20) 21 (25.9) 1.0 3(17.7) 1.0 3(23.1) 1.0
(<40.15)
Quartiles 2/3 14 (40) 40 (49.4) 0.98 0.32-3.06 7 (41.2) 1.16 0.25-5.31 6 (46.2) 0.73 0.16-3.40
(40.15-168.1)
Quartile 4 14 (40) 20 (24.7) 1.65 0.47-5.15 7 (41.2) 1.85 0.39-7.78 4(30.8) 1.05 0.20-5.49
(=168.1)
Ptrend = .42 Ptrend = .40 Ptrend = .91
IgA-specific gp350
Quartile 1 3(8.6) 21 (25.9) 1.0 1(5.9) 1.0 2 (15.4) 1.0
(<3.48)
Quartiles 2/3 9(25.7) 40 (49.4) 1.40 0.33-5.98 4 (23.5) 2.24 0.23-22.2 4(30.8) 1.00 0.16-6.08
(3.48-12.41)
Quartile 4 23 (65.7) 20 (24.7) 703 1.75-28.2 12 (70.6) 1.7 1.32-103 7 (53.9) 3.87 0.68-21.9
(>12.41)
P trend = .001 Ptrend = .004 Ptrend = .07

Abbreviations: Cl, confidence interval; LU, luciferase immunoprecipitation assay light units.
20dds ratios (OR) calculated using logistic regression models adjusted for age and sex.
bQuartiles calculated among disease-free individuals from the cohort.

than the background level of change over time observed in dis-
ease-free controls (-4.8 LU; 95% CI, —10.8 to 1.3).

The plotted values for total gp350 antibody revealed signifi-
cantly positive between-sample changes for case pairs collected
within 5 years of NPC diagnosis (+92.7 LU; 95% CI, 25.0-160.4;
Figure 2B). Between-sample changes for cases pairs collected
=5 years before NPC diagnosis and controls were 108.3 LU (95%
CI,-313.3t0530) and 28.2 LU (95% CI, —26.1 to 82.4), respectively.

DISCUSSION

We did not replicate our previous finding that higher levels of
total antibody against EBVgp350 were associated with lower
NPC risk. This lack of a protective association was also observed

using a more-intensive B-cell neutralization assay, confirming
that the null effect reported for total gp350 antibody was not
explained by gp350 being a poor surrogate for EBV neutraliza-
tion. In contrast to the lack of association between total gp350
antibody and NPC, IgA-specific gp350 antibody levels were ele-
vated in NPC cases, particularly when measured close to the
time of cancer diagnosis.

The participants for this study were drawn from the general
population in Taiwan; this differed from our earlier work con-
ducted in multiplex families with a likely genetic predisposition
for disease (=2 first or second-degree family members affected
by NPC) [15]. We previously reported that mucosal immune
responses targeting other EBV proteins in these multiplex
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Figure 2. A, IgA-specific gp350 antibody dynamics in nasopharyngeal carcinoma (NPC) cases relative to time of diagnosis. B, Epstein-Barr virus (EBV) total gp350 antibody
dynamics in NPC cases relative to time of diagnosis. Abbreviation: LIPS, luciferase immunoprecipitation.
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family members differed from the general Taiwanese popula-
tion (eg, higher Epstein-Barr nuclear antigen-1 IgA antibody
levels) [19]. It is possible that population-specific characteris-
tics of the immune response to gp350, such as uniquely low
EBVgp350 antibody production in NPC-prone multiplex fam-
ily members, could partially explain the discrepant findings.
The lack of replication should also prompt additional investiga-
tions into nonneutralizing mechanisms that could account for
an association between lower total gp350 antibody and higher
NPC risk in multiplex family members. Early gp350 vaccine
studies posited that the protection observed in nonhuman
primates was not entirely mediated through EBV neutraliza-
tion, suggesting that additional immune responses to gp350
may be important for protection from disease [20, 21]. Finally,
although we confirmed that LIPS gp350 antibody results cor-
related with those generated using B-cell neutralization assays
in both our previous and current work, we cannot rule out the
possibility that one of the studies represented a chance finding.

Adapting the LIPS assay for measurement of IgA anti-
body targeting EBV gp350 was a unique feature of this study.
Prior work reported that levels of IgA-specific gp350 anti-
body were elevated in NPC cases in a manner similar to IgA
against other EBV proteins such as the viral capsid antigen
(VCA) [22]. However, that work was conducted among prev-
alent cases (ie, blood tests conducted after NPC diagnosis) and
was therefore susceptible to a disease effect—the potential for
immune responses to be elevated in patients with existing dis-
ease. To avoid such an effect, we measured gp350 antibodies in
a cohort of disease-free individuals, ensuring that any associ-
ations observed would be meaningful years prior to disease.
Ultimately, the IgA-specific gp350 patterns we observed in this
prospective dataset mirrored those from the prevalent disease
setting (ie, elevated in those who developed NPC).

Strengths of our study included the prospective collection of
data to assess whether longer-term gp350 antibody levels were
protective against future EBV-related disease, conduct of the
study in a high-risk region for NPC (Southeast Asia), adapta-
tion of the LIPS assay to measure IgA targeting gp350, use of
the B-cell neutralization assay to validate the LIPS assay find-
ings, and characterizing the kinetics of gp350-directed immune
responses over time in EBV-infected adults. However, this study
was not without limitations, including the small number of
NPC cases available for stratified analyses and the inability to
assess immune responses to gp350 other than B-cell neutraliz-
ing antibody.

Elevated levels of total EBVgp350 antibody were not pro-
tective against future NPC risk in this cohort from the gen-
eral population in Taiwan. IgA-specific gp350 antibody also
did not confer protection against NPC. Instead, IgA-specific
gp350 behaved more similarly to high-risk biomarkers such as
VCA IgA, which are elevated close to the time of NPC diagno-
sis. These data failed to replicate prior findings from a study

conducted among high-risk individuals with a strong family
history of NPC and suggest that future work is warranted to
understand how and whether naturally-occurring gp350 anti-
body relates to protection against EBV-related cancers over
time. Neutralizing antibody to gp350 peaks late after infection,
implying that antibody maturation continues long after initial
infection and may reflect in large part ongoing viral replica-
tion or exposure [23]. More study is also needed to understand
whether antibody targeting non-gp350 viral glycoproteins
responsible for EBV entry [11], or T-cell reactivity to proteins
expressed during viral latency [24], correlates with protection
from EBV-positive cancers and could be important for an
effective EBV vaccine.
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